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S ‘ 'm‘smncr . ) ’

Carcinoembryonic antigen (CFNI,_ a human mm‘;Aas:ocxated nutkersfor

many epithelial tumors, has been well characterized immunologically and
structurally but its biological function(s)- remains a mystery. The

objectives of this investigation were to produce 1nterspecit‘ic somatlc

cell hybrids tweenﬁnlman ¢ CEA expreMsing/se cancer

cgl} lines (le74'r, SKCOL and‘*mS) and mouse cell hnes (NSl, - sP2/0,

. . RAG, PGI9 and STO)- and_to characterize the resultant hybrids for CEA

expression/secretion with the longer term goal of a’ssv'qnlng the. CEA

- gene(s) to'a particular chromosome.

; - y
Fusions Were using-a glycol (PEG)

\]
technique and hybrids were isolated by hypoxanthine-amipopterin-

5 ) thymidine/ouabain double ‘selection and for CEA

‘secretion in specific CEA immunoassays. 'Forty-eight fusions were
. Y ‘ e

- xd (43, monol =S ion; 5, 1 -monolayer) producing >

onolay

p \ 3 i
344 hybrid® colon;es of thevfollowing types (SKCOLxRAG, ,SKCO1xSTO,

¥ v
ety '

- D and HT: )e € 1 by Giemsa

differmtxal staim.ng confirmed that these fusion products were definite

hybrids containing human and mouse chromosomes.

This" study h\a.s 2 (1) the of human-

mouse somatic cell hybrids, i(2) that fusion of .monolayer—gonolay§r cell

. -
s % /Tines resulted in a greater yield of hybrids and (3) that none of the
hybrids obtained shwed high |, 1evels of CEA expressxon/secretmn, probably

. because the RAG.and STO cell\ lines were nonpemisaive fusion partners.

N~
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1.1 Gene Napping

1 1.1 Introduction _
Gregnz Mendel, the father of classma!'geneucs, formulated the laws
of 1nbetitmce and inferred from these laws that Xndividual traits. were
pas_sed on frﬁn ,geﬂetncion to genératit‘)n by ‘facyo:s' in the cell. b
"Factors” was the term ‘used by Mendel fo; the entities that were later.
designated "genes"'by Johanssen J:n 1909 By :hb\early '1;00'5, evidence "
was compiled su;_:purung the hypothesis ‘that the primary components of the
cell nucleus, - the chromsdneb,' carried the genetic info.mation‘ for
developlmt and xgmuq}\, Sh'ce that ume geneticists have been
interested in knowing the location, an'angenmt, and linkzqe of inﬂiv—
idua; genes; especially the genes responsible for x.nhedted diseases

bis

ick and Ruddle, 1977)..
Methods Of Gene Mapping
The  three methods used in’ chromosome ming are classical pedigree

unkaqe analysis, somatic cell gemtic analysu and molecular genetic
analyBXS. By studying the inheritance gat.tem in families it was
[N

denonstrated that comzblindness was a sex linked recessive- trait

j males who the % and hence the
'Eitst' gene was mapped to a bpecific human chromosome (Wilson, 1911).
Over the next. £ifty years onf' a few dozen other X-linked traits (e.g.,



-
hemophilia and Duchenne muscular dystrophy) were identified by N
characteristic pedigree pattem. In addition nine autosomal linkages
were established, however, because of the lack of cytogenetic markers,

the specific ble for each,phenotype could not be deter~ . &
mined. The first assignment of a gene by family linkagé analysis t‘*a
specific human autosome occurred in 1968 wt‘l_en ’I;onahue and colleagues @ *
postulated that the Duffy blood group locus "Fy" was on chromosome 1
(Donahue, Bias, Renwick and P'bKusick,_lQpGB). They made the assignment by
finding evidence of linkage between the.Duffy locus and a normal varia-
-

tion in | 1 that ves in a‘mendelian manner in they
family studied. | Y
In the late 1950's ;5 early 1960's.three scientists independently

\ |
using . expe systems" for the study of genes

in eysary " (Ledetberg, 1958; Stem;~1958; Pontecorvo, 1962).
It was around this time that the parasexual method of gerietic study was

introduced as an alternative method for assigniné; specific genes to

specific The of fic human—J
mouse hybrid cells by whole cell fusion of the parental cells was:
‘ .

referred to as somatic cell Some

leaiing up to thé discove:! that s_nmatic cell llyb:i{iizatim could be used
as a genetic mapping technique were as follows:

(1) The,‘application of microbial genetic teémiqueé to mammalian
cells resulted in many kinds of geneti®™ and. biochemical
studies. For atanpl‘e, the ﬁtw}is}ment of long tem in yitro
mammalian cell cultures and tissue culture technigues resulted



(2

3)

]

in many new genetic investigations (Puck, 1972).

