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Tﬁe Marek's disease virus’transformed, non-
producer, lymphoma cell 1ine; MDCC-RP1, was_selected by
sequential transpiantation £o produce a.highly malignant
‘variant, MDCC-AL1. Tﬁis is evidencéd by an 18-fo0ld decréase‘
S in LDgy. . The new cell line has anvinéfeased ability‘fo
form metasﬁatic lesions in a distribution which mimics.
the natural disease. Further seléctions forborgan specifijc
metasfasis‘were undertaken With the isclation of two new
cell lineé; MDCC-ALé, Sélected for liﬁer;metastasis, and

MDCC-AL3, selected for ovary metastasis. In vivo studies

show that the sélecﬁion.was unsuccessfﬁl in the case of the
ovary but successful in the_case of the liver. Two'assays
were dexgloped utilizing the chick embryo and intravenous
injection of ljmphoma variant célls. Oné'assay measures
liver spécific metastasis by the enumeration of tumour

-foci on the émbrypnic liver. The 'second assay, chofio—
allanoic membrane focus formétion, correlétes with the
virulence of'the injected lymphoma cells. The liver selected
tﬁmour variant'célls»form more- liver foci.than any other
tqmour Variént celi 1ine. The genetic background of the
embryo used in the assay doeé not affect iiver focus formagioﬁ
by hetéstatic variant cells._ Resistance to chorioalléntoic
membrane focus formatién by unselected cell lines torrelates
with majof histocompatability cdmplex associéted»resistance
t§ Marek's disease. Monoclonal antibddies were used to

probe the cell surface

iv
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-7 the metastatic wvariant cells., A liver speclillC meta-

¥

e

k N . : . . Oe . Ln e .
stasiz. associated antigen (LMAA) is defined by the reaction

’

."‘ P - ® _' R . ".‘
Af a monoclonal antibedy with-the liver metastatic selected

o

variant AL2. The anti-LMAA antibodies specifically inhibdit

liver metastazig cof ALZ.  There 15 a correlatéd, clonal

[

variation  in LMAA exyression and liver metastasis
in both the ALZ and Aﬁg cell lines, The variation in

liver metasﬁatic.ability and LMAA exﬁression is thought -

gy

to represent clonal progression} f the tumour cell lines.

¥

The LMAA probably repfesents iny dné of the many ways

“that a tuméup‘céll may, give rise to a liver metastasis.
wa‘hypotheées_are presentédrutilizingrthe LMAA in a

functional role in the‘hohing of metastatic tumour cells

»

to the. liver or the colonization of the liver by metastatic

~tuﬁour cells,
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host. In gepéral,

chemicals (Fishbein, 1579), radiation (Upton, 1975;

1975) and viruses (Rous, 13113

G
o f
?

_Forming cell

controlfthem..

This may occur v
N . :

to induce mutations in the gegetic

abcell (Ames -and McCann,-1976).

appear to induce a particular type

1

5 in suth a way that the bady can no longer

, Niemeier and Rei 976},
g levels oI =IlTects depending

he .

envircrmment of the

s =2I cancer are

“

Storer,

3

‘(D
ct

, 1978).

It is thought’thatﬁéarciﬁdgens act by trans-

ia the carcincgen's ability
material contdined in

A carcinogenic sagent may
’ ' «

of cancer as a .one step

K
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|
proéesé. Analyzic of kbe oarcipogenic exent has shown
that at least twg stepS\ére necessary for most tumours
to be induced, initiation and promotion (Rerenblum and
Shubik, 1948). 1Initiation predisposes a tissue to tpans—
fofmation while promotion completes the process. Incomplete
carcinogens ban perforﬁ one of these functions, which
muét occur in a défined sequence to result in ,cancer.
Complete carcincgens can perform both the initiating and
the promofiﬁg functions, Cocarcinogens (Rerenblum, 1969)
must both be present at the same ti?e for a neoplasm to
eesult while with incomplete Caréinogens the injfia?or
must precede the prdmotgr for cancer to follow. .The ihi-_
tiator and promocter need not be present at the s¥me tim
Chemical carcinogens can %e complete, 1ncomplete or cocar-
cinogens. Follow1ng irradiation, initiating effects pre-

dominate though there is some promotion at intermediate

doses. High dose irradiation causes enough other tissue

_damage for cancer not to be a problem for the 1Prad1ated

organism, Viruses may be complete or incompleYi carcin-

-ogens. Cancer cells induced by chemical or Pad'gtion

methods are known to producey viruses not daﬁectagfé\gl

vt

corresponding normal cells. A retroviral genome, however,

has been found in many normal cells. Whether these viruses
are activated by the transformation process and whether

they have a role in it are open questions. They may be



cocntaminante of‘the cells brought about by tie methods

1sed to study cancer, »
Many techniques have been’devqloped ror

the study of cancer. Expérimentation in whole. animals

or the study 5f natufally occurring tumours is the most

relevant but the moét diffiqult approach. Studies under-

taken in vitro can yield valuable information but may result

in artifacts. ‘The advantage here 1s the ease of repetition

and the speed of data accumulation. Oncogenesis in vitro

has often resulted in transformed cells which do

noet grow in the appropriate host animal. Likewise, no

one criterion of transformation ;Qlligzg is characteristic

~of cancer cells in general (Sanford, 197li). 1In the final

analysis, to determine what causes cancer, one must look.

at what causes cancer in vivo. Another problem in Lhe

search [or what causes cancer‘is 1aténcy. In most humah' -
\tudleb, exposure to a carclﬁogen doe; not result in cancer
until up to 20 years later. By that time it can be unéertain
as to whlph one or a combination of potential car01nogens
that an individual has been exposed to 1s at fault (Selikoff,
1968). Thus, animal studies where a large proportion
of the lifespan of the experimental animal is observed
in a short time are extremely vaiuéble as exposure.to
carclnogens can be controlled as well,

Ewing (19l41) defines malignancy as the
property tnat-dlfferentlates normal from cancer cell"

This is reflected in his list of characterlstlcs of a



malignant tumour:
| 1)  infiltrative gnowth .-~
o _ 2) local destrugtive propePties
3) recurrence after removal
’u): formation of metastases
5) 1local interference with function
6) toxic:action of absorb;d tuhouy products.
" In all‘éases, the tumour has escaped the control mechanisms’
by which the body main!+ins its integrity. Willis (1967
uses the term iﬁnosenov as the opposite of malignancy
to describe the difference between normal and cancer cells.
He states that the terms.innosenpe and malignancy are at
extreme opposite ends of a Spectruﬁ of .properties such
that théfe is no‘élear'division between the two. Generally_
speaking, cancer cells have a highef growth Pate-than their
normal counterparts and there is an inverse relatlonshlp
between growth rate and degree of dlfferentlatlon of the
tumour cell (Gray and Pierce, 196&
The transformation event can take place
in one pf a few cells in the same site which give rise
to many daughter éells forming the tumour. Initial studies

indicated that tumours have a clonal origin, i.e. arose.

t

from one cell (Linder and Gértler, 1965; Fialkow et al,

1970) bgt work with chemically induced tumours has shown.
; ‘ ] |

that a multicellular origin 1s more likely (Reddy and
Fialkow, 1979). Earller studies may have examlned only

the dominant clone of cells in the tumour as the materlal

¥ ' :
exg#nined had been in situ for quite a while. 1In chronic



granulocytic leukémia, a specific chromosomal aberration
‘is associated with the disease, the Philadelphia chromosome.
This abnormality occurs, in all cells of.the stem line
' of the myeloi&‘class in dicating that a particular stem
cell was probably transformedg(Nowell, 1975). .In é lymphoid
cénper, myeloma ér;plasmacytoma,"a paricular antibody
producing plasma cell is probably transformed (Potter,
19673 1977) as the incidence of doublé'myelomas is lower
than eipected. The monoclonal origin of this tumour is
indicated by the copious quantities;of a single species
of antibody that are present in the serum of affected |
individuéls.

The cells which make up a tumour have the
Eapacity to respond to their environment as a population.
This‘properﬁy hés.loﬁg'beenAexplaine@*as the developmental

acquisition of characteristics, usually malignant, in the

1



tumour (Oreene, 13%51) or likened to embryonal eoiganesis.
(Foulds,‘195u). The best examples are . seen 'in the cases
of "trancplantable tﬁmours. It is oo°31ble to convert

come tumours to growth in an unnatural site indicating

a response or adaptation to anyiromeot (Kiéin and Klein,‘
ﬁ956). As'transplantation‘is continued, a faster growth”
rate iz qbserved, and the cells beccme éofrespondingly'
less di”ferentiated. In this waj, traosplantation selects .
fvor the fastest grow1ng cells (Gray and Pierce, 196L).

As one is usually not transplantlng 51ngle cells, the
*ransplants are not clonal, but are .a population of celis
PeSpondlng to thelr env1roment Vafiation_within the cells
of a tumour can now be shown in many diffefent‘reSpects,
not only amongst well established, long transplanted tumours
(Prehn,. 1970 Fldler 1978), but in tumours of recent
origin (Dexter et al, 1978; Krlpkle et aly 1978).\ Such
evidonce supports Nowell's theory of the clonal evolutlon
of tumour cell populations (Nowell, 1976). As the 1ifespan
of a tumouh increases, genetic changes accumulate in the
»;oells of tha tumour resulting in subfle‘variations in’
tumour cell properties. This results in the acquisition
of increasing degrees of malignanby which is of selective
advantage‘for the survival of the tumour. This phenomenon
has been known historically as tumour progression. Thus,
one can view a tumour as a rapidly growing group of cells,
derived from a single ancestor cell, continually amassing

genetic instabilitiés, leading to faster growth rates,

o~



legs differentiated properties, and more malignant properties.

i
It has been reported by Chow and Greenberg (198C) that

-

tumour progression cccurs at a faster rate in the in vivo

Q
]

S5tz than in vitro. This is to be expected as the selective

pressure on cells in x;gg and 1in zigzg will be very different.
Also, one must keep in mind that vgrious transformiﬁg

ageﬁts, even those that\arebclosely related, -and thélvari—-
ation in their target cell of action can lead to 1argé
dif'f'erences iﬁAtquPigenic aﬁd metdstatic properties of

the resultant candef,(Yogeeswaram gﬁ g&; 1980).

1
~

" 2. General Remailrs Regarding Metastasis

Willis (1967 ) considers invasiVéness'to
be the fundamental and distinguishihg attribute oﬂvmalig;
nancy made possible by other tumour celi pfoperpies such ak:

| 1) brégressive‘growthv

2)j.increased mo£ility

3) loss of adhesiveness

I) phagdéyto%ic activity

5) Qéhe ¢laboretion cf toxins.
A1l these chgractéristics, plgs the ability to induce
new blood vessel formation or angiogenesis, could beﬂresppn—
" sible for the metastasis of cancer. ,Progressi§e-growth
allows a tumour to acquire the pfoﬁerties enabling it
to éur&iye inLthe hést enviroment; Tranéformed cells

in a tumcur do not stay in synchronous cell cycle much

N



seyond  the ?—16 ce1l stage. This ébu&d be due to altered
cellular rdgulaticn of the 1nd1v1dual tumour cele/as'
1ni1uenced by each cell! é enV1Ponment Cell‘klnetlc studies
have shown that for growth to occur i; a éifferen*iated
tﬁmour productlon of cells must be gr;atep than loss of

éell out of t%e leldlng dlfferentlated stgte to the termlnal
dlflerentlated sfare Undlfferentlated tumours, on the
cther hand, have%cell 1oss only to death‘and necrosis

| (Lightdale and Libkin, 1975). Thus, undifferentiated
‘tumours émaSS more cells in a shorter period of time than 3%
do differentiated tumouré eVenthough“they may -have the |
same mitotic rates. Angiogenesis allows the tumour to
‘acquiré a blood supply from the surrounding norﬁal tissue
and grow as a multllayered mas's, av01alng central necrosig.
Generally, once a tumour has Vascularlzed 1ts growth rate
increases mapkedly, and hense, its progressién. It has been
shown that some tumours elaborate an anglogenesis.factor
which can induce capillary endothelial cells to divide and
directs the‘growing capiilary‘in-thevdirection of the -
.tumou; (Folkman, 1975>. It has been estimated that for each
~new capillary endotheliai cell in a tumour; 50 new_tumouf
cells may be suppliéd.

Thehinvaisiveness-bf a tumour controls tﬁe
extent to which it will metasta81ze.' Invasion of normal
tissue by a tumour is thought to occur by the ways listed
below (Fidler et al, 1978): |

| | 1) mechanical pressﬁre 

2) destruction of normal tissue

L



ivenesz and increase in
y of tumcur cells,

Mechanical pressure by iteelfl cannct explain all the clinical

2

inzvances of invasion, but it must account for some of
the factors involved in metastasis by dipect'exténsion.;

As a tﬁmoﬁr enlarges, it encounters anatdm-'
ical structures which are more or'lgss resistant to the
growth of the tQmouP (Zeidman, 1957). Hard tissues such
as bohe; cartilage, tendons énd'ligaments provide_moﬁ%
éf{a barrier than do sbft tissues suéh as rat, pérenchymOus
organs and fluid—filled cavities. Elaborate modéls haye
been déve%gped using gelé or‘fluids'whjéh Show that under
pressure, khe gel will Spfead alohg anatomical planes
of cleavage (Eaves, 1973). it is proposed that tumour
‘cells also foilow the line of 1least fesistance when spreading
eby direct extension. It has been observed that while
vtxmours wili_grow around solid anatomical structgres,
the soft tissues are often replaced by tumour cells
(Leighton et él, j960). At the leading edge of an_invading
tumour theré is a conSidéfablé amdﬁnt of cell death.
Degradative enzymes have been isaiated.from\thiStarea
. of grow@h; indicating that the tumouriﬁay have the capacity
"to destroy néfmalvtissue (Quigley, 1979). ‘An aiternafive
hypofhesis is that tumour cells genérally have a higher
‘metabolic rate than do normal cells and may succeséfully
cpmpete for nutrients_-and flpod the normal célls With

fastes. The enzymes found abové could be normal cell



can lead to

fe!

lecreasad cellularbédhesiveness alliowing
mctile tumour cells £5 invade ﬁopmal tissue with greater
facility (boman, 1947, Zeidman},1957)1 Tumour cell motility
may account £§‘it3elf-for>iqva$ion as isolated tumour cells
can penetrate various types of normél'tissues (Edsty and
Easty, 197L; Hart and Fidler, 19“78, De Bruyn and Cho,
1975;'Poste et al, 1980). 1Indeed, a primary tumour surrounded
by satellitekmetastasés is a common occurence. |

Distanf metasfasis, i.e. not connected
with the primary tumour, has been linked to a cascade .
of events (Fidler et al, 1978) ; |

1) - enfry into the'circulétion

2) circulation

3) 'lodging‘at a distant site .

' R . .

L) exit from the circulation

5) “growth. !
In both cases where a tumour cell must cfoés a vessel
wall, enfry and exit from the circulation, the property
of in&asion'is a prerequiéjte. An effective barrier to
entry into the‘cifculationlis proyided by the'deuse_elastic
and muscular tissue iﬁ arterial walls (Zeidman, 1957) .
Thus, nearly all metastasizing'tﬁmour cells eﬁtér the
circulation via the venous or 1ymphatic circulaﬁion.
Tt becomes obvious that in a highly vasculaéized'tuﬁour'

there will be more opportunities for access to these vessels:



and mers telilsz are releazed., D& Sruyn ard Cho (1279)
nave visgualized the process of tumour cells entering the

umen 2of vezgels via a’migfation pere in the erndothelial
uminal sheet, Ns destruction 5? nermal tiésue is
apparent out eﬁtraceilular enzyme s couldrloosen the cells
surroﬁnding avyeésel's vatent lumen allowing The tumou“
cellnto cfawl threcugh. Trauma of vessel walls rhay allow
naninvasiﬁé tﬁmour cells to gain access to-the circu]ation.
Indeed, thé tiscue pressure of tumours 1s higher than -
normal tlssues and blood favouring the release of tumoar
cells should no barrier be‘present under Eraumétized
.conditions (Young et al, 1950; ‘Young and Griffiths, 1950).

