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ca rcinoenb[}'onic antigen (Cl'A):. a humn tlJlfOj-associated marker for

. many epithelial tUllOrs, has been- well....charact.erized imnunol~iCallY and

structurally trot i ts bio logical funcUon (s ) · remains a mystery. The

objectives of t hi s investigation were to produce inte!5Pecific Somatic

cell ~dds t~"<'human co}oreCrt al , CFA exp"'~s~ ret1ng , cane:,

c~ lines (I,Sl 74T, SKCOl ana~9) and neuse cell ~ines nm., ·SP2/ 0,

RAG, PG19 and 'SIC ) . and-to charecterfae the resultant hyb~lds f~,r CEA

~~p[eSSion/seC [etion _ .~.i~h the '"lOnge~ t erm goal Of. asa:~i~" .th~ :~_ ~....

- gene(s) to' a partic~a[ cbrcec scne, . . _ .,.; . -~-:"-,~., '~.(
Fusions '~e[e performed using ,a pol;ethylene glycol (pm ) suspension " "

teChnique""" hyb'ids ee re iSOlot';" by ~xerthin~omipoptorin- ' . .. .' . ,

t tr.tmtdine/ouabain"double 'sel ect ion and 'charact eri zed for 'CD. expresslorl/
" , - '. - . . . , . . ' ,

'sec retior: ~ , Sp!C~fiC Q'A iJmluI)oassays• . .For~y-eig~t fusions were

..pe~fO,rned, ._(4~,_:rronolayer";'i;"',lS~ion : _~' " ~!~er-l1Onolayer) producing
·"1 . ' . . .' .

344 hybrid· col onies of the - fo llowing type s (SKCOl xRAG, ISKCOlx STO,
- . ,- . ' t

- ~ HT29xRAG, HT29xSTO and HT29xNSI) . Chromosdmal analys i s by Giensa
. " ~
differential s tairiing confinned tha t , the~e fusion products .were d~finite

hybrids contaiDinq human am souse cbrcscecnee ,

'n1is'st~ ~ deoons tr:a ted (I) ~he successfu~ ~rodUCtiOn of hUnan-:-.

ni:lI~e somat~c .cell ~brida, !. ( ~ ) that fusion 'of .rronolayer'$)ool a!tr _ce ll

lUnes ' reS~~ed in'a greate;J ~ield o~ hybrids and (3) that non.e .or the

hy~rida obtain~.~~~ hi9h llevels of em expre8sio~secr~ti~, P~obabl.Y

. because the RAG,and sro cell lines were eonpeeateetve fusion par tne rs.

/
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1.1 .1 Int ro::llJ:tioo . \. ,

Greqo~ Mende~ " the father ~f cl~SiCa1'"'9enetic8, fomulated the l aws.

of i n;ritanee 'and 1nfer~ed f ran these l aws tha t in::J.f.vi dual trai ts were

~8~ Onfr~ .9eneratioR to. 9en~rati~ t:, ·fac~ors~ in the cell . ··
1

·~aC~rs· ,,!aB '.the t.e~11Sed ~ 'Mend~l , fo.r the entities tha t were l at er '

.des~~~ed' ·9en~. · by Johanssen ~ 1909'.' ~ the \ear~y '~OI~', .ev1denc~

W;.;.~~ed ..~rting the ~~~iS '·that the pr 1JM.tY,~ents o~ the

c ell "nuc l eus , . ~he ehreececeee , - carried t he genetic infoaation .for

· '~~t ~ .~~editY~: Since ~t ~~ ,genetiCists.~e been ,

· interested in know~ the location, ar rangonent, and l inkage of i rdiv-

· . id~ 9~J espec ially the genes re'~ible f~r Inherit~ · diBe~ses
.~~~~k 'm ,addll!,J 19111 . . L _ . .

1. 1.~. Methods ',Of Gene Maf:ping ' ..

The: th ree meth:lds~ in' ~-hrorrosorne fl\aPP.1nc) are classi~al pedi gr ee'

l~Unk~e . analys is , somatic cell "geneti< ~a1~iB and ~lecul~r g~etlC '
~nal ysls ? ,BY "s t~Yinq , the inherit~e.jlll t t em in families it was

. , ', , ' .' '. . \

dEm:ms~r~ted t~t conJrbUn~ness was a s ex l1nk e~ .ceceeerve- t rait

a.f~ecti~g males Wn::l conta1n~ ' ~he def~tive lC. chrCIfDBOrIe aM hence .the

, " first ' gene was nIaRJed to a Specific hlmar'l chrorrosome (Wilson , 1911) .

" ~r ' the ne;xt. fifty year s o~a f~ ~zen '~ther x':'Unked t raits (e .9 . ,

\ '.



"..
heroph~3.ia and Duchenne muscular ~strophy) were identified by

characteristic pedigree pattern. In addition nine autosomal linkages

were established , however, .beceuse of the lack of cytogenetic markers.

the specific autosomes eeeponettae- for each..phe~type could not be deter- :

mined. The first assignment of a gene by family linkage analysis t~a

"specific human autosome occurred in 1968 w~en Donahue and colleagues

postulated that the Duffy blood qrcup locus IOFy" was on chromosome 1

(Donahue, Bias, ~nwick and ~USiCk, .'1~~8). They made the' assigrunentby

finding evidence of linkage between the DUffy .f ccus and a normal varia­

tion in ChOOIOOSOllle 1 that wast;"egrE!<J8ting in a'mendel!an manner in~ ,

fami ly stooled. . ", ' f
In the late 1950 'a ~o e~rl~ 19~O l s . three scientists _J.ndependitly .'

.suggested using "paras exual . experinetftal systens" fe r the stOOy of g~es

in etjaryotic organisms · C1.edeeberg, 1958: -ste~,195pf Pontec:orvo, 1962) .

