
Melhod' for E......unlll.'.. O(ClI<m><alllljuf)" H......., an4 N""·bu"'"" ...... an4 Ewo)u=I
E.<boal l>y V, 8 Vn.k. G C 8.01«, D G HneI ..... D B l'ukan
1; 19I1SCOn

Comparability of in vitro and in vivo
Systems for Carcinogenesis Evaluations
in Different Species, Tissues and Cells

Umberto Saffioni

ABSTRACT

Mechamsms of ""r(:inoK~.S\Slpp<:arto be C<lmpln lnd multifactorial, Wid.
quahtativ. and quanlilativ. "arialion> arc kno"'n for th••ffocl< of ,nd"'idual
carcinOi.n, in ,'i"" in ditf....nt lari.t ",,11•• orpn' and 'p<C1". Th<:...fof<.
quantllali.'. corr.lalion, of 1M tumour Incid<ntt indUC<d by a carc,"o,.n on a
sP«"fic in ri,.o U>rVt ""h 1M mulls ofa &>\It'n in ,.i"o test may be ofqlltltionabl.
vn.ral .'al"., 111< d.tocu>bility thr.,hold for a ii.'.n .ndpoint. In .""h bi<»'lla)"
$)"lOtmt in dro Or in ri"o. i. d.p"n<knl on up<rim.ntai condiuon, and i'
complicalod by concurrent factors. Mark..... of carcinogon int.raclion, with
la"<1 ",,1110 af< n..dod. Much progr.... hal .-.a:ntly b<'<n mad.. In studyini tM
.ff":ll of car(:,"og.n, direclly on human larget ""lIs

BI<».llaY' for nroplaslic transformation of mammalian coil' in cultur. have
b<'<n <k.'.lopW both for tlbr"bwt;c and .plthdial ""lb. but fUrlh., chataeteriz.
ah"n ofthe>t 'y".m, i. n..dod to Int.rpr<tll><" KSpon.e quantitativ.ly, R=nl
method. of DNA Iransf..:tion for Ih. invOlI;p,ion of Inducod i.n. chanaeo
in.'olvw in Iran'formation rnah ".e of a hiJltly ",1<CIod. abnormal. an..,ploid
coli hn. (NIH IT); lI><rtfort .Xlrt"'" cautIon i, n..dw ,n thr" int.op",talion.
Stud.., arc in proll..... in a sequ.ntiall)' ...Ialw "'ri<' ofbioloiical mod.l, hnbni
orpn. lin". and ""Uular «.pon",s.

I Il'o'TROOUCTION

Conllnuou, p"'V'" in .....arch on care,nogon.... and In 1M d..••lopmcnt of
bloloiical models for Itsltudy. bolh In rio.., and ,n IlOla,c<! 1IOS.... altd coU. \n
cultu.. , ,uU.'" th. n«d for frequent ....icws of tho crit.na for ..Iimating
human canccr n.k On tho basis of••p<rim<:ntal studi.s, Eat.n".'.....i.",s of tM
cum-nt SClClllltic ba«s for luch .\-aluauoM "'cre oondUCtW in rt(:(nt yeaf'i and
many crilical probkms Invol,"" in tl>< compari",n of blological.ff":ll oo;ur·
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rinll in diffmnt blolollkal SYltmll .'ere discus>ed (lRLG, 19~: OSHA, 1980;
Saffioni, 19S03.,b, 1983a,b,c), Human ca"""r ris~ a>s(Ssmenl from appropnaie
data in animal b'oa....l .y.tml' "'a, co""idered to be JIOS"ble in qualnatove
lem" bUI usually "try d,llkult or imposs,ble ,n p'IXi~ quantltati,'e lenu,.

Recent ",vie''''', by Purc~ (1980 and thi' "olume) ba"e emphas",ed the
lack of "'hable quanti tat,,.. correia lion. found \n ,nterspecies compansons
of carcinogenicity and in lhe comparison of mutagenicily w,lh in ,'i"<J carc,no­
genIC,ty.