_Most experimental hodels of metastacsis
bypass the .initial ehtry into the éir?ulation of metastatic
tumour ceils by the intravenous injection of such cells.
This mimiés/thg situation of a traumatized tuﬁbur\where
& sudden shower of tumour cells fldod into the blood.
As the length »f time with a tumour in situ 1ncreases
the humber of cells released 1nto the c1rcu1 ;1on vor
unit time also increases (Martinez et gl,'1956 Homsdahl
et al, 1961). There is a'clear separation in klnetlcs
in ;h; release in the experimental as opboced to the clinical
sit uatlon. This can be avoided by using tumours transplanted
to discrete éites. How severe this kinetic critisism
is is dubious)aé studies have shown thaf only in cases

where tumours are heterotransplantable (Wétanabe, 198L)

or have metastasized. spontaneously (Wallace, 1956), 1i.e.



nighly invasive, iz intravenous transplantaticn possible,

3till, the number of' intra-sncous 2ells administered correla+ss

well with the numbBer of metastases fcrmed, mimicing the
clinical'situation,(Zeidman et al, 1G50), ‘ #
¢ -~ Tumour cells entering the lymphatic system

will end ﬁp‘in the &enoushblood as the lymphatic drainage
entersFthi\vena cava via the thoracic duct. The only

major barrier to tﬁmour ééil traffic in the lymphatic
circulation are the 1ymph nodes. It has been shown that
thevmajorify of tumour cells. in the afferent lymph traverse N
“the node -and apﬁear in the efferent lymph and venous Elood
(Fishef,and Fisher, 1966a; 1967a). This indicates that
scme antigen in the form of métastgsizing tumouf éells"
is"séqueStePed in the node allowing thel possibility éf

~an immune response. From gherpoint of view of metéstésis,
however, enough cells can pass'the node for its barrier
function ‘to be insignificant,

Having gained accéss to the venous circu-
lation directly or via theraymphatic circulation, tumgar
cells must face the rigoﬁrs of blood flow and interaction
with blood elemeﬁté. Many studies have shown that the
majority of tumour cells in the circulation are'deétroyed
-..(Fidlér, 1970;.Reid.apd Gibbons, f979). The mode of destrucﬁion
can be due to‘.many’ factors such as the naturAl death |
of{qells; host immune or para-immune mechariisms (Ioachim

al, 1977; Carlson

et al, 1976; Fidler, 1977; Fidler et

et al, 1980). Of all the blood elements,



r, the major interaction i3 between circulating
, . . ' @

1] . . . N .
cumour cells and the ccagulation system. 1In ract, the

nowev

D

fsrmatidn of embcoli of tumcur cells, platelets'and fibriﬁ
can be a significant QCCurrence‘(Baserga and 3ffiotti,
1955, Wood{ 1958; Gasic et g;,‘1973;’Wafren, 1973) and
treatment with anticoaguiants may-reduCé the férmation

oI metastases (Wood et gi, f956; Fisher 'and Fisher, 1961a;
Gasic e -al, 1968). This leads to the view that only .

tumoupicéll emboli can form metdstéseS'gSaphir,:19h7;
Pidler, 1973a), | |
Extensivé humén~studies have shown that
cancer cells in theiﬁlood'have 1o clinical significance
with regards 1to recurrence or progposis (Engell, 1955;
19593 Roberts et al, 1961). Also,rtuﬁour cells have been
»shéﬁn_to pass cépiilary beds (Zeidman and Buss, 1952;
Zeidman et al, 1956;.Fisher and Fisher, 1967c). This
is éignificént as MOsﬁ_metastasizing cells in the venous
. S ,
' blood would be expected to lodge in the first capillary
bed encountered if metastaéis was a purély mechanical
process. This does not appear to be the’case as some
tumours show metastatic distributions not éxplainable
on an’emboli frequehpy basisA(Sugarpaker, 1952),.though
the opposite view h%§ equally as fervently béen espoused
(Coman et _l, 1949 boman, 19539, .Still,-the retention
of tﬁmour cglls in a cabillérywbed does pot'necessafily

correlate with the ability to form metastases (Karpas and

Silversmith, 1963; Greene and Harvey, 196l) and embolization



Wmay'ﬁot be imtortant. One quld expest‘tumour smbbli
t> be traoped‘when'a bleod vessel narrows tc a size too-
smaWW;*or it while 31ng78 cslls have shown aﬁ amatlng
| olastlclty that determlnes passage through tanlllary bpds
(Zeidman, " 1967a). Coupled with the property of 1nva&qveness,
it ﬁas been postulated'thst»metastasi7ing cancer .cells
: tra'llt through the body in much the same way that lymph~
ocytes do \rlsher and Flsher 1966b We}ss, 1906)

| Entry into the tlssues f;om a blood ssel
where a metasta812{ng tumour cell has come to rest is
‘essentlally the reverse process to ‘entry 1nto‘the circu=-
‘1atisn (Wdod,.1958). This need not occur as  the tumoﬁr
Iéeli'sr emboli may grow and bccluae the blood &sssei or
die and be.subject to encapsulation and necrosis.’ The

\ :

estahlishment of a distant metastasis is much the same

as the establfshment of a primary tumour from trsnsfdrmed
célls but a higher level of malignancy is evident from

the béginning. There can be fundamental - differences
: f

between a primary tumour and its metastases in terms of
cell surface antigens (Fogel et al, 1979; )Gorellk et al,

19793 Schirrmacher et al, 1979; 1980) and subeptibility

to host deiense mechanlsms (Gorelik‘gt al, 1979; Carlson

et g;; 1980)¥} A metastatic grokth undergoes the same -

processes of clonal succession as does- the primary tumour

~and may in turn- produce metastases as Qeli.
‘ ’ |

I
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B e Crgan 3pecilicity or Metastasis ¥

P

(

Ore oI the striking eesewvatiens of the

>linical conccologists is the.varianle vropensity for

l

di--eren tumours to, invade and metastasize to various
tizsu=s,  For example, cancer cf the .prostate and thyrcid

m=tastasize almost exclusively to the.bones’while Burkitt's
lymphema will invade the ovaries in female oatienta.

Fl

willis‘(1973) has surveyed the clinical viterature on 1Lhis

bubjec‘r and has eome to *he conc1u31op that the ev1dence

for Paget's seed/s>il hypothesié'is overwhelming. Briefly,

Pazet (1889) used the metaphor of a fertile seed falling®
upon the correc*iy orepared s0il to describe the 1nteracc1ons
~that a metastaoi71ng tumour cell has Wlth its. host organ.

Willis (1973) Cltes evidence from diverse sources. ’This

is listed below: ' S
1)  the discrepehcies between the relative
blood supplies and the relative inc ldences
. ) of metastases in various organs ‘ .
2) the dispreportionéte frequency of meta-
stases in certain. organs from parti-__ |
cular primary tumdurs i :

3) the multiplicity and bilaterality'of
.metastatic tumours in certain organs

L) the dissoc1ations and assoc1ations of
the sites of metastases (diSSOCiation°
the intestine but not the liver:
assoc1ation, intestine, pancreasy, stomach~
and gall bladder) 6

. 5) - individual peculiarities of metastatic
distribution .
R 6)  the. situation of metastases in pathologic

' areas

7) the fact that tumour embolism is not
Imetast331s ‘



J
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2) differsnceg in mitofic aciivizy
metastatic growths in diferent
cituaticns /

@]

A

S)  tizsue culture studies (chemical envi-
roment for the survivsgl of certain
cells) ‘

10)  experimental oncblogy (of which more
will bz dgalt with below).

Wilii: speculates that th®®explanation for thsz ‘evidence

in Tavour of‘Pagét's theory over a strictly mechénicai
hypothesis 1s based on biochemical and nutritional factors.
In othér words, the internal milieu of certain tissues

may be incompatable withl«thevgrowtﬁ of cértain“tyﬁes

of tumours such that essential nutrients cannot be °

supplied in sufficient quantity to tlie metastasis or certain

nutrients removed efficiently. Willis, however, does
not discount the roles played by unknoWnifactors in the

%> el
" K

distribution Ofvmetast?sés. v

In e&x@yimehtai oncology, the organ speci-
ficity of tumours or preferential organ metastasis has
begn observed fbr,somextime. The ear%%?st studieg were
complicated by the fact that inbred st"f:ains.‘of animals
or immunologically impaired animals were not uéed. Still,
theré Qére a number of papers whose fundamental observation. '
was the orgaﬁ specificity of metastasis (Levin and
Sittenfiéld, 19103 Tyzzer, 1943). Lucké's studies iﬁ
the leopard frog pro?idea a firm experimeptal basis (Lucké,

193L; 1938) though his model system supplied too féw

. e '
‘animals to study as metastases occurred rarely.: However,

the observation is clear that liver metastases occur more
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~Irequently than any other grocs metastatic lesion. Kinsey
(1960) showed\that the organophilic tendencies of* a tumour
do not depend on the anatomical site of the organ. Ecto-
pically transplanted lung was able to attract as many
'1ung seeking tumour célls as{fﬁélncp%ally situaﬁed lung

in the mouée.. This is impor%ant as a number of studies

_ “

appearing later showed that retention in a capillary bed
does not correiate with the ability to form tumours (Karpas
. and Silversmith, 1963;:Greeﬁe and Harvey, 196&)? Greene
and Harvey (196L) postulated an endo£helial bond between
the tumour cell and the vascular endothelium that may account
for their observations. That is, only in specific locations
where a févpurabie interaction occurs between a particular
endothelium and a tumour cell can a metastasis occur,
Indeed, Pilgrim (1@69) surveyed the literature for reti-
‘cdloendothelial cell tumours and concluded that théy have
organophilic tendencies to metastasize to lymphoid organs.

An important breakéhrough in the étudy
of organ specific metastasis was the selection of organ
specific metastatic varianté 5y Fidler (Fidler, 1973b, ]h‘
Fidler and Nicolson, 1977). By successively passaging
the spontaneously ofiginating B16 melanoma through the
luhgs of mice, Fidler obtained a tumour cell iine with
enhanced metastatic preference for the lungs. This may
have merely resulted from an inéreased capacity of the
cells to live in mice as it hadibeen pPeViogsly reported

that the B16 melanoma does not give any metastases outside



18

of the lungs (Fidler, 1970). Regardless, it has since
been shown that the .same tumour can be selected for prefer-
ential metastasis, to a number of organs (Nicclsbn and
Brunson, 1978; #ao et al, 1979). That the procedure of -
succeséive selection for organophilic tegdencies‘wofks

for a numb;r of organs and more fhan one tumour (Brunson
and Nicolson, .1978) implies a basic mechanism to the

phenomenon of organ specific metastasis.
L. Some Mechanisms of Metastasis

The.meéhaniSms of metastasis'have been
mentioned above but have not been explored to any great
depth, There éfé three theoretical'mechanisms of meta-
stasis that have been evoked to ez?lain why a tumour will
férm a metastasis at a'partiCulér site. Theée are:

| 1) the mechanical hypothesis

2) Paget's seed soil hypothesis

3) the variant selection hypofhesis.
Metastasis by direct extension is purely a-mechanical
process, as mentioned earlier,‘oﬁbe the necessary invasive
prerequisites have been met by  the tumour. The sucqeeding
diécussion will center around distanf metasfasis.

| On a pufely mechanical basis, the cells
shed info>the circulation from a tumour will come to rest
in the first capillary bed where the iumeg of the blood

vessel has a smaller diameter than the tumour cell or

Vad



19

W

embolus (Coman et al, 1949; Coman, 1953), As most cells
are shed into the venols side of the circulation, this
will occur in the 1ungs.ﬁ;1ndéed, the lung is the most
common site for metastasisx(Willis, 1973).  Anatomical -
sites which have a relationship through a portal circu-
lation will show a high'incidence of metastasis}ih the
downstream site from a primary.fumour upstream (e.g. the
.liver downstream from the small intestine; Fisher and
Fisher, 1965). All this:can be explained by using the
metaphor that the first capillarylbed encountered by the
metasﬁasizing’tumour cell or embdlus acts like sieve,
filtering oﬁt of the blood tumour cells whiéh'will then
resulﬁ in metéstases. Still, manyfpatterné of meﬁaStasis
cannot be éccounted for by invoking a simple sieving acﬁion
of capillary beds (Sugarbaker, 1952; Willis, 1973; Fidler
et g;,‘3978;vPoste and Fidler, 1980). Anatomical studies
have shown the presence of arterio-venous shunts in many
organs (Prinzmetal et al, 1948) possibly allowing the
passage of tumour cells., Also, tumour cells can bass,
through organs (Zeidman and Buss, 1952; Zeidman et al,
19563 Fisher and Fisher, 196705. - This could explain

mahy cases of what would seem to be aberant metastases
underba’strictly'mechanical interpretafion. A'mechanical
‘explanation éannot explain the metastasis of certain tumours
to one or.a'few highly specifio sites, Tﬁus, eventhough
mechanical factOPS'undoubtabebplay a role.in the deter-

mination of the distribution of metastatic cancer cells,
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a striply'méchanical interpretation cannot account for
all the obsefvéd diztributions of metastases,
‘Other'factors that’would'modify the mechanicsv
of metastasis are the variables within the metastasizing
cell and the organ in which the metastasis will bé formed.
This concept was first introduced by Paget (1889) and has
Mcomé to be known as the seed/soil hypothesis of metastasis
due to the analogy used by him;' As in the pa}ablé of
‘the sower (Matt. Tu: 3—9),Aon1y when the correct seed
falls upon fertile soil will a;plant be germinated. Like-
Qise, a métastatic Ceil must have thé capacity to respond
to its envirament and the environment ﬁust be ‘of a type
that can send signals to the céll. One can see that the”
outcome of the'interaqtion between a tumour'cell and a
distant site will determine the success or failure of a
metastasis. As mentioned earlier,;fumour brogressioh
allows the incorporation of variations in maiignant pro-
perties in a tumourlﬁell population (Green, 1?51; Foulds,
195l; Nowell, 1976). In this way, the potenﬁialitieé
of 'a tumour cell may be‘limited but those of the population
of tumour cells can be endless. Indeed, variations be-
tween cléned populations df tumour cells with fegards
._to drug resistance (Barranco et al, 1972; 1973;'Hakahséoh
and Trépé, 1974), invasiveness and metastasis (Dexter X
et al, 1978; Fidler, 1978; Kripkie et al, 1@78;; Suzuki

t gi,v1978) a

ears to be the normal situation. Thus,

a tumour can sow many different types of séeds.
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Tt iz evident that the local envirenment
of differentvorgaﬁs will differ in many ways as well,
Some of fhese afe mechahicél pressure, blqod flow, améunt.
and types of cénnéctive tissue, etc.. Paget's hypothesis
(Paget, 1889) then rédﬁoes to matching the cell with a
certain potential to the sité~where this potential’méy
be realized. This would seem to be a very inefficient
-process from the standpoint of the survival of fhe tumour.
cell. A large numbér of cells woula have to be released g
by é tumour for ohé cell to evade host defense mechanisms,
- survive the meéhaniaal rigours of blood flow,‘lodge in
a favorable site for that particular cell, extravasate
and proliferate'to form a metastasis. Clinical sfudies,
as mentioned above, have shown that cancer cells in.the
blood héve nothing whatever to do with prognésis (Engell,
1955; 1959; Roberts et al, 1961). This could be due to
ﬁhe sheer numbers of cells that must circulate for one
celi to have an efféct. ‘Circﬁlating cells will dirfer
in their malignant potential depending on how far the‘
primary . tumour has progressed: 'Thas,'comparing many
individuals with many different stages and types of tumours
will not yield consistent Pesulté, Mést animal models
‘of metastasis require relatively large numbers of cells
to observe relatively few metastases. Studies have shown
that 99% of the cells injected intravenously dolnot survive
2ly hours (Fidler, 1970; Reid and Gibbons,'%Q?g). This result
will .depend on the'individual_tumour but it is important to

note that tumour embolism is not metastasis.
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An analogy for fhis situation can\be_foqnd'
ln the maturation of T lymphocytes.v The prethymic T cell
‘metastasi;es fron the bone marrow to the thymus where
it undergoes proliferation and maturation. It is tnonghtv.
that this is the site where the T lymphocytes acquire .
their functional differentiafion. Mature T lymphocytes
are Peleased into the 01rculdtlon and enter the blood
stream. They are zound in the_lymph a_short time later‘
(Gowans and Knight, 196&); The T lymphocytes have left
the circulation at a specific anatomical structure in
the post-capillary venﬁle of the lyﬁph node which has a
hlgh endothellum (Gutman and Welssman 1973). Not only
do the T cells show a preference for this anatomical |
strqcture through which they extraﬁasate, but peripheral
node lymphocytes recirculate.preferentially through peri-
pheral nodes as do mesenteric node lymngCYtes recirculate
preferentially through mesenterie nodes (Cahill et al, 1977).

| An exten81on of Paget's seed/8011 hypothe81s
1s suggested by the recent llteraturev(Fldler et al, 1978-
Weiss, 1979°‘Poste and Fidler, 1080) ' Thls w1ll be refered l
to as the VaPlant selection hypothesis of cancer metast331s
' The basic premlsevls the production of a myriad of tumour
vafiants by the tumour, resulting in tumour progression,
perhaps in the manner suggested by Nowell (1976).