It was around t hi s tine that the parasexual meth:x1 if genetic 8tOOy was

int roduced as an alternative method for assigning~ specific gen~8 to

sPecific chronosomes. '!he" Parasexual" production of interspecific human-~

eccee hybrid cells by whole cell fusion of :t he paren~ " c~lls was "

referred to ee "somatic cell t'rfbridlzlfltion. scee iJTp:lrtan~ de:v"el~~ts
l eading ~ to the di~ve~ that ~tiC cell JhyDri~ization could be .used

as a genetic mawing tedmique were as followa : .

(1) The.'application of microbial genetic teChniques 'to fII/lll1I'lal ian

cells resulted in many kinds ~f geneti'el and. bioc hemiclll

studies . For exanple, the eSt~i.slment of 'long t e rm 10 '!1tIC
mamnalian cell cultures arlirtieaue cuj.ture te;chniques resulted



. ~ \.

in many new genetic investigations (Puck , 191i) .

121 The first 1;0 'd~ celi t:¢ridization was dmons trated by

mixing cul tures of two eccse sarcoma cell lines and deri ving

a hybrid c:ell line (Barslt~ , Sorieul and Cb~efert. ~96l) . .

This ~ntaneous fus ion of ~et.it:ally differen t cell .lines was

confirmed by 0t:-her rese ercbeee (Sor1eul and Ephruss i. 1961,

Gershon ard sachs, 1963l .
.r

"<,...... .

(3) A hybrid sel ection systen was develo ped , using selection

mediiJm containing ,hyp)xant hine , aminopterin and thymidine (HAT

- medi um) and cond i tio~ally lethal mutan t parent cell lines _ _ '

(Li t tlefi eld, ' 1964) . . . ' .
... . . . . ~ '

(4) ._ Virus _f us ion agents - were sOOwn ·to iJrprove fusion efficiencl~.

· F~i- ex~le, Jl¥XOVi~ was usE!d ~ a f using agent for marimalian·.

, Sanatic cells (Ot~·~ Tadokoro, 1962) . ,Other rese archers

confinned this fusing ability by us~ ul traviol et light

C\ inactivated sema.1 yi rus to prodl.re hybrids between luMn HeLa:",:,

• cells and Ehrlic h ascites t mor cells from Illic~. In addition

• this deronst rat ed t;he f i rst i nterspecific hybridization (Harris

and Watkins, 1965: q>hrussi am weiss, 1965) .

1.5) . Th'e Chr~tD080llle ; eg ceqat ing ·proper ty of 'h~~e inter­

~if1C hybrids was ident~fied when it was , observed tha t

hlllWl"'nOus e 'lWbri ds tended to l ose htrllal'l chrcncscnee (Hei ss and

Green, 19611~

\
, .



'Ibe first assignment of a gene to a specific chromosomewas achie ved

using somatic cell hy.brid technology in 1971. By ~tu:iy ing human-.lTOuse

. hybrid mawlhg panels , containinq various assorbnents of hlmlan chrOlTO-

'somes , the thymipine kinase (TKI gene was assigned to chrcecscee 17

(Mi ller , Allderdice and Miller, 1971). 'mi s was dete;tned .by cor re­

lating the presence or absence of a ~ne pr¢uct (TK) with the presence

or .absence of a particular htm'l9Jl cbrcececre tcnrcececee 171. In the

1970's the nlll'ber of specific gene assignments was increased dr~ticallY

and by 1976 at least one gene had been assigned toeach htmwl ch"rO!iCoome•

.~..devel~pnent -of ~haraCteristic banding patterns soch as quinecrdne-
....." . . " ,' . " - . . .

banding 'and Gieooa-banding · iJrq)rovedthe , resolution of gene JIlllwing .

;casper~n ~ Z~' _JOhansSen aM ~eat, 1970 ; " se'~righ~l. At:'this

time ChromoSome bMd1n9 patterns .~~ ~ be of low resolution, but. with

the develo~nt of . chronosome synchronization techniques, it ~as

increased from 400 to ·2000 baitds (Yunis , 1976: Francke ' and Oliver, 1978),
' .. , - ." .

Towards the .e nd of the 1970 's . and the beginning of the 1900 'e

molecular genetic metb:x1s: were .be in g applied to ~hromosorne mapping. Some

earlie r important deve1o~t.s su:::h as the discovery of · restriction

enzymes, the deVe,!0pnent ~~ hWlatl'C1ied DN/\ libraries and the develop­

ment of,"recoobi~t DN\.techniques facilit.a~edrnoleculargenetic aturHes .

Ql.e ~'rt'iCular . tec~ique which has imprdved the re8ol ,ut i~n 'of gene
. . . -.........

,mapping ~~ d~e1oped in 1969 by GaIl and Pardue. 'Ibey deronstratM . the

locaUoq of the rlliosomal genes in oocytes of the toad~ by direct

hybridization of radi01~lled RfP. probes : to tlile COllt>l~tary DN/\ in a

cytological preparation ·(Gal1 and Pardue , 1969). Today this technique '



which is referrecJ to as in 1Ut.u hybridiution is used to maP genes to

~ifiC subreg ion s .pn chromosomes by hybridizing radiolabelled or

floorescent labelled DNi\ probes directly to cbrcecscee spreads. Besides
. ) .

the direct maw419 tecmique of n uc l eic acid hybddization, IIOlecular....-. .
genetics provided new markers for f amily llnkage studies . The new

markers are hUlrlan DNA polyrrorphism,i or · ~estriction fra(}llellt length

polYlJ'Orphisms- (!If'LPs) . These Jlfl2s are clinically :iJrp>rtant as l in kaqe
\

~rkers for cereetn genetic diseases such as ':~heme eeecuter dyst rophy,

Huntin gton ' s d!se~e , 'adult polycystic kidney disease and. cystic

fibros i s:

The human c~rOllOSOlle map now .has inf~~'t1on on ~he chromosomal

lccaUon of eore 't han', BC?O ~~fiC ~es. ~nfonnati on ,On the l oc aUoo

of. as many funct~onallY Irinown m\ seqimts. : &nne of the ge1es . m;q:p!d

include ~'for en~, horDDnes. cell surface .pro teins, g rowth ,

facto rs, corrplenent and cellular mcogenes. The 00man cnrceoscee map and

current mawing .strategies have reeen~y ~ reviewed (McKusick , l~86) .