The present d,scuss,on 's add~sed to the problem ofcomparing in t'l/ro and in
t'ito .)'Stem., and panicularly tbe r..ponse to carcinollens obsc"-ed on tarll"t
tissue. of the human population and that obsc"-ed in the tiMu.. ofexperimental
anunals. both in ,'i,'o and in cultu",. Th,s problem has mouvared a ",sn",h
approach in our laborator)' aimed at comporati"e .tudi.. on the Interaction of
ditTe",nt carcinose"" connIXting molIXular. cellular. lissue, organ and "hole
orpni.m \c'·el•.

2 MULTIFACTORIAL CAUSES AND MECHANIS:-IS
IN CARCINOGENESIS

locrcasing attention needs to be dirCCled to Ihe interplay of manl ditTe""'t
faetors in the cau>ation ofcancers in human population" Pnctical1y all ca"""rs
ari~ in individuals "ho !Ia"e l>«n atTIXred by SC"eral d,tT...nt causati.-e faC10ri;
It " therefo'" difficult and often imJlO'sible 10 identifl', accuratell' and separately,
Ihe contributinl! role of each faclor cons'dered by it~lf.

A mullifaclorial model has l>«n recently proposed (Saffioni, 1983a.c) Ibal
SU""tS consideration of se"eral ca'cgo".. of factOriln Canetr causallon, The
contribution of ienetic factori, nutritional faetori and of un~no"'n factors
.bould be accoumed for ,,'hen evaluating the causat'on of all d,nically
manifesled canceri, Phy,ical faCIOri, inbaled all"nlS and d,elary and other
en'"ironmental contaminams a", pan of the e"JIO'u'e hiStory of practically' all
cancer ca... bUI a", h~ely to ha,.. a causam'e role only in a fraclion of case•.
Occupational factors, non-genctlC hormonal and se"ual [actOri and onfCCliou,
asent. arc present ooll' in the hi.tory of a ponion of all cancer case< and. "'ithin
that ponion, arc causally on"oh-ed only ,n a smaller fraclion, The lotal ,um of
Ih... o\'Crlapp,ngcatesorie, offacto" add' up to SC'.... llim.. 100 ~'~, and ifeach
ca,egory of faCiors " further subdivid«l ,nto mdi",dual [actori or ,ingle agent.,
lhe total.llm of Ibe rele"ant percenta&<> "'"ill incrca.. "'eU abo"e 1000 ~,•. ln other
"'o'ds, each ~anetr "ill be relatc<l 10 ~...ral coocurnng causati"e factors,

An open..,nded sen.. of quanUlati>'e combination' of tbcsc ditTerenl faciO"
can be visual!Ud by considenna miOlmal ioc=nlS of each faciO', ~omb,nc<l

"'tb the "'hole raniC of values for each of tbe olber factori. If ailibe factori
oomb,ne 10iCther to p.od""", a 'OtaletTecl ,nt'inl1wmally close 10 Ibele"el needc<l
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fo' a d.tec,abl. manif..talion of ca~r """u,re~ in a populalion, then an
infinit..imal i""rem.nt in any singl. fac'or can put lhe total .fTecl abo,.. Ih.
dOleclion 10.,;.1. Converxly, ,n a ,"wotion .. h.re the total causali,'. 'bu,d.n' i.
above the dOlmion Ie,'.l for a ca~, but relali,'.lycloso to II, the decre"", ohny
single factor rna}' low., ,h. to'al efTec' bolow th. delection 1.,'.1,

The exi>tence of ,yn«,;.lic combinations offactors saueSl. lhal some factors
play" proponionall}' grut.' role 'han expecu;d from l!leir relali". amounts. so
tbt ~ll ",crements or decrements rna}' significantly comnbu'. to d.'.nmn,n,
the tOlal .fTec'.

The ident,ficalion of individwol ca,cinogenic agents and the study of
ca",inogen.. effects pur>ued ,n labo....tol'}' model,;n ";"0 aDd iJt ,'ilr~ as ..·.U a' by
method. of buman patbology and epid.m,ology were almost .Iways based on
>ludi "'l1h smgle compounds, 'sola'ed f'om lhe" real"tlC inte'action "'ilh a
wide nge ofother fa.lOr>, NOI .urpri,ini!Y, the resullS oftb..., 'tudi.. point to
a "'ide "ariabilily of quamilati,'e effecls of single ag.ms m a ""nety of tesl
condillon" In diff.rent .pecies and ,n dlfTerent buman subjects