Succession of variant' tumour cell clones for dominance of
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of the tumour cell mass will produce thzs gradual increase
in malignancy -of the cancer. When the necessary invasive
qualities héve been acquired by the tumour ceils and acéeés
to the circulation has been gained, metastatic fumoup

cellé are reieésed into the circulation. Whichever éells
butt onté the access to the blood will be’released. These
ma§ not necessarily beffrom the dominant clone in the
“tumour at that tiﬁe. éells released will have individual
poténtialities to metastasize. Thus, as .in Pagét's hypo-
thessis, where the metaséasiiing tumour cell can realizé

its potentialities Wili be_whefe that cell will ?roduée'

a metastasis. As the cells circulate, each micro?envi-
roment'in the-hgsﬁ'selects those cells, or the enviroment
is\selected by the cells, which' can produce a metastasis
in their milieu. This process would parallel that of

the lymph node specifié recirculation of lymphdcytéS‘
(Cahill et gl, 1977). Membrane msdiated events, possibly’
invblving specific receptors, have been implicated in this
phenomenon (Ford, 19?5} Woodruff et al, 1977). A similiar ¢
proceés may be oberativevin the arrest of blood-borne
tumour cells. Membraﬁe”mediated'events have been sthh
to.be important in the organ‘selectiVe metastasis of Fidiérﬂs

- B16 melanoma variants (Poste and Nicolson, 1980).
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5. Factors that Affect the Metastatic Process

o

In the study of eiperimental metastasis,
many investigators haveAtreated their systéms in different
ways so as to perturb the metastatic cascade. There is
no clinical treatment sﬁecific for metastasis and many
”of the manipﬁlations that patients undergo'may,actually
incréase the 1ikelihood of metastasis. The'interferences
most often applied to expérimental systems of metastasis
are»sﬁrgepy,‘radiation, chemotherapy aﬁd immunotherapy. |
These'are‘the‘séme options of treatment open to a ogncer
patient with or witHout metastatic disease.

It has beeﬁ mentioned that cancer cells
in the circulation do not have any cbrrelatiop with prog-
hog?é nor doés traumatization of the tumour during sufgéry
for its femoval‘(Engell, 1955 Moore et al, 1957; Engell, -

19595 Roberts et al, 1957; 1961). Still, tumour cells

that have already metastasized may be revived from a dormant

state by surgical trauma (Fisher and Fisher, 1959). Thus,
-1f surgery isv-tO'be successful in curing the pétient of
his tumour,‘then the surgeon must,remove'tﬁe tumour befofe
it,has.metastasized or remove the metastases with ﬁhe‘
primary. deaiizatién of tumours and metastases has aluays
been a major probleﬁ in cancer treatment. Removal of a

- primary tumour usually'hés littlé‘effect‘on the metastases .
that are well established, they are autonombus entities;

Es

Removal of the primary mdy delay the onset of metasfasis
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from the residual tumour as it may once again have to
progress td‘sufficieﬁt size and malignancy to metastasize
(Ketcham and Sugarbaker, 1977). In keeping with the pos-
tulate that metastases must underéo‘all the stages éf tumour
progression tﬁa%\the primary does is the observation that
metastases do nof metastasize until _they‘are sufficiently
~established with.a blood supply. 'This will also cause
’some delay in the further spread of a cancer af'ter the .
removal of the prlmary tumour, B
The local, lethal irradiation of certain

.tumouPS'has‘provided an additional way of cohtroiling |
cancer with or without prior surgery. : Irradlatlon of the
tumour is. only successful w1th referenbe to metastas1s

if the tumour has not metastasized to a dlstént site‘outside
the area of irradiation. Fbr this reasoﬁ,.tétal body
. irbadiation'was instituted Eut the total dose must be
reduced, and hense, tﬂe effectiveness oflthe treatment‘
course has-been’impaired Slgnlflcant advances ‘in radlo-
sen31tlzers have been made enabling the radiation to be
~administered at a lower overall dose but at a higher
'effectlve dose w1th1n the tumour (Andﬁéws, 1978) The
effect of whole body irradiation in a mousé is to increase
the number of metastases (Kaplan and Murphy, 19&9; von Esszn
and Kaplan, 1952; deler and Zeidman, 1972). Von Essen '
'éﬁd Kaplad (1952) speculated thét the'radiation altered

the local host/tuﬁour 1nteract10n while Fidler and Zeldman
(1972), wrltlng after Grg%ne and Harvey (196lL) who propsed

B
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the endothelial bond theory of metastasis, postulated a
difference between the endothelial cell stickiness pre-
and post-irradiation. Nonelof these studies surveyed
the dissemination of metastases in - the animal so whether
or not an altered dlstrlbutlon is effected by the whole
body irradiation is open to questlon;

‘As for surgery and radiation treatments
of canCer, there is no chemotherapeutlc modality spe01flca11y
deslgned for use against metastas1s‘(Pratt and Ruddon,”
19792. Like whole body irradiation, chemo therapy is a
systemic treatmeot of cancer and can reach metastases
as they occur ovef the course’of‘tfeatmeht ‘ Metastases
are once again controlled best as for surgery and radiation
therapy, when the treatment is started before the metastases_
occur. Comblnatlonal therapy of reducing the patient's
tumour burden by surgery or irradiationvfollowed by chemo-
‘therapy can be used successfully to control metastas1s.‘

Most Chemotherapeutlc modalltles, however, center aroandv

the selective p01son1ng of the tumour in. hopes that the

host will not be too dellterlously affected The stickiness
of the vascular. endothelium is thought to be important

again hePe as for the radiation inducegd enhansement of
metastasis. Prior treatment of mice with steroids (cortisone
has been used in most studies) greatly augments the arrest

of tumour cells in caplllary beds after intravenous in-
jection. (Zeldman 1961b Fidler and Leiber, 1972) . This

activity has.been directly correlated with the glucocorticoid
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activity of the individual steroid involved (Albert and
Zeidman, 1962). It 5as been claimed that only tumour
cell éiumps form mepastases (Saphir,’19u?;‘Fidlef, 1973a)
and the number of metastases has been correlaféd with
the number of tumbur cell ClumpS‘éP additiénal ce;ls added
(1iving or dead) for tumour cells to form clumps with
(Fidler, 1973a). In fact, it has been shown that throm-
boplastic>Emboli are more likely to stick to ?aécular»
endothelia (Warren, 1973). Heparin, plasmin, (Fisher and
Fisher, 1961a)_neupam;nidase or anti-platelet antiserum

(Gasic et al, 1968) rediices the number of metastases.

Gasic 2t a2l (1973), in a later studylopostuiated'that

arrest is not-the important factor 'in deter- -

>iucatidn of a metaétasis bﬁt.that retention

;515 better if platelets are aggregated in a tumour
Vpelg :31us. Indeed, factors active in ;he COagulatlon
patﬂé ;are produced by tumour cells (Strlngfellow and
‘ Y?ick, 1979; FlthatPICk and Stringfellow, 1979;
Wang § : al, 1980). The ability to activate the host coag-

ulat»

Immunotherapeutic modaiities specific-for
metastasis .ire in their infancy. it wa% shéwn that'feticulo~
endothelial blockade or stimulation iﬁcreases;tﬁe numbér
of métactas;f (Fisher and Flsher 1961b; 1962). The
reason for thi's may be purely mechanlcal Agents which

stimula “:or'block the reticuloendothelial system also
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~swell the liver Kupffer.cells to occlude the sinusolds

‘thereby'trapping more -cells within the liver. 1In a series

of experiments, Fidler demdnstrated that tumoun sensitizéd
iymphocytes (Fidler, 197ua) or activated macrophages
(Fidler, ﬁ@?hb) reduced metastasis. - Ioachim_gt gl (1976),
working in a~different»$ystem,‘concludedbthét immune

mechanisms do not play a significant role in the metastatic

pattern of"a tumour. .Fidlef‘etngl (1977), in théir

original system, could not find a correlation between

metastasis and tumouP rejection'tut'concluded that "tumour

cell arrest could be influenced by immune factors. In

another system,‘Fidier.gt _;'(1979)'demcnstrated.that the
effects of immunity and immunosuppresSign on a tumour's | \ﬁ
pattern of metastasis is idiosyncratiu. The iﬁmunogenicity»
of the tumour probablj plays a role here.' As Fidler has 2
done much of this work in a mouse melanoma model, a

highly responsive type of tumour to immunothérapy %n man

as well as mouse, it ié‘not surprising that discreuancies
exist in the effects of'immunity on metastasis. It has

been reported that cytotox1c 1ymphocytes can dlstlngulsh
antlgenlc dlfferences on tumour cells that have variable
propen31t1es to metastas1ze (Fogel e _ﬁ al, 1979; Schlrrmachér
et al, 1979). Fogel et al (1979) poétulate that the highly

— —

metastatlc subline of Fldler 8 melanoma tumour model, has

‘lost some of the antlgenlclty of " the. parental marginally

metastatlc.cell line. Schirrmacher et al 1979), worklng

with a 1ymph01d tumour, denote an antlgenlc change between

»



highly and marginally~metastatlc;tumour cell lines. ’éara—
immuhe mechani sms have been implicated.as factors in- the
Vhost'resistance to metastasis. (Gorelik et al, 1979;
Carlson gt ;a_l_',"’IQRBO)f Gorelik et al (1979),  working uith’
Fidlerls system;.repOrt that local.tumour cells are killed
more easily thankare their qounterpartsuin a metastasis
in a natural killerl(NKl cellwassay“ They postulate a -
- loss in the NK cell recognition structure on the metastatlc’
'tumour cells.as compared to the local~tumour-cells ‘Another
1nterpretatlon is that the metastatlc tumour cells are
more resistant to. kllllng than the local tumour cells.v
One approach,to the Sp&ézglc therapy of
vmetasta31s is a comblned chemotherapy and 1mmunotherapy.
(Hurwitz et al, 1979) A drug is coupled to an 1mmuno-
globulln which specifically recognlzeé the tumour and lts
.metastases. The congugate is more effective than the |
.uncoupled drug and antlbody administered together or alone.,
This approach is only practlcal if the tumour in’ quest1on
has a characterlstlc antlgen that is 1mmunogenlc in some
host. Also, a'31m111ar approach could be useful as a
¢mgnostlc tool for metasta31s Antlbodles could be coupled:
to tracers which, because of the spe01f101ty of the antlbody;
‘would locallze 1n metastases with the tumour antlgen.
ThlS would make convent1onal radlatlon or surglcal treatment

of cancer more effective (Ballou et al, 1979),
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€. Cell Surface Structures Implicated in Metastasis

The first interaction of a metastasizing
cell when it lodges in a distant site is that of the tumour
cell membrane coming in contact with the cell membrane
of the vascular endothelial cells. A number‘of workers
have addressed this interaction -as being fundamental to
the metastatio‘process. Indee@; ce11 membrsne vesicles
from highly metastatic cells osn'confer the metastatic
phenotype on marginally metastatic cells if the vesicles
are fused to thée latter (Poste and Nicolson, 1986) Generally,
treatment with proteolytlc or glycosidic enzymes alters
the metastatic distribution of tumour cells. Numerous
workers have reported that neuraminidase or-trypsinﬁtreatment‘

Dl%he tumour cells increases metastases (Hagmar end Norrby,
1973; Sinha and Goldenberg, 197h; Weiss et -al, 1974).
An early dlssentlng report (Gas1c and Gasic, 1962) states

that one has to treat the vascular endothellum»by prior

1nJectlon of'neuramlnldase to have any effect at the re-

Aductlon of metastas1s while the neuramlnldase treatment

i
v ot

of the tumour cells does not have any effect. Sohlrrmacher

—

-
et al (1980). report that the neuraminidase treatment of

the tumqur cells increases binding to hepatocytes, not
hepatlcleplthellum,‘whlch can be inhibited by anti-major

histocompatability complex (MHC) antihody. Whis inhibition ‘

by antlbody ‘is thought to be aotlng via a steric mechanlsm

where the antibody bYocks the neuramlnldase exposed sites
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by virtue of their position, It has been shown that neura-
minidase treatment of lymphocytes resﬁlts in their retention
in”the liver gwoodruff and Woodruff, 197l;; Ford, 19?5)
and this 1is thought to occur via a hepatic cell membrane
protein that‘épecifically binds asialoglycoproteins (Pricer
and Ashwell, 1971; K?wasaki and Ashwell, 1976; Kolb et al,
1978). Schirrmacher EI al (1980) postulete that they are
observing 5 similiar phenomenon.