1.1 . ] (h[(ll!l)SOI!leS, Chcoqenes ard cancer

' Cer tain c hramsOma1 defects ar e ~consi8tenUy associated With(~

~ of ,,~ .CN.ce:'. F~r exanple . iq both i:-etinobl~~ and Wllm's

t lJlOr, t he t lJlTDr cells of~en exhibit ...a deletion of a partic ul,ar .

chraroSomal segment (13 q14 for ret1~oblastoma, ll ,q13 for Wilrn's t um6rl.

Along with chrmoSOM;l def~ts a group of gen es r e ferred to as

-oncoqenes - have been srown to be apsociated 'wi t h c e rtain c ancers .
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O'Icogen~ can be classified into two types depend~~ on their..bQ.st, vi ["a l

and cellular. In the case of cellUlae oncogeneJ tc-cnc e ) . the ccrree -

pondlng wild-type allele is called the peceo -cocoaene. cne such proto- /' -

// --OfiCogene--~ has been wll stl~Ued i s ·c-myc . C-myc, originally fol.lX3. in

B-cell avian myelocytoma and ass i gn ed t.o band q24 in c hrorrceoroe 8 by in

§.!.t.Y. hybridization (Nee l . Jhanwar; Qlaganti and Hayward. 1982). is

associ a t ed with Burl u t ts lymphoma (Taub. lI:ic~h. K:lrton. ,Lenoi r . SwFJ
Tronick. Aarc:'"son and teder , 1~8~,>: 'l'heCOlm'On ~fect obse rv ed Is ' a

,,,,,.. t'an,l""atlon ,nVOrVI"'J "," ""C ~. t.h"e ilmIun?91obulin, h~a. ,fy .
chain~ on c:hromosome ·).4. I .n . _SOOlecases t he t[anal.ocat~on occurs .

' bet ween C-ll¥C and, the iJrrnuIlogl~1n light chain"',genes' (Ch~s-2 or ,

22) ~Yunis . · . 19~3·,•."AnOth~r on~~e. :tel~l (k ell ' 'i~leukemi~-l; •

was".prOJ.XlSed. by croce ~ colle~ues _~ J:!e lOC~ ~ ~and q32.3 -~f
ch rarosome 14 . and ~tivated . ~n va rious T-cell malignanCies . It a~ars

th at t he 0{ -chain gene of the T cell receptor. lrI~Ch was l oCaliZ ito

14q1l-12 bot ~~ hybridization. maybe i~lVe::1 in oncogene . acuvfion

follOloling chronosoma). trahSlcx:ations or inve rsions in T cell s Icrcce,

IsOba. Pall.lll'bo . Puck. Minci; Twe:rdy and Erikson. 1985) . A 8 cond

OOcogene. tcl-2 . was proposed to ~eside within llp13 -and be invol ed in

T-cell malignancies in a -sinluai -manner to the tcl-:-l oncogene ~E Ikson , ,

Will iams, Finan. tbWe11 and Croce'. 19B5).

.' /



'Ib dat~ eere t han 30 oncogenes have been identified and 28 ot these "

have ~ ~ Speci fical ly to hlmtl cnrcecscnee (Tab l e 1) . Ii:>st of
. / .

t he rnaw1rig ass ignments have been achieved with . the coirbination of both

somatic .cell and no tecurar genet ic techn iques. FOf exaJl{lle . t he c-ete

and c-xt-eaez cnccsenee we re lOcalized t o thei r specific Ch~~

(22 f C?r c"-=$isl 12 for c-Ki -ras2) by Southern hybrid ization analysis of

hUlTlall- rodent somaMc cell hybrids with rnolecula l: genet ic probes to t he

oncogenes (Da1la-Favera . Gallo, Gia11ongo and. Croce• . 1982;, SakaqlJChi,

Naylor . ShowS. Toole. !'k::Coy and Weinberg. 1983) _ Di rect confirmation of

. th~~~, ass~~~ --'.i~ usu~iy .~hiev~ wi t h~ n.tl.J hyb'ridization an~.1Ys~s
of ' hybrid met~hase cens,

sere oncoqenet code f o r ,protein ki naSes', g rowth f act,ors anc. qrpwth

factor tece pt ors and. ,one propoSal 'i s. tha~ they are ,,~tosis . regulatory

genes in which mut ation.can resul t in l oss of growth con trol ' arid

product~~"ot: ..a cancerous c el i ' (Gordon. 1985).

,I



Functionof the ID:ation in the
QDCOgeoe..p.rodoct ~ b!m;o kllrygtyp=

1. Protein k~e s re Ip34-pter iI1d 2Oq12-qll
.-""1 9qI'

fes ISq25-q26
y es I.

, 2, Guanosin e -triphos- H-ras- l llplS. l-plS . S
phate bindh>q H-ras-2 X

. K-ras~l 6p23-q1 2
K-ras-2 12pl 2- pt er....,.. 1p22- p3 1

3. ON1\. bind ing .... .,,,....,., ,2p23- ""

""" 6q15-q24
e ta l1023-q2 '
s ki .) lq12-qter .
f os I'

4. Growth fac~r sis' 22q12 . 300q),3 . 1

--- - -- . .. S. - GrMh_factcl r__ . eee-e _:7pl ...p21 .
eeeepeces . <no 5'13

_." ~ "e o 17 . ,
"'" 8q22 ,J

6. Ulct rtain ·e rb-A 17pll-q21.. . , ~~ . " m~-q2' , .,},. ' .
• Mod:ifi~ version '~f a t ab l e in H: Gordon 's review of oncogenes (Go~),

19as ', . '. ' . . .

