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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



2.1 Cell Lines
The human cell lines selected as fusion partners for the production
" of interspecific’ hybrids were SKCOL and LSI74T (high A expressors) and

HT29 (low to moderate CEA expressor).

2.1.1 LSI4T
' . This cell line was derived as a trypsinized variant from the primary
culture LS180. LS180 was established.in 1974 from a moderately weu
leffe:entiated prl.mazy colonic adenoca:cinoma removed from a 58 year old
vonan (Tom, Rutzky, Jakstys, Oyasu, Raye-and Kahan, 1976). LSIAT, a
E \ monolayer culture cell line, has by ized for.um
and production, morphology, karyology and ‘growth properties (Tom et (11.,

" ! 5 1976; Kahan, hltzky, Berlin, Tomita, Wiseman, Legrue, Noll and,Tom, 1976;
Rutzky, Raye, Siiliano, Chao and Kahan, 1980; Sheer, Brown and Bobrow,
1982; Shi et.al., 1983; Ford et al., 1987).

~

.‘ hY
® 2.1.2 SKCOL

.. i 3
B . This cell line was established in 1972 from a-'malignant ascites from

a 65 year old ma.le with colonic ademcazcinma (Fogh”and T!E‘per 1975).

SKol, a mnolayer culture cell line, has been characterized for CEA

expression and production (Shi et al., 1983; Ford et al., 1987). i
~ coe . v . !/
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2.1.3 91‘29 '

This cell line was establxshed in 1964 from a moderately, well
differe(ia , grade II, celonic adenocarcmoma from a 44 year old
female (E‘o?h and Trempe, 1975). H’HQ, a monolayer culture cell line, hﬁl
been for CEA ion and (Egan and Todd,
1972; Shi et al., 1983; Ford et al., 1987). ‘

All three had previously been ized for CEA ion in

this laboratory using enzyme-linked immumosorbent assay. (ELISA), immuno—
peroxidase and in vitro antibody binding assays with monoclonal anti-CEA
antibodies, (Ford, Bartlett, Casson, Marsden and Gallant, 1987; “Table 8).

" “ * - Al
Table 8: CEA ics of human ‘col 1 cell
. lines. ., - i Y o .
z ‘n_;. an&:ibodies - CEA production
CL?;:S gmmocyto— bmsh‘ag 5: cell 0 ) (ng CEA per "
1. LSI4T 60 [ .86
2. SKCO1® 82 ’ 110 i 48
3. HT29 ‘A ' 3 . 5

¥ t of cells Wtive N
using 1251 labélled monoclonal anti-CEA (11—2as-u)
» Data obrained from Shi, Tsao and Kim, 1993.

The.mouse cell lines chosen as fusion, pan:n;rs for thé production of
interspecific hybrida were NS-1 and SP2/0 (mouae nyelomas)y RAG (rerml
ademcarci@ i PGl9 (melanoma) and STO (embryonic fibrablust). The
recommended gt:dth media are }xidicated in Table 9 (The Human Ge_netki
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Mutant Cell maposito\ry, 1981; American Type Culture Collection, 1983).

t %
\ Table 9. Recommended culture media plus growth supplements.

Cell Culture
Line -, Yedium
1.LS174T - Eagle's Minimum 50 ml FCS
SKCOL Essential medium 6 ml Glutamine -
) (500m1) 12 ml Penicillin/Streptomycin
- 6 ml Nonessential amino acids
2.HT29 McCoy's Iwakata 100 ml FCS <
and Grace medium 6 ml Glutamine '
(500m1) N 12 ml Penicillin/Streptomycin
. 6 ml Nonessential amino acids
mibon 15 ml HEPES buffer
L3.Ns-1 RPMI 1640 medium 50 ml FCS
SP2/0 (500m1) B © 6 ml Glutamine
E 12 ml Penicillin/Streptomycin
10 ml Glucose (4.5g per liter)
5 1250 ul 6-Thioguanine (10-2M)
4.RAG - Eagle's Minimum 50 ml FCS +\ Y g
Essential medium 6 ml Glt ne E
(500m1) - 12m Pm“%remmin
6 ml Non essential amino acids
6 ml Vi
° 1250 ul 6-Thioguanine (10-2)
5.PG19 Dulbecco's 50 ml FCS -
- Modification of 6 ml Glutamine .
Eagle's medium \12 ml Penicillin/Streptomycin
(500m1) 1250 ul 6-Thioguanine (10-2M)
6.STO0 Dulbecco's 50 ml F 5
Modification of - 6 ml Glutamine
Eagle's mediim 12 .l Penicillin/Streptomycin -
(500m1) 10 ml Glucose (4.5g per liter)
= 12587 ul'6-Thioguanine (10-2H)
£ 4



2.2 General Tissue Culture Techniques .

All

- laminar flow containment cabinets (Level II).

tism;e culture procedures were carried out aseptically in

N

2.2.1 Trypsinization . e
A. Materials :
.- ~*
(1) Trypsin-EDTA (10x, Gibco Laboratories) .
(2) 0.15M Phosphate Buffered Sa;lj.na\(ms) PH 7.2 -
B. Method ° . )
(1) A 1:9 trypsin and PBS solution was prepared. . ‘0‘