As any enzymatic treatment of a cell's

L

surface may also lead to a change iq‘surface charge, the
issue is more complex than it first ;ppears. Hagmar and
Norpby\(ﬂQ?O) report that the pretreatment of tumour cells
witﬁ polyanions or polycations which bind to the eell

surface markedly alter the surface charge and the distri-

“bution of metastases;h There is not a simple correlation
3

with surface chargexas dextran, whlch 1ncreases cell surface
negativity, can have the same effect on meteetasis as
DEAE-dextran, which ;educ;s the surface negativity (Hagmar,
1972). Raz et al (1980) show that it is the distribution

of anionic sites that is 1mportant when one is con31der1ng
the relationship between cell surface charge and metastagis;
the more metastatic cells have a more clusteped array of. .
anlonlc 31tes. This is in keeplng with the chemical studies
of sialic acid and fucose content of the cell membranes

of tumour cells whlch show that there is no dlfference

in the terminal saccharides in highly or marglnally me ta-

static cell lines (Warren et al, 1975; Yogeeswaran et al,

v

_tﬁ-m-k



. 1978; 1979)., These terminal monoeaccharides on the carbo-
hydrate chains oflglycoproteins aecount for most of. the ;
-cell surface negative charge. _ ¢
Agglutinability with lectins, which bind
to specifie sugare on theltumeur cell surface, hes been
used to select nonfﬁetastasizing-varients from metastasizing
melanoma cells without any'apparent ehange in the cell ,
surfaee (Tao and Burger, 1977). The metastatic phenotype
1s thought to be due, once again, to the arrangement of
the lectin receptors on the cell surface (erght et al,
1978). Drugs that disrupt the cytoskeleton, such as col-
chicine or cytocha1a81n B, alter the metastatic pattern
of the tumour cells (Hagmar and Ryd, 19775 and also reduce
adhesion, migration, homeotypic aggregation, and agglutination
by lectins (Hart et al, 1980), indicating that an intact
- cytoskeleton may be important 1f a cell is to’ metasta31ze
}successfully
Simple aggregation of metastatic cells
has been shown.to alter the metastatic patfern of a tumour
cell line (Hagamr and Norrby, 1978) or ies_malignancy
(Parke:\Q?75). Cells surviving interactions with_immuhe
or paraimmune defense mechanisms might be considered better
able to give rise to a succes;ful metastasis tﬁough highly
ﬁetastatic cell lines tend to form more clumps with 1ymph-
ocytes than marginally metastatic enes (Fidler 1975)

Cell lines selected in vitro for their ability to resist

lymphocyte mediated cytolysis actually show themselves
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to be less metastatic than .their parent cell line (Fidler

et al, 1976). The gbility to form heterotypic cell clumps

appears to be a géneral property of metastatic cell lines
(Winkelbake'and‘Nicqlsoﬁ, 1976) and is related to the
organ preference‘of the tumour cell 1inev(Nicoléon and
Winkelhake,j1975). Metastatic tumour célls or their )
culture supernatants can alter the properties of adhesion
of nérmal cells (Maslow and Weiss,'1979; Maslow et al,
1980).H One postulate.érising out of this work is'thét
metastatic or invading malignant tissue disrupts the normal-

cell'toAcell adhesion by releasing large amounts of competing

'
aggregation factors, which occupy the receptors oﬁ the -
normal cells causing thé hormal tissuegto becone disor-
ganized (Baisamo and Lilie%, 197 ; Kramer and Nicolson,
1979; Lilien et al, 1979). One.other,aSpectyto tumour
cell aggiutinatidq in thé météstatic»process is the basement
membrane thatva tumour cell must Qrosé to ihvéde aﬁ orgun.
Glycoproteins from basement membrane have been shown to
agglutinate normal cells.and it is thought that this helps
maintain the Qells'differentiated sﬁate (GerfauX et al
1979). Metastatic tumour cells.prefefentiélly.attaéhvto
type IV collagen, that found in large amounts in the basement
membfane of vascular endofhelium, o?er all oﬁher types
of coilagen (Murray et al, 1980).

Metastases can be antigenically distinct
from theirrprimary (Fogel et al, 1979; Gorelik et al,

. v ‘

1979; Schirrmacher et al, 1979). Also, the quantitative
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amount of a tumour associated antigen has been correlated
with the metastatic phenotype (Ghosh et al, 1979). Thus
far, it is not known how these antigens are functionally

related to the metastatic cascade.
7. Marek's Disease as an Experimental Model of Malignéncy

Marek’s disease (MD) is a natually occurring,
herpesvirus induceA, T 1ymphocyte‘maligﬁanéy of chickens
(Payne, {572; Nazerian, ﬁ973); The ubigitous Marek's.
disease virus (MDV)Finfécts all types of chickens and
free virus is shed from the feather follicles, ra%glting
in hqrizontai transmission of ﬁhe disease’(Naéefian and
Wifter, 1970). There are two major-pathologicaiisyndromes
caused by MDV, a neurologic pathology leading to paralysis
and a malignant pathology leading to lymphoma developmenf.

2

One or both of these pathologies is associated with infectidmf»
by various strains of the virus (Biggs and Ml , 1972).
Marek's disease is the only naturally occurpz§§§cancer

to which resistance can be induced by vaccination (Biggs,
1975). Protection is only against the pathologic attributes
of the disease and not against infection by the virus.

Much work has been done in recent yearsjon the genetics

~of natural resistance fo MD‘lymphéma development. One

form of genetically determined resistance is associated

with the BS' allele (Longenecker et al, 1976) of the

chicken MHC, which may involve active rejection of prolif-
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erating 1ympnoma cells (Longenecker et gl; 1977a;
Longenecker and Gallatin, 1978). Another non-MHC linked
locus determines the susceptibility of the target cell
for transformatinn, the T Iymphocyte (Gallatin and LOngenecker, 
>1979). There arevpafhological and etioldgical similiarities‘
between.MD and Burkitt's lymphoma (Kléin,‘197é). One of
these similiarities is fhe pattérn of metastasis in which:
both malignanéies give rise to a high incidence of ovarian
ana liver lesions.(Payne, 1972; wright, 1972).

Other herpesvirus induced malignancies
or malignancies in which herpesviruses have been implicated
as a causative agent are the Lucké carcinoma of tne frog
(Mizell, 1969), Burkitt's lymphoma in man (de-Thé et al,
1978) and a malignant lymphoma of lower primates associated

with infection by either Herpesvirus saimiri or Herpesvirus

ateles (Melendez et al, 1972). Tt is intérésting to note
that only herpesviruses associated with.lymphoid cells
cause or héve been strongly impiiCated-in the cause of
malignancy, with the exception of Ehé\Lucké herpesvirus,

7

In the cases of Herpesvirus saimiri, MDV, and Epstein-Barr

ViPﬁS‘(EBV; Burkitt's lymphoma), the virus dces not integrate
into the host genome és a provirué in the transformed cells
yet the ceils replicate the viral genome (Sugden et al

1979). Very speculative associations have beén made between
- EBV and nasopharyngeal carcinoma (Ho, 1972) and Herpes
simplex I and cervical carcinoma (Rawls et al, 1968),

Outside of that mentioned above for MI¥ and Burkitt's lymphoma,
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nasopharyngeal carcinoma exhibits preferential metast351s

to bone, liver and lung (Shanmugaratnam, 1972) while the
Lucké carcihoma has a strong preference to mefastasize
to the liver (Lucké, 1934; 1938). -~

| Recently, the study of MD has been facilitated
by the establishment of lymphoblastoid cell linés from
MDV induced lymphomas (Powell et al, 1974; Kato and Aikyama5
1975; Nazerian et gl,f1977; Calnek Ei al, 1978; Hahnwgg al,
1978), All the céll lines are T cell in origin, have T
cell anﬁigens and have the Mafek's disease associated
tumour specific antigen (MATSA; Witter et al, 1975).
One c211 line, MDCG-RP1 (old nomenclature: RPL-1; Nazerian
ot él’.1977)'do§s not produce virus, RP1 cannot be induced
to produce virus yét it caffies the MDV gengﬁe (NaZeriaﬁ
and Payﬁe, ﬂ978). This cell line was isolated from a
ﬁranéplantablekMD lymphoma (JMVf1; Sevbian et al, 196L4)
and the lymphoma itself is a nonproducer Qf virus (Stephens. ‘
‘et al, 1976). RP1 carries the B allele of the chicken
MHC -and was probably derived from a line S chicken (Lohgénecker
gﬁ al, 1977a). - Birds receiviﬂg_a trahsplant of RP1 show
the same pattern of metastasis as birds who have been
naturally infected with MDV and have developed lymphomas

(Lormenecker and Gallatln, 1978)
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II.. Materials. and Methods
1. Cells - ' \\

" The MDY transformed; non-producer, continuous
cell line MDCC RP1 was kindly supplled by Dr. K. Nazerianl
(Regional Poultry Research Laboratory, East Lan81ng, |
Michigan). and was cultivated in this laboratory for over,'
two yeers»in.RPMIf16uO (Gibco, Calgary, Alberta) supple-
 mented with 20% fetal calf serum (FCS} Gibeo) and anti-
biotics (penicilliﬁsfreetomycin, 50 ﬁnits/ml each Qr’genta-
‘micin, O.SAmg/mlﬁ Microbiological Associates, Walkersville,

Maryland). 7Later it Was disCovered that better cell |

growth could be obtalned in a serum mix of 5% FCS and

5% chicken serum.(Glbco); which became the standard culture

cohditionS-for'chicken>cells lines in thie laboratory.

As muchkas possible, entibiotics were omitted during the

course of fhe experiments‘reperted here. The chieken'

cell lines MDCC-RP1, MDCC-AL1, MDCCfALE, MDCC-ALB,‘ were

split tw1ce a week at a dllutlon of 1: 30 “each subcﬁlti-

Vatlon denoted as one in XEEEQ passage. The cells normally
‘have a doubllng time of 10412 hours in log phase culture
vwhlch can occur for the flPSt three days of culture.
Therefore, 6-8 generatlons of cells can be said to be
produced per passage. |
‘ The myeloma cell line 315,43 wes obtaiﬁed

from Dr, T.R. Mosmann (Dept. of‘Immunology,_Uhiversity



of Alberta). This line was maintained in RPMI-16L0 supple-
mented with 10% FCS. Hybridoma cell lines were similiarly

maintained once established,
2. Eggs

._Random bred (RB), fertile hen's eggs were
supplied by the Poultry Division, Dept. of Animal Science;
Universityeof Alberta Llne SC, fertile hen's eggs were
obtalned from Hyllne Internatlonal Dallas Center Iowa.
’Llnes N, P, S, and 15 fertlle hen S eggs were supplled
by the 810501ences Animal Center, Unlver81ty of Alberta
Eggs were 1ncubated in a Robblns Hatchomatlc lncubator
‘(constant temperature humldlty, perredlc rotation;

Robbins-lncubator'Co., Denver, Colorado).
3. Selection for.Virulencé'

The transplantable cell line MDCG-RP1 was
injected intraperitoneally inte.newly hatched, line N
chicks at a dose of 10° cells per bird. Ten to 1l ‘days
later, morlbund birds were sacrlflced and their spleens
remOVed A cell suspenS1on of" each spleen was made by
m1n01ng' the tlssue with scissors and repeated plpettlng.
The cells were examlned mlcroscoplcally for viability and
resemblance to RP1. The original cell line RP1 has a .

‘typical lymrhoblastoid morphology with prominent nucleoli

.
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A dose of 105 5P1—1ike ceils waé administered intraperi-
.toneally to a new group of line N chicks. After the fifth
transplantatlon; the dosage to transfer the tumour was
reduced to ’IOL‘L cells per bird. The spleens from the tenth
passage birds were cultiyateé in Xiﬁig in Hahn's media
(Hahn et al, 1978) and, after sufficient growth of one
of the cultures, it was designated MDCC—ALj according to
the new-homenclature convention for avien celi lines
»(Repert of the Ad éég Commitee on Avian Cell Line and

Transplantable Tumour Nomenpleture, 1980).

i, In vivo Mortality

| .
Day old, llne 3C CthkS were 1nocu1ated
1ntraper1toneally with tumour varlant cells MDCC-RP1 or
ALY Mortallty was monltored dally with the surviving

birds terminated-after 30 days.

5. .Selection for Preferential Organ Metastaeis
ﬂ Ty

_ Qine SC chicks were injeptedrintreperiton-
eally with 104 MDCC-AL? tumour cells. Moribund birds L
were sacrificed 10-1ly days post-inoculation and examined
for metasta§eé.;'1ﬁdividual metastatic lesions weﬁe dissected
free from the surrounding normal tiesue and culti;ated
in i;tgg in Hahn' media (Hahn et al, 1978).‘ When a sufficient’

number of cells hag5%rown up -in a culture, ‘IOL‘L of these

e



ceils per bird were injeoted as before into a new group.'
of chicks. After five such franepientations, two new
variant cell lines were isolated in vitro, MDCC-ALQ,.
passaged five times through the liver, and MDCC-AL3,

L3

passaged five times through the ovary,
6. In vivo Metastasis

Day old, line SC chicks were inoculated -
intraperitoneally'with tumour variant cells MDCC-AL2 or
AL3. Ten days 1ater the birds-were‘sacrificed and examined

for metasté%es
7. Embryonic Liver Focus Forming‘Aseay (EL~FFA)

Fertile hen's. eggs were incubatedvfor 11
days and candled to locate a vein;in;thekchorioallantoic
‘membrane (CAM). A window was sawed in the shell and the
ceil suspension was injected intravenously'into the chick
}embryo Six days later, after further 1ncubatlon, the
eggs were opened 2R the embryonic livers hirvested into
Bouin! s-solutlon. After a few days fixation, white foci
on the eurface of the yellow livers were oounteo.

Y

8. Chorioallantoic.Membrane Focus Forming Assay (CAM-FFA)

This assay was performed as for the EL- FFA

but the CAM's are harvested 1nto saline and stored at u C.

d
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Hybridoma Cell Lines

e

vgqur the generation of anti—tumour»monoclonai
A? j’}ive CBA/J mice were injected intravenously
"  QCC—ALZ.cells-each.: Three aays later, the Spleen
rg‘the mice were pooled'and fused'ﬁith 315.43 éells
;usly:deécfibéd (Lohgenécker et a1, 1979)f The
?étio_waé_TO spleen cells té_§ne myeloma cell. Cells  ;

5

‘Zed at a density of 10 myeloma cells/ml'in flat

ricroculture plates (Flow Laberatories Inc.,

7

Mississauga, Ontario) With 10! mouse red blood cells per .

iers. Clones appearing within three weeks of '
fusion we; rated for agglutination aétivity in théir

supernat; against AL2 cells. Clones with pbsitively

‘reacting supernatants were grown for further analysis.,

10. Agglutination'Assay

Diluent used for tumour cells in this assay

was RPMI—TGMQ with'ﬁ% FCS and 10mM Hepeé buffer (Flow

Labs.). For other cell types, phosphate buffered saline

| was used. = The pH of the diluent was ad justed to 7.l before

use. Mid-log phase ihdicator tumour cells were washed -

once in diluent and adjugted to the appropriate concentration.

Chicken white blood cells (CWBC) were harvested from adult

birdspby collecting blood from the wing vein and separating

Y

the red and white blood cells by low speed (fOOg) centri- . °
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fugation. The resultant CWBC rich plasma was washed three

times in diltfent before use. Chicken red blood cells

| were harvested as for CWBC and washed three times beforef

~used,

Assays were performedAih V-bottemed micro-

~titer ﬁlates (Flow Labs. ), usually coﬁblnlng 100 4l of

'ihdicator cells with TOO}Lllof test‘reagent, Direct agglu-

tiﬁation.assays were dene usihg 5 x'ioslcells/test,'lncu-'

batingtat uO/C fer 60 minutes before the resulte were

/

. scored., .Fof‘indirect;assays,‘cells from.the'direct: tests

were washed three times in diluent and 100/11 of a 1:400
dilution of goat’anﬁiQmouSe-immUnogiobuiin anﬁiserum
(Cappel Laborateries Inc., Cochranville,”Penhsylvania)
in diluent was added.‘ After incubation for 90 minutes
at Mé C, the resultsvﬁere seered.

