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‘ABSTRACT‘ 5

Usung a. modrflcatlon of the /n \V/tro Frozen Sectron Adherence Assay :

| (FSAAl it has been possuble 4o demonstrate a role -'f‘r" receptor acceptor

e

i
mteractrons ‘_in a 'Mareks drsease T-cell Iymphoma AL 2.1, ‘selected for hver

metastas:s adhered more strongly tolg frozen sectlons of liv 1er than dld AL 3 1o

celle AL 31 lS an- approprlate control for SpeCIfIC AL 21 dy rence because lt“r

} was selected from the same |n|tlal populatlon as AL 21 but was’ selected for'

metastasns to the ovarles and not the llver The ratlo of bmdrng between['

AL 21 and AL 31 on llver in the FSAA was 205 to _.l. Usmg a varrety of~ "

other tlssues such as Iung or heart the AL 2 1/ AL 31 ratlo was approxrmately ) o

-"1 to. 1 Sunce the - nature of thrs assay requrres the physucal blndrng of tum0ur R

-

A'cells" h frozen sectlon thns P vrdes B ., “first - drrect evndence _ffor_"@,

‘ receptor acceptor mteract:ons between the ‘tumour. and |ts target organ ' U

L I

To examme the nature of thls receptor acceptor lnteractlon a varlety of

carbohydrates lectlns enzymes and monoclonal antnbodles _were used Thelr-"

effect on the mteractlon of AL2‘l cells blndung to llver sectuons has glven

some lndlcatlon of the nature of the cell surface molecules mvolved Slgmfucant";‘ff

1nhlb|t|on of AL21 foci formatjon in VIVO or bundlng in wtro was achleved

: .‘f a—L('l fucose p nltrophenyl B-D fucopyranosude lactulose trypsm : and the

lectms U/ex europaeus and Tetragono/obus purpureas The mhrbltron obtamed for_

: a-L(-l fucose was approxlmately 50% of controls whlle the remamlng compounds,_

gave approxlmately ‘lOO% mhlbltlon The sugars for whrch no. effect “was

observed lncluded a-Dl+l fucose glucosylamme galactosylamlne and a varlety of." '

3

mtrophenyl a and B D and L galacto- and gluco pyranosudes Two monoclonal e

k antlbod*made agamst AL 21 were also mhlbltory However these antlbodres o

Cto produce any mhtbltlon

reacted with AL- 31 cells and 50 the mode of lnhlbltlon may have been

- non- specrflc Other sugars Iectlns and monoclonal antlbodles tested also falled

»

"4\-;

.._v‘ ‘ ‘ _:A ¥ .. . ‘ll.v‘ R ‘ _)~ .



. ) ) . o ~ L
'Rhe preponderance of fucose l:ontalnmg ‘molecules that can |nh|b|t thns
mteractuon suggested that . thrs determmant may play : role in _.fthe

'f‘;receptor-acceptor mteractlon USll"Ig enrrched hver populatrons and the lectm Ulex

'europaeus (afflnlty for aL() fucose) it is llkely that IIVGF endothellal cells-_
':'possess fucose resldues on rthelr cell surface Furthermore AL-2‘l’ cellsm

v._specrflcally bound a5 fucose‘BSA the bmdlng bemg trypsnn sensmve Thls

Ke

';j.supports the exustence of a lectm llke receptor on the tumour whlch mteracts ’

T wuth the fucose determmants on the enrlchéd luver endothellal populatlon

Attempts to produce monoclonal antlbodles SPGleIC for AL 21 were R
'unsuccessful FUrthermore dlrect examlnatlon of the cell surface protelns and ‘A

vglycoprotelns from ~AL 21 and AL 31 usmg polyacrytamude gel electophoresns N

. ‘ R T O A .

falled to show any dtfferences j R R REETE T P
It IS proposed that the receptor for fucose ‘on the surface of AL 21

“»‘c‘ells and the fucose contalnmg cell surface determmant on enrrched IIVGf

""-endothellal cells make up the receptor and acceptor molecules respectlvely

Thus data is exammed |n llght of ‘the mechamsms proposed for organ
’:speclflc metastasrs The ftrst~ mechamsm '.o_'r seed and soll" predlcts that -

soluble molecules in - the mncro enwronment of the organ prov:de the necessary

i

'qmmeu -."for certam tumour cells and fhus affects the me:/astatlc patterns

_observed The second mechanlsm '«o‘r' receptor~acceptor hypothesazes -‘the,

'molecules on the target organ Through thns mteractlon the tumour spec:fucally

»

| vrecogmzes and subsequently colonlzes |ts ta) get organ

5

«exnstence of cell surface receptors on tumour cells that recognlze acceptor T



PREFACE .~ .

Porfions ‘of the work described in- this thesis have been published in Cancer

Metastasis Reviews. o
3
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. LITERATURE REVIEW

The ablllty of a- neoplasm to avoid elimination by bc@l\a*the immune
system and the oncologlst resides in the tumoUr s ablllty to 1) ev%ye rapidly and
i) produce distant ‘foci, i.e. metastases lrevnewed by Fidler, 1978a; Fidler. and
Hart,. 1981; Marx, 1982; Stangly and Sala, 1977; Fidler et al., 1978; Fidler, &
1978b; Sugarbaker, 1979; Roos and Dingemans, 1979: Poste and Fidler, 1980_;
Sugarbaker, 1981, Sugarbaker et al. 1982; Nicolson, 1982; Hart, 1982;
Schirrmacher et a/., 1983). The generatlonv‘of v‘ariants within the “primary tumour,
ensures that there is selection for more malignant phenotypes Cells are able to
break away ' from the primary tumour move through the body and relocate,
often in specific organs. While many potentlally metastatuc cells ‘are unable to
withstand their - new. environment, th'e heterogeneity of the o prumary tumour -
ensures a diverse array of variants, "allowing some cells to evolve the necessary

characterlstlcs to survive and grow to form metastatic foci..

A. The Generation of Tumour Variants

. The variability in . phenotypes - V‘of tumour ‘cells derived from the same
population of cells has become one of the hallmarks of a developmg neoplasm
The_ phenotypic varlablllty of tumour populatlons is  well documented for a
number of cell propertles including lmmunogenlcﬁy (Fugl and Mihich, 1975; Kllllon
and Kollmorgen 1976' Kerbel, 1979), mvasro,n and metastasis (Fidler,. 1978b
- Kripke et 11978, Dexter et al., 1978, Suzuki et - al. 1978), drug
sensltlvitles (Barranco et al..’ 1972;. l-lakansson‘ and Trope, 1973; Hakansson and
Trope,' 1974; Trope,, 1}975; Heppner et al., 2 1978)' vand ‘antigenicity (Prehn,
1965; Prehn, 1970; “Fogel ‘et al., 1979; Shearman and Longenecker, 1981)"
Nowells model (Nowell '197'6) 'prowdes a mechamsm for the observed
heterogenelty in tumour cell populations. His model p05|ts that varlants wuthln a |
tumour populatnon arise as a result of genetlc mstablllty and are subjected to

!
o

1



- and Hossfeld .1970), i) karyotype ’ analysns (Flalkow : 1974) " and, m)?“f

environmental and immune selective pressures »by the: host. In this way,- only
- those subclones th'at can suc’:cessfully' compete for nutrients'and avoid elimination

survive, resultlng in an enhanced malignant phenotype The primary tumour then .‘

acts as the raw material for metastases and the selectnon and evolutlon of the

tumour  ensure l\tS refinement to the polnt where some cells can survuve,'

migrate, and grow in their new environment. This process ‘of the continuing

evolution toward a more malignant tumour is referred to as . "progression”

(Nowell, 1976). ' v

An exammatlon of the property of tumour heterogenelty appears vto
confirm that tumours con5|st of a Iarge array of - clones . that dlffer in thelr

ability, to metastasnze& (F:dler 11978b: Fudler and Hart 1981= Prehn, 1970). Th|s '~

‘heterogeneity can be generated from a cloned populatuon of cells (Fidler and‘

Hart, 1981), thus strongly supportmg the hypothesns of Nowell (Nowell 1976). ¥
While ‘the characterlstlcs of most tumours Lare. heterogeneous the . original'
tumour appears to have arnsen from a smgle cell.. Thls is mferred from studles

based on | the glucose6 phosphate dehydrogenase enzyme in. women (Sandberg ‘

immunoglobulin producmg lymphoprohferatlve neoplasms (Mﬂstem ot - al., 1967)'
Not all tumours are found to be monoclonal in_origin: the clonahty of a tumour’

may be due to the way it is mduced as. evndenced by . chemlcally mduced o

- neoplasms that are often polyclonal (Reddy and Fua%ow 1979)

. The 'stability of tumour  variants _' is " difficult to assess_ ‘ihavrivo v,bedc_au'_se‘
host ' selection is perpetually occurring; " however,  there is evidence that .

heterogeneity /'n vivo does ’occ:ur' and - may, in fact,',be enhanced to that

'zobserved in wtro (Chow and Greenberg 1980) /h’vitro it appears that. even

over short periods of t:me sngnlflcant changes in the mahgnant and cell surfacef'

propertues of cells can occur in, some. cases, these changes are reproducnble

A\suggestmg a genetnc mechamsm (N;colson 1982;" Neri . and Nlcolson 1981)

\
£ o) .
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_Furthermore cells of high metastatic potential may .be able ‘to mutate .more
rap:dly than their Iow metastatlc counterparts as measured by thelr sensitivity to

6-thiopurine. and/or ouabam (Cnfone and Fldler 1981, L
_ : @ » : ‘ : ‘ :
In summary ~many neoplasms -appear to ‘arise from smgle cells multiply
' * ¢ : \
and rapudly produce genetnc variants. These varlants compete m the envnronment
- where the‘ Iess mallgnant phenotypes are selected agamst Once in- the
circulati'o'n -the tumour cell must rapldly re- estabhsh |tself before the rtgors of |
' :

‘the mrculatory and immune system destroy it ) : - ‘

“B.' Orgen :‘S‘pecifi'c( Metast_"as’iysf'(osym) ; L

The preference of many metastasazmg tum0urs for specmc s:tes both of )

natural (Sugarbaker 1981) and experlmental (Fidler and Ntcolson 1976 Shearman , o
,and l,ongenecker,;’1980) orrgm is now “well- documented (revnewed by Nlcolson B

.19.82’:- 'Hart' 1982) The precuse mechanlsmﬁby whnch tumours are able to
setectuvely colomze a specnflc organ . |s mbre controversaal At present three

_' mechamsms stand out as posslble explanatuons for the phenomenon observed

’ns :mportant to reahze however that the mechannsms‘ ar‘ not mutua!ly excluswe
vconcenvably all three or a combmatton thereof account for the organ specafucrty-

| obser_ved m, ‘a glven _system. ‘.Th‘e thre_e mechanlsms _are‘ refered” to\'as, the i).".

mechanical, i) ‘seed and soi, a'nd::‘"i:ii) specific mmour f en | ‘dherence\,\Nv'

- While - the ‘third mechamsm may be cons:dered a specnal case bf the: seed and \\

fsonl hypothesls it wnll be regarded as separate in the _context of thus work -

‘ ,(Hart, 1 982).



C. _Experlmental Models‘.f ,of' ’Organ Spe’cific .'Metastas'l’s' o “

To study the dlverse mechanlsms lnvolved ln OSM many mvestlgatorsﬁ-“f"f

fhave selected metastatlc variants and compared them elther to the unselected

parent Ime lFldler ~and NlCOISOl’l 1976) or to llnes that were selected tof

colonrze other organs lShearman and Longenecker 1980) ThlS approach coupled B

fexperlments has |mproved our understandmg of the mechanlsms of OSM

A number of dlfferent cell lmes selected for organ specuflc colomZatlong'd_-
l~have been complled by Nlcolson (Nlcolson 198_2) Usmg these cell llnes factorsv b

~ such as _sex (Shafle and Llotta 1980- Thomp'son 1976) age (Thompson 1976) '

with data fr om: lymphocyte hommg _a‘nd 7 embryonlc t’issue : organlzataon': o

. e

- health lFidler 1978a) route of. m;ec}uon (Nlcolson 1982l and orlgm of tum0ur"> '.

line (Nic'olson 1982) have ‘all been shown to have profound effects on the

:‘_ types ‘-of metastatlc spread obtalned The large number of avallable llnesbfk
h'ghhghts the Importance of. the proper chouce of an experlmental ammal model“:;'ﬂ_
":'Acrltlcal for the analysrs of the phencmenon smce there are several factors that

may affect the eventual outcome of the metastatlc event (Poste and Fldler“' :

= 1980)

L B

_ The development of tumour lnnes specrflcally enhanced for metastasus to :
ba partlcular organ has. had a great lmpact on our understandlng of OSM The . (,.,

v"method flrst developed by Fldler (Fldler,v ‘-19,73al has now been adapted by,:?v

many ~laboratorres for a vartety of- animal systems ,rncludlng mouse lFldIer/

’41973a) at (Talmadge et al., 1981) g'uinea‘ pig - lFldler 1978al chlcken

: 'lShearman and Longenecker 1980) as well as. for human cells m _nude mlce o

'(Takahashl et al., 1978). The basnc procedure (Fldler 1973al |s as follows

tumour cells (parentall are lnjected rnto ‘an anlmal and metastases are allowed to-' ‘

- ,_-fform Slngle foci. are plcked grown up in- culture and relnjected Thls is

' ', repeated untll a satlsfactory mcrease in the number of organ specrflc metastatlc RN



l

le'sions.’o_ccurs*- Whlle chlers orngmal procedure called for lntravenous llV)

U :
-injeotlons lt is concelvable that tum0ur cells_ selected: in thls way may be}

unable to mvade the curculatlon an |mportant step. in the events leadmg to .

successful colomzatlon Whlle it lS not clear that '(hlS pr lem exnsts (NlCOlSOh
1982 Talmadge et al., 1981) a new selectlon protocol can be used ln whlch*
m;ectnons are glven mtraperutoneally lIP) 'mtramuscula ly (IM) on each,"

successwe /n VIVO cycle of the selectlon procedure (Magulda et a/ 1980)

B R T N
D Mechani__sms -of ;OSM.', e R S

1) The "Mechanical .lj_l‘ypothesis:’-" o

-._'The', 'mec‘ha.nical;’ -"hypothesis’ flrst proposed by vang (Ewmg 1928) lsi-"

-composed of two parts the flrst deahng Wlth Iocal tumour spread and theff" '

e second wuth tumour formatlon by the trapplng or. snevmg of tumour emboll e

\‘ B *

Eaves (Eaves 1973) proposed that tumours spread locally along the - llnes

of least re5|stance sumnlar to the way m Wthh plant roots move through thefb. S

son (Fldler et a/ 1978) As a result {hose areas fin dlrect lme of the path of_' : o

least reslstance wnll become the target for local metastaSls For‘_ example

ovarlan tumours often metastasue “to the perltoneal cavuty (Fldler 1978al One

mechanlsm by Wthh thls physmal extentnc:n of the tumour mass occurs may-f' S

mvolve ‘the coplous secretuon of enzymes by the tumour cells lnto the adjacent. .

area (Strauc_h 1972 Elsenstem et al., 1975) '_ IR

' The second mechamcal hyp'othes‘is mvolves the ﬁ'ltering (sievlngl vo'f'
mdnvudual tumour cells or embOIu from lymph or blood The ablluty of tumour..
cells to form emboll lS - well documented (Fldler et a/ 1978 Sugarbaker

1981; Fidler,” 1973b ontta et al.. 1976). Briefly, emboli can form :as’ the .