Mechani.m, ofcarcinogene,is, p;lni<:ularly if induced by e,ogenou, ch.mlCal
agcnlS. 'r. com pIC' an<! app<a' to mclude many Sleps. each 'Ub}e<:l to "ariable
biological regulalory mechanisms. An ini,i.1 sen... of ".ps concems lhe e"enlS
preceding lhe cnlical interaclion bol..'een .arcinogens .nd t.rge' cells, and
includes: pen.lration oflhe c"",mogen in,o the organ"m: tlS,ue d"lribution and
I<'lent,on: penetr.lion lh,oup ceUul.r on<! nucleor membr.n..: metabol'"
activolion and dOlO,,,,olion; inl.raelion ""lh ',onoOS ligandS and w,lb targe'
mac'omolecule<, damage 10 ,pecific informalional molecul.. and the repair.
misrepa" Or fiQlion of ,he" specific alterat,ons. A second series of steps is
,n\'ol\'ed in lhe actual "'labli,hmenl of a neoplastIC tran.formed stal. in the
taTgel cen" an<! may requue fiQIJon of DNA changes at 'be SIte of one 0'
possibly ",".ral co""urring genes, lheir lransc,iplion and tran.lation, and lhe
syn'h...is of specific gene products, in the pr=nce of p<rmi"i.. q>igeneuc
condilion', A subsequ.nl ",ri... of ".p' i. needed for the .,pression of 0
t....Mfo'me<! "at. as a di.gnosable neoplasm. ,,,,,Iud,ng replicalion of tbe
transformed cells, controlled gro"'lb of transformed cells during lh. 'latent
p<riod', g,owlh into. lumour mass, ,nvasion .nd metasta.is, Diff=nt
camnogens, cofactors and host faclors "ariously affect .ach of lhese diff.rent
Sl.p', Selection of largel orpn< and target cell types for a camn",.n", .....ponse
also app<ars 10 depend on ""......1 facIOr>, such a, rout... of eapo,ure. ,pecific
mecbanlSm, ofcertain <ar<JODiens, .omb,nal;ons ..-jth certam .ofaclors, growlh
ra,. and nu'nllonal Slat. of lhe targel tI..u.... age. bormonal condilion' and
olher factors. It IS lherefol<' often obs¢,,-ed thaI lhoc 'arget orpns and largel cell
lypes responding 10 carcinogens vary considerably f,om 'pec,... 10 .pec'C'S and
underdiflh.nl biological condilion,. making il difficult 10 predicl lbe response in
a p,'.n human targel organ only on tt\( ba~5 of It\( ,t5ponst Ob$tr\'M ,n
eaperimental animal',
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J PROBLDlS IN [VALUATING THE EFFECTS Of
SINGL.E CARCI:-;OGENS

MOSI t1f lhc C"idencc plcsenlly a'-ail.ble en chcmlcal car<:inogens and lMir
bioloiical cff""" is deli,-ed from cxpelim.nlal "udi.. of Indl\'idual carcinosc",
In animal m~1 lyStcm" Thc carcinoscn..is lileralurc she"'1 lhal a lars.
number of car<:inogcn, are reported 10 IDd""" d,ff...nl .ff""ll ;n di>-c~

biolog;cal 'y'SICms. bolh in lcrmS of lalget ,;IC aDd in Icrms ofquantilati>-c 1C"cl
ofthr cff""!. In cxperimcnlal animal studi.., w,de response d,ff...nces art kno"'n
10 occur a, a result of diffcrcncc. in 'P"C'CS. maIn. sex, agc. diet and olhcr
,-ariablcs.

3.\ T"gt! Sll..

The largel sitc rna}' be Influenced by many diffcrent m""hani.m,. so,"" direclly
relaled lecar<:inogcn lran'port and locahzalion. and "''"'' to lilluc diffcre""'" in
mClabolic acl;',,"on Thele ar~ many ..ampl.. ofcarcin"lcns lhal ha>'c a broad
SP"Clrum oflargrllillue, if l..led in a sullic,cntly ",-ide range ofb,olog>cal model
1}'SlCmS or in an approprialely sensili,'c smglc ,yslem, An cxamplc i' gi>'en by Ihc
dlrcclly aetini car<:inogen ethylnilrOS<lurea "'hose larget or,.n di"ribut,on i'
markedly mod,fied by hOSl faclors 'ueh a'Stram, sex and age (V..selinO\1\Ch CI
111.. 1974. 1977), Clearly tarsel lillue ",ICClion depend, on a complex of
su>coplibihly faciO" whICh is nOI hmlled 10 1,'SU' d,ffere""'" in metabolic
aclt"allon.