(2)

(3)

Fyi_nﬁnlayer culture was washed twice with PBS and: then \/\
Aincubated with the diluted trypsin solution for 5-10 minutes

at 30c, Ty - N
Once the cells had lifted off the plastic, the ¢ell suspension

was centrifuged at 200 g for 5 minutes in a benchtop centrifuge .
(T5C MY STT model). Folloving this the supematant was * -
decanted,t}geel}pelletwas:esuapu\ddlnd:ewﬂed

growth medium (Table 9) and a vibulty‘ cell count was per-

formed (Section 2.2.4). .

.
g
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2.2.2 Freezing Cells
‘ A. Materials
T w bimethyl sulfoxide (DMSO, BDH Chemicals)
* (2) Fetal Calf Serum (FCS, Gibco Laboratories) .
(3) - Freezing vials (imc) ‘
B. P;f_heds "

(1) Cell cultures were ed, by a visbility cell

count and washed twice with PBS.
(2

l-‘cllowing waahing, cells . were centrifuged at’'200 g fo: 5

mihutes m the benchtop centxifuge (IEC HN SII model) and then

resuspended in awmximately 1 m of cold FCS (90\)/0!150 (10%)

L ber 4-6x106 -cells. T:he 1 ml aliquots were tl;en quickly

° transferred to freezing vials_, stored in -700C for 2—.'; days: and
then transferred to liquid nitrogen (cb}iﬁainer‘ type, APOLLO SX -
35, WVE). ' '
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—2:2.3 Thawing Cells
A. Materials T
>(1) Recommended growth medium (see Table 9)
(2) Culture flasks (75 cm2 or 25 cm2)
(3) 15 ml cengrifuge tubes_'
B. Method ) )
(1) The freezing vial was' removed from liquid nitrogen sté:age, A Y
_squickly thawed in a 370C waterbath until a small ice gellet
“renained and then placed on ice. -t
(2) The thawed cell solution was quickly diluted 1:14 in recom-’
R mended growth® medium and then centrifuged at 200 g fot 5
. minutes. \ / :
‘3

Following the was d and the <
pellet was n-;suspended in 5 ml of recommended growth medium.
'Ihe;\ the cells were assessed for viability (ske Section 2.2.4),

put into culture flasks and incubated in a 370C humidified
'mclbutor with 5% Q0p,

(4 After 24 hours the cells were supplemented with an additional

5-10 of gropth xredium.
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' 2.2.4 Viability Test (Acridine Orange/Ethidium Bromide)
A. Materials -

(1) Hemacytometer counting chamber

(2) Acridine orange/ethidium bromide Stain (AO/EB) (Sigma
Q}Enic‘al Co.) 3
The solution was prepared by dissolving 0.1 mg of both AO and
EB in 100 ml of «PBS. This was divided into aliquots and
frozen at -200C,

(3) Light microscope, ultraviolet light source (Leitz Ortholux II)

B. Method : '

(1) After recording the total volume of the cell suspension, one ™
drop was aseptically removed- and added to one drop of AO/EB
solution. ‘

(2) Following this, the mixed solution.was added to the hemacyto-
meter and the cell viability assessed under ult:aviolet_ light.

3) First, the total acridine orang’e staiped viable cglls (fluor-
escent green) and the ethidium bromide ‘stained dfad cells
(brown) are counted. Then the viabllit}i was _calculated with
the following equation: <ty
% viability = (Total AO cells/ Total cell count) x 100%



32

2.3 Buman-Mouse Interspecific Pusions

" 2.3.1 General Materials

A. Fusing agents

B.

(1), Polyethylene Glycol 1500 (BDH Chemicals)
(2) Polyethylene Glycol 4000 (J.T. Baker)

5
Polyethylene glycol (PeG) % g
RPMI 1640, - 22.5m L
DHSO - 2.5 m

»

First, the RPMI 1640 and DMSO solutions were mixed and the PEG
was melted. Following this, the PEG was mixed with the REMI'
1640/DMSO mixture and sterilized by “autoclaving. Finally, 2 ml
aliquots of the sterile fusing solution were dispensed into sterile
15 ml tubes .and stored at -200C. This preparation was 508 PEG and
5% DMSO.

Chemical Selection Solutions

(1) Bypoxanthine-Thymidine (100x) and (50x) stock solutions .
Hypoxanthine ;.0307 g (Sigma Chemical Co.)

‘ﬂMnidine. 0.1361 g' (Sigma Chemical Co.)

The two preformed bases, hypoxanthine and‘thymidine, were
dissolved inra§7!°xi.mately 75 ml qf 60-760C prewarmed distiiled
water. Following this, the ,total volume'was aijusted_ to 100 ‘ml,
sterilized by £iltering through a 0.22 un ‘Filter and stored at
-200C. ‘This is a 100x HT solution. The 50x HT solution was
prepared by adding an equal volume of dslgtilled.v[nte: to the mdx HT h
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solutioh. Again, the solution was sterilized and stored in a

similar manner.