*
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re5ult of interactions between tumour cells {Liotta et al., 1976) called
homotyplc mteractlon -or W|th blood components such as platelets (Gasuc et al.,

1973) and lymphocytes (Fldler and Bucana 1977). called heterotyplc nnteractaons

Emboln trapplng usually occurs in the flrst caplllary ‘bed encountered for taII:

vein: m;ectlons this - organ is. the lung: (Fldler 1973b Liotta et al.; 1976l Tumor - -
cells that are shed from the prlmary neoplasm often end up in the venous -
b curculatlon' WhICh may account -for " the large number of lung metastases

. observed (Stangly and Sala 1977) Whlle the trappmg of emboln |s non specnflc

m that an organ W|th an extensvve capnllar'y or sleve hke structure (Iung Ilver
lymph nodel w:ll stop any embolu most tumour cells jUSt upstream from the

partlcular snevmg structure can be trapped by that organ producmg an apparent

organ specnflcnty However many tumour cells may be able to: escape thls

2 The___Seed’ énd Soil .-_Hy‘p'othe’sis:_- e

s:evmg as a result of the:r deformablllty (Zeldman and Buss 1952 Zeldman

196? Wood 1964 Sato and Suzukl 1976)

‘ T
o

’Thereemare many examples of OSM that cannot be explalned by the

mechamcal hypothesls (Raz and Hart 1980 Nucolson ' and Custead 1982)

Therefore lt is necessary to examlne the role |f any of_ the other_gtwo_-f”

mechamsms mentloned above

The second general mechamsm 1S referred to as the i “seed* and' s‘oil”'

| ”hypothesus the name ‘taken * from the analogy drawn by Paget lPaget" 1889l to
explam ‘OSM.. Thus hypothesls predlcts the growth of tumour fOCl to be ‘the
o -dnrect result of the mncroenvuronment proVnded by the specnflc target organ
\.When one consnders the rlgors of the blood csrculatory and lymphatlcs systems
."")vhost defense mechamsms and the need to lodge m the approprlata' soul" lt e
_.'mlght appear that cells shed from ‘a prnmary tumour have Ilttle chance of

‘m-v,survwmg and |n f_act thns |s what occurs Fudler (Fudler 1970 Fldler 1976)
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and others (Reid and Gibbins, 1979) have found that 24 hours after the

injection - of tumour cells, ‘only l% of the cells were viable and that by the
time foci were wsable two weeks' later, only 0. 1%..o'f the orlgmal cells
‘ remalned This* may explam why  so many cells need to be shed from the
‘ prlmary tumour in order to produce even a few metastatlc lesions. Furthermore'
specn‘uc ;nteractlons with an organ may aid in the rapld formation of stable
assocnatnons between tumour and ,organ and allow ~more rapid escape of - the ‘

: tumour from the cwwlatnon. :

- Direct evndence for the seed and 50|l hypothes:s has been dlfflCU|t to
'obtaln because of ‘the problems .in' dellneatmg the6 contnbutlons of this
fmechamsm from the-. specnflc tumomjr ‘cell “adherence (STCA) mechanxsm' It is
extremely dlfflcult to desngn an expenment that dlrectly ‘tests Pagets theory"
'because d|sruptmg the tnssue enwror:ment can also alter tumour forrnatlon
) _‘»‘patterns (Agostmo “and C\lffton 1965 Fisher et al., 1967) Hart’ (\1982) gffers
' ‘one plaus:ble experlmera approach the mjectlon of ‘a sungle cell suspended |n‘
a small volume whuch should not sngmﬂcantly dlsrupt the organ S0 that normal .
“. tumour - development can be determmed The experlments that have addressed.:

R

“.'the *seed and soul theory have centred on exammlng organ extracts for thenr

‘"".Aablhty to- st|mulate or suppress the growth of tumour cell lines - (Hart 1982)'

: “v-The data |n thls area remam equnvocal Iargely because no consnstent fmdmg :

3

_"between tumour cell Ilne and organ extract has been found (Nucolson 1982) :

"_For each’ enhancmg factor found there appears to be ‘a suppresslng factorr

"V’(Klem et al., 19791 |
Experrments often used to support Pagets hypothesns (Sugarbaker 1'952)’
) support the STCA hypothests (see below) equally well Such expenments (Kmsey

"'_:_‘.1960 Hart and Ftdler,' 1980) have used organ grafts m subcutaneous sutes

B Tumor cells were mjected LV. lnto annmals and found to home preferentlally to L

v'the natural organ and the matched tranSplant For example a cell Ilne specmc

Ny
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for lung metastaSls would home to the lung and to: the lung graft but not to-

grafts of dlfferent organ types. eg llver Although these experlments support

" the exnstence of -some mechanlsm for metastasrs to specuflc organs they do = -

not dlfferentlate between Pagets seed and soil. hypothesns ‘and _the: STCA .

~hypothesis. Perhaps the best evudence in support of Pagets theory is “the §
‘exnstence of factors . capable of stlmulatlng normal cell growth (Gospodarowucz "

et al., 1978).

lt ‘appears therefore -that the evndence in- support of Pagets theory relles'"
mostly on fragmentary data although analogy w1th normal growth factors makes"fj -

__the theory very plausuble Dlrect evndence for the seed and soﬂ hypothe5|s wnll ‘

have to awalt further experlmentatlon

_ot all tumour metastases are due to - adaptatlon of tumour cells to the organ_'
_mlcroenwronment In some experlments brann or lung metastatlc cells were'_: B
‘_.atargetted to thelr organs (m;ected dlrectly mto the braln or grown on beads‘.__ -
| ‘-" that - are trapped in the Iungs) After repeated selectlon |n thls manner these;:‘;‘f- o
-metastatlc cells were no better able ‘to' colonlze thelr respectlve organs than the_’_*‘i’.'._ ,'_
orlgmal unselected Iune Cells from the same orlglnal populatlon lnjected lV and
,-,'_selected wsthout the beads were ‘more.. specnflcally metastatlc after Jdentlcal'." o
f'selectlons to those grown on beads (Nncolson and Custead 1982) Nlcolson andf-.‘

_Custead (1982) oncluded that the observed speciflc mettstasus of the freet

cells was the resmt of’ selectlon of pre extstent metastatlc cell types and was'_-'l-

L & _
ot due to adaptatlon of: cells to thelr enwronment The fact tha; w}lfs targetted;

“‘T"’-"‘vto the - lungs on beads were able to grow mto dlstlnct foc, yet these same

u

"‘~‘].‘_icells m;ected ln the absence of the beads were unable to home to thelr'

K

elected organ ‘can be lnterpreted to . mean that “the enwronmental condltlons

»

wuthm the organ were not necessary for the selectlon

Coa

Whlle not wholly refutmg Pagets theory there lS recent evcdence that



Further support stems from Brunson and Nlcolsons (Brunson and
NlCOlSOl‘l 1980) report Wthh showed that ten Cycles of 'dlr%ect lntracere‘bral
ll‘ljeCthf} of 816 Fi cells dld not result n- lncreased OSM to the braln followmg
LV. mJectlon Collectlvely these experlments prov;de good e\udence that the
phenomenon of OSM is not solely due 1o alteratlons caused by adaptatlon of '
the tumour cells to a partlcular mlcroenvnronment ' A '
¢ - . .
’3) The Specnflc Tumour Cell Adherence Hypothesns T e o -

ThlS leads 10 the thlrd or STCA hypothesls whlch lnvokes the exlstence S
of molecules on- tumour ceII varlants that specnflcally recognlze the molﬂes on
cells of the approprlate organ Slnce cells |n the cnrculatlon flrst come lnto o
.contact w1th endothellal cells lmlng blood vessels lt |s reasonable to propose
‘_’that the lnltlal recogmtlon molecule lS eﬁxpressed on the endothellal cell surface - /‘
»->Thls does o preclude ‘th:e-g_ exnstence of recognltlon molecules the»i_-',v-":‘_

Vpar@chymal cells mvolvad in subsequent mvasuon of the organ parenchyma L

I N
L

(Mlddelkoop_et . 1982) L L
Thls re’Cpgnition system can be envssl ed easlly by elther of' -\he'-.
followmg two mechanlsms |) Self self lnteractlon whereby the order and number

' of moleques at the cell surface is complementary to the same order and

| -'-;_number of molecules on the other cell surface (Stelnberg 1963) or i) a lock

' _::\_ -and key r(c&g:r acceptor type recogmtlon whereby the recognltlon molecules o
";may be recepto(s lectnns or enzymes (Hakomorl 1981) A common approach

for lookmg =at recognltlon dsystems has been to assay f‘r - rosettes.,_ -
'vi"-aggregrates between tumour and organ cells (Nlcolson and kaelhake 1975;'
'Kahan 1979 Schlrrmacher et a/ 1980) Whlle these studles dlrectly support

""‘.'fthe exlstence of recognltnon mechanlsms the organ gell suspensnons were not

B J'purlfled or. enrlched for endothellal versus parenchymal cells so the precnse ceII

',”_,type to Wthh the tumour was bnndlng remalns unclear Floos has proposed that

( ‘;. .
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tumour” ce’lls lnteract w1th endothellal cells by a receptor-acceptor mteractlonj;,

/

: ‘

| of SpElelC recognmon molecules belng |mportant m OSM

g ;
% .

ln further support of the STCA hypothesns lS the work of Shearman and

":’bj'Longenecker lShearman and Longenecker 1981 Shearman and Longenecker

_endothelual cell and may be anchored to receptors at the extra vascular snte ‘of i
‘:'the endothellum and make COntact wuth the parenchymal cell surface There '_it o

e.;establlshes further stable mteractlons ln thls way the tumour cell is rapldlyﬁ' "

drawn out of the blood vessel and mto the space between the endothellal and;"ﬁ,f
l parenchymal cell thus reducmg the tumou)r cells chances of bemg ellmlnated
: ’:‘Furthermore Rooss group has produced a rabblt antlserum whlch lnhlbnts the’"}_’f
>-v,i.bmd|ng sof . the tumour cell to both endothellal (Roos et a/ submltted) andfi:i_"'

parenchymal cells (Mlddelkoop et a/ 1982) ThlS data argues strongly in favour?v_’_"l_'.

1980 Shearman et . 1980l who were ablevto specnfncally lnhlblt the ;’-j

F:-."Woodruff ' 1976 Butcher :~ét a 1979) in these experlments specsflc': |

1976 Butcher et a/t, 1979) or braln (Kuttner and Woodruff 1979) GaIIatm et

.(Roos et a/ vsubmntted) Tumour cell protrusnons are extended through the“"s__'?.v_'-

"..v»rmetastams of a cell lme selected for llver metastasus by pretreatlng the cell Ilne
"r’:_wuth a- monoclonal antlbody dnrected agamst a specmc cell surface determlnant

_Smhllar results have been obtanned for normal Iymphocyte hommg (Stamper andf_'_-,'

R 3‘_“‘—:_,subpopulatlons of Iymphocytes or Iymphomas were found to home to;. and blnd:v'-;":’f -

't_'the hlgh endothehal venules of certam Iymph nodes (Stamper and Woodruff

(1983) have recently made a monoclonal antlbody agamst the receptor on'

.}"organ Charactenzatuon of the receptor i i‘ now |n progress (see belowl".

B :"Iymphomas that specnfucally lnhlblts the bmdmg of these cells to thenr target.' E

.'..«Stoolman and Rosen l1983) have just. reported that thls mteractuon can be

L f’.speuflcally :nhlblted by a varlety of fucose contalmng compounds m wtro Thts':_,fj_' g

:i_work closely resembles the data presented here and provudes strong supportz,’:"}'”

i .:both for the approactb taken and the results obtalned ﬁbrther evsdence for the":i'v



i '.evudence for the STCA model

o "'wvo exposung the basement membrane Perhaps thrs

.m\rolvement of cell surface molecules has come from the work of Poste and» IR

_Nlcolson { 1980)‘Who exammed the requurement of the tumour cell membrane in

1

organ ‘specmc ..metastasns Brnefly they fused the membranes of hngh o

_'metastatlc cell Ime (BlS FlO) to a low metastatnc cell hne (BlG Fl) and - found'. Y

. the modn‘:ed 816 Fl cells behaved ‘more. hke the hngh metastatlc 816 FlO Ime‘_f'; e

An |mprovement ,on thls last experument has been proposed by Nncolson (1982) E

The procedure requnres the fus:on of membrane vesuéles frﬁ one hrghly/':-" i

second hlghly metastatlc cell lme say l:ver (Tao et a/ 1979) Slnce both cell S

&

. lmes are hlghly metastatrc any change m metastatuc patterh should be the result,:} 5 B

o metastatnc cell Inne say brann (Brunson et a/ 1978) wrth the surface of a

S'-}l‘of surface molecules transferred from one to the \othe If one of the cell_

\

: f?lmes IS not hnghly seleqted for OSM las in the experlment descrlbed above)

’ Jchange m : metastatlc pattern could, be : attrlbuted the expressnon : of"'_""’,f'""_ A

"'cytoplasmuc as well as. surface molecules (Poste and Nlcolson 1980) The ablllty,.“f:,‘._;,"

labelled vesncles to home to- specrfnc organs could also prowde good."_i"

ST

B \"

‘ ln contradnctuon to the data presented above are studles that measured-.'-ig

. .'the ablllty of tumour cells to bmd to monolayers of cultured organ Cells :'Itf.:' .

| .’was found that the bmdmg dld not correlate wuth the frequencres of tumours"'i -
.,“found in these organs /n VIVO (Hart 1982) as the STCA model mnght P"edlctr-j_’f_v-"_v’1"‘>

' "."_'_:However smce purlfned cell populatlons were not used (le the cell monolayers

. ‘\

'»".»:‘presumably mcluded flbroblasts parenchymal and endothehal cells) no defnmte._’

}concluslons can be drawn wuth respect to the role of for» example endothehal"_'._‘-'j‘"'_"_“‘

s cells ln STCA In addmon lt |s known that endothellal R Ils may be shed

tructure alone or

;j’.,gzassoclatnon wrth tl"e endothellal ceII |s |mportant m the stabluzatlon of tumOur'] S

cell organ ce%mteractlons (Hart 1982) : P o
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In a recent revaew Hart (1982) pomts out that there is a dlstmct lack»

of correlatnon between the |n|t|al arrest of tumour cells ’in "a |ven organ and”_v:-_'_--_-'

: ,vv_.‘the subsequent development of metasta5|s in- that organ He argue$~ that lf cell g

B adhesmn plays a domlnant role in: determlmng metastatnc patterns dlstrrbutlon'_.vy;":

'“;‘studnes wnth labelled tumour cells should reveal that the mttnal pattern of arrest’;..;" -

:‘-'-'v:closely reflects patterns of metastatlc deVelopment However few organ :

"dlstrnbutlon studles usung organ specnfnc metastatlc varlants have been reported_"'-"r-':f

""',_‘,‘_,Hart (1982) descrlbes an*—»mterestmg serles of experlments m Wthh BlG'FlO'

. -melanoma cells - selected "f Iung metastasns ' were compared n{’ organt_.-:_;.“';-"

"".l‘,dlstrlbutlon studnes wuth M5076 retlculo sarcoma cells Wthh show marlged__“ s

L will form a metastatlc Iesnon there

'_lndlcatlng tl'rat arrest of a tumour cell |n an organ does not guarantee that

‘Preference for the hver Desplte the d'ffef'ng patterns of metastams of the:‘_rf-:ff_-.z*._'

; "":two cell llnes the degrees of mnt‘l arrest in- the lungs were almost ldentlcal

ln addmon cautuon should be exercrsed |n the unterpretatron of organ-:if_
i d:strubutton studles usmg radnonsotopes smce greater than 99% of mjected_'}'_':i:_":'-'"'
. tumour cells apparently dle wnthm 24 hours of ln)ectaon "Iea’st in, some-f'_»"'v'vv"i"_f_'

_'tumour systems lndeed the earIy studles of Green ' and Harvey (1964l:

‘_',:demonstrated that vnable radlolabelled tumour cells exhlblted dlstmct patterns of_

B characterlzed by llmuted ":dlstnbutlon o{f_'_'ﬂ: tumour cells to organs that_::

P -.'-subsequenﬂy beCame the srte 'of ‘metastasm whereas other cells demonstrated a__v
: vf'ﬁ'iw'd“pread organ dustnbutlon wnthout any apparent relatlonship to the eventual‘,v;,.

'flocatlon of metastases lt IS apparent that whlle the retentuon of tumour cells
L at a partlwlar snte s an essentual process in the 93"3"-’"5“"‘3"" °f metastafl,s
- metastasns |s o't“_"_,"_a_ |nevutable

":‘_Furthermore these stddnes pomt out that generalnzatlons about the behavuour of_'- :

_'tussue dustnbutuon and dlffenng metastatlc behavrour One .pattern was_.