Tx

| 11. Antibody Directed Rosette Formipg Cell Assay. (ADRA)

Tumour cells were obtained as for the agglu- |
tination‘assays; The ADRA_wes performed as described by |

Mosmann ;ﬁ g_ 1 (1980) and in a similiar manner to the agglu-

tlnatlon assays but 1 x 105 cells/test were used Brlefly,
1ndlcator cells were 1ncubated for 60 mlnutes at 4° ¢ w1th
the'test-reagent After washlng three times w1th dlluent
CRBC's with goat ant1 -mouse 1mmunoglobu11n antlserum cova~
lently coupled to thelr surfaces were added at a ratio of

10 CRBC's to one tumour cell, After incubating at 4° ¢
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for 180 mlnutes, rosette formlng cells were counted micro-
‘vscoplcally.' Spec1f1c rosette formlng cells were. calculated
by subtractlng background roSettes formed in the presence
‘of diluent alone, Typlcal spontaneous rosette values
'vary from day to day and range from 1- 5%.
_ l2. Complement Mediated Cytotoxicity Assay (CMCA) n
Tumour. cells were obtalned as 1nd1cator

kcells as for the agglutlnatlon assays._ The‘CMCA was . aécomf
plished in a-manner 81m111ar to the agglutlnatlon assays"
but 1 x 105 cells/test were used, Indlcator cells were
incubated for 60 minutes at L° C with the tést reagent’

and washed three times in diluent before'addingathe"preViéc
ously determined appropriate dllutlon of guinea plg complement
for MS mlnutasat 37 C. Indlcator cells were then washed
. once in. dlluent and v1ab111ty determlned by trypan blue

‘dye exclu81on. Spec1f10 cytotox1c1ty waa calculated by
vsubtractlng cytotox1c1ty due to complement g}one. Typlcal
’»spontaneous ly31s values vary from batch tOvbat§% of

complement and range from 10~ 20%

4 &
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13. Antlbody Mediated InhLbltlon of the Embryonlc Focus

Eormlng Assays i .

Tumour cells were obtained as for the agglu-

~tination assays. Ppior to injection into the eggs, cells

’
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- were left unfreated or jncubated with monoclonal antibodies
for 30 minutes at 4° C. For complement dependent antibody
mediated'inhibiﬁion of the focus forming assays, tumour

oells were tregted as for the complement mediated cyto-

toxicity assay.
4. Growth Inhibition Aseay

For 'growth inhibition assays, mid-log phase
tumour cells were seeded of 2 x 105 cells/ml in micro-
culture plates (Flow Labs.). Growth was considered to
be inhibited at the drug concentration tested by the
failure of the cells to undergo more than one doubling in
L8 hours.

15, Statistical Tests

To compare. means, a 51mp1e t test was
used. Linear regression analygls was performed by the
method of least squares u31ng, in some cases, the University
fof Alberta, Computer Serv1ces program, Analysis of

variance was performed using the Computer Services program,
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ITI. Results

1. The Effect on Tumour Virulence of Sequential

Allotransplantation

The MDV transformed,:transplantable cell

© line MDCC-RP1 was serially passaged in newly hatched chicks
in order to increase itsfvirulence. After the tenth serial
passagebf splenic brei from tumourous spleens, the LDSO

bf the cell line was reduced to 2 x 103lcells from approx-
imately 3.6 x ’IOLJr cells in the original RP1 line (Figure 1).
This new cell line, called MDCC-AL1, is more rapidly lethél
than RP1, with the first mortality observable at 9 days
rather than 12 days post-transplantation in the original
RP1'line.‘ In addition, fhere was-an increase in the type
agd number of metastatic lesions Qith increased in vivo

. passage. Splenomegaly and numerous metastatic lesions

in the ovary, liver, kidney and skeletal muscle were dbserved.

2. The Selection of M?tastatic Variants by Sequential

Allotransplantation

Having obtgined a highly virulent, metastatic
- tumour cell line, selection for organ specific metastasis
was attempted. In contrast to the preceding selection

for*viruience,‘a period of cell culture was interceded

~between each in vivo selection. This allowed the rapidly

\
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Figure 1. Mortality Due to Tumour Transplants.

Cells of tumour variant MDCC-RP1 (@) or
AL17 (A) were injected intraperitoneally into day old,
line SC, white leghorn chicks. Mortality was monitored
daily and the surviving chicks terminated afteﬁ 30 days.
The LDgo, for RP1 was calculate% to be 3.6 x 107 cells per
bird agg for AL1 it was 2 x 107 cells per bird.

,ué
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‘growing tumoup.variant célls to outgrow the normal cells
- which were transfered to culture along with the metagtatic
lesion. As shown above, transplantation alohé will increase
the virulence and metastasizability éf this cell 1ineag¢- 
In crder to be assured that organ specific metastasis
‘Wwas being obtained by selection, two variants were dérived
after five selections in parallel for mefastasi; to their
respective organs.‘ Inoculation of tumcur variant'celis
MDCC~AL2, which was selected for liver,metastasis, led to

a higher frequency of birds with liver lesioﬁs than those
birds that were inoculated with MDCC-AL3 (p<0.05), which
was selected for ovary metasta51s (Figure 2). 1In contrast,
both AL2 and AL3 1nduce 81mlllar frequenc1es of ovarian
lesions at the cell dosages tested. Thus, selectlon fory
'1ncreased ovarian metasta31s was unsuccessful and selectlon
for increased liver metastasis was successful despite
the,fa¢t that less thén a twé fold increase in the frquency

of birds with liver lesions was observed.

3. Embryonlc leer Focus Formlng Assay A Quantitative

Assay for Liver Metasta81s

Further selections for liver metastasis
would not be ©eXpected toincrease appreciably the frequency
of birds with liver lesions because of the high pPoportlon
of birds wlth these 1e51bns, yet a frequency analysis

appeared to underestimate the differential capacitieg
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Figure 2. Metastasis of Organ Selected Tumour Variants.

) Cells of tumour variant MDCC-ALZ (@),
selected for liver metastasis, and AL3, (&) selected for
ovary metastasis, were injected intraperitoneally into |
~ day old, line SC chicks. Ten days later, the birds were =
sacrifié@d and examined for gross metastases, The left \

- hand panel shows that AL2 produces significantly more

liver metastases than AL3 (p<0.05, calculated from 1inear\\
regression lines). The right hand panel shows that AL2
and AL3 do not differ in their abilities to produce ovary \\

metastases, . \

¢
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of AL2 and AL3 cells to produce focal lesions in the liver.
To attempt to develop a qﬁantitative assay for 1iver meta-
stasis, AL2 cells were 1n3ected 1ntravenously into 11 |
day old chlck embryos and the embryonlc livers were har-
vested six days later. Following flxatlon of these livers
in Bouin's solution, foci on the livers became prominant
and eaSy to count. The slope of the dose reSponse curve
,is'1;05, which does not. dlffer’slgnlflcantly from the
ideal slope of 1,00 for such assays (Flgure 3). These
11ver foci are comprlsed of cells Wthh are morphologlcally
1dentlca1 to AL2 cells, Furthermore, prelrradlatlon of
 AL2 cells with 1500 rads completely inhibited the formation
of liver foci indicating that liver foci depenq on the =
proliferation of AL2 cells (data not ahown).

| This new assay was used to compare the
-capacities of RP1, AL1, AL2 and AL3 ceils'ﬁo induce liver
foci in different itypes of embryos, AL3 cells are the  *
~appropriate control cells for transplantation effectsA
- when compared to AL2 cells (Table I), The liver selected
variant{ AL2, forms over five‘times as many liver foci
as ALBloh'AL1 (p<0.001), Thisvdifference was censistently
maintained despite the gehotype of the hest embryo used
fer the assay. The opigiﬁal RP1 cell line did not induce

liveh foci at- the cell dosage tested.
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Figure 3» Cell Dose Dependent Formation of Embryonic %i?@y
Foci -

Cells of ‘the 11ver metastasis selecped tumour
variant MDCC-AL2 were 1n3ected into the CAM veins of 171 day
old, random bred, chick embryos. Six days later, the
embryonic livers Were harvested and fixed in Bouin's
solution. The dosge response of liver focus formation on the
number of cells injected conforms to a- linear regression
with a slope of 1.05, not s1gn1f1cant1y different from
a slope of 1.00.
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i, The Formation of Proliferative Chorioallantoic Membrane
Foci Correlates with the InCreased Virulence of a

Lymphoma Cell Line

Follow1ng 1ntravenous 1nJec%Eon of lymphoma
.cell llnes, discrete foci form in the CAM., These foci
- may be of  two types, virally induced or proliferative
(Longenec'ker ’_‘e_t_ al, 1975; 1977b). Productively infected
'cells,mayvindﬁce both‘types of foci while nonpfoductively :
infected cells induce only proliferative foci., Since
proliferative foci Tepfesent colonies of dividing donor
cells, they can be completely 1nh1b1ted followlng lethal
prelrradlatlon of the lymphoma cells. The cell lines used
in this study are nonproductlvely"1nfected'SO it is no
‘surprlse that. prelrradlatlon with 1500 rads completely
1nh1b1ted the cells! ability to 1nduce CAM f001 (data not
-shown) k Thecapac1t1es of the varlant lymphoma cell lines
to 1nduce prollferatlve CAM foci . were compared (Flgure ).
None'of‘the cell dose response curves differed significantly
from the ideal slope of 1.00 and the slopes do not differ
from each other The celculated relative’efficiencigs
of each variant to form CAM f001 is RP1:AL7: AL2 AL3: 00:
1.61:3.25:4.07, These values are 31gn1flcant1y dlfferent

from one another at the p<O 001 level
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- Figure L. - Cell Dose Dependent Formation of CAM Foci.

. ~ Cells of tumour variant MDCC-RP1 (@), the
original tumour, AL1 (O), selected for virulence, AL2 (A),
selected for liver metastasis, AL3 (A), selscted for ovary
metastasis, were injected into the CAM veins of 11 day old,
random bred, chick embryos.  Six days later, the membranes
were harvested and foci counted. 1In every case, the dose .
response of CAM focus formation on the number of cells injected
conforms to a linear regression with slopes of RP1:AL7: .
AL2:AL3::1.03:1.14:1.01:1.0k, none significantly different
from a slope of 1.00. The relative efficiencies of focus .
formation of the tumour variants are RP1:AL1:ALZ:AL3::1.00:
1.61:3.25:4.07, all significantly different from each other
(p<0.001). ,
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5. Genetic Variation in the Permissiveness to Chorioal-
lantoic Membrane Focus Formation
' :

Since chickens of varlous genetlc backgrounds
dlffer in susceptlblllty to MD, four lines of chlck/embryos.
were compared for their perm1ss1veness to “CAM focus formatlon
induced by the variant cell lines of RP1 (Table II)

-As in the‘previous figure L, the relative efficiencies

of CAM focu formatlon by the varlant tumour cell lines
correlated well w1th the v1rulence of the cell line,
vFurthermore, an analys1s of variance revealed s1gn1flcant
varlatlon due to the genetic background of the embryo

in the numbers of CAM foci formed by RP1 and AL cells

Llne N is the least permlss1ve while . RB, a random bred .
populatlon, is the most perm1ss1ve to CAM focus formation
by these two cell lines. The comparlson of lines N and -

P is the most 1nterest1ng and valld since these lines |
were. derived from»the same flock. _Line vaaskselected

for resistance to MD thle line P was selected for suscep-
tibility to MD (Cole et al, 1968) Fewer foci were formed
in line N embryos than in-llne P embryos by RP1 or AL1
cells.(p Q.OO1). Metastatic uariant cell lines, AL2 and
AL3, howeuer? do not differ in theirvability to form CAM
foci in the embryos tested. This may indicate that highly
virulent cell lihes, as evidenced for AL2 and AL3 by their
hlgh relative efflClenC1es of CAM focus formatlon, may

‘overcome genetic mechanlsms of' resistance,
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6. . Antigenic Analysis of Virulent and Metastatic Variant

Lymphoma.Cell Lines with Monoclonal Antibodies

- Hybrid clones appearing~wighin‘three weeks
of fusion of AL2 immunized spleen cells Qith 315.43 myeloma
cells were screened fof'direct and indirect-agglutination
gétivit& inwthéir‘éupefnatanté against AL2 cells. Positive
clqﬁes Qére picked aﬁd grown for fuftherianalyéis. Sikteénv
Vclones‘prQVed to bé‘stable antigody pfoducers; ‘Table‘III
lists thé égglutinétion readtivity of antibodies frgm.ﬁheée
cloneé'against évpanel of variant ﬁumour ceils (RPﬁ, ALY,
ALZ, ALB),'another'MDV transformed cell line MDCC-MSB1"
(Kato and Aikyaﬁa, 197&) and normai‘éhicken'blood cells
“froﬂ’sevén different MHC'(B allele) genotypes’of‘birds.
sAntibod& from ene clone, 1.3, is reactive with all cells
tested. | |

RP1 and its varianfs AL1, AL2 and ALS express

,the,chiékén MHC B! antigen on‘their surfaceé (Longéneékér )
et 81, 1977a; data not shown). The progenifor transplantable
lymphoma to the,yariants,,jMV~T kSévoian et al, 196&), was
 probably defived from a line § chicken'(Longenécier gﬁ'gl,
1977a). Line S has a high ffqﬁeﬁcy df the B allele
‘(Pazderka et al, 1975),‘ Thus, line S birdséwere ﬁyped for
the bfeseﬁée of"thé Bﬂ alleleuénd positi&e birds'wefe used
as sources of B! cells. The bthéP‘B allele genotypes used
in'this study gre‘ﬁaintained asvhdmozygous breeding‘flocks.
f'It'ié possible; 'therefore, to identify 10 of the 16:élones .

as producers of anti-B locus or another polymorphic s&sfem:'
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antibodies (d.s, 1.9, 1.11, 1.1, 1)j7, 1.18, 1.21, 1.2,
1.26, 1.27). Four of these react exclusively with CWBC'
from line S chickens (1.14, 1.18, 1.21, 1.27) and may be
monospecific for B on CWBC. Twc ahtibodies (1.5, 1.26)
cross-reacf‘with various genotypes of CRBC. The remaining
four putative anti-B locus antibedies (1.9, 1,11, 1.17,
1.24) react with more.thén oﬁe B allele‘type on CWEC.

The target cell for MDV transformation is
the T lymphocyte (Payne, 1972). RP1 has teen shown to
carry chickén T cell aﬁtigens (Nazerian et al, 1977).
Tﬁerefore, the apprbpriate control to demonstrate ‘tumour.
associated antigens is the T 1§ﬁpgocyte. None of our
monoclonal‘antibodieg react with thymus cells in a fashion
not expléinable by cross reactivity w;th B locﬁs.or other

lymphoecyte antigens (data not shown). The source of thymus,

bursa and spleen cells used in this experiment was a 82/B2

chicken, Once again an agglutination assay was used.

The antiboéies Peactiﬁg with B° thymus cells (1.3, 1.24)
also .react with other genotypes of cells. None of ﬁhe
monoclonal antibodies save those from clone 1.3 reéctéd
with bursa or épleen bel}é.

The remainigﬁ\five of fhe 16 antibody producing
clones react with MDV transformed cell lines but not with
any normal blood cell tested; ClOne‘1.7 antibodies react
with both RP1 and its variants and MSB1. Four antiﬁody
producing clones are SpecifiC(fOP RP1 and its variants. |
These sﬁbw various}patterns of reactivity. Antiquies~from

clones 1.1 and 1.8 react with all the variants. Clone 1.15 .

58
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antibodies do not react in an agglutination assay with
AL1, selected for virulence, but do react with AL2 and
- AL3, both more virulent than AL1., In théimo}e sensitive
CMCA, clone 1.15 antibodies kill approximately 20-20% of
all of the RP1 variants. This indicates that AL1 expresses
the antigen in question equall& well as the other
varlants. AL1 cells may therefore be more difficult to
.agglutinaté. ‘} |

Clone 1.20 antibodies have the most interesting
pattern of .reactivity. These antibofies detéct in‘agglu-
tination assays an antigen present on AL2 cells exclusively.
In the more sensitive CMCA, apprdximately 20-25% of AL2
cells are killed by clone 1.20 antibodies. Figure 5 shows
:the reactivity of clone 1.20 ascites antibodies in a CMCA
; against ALZ2 and AL3 cells. As cell lines ALé and AL3
were selected in parallel,fo; liver and ovary métastasis
reépecitively, they até the appfopriate controls for éach
other. It is seen that while AL2 éells ha&e‘a peak reaétivity
with the‘clohe 1.20 antibodies of 25%_Spécific cytotoxicity,
the AL3 cells‘are not kilied above a level of 6%, a marginélly
positive reactién. Thus, there may be some cells in the
AL3 culture which react with the 1.20 antibodies, Similiarly,
RP1 and AL1 exhibit a specific lysis that is lower than
that of AL3, usually about 3% (data not shown). The antigen
defined by the clone 1.20 antibodies is named tﬁe liver

metastasis associated antigen,
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Figure 5. Complement Mediated Cytotoxicity Assay Titration
of Anti-Liver Specific Metastasis Associated
-Antigen Monoclonal Antibodies.