The first in vitrg cell hybridization was demnstrated by
mixing cultures of two mouse sarcoma cell lines and deriving
a hybrid cell line (Barski, Sorieul and Cormefert, 1961).

This 5 fusion of ge 1y cell lines was

confirmed by other researchers (Sorieul and Ephrussi, 1961;
Gershon and Sachs, 1963). e =

A hybrid selection system was developed % using selection
mediu‘m and (HAT

medium) and conditionally lethal mutant parent cell lines ,

(4)
’ Por example, myxovirus was used as a fusing agent for mammalian’

(5

(thueﬂeld, 1964).
Vims fusion agents were shwn to improve fusion efficiencies.

" Somatic cells (Okada and Tadokoro, 1962). -Other researchers

confirmed this fusing dauity by 'usmq ultraviolet light
inactivated Sendai virus to produce hybrids between human Hela:-
cells and Ehrlich ascites tumor cells from mice. In addition

+ this the first (Rarris *

and Watkins, 1965; Ephrussi and Weiss, 1965).

a

The ing pre of inter-
ypeciﬁc hybrids was identified when it was observed that
human-mouse Mrids tended to lose human chromosomes (Weiss and

Green, 1967).



[

The first assignment of a gene to a specific chromosome was achieved
using somatic cell hybrid technology in 1971. By studying human-mouse
_hybrid mapping panels, containing various assortments of human chromo-
'somes, the thymidine kinase (TK) gene was assigned to chromosome 17
(Miller, Allderdice and Miller, 1971). This was detemgined by corre-
lating the presence or absence of a {ene product (TK) wi‘th the presence

or ‘absence of a particular humgn chromosome (chromosome 17). In the

1970's the number of specific gene was ¥i 1y
and by 1976 at least one gene had been to each human
The a of istic banding t such as quirmcrine—

bandmg and Giemsa-banding’ !.npwved the resolution of gene mapping
(Caspersson, Zech, Johanssen and Modest, 1970;" Se&righ:,s{l) At"this
time chzomoscme bandi.nq pattems tended to be of low resolution, but with

the d m of i it was
increased from 400 to 2000 bands (Yunis, 1976; Francke ‘and Oliver, 1978)

Towards t:he _end of the 1970's and the beginning of the 1980's
molecular genetic methods- were being applied to chromosome mapping. Some
eavxlier important developments such as the discovery of restriction
enzymes, the development of human’cloned DNA libraries and the develop~
ment. ofirecuﬁinant DNA te;:;miques facilitated molecular genetic studies.
One pa:t'iculaz t:ech'uque which has hnp:oved the resolution of gene
mapping was developed in 1969 by Gall and Pardue. They denonstrated. the
location gf the ‘ribosomal genes in oocytes of the toad ¥enopus by direct
Iybridization of radiolabelled RN probes. to the complemeritary DI in a
cytological prqm:ati‘on (Gall and Pardue, 1969). Today this technique -

- .
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which is referred to as in sity hybridization is used to map genes to
'ipeclﬂc on by hyt ing radiolabelled or
fluorescent labelled DNA probes directly to chromosome spreads. Besides

the direct mappipg technique of Tucleic acid hybridization, molecular
genetics provided new markers for family linkage studies. " The new

markers are human DNA po. i or ™ ior length _

polymorphisms” (RFLPs). These RFLPs are clinically inpoztant.as linkage
markers for certain genetic diseases such as ‘\Duchenne muscular dystrophy,
. /

Huntington's disease, -adult polycysti¢ kidney disease and.cystic

fibrosis.’ . .
'I’hehumanchrmmmapmhas' T on the

location of more ‘than’ 800 spec}ﬂc genes ai{intomaﬂon on the location

of.umany ly unknown DNA . Some of the genes mapped

include genes' for enzymes cell growth

factors, complement and cellular oncogenes. The human chromosome map and
éunent mapping strategies have recently been reviewed (McRusick,1986) .

1.1.3 Chromosomes, Oncogenes and Cancer
Certain mal defects are " v iated withgsone

typds of nman cancer. For example, in both retinoblastoma and Wilm's
tumor, the tumor cells often exhibit_a deletion of a partiéul{ax .
chromosomal segment (13ql4 for retinoblastoma; 11q13 for Wilm's tund‘t).
Along with chromosomal defe«‘:ts a group of. g.enes refe{red to as
"oncogenes" have bem shown to be associated with certain cancers.