Quant,,,,",,, asP"C" ofcarc,nogenIC ""pon... art, lMr.fort, cond,uoned by
var;al;o", in lariet Slle. Some organ. appear pronc Ie dC'-clop a multIplicity of
tumou" (for example. skin lumours and pulmonary adenomas 10 m,ce) wh;le
OIMrs r..pond mOSII)' w;lh a smslc lumOur, The biolop.al nature of respon...
",'.n wilh,n lhe ...me I"'ue, can be dl\'e~ (for example, degree ofmahgnancy.
in>"sien. <>ell d,ffertn"a"on) and Ihr'" d,fferenoes are usually nOI ae<:oumed for
In malhemal....1model' for rill: ..l,mauon. An anempl "'a, r""enlly made by
Squire (19SI) 10 Intreduce conslderalion of qualitalivel)' d,ffertnl facIO", .ach
evalualed by rough quanlllauve ,nd",",ors, in a matn. to b<: used in rankini
calc;nogene.i. bioasla)' ....ults. The proposed numcrical indices. ho"'c"er. art
arb"rary and depend more on lbe sel",,"on ofb,oa....y mooelslhan on intr;n,i<
properties of lhe Ie" compound.

A ,poc,lk problem concerns lhr corrtla"on of Ihe 1..,.ls of acli"")" of
carcinogen. in differenl biolog>cal 'y,.tem., "'here lhe c.arcinoienlC effect. may be
expressed by lumoUrs ef .ubsianli<llly differtnl bJolog",alln"" S""h differenl
respome. range from lumeu, Iype'lhal 1Ia>-c a hij!h degree of ind""ibilily but
also a high incidence ,n Unlrtale<! control. (for example, luns adenoma, In ,Iraln
A mice) to tumourslhal rna}' be induced enly under certain lesl condilion. 01 by
..I""te<! c.arc,",,&<ns bUl '" hich are nol found 10 occur significantly ,n unlreated
control' (for example, bronchial car<:inoma in llam"e... oe:sopha&<al car<:inoma
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in "I.\s). An Ind.x has boen propos«! for quanlilali," estllmU>on ofcarc,nosenic
aClmly of diff.",n' ch.mical. based on the 1.....1 of chromc carcinogen
admlnimalion in the diet that "'ould caus< a cancer r.spons< m SO~~ of 'reated
anilrulls (M...lson and RU5s<11. 19771. S""h a gross index appears '0 provide no
qualilati"e dislincuon bell.·..n a 50 ~.Incu:l.nce oflUmoUl"< ..·hich a.. very casil}
mdUCIble soch as pulmonary adenomas in mice, and a 50 ~-. incu:lence of~rtain
unu.ual tumours such as nasal ca"lIy carcinomas. panc..a'ic carcinomas or
colonic adenocarcinomas. "'hich "'prcscnt a highly remarkable hiolo,;cal
respon...

These qualilative differellCC$ in the Iypc$ of lumou" Ind~ a", nol only
",Iated 10 'heir frequency. bu, also 10 Iheir degr.. of malignancy. a property
"'hich is p...."'ly hard 10 ...'aluat. objectively and ,,·.n harder '0 cor..la .. 10 a
partIcular Slngl. cau..,i,'e factor. Mos' benIgn tumour types can be induced
experimenlally by the ..me agems that also ind.... malignan'''es, .hhoug.h
",",na,n ,wO-Slase model. of tumour Induction usinll classic promo,ing aien"
...m to induce a respons< mos,ly limited 10 bemgn,umours Iha, "nen ..gress.