MDCC-AL2 (@) or AL3 (Q) cells were incubated
with various dilutions of 1.20 ascit antibody for 60
minutes at uo C then at 37° ¢ for LI5¢hinutes with guinea
pig complement. Cytotoxicity is plotted as an average
of duplicate tests expressed as a percentage. Spontaneous
lysis subtracted. - '
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7. Clonal Variation in Liver Specific Metastasis

Fidler and others (Fidler, 1978; Dexter
et al, 1978; Kripkie et al, 1978; SuZﬁki et al, 1978)
have shown that tumour cell lines are composed of subpop-
ulations which vary in their ability to invade and metastasize.
Clones derived from invasive and metaétatic cellllines
~have a characteristic expression of these properties which
appears to be randoﬁ. Nowell (1976) has postulated that
variant clones succeed each other in a tumour cell popu-
1étion, each vériant with ever increasing_malignant pr0perties;
to bring about tumour progression. Such clones as shown.’
by Fidler and others above may represent\samples of these
variant subpopulations. By limiting diiﬁtion, the meta-~
static variant cell line AL2 and AL3 Were cloned and tested
in the EL-FFA and the CAM-FFA. It is seen in Table IV
‘that the clones have a randomly differing capacity‘to
metastasize to the liver while'the ability of the clones
to invade the CAM is similiar. The values obtaihed in the
EL-FFA and the CAM-FFA do not correlate (r=0,20, p?O;EO),
indicating that liver specific metastasis and invasion
of the CAM are ihdependent events. The values obtained
'-.in the CAM-FFA show that the clones have as high a level
| pf invasion of'thg CAM as their parental lines.
\ Previously, a five fold difference in liver
focus forming ability of AL2 over AL3 was observed (Table I9.

In the present exﬁeriments (Table 1IV), this difference



Table IV, Clonal Variation in Liver Specific Metwstasis.

Variant' CAM-FFA  ELpRa®
Clone | Expt. 1 ' Exbt. 2
AL2 - 218+72(8) 116428(10)3  67+20(8)% -
. AL2.1 22+105(7)° 70+23(9) 56+17(9)
v AL2.2 - 212487(9) uui9(10)‘ 29+10(9)
T AL2.3 2162614(9) 87+16(10) 51432(7)
AL2.L 256i61(6) 131¢39(10) | 77+27(8)
AL2.5 323+136(8) 180£39(9) . 1L7+45(8)
AL2.6 - 201+72(9) 220450(10) 122418(9).
AL3 216+235(8) 52+13(10) > 38417(10)°
AL3.1 225491(7) - 117#40(9)  92+32(9)
AL3.2 29 +68(8) | '69i28(9) | 6L+27(7)
AL3.3  264#116(8) nod i L1+19(8)

AL3. 1 207492(10) n.d. -~ 66+21(8)

1) CAM foci reported as mean + standard deviation with
the nugber of embryos per group in parentheses.
3 x 107 cells per embryo were injected.

2) Liver foci reported as mean * standard deviation

' wigh the number of embryos per group in paretheses.
10 cells per embryo were injected.

3) p<0.001

4) n.d‘_= not ‘done.

5) p<0.005
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is reduced to two fold but is still significant. This
reduction in discrimination of the EL-FFA could be due

to the possibility*thét the cell lines are changing in
culture. It has been known for some time that cultured
cell lines loose virulence with time (Earle et al, 1?50).
When the.fiﬁe fold difference,in‘iivef'focus forming
‘ability between AL2 and AL3 was'aemonétrated, the cells
were in thelr 18th passage in 1;339 ~In the‘present
experlments, the cells were in their 28th to 33rdA1n XAEEQ
passages.‘kThe limiting dllutlon_glones were produced

at passage 10 and tested at similar total iﬁ vitro
paséaées as AL2 and AL3. To test if the cell lines had
indeéd changed during their period in culture, &arious
péssage levels of ALé and AL3 were tested after recovery
from storage in liquid nitrogen:forktheir liver focus
forming ability. Figure 6 shows that there is a dramatic
increaseﬁih the liver focus forming ability of AL3 while
ﬁhere is ;niy.a slight decréasé"in the.abi1ity of AL2

to form liver fOfi. A 100.fold difference in liver focus
forming ability of AL2 verses AL3 at pasgsages 5510 becomes
two fold at'passages 55-30. In this assay, the EL-FFA
was performed with a relatively large number of cells

to allow maximum preciéion of the assayvon cell lines
which may have shown low levels of liver focus forming
ability. The increase in;livep focug forming ability

of AL3 may also explain the observation that all the

) ". N
clones derived from AL3 are equal to or greater than AL3
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 Figure 6. Variation of Liver Metastasis with In Vitro
Culture. -

Various in vitro passage levels of metastatic
cell lines MDCC-AL2 (®) and AL3 (O) were testedsin the
EL-FFA at a relatively high cell dose of 5 x 107 cells
per embryo in order that passages with a low capacity to
metastasize to the liver could be measured.. )



in their liver focuévforming ability.  The clones were
pfoduced at a point where the in vitro éhanges:in métastatic
.ability of ALB Qere possibly underway. G%ﬁen,the‘dbubling |
times and numbzsr of paséages involved, it is possible for
a cell to give Piégyto a doﬁinaht popﬁlation‘in the AL3
cﬁltupe. Starting at a'ratiovof ‘IO6 marginal liver
. metastaﬁic célls to-dné high metastatic cell at paSsage.t'
5 and postulaﬁing a two hour difference in doubling.timé
‘favoufing‘the high meta§tatic'ce11, by passage 20 the ratio
is reversed. to become one marginally liver metastatic céil |
to 10° high liver metastatic cells.

o o S ,
8. Clonal Variation in the Expression of a Liver Specific

Metaétasis Associated Antigen.

Ae mentioned above, random variation in

. * . ' e o _
invasive and malignant properties can be an explanation
for tumour progression, It has been shown ﬁf tumours

in situ may vary in their antigenicity (Prehn, 1970)..

The cloned metéstafic»variant cell lines were'tésted'withb
anti-LMAA'monéclonal“'antibddies in two types of assays; |
_the CMCA and the ADRA. From Table V it 'is seen that there
is clonal variation in the expreésion of therLMAA, ‘The |
ADRA is more sensitive that‘the‘CMCA by a fact¢f of nearly
two in assays :done on the sgmé day (CMCA and ADRA #1)..

The assays correlate to a high degree (r=0.85, p€0;001)
indicaﬁing that thé assays are détecting‘the samelbarameter;

. s
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Table V. Clonal Variation in the Expression of a Liver

Specific Metastasis Associated Antigen,

Variant cmea’

Clone
AL2 21
AL2,1 13
AL2,2 3L
AL2,3 20
AL2.l 30
AL2.5 - 3L
AL2.6 21
ALY - 1
AL3. 13
AL3,2 2
AL3.3 1

g 0

1) Complement mediated cytotoxicity assay expressed as an .

ADRA®
Expt. 1 .Expt. 2

33 17
19 9
63 20
Sy 8
L2 21
L8 3L
76 Lo

3 2
141 38

1 L

7 3
10 . 15

average of duplicate. tests. Spontaneous lysisysubtracted.

" 2) Antibody directed rosette forming cell assay expressed

as an average of dupl
subtracted.

lcate tests., Spontaneous rosettes
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Successivevtesting of the clones at in vitro passages 27

and 32 shows a decrease in Peact1v1ty to the anti -LMAA

antlbodles of the clones, ADRA #1 being 1.9 times as

sensitive as ADRA #2, but a high degree of correlation
is again shown between the two experiments (r=0.73, p<0.001).
This is interesting as the EL-FFA clonal variation tests

reproted éarlier (Table IV) showed the same lossbof sengi-

t1v1ty from the 28th to the 33rd passage but these measurements

remain highly correlated as well (r 0.91 , - p<O ®1). Thus,

‘eventhough the sensitivity of the ADRA and the EL- ~FFA-

may change from day to day>¥%he rellablllty of the tests
is good.

When the various paséage levels of the
tumour variént cell lines AL2>and A%B are tested for anti-

LMAA reactivity in the CMC& (Figure 7), the'eXpression

. of the LMAA is seen %o be:rélatively constant. If the

LMAA is & marker for metastasis, then the AL3 cell line

may'have acquired the capacity to metaétasize to the livér

‘independéntly of the LMAA. 'This is not unexpécﬁed as

'the selective forces on a cell-population are very different

in vivo as in vitro.
9. -Correlatfon of Biver Specific Metastasis with a Liver
Specific Metastasis Associated Antiqfn %§préssion
¥ _ v o ,
Clonal variation. can be detected in metastatic

ability and surface antigen expression (Tables IV,and V).
™
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Figure 7. Variation of .a Liver Specific Metastasis Asso-
01ated Antlgen Express1on with In VltPO Culture

Varlous passage levels of metastatlc varlant
cell 11nes MDCC-AL2 (®) and MDCC-AL3 (O) were tested in
a CMCA for LMAA expression. Ascites antibody of clone
1.20 was used at a dllutlon of 1:100, gverage of dupllcate
tests plotted .

”
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The EL-FFA and the ADRA were done’on cells one passage
apart for each e*periﬁent and the two experiments were
done five_passages apart; Thus, it would be,interesting
to;determine what correlation there is between metastatic
ability”and cell surface antigen expression of the clones

in the two ekperiments. Figure 8 shows the liver foci

.produced-by the clonal Variants plotted as a'function

of LMAA expression. It is evident that these parameters
are hlghly correlated, For experlment‘#1 (Figure .8A),

the correlation coefficient is 0.58(p=0,033) and for
experiment #2, r=O.80'(p<0,00S). " Taken together, the
corfelation coefficient for thevtwo experiments is 0.70
(p<0.001), CAleocl, on the other‘hand,ldo not correlate
with LMAA expression (r=0.008, p>O‘20) ThlS demonstrates
the spec1f101ty of - a55001at10n of liver sp601flc metasta31s
with LMAA expres31on. The clones were dia%veéiat passage |
10 before AL3 had acquired detectable 1evels ?f the hlgher
metastatlc phenotype. Thereﬁore, late passage'AL3 cells

probably will not fit intb the correlation of liver meta-

sta31s§£§th LMAA expre581on. All the AL3 clones howevere—xﬂ ~~~~~

‘have as hlgh or hlgher llver metasta31s than thelr parent

b
The high liver metastatlcrphenotype may have been selected
for by the cloning procedure. .
Metastatlc variant clone AL3.1 which shows’

hlgh llVeP metastas1s and hlgh ‘LMAA express1on, unllke

its parent or 31ster clones, 1s 1mportant In order to

'test whether this clone is a contaminant of AL3 by AL2,

o
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Figure 8, Correlation of Liver Specific Metastasis with - ™™

the-ExpressiOn'of' a Liver‘Spécific Metaétasisv
Aéadciated.kntigen.
The cell lines MDCC- AL2 (®) plus six limiting

"dilution clones (numbers in circles) and AL3 (A) plus four

clones (numbers in triangleés) were tested for LMAA expression
by the ADRA and for liver metastatic ability in the EL-FFA

on two occasions, Experiment 1 1s plotted in the left hand
panel .where a correlation coefficient of 0.58 (p=0.033) is
obtained. Experiment 2 is plotted in the right hand panel
wkere a correlation coefficient of 0.8C is obtained (p<0.005).

_:Combination of these experiments results in a correlatlon
. coefficient of O 70 (p<0.001).



. gzowth inhibition test on various passage levels: of AL2

N 71
a natural_difference_inbdrug Sensitlvities.between AL2
~and AL3 was eiploited AL2 is res1stant to the drugs

6- thloguanlne and 8 azaguanlne up to a dose of 2.5 pg/ml
of each in culture&whlle AL3 is less re31stant up to
a 1dvel of. 0.6 Ag/ml. ALl the Clones 1nclud1ng AL3.1.
test d as for- the parental type 1n a growth 1nh1b1t10n
tedt (Table VI). ‘Thus, the pos31b111ty that clone AL3 1

is a contamlnant of AL3 by AL2 can be excluded ‘In another

’s
¥

and AL3 (data not shown) it can be excluded that the
. dramat1c change in metastatlc character of” AL3 between»'
passages 10 and 20 is due to &Sntamlnatlon pf/KLB by -AL2.
Clone AL3 1 may represent a subpopulatlon of cells whlch
'reacts with anti-LMAA antlbodles and gives rise to 11ver
f001 in the AL3 tumour cell l%pe. |
Orlglnally, clone AL2.2 had hlgh LMAA expre831on ‘

but low liver metasta31s. On’ subd#quent testlng, it was

observed that the LMAA expre881on decreasqudramatlcally
§

- whlle the llver focus formlng ablllty of the clone remalned

- B
constant. The orlglnal LMAA measurement may'have been

spurious. Thls 1s borne out by the QAM—FFA results (Table. IV) |
' whlch show that AL2.2 falls w1th1n the expected range of |
values. Remov1ng thls point’ from the aggregate correlat10n,,~

calculatlon 1mproves the coefflclent to. 0. 82 (p(O 001)

@ or,
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Table VI. Drug Resistance of Metastatic Variant Clones

to 6-Thioguanine and 8-Azaguanine,

Variant \ _ Drug Concentration1
Clone 2.5 ug/ml 0.6 pug/ml 0.15 ug/ml
AL2 - + -+
ALe.2 . +/~ + +
AL2.3 - + +
AL2.L ' - + +
AL2.5 . = + t +
AL2.6 : - + +
AL2.,1 B + +
AL3: ’ - - +
AL3.1 - . - +
AL3.2 : - : - ¥
AL3. 3 - S Ny
+

AL - -

1) Cells were cultured for 48 hours in drug containing

media then scored for growth. (+) normal growth;
(-) growth inhibited. A o

72
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10, Functional Interaction of the Liver Specific Metastasis

4 .
Associated Antigen and Liver Metastasis

In order to test whether the-@MAA mighﬁ
be functionally associated with liver specific metastasis,
the capacity of anti-LMAA monoclonal antibodies to inhibit
liver foci in tﬁe EL-FFA produced by AL2 cells was tested.
It was found that preincubation of AL2 cells with anti-
LMAA antibodies (Table VII) specdifically blocks the ability
of AL2 cells to form liver foci while not affecting the
ability of the same cells to produce CAM f001. In confrast,
CH-L, a monoclonal antibody which detects a chlcken MHC
antigen not found on AL2 cells (Longenecker et al, 1979;
data not shown), or 1,24 monoclonal antibodies which detect
a polymorphic antigen found on AL2 cells (Table iII),
inhibited neither CAM nor liver foci, To test another
monoclonal antibody binding to AL2 cells, the capacity
of anti-LMAA antibodies to inhibit liver'foci«wastcompared
with that of 1.5 monoclonal antlbodles, siﬁiliar in |
iSpe01f101ty to 1. 2u monoclonal antlbodles This test
was done with or w1thout the prlor complement mediated
killing of AL2 cells. As for the first test, equal‘numbers
of" vxﬂble cells were injected per embryo so the results
in the second test underestimate the effects of the antibody
vby a factor of three., Anti-IMAA but not 1.5 monoclonal
.antlbodles significantly 1nh1b1ted the development of liver

N

foci in the presence of complement (Table VIII).\,It is



Table VII. Specific Inhibition of Liver Metastasis by

Monoclonél Antibody

Monoclonal .CAM-FFA2 EL-FFA>
Antibody '
= : 60+17(8) - 63+11(8)
CH-1;  59+16(8) 78121 (5)
1.20 . 61+11(7) | 32410(9)
1.2l  68+17(10) . 5616(8)

1)

2)

3)

:
/

Prior to injection, cells were left untreated or
incubated for 30 minutes Wwith ascites antibodies -
from hybridomas CH-li, 1,20 or 1.2 at a final

- dilution of 1:100.