'_j,consequence _ of tUmouf tocell retentuon

.v""«"_"",jv».tumours based on studles wnthr_vjust a few tumv urf_ hnes may not be umversal
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With respect to \normai cell types. the phenomenon of organ specific i\oming
has been demonstrdtéd for lymphocytgs in-- the adult (Stamper ‘and Woodruff,
1976), while in the e.mbryo, cell migration and specific homing "patterns are
widespread and essential  for ‘ri‘ormal development. Kahan's model for OSM is

pai"ticularly” fascinating. in this regarg (Kahan, 1979). She has observed that a

number of unselected murine ovarian teratocarcinomas show metastatic growth

that. is restricted to jthe ovaries in the adult regardless of the route of

injection of the tUmour" cells.ﬁ This phenomenon resembles an important feature
of norm(al\eijonic' cells, that is "‘the, selective migratilon ‘to the .ovaiy by
female germ celi§, which in some~spe‘cieé ‘occws i}ia itr‘]e blood stream, and
fhe'ir subsequent.maintenance and gr‘dwth.-in the gonads. In adhesion assays,
sbecific adhgr'e:hce 61‘ iﬁe tera‘tocarc_ihéma cells to embryonic ovary monolayeré
indicates that the "specificity oi,cell surface recognitiém rﬁolecules may becof
iir‘nportance; in the homing of the 'tumo.ur cells . to the dvary. However, there
‘j'may ;be additional factbr's to %éiisider,f since in normal germ cell migratioh only

those cells- that successfully reach the gonad continue to survive and give rise

to- progeny'," Thus "factdrs" that * promote gérm cell proliferation and survival

would seem to be of equal importance to consider in the teratocarcinoma
: \ or v :

" model. This re-emphasizes an important point: STCA and "seed and soil’ :ére not

mutually -exclusive mechanisms of OSM and the teratocarcinoma model may be

an excellent one- - for studying the relative roles and pbssible interactions -

, . o ]
involving these two mechanisms. Organ localization  studies -might be particularif

informative in this model for determining vﬁg or not there is an initial

preference . fdr‘ arrest of the teratocarcinoma cells in the ovary.: Another

inte[eStiﬁg possibility suggéste"d by this model is that other types of tumour

13

cells, some of which are known to re-express embryonic genes, might revert .

“to other ‘embryonic characteristics. such as the .'c‘apacit'y for organ specific

cblonization, perhaps by ‘the re-expression. of 'embryonic’ cell surface receptors.
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E. Detection of Cell Surface Antigens Associated with OSM

~ Our knowledge of the receptors on many cell surfaces will perhaps
- ' : ' 1

-~

make the receptor-acceptor hypothesis easier. to elucidate. Biochemical techniques ~

for the analysis. of cell surface determinants are fairly well advanced and have
given many insights into the types of interactions, both protein and carbohydrate
(3 .

in nature, that make up cell-cell recognition systems (Fei2i, 1881).
' ~

Oof partlcular interest is- the role of cell surface carbohydrates WhICh are
suggested to be involved in many aspects of cellular dxfferentlat»on prohferatuon
’hommg and invasion (Schirrmacher et a/., 1983 Slmpson et al., 1978) Many
mvestlgators have reported the presence of cell surface lectins on a varigty ~of
cell‘types where it is Inkely they functuon to mediate cellular mteractuons by
binding with glycoproteXis, glycolipids or glycosammoglycans present ‘on the
surface of adjacent cells (Goldstein and Hayes, 1978; Hakomori, . 1981;
Y‘ogeeswaran, ‘19"83)'. Many Iectin-resistant tumour variants demonstrate  altered

metastasizing Qcapacities Kerbel _et’ al., 1982; .Tao and Burger, 1982), suggesting

that carbohydrates might have a functional role in cell . recognition ‘.during‘

metastasis. Raz and Lotan (1981) reported that several human and murine tumour

cells haVe cell surface Iectins‘ specific for galactos'ide ‘residues. Such lectins

could presumably serve to mediate attachment of ﬁnow cells to~ specuflc cell.

surface sugar resldues and hence medlat/ the process of OSM. Conversely

lectins: present on normal ceIIs could mediate specmc attachment to sugar

residues on tumour cells.

.A.'v’ariety of results have been' Observed regarding the‘ role of
carbohydrates and’ metastas)is The gaun or |oss of metastatlc capacnty has'
depended on the tumour System used Schiepper-Schafer (Schlepper Schafer et

1981) reported that certaln rat tumour cells, - but not normal blood cells.

appeared ‘to  bind - to- normal liver cells via Nacetylgalactosammy| or

14



galacto'syl-specific Iectins Similar resuits were obtained with the ESb lymphoma

which $uggested that tumour- cell liver-cell rosetting is mediated by hepatocyte

- Iectm receptors that can bind to asualoglycoprotems (Schurrmacher et a/ 1980;

Schirrmacher et al., 1983). Sprmger (Springer et al/., 1983) found that the
blndmg of ESb cells to hepatocytes could be |nh|b|ted wrth the T ardtigen

(B-Gal-a (1 3) GalNAc). This s compatub!e W|th hepatocyte lectin. receptors

(Ashwell and Morell, 1974) as being tumour cell ‘recognition’ structures. The

normal recirculation of Tlymphocytes to lymph nodes has ‘also been inhibited by
fucose determinants again supporting the. notion that carbohydrate-lectin ke
molecules do mednate cell cell binding. Neuraminidase treated erythrocytes and

lymphocytes adhere farmly to mammalian hepatocytes vna a . galactose-specific

hepatic membrane receptor .(Kolb et ~al., 1978l ‘The ‘majority of

neuram'inidase-treated lymphocytes do ’r‘t‘o\t home to I'ymphoid organs but are

trapped in the liver until normal membrane propertles are regenerated (Freitas.

and de Sousa 1976; Woodruff ‘and Woodruff 19444 ‘The hepatic galactose -

specific lectin. may therefore play a role in the trapping of de'fialylated cells

Thns suggests that tumour cell fines ‘ that have been selected-for OSM to the~

Ilver should be- exammed to determme whether - they have an afflmty which is

" inhibited by- galactose,‘ for hepatic . parenchymal cells.

Many cell surface propertles ‘have been. well characterlzed for dlfferences
between mal:gnant and nonmallgnant cell types (Nicolson, 1982; Hynes, 1976)

The treatment of cells wtth a var:ety of - dnfferent enzymes such as trypsm

(Hagmar and Norrby '1973) and neuraminidase (Sinha' and Goldenberg 1974) has,

shown that these can affect the pattern or outcome of metastases as well as

the homing of lymphocytes to lymph nodes (Woodruff, 1974).

Recently, -a. great deal of evidence has  been presented _strongly »

suggesting that galactosyl‘ and N-acetylgalactosaminy! residues in cell surface

glycoproteins and/or glycolipids - of tumour cells may be important in the

15



process of metastasis, not onIy to Ilver {see above) but to other organs as
~well. Irimura (Irimura et a/., 1981) has reported that tunicamycin treatment of

B16 melanoma cells led to the reversable loss of the ability of these cells to

produce lung metastases and this correlated wlth the loss of snalogalactoprotexns'

from the tumour cell " surface. Several investigators . have reported that the

degree of sialation_.'of galactose containing cell surface glycoconjugatés may be

of special importance (Nicolson, 1982; Yogeeswaran et al.,- 19_78;7Merritt et

al., 1978; Yogeeswaran and Steln 1980‘ Yogeeswaran and Salk, .1981' Tao and
Burger, 1977). For : example Tao and Burger (1977) reported that in. vitro
selected lectin-resistant 816 varlants wrth decreased suallc acrd content Jost- theur

metastatic propertles Yogeeswaran et a/ (1978l reported an mcreased sxallc

acid content on Bl6 “sublines of high metastatlc potential compared to subllnesv
of low metastatic potentlal Yogeeswaran and Salk (1981) recently proposed that:'

the ability of a variety of murine tumour cells to metastasize from sulsgutaneous'

sites is dlrectly prop_ortlonal ..to their 3|a||c acid content Most interesting,

however, was - their data showing that the ’ best. correlatlon with ,metastatic

capacity 'of a cell line. was thé degree of sialylation of galactosyl and. o
Nacetylgalacetosamlnyl “gell surface reSldues These mvestngators suggested that,i
~|ncreased sualylatlon of cell surface galactoconjugates may contrlbute to lncreased N

metastatic capacity by lncreasmg adhesuveness or decreasmg the. susceptlbnllty of‘

these celis . to. destructlon by the lmmune system The Iatter mechanlsm

.medrated by pre formed "natural" antlbodres agalnst asralogalactoconjugates may

play an especially rmportant role in Ilmlttng metastasrs (see below) It _is"_
- importan’t. to realize that, whlle the data presented above suggests that lectln'
and cell ‘surface carbohydrate mteractlons are important m OSM or thelr"_

metastatic potentlal thera are other systems “for whrch no such COrreIatlon can N

i

be made ll\llcolson, 1982).' -
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One method used to . study the nmportance of cell surface molecules in
-metastasls has been to isolate a fraction . of cells with a partlcular surface
characteristic and compare that populatlon to cells lacklng this characterrstxc ThlS

approach has” been ‘used many times for a variety of surface characterlstlcs

such as cell charge, dens:ty ‘ and size (Turner et a/. 1980). Cell populations

purified by s.urfvace' 'vchar.ge alone have not yielded conclusive results {Klein and

Klein, 1956; V\/e.is_sA,A '_1979), althou‘gh some.invest_igators have been able to use

combined cell surface "properties lsuch as charge/sialic acid content) to enrich

for cells wuth a hlgher metastatlc phenotype (Miner et al -1981). "This

‘correlation.-. does not. necessarlly mean that cell surface charge is responsnble for

‘metastasls smce the molecular determlqants lnvolved in organ specnflc metastasus
"may be a group of mteractmg cell surface molecules. Surface charge especnally
l'as a result of sialic acud may only cover the. real molecule (compare to the
theory of Yogeeswaran et al, 1978) Thls could explam why cell- surface charge
can be |mportant for selectlng cells wrth enhanced metastatic - phenotype though

.

‘removal of the’ negatlve charge by cleavage of the termlnal suallc acud resrdues

does not affect metastatic properties (Merrltt e_t al., 1978 lrlmura and Nlcolson

Cagsn. .

Another approach to the characterlzatuon of the cell surface molecules of

metastatlc cell. lmes hasv been Iactoperoxndase_ catalyzed 12Sl |od|natlon d :

subsequent comparatlve autoradlography (Nlcolson :1982). The selectlon of RAW

.117 lymphosarcoma for speaclflc metastaS|s to the liver ' (Brunson and Nlcolson

‘1978) correlates -with the loss of a 70K glycoproteln and the concomltant galn

| of a 135K molecule (Readlng et al., 1980) At present howejer |t is unllkely

E that the aforementloned molecules or 'Sifﬂllar molecules obtamed from other

systems lGoldsteln and Hayes 1978 Nlcolson 1981) are dlrectly responsnble '

-
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-'-for organ specmc metastasls They may be 'the result of the mallgnant

T transformatlon or they may be molecules whose functlon lS to stablllze the



relevant determinant on the cell surface, 'similar“to the function - of

B-'mlcroglobulin for some class | MHC 'molecules Furthermore‘ thé-‘celly/lines

used in this system appear to be- macrophage dependent since the: RAW MwP

ceII line does metastasuze to the llver if- macrophage actlvnty is. mhlblted

Fib_ronectin, a molecule known to be mvolved in ce|l cell and cell'-matrux
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"|nteract|ons lNicolson 1982 Nucolson 1981 Der and Stanbrldge 1980) has

also been lmplucated for its role in . metasta5|s (Smlth et a/“ 1979; Nerl et al "
l981) The wide - dlstrlbutlon of thrs molecule on dlfferent cell types makes it
“an unllkely candldate for determmmg organ specufuc metastasns More Ilkely, lt |s: i

involved in mamtatmng the attachment of the tumour cell to the target organ ,

perhaps in con;unctton W|th the receptor-acceptor bond

There has also been a concentrated effort to examme the F:role‘ ‘of "
;‘-eniymes in OSM although most of it has centred on dlfferences between -

'mallgnant and nonmallgnant cells and~ not on dlfferences between cells» off;‘-

‘tdﬁfe"ent °r93" SPGC'f'C'ty (Bosmann lq72 Bosmann ot al., 1974) Correlatlons et

- ."'_'j‘between hlghly mahgnant cells and thetr collagenase Ievels have been foun 4
lLiotta. et al., 1980) although th's enzyme is. ‘more Ilkely to be mvolved in-the =

f-process of invasion than in organ recognmon (Sage et. al., 1979) The role of"

plasmunogen actlvator a serlne protease that converts ‘serum’. plasmmogen toi :

"'plasmln (Unkeless et a/ 1974) - does not: appear to mfluence organ spemflc .

i 'metastasls (Roblln 1981) However thls enzyme may be mvolved in_ part of the"
v_mallgnant process lChen and Buchanan 1975) A number ‘of -other enzymes that

'degrade oltgosaccharndes (Dobrossy et a/ 1981 Chatterjee 1979 Sloane et

1981 Capel et al., 1979) have also been correlated wuth mahgnant and o

-~ (*

i._metastattc potentlal Agam it rs unllkely that these enzymes play a role in the' o

chonce‘of organ; mstead they possrbly assust “in the mvasnon of the organ once - -

‘_;the'. tumour " cell 'lhas‘ arrived (Nlc;olspn, 1-9_82),



Two problems have made it dlfflcult to properly assess the data on

‘.enzymes in. tumour systems (Nlcolson 1982) First, .it is |mportant to determlne

A}

’»'whether the enzymes under. dISCUSSIOl’l are cytoplasmlc or membrane bound in

. origin. An understandmg. of this is necessary for a proper determmatlon of'

: ‘the'ir functlon ‘Second-"the-enzymes found in tumours can,resu‘lt from the

contammatlon of host lmmune or endothehal cells (Nicolson, 1,982)."

'The ; involvement '.'of'“' glycollpids | (Hakomon - 19814)' , eSpeClally ~the -

; snalogangllosndes GM, GM and GM have 'also been lnvestlgated recently (Raz ‘et

1980 Yogeeswaran and Stem 1980 Yogeeswaran 1983) Varlatlons in the“

B relatlve amounts of the dlfferent types of sualoganglxosudes snmllar to. the results

obtalned for glycoprotenns correlate wuth malugnant capablllty (Yogeeswaran and

Co Stem 1980 Morre et a/ 1978) HoweVer there lS not enough mformatlon to

xtend sngmfucantly our. knowledge of organ SpelelC metastasns

2ln summary whlle many approaches have been used to |solate and

-':'characterlze cell.surface determmants lmportant for organ specnflc metastasus thef.:_: e

"nature of these molecules remams eluswe

B

A “more dlrect approach f r "t_h" 'charaCteriz"ation' _of ’c‘ell’-sUrfacef' B
V 'determmants lmportant |n organ specmc metastasus has been the productlon of_"'

-"monoclonal antlbodles agamst organ specrflc cell llnes To study OSM an avnan":"' -

19

"_-'.model system was developed ALl lS a hlghly metastatlc lymphoma cell llne

(Shearman and Longenecker 1980) derlved from a- chlcken wnth Marek s dlsease}' B

: l__:'(MDl MD IS a naturally occurrlng herpesvvrus |nduced T-cell Iymphoma (Payne",:

1972a Nazeruan 1973) ThlS model system was selected becauSe of the”.y

1

jpathologlcal and etlologlcal slmllarmes between MD and Burkltts lymphoma of'j",‘ :
'}-"f,_man lKlem 1972) One such snmllanty s’ the pattern of metastasns in WhIChb.f
_;both mahgnancnes gwe rlse to a hrgh ‘-f'l cndence of ovarlan and llver metastases ".‘

_:(Pay_ne_ 1972a anht 1972l lt should be emphaslzed that the‘*ALv cell lme'i;_{f'f




shows the same pattern of metastasas as the natural disease‘ There’fore ‘an'
attempt was made to select OSM varlants from thlS cell line “that metastasnze to
those organs (liver - and. ovary) that . show the hlghest frequency “of metastatlc

les:ons in the natural dlsease This process was carrled out' on newly hatched

* . chicks usnng standard protocols (Fldler, 1973al and resulted |n the» lsolatlon -of

two’ -c__ell”lines: AL-2, selected for llver metastasns and AL3 selected for
'ovar‘lan ~~metastas'is As expected AL 2 cells | were found to mduce several
hundred fold more llver metastases than AL 3 cells (Shearman and Longenecker

1981).

lnterestlngly selectnon for ovarlan preference of AL 3 may not have been
successful (Shearman and Longenecker: 1981l It was suggested that thls may
_‘be due to the status of the ovary as an |mmunolog|cally prlvnleged snte (Cock

1962 Barker and Bllllngham 1977) If the 1mmune response |s lmportant

metastasns then selectnon for specnflc metasta5|s to a: prlvnleged ‘site’ may be

unsuccessful because there would be no strong selectuve pressure ln favor of A '

‘SPECIfIC tumour vanants A further obstacle would occur in snuatlons such as T

. in the Mareks dlsease system Wthh have a hngh frequency of metastasus to

'_the pruvnleged snte pnor to selectnon The mvolvement of the ovary .as a s

-

' common snte of metastasls for MD Iymphoma cells |s mterestnng because

.

females are known to be more susceptlble than males to Mareks dlsease

' "j '-lymphoma and Burkltts lymphoma (Payne 1972a erght 1972) Although the

'_'testes vare seldom mvolved in - Mareks dlsease the rare testlcular metastasns S

"almost always occurs in the Ieft testlcle Thls | surprlsmg and unexpected
"'fy'-observatuon suggests that tumour cells can dlStIthlsh bnlateral organs and

‘,"_thls case, |t may be related to the fact that the chlcken ovary is: unnlateral and

L is" denved from the Ieft embryomc gonad whlch also glves rlse to the left

‘testucle vln,_the _ male The rlght gonad degenerates durlng ernbryogenes:s

females. .