(2) BT selective medium

HT (50x) . T 2m
RPMI 1640-FCS-glutamffe 98 ml
The final ion for and i

1.0x10-4 M and 1.6x10-5 M respectively.

. . . '
(3) ) (50x) stock solution

Aminopterin  0.0176 g  (Sigma Chemical Co.)

The aminopterin was dissolved with a few drops of 0.1 M NaCH in

approximately 80 ml of distilled water and then the final volume was _

adjusted to 100 ml. The HAT (50x) solution was preparéd by mixing

.10 ml of the aminopterin solution with 100 ml of HT (100x) solution’

and 90 ml of distilled water. Following this, the solution was

¢ °
sterilized by filtering through a 0.22 um filter and stored at
-200c.

(4) AT selective medium

“HAT (50%) « 5 m
RPMI 1640-FCS-glutamine - 98 ml
The final i for a ! 7

and

. b 1
thymidine were 1.0x10-4 M, 4.0x10~7 M and 1.6x10~5 M respectively.




(5) .Ouabain stock sotution
Ousbain 0.0365 g (Signa Chemical Go.)

Ouzbain was dissolved in 5 ml of distilled water, sterilized by
filtering through a 0.22 um filter and stored at 40C. The concen-
tration of the ouabain stock solution was 1.0x10-2 M.

(6) Ouabain selection medium
Ouzbain stock solution 100 ul
RBMI 1640-HAT-FCS-glutanine . 100 ml
) ﬂ final ouabain concentration was 1.0x10-5'M..

(7) 6-Thioguanihe stock soll_lt!on 5
6-Thioguanine 0.167 g (Sigma" Chemical éo.)
Distilled water ~ = 100 ml ‘ .

The 6-thi_oguanine (6-:1‘;)‘ was dissolved with a few drops of 10 M '
NaOH in approximately 90 ml of distilled water. Tk;e solution was
then adjusted to a final volume of 100 ml with distllled water,
sterilized by filtering through a 0.22 um' filter and stored at

. -200C. The final concentration of 6-1G was 1.0x10-2 M.’
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(8) 6Thioguanine selgcﬁm md’im for mouse HGPRT negative cells
6-TG stock solution 125 m
Recommended growth medium 600 ml
The final 6-!!: concentration was 2x10-5 M.
Note! The standard culture media bottles contain 500 ml,
' however, after ‘addition of supplénents the volume totals
approximately 600 ml.

2.3.2 Fusion Methods y ) .
A" Standard "Sispension" Fusion-Hethiod - ead
'n'n standard method for~producing human-mouse hybzids was a

nndxﬂcancn of the suspens. fusion technique used for r.he
D of : (Kohler and Milstein, 1975). "

0

// mmthndfonmndtruehasicstm . -

() A visbility cell comt was performed on both fusion partners.
The - lowest percentage viability accepted for both ‘cell lines was
58, ) ' . : ;

(2) If the cell viability was Abwe‘ 85% for both cell linu: ti'ne
cells were ‘washed in PBS .twice and mixed at a 5:1 h\man to mouse
.cell ratio in a 50 ml centrifl)qe tube. Fol]o-dng this, th! cell
mixture was centrifuged at 500 g in a’ ba\chtpp centrifuge (IEC HN
SIT lmde'U for 5 minutes. . ¥

(3) Afterthe cells were pelleted, the supernatant was decanted and.
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S
+ the cells were gently resuspended. For addition of the Hl;ir;g
agent, Pm/DMSO! the temperature was maintained at 370cC.
(4) One ml of PEG/DMSO/RPMI 1640 was added sjouly over 1 minute
followed by an additional minute of stirring. .
(5) Tén ml of RPMI 1640 was added slowly to the PEC/DMSO fusion
mixture over 5 minutes. ' Following this, the ailuted mixture was
centrifuged at 200 g in the benchtop céntrifuge for 5 minutes.
@ (6) After the centrifugutioﬁ the supernatant was de'cax;ted, the
pellet was resuspended in 25 ml of Rm-lfa'l‘-Ouabain—F(B and the

cell ion was in 50 ul aliqlnts‘ per well .in
96 well culture plates which. already contained 100 ul of selection
fedium. b
(7) Finally, the culture plates were 1ncubateé in a éassed 5% OO
370C controlled environment incubator and the medium vas replaced
tw.:ce weekly using the foilowing selection schedule:
. . . 2 weeks in HATQuabain selection.

’ K} 1 week in HI-Ouzbain selection

- 1 week in normal medium




5. WSitications T the Standard Pusion Method )
The initial set of fusions foWgued the standard method. The
failure to produce human-mouse hybrids prompted the evaluation of

the following modifications to the standard method including:

{1) different fusion cell ratios including 1;1, 10:1, and 15:1,

(2)- different molecular weight PEG 4000,

(3) different plating densities,

(4) different mouse cell lines including an additional suspension

¥ -
cell line and threé monolayer cell lines.