' /....
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1.2 .1 Happing Genes foc"cell .SUrface.Antigens

J 'Ibe technique of somatic cell ~rid1zaUon has permtt.t.ed a rap id

acceleration in defin.t1g the human gene map since 1971. In the early

1970 's ec ee ,gene assignments determined by s t udying human-rodent hybrid

cells were prwrily restricted to enzyme coding genes . The reason was

\ that rost human ard rodent isoen~s' could be distinguishErl by their

~leCtropho-rei:i~ . patt~rn~. In ' add~t~on, -another group 'of .genetic
I ." ,. . . . .. .' . : .. . .
rarke~s. ~ human- speC1f~C , ~ntigehS ' were .,mapped by detenidning ~i[

. ~8iCX1/nonexpression 1n a panel of . hLrnan-rod~tttybrids~ At first ,

r~yentionai p)lyclonal~~tiser~ we"re ~ed ,fO~ , as~.ss~~~ · ~~i9en, ' ~~e~~
~~--'-'.~_ _ .i~On_·_ln_~. ~~t'-.!. ~n .~ter, with the develoIXQetlt 0..£Elonal ' ant~

';',t ec hriol ogy ( K~h1er ~ Milstein , . 1975) , llI)~lonal antibodi-es~ific .

f~ een surface antigens were used because of ;he advantages they /.

offered over p)lyclonal antisera. some of these advantages include: ..::,)

(1 ) - s tand ard iz ation ,oE reagents, (2) repr ,oducibllity, (3) unlimited

av,.atlability of reagents ard (4) _~mdcal puritY of r~ts.
- . .. . ' I »,. (t l

Illustrated in Table ,2~ ar e some ce~ SU rfac~ antige.n{'>t~e~at:o r gene

assignments which have been char act erized wit htronOClonal antibodies

specifiC' fo r each antigen.
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Table 2. cell surface an~i9ens/recepto[s mawed by characterization of
• saMUC cell hybrlds.-_~_th 1l'OOOC1onal antitxxUes.

cell SUrface Location in the ----
e.nti.9en btRnan kaQWtvPe ~

1. HlJI\'Wl PS3
cellular tfmor
antigen

2 . Humankell "
receptor alpha
chain

3. Human Transfe rrin
recepto~

4. Hmnan Insultn
receptor '

. 5. Human cbrorroaome
one cell surface
markers

6. T4 Antigen on
subset of ,T cells

1.2 .2 Selection Systems

17

14

/ok:Bride, 'Merry and
Give! , 1986 .

Croce. rscce, Palurto,
Puck, Hir)g , 'J\ieardy ,

"'" Er~n, 1985 .

Goodf~ eN , Bantill9,
suther and, neeevee ,
Solom nand Po v ey ,
1982. ;. _ ,

Yang-peng , Francke
and Ullrich, 1985 •

Rettig;!i'racofOli',

=~Z'(Rs:~e~., .
~ 91d; "1984• .

Koibor, Fi nan,
,tblel l and Croce, •' • •

/ 1986: .
( .

/

../

The fitst hybrid cer as. were isolated without any selection against

unfused paren~ cells . The
l
: hybrids outgrew both~tal c~ll types
I .

(Barsk! et al • • 1961 , DaVidso;n and qlhrussl . 1~65; Ye~anim and Nell,

19~. . Hlust" t ed IfTable ;. are some of the i"bdd . selectIon sy,t~
t1ljI have been used _since the developnent of f.lOmatic cell hybddi:z:ation .

- :
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Table- J . 9tsteRll used for hybri! selection.

5elec't1.on- - - - · - -- --~HYbrld-~ection

~ ""'"""

..
1. Natural Sel ec1 ".

2. Visual select! ,

3 . setecerce by
genetic marker s
~

4. selection by virusyection

Hybril} vigor

,al Differen t cell
morphology,

b) Larger nucleuS and
larger cell

a)Er'lzyre deficient
pa rent cens '

b)Tet1peratu re senSitive
pa rent cells

Human cytopathogenic
viruses .

Barsk i et al . ,
1961

weiss arx:l Green,
1967

/
S'>'balski. j"
Szybalski and
Ragni . 1962;
Golpst ein ,and
Lin , 1972

2;~, Conover .
HirschbJrn
and 'Hodes, 1971

." "

~ "" '.
. Selectton ·systems play. an inp:Irtan t role in the, iso lation of ~ti:

(

" cell t¥brids between human aoo. rodent cells. Most selective syst~

. depend on ~uired itetabolic properties soch as d~U3" r es i st anc e , auxot ro­

~ 'or~~al sensitivity. '!he ~cept of selection Systems ~

been reviewed if·~u and Powell (1976) . . . J'

.,..

- ""



,.

12

1,2 .3 The ffyp)xanttune-Aminopterin-Thymidi ne/OJabain selection System /

Both Szybalski and Littlefield independ ently repor t ed the f i rst use

~f s el ection rredillll allOW'ing the grO\olth of l¥brid cells but re s ul ting in

~.
aeath of t h.e two parental cell type s (Szybalski et al •• 1962; Li t t l e­

" field . Jl§4). This sel ection is based on t he usa of HAT medium. whic;;h
..(p.