As stated previously, there is a large body of evidence suggestmg that

cell- surface molecules are mvolved in the process of OSM. In- order 'to search

~for spec:fcc surface molecules ‘on AL-2 cells |mportant in- OSM, CBA/J mncez

h ~were rmmunlzed wrth these cells and a monoclonal antlbody (MAb) called 1.20.

which - reacted specrflcally wrth AL-2 cells was: . produced (Shearman ‘et al..
‘ 1980) To test whether the antlgen detected by 1.20 "might be involved in liver

specmc metastasrs,_ the capacity of 1.20 antlbody to Inhlblt |IV8F focn induced

by AL-2 cells was determined.  Only 120 ~and. none. of several  other

) i monoclonal antlbodles of the same class also reactlng wrth the: cells was found

specifically to lnhlblt liver focu induced by AL-2 cells. Pre lncubatlon of the cells

 with the 120 antlbody followed by thorough washmg pl'lOl' to m]ectlon ‘was

._.sufflcnent to partlally mhlbrt liver metastaSIS howeyer, complete lnhlbltlon AWas
never achleved Thls ‘ l,‘ not surprlsmg in view of ‘the' evidence that the
fexpressron of the antlgen detected by 1.20 appears to be cell- Cycle dependent

"lShearman and Longenecker., l_981)r

LS

ln order to conflrm the lmportance of the antlgen detected by 120 in ]

: llver metastasns AL 2 clones were rerisolated and lt was: found that. the number :

rof liver - fom formed by a glven clone was dlrectly proportlonal to the number

H"of 1.20 antlgen posntlve cells |n that clone (Shearman and Longenecker 1981)

%:,Thls strengthens ‘the argument that the 120 antlgen lS lnvolved in determlnlng"

: .'llver SpelelC metastasns These results also conflrm the reports of several “other

lnvestlgators (Fldler 1978a Krlpke et a/ 1978 Dexter et al... 1978 Barranco'g E

v':et al., 1972) concermng the clonal varlatlon of metastatnc propertles in, tumour'f
"cell Imes and strongly suggests that thrs varlatlon extends to the antlgemcuty of»-
cloned 'metastatlc vanants (Shearman and Longenecker 1981) _eﬂ_' cells :

| responstIe for the productlon of llver metastasls are probably the same cells',"

.-_.'that express the 120 antlgen ‘ Wthh s called the IIVBF metastasns assocnatedj »

21

3 ..'_antlgen or LMAA LMAA may be functaonally sngmfucant in the productnon of ‘_ |



liver metastasis, 'but-the LMAA probably represents only one of the ways that a
tumour cell may give rise to a liver metastasis: since .other varlants _which glve

,relatlvely h»gh liver metasta5|s and low LMAA expressnon can’ arlse |n culture

(Shearman and Longenecker, 1981). This is .not unexpected since the metastatncf

cascade is a complex series of events, only one of which might involve

 specific organ reco”gnition. In this regard, it must be remembered that- other

[mechanisms might be ihvolved in this tumour model.
: | .

v

role of LMAA in hver specmc metastasns (Shearman and Longenecker 1981)

- The LMAA may act as a receptor whnch recogmzes the lnver SpeCIflC acceptor :

on the surface of hepatnc blood vessel ‘endothelial | ceIIs An nnteractlon between L

receptor and ac‘ceptor would arrest and tngger the metastas:zmg tumour cell to

invade the |IV8|’ An alternatlve hypothesns is that the LMAA may not be IfWOlVSd’:‘

in the specnf”c‘ recognmon of Ilver endothehum but mlght in some other way

play a role in the successful colomzatuon of the Ilver by ‘the tumour cells_'

-vbMore in keepmg with the seed and sonl hypotheSts th_

o cellular mteractnon structure (CIS) mvolved in the posntuo al. control of the tumour
:cells |n the liver: The cells expressmg th|s determlnant would be . able to recelve:'
i-the approprlate posmonal and growth sngnals from the surroundlng normal IlVer.A
cells CIS s have been |mpl|cated ln the selectlve sortlng and mugratton of
';embryomc cel|s (Lullen et al., 1979) Maslow .and coworkers (1980) have shown.’
.that metastatnc varlant cells or condltloned medlum from these c:ells, can mhublt’
f '_embryomc cell aggregatlon and adhes:on assays Recently, Nlcolson (1982) found-}-
' that antlsera dlrected agamst an embryonlc antlgen mvolved in” fetal lwer cellg_,“
;_aggregatlon could mhtbut liver metastasns by RAW 117 Iymphosarcoma ceIIs lf_f'
* the LMAA is a CIS then nt mught be predlcted that the LMAA should mhnblt the»__"‘v

aggregatlon of hver cells -or: lnver cells wuth AL 2 cells Unfortunately the low

Two hypothesis have been con51dered as possnble explanat:ons for thev i

LMAA may act as a'- o
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_ affmlty “of thus 120 antnbody has made mmunoprempltatoon of the LMAA very

[



»Woodruff 1976 Butcher et a/ 1979) ‘have proVided the.. framework for an in .

difficult However, rgcent data on the specificity of the 1.20 antibody show

that it reacts With a synthetic trisaccharide (Shearman, personal 'comm’unication)‘

blood group-like antigen this suggests that carbohydrate structures on AL 2 cells :

may be important determinants for OSM.,

The cell- surface interactions involved in lymphocyte fioming (Stamper and

s

' V/tro procedure to detect the’ adherence of lymphocytes to high endothelial_ ‘
venules lHEV) _in frozen vsections Using his assay,‘ -the presence ~of
,subpopulations of lymphocytes ‘with SpeleIC receptors fo'r' HEV - of ‘various.

s lymph ‘nodes 'has been shown (Stamper and Woodruff 1976 Butcher et a/
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.1979) Furthermore these investigators suggest that this. is . the manner by which

'specific lymphocyte subpopulations migrate speCific lymph nodes The,;

. incorporation of an internally labelled fluorochrome standard population of cells'"
'(erythrocytes or Cixed lymphocytes) serves to control for random non speCific o

o H_assomation of the test population With HEV and makes the assay an. extremely-,.

'isensitive and reproduCible one The advantages of the frozen section adherence

of tumour cells iii) The technique easuly lends itself to panning

numerous ) The assay reqUires only a. couple of hours while /n ' wvo

not produce eaSily Visible foCi leg ovary) can be assayed for the a erence;

assay »applied to the study of metastasis over the m wvo approach are C
| -metastatic assays reqUire many days or weeks iy A variety of organs that do o

which organ :

- .v",SpeleIC cell: |I%BS can be selected from unselected lines wuthout the Iengthy and;

‘-labOl'IOUS methods of /n wvo selection (Fidler and Nicolson 1976) l This’

system can be used to examine cellular interactions in human systems and

reiection v) Finally the assay is amenable to. the testing of vari0us compounds .
including spec:fic monoclonal antibodies l%ctins and sugars that might Inhlblt‘-

adherence and thus allow for a better definition of the types and SpelelCltleS", g

[

”-'--allogeneic and xenogeneic combinations Without the complications of immune' S

.



o

!

. of cell surface molecules mvolved An . adierence. -, ‘The - appllc'a%on of - this
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_technlque to the study of human metastasns may be of great beneflt and-g

reduce our dependence on data from comphcated cllnlcal mvestlgatlons or.- from'

"'.-xenogenelc ‘model systems Sumular aPProaches usnng cultured endothelual cells"“_“ L

from SpSCIfIC organs or thelr membrane somcates can complement the frozen;_f;_" S

-/fh Svitro. Nlcolson lpersonal commumcatlonl has now déveloped long-term., .

'-.endothel_j_al - C ell hnes from many organs Wthh wull make; *‘these ‘ltlnds of

experiments possqble. ;_\ ,

F The Role of the Lwer Metastasas Assoclated Antlgen (LM _

Whlle the LMAA is _

llkely LMAA is | a molecule ‘that - is. lmportant for specnf:c Iymphocyte homlng tojb_”_"_:”_-"..j |

the I:ver (recall that  the- tumour arose ‘from ‘a: T lymphocytel Cell surface',

~the exnstence of spec:flc lymphocyte rece'

nodes The exlstence of such receptors

would prom: ev a ratnonal basls fon OSM of lympho \

been descnbed (sep ‘pr‘vuous sectnom\ Recently Gallatm et a/ '

_ectlon adherence assay descrlbed above they found that therr antlbody.';_.-

._of the Iymphoma receptor ( 92 000 daltons) dltfers from the apparent, "'

sectlon assay and provude a more convement method for selectmg OSM vanants_

, -,v ;Htereftl/ng//ar:d excntmg marker lt is unllkely that‘ winl R
%/.l/evolved 'solely s that lymphoma cells could metastasrze to the liver. More
at enable lymphocyte subpopulatuons to rmgrate to Spec,f,c lymph_:_-‘ o

"“denved a monoclonal antlbody that aPParthly blocks the HEV"- S

‘.ptor on normal Iy;nphocytes and Jymphoma vanants Usmg the,;’:
h | blndlng of normal lymphocytes and lymphoma cells to hygh_’ e
ody to purlfy and characterlze the receptor lnterestmgly, the ‘apparent
“of the normal lymphocyte receptor ('80 000 daltonsl There ns |lﬁ|9?‘f’i‘: "
‘ 'tors for organs other."_ IR

'vn normal lymphocytesf s

.‘_;lf lymphomas use‘ff



S normal homlng recognmon mechanrsms to achleve OSM then What”'mecha’nisms

..do non- Iymphmd mahgnancres employ? Many of the chmcal observatrons as well "
as much'— experlmental work on the phenomenon of OSM _ have- nnvolved'

non lymphond malugnanc:es , whose normal cell counterparts are . n-ot'_ ~h|ghly _

B .. e

probes

G fr_héfll,ch’ickeh', Emb_fyo as @ ;Mo_del_ | F_o‘r_. the 'fs_'mdy of "M,etasta;;is o

~

t,,__,,:.of putatlve»-r-eeeptor molecules on: non-lymphond ma‘lugnancnes and their possrblef -

. mlgratory except perhaps durmg embryogenesrs The determmatlon of the naturef.r o

: 'relatronshlp to Iymphond Jeceptors mu}st awalt the development of specnf|C">"""”"i.

Most experlmental ‘data on. the metastatlc process have come from}.

PRs murlne tumour systems ln these systems one l$ usually llmrted to the testmg,‘.

f syngenelc tumour cells Nude _ mrce may allow ‘jth testlng of some"‘

. xenogenelc tumours but metastasls |n thls syStem is dlffrcult to malntam An ol

.:‘alternatlve is to use. an. embryo |n Wthh the |mmune system lS not suffrc:ently

advan_tage_s |n thls respect Flrst |s mexpensuve and easy to handle andvf] S

*over wrde tempeﬁature _ range

temperature sensntlve tumour cells

- metastases followmg m;e

' ] competent complement system thus allo\ﬂmg one to examlne the blockmd effect'

lon or even CAM lmplantatlon (Lelghton 1964)

"'.;surrounds the embryo readlly accepts transplants from a varuety of xenogenelcfvi :

_."complement‘medlated cytotoxlcuty Fourth ‘the chlck embryo can be mampulated;_;.;

- 1developed to actlvely reJect xenografts The chrcken embryo offers several@".fr.
maintain - Second the hrghly vascular chorloallantonc membrane (CAM) whlch,

v.'-(ltlssues Furthermore a varlety of tur‘nours readlly metastasuza to the CAM and oy

_,form easrty counted metastatuc lesuons Thll’d the i_'f chuck embryo lacks é Sl
o of antrbodles on cell- surface receptors wuthout havmg to ' worry about*
P"OV'd'“Q opportunlty for'_' testmg,.;'? e

'or propertles thought to be lnvolved m the':" R

"‘fmetastattc process Fmally, a va ety of mammahan tumours W|ll form extensrve."



”';for tumour reslstance m thls system
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The maJor dlsadvantage to usrng the Cthk embryo |s the trme Ilmltatlon |mposed

by the 21 day gestatron penod although sensmve assays such as the one’v'”l,;'- o »:

vdeveloped by Chambers et a/ (1982) can be used to ldentlfy submacroscoplc :v

. PR

metastases for slow growmg tumours

Lelghton has reported that a varvety of human tumours grow on the'_ :

S ZCAM (Lelghton l964) mcludmg some tumour matenal freshly lsolated from‘ S

surgucal specnmens (Lelghton et a/ 1972) Although hlS results are the best;‘};\‘ S

‘:Vreported thus ._f'ar," only 'about half of the tumours could be grafted'.i:_'_vv.i_:.-' :

Ssuccessfully Easty anql colleagues (1969a 1969b) found that most rodent

_tumours fell into two wel[—deflned groups wrth respect to thelr capacuty to,_.

: ';metastasme followmg IV m;ectlon mto H-day old embryos In the flfSt group .

"'-'.tumours that, dld not grow well |n chlck embryos were those that were-"ﬁ‘-

"".__',specmc for the mbred stram of orugm of the tumour Most of these dId not
“.f‘»‘_grow in any el;nbryomc organs except the brain, | even wnth the maxumumf L

.tolerated moculum ln the second group tumours that grew and metastasrzed"f'._f;

”'__extensvvely in. ChICk embryos were those that had lost thelr stram specufrcltyl:i"

'jangl grew m many dlfferent mbred strams of rodents even in the face of:

jhlsto |ncompat|bll|ty Further resrstance to tumour growth occured wnth mcreased ';_.

'embryomc development and the peruod in’ whuch resnstance vlncreased most' )

*‘comcrded wath the appearance of maternal antubodles from the yolk sac in the‘~ AR

""‘*.embryonlc cnrculatlon The speed wnth WhICh older embryos ellmmate many

. ..-stram specuflc tumours (Easty et al 1969a) v as well as the resnstance Of.~'-.,.j;._': e

L -‘embryos to treatments known to mhabrt an actlve |mmune response (Easty et

)

The chnck embryo system has been used to study the relatlonshlp‘

1969b) strongly Suggest that maternal natural"’ antlbodres are responslble.-‘_":.v_ g

T D P PN IR O S
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. ‘between the lmtlal organ dlstnbutlon of radnolabelled mammallan tumour cells and ':- ,.:? j_'j.-.'5.

o .»_the subsequent organ dlstrlbutlon of metastases (Easty et a/ 1969b) There |s-fl}‘-'




1960b).

an excellent direct correlation in most tumours between the extent of
subsequent gréwth and ‘the initial trapping etficiency of the organ. There are
two ‘interesting exceptions, however. The brain traps relatively few tumour cells;

although it often supports’ vigorous ‘growth' (Easty et a/., 1968b; Clarkson et

al., 1964), possibly because it ‘is arl immunologically privileged site; the spleen

often traps many‘ cells but is a poor site for metastatic growth, possibly

because of hié;h reticular endothelial system (R.E.S.) activity (Easty et al.,

9

The metastatic properties of HEp-3, a human, epidermoid carcinema, have

v

-been - studned extensuvely “using  the. chick’ emﬁryo model (Leighton 1964,

OSSOWSkl and Relch 1980a; Sklpskl et at. k"19803 HEp-3 is a highly metastatic

and mvaslve tumour in the chick embryo Follownng transplantatlon “of tissue

lfr\agments of the- tumour to the ~ CAM, the tumour grows locally and

-disseminates Widely with metastasis 10 the fung and heart being‘ espeoially

prominent. The tumour’ secretes coplous amounts of plasmlnogen activator, which

serves as the basis for sensmve assays of ‘tumour growth and metastasm The

“tumour - retains the capacnty for progressive growth and metastas1s under

allogeneic condmons i human. volunteers after having been passaged for several
years in chlck embryos In this sense, the tumour is similar to the non- straln
specnflc murine  tumours described by cEasty . and oolleagues (1969a 1969b) (see

abovel. Upon serial in vitro passage of HEp 3 cells a raplq soss of metastatic

potential was noted while tumourngemcny ‘declined less rapndly &out nevertheless

progressivelyv_, (Ossowski and Reich, 1980b). Loss of metastatic ability and
tumourgenicity was accorhpanled by .a loss of" production of plasrﬁinogen
activator, .an enzyme 'assooiatedﬂ with malignancy and transformation. Anettorage
and serum mdependence which are generally correlated ‘with the transformed
phenagype, were inversely correlated with metastatic capacaty in the chick

embryo. The existence. of a correlation between- {the level of gangliosides in
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HEp-3 cells and the ability of these cells to mietastasize has also been found in

this system " (Skipski et a/., 1880).