+ | .
' .Illustrated in Table 10 are the different fusion pr&mo&ls with
G :the modifications evaluated.
Table 10. Different fusion protocols. 5
Fusion Partners Ratio Plating No. of
" Brotocol BEG Human Youse Rensity Eusions
1 1500  LSI74T NSl 5:1 -2.5x104 to 10
; BI29 6.4x104
sKoaL -
2 1500, ISI74T NS 10:1,15:1 3.4x104 to Ll
HI29 se2/0 -6.6x104
sKcal
3 1s00 HI29 NS1 1:1,5:1 ° 1.25x105 12
© sKcQlL  SP2/0 and 10:1 ° B
4 4000 HT29 NS 1:1,5:1 2.5x104 12
7 SKCOL  SP2/0 and 10:1 )
5 4000 W29  RAG 1:1 2.5x104 * g
SKCOL  STO
Pal9 -

Total Pusions = 48
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A

2.4 Coning by Limiting Dilution

A.

This method was based on the one described by Hudson and Hay
(Hudson and Hay, 1980). The rationale for cloning was to é\uch for
A pmdmi%'hybrids.

Materials
(1) Hybrid cells ) . 2\ p
(2) 96 and 24 well flat bottom culture plates (Linbro)
mr.héd . .
(1) The hybrid cells were grown in 25.cm2 tissue culture flasks
prior to.the cloning process. o
-(2) ° m cells were trypsinized, viability was assessed and cell
dilutions were preptu:ui at 10 and 5 c.eumv per ml for each hybrid.
(3) For each hybrid on; 96 well cultu.ze plate was set up. One half
of the plate received 50 ul per well of r.he 10 oe.il pe;r ml dilution

‘and‘tbeotherhnlirepeivedSOulpervenofthesullpexml

dilution. Assuﬁnq the dilutions were correct then half of the
plate zeceiva‘é cells per 48 wells and the other half received
12.5 cells per 48 wells. &

() Exch culturé plate was incubated in u'g 5% 00 370C incubator.
After 7-10 days the plates were screened. with r.he' inverted phase
microscope for the presence of hybrid clones. Only the walls
containing sxngle nnm].ayer oolonies were ueczpted as true clcmes.
All culture plates set up_ fo_: cloning were screened for 4 weeks
before discarding.. i )
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(5) Those wells single 1 lonies were

v
to_24 well culture plates. When they ;Woﬂﬂuence spent
medium samples were collected and tested in the ﬁ.IsA (see Section

2.8.1).

(6) Finally, all clonés were frozen for long term ‘storage (see
Section 2.2.2). The initial distribution of cells per well follows
Poisson statistics, thus although about .60% of the wells will
' receive only one cell and therefore initiate a true clone, a

significant prcportion will receive 2 or more cells. Cloning must

be repeated to ensure the honogenexty of any interesting hyhrid une

- (Hadson and Hay, 1980). Lt



2.5 Solubilization of CEA from Cells <
The following method was used to obtain membrane and cytosol
fractions from various cells (parent and hybrid) for CEA determinations
by ELISA (Shi et al., 1983).
— A. Materials
(1) TNEN buffer [Trizma base (Tris hydroxylmethyl aninomethane) ,
NaCl, EDTA (ethylenediamine tetraacetate acid dl‘eodium‘snlt),
NP40 (Nonidet P-40))
This buffer was prepared by dissolving the following amounts of
each component. in approximately 80 ml distilled water.
Trizma baée 0.242 g (Sigma Chemicals)

NaCl 0.585 g (BDH Chemicals)

; N

EDTA 0.037+g (Sigma Chemical Co.)

NP4O - . 500 ul (Sigma Chemical Oo ) ’

After dissolving the components the pH was adjusted to 8 0 and the
final ynlume made up to 100 ml with distilled water.
(2) 'Becknﬂn}!.lltncentrlfuge (Model L5-$5) ' .
(3) Beckman Icentxlfuge rotor (Type 75 Titanium Fixed Angl?)

B. Method . \
(1) Cells were grown in 8x75 cm2 tissue culture élaaks. When the
cells were confluent they.wete trypsinized, washed twice with
phosphatg buffered saline (pH 7.4), counted and frozen at —700C.
Samples of spent medium frun each cell type were removed for w\ J
apalysis by ELISA.

b
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(2) Following this, &he cells were thawed at 40C, sonicated twice

for 15 seconds and divided into two volumes (2/3,part A;1/3,part B).
. e

(3) Refer to Figure 1 for the rest of ‘t_he procedure.

1

Part A Fart B,
Add 1 ml TNEN Centrifuge at 100 000 g
E for 1 hour at 4

W

sunicat:e on-ice for
seconds and leave
for 15 minutes
1 - v - Cytosol fraction.
AN S
P

~ 3
Centrifuge at Add 1 ml of TNEN, sonicate
100,000 g on ice for 15 seconds and
for 1 hour leave on ice for 15 minutes
at 40C Lo

4’ *
Record volume of Centrifuge at 100,000 g
supernatant. This for 1 hour at 40C
is’ Menbrane .
fand 1 £raction. r

Save supernatant, record the volune
and store at =700C. This is the

Menbrane fraction. ‘

|

Pigure 1. Outline of solubilization method.