‘S



Oncogenes can be classified into two types depending on their-hgst; viral
and cellular. 1In the case of cellilar oncogenes (c-oncs).the corres-

ponding wild~type allele is called the proto-oncogene. One such proto—

-~ oncogene~that has been well stu‘died is-c-myc. C-myc, originally found in

B-cell avian myelocytoma 4nd assigned to band q24 in chromosome 8 by in
sity hybridization )(Neelf Jhanwar, Chaganr;i and Hayward, 1982), is
associated with Burkitt's lymphoma (Taub, Kirsch, !brton.‘leno.tt, 9;1,!117
Tronick, Aaronson and Leder. 1982). The common dgfect observed is'a
recip ) translocation involvilr-ngr c-myc and . the immunoglobulin heavy
éhaings on chromosome - 14. Ip some cases the translocation occurs
“between c-myc and the immmogl in light chain genes (chromosomes 2 or,
22) (Yunis, .1983). Another on er;e. tc{.—) Eﬂ‘—cell 'll).mpmna/leukamacl)
wasl vproposed by Croce and colleagues to be loc: on band q32.3 <:>f
chromosome 14.and activated. in various T-cell malignancies. It appears
that the &{—chain gene of the T cell receptor, which was localized to
14q11-12 by in sity hybridization, may be involved in oncogene activation

following trans: i or in T cells (Cfoce,
;. S A
Isobe, Palumbo, Puck, Ming, Tweardy and Erikson. 1985). A second

ohcogerre, tcl-2. was proposed to reside within 11pl3 - and be involyed in :

T-cell malignancies in a similar manner to the tcl-1 oncogene (Efikson,
Williams, Finan, Nowell and Croce, 1985).




To date more than 30 oncogenes have been identified and 28 of these
|

have been mapped & 1ly to humn (Table 1). Host of
the mappirig assignments have been achleved with the combination of both
somatic cell and molecular genetic techniques. For example, the c-sis
and c-Ki-ras2 opcogenes were localized to their specific chxoms:mqé

(22 for c-sis; 12 for c-Ki-!asz)_by h hy lysis of
human-rodent somatic cell hybrids with molecular genetic probes to the
oncogenes (Dalla-Favera, Gallo, Giallongo and C;oce,'lsﬂz: Sakaguchi,
Naylor. Shows, 'l‘ogle. McCoy. and Weinberg. 1983)”. Direct confirmation of
, the§e assignine!(s is usually achieveg wit;h in situ hyﬁridization analysis
of “hybrid metaphase cells. . ’ . 2 ‘
Some oncogeneé code -for protein kinases, growth factors and growth .

factor teceptors and one proposal is that they a're,gnitosis regulatory

‘ genes in which mutatﬁ‘m_vcan' result in 10ss of growth control and
productjoni 'of a cancérous cell (Gordon, 1985).

B -



Table 1 ncogenes mapped to specific human thromosomes.*

Fnction of the ’ Location in the
ncogene_product Oncogene human karyotype
1. Protein kinase src 1p34-pter and 20q12-q13
1 9934
“'gte's 15q25-q26
® . yes 18 R
.2, Guanosine-triphos-  H-ras-1 11p15.1-pl5.5
phate binding H-ras-2 X
K-ras-1 6p23—ql2
K-ras-2 12pl2-pter
Neras 1p2-p3l |
y 3. DMA binding © mye . 8q24
. N-myc 2p23-p24
’ myb y 6g15-q24
. ets . 11g23—q24 >
ski a lql2—gtet -
. : fos ) 16 .
4. Growth £actor sis - 22q12.3-q13.1
v 5.-Growth £actor erb-B : . Tpl-p21 o
receptors * . fms . 5 .
o net ‘< 17 e P ok
mos i 8q2 .o
6. Uncertain -erb-A 17pi1—q21 .
B rel 2pll-ql4 J i
. 5 « "Bl oy 1p32 . d
- * Modified version of a table in H. Gordon's review of oncogenes (m@on, -
. 1985). Sl o
s
= -
* \
. o )
-~ '
-~ ] -



1.2 Somatic Cell Bybridization Ps

1.2.1 Mapping Genes for Cell Surface Antigens

¥ e technique of somatic cell hypridization has permitted a rapid
acceleration in definffig the human gene map since 1971. 1In the early
1970's most gene asslgnmenés determined by studying human-rodent hybrid
cells were pti:i)arily restricted to enzyme coding genes. The reason was
that most hunan and rodent es’ could be shed by their

llectmphomic pattema. In uddiuon, anothex g:oup ‘of genetic
azke:s, human- specific 'Entigehs, were mapped by detemining their
eion/nonexpression in’a panel of human-rodént hybrids. At first,

nventional polyclonal antiseta were used Eoz assessing antigen erpzes— !