w e3{~;by S~ski to ki ll ce l ls that lack hypoxanthin~uanin7

phosphorib9.syl t[ansfe~ase (lG?Rr) or thymidi~ kinase ('lll: ) . Aminopterin

inhibi ts dihydrofolate eeecceese and 'bl oc ks de npvo synthesis of parf.nee

ard P,i timidines. This selectively pressures t he cells , to synthesize

nucleotides v i a the Sal~age pathway. 'I'b ut iliz e the s alvage pathway the

prefOnned bases, hyp:lxanthine , and 't hymidi ne. must be p,resent in the

growth· medium.:
,

The pare nt cell ).ihes are classified as ~cO(lditlonall~

. -./l et hal mutants" beca~ of their en~ , deficiencies. In or de r to

devel op these . enzyme deficient cell lines thi wild type cells must be

maie: Ul d~ug reSi s tan t to p.trine :analogues such as 8-azcG~in~ (a-:.AG)

or 6-thioguanine (6-TG) for IG'RT defiCiency or (2) drug reafatent; to .......

pyrimidine an~~ues Buch as ~-brom:xleoxyuddine (S-Brdu) for , TKdefic- I- .

iency. 'Whe n t he wild type tells are grown in the.· preaence -~ ' t he

Mal.,gue" sereceive preseueee ,esutt In the :;;;t aH on of the ge nes coding

. for the sal vage pathway en~s. This de fec t in the enzymes i s reflected

by. drug' re~~stance t o the nucleotide analoques. t .
_ Another selection agent COIlIOOnly used In 1rlterspecific hybridization

of human and muse cells is t dr~ · ouabain" . ' ~n. or str0Plt

anthi" . is a card iac gly e which inhibits t he N1+/K+ activa ted ATPase

of the plasma eercrene, the enzyme resp :>nsible for the .act~ve t ransfOr t ')
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of K+ into the cell and the extrus ion of Na+. Ole parent cell line 1_
edther fG'RI' o r 'IK activity whereas the ot he r parent cell line i s

sensi tive to the concentration of o uabain used in the medill1). Since

hl.lMl1 cells are L!Bual l y killed by low concen t rat,io ns ,f ouaba in . '

' <.~pp rox . ID-6M l and souse cells by hi ghe r concent ra tions of . ouabai n

/awrox. IO-3M). th~ drug i s of t en. used for selecting h~llDUSe

hybridS. Illustfited in Table " are the conunon che mi cal s e lectio n

l ethal parent ce lls .

syst ems used for the isolat1~n of hy6[ia c ells fran th eir COrd i tionall,Y

(

/

Table 4. Cormon chenical selection systems used in somatic cell
lrjbridization."

De sai nt Vin:::ent
arK! Buttin~ 1973.

~::;~~and

Olan, long and
Green. 1975.

Kueherl apati ,
Baker and
Ru::1dle{ 1975.

~

lLi t tlefi el d,1964 .

---_. --------~---
selection
Medllllll ~

1. fttPoxanthin~aminOpterin- fCPRl' or 'II(

thymidine (HAT) selection

2. Adenine-alanosine (AA) APRl'
selection

3. ~xa1lthine-aminoptedn- 93PRl',TK. and

~:::~:~idine I" dCD

4. Deoxycytidine-thymidine ecs
(dCR--d'm) selection

5. HA'l'-ouabain selection OOPRI'o r '11(

~, adenine phosphoribosyl erensreceaer deD, deoxycyt.id ine deami nase ,. du-r deoxycytidine kinase . -.....

; ".



/ 14

I nitial fu( ion expedllents deperded on spontaneous f usion qt the

parent cell types f o r J:.lle devel~t of hybrids • • the fusion efficiency

has been 1:q)roved I?Y the :lncorpn atiO!' ~f fusien' ~ents into the

fusion t echn ique • . Illust rated in Tabl e 5 are' ecee of the cormDn fusion -.-- ' ..agents used in sanat i c cell fus ions .
· ~ ..

Table 5 . Different t using methQds used f~[ ,the p rOOuct i on of hybdda .

"

' .

""'ion
· teoIJniQue

1. Virus nedi=fed
cell tus10;

2. Polyetl¥lene 91Ygl1
. ne:li ated ' ce ll fus ion

. .
. i . Electiicall y 'Wuced

. cell 'fusion " . 0

Fusing j

GOf:llt
~
tN-inactivated
5endai .vi ruS

Pol yethylene
glycol

Electricity . .

"i

Cb:u,1962

Pcntecotvtl, 19~5

Finaz . Wev re and "­
Te1ssie, 1984

" " "j"

_~ applications of c ell fusion stud ies 1nc:l\J1e genetic lll1alyai s of .

· SOIIlatiC cells, regul,Uon of gene " exp[esslon, eatt ro l of malignancy.

vrecs-cen interaction ~ gene 1IlaR>1ng. For ~ IIClSt of the 197 0's the .Lmain source of Jnfomation 'for"chr~ aasi grlll'el'lt ~f geneS was ~cell '

~ f usion .tudi.s, S UPPI~~ted "by, hmily link.,. s t udi es. By .'979: .

~lecular genetic studies (10 Utll IiYbr~dization) ser e al ~J' lMk i~

signif ican t contributions to gene mapping. / . • t

~

. "



cell post ulates that genetic IWtation of regUla to ry qene (s) cont rolling

~ll . growth;. and djffer~~tiatl.ion 18 ' the pr~ry ~~t re~1b~e f o'r

.'"