Th. fact lhal Ih.", are marked quali,ative difference' in the ""pon.. t"
carcinoiens in diffe..nl spe<:;es and Slrains appears part"'ularly nOle",orthy
"'hen conlras,ed wilh lhe quanlilali'......ponses oblained in spe<:iahzed Ur ,'U,o
s)'$lems (for example, mu'agt:ne»S and ,,"oplas';,; cell transformatIon ofpnmary
emh!}'o cell' or of established cen lines) which do nol ll"" a qualilati"ely
modulaled respon.., Single quan\ltali~ respon.. ,-alues "btain«! in standard.
ized ;., 1';"0 ,eslS for a g"..n compound canno"he..fore be .xpec'ed '0 co...-.lat.
"'lh each of Ihe responses oblained in a ranse of;., c"co bio;tssay models,

3.2 Lovel. of Elfe<:!' nr..bolds of D<1e<:I.bilily

Other problems are encountered ..'h.n conSld.nnll!lt quanlilatlv. kvels elfecl
In any observed populalion, ,,'hether a human population In ep;demiological
'lud,es or an animal populahon m upenm<nlal studIes, th.re is indeed a dear
lhr.shold to be considered; nol the elus;,.. do.. lhmhold for the effect. "'hich has
been so n,nly pursued, but [he del<l:tabihty Ih[eshold of ,he bIoassay sys'em.
,,'hich limi.. our ability '0 obse"'e an eff<:c' wh"'h IS below a ",",rtain level

Dc'<:ctahility ofcarcInogenic .ffecls depend. on experimental design (such as
lhe size of leSI and oontrol groups). compelinl ri.ks, deplh and ex'ent of
palhololical observa'ion (for .xampk, gross diainosis. microscopic diagnosis
on sin&!< or ..rial _lion.) and on me,hod. for Stalistlcal anal}'SIS, Ho...-........
del<:ctahility can be markedly altered by Concurrenl factors...'heth.. fOMUi,ous
or controlled by Ihe sludy des'in, The rol. ofCOnCurrenl facton contributinglo
the .uocepllblhly of an obscr\'ed population can include senet'" and other
heri'able f&Ctors. as ....II as a .'anely of acquired f&C'ors. lbe muhi,lId. of
acquired exposu," faclOrs mak~ the human popUlalions .'n)' dlf&ult 10
characterize for purposes of risk a'....""'nl.
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h has 'ottn often rttom"",nded that the Ie,..l of .!fecl of carcinog.n, 'hould be
('<timated alth. targ.t cell. While theor.ticall)' imponant. this estimation i' .Iill
fraullbt "',Ib dIfficulties. ranllJng from tbose ."Count.red In d.finlng tbe tarll"t
"",11 popul.oli<>n to tho.. in"oh-ed in tb. m.asurements of do.. in tbe tarS.t cell.

Th. difficulties encount.red in att.mptina toest,mate carcinoaenic ri'l<s aCrOU
.peci('< ha,...mpbasized lb. need for more ....arcb on comparativ. me<:hanilm.
ofcarcinoa.nesisand on m.tbodofor .valuallng targ.t tis,u••!fecls, A veat d.al
ofprosr.u has 'ottn mad. in tbi.dirttlion in the lut docade. but much "'ork is
.Iin nttded '0 define tbe conditions under "'hich a rehabl••stimat;on of
carcinoll"nic ri.k can be mad. from the int.raction of carcinog.n. with tarset
cell. or from tbe llud}' of specific "",nular responses to can:'illOi\Cns. ~ni<"ul.orly

neoplastic transformation of cells in culture,

".1 Cellal.. M..hrs or Clrdn",enk: I:Ifocls

Some oftbe quantitali,,,,nteractiooIOfcarcinoa"ns wllh taTll'" lissues hav" 'ottn
mea,ured by a , ...riet)' of m.thod. and tb.....ulting "",asurements M,.. 'ottn
dil<'ussed as mdices of possibl" value in the process of comporati"" ri'k
a.....ment. The fol)o""ng del.nmnalionl are among the mQSlCommon Indices
thaI ha"" betn used to charact.rize the .usceptibility of tarset tissues to
carcinogens: metabohc activation of carcinogens try ,h. IlISne and rat. of
fOll\lation ofspecfic proxlmat. or ultimat" camnna.n", metaboln"" blndmS of
carcinogen. or Ib.ir m"tabolites 10 ta".t "",Us. ponicularly to th.i, DNA. RNA
and prOtems; formalion of .pect& carcinoll"n-DNA adducts In tari\CI ti"ues;
DNA ...pair.