sion’ in hybrids; Soon. after, with the developmerit of lonal" antibody

.technology (Kohler and Milstein, 1975), mnoclonal antibodies specific

for cell su:face antigehs were used because of the advantages they

: offered over polyclonal antisera. Some of these advantages include:

1) “sta oF @ cibility, (3) unlinited
avatiability of and (4) 4 ical purity of req}g.gits.
v

Illustrated in Table 2 are some ce]_l su:face antigen{ r,eceg;oz gene

assignments which hxve been characterized with monoclonal antibodies
specific for ea‘ch antigen.




. TR .

Table 2. Cell surface antigens/receptors mapped by characterization of
- somatic cell hybrhis with monoclonal antibodies

Cell Surface Location in the
antigen Beference -~
1. Human p53 17 . McBride,>Merry and
cellular timor Givol, 1986.
antigen 4
2. Human T-cell ’* 14 Croce, Isobe, Palumbo,
receptor alpha d Puck, Ming, Tweardy °
chain ¥ and Erikgon, 1985. .
3. Human Transtezrin N . 3 ’ GoodfeYlow, Banting, ’
xeceptoz | Sutherland, Greaves,
i | Solomén and Povey, e
( \‘ @ 1982. .. _
4. Human Insulin \ 19 i Yang-Feng, Francke
receptor s and Ullrich, 1985.
. 5. 'Human chromosome \ 1 Rettig, Pracopoli,
one cell surface | Goetzger, Spengler,
markers " . Biedlet, oettqen . y
| and 0ld, 1984. o /
6. T Antigen on |12 Kozbor, Finan, o
subset of T cells | . ovell and Cxoce. R
- . / see: |
! §
| \.
1.2.2 Selection Systems ’ — 5,

The first hybrid cells v}ere isolated without any selection against
unfused pnrenéu cells. m\ hybrids outgrew hoth%tal cell types
(Barski et al., 1961; Davidsdn and Ephrussi, 1965) Yerganian and Neil,
196¢) . Illustrated y Table 3 are some of the hybxid selection systens

have been used.since the develoment of somatic cell hybridization.

s 4 -



é pht
Table 3. Systems used for hybri® selection. &
e T
Selection o~ —Hybrid Selection
System Eactor Beference
1. Natural selectiop. Hybrid vigor Barski et al.,
] . 1961 i
- - /
2. Visual selection a)Different cell Weiss and Green, /
. »~ morphology. 1967 /'
b) Larger nucleus and ° /
. larger cell /
3. seleation by a)Enzyme deficient Szybalski, a =
genetic markers parent cells ' Szybalski and
- Ragni, 1962;
b) g L
parent cells Lin, 1972
>
4. Selection by virus Human cytopathogenic Zepp, Conover,
ipfection vx:uses Hirschhom
4,4 ) . and’Hodes, 1971

Selectidn systems play an hnpo:tant role in the isolation of samatxc ‘,

cell hybrids between human and rodent cells.

Most selective systews

depend on acquired metabolic properties such as drug resistance, auxotro-

been reviewed by Chu and Powell (1976).

phy or mm?al sensitivity.

The concept of selection sSystems has

5

-
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1.2.3 The hine-And ™ ine/Ouabain System
Both Szybalski and Littlefield independently reported the Eirst use

of selection medium allowing the growth of hybrid ::eus but resulting in

@ath of the two parental cell types (Szybalski et al., 1962; Little-

_field. ;B_Q-i). This selection is based on the use of HAT medium, which

)fgé}by Szybalski to kill oells that lack hypoxanth.\n&guanine
= et

inhibits dihydrofolate reductase and blocks de novo synthesis of purines

(HGPRT) or ine kinase (TK). Ammopterin

arﬁ pyrinidines. This selectively pressures the cells to synthesize
nucleotides via the sa.l’va'ge pathway. To utilize the salvage pathway the

bases, n and i must be present in the

growth" medium.  The parent cell }me’s are classified as "conditlonally_

. slethal mutants" because of their enfyme deficiencies. In order to

develop these.enzyme deficient cell lines the wild type cells must be
made: (1) drug resistant to purine analogues such as B-azaquanine (8-AG)
or 6-thioguanine (6-’16) for HGPRT deficiency or (2) drug resistant to

pyrimidine analogues such as 5 idine (5-Brdu) for TK defic-
iency. When the wild typé tells are grown in the.presence BF the
analoéues, selective pressures result in the ﬂtation of the genes coding