15

" . . , -1. 3 Qlncer Markers

SInce 'the hypothesis of 'the German blC?loqlst. T. Boved. that .the

key fa ctor ~itillting n~astic trans~orma.t1on was the presence of

.abnorm~ ch romosomes. , ( Bo~ed , 1914 : Verma. 1986) . many other ideas

~erning t~ J.etiol O<J.f of canc~r have developed . At t~e time of

s.ove r i' s . hypoth~sis, ~turor viruses were iltp l i cated as the c~usative

fact ors • . In th e 1930' s and 1940' s chemicals and radiation were linked to

the ·proriotlon of ' cancer; . 'Ibday. many factors have been 11rpllcated 1n

. the ..transformation . 'of a normal c~n to an lnCOnt~lled proliferating '
. ," "'". . ' .

ca nce r ce ll . (Li t t.efi el d , 1984) . AccOl"ding to t he -somatic' nutation. ' . . ( . .
. hypothesis- i the lmCOnt rolled growth illustrated in eeocere is ..~ rl!sul t

Of -~. :genetic ·aI~[at~ i n the ~~ular~. 'Ibi s c~e• .:nuch
may be obse Nable , as ' ~ 'ChtQlCl~ abno~lty. ~an be ' preciplta~ by

precUsporing genetic l ectors o r envirmmental factors .. . ..~' . ' .
'; / . cne theory conce rning ~he swi tch frau II ncmnal ~1l to a cancerous

I

oncogenes is. '!bat Ie , if nonnalregulato~ ' preCl!S8:8 are repr eeeed or. " . ,

al~ere4 by sane genetic va~iation . ; the •flomal ce ll may pr 09 r·ess · t o

~ 'cell ~:~h• . 'l'he s tage ,of different :iation ~t which · this

c~e ~rEl results in expre ssion of , "differentiation antigens ". Of

\the thr~ basic, classes' of ~tent1a1 tllll::lr mark.erl> Cie. bcmonee ,

.' a.

', .
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enzymes, and t UllPr associated antigens) the :UIlOr as~iaf~antigen5

have been postulated as being differentiatio~ specific antig~. The two

roost extensively characterized tUllOr antigens , carci~ryonic aptigen

(<:FA) and alpha fetcprotein lAPP) are closely re lated to differentiation
c

and cancer . Both . are classified as "oncof et al antige," because they .a re

mar kers associ~d wi th norma l feta l developnent and ~ 'var i e ty of

malignant ~ non-malignant diseases .

1.3.1 Alpha Fetoprotein, (AFPl

AFP Ie a 70 ~ 1lO1ecul ar weight serum prot ein "expressed by fetal

liver cells ' and P[ima~ hepatanas. This inajo r f etal pr~tein was fi rs t

derronstra ted in rodent hepatorrlas and, albsequent;Iy , i n h~...hepatomas

. . - (Abelev, Perova , Khr«nkova, Postnikova and I rl in, J 963; :ratarinov ,

1964). I n , addition, other s tldies ind ica ted AFP -Is inc reased in other ·

patb:llogiCal de fects auch as germ ce ll unoes (Al.~[t . - 1972), hereditary

ty rosinemia (Belanger, 1973) . neural t lbe defects (Allan, Ferguson- Smit h,

Donald, Soioot ~ 'Gib SCln1- 1973; Brock and SUtcliffe , 1973) and ataxia

t el angi ectas ia (Waldman and M:ln tire , 1972) . Hereditary tyrosinemia Is

an inborn metabolic disease characterized by ehnormal t y ros in e and

>. methionine metabolism, while ataxia telangiectasia is an aut osanal

recessive disorde r cha racterized by a defec t in .tissue differ ';!ntiation of

, 9ut ·.associated o~~ (~, liver) and by derecetve DN,!" repair.

AFP i s · the only oncofe tal antigen .that has been extensively s tudied,

in terms of ,i ts genetics. Several l llbora to d es , using reColrbinant om

t echniques have developE!d'h~ eom,'clones f ~om hunan~ mID. ex~acted
.,
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from fetal livers (Beat t i e and Ougaiczyk, 1982) and from testicular

'"embryonal carcinoma (Tamaoki , Iobrinaqa,.. sakai, J'rotheroe and Vrana,

1983) 0 Nocleotide sequencing of these probes revealed hcmology with hlJ!&1

senm albmdn and maw1ng, by in aitJJ. hybrid1:z:ation using radioiabelled

probes for both genes, localized the genes to bands qll-22 of chranosome

fou.r (Harper and Dugaiczyk, 1963: Minghetti, Harper; Alpert and / >

Dugaicyzk, 1983). /

1.3.2 Carcil'lOelJ'bryonic Antigen (<:FA)

. '!be term carci~ryonic 'f.igen was first used to describe a tUllQr

; . specific glycOprotein fO~ 1n fetal colonic tiss~e and adult cckorectal

, tumors (Gold and Freedman, . i 965a, b ) 0 Subsequent characterization

revea1~ that (FA was associated ' with a variety of'other solid ' tuner

types and non-malignant diseases, ~rticu1ar1y diseases of an inflam­

matory nature. In addition to ' the association with the diseased state ,

CE'Aand CEA-like slbstances were found in small amounts in normal colonic

mucosa and in the se rum, saliva, arid feces of apparently normal

i~d~VidUalS o I llust rat ed in Table 6 is the dist"'t'ii:ution of <FA :I,n

various normal and clinical conditions.

...to

~ .

.,.
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Table 6. Report ed crA associations .

A. Mal f ana pr disease s

Q)l d and Freedman, 1965a,b .

'Sante n, COllet t e and
, I' F~anchlm:mt. 1980.

Chism, Warner, Wells.
Crewthe r , Hunt, Harchaloni s
and Fudenberq, 1971.

Vincent· and Chu, 1973:
Ford , Newman and Lakin , 1977:
De Young and Ashman, 1978

'Is hi kawa and Hamada , ).976 .

92Q-Gk1J1gnant di seas es

4. Lung ecrore

50 Medullary t !'r.:'roid
tlll'Or s ~

3. oceeten tumors

2. Breast tlDlOr~

1. Colon i c t unnrs

-~
""".--'-- - - - - - - - --'-- - - - - - - - - ,.--
8 .

,, 1. Inflanrnatory t;:o,iel
d i sease

.Moore~ Kantrowitz and
Zanchek, 1972a:
Booth, ,ki ng, Leonard
and Dykes, 1974:
'l'b:Iflpson, Gillies, SUver,
Shuster , rreeeaan and
GOld , 1974.