In studies of OSM "with lymphoma cells, two quantitative assays were
developed utilizing the chick embryo. and intraveneous injection of the lymphoma
variants (Shearman and Longenecker, 1980). One assay quantitates' liver specific

. * R ' R .

. metastasis by the enumeration of tumour foci on the embyonic liver. In the

chick embryo liver, tumour cells do not pass through pre-existing channéls_,‘ but

instead have to transverse the endothelium to reach the parenchyma (Skipski et

al., 1980). As expected, AL-2 cells induced hundreds of  embryonic liver foci .

~while AL-3 cells formed only a few (Shearman and Longenec:ker, 19‘81_).‘These

observations strpngly suggest  that l,those host processes or properties that -

determine the capacity of tumour variants to metastasize to the adult liver, have

atready developed in the‘ chick embryo.b Furthermore, the ~observation of the:

p.henomenon of OSM in. the embryo argues that the immune system has little or

no role in determining this process.

i

The secor;d .assay, CAM metastatic focus formation,” correlates with the k

virulence of the intraveneously - injected lymphoma variants (Shearman and

Longenecker, 1980). In order to form. lesions, cells ‘injected I.V. into the
» } . . . . : :

embryo must penetrate thes: vascular endothelium, invade the CAM mesoderm,

proliferate and acduire Q’é blood supply. Othér$ have reported that high'Iy

-metastatic _tumouf cells can penetrate the CAM more ydily°thén tumours of

low m_etastatic' potentiél (Easty and Easty, 1974; Hart and Fidlér, 1978). These

assays are done in vitro and probably measure the invasiveness of the tumour:

cells by their capacity to penetrate through ‘an epithelial surface . and enter fhe
mesoderm of tr;e CAM. A major difference between' the in Vitro and the /n

ovo assays is that the latter requires that tumour Cells demonstrate . the

‘properties of invasiveness, proliferation and angibgénesis while the former ‘assay |

is simply a measure of invasive&ss.

?
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A major criticism of the use of heterologous tumour systems in .the
chick ' embryo may be that species-specific mechanisms  will restrict the
usefulness of such systems to study a process such as OSM. However, several

observations suggest that important cellular recognition structures may be highly

conserved in evolution. A great deal of classical work in embryology serves to

ilustrate  this  principle (Curtis, 1879).. Most embryological systems study

homotypic = aggregation p.‘h,énomena, while the process of homing and OSM in

vertebrates must involve heterotypic recognition. Nevertheless, Butcher and his

colleagues (Butcher ‘et al/., 1979) have presented data that soggest that the HEV
‘recognition mechanism (see above) is conserved to some degree | be‘cause
.lymphocytes from a variety of mammalian and even avian species show
significant bundlng to murine HEV Recently, lung and liver metastatic variants
have been selected from the spontaneous muring mammary carcmoma ceII l|ne
TA3-HA in A strain mice. Following LV. injection of the liver ‘selected line into
chick'ernbryos, numerous liver metastases formeo seven days later. in contrast,
only a few CAM lesions fo.rmed”in the same’ embryos.'More work will be
requnred to estabhsh unequnvocally ‘the organ specuflcnty m this- system, but, in
the absence of sele;tnon most  tumours form far more CAM than liver
metastatlc foci. In addltlon using - the frozen sectlon assay described above, it
* has been observed that AL- 2 cells adhere more avidly to mouse liver than do

AL-3 cells_. This suggests the existence of a conserved recognition system (see

Respults). |

- H. Role of Natnral Antibody in Tumour Metastasis

Several mvestlgators have reportgd that metastases can be inhibited by

natural antubodles (LeWIS et al., 1977; Vaage and Agrawal, 1976 Greenberg et.

al., 1980; Wolosnn and Greenberg, 1879; Vaag.e,,.' 1978")'. Groenberg (Greenberg
et al., 1980; Wolosm and Greenbellg, V 1.979)'have reporfeo the existence of

L}
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natural antn tumour antibodies * i~ mouse sera and have suggested' that these.“

antibodies may play a crucial role |n anti- tumour |mmumty Vaage (1978) found

that normal serum components can lyse murine mammary carcmoma cells in the
clrculatlon _of mlce Galton and coworkers (Galton et al. 1982)} recently
reported that, following m;ectlon of transplantable frbrosarcomas bu_rsectomlzedp

agammaglobulinemic ‘chickens showed much ‘more -»metastatle °mvolveme'nt of

" organs than did normal recipients of the same age.

In- order to mvestlgate the expressaon of certaln as:aloglycoconjugates on -

turnour  cells, an attempt was made to- generate- monoclonal antlbodles (MAb)

against neuraminidase ‘treated human red blood cells  (NE- RBC) (Rahman and -
- Longenecker,  1982). NE-RBC's’ were used because a yarlet_y ~of - human-
adenocarcinomas, (espec:ally breast ca‘rcinomas) express‘ a normally -c':ryptic,

_carbohydrate antlgen (called Tantlgen) Whlch |s exposed follownng neuramlmdase'.'}i

30

treatment of human RBC's (Sprlnger et a/., 1979). One MAb called 49H 8”_

(Longenecker et al., submitted) was found to react with neuraminidase-treated
¢ - : ) . ’ : Lo B ) - T
lymphocytes of both murine and human ~ origin but not with “untreated .

lymphocytes. The fine specificity of this MkAb _‘ Was deter_mined-.by sugar -

‘inhibi'tion studies  using synthetlc blood group - lik'e ~antigens | (Rahman vand

Longenecker 1982l 49H 8 reacted wrth both T-antigen (BGal (1-3)a GalNAc) and-"‘;_

the |mmunodom|nant determmant of Asialo’ GM, (BGal (1- 3) BGalNAc) but ‘not

with several other closely related compounds Most interestlngly, 49H8 . was

found to react strongly ‘with a varlety of murine lymphomas as. well as wrthb'

\

the - spontaneous murine mammary carcmoma TA3-Ha, but not W|th a sublme of
TA3- Ha called TA3-St. Since all normal sera- have been reported to contalnl’.
"natural” antlbodues against T-antigen (BGal (l 3) aGalNAc) (Sprlnger et al., 1979)

both human and murme sera -.were exammed for the presence of naturalf

antlbodles agalnst the 49H.8 determinant. It was found that both types of sera

- contain antlbodles that block the bmdmg of 49H8 to NE- RBC' Thus it is -



,postulated that natural antibodies- to this ‘determinant mlght be lmportant’ in

uclearmg‘potentlally metastasmng cells from the blood stream of anlmals m;ected-

with TA3-Ha " cells bearlng the 49H8 determlnant In contrast one mlght predict

that TA3-St cells which lack the 49H.8 * determinant, mlght be cleared less_

rapidly: This,. in- fact is"the case: ' l”IUDR -labelied TA3-Ha cells are cleared much

more rapldly than _are TA3 St cells._

Finally, * the RAW 117 lymphosarcoma cell line was examined = for 49H8
'Eipression and - compared to the RAW 117- HlO -sublirie, whuch was selected for
liver metastasrs lBrunson “and l\hcolson : 1978) Alth0ugh 'the parental Ilne
‘fexpresses the 49H8 antlgen llttle or “no antlgen expresslon was detected on

the . hlghly virulent RAW 117- HlO ‘line. ‘When the H10’ Ilne was treated with

'neuramlnrdase the - 49H8 antlgen was revealed thus demonstratlng that it is-
i cryptlc m thls llne and covered by srallc acid. This finding suggests that

selectlon of the RAW 117- HlO lme resulted in varrants wrth mcreased sialic -

acid “that can mask the 49H 8 antlgen Thls IS in keeplng fith the aformentloned

evidence . for the lmportance of the degree of". Slalylatlon of cell. surface Gal

“and | GalNAc. - Taken together, the . avallable evidence lndlcates that natural

,antlbodres may be Jimportant- in. t"he nhlbmon of blood borne metastatlc cells

"expressmg asralogalactoconjugates

I | Summery

Much of the avallable ewdence mdlcates an rmportant rote for surface -

o -carbohydrate molecules as_ specrflc reeogmtlon structures |n OSM At is apparent

that organ speclflc metastasis is a compllcated process encompassmg a varlety

‘of mecharusms all of Wthh may play a role m the eventual outcome of the -

metastatlc casCade
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Il. MATERIAL AND METHODS

“Ekxperimental , Design.

The expenments outlined i this report are presented as comparusons

between AL 2.1 and AL-3.1 cells All of the work reported has bean repeated "

and the unpubllshed results obtalned are similar to those presented below .

A. Celis ’. : : : o

The chlcken T-cell . Iymphoma cell lines AL2 and AL-3- were orlglnally

selected by Dr P Shearman ‘(Shearman and Longenecker 1980) These Imes ;
were derlved from “the MDV transformed - non- producer MDCC RPl cell’ llne\

~“obtained from -Dr K Nazerlan (Reglonal Poultry Research Laboratory East

Lansnng Mlchlgan) These el Innes were - malntamed |n thls laboratory

~ RPMI- 1640 (Gibco, Calgary Alberta) supplemented wuth 20% fetal calf serum'

'_(FCS Grbco) andr antlblotlcs (pemcnllnn/streptomycm 50 unrts/ml each

_gentamucnn 0.5 mg/ml Mlcroblologlcal Assocnates Walkersvnlle Maryland) The{"l{_’,‘»
cells were Iater grown m a mlxture of 5% FCS and 5% chicken serum (Glbcol,
j‘and for the last three years have been mamtamed |n RPMI 1640 + 10% FCS

_(Gibco) with 006 mg/ ml garamycnn (Johns Scnentlflc Tor_onto Ontaruo) The cells <

were passaged twrce weekly by dllutmg 1:20° to 140 in- medna Each passage

"l_s -con5|dered ,one m wtro passage No cells were used after the flfteenth,

-~ passage 'unless otherW|se noted.:
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" B.-Eggs

'Random bred  fertile’

',Department of - Animal Screnc

"20 -21 days ina Robblns Hatchomatrc lncubator (37 38°C, 95%. humndlty -and._»

4
L 53

eggs were supplled by he‘ Poultry Drvnsron

e Unrversrty of Alberta Eggs were rncubated for

'~perlodlc rotatlon Robbrns |ncubator Co Denver Coloradol

G Re-selection of AL-2 (Liver] and AL-3' (Ovary). Cell Lines o

o

_"-5 x ‘lO‘ AL2 or AL3 cells

were lnjected IV mto “the CAM ‘vein_ of"'l"l‘ day

" Cthk embryos The eggs were returrwd to the mcubator for 6-7 days before

bopening All CAMs ‘were ’exa

successful in jectlons

e AL-2: was re selected
"removrng surface focr These

suffncrent numbers of cells

| S used as a stock 2 x 106 cells in TO% DMSO (Fisher, Edmonton Alberta) 15.% =

'ch lGlbcol 75% RPMI 1640

. and re rnjected over a: large

embryos The Ilvers were removed 6 days later: and the number of . surface_}

Tffocr determmed Only those
8 . were malntarned A srmrlar a
"these cells do not produce
f»seen) the entlre ovary was
. The cells obtamed in thls ma

»cell hne and contrnued to- gr

: in thls manner. have been de

for nomenclature recommend

3

mined for the presence of focr as a control for

by dlssectrng the livers of lnjected embryos “and 3
were placed i medra and allowed to grow Once .

had been obtauned 15 ampules were frozen and’

(Glbcol |n lnqurd nltrogen) One ampule was,,thawed

dose range lnto the CAM vern of 11 day chick

cell llnes whlcl'f gave large numbers of lrver focr

pproach was used for AL- 3 cells however srnce

drscrete fOCl on the ovarres (no hver fOCl “are

removed and tumour cells allowed to grow. out '. =
nner had a morphology srmllar to the orrglnal AL 3'7
ow as non-adherent cells The cell lrnes re selected

srgnated AL 21 and AL 31 accordlng to the rules ‘ :

ed m the report of the Ad hoc commlttee on"_i'v"“



e . o
Avian cell lines and transpla‘ntable tumour nomenclature, ~1980.

D. AL-2.1 and AL3.f Growth Kinetics

-

The growth kmetlcs of AL21 and AL 3.1 were determlned by seedmg P

5, or lO X 105 cells lnto a petrl dish wnth 20 mls of medla and measurlng o

their growth every 24 hours by trypan blue dye exclusuon ‘

For carbohydrate studies, 0.5 to. 25mg sugar were added elther i

: dlrectly to 5 x 10° cells mcubated at 22°C for lO mmutes washed and.is

-

. ,placed in 20 mls medla or i) added dlrectly to the medla along wnth 5 x 105.~ :

cells; The kinetic analysn‘s was p_erformed as’ above.

E. AL-2.1 and AL3.1 __Hetero'ge’neity In v;;r_oi |

.

A After 10 in V/tro passages AL 21 and AL 3.1 cells were subcultured in

86" well plates by llmltmg dllutlon (25 cells/well) ln medla supplemented w1th~'

34 .

1% ~murine RBCs Those “wells Wthh had cells growmg were plcked and’:j :

»-‘expanded in- culture 5 x 10"cells were lnjected mto day 1] chlck embryos_ SR

‘and thelr metastatlc capacrty measured as before Al weIIs that contamed two o

- or more clones were dlscarded

CF ’Enrlc‘hmentv"of»‘iLiver"Perenchy:mal_ ,and‘. "E"‘,."@&‘“?'- _Cvelle‘;ff ;

,.'

The Ilvers of - day 15 19 Cthk embryos were removed and cut lnto small N

’_».pleces» They were pressed through a wire’ screen to obtaln ’a snngle cell

7'suspensnon and then washed twnce i medla The parenchymal and endomellal_.:?:*

' .f-cells were separated usmg the method of Roos et a/ (submltted) in. Wthh the::-v'

5



_ suspensuon ‘was repeatedly spun. at lOOg for 30 seconds The parenchymal cells
" pellet to the bottom while the endothellal cells remain suspended This® was
) repeated 4 times for both cell populations to’ further enhance their purlty The
purlty of the two cell types was determined by exammatlon usmg electron

microscopy performed by Dr.: E Sanders, Dept of Physrology Umversuty of

Alberta The parenchymal cells were easily identified by. “their shape and- cellular '

structure -while  the. endothellal cells- were ldentlfled by ‘their characteristic

cytoplasmic fenestrations (Roos et a/., in. pressl

G Le::tln Binding to Cells

3 x 10¢ ells were' yvashed tvyice- in media, and spun in a conicali 'tu‘be.
vFluorescent lectms were purchased from E-Y Laboratories.. San Mateo, CA. To
the cell pellet 30u/ of a solutlon contammg 50ug lectin in medua ‘was added.
The - cells were allowed to lncubate at 4°C for 15-20 mlnutes after Wthh 1 ml
of a 2% formaldehyde (FlShGI’)/PBS solution was added. One mi of FCS was

: _underlayed and. the - tube - spun at 5009 fof 5 mlnutes at room temperature ‘The

supernatant was - removed and the - pellet resuspended l - of the 2%

gluteraldehyde /PBS solutlon The cells were analyzed on a FACS v by Dr T.‘

'lef Oncology Research Group Umverslty of Calgary
lf o . - '

o

H. 'Pr_oduc,tioh_" of" Antvi,'-vA.li-Z.Jl Monoelonal Antlbodi_es MAb’s)

In an’ attempt to produce MAbs specmc for AL 2. 1, a variety-o_f'primin'g'
'._reglmens were employed These lncluded “small,’ meduum and lar'ge“ doses of .
cells over a wude range of lnjectlon schedules The fusnon and ascrtes methods.
v/have been prevnously pubhshed (Mosmann et al., 1980) Potentlal MAbs were ::

-'l_'tested |n the ELISA assay usmg an enzyme perOxldase klt (Klrkegaard & Perry',- .