CAM foci expressed as mean *+ standard deviation wit%
the number of embryos per group in parentheses, 10
cells were injected per embryo. ’

Liver foci expressed as mean + standard deviation
wigh the number of embryos per group in parentheses..
107 cells were injected per embryo, Statistically
significant differences were obtained in comparing

. results for 1.20 with control (p<d.001);‘1.20 with

{

CH-4 (p<0.01); and 1.20 with 1,24 (p<0.001).

T



Monoclonal - v.CAM—FFA2 . EL—FF‘A3
Antibody | | |
S 70451(5) © o 88411(6)
c! © o 60+38(7) o 75+11(6)
1.20 115+33(7) 62+23(7)
1.20 + C' 93+15(7) 3Lx12(8)
1.5 18L4+58(7) | 76+11(8)
1.5+ Ct 86+29(6) 63+9(8)

1) Prior to injection, cells were incubated at 37° ¢ for
45 minutes with @iluent or

2)

75

Table VIII. Specific Inhibitionh of Liver Metastasis by

lMonoClonal-Antibody plus Complement.

the culture supernatants

(full strength) from hybridomas 1.20 or 1. 5 in the
presence or absence of guinea pig complement (c).
The cells were washed and the concentratlons of viable

~cells adjusted to be equlvalent

CAM foci expressed as mean * standard deviation with
the number of embryos per group in parentheses.
Statlstlcally significant differences were obtained

in comparing results fgr control or 1.5 + C' with

1.5 alone (p<0.01). cells per embryo were ‘injected,

Liver foci reported as mean + standard deviation with
the number of embryos per group in parentheses.
Statlstlcally significant differences were obtained

in comparing results from C' or 1.5 + C' with 1.20 +

C' (p<0.001); 1.20 and %.20 + C' (p<0.02); and control
with 1.20 (p€0.03). 10° cells per embryo were injected.
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noteworthy that 1.5 antibodies, which directly agglutinage

AL2 cells, caused a significant enhansement in the number B

of CAM foci produced by AL2 cells; suggesting that large

emboll of tumour cells might be nonjspecifically trag§gaj“
in the CAM, ‘Under the same ccnditioné, however, 1.5 gggi-
bodies did not cause a signifiéént reductiénvin liver

foei which is consistent with the previous obsefvétions.
These results suggest that the homing or éolonization

of the liver by AL2 cells ig a specific progess and not
just the non-specific’ trapping of tumour éell emboli.

The fact that 1.5 monoclonal antibodies caused a slight,
but not éignificant reduction in the number of liver foci

suggests that at least a few of the liver focus forming

cellsrmay have been trapped within cell aggrégates. As

different classes of mouse'antibody may affect the/formation

of liver foci differently, the class of antibody used has

‘been standardiged. All the gwhéclonal antibodies used in

- these studies are IgM as determined by electrophoresis

in dehaturing gels with known IgM antibodies as standards.
(daté not shown). o |

To test if LMAA expression ér iiver meta-
static ability could regenerate in cu}tufé over two days

after treatment with anti-LMAA antibodies plus complemeﬁt,

the following experiment was performed on passage 35 cells,

Metastatic variant cell lines AL2 and AL3‘were-eithef
left untredted, treated with complement alone §r treated -
with anti-LMAA entibody plus complement. :The seme pro-
O | : |

N- N

76
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Acedufe'es‘for the CMCA was used. It is seen (Table ix)l

| that only ALZ cells had a signlficant level of anti-LMAA
“specific oytotoxicity.' The untreated cells, from ﬁhﬁch

" the treated cells Were.drewn, were'tested for antl-LMAA
ADRA before culture (Day 0). Both cell lines AL2 and AL3
tested within thelr normal range of values. All groups |
b

were tested after two days of culture in the ADRA CAM—FFA

and EB-FFA On Day 2, the antl-LMAA values for AL2 were

‘A markedly depressed when the cells were treated an Day 0

with antl LMAA antlbody plgs complement Gomplement aloneA‘
had no 31gn1flcant effect on the expre331on of the LMAA.
Another antigen, detected by 1. 2u monoclonal antibodies,
was not affected by any of theltreatments.r Thus, the .
LMAA positive cells do not regenerate oVer‘two days |
ih eu1ture after removal by,ﬁpecifle'antibody plus
oomplement When tested in the EL-%F%m'lf is seen. that
liver specific metasta31s is reduced onfyjln the group
'of_AL2 cells treated w1th'ant1-LMAA antibodies plus
complement. TRhis ﬁay‘.indicate that‘the LhAA positive
population of cells is 1dent10a1 to the populatlon of

cells that gives rise to liver metastases., The fact that 5

~ f-c;;.

not alf'of the liver metastases are removed strongly sgggests .

that there is more than one mechanism by which AL2

may glve rise to l1ver.metastases. and the LMAA is

functional marker for qQqnly one of-these. The rise in
- 7__!>M'>"‘_ . ’ ) ' S I

liver metastatic abilityiof AL3 with no change in LMAA

ekpfession supports this hypothesis. Treatmept_of AL3 -
P S et C C ’
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cells resulted in-no sﬁgnificant change in any parameter
tested. CAM foci showed an increase over the untreéted-
group in all cases w1th AL2 and AL3 cells where complement
was used. The CAM's had over 500 foci each whlch leads
to.significant crowding effects in the membrene, making |
accuratelfoci counts impossible . Indeed, thie effect

has been seen before: when AL2 cells were injected with

+ L.

a monoclonal antlbody that hags excellent agglutlnatlon

| properties. Care was taken to inject a 31ngle cell sus-
pension but micro-aggregates maylhave formed'and oeenbtrapped
in the highly vascular CAM, It hds been observed on many
000831ons in the performance of the CMCA that gu1nea pig
complement enhances ‘the agglutlnatlon of monoclonal antl-v
body treated cells. Aleo, there mey‘be natural anti-
chicken antibody in the guinealpig serum which was nsed |
as_the\complement source, which could enhance CAM foci,
nThe'important point here is, however, thet the anti-LMAA
‘monoclonel entibodies'which“decrease liVer foci do not

have an effect_on CAM foci,
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IV, Discussion

In this thesis, the derivation of three
new MD lymphoma cell lines from the parent MDCC-RP1 line
is'reported. RP1 was originally derived (Nazerian et al,

1977) from the i vivo transplantable JMV-1 MD lymphoma

of Sev01an (Sev01an et al, 196&; Stephens et al, 1976)

and it was adapted for growth in vitro as well as in vivo.

——

- 'Its in vivo wirulence was reesteblished by 10 Seriai

~ passages in newly hatched.chicks and phis new cell line

| is called MDCC-AL1 AL1 1s highly metastatlc, formlng
'the same number and type of lesions of'ten seen durlng
‘the evolution of the natural dlsease following eXposure' 
to MDV. Since ovarian andﬁllver 1es;ons are the most

© e

‘Gomnon.forms of'metastatic lesibn in MD (Pe§ne, 1972)
metastatlc varlants W1§§ 1ncreased propens1ty for metasta81s
to these organs were sought by selection, | |

After only'five selections,for organ specific
metastasis, two cell riﬁei, MDCC-AL2}Ase1ected for liver |
preference,Aand MDCC-AL3, selected for‘0vary preference,
were derived : SeLectlon for ovarian preference dld not
appear to be successful since both AL2 and AL3 produce
'the same frequency of" ovarlan tupours following 1nJectlon
into newly hatched chicks. fhisicould be dﬁp to ‘the fact
that the ovary is an 1mmunologlca11y pr1v1leged 31te (Cock

1962 Barker and Bllllngham, 1977). If the lmmune response

'=is 1mportant 1n metasta31s, then selectlon for specific
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metadtasis to a privileged site may be unsuccessful as
“there would be no strong selective pressure in, favour

of speolflc tumour varlants A further hlndrance would‘

be in a situation, llke the MD system, where a hlgh fre-\
quency of metasta31s to the pr1v1leged site is observed
prior to selection. vThere'is.no quantitative assay for
ovary specific metastasis in the embrjo, itself relatirely
immunologic;lly inert, so"it. cannot be tested in ovo
whether selectlon for ovarlan preference has been suocessful
On the other hand, seleotlon for 11V€P pref%rence was
successful’ and a sen31t1ve and convenlent assay for liver

I SpeleIC metastas1s was developed using the chick embryo.
:erollow1ng 1ntravenous 1n3ectlon of AL2 cells, llver foci
whloh form on: the® outer surface of the 11V8P are counted
,pThe number of llver foci is directly proportlonal to the

#3

| number of cells injected and the slope of the dose response
curve did not dlffer from the 1deal slope of 1,00,. ThlS'
;'1nd10ates that each llver focus is derlved from a 31ngle
1n3ected cell or prefg@mgd unit number of surface
llver foc1 underestlmates by at least an order og magnitude
the . total number of llver f001. Th;s~assay is 31miliar
“to that of Chevaller and Frlndel (1972) for the mouse
but dlffers in that the metasta3121ng pnopertles of the
1n3ected tumour oells are not confouﬂded.by the immune-
‘ response.‘ These results strongly suggest that the same

process or property whlch determines the capac1ty of tumour

varlants to. metastasize to the mature liver has developed -
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by late in the second trlmester of chick embryo development
At this: stage, the maJor aspects of organogenes1s -are”
complete and the embryonlc liver is & functlonal and
metabollcally active organ (Romanof 1960) The fact that
one can detect organ .specific metastasis in the embryo,
which is nelatively immunologiCally inert, strongly angqes
‘that thelimmune response has little or no role’ln determining
liver specific metastasis. | |

“» °  Recently, several 1nvest1gators have made

_ !
‘successful attempts to select organ specific metastatlc

variants of transplantable tumour cell lines. The most
popular system for selection has been ‘the B16 melanoma,
a spontaneous tumour of mice, U51ng this tumour system,
lung, brain and liver colon1z1ng variants have been esta-
‘blished (Fldler, 1973, Nlcolson and Brunson, 1978 Taov
et al 1979) ~ The best studied series of B16 variants are

i “those- selected for lung metasta31s. Some controJersy
exists, however; as to the speCificity of1these lung variants
since recent Pesults of Tao et al (1979) are at. variance
with those of Fidlerland Nicolson (1977). lFidler and
Nicolson (1977) reported an'increaeed.number of lung tumoars
with incfeasedlnﬁmber-Of Selections and that the numberi'
of‘tumour nodules foﬁmed did not depend»on the route of
injection. Tao et al (1979), by contrdst, found a route
of 1nJect10n dependence of the lung selected cell 11ne

‘but dia report the successful selectlon of a liver colon-

1zlng varlant of the B16 melanomabwhlchbshowed preferenee
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¢ for growth in the liver regardless of the route of injection,

The lines sélected for brain metastasis_reported by
Nicolson and Brunson (1978)'further show that’otherdorgan
selected'variantQ of the B16 melanoma can be Obtained

The results presented here show that herpesvirus induced
lymphoma cells can be selected to have preference for

growth in the chlcken llver. It is- 1mportant to note

that the cells which form llver foc1 in the Cthk embryo

- are not s1mply formlng tumours where they encounter the

first major capillary network, Cells which are injected

- 1nto a CAM velin. are carrled back to the chick embryo heart

- and are immediately dlstrlbuted to the ‘general 01rculatlonr

~of the -embryo and extraembryonlc membranes (Romanof 196@)

A large number of 1001 form in the CAM, an extraembryonlc

1
membrane wthh serves the same functlon for the embryo L.

as the adult lung. It is p0331ble that like the mammallan

flung, the Othk embryo CAM 81mply sieves or nonspe01f10ally

traps- 1n3ected tumour cells thCh grow and form CEM'f001..y

Great care was taken to 1n3ect a 31ngle cell suspen31on

- of lymphoma cells, whlch grow in yitro as 81ngle cells,»

be requlred to clarify thig 1ssue but it is noteworthy

»*

'but it is p0331b1e that emboli’ of tumour cells form w1th1n

the embryo follow1ng»1ngect10n. Further studles w&ll

4,

P

that the relatlve eff101enc1es of CAM focus formatlon

by the tumour varlants 1s correlated w1th thelr virulence.

To demonstrate that a tumour is virulent

»

ﬂthe tumour is required to grow and k111 a host anlmal



' 1ftjof line N to MD can be accounted for by the fact that

e

During this process, the'properties'of‘uncontrolled‘cell L__

'y

d1v131on, 1nva31veness and angiogenesis must ocecur to

allow the tumour to be successful, The CAM-FFA may require

‘ ‘some or all of these same properties of the tumour cells.
Cells injected into the embryo,vin order'to form foci,
must penetrate the vascular endothellum, 1nvade the CAM

' mesoderm, prollferate and’ vaulre a blood supply.‘ Others

have reported that highly metastatlc tumour/cells/ggnetrate

"the CAM more readlly than tumours of- marglnal metastatlc

l'potentlal (Easty and Easty, 197&, Hart and ?1dler, 1978)

o and highly- invasive tumour varlants haye.been selected
in a mouse bladder system (Poste‘et al 1980) Thesebl
assays are done 1n g;tgg and probably measure just - the N
ablllty of the tumour cells to penetrat@ an eplthellal

surface.’ A maJor dlfference between these assays and the

8l

in ovo assay is that the CAM—FFA requ1res that the tumour ,‘f

| g—

cells 1llustrate the propertles of a virulent tumour and
not Just the capa01ty to penetrate an eplthellal surface.
| | Usmg the CAM-FFA it has been shown that
embryos of dlfferent genotypes differ -with respect to
their capaclty to suppogt CAM foci produced by RP1
and AL1,~_ L1ne ‘N, whlch was selected for. re81stance to
KMD,'ls the least perm1831ve to CAM focus formatlon and
~11ne P, whlch was selected for susceptlblllty from the

same ancestral flock as line N (Cole. et ‘al, . 1968), Wasm~¥ '

'31gn;flcantly more perm1331ve than llne N. The resistance~

4%



vthese results suggest that ‘the mechanlsm by whlch B

. growth of JMV-1 or RP1 ceIIS’(Longenedker et al, -1977a;»-

~in newly hatched chicks and embryos of gg;“

."‘]

21

" this 1liné is uniformly homozygousvfor'the.B ‘allele of

the chicken MHC (Longenecker gt al ~1976) Thi's allele

0

tg- a83001ated w1th res1stance to MD as well as the. 1nhib1t10n

of growth of RP1 cells (Longenecker and Gallatln, 1978)

= &
‘and the JMV-1 lymphoma (Longenecker et al, 1977&) from,

%,

21

bear1ng<birds inhibit the growth of MD tumour cells=may

already be detectable between day 11 and- day 15 of embryo- a
genesls.t It is 1mportant to note that the lymphoma cell

lines used in thls study are allogenelc to the embryosgused

“vfor the assays. It has been demonstrated prev1ously that.

the presence of shared hlstocompatabillty antlgepS‘cannot B

account for the fact that B2 bearlng/birds rastrict the

~gLongenecker and Gallatln, 1978), Sherma and Coulson (W979)

“have used allogene1c, MD derlved lymphoma cell 11nes to f" AR

':detect the presence of. NK cells in the ch1cken. /4t 1s p0331ble

H i,m

chlckens measures a prlmltive form of resiﬂaance to tumour -
/

growth 1n the chlcken 31m11ar to ‘that described by Carlson

, for the mouse (Carlson and Wegmann, 1977. C rlson et al 1980)
/

'Thls genetlc r931stance, however, appears to be dvercome,

— |

'i'that whatever the mechanism, the genetic resistance observed

21

1n ovo 1s weak.. By contrast B bearing binds are almost

i :totally resistant to lymphoma developMent. Thus, genetlc,:f:h“

wh1ch 'RP1 and 1ts varlants were ultlmately derlved Therefore,3ld

- by hlghly v1ru1ent cell lines, such as AL& and AL3, indibating ﬂ



reeistanee to MD lymphoma development may\be effegtive \ I
‘only in the early phases of tumour growth, before"the'tumour:5
has acquired significant resistehce.