4. O'Ironic bronchi.tis

Dehdche, Zarrchek and
Marcon, 1,973 .

Doo~, WOlff. Shi nya,
tecberoe, St enger, G>ttlier
and Zarrchek, 197~.

Laurence , Stevens , Bettelheim,
Darcy, Leese, 'l\Irberv1l1e ,
Alexander. Johns and .
Neville, 1972 .

S. Ololecystitis

..
Martin, Kibbey, Divecchia,
Anderson, Catalano andHintt, 1976 •
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Table 6. (cont'd)

B. tim~:-- ---i,:..
6. Cystic fibrosis

7. Alcohol ic cirrhosis j '

c. tmmal co~ltionlil.

\
1. Heavy SllDking

\,

2. lbrmal colon ic mucosa
set um, saliva , feces ,
and colonic lavages

.. Davidson, Mincey, rsreere
and wilcox, 1973 1
WU, Herbs t and Bray, •
1976 .

~re, Dhar, Zamchek,
Ke:eJ,.ey, Gott lier
and Rupchi k, 1972b;
1Qm, Warner, Lie
and Kackay, 1973 .

Steven and M::Kay, 1973 1

~:~~~'l~~:e~ ~

Chu' Aeyneso and
Hansen , 1912J
Martin and Devant, 1973;
Egan, Pritchard , Todd
andQ:l, 1977.

1. 3.3

(}'.A is a~lycoprotein, uSl,Ia1lY found in the cellular me\tlran~,·with

a me:'lecular weight ' ~~ge of 1ED-2~1m as determined ,by bc?th sodiun

~1 slilphate PJlya~ry1amide gel electrop~oresis (SDS~PAGEl . and

JtJ:llecular sieving (Krupey, <bid and Freedman; "1968, . SlllYte~Md toUgan ~

1975). en ultracentrifugation i t displays II. single peak. with a sed iment­

ation constant of 6 .2-6.85 (Cbi igan, Lautenschleger. Egan and 'lbdd. '

1972) • . •Q'I 1nmunOel'ect~ophoresis it exhibi~s ' ! -electro(>b,retic ~ili­

t:t ; has ll.l'l isoe1ectric point of 3 to 4 ,(Col1gan,~kart. Tcdd~_

Terry, 1973, Banjo, Stll;ster"and <bId, 1974) and on electron microscopy
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it eppeere to be a twi sted cod-shaped 1lO1ecule (Sl ayt e r an:) COl1gan ,

1975) . Cbmpos itionlU analysis of the..camohydrate moiety , which repre­

sents approximately 50-60~ of CE\. derronst rated that the maj or suga r

~ res idue i s N-acetylglucosanine and the minor s ugar res idues ate fucose ,

mannose, galactose, and s ialid acid (Banjo, Gold, Freedman and~r\ •

1 , ~ ,
972; BanJo, GlId, Gehrke, Freedii\an aJ1d Krupey , 1974a: Banjo, Sh, ~~ an4

G:>ld , 1974b) . Both amino aci~ and carbohydrate seq,uenci ng have ~

limited becaus e of the extensive glyoosylation of CFA. Up to 1983 only

the,first 2. amino sclds on the .,., te;""nal end 'and~ of the 011"':"

sacoarfde chains had been sequence::} lTerry,Henkart ,())ligaJ.l ~ Todd,

.1972 ; Chandrasekaren, D~vila, Nixon, Goldfarb and Hend1cilf ' 19~3 ) ,' .

Analysi s of the ,protein 'subst ruct ure revealed .8 s ingl e polypeptlde chai n,

rang i ng from 5?S to 829 amino acids"~(Slayter and Cbligan, 1975; Todd and

Shiye;y, 1978) , with' 6 int[ac~ ~isulfide bonds (~sbtood and 'I'hornas,

,1975) .

1.3 .4 Heterogeneity of CFA.

It i s evtm:nt that dy\ is heterogeneo~ based on its ptlysicoch8llical

propertie~. n-Le inherent heterogene:ty may, J however, . be the re.~ult of

anal~ing. ~re preparation of CFA. The usual , source material for

. puri~~..:~-:- live; metas~es of colon ic adenocar cincxna.. '11le'initial, , '

pu r ification step utilizes. perc~loric ac i d (PCA) . extraction which

sepa rates (EA. because of ' i t s hig h carbohydrate ccn eene , from the "

majority of other cellulae p~teins (Krupey, I Gold and Freedman" 1967;

Coligan ee al ., 1972; Hartrnllrst 'romi svenbirg and Slnbla:1, 197.6) ~ There
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llfo'no evidence to .suggest that r/=A destroys or trOdf"~_S the native

s truct ure of <:FA. (Ashman and De-Young, 1979; Koch and !'k:Pherson, 1980).

The usual sequence of purificatioo. eeepe for crA ' incllrl"e PCA extraction,

. COlLUm chrOfMtography on 5epharose 48 and "seph adex G--200. and p[epatll~ve

block electrophore"sis on sephadex G-25 (Keupey, Wilson, ereedmen ~nd

Gold, 1972) . Modifications to thi s purification st ep inclUde usi ng oth er ,,-

extraction procedures 's uch as neutral pH extraction (Ev,ueigh" 1974) , 8M

Urea (KiIrbal l and Brattain, 1978) , 3MKCl (Keep, :Leake and -R:lgers, 1978),
:.. - - ' . . : . .
~~' dodecyl s~fate(Lemg, .~r:shdat ,aOO ,MarChes i , ·1977 ) . or 11th1_~

dUOd os alicylate (Ros ai , '1'i llack and Marchesi, 1972). rte- use of

roonoclonal anti-CFA ~~sorbent columns f O' · .CEA purification has

recenefy been shoWn to ' be "cin ~~~~_ as ·it can [e~u1t, i:n a highe:

yi eld am is a -moch shor ter ' pt.lrlfieation prcceaa (Ford, MacDonal d;

Grif fi n , Life and _Bartlett, 1987) ; Despite ~ Il\proved puri fit ation

techniques, Q'A'still resetns .heterog eneous and, eherercee, it has been

S\J3gest ed that -ehe mater~al operationalJy ,'ciefined as crA may actually.

cons~~ of a f~lY ~ated 91ycoproteinS '(Vrba, Alpert and
Isselbacher, 19151 Alpert, ,~1978). .