These mark... provlde measurable charact"nsn., thaI may becom" u..ful
components of lhe spectrum of data tMt are needed to reach a m.aningful
.,...Iuat;on of critical .pecies d,ff.r....... Each of Ihese measurable cha...,,­
lenil":'. how"""r, rep.....nt' only a st.p in the compl.x multist.p process of
can:'inog.nesis. Marked vanabilit)' is found In the quanlitalion of lbe«:
charact.ristics from tissue to t;"ue and under ',,,;ons .xperimental condition•.
Th•...ror. the" quannta,",'" values. d"t.rmlned In ..lected condltlon•. need to be
Intcrpre1ed "'ith greal caution as i\Cneral indices of lb. activity of. carcinog.n.
At the present stat. ofOur knowled,., non" or these measu..........nl. is .ufficit:nt ••
a single ind.x of tb" blologicall.,'.l of activity of a c.arclnoi\Cn.

An imponant contribulion ""as recentl)' provided try lb. de>'.lopment of
methods for the maint.nance of buman oraan uplllnts and cell, in culture
(Harri. eI at.. 1980), Th... m.tbod. mad. it possible to ;nvestiaat••,perim.~·
tally tl>e dIrect ,nlerat"on or carclOOllens ""h buman tar,.t ""'lb. including
.pithelia, the major tar~t for human carcinOll.nesi•• sueh a. tl>e .plth.ha of tl>e
br¢ncbus. colon. pancreas. mammary gland. oe:sopbasus, bladd.r, and uterine
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mucou. A considerable body of dJu has already llCC\Imulaled on lhe
meUu,emenl of marke'" of carclnogw mlerac,ion \n human ceU..

AtlhlSllme. two major lleneralizalion, are sUllgeSled by comparative Sludi..
on carcinogen metaboli'm and imerac';on, In human and anlmallissu..:

(I) lhere is a dose qualilati"e !'milanty belW«n human and animal re-spon..
panems bUl there are al... quanlllali"" species and strain differences; and

(2) human populal;on! pre..nl ""de 'nlee·ind,vidual varialions in the quantilat-
,,'e re'pon...

The ranll" of individual varialion "'''s often found 10 be about ll)O.fold. Since the
quantnal,,'e variation of response amonll d,fferent annnal species and strains
oflen al... spans 'wo orders of mallnitude. a quanmali"e wITelation bet,,'..n a
panicular leI of experimental condilion' and a par!lcular ll'oup of human
subject< may easily be supposed 10 be as "ide a, three or four orders of
mall"itude, This ,,'ide variability ranll" limits lhe possibilily' of eslimating
quanlllau'. d,ff.ren,," In ,h.Ie,'.1 ofactlvily anobuled to differ.nl ca",mogens.

4.2 Neoplasdc Tr....fofllLl.lIOil of Cells I. Cullure

Wilh 'he es'abh'hment of method, for the ,nductlon of ncoplaSlte lran,form.
al;On of mammalian ~ns in culture. a new phase began in the invesliplion of
mechanisms of camn",enesi. al the cellular Itvel. Rapid advancu are now
takIng place In thIS area of ~arcinogenesisre..arch. indudinll innial .uecess in the
lran,formalion ofcertam homan ""II, in ~ulture by chem;e,,1 or phy,ioca.l agcnts.