2.6 O'ncmtxfﬂnn of Spent Medium

A. Materials

B. Method .
(1) Spent medium samples from selected hybrid cultures were .
concentrated five-fold in the minicon concentrators.
(2) After collectihg the concentrated spent medium samples, they \
were assayed for CEA by the ELISA (Materials -and Mithods,
section 2.61). L ?

2.7 Chrosoecmal Analysis go B i

2.7.1 Chromosome Harvesting

B.

42

(1) Minicon concentrators (Eight-cell capacity, 5 ml each, 15,000

molecular ‘weight cutoff; Amicon Canada Ltd.).

(2) Spent medium samples collected from confluent monolayer

, cultures (75 cm3).

-

A. Materials

(1) Oolcemid (Gibco Laboratories)
(2) KC1 (Fisher Scientific Co.)

a3
¢4) Methanol (Fisher Scientific Co., M12-4)

Acetic acid, glacial (Fisher Scientific Co.)

Method

(1) Cell cultures were set up in 25 cn2 tissue culture £lasks and
. .

incubated at 370C.

.

s

c)
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(2) The cultures were observed daily with the inverted phase light
microscope to determine the optimal time for chromosome _h‘arvesung.
This was indicated by the pcesenoe of mitotic cells. Harvesting was,
started when ' the number of nutotic cells exceeded twenty-five.
(3) Once it’was decided to harvest, cultures were incubated in
recommended growth medium plus colcemid, at a‘fina.l concentration of

0.05 ug per ml for 15-20 minutes. -Following this, the medium was

“poured into labelled 15 ml centrifuge and the cells were trypsinized

(see Section -2:2.1). .As soon as the cells detached, the cell *

,suspension was poured into the appropriately labelled centrifuge
g '

tubes.
Th/cells were cehznfuged at 300 g for 5 minutes’ in a

benchhop centtifuge (IBC !‘ sn model).. After cent:ifugation the

supematant was decanted, the cells were gently resuspended and

5-10 ml of ed 370C Rl (0.075 M) was added.
Then, the cells were incubated approximately 10-15 minutes in a 370C
waterbath. . )

~
- (5) After hypotonic treatment, the cells were centrifuged at 200 g

for 5 minutes in the benchtop centrifuge. E‘cllwiﬁg centri-

the was ‘the cell pellet was gently

and freshly acetic 1 1 (1‘:3) was

added to the cells. Fixative (acetic acid-methanol) was added
dropwise for the initial 1-2 ml to avoid cell clumping.

fG) ’A_fber the addition of’ fixative, the cells were centrifuged at
209 for 5 minuteg in ﬂlxe benchtop cei\txiflxqe. Once the fixative
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was changed three times, chromosome spreads were prepazed—.

" (7) Chromosome spreads were by P 50
to 200 ul of cell suspension on to ethanolqprecleaned slides held at
a 450 angle. Then, the slides were heat dried at 950C for 30

minutes.

2.7.2. Chromosome Staining

2.7.2.1. Giersa Banding
The Ciemsa banding method, developed by Wang and Fedoroff, was used
to band human, and mouse chromosomes (Wang and Fedoroff, 1972).

A, Materials
(1) Wright's Stain (Sigma Chemical Co.)

(2) 0.05% ypsin (Difco Lat ies)

. (3» saline (H Chenicals)

~—{4) Phosphate buffet pH 7.0 (;Sorensef-'s)

B. M‘erhod—lPaxt 1 Prep'aring Solutions
(1) 0.05% Bactotrypsin in 0.9% salipe (NaCl)
‘i‘he lyophilized vial of bactotrypsin was rehydrated with 20 ml

of PBS pH 7.4 to give a é.sa tzirpsin solution. After rehydration
the solution was aliquotted'in 1 ml amounts into plastic. 1.5 ml
‘Eppeidorf tubes and stored ab -200C.  The 0.05% trypsin solution

.

was prepared by mixing I ml 2.5% trypsin with 49 ml of 0.9% saline.

.
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(2) Sorensen's stock buffer, pH 7.0
KHpo;  4.536 g  (J.T. Baker Cbenical. Co.)
Naghpoy 4.733 g (EDH Chemicals)
Each chemical was dissolved separately in 500 ml ‘of distilled
water. The Sorensen'g stock buffer was prepared by mixing 61.1 ml
of Nﬂzm with 38.9 ml of KH2PO4.
b (3) Phosphate buffer, pH 6.8 (5% working solution)
' The 5% phosphate buffer was prepared by diluting 5 ml of the
Sorensen's stock buffer with 95 ml of éistilled water. ‘
4) Wziqhtjs stock‘stain '
Wright's © 1.0 g (Signa Chenical Co.)’
The Wright's sto::k stain was prepared by dissolving -1 gram in
- 250 Ml of methanol. l‘rhis was stirred for 2 hours at room temper-‘
ature and then ‘Eutered to remove any undissolved powder (Whatman's:
< Rfilter ppen). ) '
(5) Wrigﬁt‘s stain (working solution) R
w2 ‘' This was prepared by mixing 1 ml of Wright's stock stain with 3
‘ml of 5% phosphate buffer, PH 6.8, ’
B. Method-Part 2: Banding Chromosomes
(1) The slide preparation was dippﬂ in the 0.05% trypsin solution
for 10-60 seconds. Immediately following this, the slide was
rinsed in 0,9%.saline twice, and stained with Wright's working
solution fpr 10-60 seconds.