-for the salvage pathway enzym;s. This defect in- the enzymes is reflected

by drug resistance to the nucleotide analogues. -

- Another ion agent used in fic hybrid(zatxén

of human and mouse cells is the/"druy "ouabain" .  Ouabain, or stroph-

anthin, is a cardiac gl e which inhibits the Né*‘/R+ acéivated ATPase

of the plasma membrane, the enzyme responsible for the.active r.rans;‘;ort
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of K+ into the cell and the extrusion of Na+. (ne parent cell line 1@
either HGPRT or TK activity whereas the other parent cell line is
sensitive to the concentration of ouabain used in the medium. Since
human cens are usually killed by low cancenttations of auabain .
*(approx. 10-6M) and mouse cells by higher concentrations of ouabain
Sapprox. 10-3M), this arug is often used for selecting human-nouse
hybrid§. Illusteated in Table 4 are the common chemical selection

systems used for the isolation of hybrid cells from their conditionally

lethal parent cells. s ke
. i

Table‘d. Common chemical selection systems used in somatic cell

hybridization.

Selection -

Medium Enzyne defect Reference

thme—amlnopterin- HGPRT or VLittlefield,19%4. '
thymidlne (HAT) selection .

2. Adenine-alanosine (AR) APRT . Kusaro,
selection N Green,"1971.

3. Hypoxanthine-aminopterin— HGPRI,TK, and . Chan, Long and
S5-methyldeoxycytidine -~ doo Green, 1975.
(HAM) selection . )

4. Deoxycytidine-thymidine ax . De Saint Vincent
(dCR-ATR) selection - and Buttin, 1973.

5. HAT-ouabain selection HGPRT or TX Kucherlapati,

5 Baker and
Ruddlé, 1975,

'» adenine phosphoribosyl transferase; dQ, deoxycytidine deaminase;
deoxycytidine kinase. ~




agents used in somatic cell fusions. ¥
. L4

V4 ) 14
> &
= .
Initial lu{lon experiments depended on spontaneous fusion of the
parent cell types for the development of hybrids. The fusion efficiency
has been improved by the incorporation o’f f\:lm‘gqenr.s into the

fusion technique. ~Illustrated in Table 5 are some of the common fusion ’
- :

-

- - .
Table 5. Different fusing methods used for.the production of hybrids.
-

¥

Fusion Fusing .
i agent ~ Beference
4
1. Virus mediated W-inactivated Okadi, 1962
cell fusion, ~ __ Sendai virus
2. m].yethylene glycol Polyethylene Pontecorvo, 1975 7.,
. md.lated cell fusion glycol s .
3. P.lectrlcally induced Electricity FPinaz, Léfevre and v
" cell fusion i N Teissie, 1984

] N

-The applications of cell fusion studies include genetic analysis of
somatic cells, 1361 of gexe' control of malignancy,

virus—cell interaction and gene nq:pmg For me most of the 1970‘- the

main source of £or‘ h Jf genes was cell
fusion studies, supplgmented by £am11y linkage studies. By 1979,

mleculat genetic studies (in am hybrldization) were also n\a.king

significant contributions to gene mapplng. s




..-1.3 Concer Markers

s

Since "the hypothesis of‘the German biqlogist. T. Boveri, that the
key factor mitur.lng eoplasti ition was the of
abnomal chromosomes, (Boveri, 1914; Vetmn, 1986) , my other ideas

oonceming the wetiology of cancé&r have developed. At the time of
Bover1 s hypothesis, stumor viruses were implicated as the camative
factors. - In the 1930'5 and 1940's chenlca.ls and radiation were linked to
tha\promtion of cancers. 'lbday, many factors have been hlplicated in
the. .transformation "uf a nomal cgll to an mconr.:olled pmu.ferating"

cancer cell (Litkefi 1964). ; to the "somatic’ mutation
; the led growth ill d"in ca}u:ers is ':he result

of some qe'retic alteration in the ceuulax genome. This cha'lx_;e vhh:h
may be observable as a chromosome abnomlity. can be’ precipitated by
predisposing gemuc tmxs or awxmunental factors.