35
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Lab., Maryland).

l. lin Vivo lnhibitionof Metastasis

/n vivo lnhrbmon of metastaSls was performed by preparmg the cells

and embryos as before Just . prior to injection, the Cells were spunk

resuspended in 05 5 mg of the specific sugar (Srgma St. Lopls MOJ. 10ug of .

the SpelelC Iectm EY Labs) or 100u/ of a. 1:10 dllutlon of anti- chncken T- cell

'monoclonal antibodies and. rmmedlately ln]ected LV, lnto the CAM vem ‘Other

groups of cells were treated with tunncamycm (15ug/ml 6- hours 37°C Sigma),

trypsin (0.02 mg/ml, 30 minutes, '37°C; Sigma), or neuramumdase l25 unlts 20

mmutes .37°C; Sigma), washed resuspended m PBS “and . mjected ‘The eggs

v

were- opened 6 days later and the organs wenghed and the fom counted

To test “for non- specn‘nc toxlc effects of thé mhlbltOry reagents 1x10’-

AL-2.1 cells were treated as above and m;ected lV Usmg thls cell dose

accurate estlmates of CAM foci were made PR

l
Join Vl'tro Frozen Section Adherence, Assay (FSAA)

Day 15-19 embryomg chicken liver,’ lung heart, ovary'* and kidney were

removed from the eggs Just prlor to preparmg the sectlons 2-7mm' 's'qu'ar'e e

chunks of tlssue were frozen m OCT Compound (Lab Tek Napervrlle lllmons) andvi-‘ R

36

: allowed to snt at -20°C for 30 munutes 10u. Sectlons were: cut on a cryostat_'

'lLab Tek) and sernal sectlons placed next to each other on glass shdes lCornmg

fCormng NY) Each $|ld9 was allowed to air dry for 2 4 hours

“ncr- labelled AL2‘I and AL 3.1 calls were thoroughly

: counted prior - to use The cells were used only it the two cell

nes-were



‘labelled to the same - extent Each seCtion _was encirCled with 2 w‘ide grease

.377,

pencil to prevent the cells from  running off-. the. sectlon The slides were - |

placed on an. orbltal 'shaker (Bellco Glass Vineland, N.J.) at 7°C and 0.2 mis of'f:'

the radnolabelled cell suspenslon contalnlng 05 1x105v cells (1 52 cpm/cell)

»added After 1 hour of rota'uon at 50 rpm the slldes were removed rinsed in"

- PBS + 2% gluteraldehyde and the tnssue sectlon removed wnth the end of a

cotton swab The cottort swabs were placed linto tlbes ‘and " counted on a .

'gamma counter ke, - .

ge
K. In Vltro Inhlbmon of Adherencei

The frozen sectlon adherence assay was employed to determlne the

."abmty of d:fferent compounds to.. specuflcally nnhubnt OSM The assay was'

‘_performed as above except |n the step pruor to mjectlon the cells: were"‘f'

"resuspend& in medla contannlng 05 5 mg of. the spemfrc sugar (Slgmal lOug
- of the spec:fnc lectln (EY Labs) or lOOu/ of a. 110 dnlutuon of anti- chlcken

”T cell MAbs The assay was then completed as above..

. <

L 'Radiolebel,l'ing of Sugar ‘-zéom'podnds’»

25 mgs of p-mtrophenyl B’D fucopyranosnde was converted to the ammo o

',usmg ether methanol 82 as a solvent Stalmng of the - plates was performed_*

‘Wlth nlnhydrm or sulfunc acud Thls amlno-phenyl derlvatlve and others that_"b

: :_'form by Pd- C. hydrogenatuon Reactants and products were compared on TLC: :

”.'«were purchased (S‘na) vyere Imked to BSA (Slgma) in. a 201 molar ratlo usmg T

'.:_'_-"O Img in lOOuI EDCI as the couplung reagent in. mannltol/ sallne These product;' [

" or. those purchased from E-Y Laboratones were then radlolabelled wnth ml by:"

| ‘j’the chloramlne T method (Barton et al 1977) and dlalyzed to remove free lz5|



. ®

) 1XIQ’ y e cells were added to 1X105 counts for 1 hour at 4°C The cells g

" were § the Aumber of counts determmed The techmcal assnstance L

" Smgh and Dr E Fraga |s gratefully apprec1ated
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A AL 2.1 %d AL-3 1 Re-selectlon

oy

-tlme, /n V/tro For thls reason |t was necessary to re select them from the '

" ongmal hnes As prevuously stated was - not possuble to determlne 'the-_

The organ specnfrc;ty ° AL'T'I and AL 31 is known to change wnth'_,'. SR

successfulness of the AL 31 re- selectnon because dnscrete fOCI are not vusable-' L

k at the nntended snte of metastasns AL 21 on the other hand produced a Iarge'_v_’f-.."'

number of liver focu (nts selected organ) over a wnde range “of mjected

inoculum.: ‘At the optlmal moculum of 5 X 10' CGNS/embryo AL 21 produced“j

‘Wapproxnmatly 100 /tumes as many hver focu‘ AL31 (p < 0001)

T the .hver, -

t_;'comparable dose of AL 31 conStdered a good control for AL 21 smce |t was
' o

'selected from the same lmtal populatuon but not for the |IV8|’ produced few .

Iuver focn (Flgure 1) Both ceII Ilnes had comparable levels of CAM focn Slmslar_: -

patterns were observed for the effect of AL 2 1 and AL 3.1 on ‘the welght of' R :

: B Growth vrl('ine‘.tic.‘s . L R IS R P

The growth kmetucs of AL21 and AL 31 were exammed over a flve*f_‘fv.""-

’_-‘,day perlod \They dlsplayed very snmllar @(owth curves wtth d0ublmg tlmes of

o 9 hours for AL21 and 120 hours \for AL 3a1 (Flgure 2). The- slmllarltnes:’_

:“uof these growth propertaes suggest dufferences in th@ metastatlc behawour Of"v_;"f_'

i _the two cell hnes is: not a resu|t of dnfferent growth potentlals
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"".-‘v,‘.Number of l:ver fom in vivo ts a functnon" of tha number of |V in)octedf_‘-'-’:;‘.--':7""""‘

‘.-aggs were opened and the luver foc: anumerated EEEE SR

Iymphoma cells

L AL 21 and AL 31 cells wei‘é resalectod fro T ”thenr respectuve organs p!atedf;f"]_j-”:;' o

v""'and grown /n wtro The celIs (m graded W"”M"‘ '"”“’d v mto ﬂ”
,‘CAM membranes of day 11 chuck embryos (8 eggs/ gFOUP) S'X davs ‘““' 3 ”"

SEnd
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Figure 2.

‘Growth Kinetics of AL-2:1 and AL-3.1 /n vitro.

Representat:ve doublang tumes were calculated from the upper-most lines (1x10‘
‘cells/ dish).

because by this ‘time, the ‘cultures had overgrown

‘Points obtauned after 72-96 hrs- were not- included in the analys:s

A

41



PN
N

C. Heterogeneity of AL-2.1 and AL-3.1

Each cell line was p|_ated'by fimiting dilution as previ_ousl:y described in
the materials and methods. The sublines were expanded and tnj'ected into the
CAM vein of day 11 embryos. Foci formation and totat Ii\’/er' weight“ differed
.between the lines SUpportlng the notion of heterageneity within the orngmal cell

lines (see above). This was most easnly observed with “AL-2.1 where large

- differences were observed. For example_, AL-2.1 subline 3 had no difference in

weight or foci number to un-injected controls. Subline 19 on the other hand,

© was 34.9 mge heavier (twice the normal weight). Smaller differences were

observed for AL-3.1 sublines. For ‘example, AL-3.1 subline 3 and sobline 1V

were slightly dlfferent in mean liver weught although these differences were not '

statistically 5|gn|f|cant (Table 1. Wlth increase passaging, these dnfferences mlght

become more substanhal The choice of the word "subline” has been used in

‘place of clone because 2-5 cells/well were plated and therefore it is not

.possible to know if the cells obtained contained progeny from one or more of
the original cells. The .number of CAM foci appeared similar among all the
subhnes although crowding occured which made accurate counting dlfflcu|t and

so srhall’ dlfferences might have existed ‘and gone undetected

D. Tumdur and Lectin Cell Surface Binding

To - identify cell surface: carbohydrates on AL-2.1 and AL-3.1 as well as-

on liver oerenchyﬁ'\a| and endothelial cells (Figure 3)', ‘fluorescent ‘labelled - lectins.

were used (Table 2 and Flgures 4 5 and 6). The lectin U/ex europaeus,

:specufnc for L- fucose was the only lectin tested ‘that showed a sngnlfncant
difference in tts _binding to ‘AL-2.1 and AL- 31 At the' maxlmal sensmwty of -
the FACS, no blndmg of .. this lectin was observed on AL-2:1 {mean=58) while .

S|gn|ftcant ‘binding of the lectin was detected on AL-3.1 (mean=408). Two
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. Table 1
HETEROGENEITY OF AL-2.1 AND AL-3.1 SUBLINES IN VIVO

' - : Change in
Cell Line? : ‘ Subline # . Liver Waeight # Liver Foci
o + S.E! (mgs)
AL-2.1 2 ¢ 0.2 + 2.1 1.6 = 0.
' 3 0.0 £+ 1.9 0.8 = 0.
142 12.1 % 3.0 7.4 = 3.
15 0.3 23, 0.8 0
16 22.8 £+ .3.3 466 = 8
18 37.3 + 3.9 60.8 = 12.
. 18 3489 = 55 .76.6. = 12
AL-3.1 - 2 f 3.7 £ 3.1 0.0 £ 0.
RC I ' 0.0 £ 43 0.0 = 0.
12 0.2 =+ 34 0.0 =0
14 0.2 + 2.6 0.0 = 0.
15 7.3 £ 3.4 0.0 £ 0
17 77 = 3.1 0.0 £ 0.
1.6 + 2.7 0.0 £ 0

1 Liver weight calculated by subtracting un-injected control liver weight.
: p < 0.01 compared to subline 2 and 19. ' N
3 Bx10* viable cells were' injected LV. into each egq.

+ No liver foci observed on visual inspectioh.

Pl

Co0o00? DaLLNW®
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" Electron micrographs of '.er}iri‘che_d‘ parenchymal and endothelial liver cells:
A) Enriched parenchymal (P) cells. |

' B) Enriched endothelial (E) cells. Note ‘small size and characteristic fenestrations

() of endothelial cells. Nucleus, n,-L/Rac, [



45

~

| - Table 2
FLUORESGENT LECTIN BINDING TO TUMOUR OR LIVER CELLS IN VITRO

AL-2.1 ' ' Vo AL3

Lectin Source . ~ Mean' Voltage? Mean Voitage
PNA RELEN 10 | 179 1.0
 CON-A 38 003125 305 0.03125
WHEAT GERM 206 003125 . 304 '0.03125 -
SOY BEAN o 1 0.25 299 025
ULEX? 59 10 406 1.0
'RICINUS 178 0.0625 157 0.0625
TETRA 27 1.0 26 1.0

ENRICHED PARENCHYMAL ENRICHED ENDOTHELIAL

Lectin Source Mean ~ Voltage Mean - “Voltage

PNA | 130 1.0 324 1.0 |
CON-A 155 00825 387 008w
WHEAT GERM a1 | 0.0625. 202 0.0625 |
SOY BEAN: 81 05 478 05
Uex: 147 05 478 Co0s
RCNUS 323 0.0625 406 0.0625 |
TETRA® 3 o 1710

! Mean#§epresents the ‘average fluorescent intensity at a given Qéltage. '

"1 For direct comparison of 'mean 'fluorbescent.‘ inte’nsfty[ voltage differéhcgé
between AL-2.1 and AL-3.1 were normali.zed.,. No comparisbn between lectins

was performed. - o »

! Significahce. to p <, 0.01 level. -



O

_AL-21 (MEAN= 59 AT 1.0V)

. _AL-31(MEAN=203 AT O.5V) |
2 L3 HEAN=203 ) .

~_ .
-~

_ FLUORESCENCE

Figure 4.

AL-2.1 and AL-3.1 labeling with fluorescent Ulex europaeus lectin.

. Fluorescent profiles. for AL-2.1 and AL-3.1. Conversion of the AL-3.1. value to
correspond to the Voltage_,i_use‘g for AL-2.1 wil e’nhén’ce__the_.”djffe're'nc’e (move

- the AL-31 line to the rightl, p < 0.01.




| LIVER PARENCHYMAL (MEAN = [47 AT 0.3V)
FREQUENCY]] '
OF CELLS

_LIVER ENDOTHELIAL (MEAN= |20 AT 0.125V)

‘ . FLUORESCENCE

Fiéure’ 5,

‘Labelling of liver parenchymal and * endothelial cells with ;f"luorescént Ulex

europaeus lectin.’

.L,'

”

‘ Fluorescent profnles for - ennchad |IV3I' parenchymal and endothellum Conversmn
of ‘the endothehal value to correspond to the voltage used for parenchymal ‘
- gellsv will enhance the difference (move the endothahal” line to. the rnght) P <

0.01.

47



' FREQUENCY
| OF CELLS

-
. ‘---

" FLUORESCENCE

) Ty
y Y 4
~

- Fiure - a

Leb,_elling of - Iiver parenchym '

Tetrag no/obus purpureas Iectun '

.'cells Wl“ enhance he dlfference (move the endothehal Ime to the raght) p <

e -'f:and f endothellal cells wnth fluorescent‘ S
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5

lectins showed differential binding to ~ purified populations of liver (parenchymal,

and endothelial) cells.. Glycme max  {soy . ‘bean), ‘which recognizes’ aDGalNac and

Gal, was detected on endotbelial but not parenchymal cells. A‘ difference in

Ulex europaeus lectin  binding was also observed, again the binding being

prominent on - endothelial cells. The small amount of binding to parenchymal cellsv

‘ may be due to resndual endothelial cells "in this population. Similar results were

also later obtained With the lectin Tetragonolobus purpur&as which is also a-l_( ).

“\

fucose Sp8lelC (Figure 6.