&

S.

(2) After the staining 'pe'riod the stain was washed off with tap
water, blotted partially dry with gauze and fully dried with a hot
air dzyér. ’

3y w:.th ‘oil xmmersion uqht microscopy the Giemsa banding was
assessed If the chronosanes w[ze not banded enough a ‘second slide
was exposed in trypsin E_ox a longer time. If the chromosomes were
too swollen then the trypsin time was decreased. v
(4) Well banded metaphases were photographed (Section 2.7.3.1).

. ¥
2.7.2.2. Differeritial Giemsa Alkaline staining‘
The following is a modification of the differential staining

'
technique described (Alhadeff, Velivasakis and Siniscalco, 1977).

A. Materials
) Glensa alkaline stock solution
(2) 0.05 M Phosphate buffer, pH 11.3
B. Method-Part 1: Preparing Solutions T
(1) Glemsa-11 stock

/ » Giemsa stain powder 1.0 g " (Fisher Scientific, G-146)
- dycerol ', ‘66 nl  (Signa Chemical Co.)
“\  Absolute ethanol 66 ml .

- One gram of Glensa stain pwder was mixed with 6 ml of pre-
warmed 600C ‘glycerol in a 250 ml Eddimeyer flask. 'mis mixture
was grounded with a round-bottom qlaas test tube ‘and diluted with an
additional 60 ml-of prewarmed glycerol.  Following this, the flask
was wrapped in aluninum foil, stirred for 1 hour at room




temperature, transferred to a shaker wpgerbath at 600C and shaken
overnight. The n&t day the solution was removed from the

cooled, 1 ted with 66 ml of absolute ethanol and
4

stirred for 2-3 hours at room temperature.

(2) 0.05M sodium phosphate buffer pH 11.3
NapHPOy 3.549 g (Fisher Scientific Co.)
Naﬂimﬂzo 3.450 g (Fisher Scientific Co.) y
Both po:r.ions‘weze diasolved in approximately 800 ml of

- distilled water, the pH was adjusted to 11.3 with 10 M NacH and the
£inal volume “vas adjusud to 1000 ml with distilled water.
hod: 2: Dif al-
(1) Slides, aged for 2-3 days, were preincubated for 2 hours at’

600C in distilled water. Twenty minutes before the 2 hour incub-
ation was completed the 6% Giemsa working solution was prqazd
'mue ml of qusa stock s?lutim was duuted with 47 ml of pre-

warmed 370C 0.05 npmsphate\auf\_g& pH 11.3.
(2) The stain was then l:eltriﬂgad' at 500.3; for 5 minutes in a
benchtop centrifuge (IEC HN SII model) to remove nondissolved
powder.  After ;:mtpsttlgatian the stain'was carefully decanted into
a Ooplin staining jar and equilibrated to 37QC in a waterbath.

(3) ‘Once the 2 hour ipcubatlon was completed the slides were
removed, air dried and placed into the 6% Giemsa working solution
for a time period: ranging from 2-10 minutes. A film that forms on
top of the staining solution was carefully wiped off with folded
absorbent tissues before the slides were dipped in and before Lhe'y



were removed.

(4) The slides are assessed for good qualfty differentially

stained with oil i light :
(5) Well stained metaphases were photographed (Section 2.7.3.2).

2.7.3  Photomicroscopy

2.7.3:1 Black and White (Giemsa Banding)
A. Materials ’

B.

\
13

. 3

(1) The equipment required for photographing Giemsa banded chromo-

somes included a light miczésco‘pév (wild Ieitz ortholux II) equipped )

with an interchangeable 35 mm camera and Photoautomdt MPS 45 (Wild

" Leitz).

(2) The materials required for developing the 35 mm technical pan
£iln included £ilm developer solution (Kodak Developer-76) and film
fixer solution (Kodak Rapid Fixer).

(3) The materials and equipment required for printing the 35 ‘™
film included printing paper (Kodak Ektamatic SC paper), activato:(

solution (Rodak SII activator), stabiuzer solution (Rddak E:ktamtic
s30 sbabnizex). enlazge: and automatlc printer.