One theory cunceming the switch from a normal cell to a cancerous
cell pnstulates that genetic vmtatim of nqulato:y gene(s) cmtrouing
oell growth md differentiaucn is the primary event mpmsible for
moogmeais. 'nur. is, if normal regulatory" prmgs are repressed or
altezed by some genetic va:iatiun. _the formal cell may progress to
mcanﬁgugd cell grovth. 'l‘he sbage.,oI' differentiation at which this

change occu:s results in of ™ ation . Of

\the chzeg- basic classes of potential tumor markers (i‘e. hormones,
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enzymes, and tumor ass&ciated antlgens) the tumor associat: antigens

4 ~—
have been postulated as being differentiatio} specific antigghs. The two

most ively ized tumor i embry antigen
(CEA) and alpha fetoprotein (AFP) are closely related toy differentiation
and cancer. Both. are classified as "oncofetal antigens" because they are
markers associﬁ‘ed with normal fetal development and a 'variety. of
malignant and non-malignant diseases. .
LY

1.3.1 Alpha Fetoprotein (AFP) - .

AFP is a 70 KD molecular weight s‘e:um protein ‘expressed by fetal
liver cells and primary hepatomas. This major fetal protein was first

t in rodent jas and, ly, in huma_n\ hepatomas

« — (Abelev, Perova, Khrdmkova, Postnikova and Irlin, 1963; Tatarinov,
1964). 1In,addition, other studies indicated AFP ‘is increased in other -
pathological defects such as germ cell tumors (Alpért, 1972), hereditary

tyrosinemia (Belan‘gez. 1973), neural tube éefects (Allan, Férguson—&nith,

Donald, Sweet and ‘Gibsony 1973; Brock and Sutcliffe, 197‘3) and ataxia

. telangiectasia (Waldman and McIntire, 1972). Heredi'tary tyrosinemia is

an inborn metabolic disease characterized by abnormal tyrosine and

- methionine metabolism while ataxia telangiectasia is an autosomal

disorder by a defect in tissue differentiation of

. qut associated organs (thymus, liver) and by defective DNA repair.
AFP is-the only oncofetal antigen.that has been extensively studied
in terms of its Several labc es, using DNA

. techniques have developed’ human EDNA- Clones from human AFP mRNA exaacud
a1 )



from fetal livers (Beattie and Dugaiczyk, 1982) and from testicular
‘embryonal carcinoma (Tamaoki, Mo:inaqau Sakai, Protheroe and Urano,
1983). Nucleotide sequencing of these probes revealed homology with human
serum albumin and mapping, by in situ hybridization using radiolabelled
probes for both éenes, localized the genes to bands gll-22 of chromosome
Eou'r (Barper and Dugaiczyk, 1983; Minghetti, Harper, Alpert and
Dugaicyzk, 1983). g
1.3.2 Carcinoembryonic Antigen (CEA)
" The term carcinoembryonic ﬂigen was first used to describg a tumor
i, specific glycoprotein found in fetal colonic tissue and adult colorectal
. tumors (Gold and Freedman, isssa,b). Subsequent 'cha:at.:te:izatiorn
revealed that CEA was associated' with a variety of other solid’tumof
types and non-malignant diseases, particularly diseases of an inflam-
mat?ry nature. In addition to the association vu:t.h the diseased state, .
CEA and CEA-like substances were found in small amounts in nomal colonic
mucosa and in the serum, saliva, and feces of apparently normal
ind?viduals. Illustrated in Table 6 is the dist'f/ibution of CEA in
various nomal and clinical conditions. , '_

—

s



Table 6.

Reported CEA associations.

A.

‘Walionant diseases
1. Colonic tumors

2. Breast tumors

3. Ovarian tumors
4. Lung tumors

5. Medullary tthXd
tumors

Reference
Gold and Freedman, 1965a,b.

“anten, Collette and

Vs F;anchimnt, 1980.

Chism, Wamer, Wells,
Crewther, Hunt, Marchalonis
and Fudenberg, 1977.

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

‘Ishikawa and Hamada, .1976.

Non-malignant diseases

1. Inflamatofy bowel

disease

2. Pancréatitis

3. Rectal polyps

4. Chronic bronchitis

5. Cholecystitis

Beference

‘Moore, Kantrowitz and
Zamchek, 1972a;
Booth, King, Leonard By
and Dykes, 1974;

Thompson, Gillies, s!lver,
Shuster, Freedman' an

Gold, 1974. L.

Delwiche, Zamchek and
Marcon, 1973.

Doos, Wolff, Shinya, :
Dechabon, Stenger, Gottlier *
and Zamchek, 1975. 4

Laurence, Stevens, Bettelheim,
Darcy, Leese, 'mrbe:vule,
Alexander, Johns

Neville, 1972.