Methods that are curreml) employ'ed for transformalion bioas",ys make u..
of rodenl cell. and lwo main lypes of a....~ procedures: pnmary cell cultures
d"""ed from "holt embryos. of which 'he main model i' the Syrian hamster
embryo """ syslem (Berwald and Sachs. 19M) and fibroblaslic .mbryo cenlines
selecled for vowth propenies and ,usceptibility '0 induced transformation. The
be>l established fibroblastic cell line model' are Ihose d"""ed from mbred mouse
slrains. i.e. lhe C3HIIOTI '2 cell line (Rmt;koff 0' aJ" 1973) and lbe ceUbn..
den'-ed from lbe BALB 3Tl done .0.31 (Kakunap. 1973; KUunapand Crow.
1980; Si"ak n ai" 1980; Cort", 01 aI.• 1983). Bolh oflhese are hiahly selteted.
aneuplo,d cell lin.. and lhey ar. capable of ,ponlaneou,ly expre-s,ina neophmic
tran,formalion. especially if further passaged in cultur•. Another ..lected
fibrnbla>lK: ceUline uotd for tran.formalion "udles IS lhe BHK 21 done 13.•
diploid line "'hich can be lransformed by ca",in<>gens. in"olving a recessi""
mUlalional mechani'm (di May'orca tI ~I.. 1973; Bouck and di Mayorca. 1976.
1980.1982; Slyles. 1981). TheC3H IOTI!2.lhe BALB 3T3 done .0.31 and the
BHK 21 done 13 'ystems ha,.. each been tested with a broad ranll' of
(;ll/C]n<>g(ns. The respon,i'..ness ofth..., 'ystem, '''ries for different carc,nollC'U.
Specific culmre and upt>Sure rondmon! may inlluence the respomc. and
panicularl~ its quanti'aliv. aspects. Olher lransformalion model. ha"" beeo
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d.mlopcd fOf cpnhe1iall;Clb. il)l;lud.ing ralli\"tf Ctlb (Wiliiarm,1 al.. 1913) and
mou.. epidermal cell~ (Colburn <I <11.• 1978: KUltsz·Marlin "<11.. 1980).

The curr.nl d....lopm.nl. In lhe method. for epilhelial cell tran'formatlon.
1I>eluding mClhod, ba..d on both the uSC of pnmarJ .pithelial cell culturfl and
on th. dev.lopment of epithelial cell lines. suggest that a broader battery of
lransformation models will soon become a'·allable. So far ,he epuhehal
tramformation .~".m,ha,'. not been in""'ligated eXlensivel~enough to be used
a. bioassay "'reenrng models for a broad ."""trum of carclno~n~

It is dIfficult to in,erpret lhe bioassays for neopla'lic celilransformation, in
any of the .),.lem. u..d 50 far. in companson wllh quahtahvel)' d,ff.rwt
carcinogenic .ffects;" "''''0, The mechani.ms required to induce the exprfl,ion of
transformation in thetarge' cell' in cultur. are no, necessarily th. sam. that are
reqUIred to eon"ert cell' under normal;" ";l"0 condiliom all Ihe way to a
~opla'lic cell population. The mechanISm. ofneoplastic tran.format,on ofc.lIs
in cullur. suggest a mullifactorial ortgin of lhe neoplastic 'ta,e, even at lhe
cellular level, where gene"c changes In lh. larg.t <:t11, are ,uperimpos.ed with
lhose induced by e,"genou. carcinogens and modulated by nUlnlional. gro" th,
r.gulalory and other faclOrs (for e,ample, ..rum k,"¢I. c.lI density. relinoids),
The multifac'orial mechanISm appears further e'lended by the po,~iblhly of
,~nergistlC .ITeca of concurrent ..posurcs to diff.unt carcmOllen,. as .uggesled
by preilmlnary rflu!t, recently oblained in cell transformation ••penm.nt' in lhe
course of our studies on combIned .ITec.. of carclnog.n, (unpubli,hed obscr·
"atlon~).

4.3 DNA Trusfectloo and Idullflcalion of AIl.rtd C....

A ,·.ry recent and ..citmg research approach m chemical carcinOll.nesis ..
represented by Ihe apphcatlon of DNA tran'feclion techniques Ihat allow the
tran.fer of DNA from eh.mlcally transformed cells into recipient ccU~ capable of
expre,sing neoplastic transformalion (W.mberg. 1992). Allered gen.. lhat Can
induce such transformation ha"e rcecntl)' been identified in human tumours
(Parada n al.. 1992: Pulciani el <11,1982).

Work in our laboratory i. now addu..ing queslion••uch a~ "h.,h.r differenl
carcinogen, affecl the ..me or d,ff.ren, genes in Ihe ..me target cell~. and
w'helher diffeunl ~nes may be affecled in the ..me or In d,ff.rent cell. by the
..me carcinogens, If different carclnog.n, are found to affect different genes. it
WIll be possible to in"esligate molecular condItIons lhal determine .ynergislic
interaclion. and explor. lh. molecular ba'i' of mullifactonal carcmoaene,i,.