Method-Part 1: Pmmgxapty

(1) All Giemsa banded metaphases were photographed under oil
immersion with the 35 mm camera MPS 45

system (100x objectivé) »
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s

49

Method-Part 2: Development

(1) In a darkroom the film was loaded into the developing cassette.
(2) The film was developed for 6-10 minutes in 1:1 developing
‘Eolution and tap water (Developer-76/water) at 20-220C. The
cassette was gently invertéd every 30 seconds for uniform film
developing,

(3) After the developing time the solution was decanted, the'film
was thoroughly rinsed with tap water at 20-220C for 30-60 seconds
and the £ilm fixed for 2-4 minutes in fixing solution: Again, the
cassette was gently inverted every 30 seconds for uniform film
fixing. , . ,

(4), - After rJ:e ﬂ:xing time period the solution was decanfed, .the
£ilm was thoroughly washed in tap water and dried with a hot air
dryer. ’

B. Method-Part 3: Printing °

(1) , All printing was performed with the film enlarger and automatic

printer in a darkroom.

/N (2) The automatic pﬂnter was filled with both activator and

J/

5

stabilizer solutions. .

(3) ‘The 35 mm ﬂ.lm was placed in the enlarger film feeder and each’
negative was focussed ‘and exposed to Ektamatic SC paper for 1-15
seconds. »
4) _Xmediately following this the paper was processed by the
automatic printer.and air dried.

N\ s ) L



2.7.3.2 Golor

The equipment required for photographing Giemsa differentially

stained chromosomes was the same as that used for Giemsa bariding.

All color slides were processed by the medical audio-visual it of

the Faculty of i Memorial ity of nd.
<« 5 S
2.8 G&A sﬁecung Techniques - N

2.8.1. Enzyme Linked hwnumsoxbent Assay (ELISA)

This is a modification. of the method used to measure anti-(m

antibodies (Woodhouse, Ford, and Néwman, 1982; Ford et al., 1987) and

_ that used for measuring CEA (Casson, Ford, Marsden, Gallant and Bartlett, -

1987) .
A. Materials
(1) Rabbit anti-CEA Mn (DAKO, Denmatk)
(2)- Monoclonal mouse ‘anti-CEA a/ntj.body (11-285-14)
‘(3) Peroxidase conjugated goat-anti-rabbit immunoglobulins (Miles
Scientific Inc.) , :
(4) Affinity purified CEA standérds ranging in concentration from
3 ng per ml to 100 ng per ml in PBS/BSA diluent. *
(5)

Substrate reagent - ABTS 27.8 ng per nl (Sigma Chemical Co.)
ABTS - [2,2'-azino-di- (3-ethylbenzthiazoline sulfonic acid))

\
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(6) Saline-Tween (washing solution)

0.15M NaQQ

0.1% ’l\lem 20 - (EDH Chemicals)
(7) Carbonate-bicarbonate buffer, (0.1M pH 9.2) X

Napo03 0.795 g ) i

NaliC03 1.465 ¢" -

The and were each —in

approximately 400 ml of distilled water, adjusted to pH 9.2 with 6M
HQ and.the final volume made up to 500 ml with distilled water.
(8) 1% BSA-Carbonate buffer (pH 9.2, 0.1M) o
Bovi‘ne serum ulbmin (BsA) 1lg (Sigma Qﬁicm)
Carbonate-bicarbonate buffer 100 ml
.(9) Citrate phosphate buffer, 0.14 pi 4.0

Citric acid .4.53 g (BDH Chemicals)
NagHPOY 4.53 g (Fisher Scientific)
The two were in i 400 ml of

distilled water, adjusted to pH 4.0 with 1 M HQ and the final
. volume adjusted to 500 ml with distilled water.
(10) 1% BSA-PBS-Tween Diluent ’
BSA 1g - i, -~
PBS pH 7.2 200 m
' Tween 20 100 ul



Method-Part 1: Coating Cuvettes
(lj The coating solution was prepql'ted by making :né appropriate
dilution of afﬂnity:_puriﬂed 11-285-14 antibody with 0.1 M carb-
onate-bicarbonate buffer (pf 9.2) to give a 2.5 ug per nl solution.
(2) The coating solution was dispensed, 250 ul per cuvetie, with
the EIA "50" H..ISA system (lefnzd).
4(3) The cuvettes were sealed, incubated for 3 hours in a 370C
_waterbath and stored at 40C until the assay was perfumed '
Method-Part 2: The CEA Assay

~ (1) Coating solution was remved and cuvettes automatically washed

6x with sg]:" een, The 1% buffer pH 9.2 was
dispensed; 300 ul per well, with the EIA "50" EILIEA syst;n. The
cuvettes were sealed and incubated for 1 hour in a 370C waterbath.
2) 200 ul of the appropriate controls (ISBSVPBS, ;}ﬂ CEA
standards) and test samples were dispensed into separate cuvette
}lells with a Gilson micropipette, the cuvettes were sealed and
incubated ;oz 2 hours in a 370C waterbath. After each incubation
stage the cuvettes were automatically washed 6x with saline-Tween
washing solGtion to remove any nonbound material.

(3) A 1:2000 dilution of the second antibody (Dako rabbit anti-CEA)

with duuent (1% B ) was '_ (250 ul per

well) and incubated for 2 houzs in a 3% aterbath.