Martin, Kibbey, Divecchia,
Anderson, Catalano and

Minl'f: '
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Table 6. (cont'd)

B. mnﬂuugnan/r._disgaaga Reference

6. Cystic fibrosis - Davidson, Mincey, Israels
and Wilcox, 1973;
Wu, Herbst and Bray, ~
1976.

7. Alcoholic cirrhosis /7~ Moore, Dhar, Zamchek,
Keeley, Gottlier

and Rupchik, 1972b;
Khoo, Warner, Lie
and Mackay, 1973.

c. mn\nal conditiong Reference
1. ‘Heawy swking - . Steven and McKay, 1973;  *
A Alexander, ‘Silverman and

Chretien, 1976.

2. Nommal colonic mucosa . Chu, Reyneso and
setum, saliva, feces, Hansen, 1972;
and colonic lavages Martin and Devant, 1973;
Egan, Pritchard, Todd
and ‘Go, 1977.
M
1.3.3 Char of CEA.

CEA is a“glycoprotein, usually found in the cellular membrane, with
a m:‘)lecular weight z’ange of lw—ZQLm as determined by both sodium
doagcyl sulphate polyacrylamide gel electréphoresis (SDST-PAGE) .and-
molecular sieving (Krupey, Gold and ‘Preedman,*lsﬁﬂ; Slayter and Coligan,
1975).  On ultracentrifugation it displays a single peak with a sediment-
ation constant of 6.2-6.8S (&iiqan, Lautenschleger, Egan and Todd, "
1972) _.01 immunoelectrophoresis it athibil:‘é ﬁ—electxophoretic mobili-
0:y,= has an isoelectric point of 3 to 4 (Coligan, Her;kart, Todd mld_ -
Terry, 1973; Banjo, Shuster and Gold, 1974) and on electron microscopy
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.it appears to be a twisted rod-shaped molecule (Slayter and Oullgan,’
1975). Compositional analysis of the‘cazbohyd:ate moiety, which repre-
sents approximately 50-60% of CEA, demonstrated that the major sugar
residue is N-acetylglucosamine and the minor sugar residues are fucose,
mannose, galactose, and sialic acid (Banjo, Gold, Freedman and Krimgey,
1972; Banjo, Gold, Gehrke, Freedman and Krupey, 1974a; Banjo, Shugter and
Gold, 1974b). Both amino acid and carbohydrate Sequencing have begn
limited because of the extensive glycosylation of CEA. Up to 1983 only
the first 24 amino acids on the NHp terminal end ‘and SZ,._, of the oug;
séd‘caridé chains had been sequenced (Terry, -Henkart, Coligan and Todd,

1972; Chandrasekaren, Davila, Nixon, Goldfarb and Mendicinp, 1983).
Anhalysis of the protein substructuré revealed a single polypeptikde chain,
ranging from 575 to 829 amino acids"(slaytex and Coligan, 1975; Todd and

Shively, 1978) ', with 6 i [de bonds and Thomas,
1975).
1.3.4 Heterogeneity of CEA.

It is evident that Cﬁ;\ is heterogeneous vbased on its physicochemical
properties. The inherent heterogeneity may, however, be the result of

. re. of CEA. The usual source material for
SR \% . .
pu:lfyiné CEA 1s liver metastases of colonic adenocarcinoma. The initial
\ " .
purification step utilizes perchloric acid (PCA) extraction which

|

separates CEA, because of -its Mf;h carbohydrate content, from the -

majority of other ceu’ulax pi:oteins (Rrupey, Gold and Freedman, 1967;
Coligan et al., 1972; Hammarstrom, Svmbe:rg and Sundblad, 197.6). There -
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ideno evidence to suggest that lﬁ\ destroys or rmd?es the native

structure of CEA (Ashman and De Young, 1979; Koch and McPherson, 1980).
The usual sequence of purification steps for CEA'include PCA extraction,
" colum chromatography on Sepharose 4B and ‘Sephadex G-200, and prepamtﬁve
block electrophorésis on Sephadex G-25 (Rrupey, Wilson, Freedman And
Gold, ]:972). Modifications to this purification step include using other
extraction procedures such as neutral pH extraction (Eveleigh, 1974), 8M
Urea (Kimball and Brattain, 1978), 3M RCl (Keeg,'r.gake and Rogers, 1978),
4l dodecyl sulfate (Lewng, ,Bshdat and Marchesi, 1977), or lithim
diiodosalicylate (Rosai, ‘Tillack and Harches%. 1972). ©  The' use of
anti-CEA - b qéluﬁms for CEA {mriﬂcation has

recently been shown to be an improvement as ‘it can result in a hiqheg |
.. yield and is a much shorter pur_ifieation process (Ford, MacDonald,