The_fect Uﬁﬂsallogeneic selections fer
metastaszs in newly hatched chicks'can be measured in the
‘embryo, a relativeiy immunologicdlly inert envirenment,
indicates that MHC iﬁcompgtabilities betweeﬁ the tumouf'
and the host were not a factor affecting the organ SpeCIflc
metastaéls observed n thls study. In fact, in the EL-FFA,
the same dlfference between the two metastatlc varlants
AL2 and AL3 was seen in line S ag was seen in any other
type of embr{o. Line S is the prebéble‘strain of origin
of JMV-1, the parental tumour of _RP1 (Sevoian gﬁ al, 196lL;
Nazerian et al, 1977). All RP1 derived cell lines react
equally well w1th anti- B1 antlserum 1ndlcat1ng the preser-
vation of cell‘surface MHC antigens during the selectlons

for virulence and metastasis. Invasion of allogeneid tissue

. =
by tumours has been reported (Lohmann-Matthes et al, 1980)

as well as’xenegeneic'combinatiCns (Leighten, 1960). Butmher
: g .

" and Weissman (1980) have shown that the T lymphocyte recir-
u-‘ . . ) ¢
culation specificity is controlled by a non-MHC linked

locus in the.mouse; In fact, allogeneic combinations of

lymphocytes and high endothelial venules show as much binding

ag sysngeneic combinations in their in X;EEQ assay. Crossing
- species bé}riers,_however, reeults in the‘gradual loss ofy,
recognition between the lymphocytes and the venules as.
greater phylogeneticﬁdistance isvachieved. Thus, the spread
and specific homing of celis in the body may be controlled

by primitive recognition mechanisms.

86
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In‘order to probe the cell surfate of our

htumour cell vérlants, monoclonal antlbodles were made agalnst

»the1llver metastatic varlant-A;2 by the cell fusion technique.

Sixteen hybridoﬁavclones proved ‘to be stable antibody

producers. Of these, 10 clones produced antlbody which

appeared to detect B locus or another polymonrphic system

antigens. Only one clone producedyantibody which reacted

with all types of chlcken cells tested. Such’clones have

,been shown on further testlng to produce antibody detecting

" a few non-B locus antigens of low polymorphism (Longenetker

and Mosmann, unpublished results). Five. clones produced

antlbody detectlng antigens on tumour cells alone One of

these, which reachs with more,than one MDV transformed cell

»~

~isolate, is a candidate anti~-MATSA, monoclonal antibody

MATSA @‘ an antlgen present on the surface of all MD tumours,
orlglnal or transplantable and cell lines (Witter et al, 1975)§
It is\not.a viral antigen. anee clones producedvantibody
which reacted‘with all RP1 derived cell lines;. One clone
produced ant%%ody which feacted-exclusivef§ with AL2'cells.
Tnis antiood;\geﬁlnéé the liver metastasis associated antigen
(LMAA). The range of Specificities exhioited by these mono-
clonal antibodies is in keeping with current work from
this.depertment'where it has been shown that the mouse
prefefentially responds tO'polymorphic antigens on cells
(longenecker et al, 1979, Mosmann and Longenecker, unpubfished
results; Mackie and Longenecker, unpubllshed results)

These include transplantatlon antlgens blood group antigens,

as well as bacterlal serotype antigens. This observation

can now be extended to tumour cells. Tumour‘Specific,



~

Cgkplanation for tumour progression is the~production of

88

. ¢
4) '

tumour 1solate specific and tumour cell varlant specific

E

antigens are revealed by ana1y51s of monoclonal antlbody

produ01ng cell~clones. -Other workers ‘have produced mono-

s

«clonal»antlbodles to previously defined human tumour anti-

gens (Ritz et al, 1980) and have used the monoclonal anti-
body technique to define. novel human tumour antigens
(Bafnstable‘gﬁ al, 1978; Koprowski et al, 1978).

g

It has become generally accepted that one

" variant. clones of cells in a tumour fhat vary in their 3

malignant phenotype (Nowell, 1976; Fidler et al, 1978;

Poste and Fidler, 1980). Those clones with a survival

)

oadvantage w111 become dominant in a tumour but will, in

turn, glve rise to more variant clones. This hypothesis . -
1s‘suppor@ed by the data of‘Fldler and ethePsA(Fidler,
1978; Dexfer._e_g al, 19705 Kripkie et ,al, 1978 Suzuki
et al, 1978). "Weiss,(19797; however, warns of accepting
a‘hypetheSis based on suprpG{ations too hastily and

s

introduces the concept of a!transient metastatic compartment

in a primary:tumour} ‘This is 31m111ar to statlng that

etastatlc subpopulatlons are not stable, Whatever the
‘ .
stability to these subpopulations, the results presented
4

here show that there is clonal varidtion in liver specific

metastasis, As it is possible to discriminate two locations

i

" of metastasis in this system, it is also possible to show

that while there may be variation in the ability of the !
clones to produce liver specific metastasis, their iﬁvaéive

.\. R “

S e
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#6ilityinto the CAl is remarkably similar. This indicates
that:invasion.and metastasis may gé under separate cellular
édntrol. "Intuitively, invasive‘abili%y is-a hegeéséry .
prerequisite for métastasis. Evefy Qloné that was isolated.
has a high level of invasion into the CAM compared with §

. PR , ' o ‘ ,
pérental values and those expééted for less invasive cell
lines. 1In addition, the expression~o? an organ specific
metastasis associated antigen, the LMAA, is'vafiable amongst ‘
theiclonedAfumour variant cell lines., Both these parameters,
LMAA eipreééien and 1liver metastasis, vary in culture,‘ v
but remain highly'correlated over short intervals in Xiﬁ£2-<
“LMAA exp;essioh dées not corrélate with invision as mea- -
sured in the CAM-FFA. The fdct that 1iver'specific meta-
‘stasis is observed in the absence of LMAA qxpressiongmay
‘be due to the differential sensitivities of the ADRA and
‘the EL-FFA or thefe may be variation in the “linkage

¥

between’LMAA expression and liver specific metastasis for
a given cell line. _This is not unexpectéd since metastasis
is a complex series of .events only one of which might :
iﬁvolve specifié organ recognition. This result is pre-
dicted from Weiss's'(1979)‘conceptlof the transient me ta-
'static cdmpartment.

Kerbel (1979) has féported that random
éloning produces unstablg metastatic Yariants in his system
» in’contpast to the work of Figlef (Fidler gi,g;,v19?8).

Stable metastatic variants were'produced[by Kerbel only

after treatment with'mutagens and lectins (Kerbel, 1979).
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Tao and Burger (4977}, however, - reported that lectins

6rodUced marginally metastétjC‘var;ants in Fidler's

system. Kerbel's resuit‘implies.fhat a genetic change
is necessary to produce a stable metastatic variant.

The metastatic variants described here shgw a decrease in

- the difference »between their abilities.to form'embryonic“

liver foci that appears to correlate with time.ig<vitro. .

"The major contribution to this is the dramatic rise in

( ; .'a

liver metastatic capacity of tumour variant cell 1line

AL3. The speedsahd magnitude of this rise indicates that
a fast growing, highly virulent clone may -have c@me to
. o " v

dominate the AL3 culture, Studies with drug resistance - -

traits of the cell lines show that the change in "AL3 is

~not due to contamination from AL2. Also, AL2 and AL3

~ . ) .
maintain their relative frequencies of LMAA positive- cells,

-, This indicates that AL3 has acquired liver metastatic,

) ability utilizing a méchanism for which the LMAA is‘not

a marker, A stablé, genetic change may have been induced

by the selections for 1iver'metastatic'ability such that

»

the AL2 cell line .has become highly metastatic for the liver.

Tumour variant AL3, on the other hand, was not negatively
selected for liver metastasis’but.was positively selected

for ovarian metastasis. Therefore, the instability in

relation to liver metastatic phenotype of AL3 is not
\ .

unexpected especially if one invokes Weiss's hypothesis
(Weiss, 1979). Chow .and Greenberg (1980) report that they

were unable to detect the pfoduction,of tumour heterogeneity'

~

.

3
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in vitro as compared t® in vivo. The selection for organ
- N R ' ‘

specific metaStasis described here occured over: 5 passages

1 ;g viﬁo, After 5 passagea ‘in v1tro, the AL3 line stillv

retalned its _character of marglnal llver metast851s.
Thus, in agreement with Chow and Greenberg ( 980) the

.‘ metastatlc varlant cetl 11nes may have. a higher rate‘of

Rt

ogeneity 1 vivo than'in vitro. ~Sti11

‘generatlon of hete

H3¥

the results presented in thps study 1ndlcate that. profound
~heterogenelty can be generé@ed in vitro.

The treatment of ALZ cells with’ ant1 LMAA
antibodies. w1th or w1thout the prlor to 1n3ect10n complement
?med;ated killing of the cells reduces the amount of 11ver
metastesis in the ELiF?Ar CAM focus formation is not
affected by similiar treatment.',Thus, ahti-LMAA monoclonal
antibodies specificellybinhibit tne formation of liver
‘ metaétases. No other monoclonal entibody tested had this
ability. LMAA p051t1ve cells cannot regenerate in culture
over t&o days and 11ver,spe01flc_metastas;s is similiarly
affected ~Takenvtogether with the correlated‘clonal .
varlatlon of the LMAA and liver specific metastasis, theseA
experlments support the conc1u51on that liver metasfases ' g
are produced by the same populatlon of cells that are ,
‘LMAA positive. This conclus1on is 1n‘keep1ng with the
theoretical work of Nowell (1976) and Weiss (1979) and
the work'of Fidier‘gﬁ al (1978). Recently, Poste and
pNicolson (1980) haye reported that membranevvesicles will

alterf}hemetastatic properties of tumour cells. This is

~
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iﬁ~aéfeemeﬁt Qith the results,presented hére . implying a |
‘role foﬁ cell surfaceastructures in the metastatlc dlstrl—
but1on of tumour cells The antlbody Ynhibition experlments o
;strongly suggest a functlonal role for the LMAA in at least
one méchanism of liver spec1f1c metastasms o
| The fect that llver metastases were never4

‘ combletely7inhibited»by anti-LMAA anticody indicetes that _.
there could be more than one mechanlsm for llver spe01flc
‘bmetastasls ThlS is supported by the observatlon that when
_the AL3 cell llne vaulred a hlgh llverdmetastatlc phenotype

1t did not acqulre the LMAA in a higher frequency. Another.
‘1n§grpretatlonvfor the fallure of specific antlbody‘treatmentv
to_completely inhibit liver specific metestasisAis that [/
.the@LMAAVQOuld be‘pfesent in significant concentnaticn"

‘only on cells"in a certain stage of 'thglcell cycle, This

A

is doubtfyl as it is shown that liver metastatic ability

and LMAA,exptession cahﬁét regenerate in culture over two
days (approximately four doublings). Moreblikely, there
.is a disttibution cf.antigen density on the tumour cells
‘such that only the cells with the hlghest antlgen den51ty
bare detected by the assays used due to a threshold effect

ThlS would explain why only an apparent subpopulatlon of’

AL2 cells have the LMAA The'glones may vary 1n their

. LMAA density and therefore:woqld very is their frquencles.
“of antigen'positive Cells. ‘Liketise the antibody inhibition
experlments, hav1ng’a threshold would only detect ‘and

remove the high density LMAA p081tlve cells.
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- The mechanisms by which liver specific\metae

satsis may occur are many, but twovhypothesee'are‘worthyuof'_

"note. It is conceivable that the LMAA ‘acts as a receptor

‘whlch recognlzes a liver specific acceptor on the surface

of hepatlc blood vessel endothellal cells. The interaction

of receptor and acceptor could arrest and trlgger the meta-

‘st33121ng tumour cell to invade the liver, The presence

of 2 population of receptor positive cells within a tumour

would result in metast331s -to the organ with the spec1f1c

.
\v ‘- ’

acceptor. A receptor\p031t1ve population may\have,beeh

selected for in the passages that ultimately resulted in

‘the derivation of AL2, TIn this case,‘the receptor/30ceptor

combination results in increased liver metastasis. AL3,

selected for ovarlan metasta31s, would not have been enrlched
for thls receptor p051t1ve populatlon Masking the receptor

with antlbody would reduce the amount of liver metestasis

as is shown. One would predlct that if the LMAA is a receptor

/

then floodlng the Cthk embryo with purlfled LMAA would
reduce liver metastasis, The alternatlve hypothe31s is

that the LMAA may not be 1nvolved in the specific trapplngi*
and .successful growth of metasta5121ng tumour cells in the
l;ver but 1t might be 1nvolved in the successful coloniz-

-

ation of the liver

4



b'g;by'the tumour cells. Tumour cells havg’been;showh to

recognlze and fuu with the normal cohsfitueﬁtsvof an

eplthellum, formlng all types of 1ntercellular Junctlons
(Plbelka et al, 19808; 1980b) The LMAA may act as a

oellular 1nteractlon structure (CIS) 1nvolved in uﬁe p031-
i3 N
tional, growth control of the_ﬁumour cells in the liver.

A popﬁlation of CIS'positive cells in a tumour, oﬁcé.they

»

o

‘have metast331zed to the 11J2P, would be able to”receiﬁe
the approprlate p051tlonal and growth 51gnals from the

' surroundlng normal 11ver cells. CIS's have been 1mpllcgted
in the seleétlve sortlng and ligration of embryonic cells
(Lﬂllen et al, 1979). Masow et al (1980)'haye shown that
hetastatic Variaﬁt cells or conditioned media from these

cells can.inhibit embryonic cell aggregation and adhesion

'assays. This is important as these cells ‘have previously

the organ to whlch they metasta31ze (Nlcolson and W1nkelhake,
1975). If the LMAA is & CIS, then the LMAA would inhibit

the aggregation of liver ceiis op.liver and tumour cells.
‘Schifr?acher et al (1980). have shown that hepatocytes

and highly metastatic tumour cells will form rosettes,

Only by neuraminidase treatment will maqginally metastatié

&

tumour cells also exhibit this property, Interestingly,
’ ' A Y . :

~ the rosettes are inhibifable in a nonspecific, steric
. P | . .

- blocking fashion by anti-MHC .antibody. As neuraminidase

"been shown to aggregate preferentlally wilth cells from -

9y .
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1

'removes 318110 ac1d from glycopretelns and, glyco}eplds

on- the cell surface~ Schlrrmacher postulates that the

rosette formaﬁﬁon 1s-due to a 1eot1n like receptor for

| fa31aloglycoprote1ns of the hepatocyte (Kolb et al, 1978).
If the llver specific metast831s observed in the’ system

ppesented in. this thesis 1s operative by a mechanrsm’
. ' . ‘ . -y
similiar to Sghirrmacher's hypothesis, the the importiit
: , T o
CIS on metastasizing tumour cells would be an asilgogly—

eoprotein.\ This'indicetes‘that‘the carbohydrate modifi-

cations of ‘cell surface structures can ie significant -
- . .» - \\ o
in the‘pathogene81s of cancer. ” S

3
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