E"um. caution. how'",'er. is needed here in th. lnlerputalion of lhe.. new
find,ngs based on DNA transfect,on methods, A, tbe recipi.nt ~II for <!etecting
the e~pression of tran.formation. the toOIH 3D cell hnc (Jainehill el al.. 1969).
<!em'ed from NIH Swi.. mou>c embrJo cell.. i' now generally used, This is an



C"""""ahilily of in ei/To and in eico Sy","" 243

aneuilioid cell hn•. prone to lran,formalion and .ap.obl. of e~J>l'C',inl l~

lran,formlng effecl of lransfeclN DNA. only und.r .pecial .ultu'" condllion•.
In olher ....ord., th. Fnel" informalion b,oUlh, by ,h. lran.feeled DNA
lequ,nce into l~se ....ill'enl ",US I~ far from having been 'ho"" 10 be <ap.obl. of
<nnHrunl a nonnal cell to a cancer celL The """Il,ent cell. are already "'ell
advanced lowa,d a ""oJ'l..,,c Ilh.nolype and lhe Iran,f...«1 DNA appears 10

p,ovide a 'comlll",ini 5lq>' in lhe complex sen~ of .han,.. IOvol"«l in Ihe
Ilrocess of lran,formalion,

5 A RESEARCH APPROACH: CARCINOGENESIS STUDIES
IN A SEQUENCE or BIOLOGICAL MODELS UNKING

MOLECULAR, CELLULAR AND ORGAN LEVELS

There i. a fundamenlal need 10 rela .. the pr",,~. of.arcinogen••is to lhe slle<,fi•
•hara<;teri~t'" oflhe \ISS,," and cell~ from ....hich the tndue<d lumours origina..,
Expenmental ohemocal comnogenes" .. llle resull of .hmucal and bioloJlCaI
inter"lion. re,ullinl in p.otholol..al re'JlOnses lhal ar, 'llH.al of l~ different
hssues and oell~ of orii'n, Human .ancer i' .haracterized by a similarly ....id.
vanOly of Il"lhologocal resllOnSt Il"nern~.

In order 10 correlat. mechanl~m~ofcorcinolen~l~Invesllgal«l al Ih. cellular
and molecularl...,.l with lheoorr..pondinaevenl< in liosu.sand organ. in animal
and human organism~, il i' imponant to connect diff.renll.....I. of obser."lion.
An approa<h Ihal i~ Il"n"ularly IlrOmlSIOI,n Ihis respeel .onSI~I~ of lhe stlldy
of intera.tion, of carcinogen, in a Stries of biological .y't.m, of illCreasing
comlll,xll~. bUl fa"ly olosely retaIN 10 ...h olher in a 't<J>'by~..p oequ.nce
linbnltogether lhe r..ponSt mechani'm. from Ih. ,ubcellular to the ofgam~m"
lev-eh. A ~ui,"bk lequenc< of b'olol,.al taraOlS fOT correla1l\'. ~llld ... on lhe
r"llOnse 10 caT<:inOllen~ mu", 'epreStn' ItepwiSt .onnec,ion, linklnl ma..omol_
<Clliar U"Ft., unicellular tarFt' in controlled m"r<>environm.nts, organIzed
cell 'y'tem, and targ.t Ii",," In ""llure and in eiro. and finally orpn, and "holo
Organl~m', induding nol only mod.ls of ammal p.o'hology but 01"" human
pathololY. Such an approa.h rtqUlfOS lhe de....lopment of a range of biolo....l
mod.l, relaled to ea<:h olher aod ul"matoly to human o:anoer palholotY
(Saffiol". 1983a,b.c). A Ireal deal of progress has occurred 10 Ihi' d,...,.lion in the
p.o.t 1...·0 decades through major adnnces in .xperimental pathololY.•dl
biology and bi",,~mi'try Our laboralory has ofi.n conlribulN 10 l~
adnnces.

By contInued ,y'temalic .omparalive Studies on lhe mechanl~ms of action of
"T<:inolen~ in t~ int.rronnected .yslem., it i. hoped lhal • much more
meantnJful comparallv.......Iuation ...ill bc<:ome JlOSsiblo bel......n the .ff...s of
..rcinogen, on human ,Uhj¢cIS and Ihose in various test s\,stems in tiro and in
dtro.
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