Griffin, Life and Bartlett, 1987); Despite improved putiﬁcatim_a
) techniques, CEA still remains, heterbger\eéus and, therefore, it has been

that the materi jonally. defined as CEA may actually

consjst of a family of related glycoproieins (Vrba, Alpert and
Isselb;‘cher, 1975; A.lpext,‘-“ls'(s).
[
1.3.5. CEA-Like Glycopxotein's.
In addition to g ive i i there are gly immumol-

ogically cross-reactive to CEA. 'The first glycoprotein reported to be
similar to CEA was nonspecific cross-reactive antigen or NCA (Von Kleist,
" Chavanel and Burtin, 1972). NCA was present as a contaminant in PCA

extracts with G, Other 1 ies reported r




b

" » 2.
>

With CEA such as normal g in (Mach and P i, 1972),

CEA-associated protein -(Darcy, Turberville and James, 1973), colonic -
carcinoembryonic antigen-2 (Turberville, Darcy, Laurence, Johns and'
Neville, 1973) and colon carcinoma antigen-IIT (Newman,-Petras, Georgia-

dis and Hansen, 1974). Further studies demonstrated that these™glyco-

one antigen that was later .
defined as nomal cross reactive antigen-l (NGA-1). In addition, other’
CE‘A-nke glycopmteins, extracted from different tissues; have also been. #
describe‘l {Table 7). It is believed that  CEA and the czoss—teactive
am:igms belong to one common gene Eamﬂ.y and to date:no known biological

. have been r Eor any of these antigens. ta

Table 7..CEA cross-reactive antigens.
Al
Crogs-reactive B 3 .
1. Nonspecific Normal spleen von Kleist, Chavanal
cross-reacting or lung , 1972,
antigen (NCA)
2. Biliary Normal hepatic bile, - . Svenberg, 1976.
glycoproteins Bile from obstructed
I,II,and III. or inflamed gall
+ (BGPI, II,III) bladders
3. Monspecific Normal and colonic ~ Burtin, Chavanal and
cross-reacting ‘ cancer feces % Hirsh-Marie, 1973.
antigen-2 (m -2) . . .
4. Tumor Liver Ressler, Shively,
antigen (TEX) - £rom colonic cancer Pritchard -
) . “Todd, 1978.
5. Gastric CEA- Normal gastric Vuento, Rouslahti,
like antigen '(CELIA) * juice Pihko, Svenberg,
L Thamaki and G
L] Siurala, 1976. -
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1.3.6 Genetics of CEA.’ X )
CEA is one of the |best characterized tumor associated markers. Its
increased, plé;ma levels and cellular expression associated with inflam-

mator/iseases, smoking and various solid tumor- malignancies have

puzzled researchers fox many yea:s.‘). m and

chatactenzation of CE'A has revealed both an inherent m.lcmhetetogeneity

. and an association with other glycoproteins. . 'l‘hese facts have & | ated
research into the ‘bioiogicu function(s) of CEA and knowledge of the
genetxcs of CEA would help in clanfying the relationship of the'CEA
"family of antigens and might help in defming Sts biological ‘
functmn(s). One approach to@ing the CRA gaxe(s) is somatic cell
hybridization. ‘The establishrent of long tem colomc tumor ‘cell iines
which .produce CEA lms pzovided a means of studyi.ng (I‘A in vitro. The
develop‘ent of specific nonc_-lona‘1 antibodies to.CEA and to the CEA
related glycoproteins ha’s\provi'ded a tool for analysis of antigen
expression by hybrid cells.. Once the CEA gene(s) can be located, futthér
genetic fnvestigation should make it possibie to study the expression of
these genes in normal and malignant tissues.
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1.4 ' Statement of objectives

The objectives of this project were:

1. To produce, by somatic cell hybr: i i ific_hi -mouse

hybrids between " GA i ing, eancer cell lines
and mouse cell lines.

2. To screen the resultant hybrids for CEA expzes_sion/segzetion using
specific immunological assays (enzyme linked immunosorbent assay,
immopefoxidase #ay) 5 N

3. To characterize hybrids for Human content” using g

analysis techniques (Giemsa differential staining, Giemsa banding).

4. If objectiVes 1-3 were ly and CEA

secreting hybrids were defined, then .an attenpt wotld be made to map the
CEA gene(s) by cetrelating antxgen ezpression mt;h the presence of
speqxfic chromosome(s) in the .hybrid ceus.

- g Ry
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