E. AL-2.1 and AL-3.1 Carbohydrate. Interactions

The ability of AL-2.1 to specifically bind the fucose ‘mo'i.ety. was

-1 examined using fucose BSA coniugates as outlined in the materials and rnethods

" The results are presented in Table 3 and “show that there is a sign_ificant‘

increase in binding of “5l-fucose-BSA to AL-21 compared' to 'AL-3.l P <

. 0.05) This differential binding was lost when the cells were trypsinized but

returned when AL21 cells were given an opportunity to re- express their-"

vreceptors P < 0.001). - galactose BSA on the other hand bound equally well

to both Al.-2.1 andyAL 31

F. In Vivo lnhlbi_tion of‘OSM’ :

B . . R
i : S
: e

A further approach to - the eIUCidation of some aspects of the» cell_ e

’_surface was the treatment of cells and embryos with a. variety of sugars» S

lectins, and enzymes in- wvo While this /n vivo approac;h did ‘nét. allow for an "

Ts

" estimate” of which surface the treatment had affected these experiments have"_ R

given some insight into cell surface structures important in. organ SpelelCV :

. metastasis (Table 4) For example AL 21 cells incubated wuth a-D(+) fucose
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L ' W
a el fucose “pr mtrophen {-B-D-fucopyranoside, o-nitrophenyl=8-U~ gluco- pyraﬁosm‘eﬁ—-*

'and-lactulose ‘had : dramatitally. different effec_ts. The  percentage: of " liver - foci
observed with AL- -2.1, and lactulose - or .' p-nitrophenyl-8-D-fuco- pyranoside
compared to AL2l cells alone was 13 and ‘23 ‘respectively. A"similar.
reductlon ‘was also obtalned when liver weights were compared (Table 4). For
example lactulose was able 'to lnhlblt “the liver enlargement assocnated m
‘ mjeCtIOI'\ of - AL-21 cells (17 + 24% of ‘normal AL-2:1 liver welght) and. yet this
sugar had no such effect on spleen welght (Table 4). To~ control for‘ toxic ‘
effects of the sugars on the cells the CAM membranes were vnsually mspected
- using cell doses that allowed for proper CAM fom determmatlon No such “toxic
‘effects were noted (data not shown) - The dlfferentlal effect of AL21 or
AL-3.1 and the sugars on spleen welghts ‘were mlmmal ThlS mnght be expected

- if the nncreased Spleen welght was the. resuit of some sort of. non- SpelelC

,‘response One further explanatlon is ‘that subpopulatnons of ‘tumour cells (both

AL 21 and AL 3.1) hame specmcally ‘to the spleen perhaps -as a remnant of"
- their "T-cell lineage. Whule the data presented does not dlfferentlate between '
these - two explanatlons ‘it remains cons1stent “with llver metastasus bemg the
'result of organ._speclfnc mechamsms that are specuflcally sensrtuve to- partrcular'~
sugars A further test of ‘the effects of the sugars on the tumour cells was:
performed by growth kmetlcs as descrlbed in -the materlal and methods No___'v 3

'~d|ffe'rence was observed in the growth klnetncs of cells grownng elther in the

presence of' sugar or after ~the sugar ~had been washed -out except for. "

V'vp mtrophenleD fucopyranosnde The' effect of this sugar. was observed in._
_culture only and was assocnated wuth a drastuc change rn media’ colour (Flgure E
) The absence of thlS effect in vivo mught be due to removal of or.
o ‘o'd‘rficatlon of the sugar metabolttes by the embryomc lnver “a process not

e

. pOSSIb|e in: culture i
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oAL=24
SeAL=3
alL-21+ n-u—)moos:

. OAL-2.14 Prmraof-p-o—ruoosot
e E : ¢ SAL=2.0+.LACTUONE : o
- e AL=2.4 + FUCODAN

O AL=2.1+ ULEX EUROPAEUS

o AL=2.14 TETRAGONOLOBUS PURPUREAS

T nomeEr )
orceus | -
(- T

oF cuLTuRe
WEOIA

. F |gure 7' : i

Growth kmetncs of AL 2 1 and AL 31 cells mcubated w:th carbohydrates

Plates contamed 20 mls

the cells were counted usmg trypan blue A sugmflcant drfference m growth\

klnetlcs was observed for p nutrophenyl B D fucopyranosude

_ 'edlum 5x10‘ ells/ml and 5mg sugar Every 24 hrs
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Vo SRR |
Substantlal effects were also observed w:th trypsm as this enzyme e
completely mhlblted the metastasls of cAL- 21 to the llver lTable 5) When theb_ o
cells were re mcubated at 37°C for 36 hours in medlum prnor to ln‘ecuOn the;”' 2 |
resultant nnhlbltlon was decreased ThlS effect is consnstent wnth the presence R /q
of -cell surface determnnants |mportant m organ specnflc metasta5|s whnch ar“’/ S
: "e'the" protem or glycoproteln ln nature The results for the sugar and enzyme
in vivo rnhlbmon are summarlzed in TabJe 4 and 5 respectlvely The effect of
the lectin U/ex europaeus on /n wvo metastasns was also pronounced Thns ,
. 'eCt'” Wh'Ch recogmzes fucose determlnants was. able to mhnbnt OSM (Table 5) i

'_The effect of sugars on /n v1vo CAM focn formatlon ls presented ln Table 6 'v

» Slgnlflcant |nh|b|t|on of OSM was also observed for 24C8 and 24C 35 ~
_‘(Table 7) The mean llver welghts of eggswn;ected wnth AL-2‘l + MAb,F', v |

compared to ALZl alone, vwere 56 - and 46% f 24C8 and 24C 3515”.' :
'vrespectWely These' two MAbs were prepared agamst AL2.1, cells although theY:'ﬁ',.-l'..fj-"' L
also recognlzed AL 31 as measured by fluorescent bnndmgﬂ_ to the two cellif
' 'types They were tested to see lf they recogmzed a conserved reglon “of- the

"'.--receptor common to both cell llnes One further antlbody tested an antl-murln‘g‘ ﬂ

“ lymphosarcoma antlsera klndly provnded by Dr E Roos produced no mhnb:tnon L .

~ of OsM._ S e ‘

G _l‘nlk\(itro aF.ro"zen. _Sectio'n "Ad'her"encé; Assey :

The ablllty of certam tumour cell llnes (such as AL 2 l) to?'-"" adhere
:"fspecrﬁcally to frozen sectlons of partncular organs was demonstrated by a .
A"'-"modnflcatuon of the frozen sectlon assay of Stamper and Woodruff (1976) andj-':‘,_f“_
:f Butcher et a/ (1979) The modufued assay s dlagrammatlcally represented

fFlgure 8. The assay has been maxlmlzed for a number of | components and the &

,resultant maxlmum condltlons are . presented in Table B The maxnmum condltnons"'.f_ GRERCR B
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‘Table 7 .
\.\

MONOCLONAL ANTIBODY INHIBITION OF OSM

OOt WN —

# Cell Line MADb* % Liv Wt % Spl Wt
AL-2.1 none 100 + 14 100 .+ 15.
AL-3.1 nona 7 + 6! 34 *+ 15}
AL-2.1 24C.8 .56 * 6 68 + 17
AlL-2.1 } "24C.30 .89 + 11 79 + 20
AL-2.1 ' 24C.31 ' 86 = 12 132 = 31
AL-2.1 24C.35 46 + B? 64 * 15

't p < 0.05, See Table 4 for explanation. * p < 0.01, * p < 0.001 compared
to AL-2.1 without MADb. , ‘ ' A
+ These MAb's were raiséd against AL-2.1 cells but were found to bind both ™

AL-2.1 and AL-3.1. 100ul ascites fluid was injected with 5x10* tumour cells.




were, those that produced the greatest- dlfference in  binding between AL-2.1
and AL-3.1 cells on liver frozen sections. ‘Ah of the assays performed were
done at the conditions stated in Table '8 unless otherwi‘se ‘noted. Figure‘ 8

represents the results of nine different experlments expressed as the ratio of

AL-2.1/AL-3.1 on either liver or control tissues’ such as heart, ovary or kidney.

¥

The distribution of these ratios confirms there is no overlap ‘between the ratio
of AL-2.1/AL-3.1 cells on liver and control tissues ‘(p < .0.001). Figures 10
and 11 show the individual results from nNo such experirnents. Ratios nof_ 2:1
to 5:1 for AL-2,1/AL-3.1 ’binding to liver sections were common ‘althoo‘g\h an
occasional lower or higher ratio was obtained. Assays which - did not show a
ratio significantly higher than 1.0 could ‘.usUal‘|y be .accounted for by technical

reasons or failures and accounted for only a very small proportion of the

assays performed. An attempt to find an appropriate measure of background

binding of cells to the sections ‘has yet to be successful. Once. a cell type is

available whose non-specific binding gives a measure of background, its value

can be subtracted from these results, and the relative differences between the

ratio of ‘AL-2.1/AL-3.1 on liver compared‘»to other tissues should increase’

dramatically. As such, the 'results presentéd here represent the ~ minimal

differences that occur in this system.

]

The effect of time and passage number of the cell line on ‘tumour cell

foci formation was profound. The in vitro frozen section adherence assay was

used to determme the capacity of dlfferent passages of AL-2.1 and AL-31
cells to - bnnd to selected frozen sectlons A rapld reductlon in the specnflc
binding ratuo was consustently observed past the _fufteenth» passage (anure 12).

This effect is probably the result of increasing heterogeneity within the cell line.
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\ ' ,
e AL-21 %, " AL=-31 Y¢r
LABELLED CELLS , LABELLED CELLS
SECTION (LIVER sl g0 MARKS
' |  HOUR ',
B0 RPM /
ORBITAL SMAKER e |
0. s-mo’ CELLS/SECTION
200 .
u 3

|

DIP IN 1% GLUTERALDEHYDE /P8BS SOLUTION .

N Qewme COUNTER

Flgure 8

Diagramatic representatson of in vitro frozen sect|on adherence assay

R4
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" Table 8

B (9

. g
IN VITRO. FROZEN SECTION ADHERENCE ASSAY

Conditign

Cell Dose.

Rotations .
Temperature

Section Radius

. Thickness

. Serum Concentration
Cell Passage

Age of Animal

n ..
‘Maximum\ :

'\ S

: \
«  0.5-1x10% cells/well

50 rpm ¢
7°C

4
"\
N

- none
v -~
0% FCS |
1-15 e

Day 15-19 embrybs -

N

Range Tested

1x10%" = 1x107 '

0-100 rpm
4-37°C

2-7mm:

8500

© 0+10% FCS

’,YV1 =30

4

' day 15 be‘m‘bfyo‘ -1 year

.
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®
BINDING 4.0 ' s
RATIO OF .
‘AL-21/AL-31

309

. 2'0 - ) ' (o] .
. f o
1.0 o0 e
HEART LIVER ’ :
OrR . ‘ v
LUNG
Flgure 9 /

A

Ratlo of binding of AL -2. 1/AL 31 to dlfferent tissues.

A total of 9 representatlve expenments performed over 8 two month penod

The order of data pomts in -the ‘two conditions are not necessarnly matched.

e

st

. C/

61



2000

AL-21/AL=3.1= 388

P<0.00! . -

18001
AT N B
T Numsem | ‘
OF counrs

C .. sowD. | '
— ' 3 © v 000

4

4000
NUMBER

. BOUND
(LUNG)

2000

SO
" Figure 10,

'

 Representitive experiment of the ratio of AL-2.1/AL-3.1 on liver

" tissue.

kd

A2 AL-8:1 .  ALRIAL=3.I
LLIVER e

Crseve

OF COUNTS -
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—
15000 - AL-2.1/AL=3.1=3.07
: ) - .
A : . P<0.01
,/‘
— AL—~2.17AL~3.1=0.65
» T - ] -
10000 | N.S.
-
NUMBER BE
"OF COUNTS ~ i P
BOUND
soo0d l
+
; v AL-2.1 AL-3.) AL-21 AL-3.1 .
r . LVER . OVARY »

TISSUE -

Figu‘re' 11.

;'_,f.°'-f~Represent_ative '_experi‘(nent.\ of the ratio of A_L-2.1/AL-3.1 on liver and ovary

r

“tissue.’
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Q

" 4.0

RATIO OF
AL:2.1/AL-3)

R . T T
o : - PASSAGE NUMBER -

| " Figure 12 |
% Effect of ‘AL-2,1 Passage # /n vitro on

the ibzan “section ;'_.adhéurérice :assay:‘»

N
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S

"'_ "v_‘" determmants (Fugure 16)

The age of the chick ‘embryos or hatched chickens also had an effect on the

“adherence capacity of AL-2.1, The fivers of adult chickens ‘did not display any

" specific adherence of AL-2.1 cells while embryonic or newly hatched chicks did

(Figure” 13). In this context, it is interesting that adults are not susceptible . to

Marek's Disease.

H. In Vitro Carbohydrate Inhibition

The ability of certain carbohydrates to inhibit binding of AL-2.1 cells to

liver sections was measured (Figures 14,15, 16) The results obtained were in
\

good agreement with those obtalned in vivo. Whtle no mhlbmon was observed .

‘for 'aD(+) fucose, partial inhibition was obtained for a-L{) fucose and. complete

inhibition was observed for pnutrophenleD fucopyranosude fucoadan and

lactulose (Figure 14,15). The rather high - counts observed for AL-2.1 and AL-3.1"

on liver with the sugar fucoidan (Flgure 14) were perhaps the result of“

enhanced non-specxflc binding. By comparing the binding of AL-2.1 and ‘AL-3.1,

significant dlfferences ‘were - obtalned ’only in . the first two groups'
(AL-2.17/AL-3.1 alone ~ or vyith' a-D(+) fucose) The' addition ’of a*L(*) fUCose
,partually yet sngmf:cantly reduced the dlfference between the two cell lines and

the remamder of the compounds completely lnhlblted AL-2.1. so that the,‘

AL- 2 1/AL- 31 ratuo became approxumately 1:1. The inhibition obser‘ved" was not
the result of any toxic effect on AL- 21 cells by the sugars smce cells treated

with sugars and tested for vnabnhty one hqur Jlater with trypan blue ~showed ho

- cell death (data not ShOWn) lnhi‘bit'ion' of adherence was also observed ‘with‘

‘Iectnns specrflc for fucose_ but not - those specific for other »carbohydrate

s B
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AL-21/AL=34] .
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" Figure 13 . I LT T
" Effect of-age’of tissug oh - - T

o - the frozen sectson .gdhe’rvgnce'y, assay .‘ .
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10004

v

NUMSER : . AL=2.1
OF COUNTS ) : .
" BOYND TO T AL=3.1

3004

CONCENTRATION — -8 03008 8 03 008 O R R ‘ IREETE RN
tmgsmi) B T R B T Co

Flgure 14

’

lnhlbnt:on ,of in vutro frozen sectaon adherence assay Wlth carbohydrate.'

”< 005 ** p < 001 u*x p < 0001 /

Data for fucmdan at 01 and 001 mgs/ml have been reduced by a factor of

10 to fut on scale s : e SR
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’ DISCUSSION

A
A. MODELS OF ORGAN SPECIFIC METASTASIS (OSM)
/\,

) The phenomenon of OSM has been observed for over a century yet
little is known of. the precise mechanisms involved. In particular, the seed-soil
énc_i receptor~aoceptor hypotheses‘ -have been put forward to explain the
phenomenon yet heither one has beew” fully supported. or. refuted. The problem
lies in the similarities of both mechanismo since both suggest OSM. is mediated
by cell surface receptors on tumour cells. The mechanisrns differ chiefly in mq'
nature of the molecules on the t‘arget: celis heing recognized. The seed and ,.s;oir
hypothésis predicts that the molecules recognized. by the tumour cells are
factors, nutrients or signal molecules that 'perhaps induce proliferation or
invasion. These molecules are -present in the 'mﬁcroenvironment of each organ
and presumably each organ will have  varying forms or  quantities of these
molecules. On the ‘other hand, the receptor-acceptor hypothesis predicts that cell
surface determinants on the _organ are recogmzed by the tumour cell. These
determmants ‘(or acceptor molecules) may be borgan specrfuc ‘cell surface
molecules that exist in a particular _o_rrentattori\/pecullar to each organ. These two
models do not need to be mutuélIy exclu'sj‘vé'and 'sorhe e\ridehce' in favour of

this view has recently been obtained from this |aboratqry 4 | e

To differentiata and help " characterize one -of *‘m’se hypofheses

(receptor-acoeptor), -a modifigétion to the "froz_en section adh,erenco assay"\'-of ’

“Stamper and Woodruff,. (1976). and Butcher et a/ 7(1979) is rbportéd Tha

SpBCIfIC adherence of hver Sp6C|fIC AL-2.1 tumoUr cells to ‘rozen .sections of

3 hver directly supports this hypothesrs Furthermore this speclfnc adharance could\'

be mhnbrtad w:th a number of carbohydrates and Iectuns especrally those for

A Y. , 0
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fucose. |

B. AL-2.1 AND AL-3.1 TUMOUR MODEL | .

) ) F
The tumour system chosen was a naturally occuring *Marek's Pisease

2
AR

‘induced T-cell lymphoma of chickens. The cell lines were reselected from =

A
originals for ’the liver (AL-2.1) and ovaries (AL-3. 1) (Shearman and Longenecker

> ‘\4‘3
1980). These tissues were chosen because they represent the common sites of

involvement in - the natural etiology of the disease (Payne, 1972b). The
successfulness of the selections were measured by /n vivo oci bformation.
Wpile this assay was useful for liver fbci (Figure 1), no discrete foc/;i"were
formed in - ovaries and therefore this in viVéa‘ assay does not mjé;sure all

tumour-tissue interactions even when metastasis to this site is known/to occur.

in contrast to the inability of the in vivo assay to measure f0ci on the

ovaries, the Jjn vitro assay dld show slight differences of AL- 31 binding to
ovary tissue compared to AL-2.1 (Figure 11). immunological comphcatnons as @
result of using allogeneic tumour cells do not appear to play an important rore
in this model system since chick embryos which are |mmunolog|cally immature
were useo. The absence of immunolgical considerations per se in these sorts
of cell-cell ‘in't.e.raction's has been supported\ in the homing of T-cells to HEV
(Butcher -and Weissman, _1980). o ' .t A
3 :

~ C. The Frozen Section Adherence Assay : B j

ThIS assay was chosen to study OSM ’because it dlrectly measures the

-~

lbinding of cells to frozen tissue sections. In" this way, the participation of

receptor-acceptor interactions in the ‘binding of organ specuficﬁ' t‘umoUr cell lines

to partlcular frozen sectlons was shown The advantages of usmg the in vitro

frozen section adherence assay were twofold. First, as statad above it allowed

for a dlrect measuremént of the role of receptor- ac¢eptor mteractlc& in OSM

71
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by quantifying the adherence of tumour Tells to target and non-target ‘tissues.
Second, ' the assay allowed us to monitor specific interactions between the
receptor and acceptor molecules by comparing the abilities of different reagents

to inhibit adherence.