. ~ \ .

1. 3.5 , O'.A-Like Glycoprote1ns.

In addition to ~a:tive i~tigen's there are g1ycoproteins irmtlnol­

ogical1 y cross-reactive to crA. · ·~ first glycoprot~in replrted to . be

similar to ~ was nonspecific cross-reactive "aJlt!gen or NC7\ lVon Kleist,

. OIavanel and Burtin, 1972) ~ ~ was present as a contalllinant in PCA

."trJt"~ith:, Other laboratories report'" "'t1""os cross -reactive

.'.
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W:itii -6:A aech as normal 'glycoprotein (Mach and Pusztaszl!ri. 1972 ),

CEA-associated protein ' (Darcy , 'l\1rben,111e and James, 1973l . colonic '

carcinoerbryonic antigen-2 (Tu~bervl11e, Darc y , Laurence, Johns and '

NeI1111e, 1973) and 1:;010n carc inoma antigen-III (Newman, ' Pet ras . Georgia­

dis and Hanse n , 1974t .. Further studies derronstrated that thes~yco­

proteins represented one cross-reactive antigen that was later

defined as noanal cross reactive ant!gen-l (OCA,- l l . In addition, other "

CFA:-like .gl ycoprot ei.ns , exttacted fran different tissues; have also been .

desc[~ (Table 7) .. I ; i s believed that.:-CPA and . the c ecee- reec ctve

antigens be10n9 to one ccercn gene family and to date ,no known biologi~al

. ft.Inct!~.have beerl d~nstrated for '~ ofthese 'antigens . .
. . j , .
Tabfe 7 .> ":1:11. C[oss-[e~~iV~, antigens.

5. Gastric CFA- Nonna! gast r i c
like antigen '(aLIA) . j uice

Normal ard colonic _ BurUn , C'Ia'lanal and
, cancer feces ' Hirs~Marfe , 1973.

crces-reecetve
~
1. N::lnspeCifi c
c rO$S-reac tl.ng .
antigen (NCl.)

2. Biliary
glycoprotelne

, , ~;gi~,iii j

3. N::lnspeCific .
cross-reacting

. ~t1gen-2 (NCA-~I .

4.. 'lUrDr extracted
...J antigen ('mtl •

IQl:illon
fbrmal spleen
or lung

!bnna! hepatic bile,
SUe from obstructed
or inf1mll'ld gall
bladders

Liver metaStases
from col onic cance r

I!l:fl:m«:
von Kleist,~ . Olavanal

"l.!lIfd Burtin, 1972.

SVenberg, 1976.

Kessler, Shively,
Pritchatd and
"'lbdd, 1978.

Vllento, "tb ulll ahti ,
Pihko. Svenberg,

~=~,~76. <,
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1.3.6 Genetics of CFA:

a:A is "one O~_~he .bes(- C~raeteriZed tlJlIX)[ associated markers . Its

increased Pl~ levels and cellular expression associated with inflam­

rnator~seas~s, smoking and various SOl~d tuner- malignancies have

puzllled [esearche~e ~O[ many years! Irimun~ogiCal and Plwsicochemi~~

Char~eterization of (FA has revealed bo~~ an ~herent m!croheterenelty

and an association .wi th other glycoproteins• . 'rtieee facts have iJrated

research into the/'tJiOl~~Cal. function(s) of <:FA ana knowledge of the

genetics of CE'A would help ...in .clarifying the relationship of the ' C1'A

RfamilY· of antigens. arid mi9~1 ·h.elP izldefining i.ts biologi~al

·~unCti~·~s j·. " -Qle ~roach W~inqthe d:A,gene~.sl i~ ~tic ceil

··~bddiz.~~ion • .~ establis~tof .l,Ong tetm,_co!onic . t1mOi: ~c~l1 jf~es

which .prcdoce <:FA 'pas provided 'a meanS of stlrlying CE'A "in 'litm'. The

'" develo~nt:- of ' S~i~iC -~l~al ' ,antibo(1i~~ to . Cl?' ~ and to the CFA

related glycopl:oteins ha:s.....pl:ovided, a tool fOI: analysis of . antigen

expression by hybrid cerre.. coce the a:A gene( sl can be located, furtool:

gepetic investigation soolAd make it possible to st~ the expression of

these genes in nonnal. am malignant tissues .
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1.4 . stat:e.!nt of cbjecti'ftS

The objectives of thls project were:

1. To prcd cce , by somatic cell hybric:Uzation, inte rspec ific_ hanan- neuse

hybrids between ccr eeectej , ~ expres sing/secreting, canc er cell lines

and acuse cell 1!nes .

2. To screen th e . resul:tant hybr ids for Cl'A expre~sion/s~[etion using '\

specific immunological ass ays (enzyme linked immunosorbent as say .

ill1Tllml~[~idase ff,ay) . \>. '

3. 'Ib characteri2"~ hybrids f or numan chraroso me conten t'using cb[orT()~

analysis techniques (Giemsa differential s ta in ing, Giemsa baJ:x'ing) .

4 ., If obje:::tivesl-3 were succ-:ssfully attained and Q'A expr ef:!sing­

sec reting hybri ds were. defined~ theti.anattet{lt woUld be lNde to map the
0' . ,

CEA gene {~l ,by co~.te1at1ng antigen. expression ~~th the presence 'of

s~ific chrClIOsare(s) 1"n.~ .hybri d cells.-

J .

L_~
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