In an effort 'to employ the frozen section adherence assay, many

modifications of the system were required (Table 8). Using AL-2.1, the liver
selected cell line as the positive, and AL-3.1, which was ovary selected as the
negative cell line, a ‘hig'h’ degree of specificity ‘as‘ measured by the ratio of

these_ lines on liver frozen sections was obtained. AL-3.1 is an appropriate

control ‘in this case because it was selected from the same initial population of

cells but for a different orgah specificity (Shearman and Longenecke'r,‘ 1980).
Although the binding between AL-2.1 and‘ AL-3.1 ns ‘variable, it ;remains
'reproducible within experiments. - For example, ratios of AL-2.1 to AL;3.1 on
liver ranged. from 2 'to' 1 to greater"than‘ 5 to 1. This specific'-binding ‘alw.ays'

remained greater than the 1 to 1 ratic;_s observed for AL-2.1/AL-3.1 on tissues

dther' than liver, such as Iung or heart. It should be‘mentioned' that this assay .

was attempted mmally with fluorescently Iabeﬂed cells wuth the expectatuon it

might be possible ‘to visualize the liver structure with whnch the tumour cells

were binding (Gallatin et a/., 1983). Whule these assays were su&::ssfu] in
“terms of the. differential binding ratio obtained, it ‘was not pbs'sible to determine -

wh|ch liver cell type was being recognized by the tumour cells. Thns problem '

has since been overcome usmg a different approach (see below)

In summary then, the results pfesented'for fhe_-.vvsp_eciﬂcity of bihding‘ .ofv

‘AL'-21 celis kto- liver sections is consistant with. 'Whét' is expected for ‘the

,receptor-acceptor hypothesis. The nature .of thls assay, that is,. the 'direct,

bmdmg of cells to sectnons provndes d«rect evndence for receptor-acceptor

, - interactions in thls T-csl»l Jymphoma system. » _' Y

3
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D. iInhibition of Adherence in Vitro and U Met“astasis In ViQo

Once specific adherence between turnour cells and target tissue! could be
demonstrated, it was necessary to examine the nature of the cell surface
determinants responsible  for _ this interaction.  This was done using -}.three
approaches. First, evidence,~ existed that 'carbohydrateé in association with either
.vpropein‘ or lipid 'w“‘e‘re-‘.- involved in .celi-cell. iﬁtera‘ctions suggesting that these
molecules could be involved in tiﬂs system (Table 4).»“Second, . metabolic

inhibitors or enzymes were utilized to determine their effect on the ability of

AL-21 to metaStasize or adhere. The three reagents chosen were tunicamycin

{an* infiibitor of Nhnked glycosylatnon Duksin and Bornstein, '1977) ’ trypsin (a
. protease), and neuramlnldase (wdhich cleaves N-acetyl-neuraminic acid). The third

" and final approach ‘was to use lectin and monocional antibodies to examine how

they might affect adherence in the frozen section 'aés:ay or liver foci formation’

in vivo. Since both in vitro and in vivo assays were monitored, a clearer

understanding of the 'importang of the results could be “ascertained.

‘ A" number of carbo'hyd»r'ate‘s Were ivdehti'ﬁed‘that‘ inhibited metastasis albeit
to varying degrees. Perhaps' the most surpr_‘isihg ‘result was that the inhibitory
sugars. generally had'a_ fucose molecuie in their . structure. Moreover, the simple
| fucose molecules had to ke in a specific conformation since a-D(+) fucose gave
'no consistant . inhibition - while ﬂﬂ “fucose 'consvist'ently showed approximately
§0% inhibition (Table 4). | |

The setond approach ‘ again". fevealed éome iv?teresting informatibh because_

trypsnn pre-treatment of cells produced 100% ihhibition' in vivo. Fufthermoré

this inhibition . was reverslble smce tumour cell metastasns regain their potential’ to

metastasnze towards thelr normal Ieyels if mcubated at 37°C for 3-6 hours'

(Table 6. . .

. LI st A
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The involvement of carbohydrates was further lmpllcated by the ability of

" certain lectms to inhibit ‘O.SM in vivo and adherence in V/tro Th se lectlns
were ‘derived from ‘(_//ex europaeus , and from-. Tetragono/obus ‘. rpureas Wthh
have affinities f‘or 'L('l 'f,u.cose. As shown in ‘"Figure_4 16- and Table 5 Uléx:
binding is cOmpletely \negative on Al.-21 at -the maxlmum sensltlwty of the’
fluorescent activated cell sorter. but is posmve on the ennched endothellal

populatlon of liver: cells The lack of blndlng to AL 21 rules out the poss:blllty

that the fucose moisty ‘bound by the lectin r,eSIdes on thls cell. .l.ectnns_‘s‘peclflc,

for: other,carbohydrate‘_ﬁ,moieties had no effect t'('Flgure 16).

To rule out any effect - of the finhibition- in vi’vo‘ or - in. vitro by

non- specuflc ceII death a variety of approaches were undertaken The CAM
membrane of the chicken acﬂ as the organ for gas‘eous ‘exchange m the
embryo and is hlghly 'supplled wuth vessels and- caplllanes whlch ‘serve’ thls
purpose. “Sihce a Iarge portlon of the embryos blood supply is devoted to thls

area, ‘the extensive lnvolvement of tumour cellst m;ected I.V. lS not  too

74

' surprisin'g' Enumerating these focn serves as a good control- for - ~successful - -

) ln;ectlons and tumour cell Vlablllty Because the number of cells requlred to -

Id

.observe effects on the luver produces to

'accurately count smaller lnocula were requir! d. lr} all the data obtamed no\such
reductlon in - CAM focn was. observed betweex a
v(Table 6). The same ‘result was . observed by examlmng the growth kmetncs of

the Aumour cell Imes after treatmg them wnth sugars with and wnthout washlng
- Again, no change in growth kmetucs nor tumour cell toxictty as measured by
| trypan: blue exclusion was observed except for p-mtrophenyl-B-D fucopyranoslde
The toxncaty ln thls case was observed only in. wtro and oXer Iong tm.e

’perlods and was probably the result of toxlc metabolltes produced ' fr

- sugar collectmg in- the culture medlum Based on thése e

re‘as‘onable although not proved th_at the-,' ,eff_ects : obsarv_e'

-

hugh a densuty of CAM foci to

ed and non-treatad controls B

N
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E. THE ROLE OF 'éUc’ose N C.EL_'LUl.AR‘ |NTERACTI(V)NS '

‘incubating  AL-2.1 'ce"lls -vyith' the ‘Venzyme “trypsin: Thus prelimina_ry ‘analysis

'icells do ‘not bear the lgécose determmant recogmzed by the lectlns this

specific'. Other -investigators have also examined these potential effects and

found similar results (see below).

: . o | &
THus, the specific adherence of the liver selected AL-2.1 T-cell lymphoma
¢ ‘ ‘ :

“cell line to liver frozen sections could be specifically inhibited by a number of

different reagents. The recurring  structure of ’t‘_hese molecules (i.e. fucose

" specificity) provides the first molecular data' regarding this receptor—acceptor
-

mteractlon in thls tumour model Thls is, further supported by the data Wthh

shows dlfferentlal binding of l‘ucose ("5)-fucose-BSA) by AL-2. l but ‘not 'AL- 3 1

cells (Table 3) Furthermore the endothellal enrlched population contaln cells that

bind- thé* fucose specnflc lectm ‘which. suggests this may be the surface acceptor‘

.mole_cule. anally, v this receptor acceptor ‘interaction could be inhibited by
suggests that the lectm llke receptor is é‘ cell surface proteln Since' AL-2.1-

supports the proposal that tthe fucose contalmng molecule is on the endothellal'

cell and not -the tumour cells.

E— . - N ) Y L8
‘f\' The |mportance of fucose contammg molecules m celI cell intera
5

'sumnla \y observed in other systems Usmg the frozen sectnon adhere ce assay

x 'Stoolmal\ and Rosen (1983) have reported a group of compounc}s contalnlng -
' fucose or to ’a Iesser degree mannose that are mhnbntory in the.. homlng of
vvlymphocytes Whnle mannose was not mhnbntory in the present system fucosev
'was Furtharm\e\ thas mhlbltory effect was stereospecnflc i that a partual”“

effect was’ observed\ for a-Li) fucose but not a-D(+) fucose (Table 4)

effects

These autho;s v_'(Stoolrnan"t and'_'-Rosen,_, '_1983) : have e}xélUded' non-speclf_ic s

“the su ars. For example, they -fi‘;ound that while salt’ concentrations
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were very important for binding, the osmolarity of sugars Was not. It was also

,noted that sugars do not work by agglutinating the cells, a process ‘which

mlght lower the effect:ve concentratlon and thus ‘cause reduced cell bmdmg'

However one dlfferent charactenstlc noted. was the inhibitory effect their

. sugars “had on both cell -division. and DNA synthesis. This _effect ‘was  not
~observed’  with . ‘the tumour  .cells - in  this system~ except  for
. p- mtrophenyl B-D- fucopyranosnde Perhaps tumour cells are less sensutlve .to these

';-compounds or it may be that the concentratlons used were sufficiently Iow in

the present assay not. to have these effects For example al) fucose was

used at 150mM in their system while it was used at’ 30mM hereln

1

. Other mvestugators have also found fucose assocxated with endothehal cell
.»surfaces (Holthofer et a/ 1982) " This partncular group has reported that all o
,human endothellal cells are posmve for Ulex Iectnn binding. However they do

§ pomt out that another fucose specufuc lectm (Tetraganolobus purpureas) does not

._’detect these fucose determinants on. human endothehal cells If thls flndlng

1

,endothellal cells are fucose posmve specmc endothehal ~cells (llver in. thls case)i»
’ -have a dlfferent fucose contannmg cell surface determmant Wthh ls responslble; 4
_for OSM Both of these lectlns were capable ot mhnbmng OSM in vivo in this :

' system These results ralse some mterestmg questlons that W|II requlre further,

;nnvestngatlon lf fucose resndues are Iocated on all endothellal cells and these

_.extrapolated to othe’spec:es thls c0uld be mterprated as meanmg that ‘while all_' |
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) .’UbIQUItOUS determlnants turn out to be the acceptor molecule then how could» | - |

b

" the". tumour cell _use_ this determmant in an organ speclfnc manner? There are at'

', least two possable explanatlons 0. perhaps tumour cells use fucose blndmg to

_take themselves out of the curculatnon ‘and then use seed sonl or other__ :

receptor acceptor mteractlons to complete the metastﬂc cascade Alternately )‘_ |

the OSM receptor mlght recognnze a nﬁore complex m0|ety contammg fucose

F-‘-_",Perhaps two - forms of fucose reside on the endothellum “one forrﬁ’ of whlch is L

STERERR

.»,‘g."
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liver specific.

F. ‘Models For Receptor-ﬁ:«:ceptor Interactions

The evidence presented above regarding the nature of the receptor and

acceptor cell’ sUrface determinants has shed some light onto the * biochemical

nature - of these molecules For example the role of fucose .in the interaction

~ makes it possible . that the receptor may be lectin-like in nature. This would

certalnly ‘be consrstent wrth some other reports of lectm hke actlvnty on tumour

cells or. on: thelr normal cell counterparts. For example Schlepper Schafer et

'a/.; (1981) has isolated a lectin on the hepatocyte “that Specrfncally mteracts wnth

i galactosyl residue on the tumour cell. Whnle ‘this is the reverse of the

2y

3 sntuatnon presented here it does provrde a nlce conceptual bases for the data

presented. _Other examples : such as red blood cell sc‘évengrng is _ known to

. operate by lectin: molecules ‘on liver cells that recognnze« cryptlc anti'gens, which

'jbecome expos'ed on -aging " or - dymg cells lKoIb et a/ 1978) These lectin-like.

v'actlvrtles may be more comparable to those seen’ m embryomc cell mngratlon

but agaln are cons:stant W|th these results : ,' ‘ o f

Regardmg the . orlgun of these cellular unteractlons other' . aSpects also™

- A ]

need to be exammed ‘As pounted out garliér, the ‘system used -in th|s study

‘.‘was a Tcell Iymphoma In Ilght of the work -of Stamper and Woodruff (1976)
".:;and Butcher'et al., (1879) the ‘use of a Tcell Iymphoma in. thrs system may '
-.'have been forturtous Perhaps Ieukemlas and lymphomas have modlfled normal

v:“recogmtuon functlons into ones that. allow for OSM. . Smce thls specnflc hommg |

vn’mechannsm “.does . not apply to adherent adult cells sohd tumours may have

:evolved qulte umque mechamsms A true comparlson can be attempted only

'wh_en the .cell surface determman&s |nvo_l_ve_d .'" solld ,tumour metastasrs are



7 the receptor for a specnflc organ is often »"lnduced" ,' or_,

In this regard, the information presen'ted tn this thesis has provided two
|mportant _steps in the “elucidation of the complex mechamsms of organ Specmc
metastasis. Whlle evndence in favour of receptor mednated OSM had been
provided by the work of Shearman and Longenecker (1981), thrs data .did not
pr0\;|de the exact mechamsms of tumour cell-target tissue mteractnons Wlth the |
‘development of the frozen Sectnon adherence assay it has now been shown
that |) receptor- acceptor interactions are mvolved in OSM Ain the MD'derlved T
cell lymphoma model system used. Furthermore, u) the assay has provuded the"
means to examine some aspects of the- nature of thls—receptor acceptor
- interaction, -partlcularly ‘the role .of fucose Wlth the ald of fucose or- Iectl_n
4'cotumns, it ihfould be possrble to purfly and charactenze the mtegral ce’tI‘

-surface molecules involved.

-G. The Evolution Of OSM . B "'. e
In this' study,  there was no attempt ’ examrne the ’underlying L
mechamsms of OSM that is 'y certam tumours reproddcnbly colomze the SRR
L SRR IS
. same organs Whether OSM occurs by the seed ’?nd sorl o‘r receptor-acceptor.'_ R

-hypotheS|s no clear understandmg presently exnstssrfor ‘the: _'mechamsm by whach;.y.f . -

3 ‘_xpressed" m Qne":i'."f:' ’
tumour cell type and’ yet ‘a dlfferent target Qrgan receptor ts Qanerate d for'-
: another tumour cell type Is there somethmg about the mechamsm df the el

' mahgnant transfor'_ ‘troy tﬁbt; rdp?p",ucnbly tnggers the exprassmn of a part»cular

receptor7 Is. ‘t"‘ ‘,tam mahgnant cell types have cell surface

determmants that cIOsehp resemble the receptor requnred to recogmze an organ

fthat the ‘non- mahgnant counterpart would not nOrmauy encounter? Perhaps the S
recent explosuon m the hterature on the assocatnon of oncogenes wrth mallgnant R

’-f.j_transformatron quI proV|de some rnsnght u’ﬂ'o these questlons
e 5o '
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H. SUMMARY

A T-cell lymphoma with organ specific metastasis in vivo to the liver
‘was selected. Usir\g a modified /n vitro frozen section adherence assay, this
cell line: (‘AL-2.1)'~b‘ound pre‘ferentially to liver f‘rozen' sectjdﬁs_ compared -to a
non-liv'er' selected cell line (AL-3.1). This specific adherence ef AL-2.1 provides
direct evidence ifor receptor-acceptor interactions  in -this  model  system.
F_urthermore, a r\uﬁwber of reagents' including LF;)_ fucose,v \,e-.r\iitropheny»l
-B-D-fucopyrenoside Iactulose and fucondan could inhibit both OSM in vivo and
adherence 1n vitro. A rstudy of the cell ‘surfaces of enrlched Irver parenchymal‘
and" endofhellal ceHs ¥ using Iectms has shown “the emstance of fucose \ or

fut:ps@ Irke determmants on the endothehal enruched ceII surface Further to\thus

123)- fucose BSA was found to bind: AL 21 cells (putatrve receptor) greater than

AL-3.,1, (putative a‘cceptor) and ﬂ_us\dlfferentaal'-bmdm‘g was . trypsin sensmve, 7
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