(4) A 1:4000 dilution .of the conjugate '(goat anti—nbbit horse

radish peroxidase) with diluent was' prep‘ared, dispensed (250 ul per
|

well) and incubated for 2 hours in a 370C wate:baﬂ:.
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N . 5 %

(5) The substrate reaction mixture wassprepared by mixing together
100 ul of stock ABTS (27.8 mg per ml), 1 ul of Hy0p (308) and

12.5 ml of citrate phosphate buffer (pH 4.0)

(6) The reaction mixture was dispensed, 250 ul per well, with the
EIA "S0" ELISA syétan/ The absorbance readings a‘t 405 nm were
measured for time periods ranging from 0-60 minutes. The absorbance
for each cuvette well at T=0 minutes were used as background levels

and were subtracted from the final readings.

2.6.2 Immunoperoxidase Assay

¢

assay;

The following two stage indirect
o
by Heyderman (1979) and modified by Ford, Gailanf and Al (1985), vas
used to (@A expréssion in the £i¢ hybrids. -

" A. Materials
(1) The antibodies used in this assay include a.musevanti:m T —
monoclonal antibody (11-285-14), a rabRit anti-CEA polyélonal
antibody (Dako, Denmark), nonspecific mousd. antibody (control
ascites, Bethesda Research lahoratoties),(\nu{mal rabbit serum,
normal sheep serum, rabbit anti-mouse horse radish pe:oxid!se

‘conjugate (RAM-HRP) (DARO) ‘and goat anti-rabbit horse radish
’

conjugate (! ) (Riles ).



(2) The solutions used in this assay include the following:
Xylene
Ethanol (Absolute, 75%, 60%, 30%)
Phosphate buffered saline, pH 7.4
Hydrogen Peroxide, 7.5% (B0, 30%,/stock, Anachemia Ltd.)
Periodic acid, 2.28% (periodic acid, 95% stock, BDH Chemicals)
Potassium borohydride, 0.02% (BDH Chemicals) -

e

BSA in PBS, 1.0% X
Brij 35 in PBS, 0.001% (Brij 35, jOI stock; Technicon)
§ Mayer's haemalmn stain (Harleco Diagnostics, BDH)
L'ith‘ium carbonate, satuxatgd aqueous solution
Permount (Fisher Scientific)
(3) The mixture insisted of the following
3',3'-Dianincbenzidine - 30 m3  (Signa Chemicals)

30% Hyp T oe0ul

PBS,-pH 7.4 - 60 ml - - S S
S

(4) The slides fested in each assay included methanol-fixed smears
of human and mouse parent cells, methanol-fixed smears of hybrid

cells and,toqnaun-fued. paraff tissue from

liver

Method

All procedures were carried out at room texpezatu:e.

(1) The following solutions were prepared before starting the
assay: 7.5% H0p; 2.26% Periodic acid; 0.02% Potassium Borohydride;
1.0% BSA 4in PBS and 0.001% Brij 35 in PBS.



(2) The slides were bleached with 7.5% Hy0; for 5 minutes and,

)

ly, rinsed ly with .tap water to remove the

hydrogen peroxide.

+ (3) The sl'ides” were -then incubated in 2.28% periodic acid for 5

minutes and,, subsequently, rinsed rj»orough‘ly with tap water.
(4) To block all free aldehydg groups the slides were incubated in
0.02% potassium bom.hydtide for 2 minutes. Subsequently the slides

were rinsed with tap water and then with PBS.
) (5) To blockg nonspecific binding of the conjugate a 10 minute

incubation in a humidified chamber was performed using 50 ul per
slide of the following blocking agents:
1:25 nomal rabbit serum if 11-265-14 and RAM-HRP-were used -
\/ 1~25vr‘|oma1 sheep serum if DAKO anti-CEA and. GAR-HRP were used
(6) The slides were washed m fresh 0.001% Bri) 35 in PBS for 5
mi.nur.es‘

(7). After the waahing stage,. the. slides were 1ncubahed in .a .

humié fied chamber for 30 minutes with 50 ul per slide of one of the




(9) After the washing stage, the slides were incubated dn a

hwniqified chamber at room temperature for 30 minutes with\SO ul of

one of the following conjugates: _'

RAM-HRP (1:30) if 11-285-14 was used .

GAR-HRP (1:50) if DAKO anti-CEA was used

(10) Step #8 was repeated. *

(11) The slides were incubated in freshly‘ prepared substrate : .
. solution for 5 minutes and subsequently rinsed with PBS.

(12) ‘Followlng‘ﬂlis, the slides were stained in Mayer's haemalum

stain £4r 5 minutes and ;ubsequently zinseﬂ with tap water.

(13) After ‘staining the slides were "soaked in lithium carbonate for

30-60 seconds and then dehydrated by rinsing through the alcohols.

éinally the slides were rinsed in xylene and mounted in Permount.

(14) A1l slides were screened for mémbrane and cyt;:sol CEA expres-

sion with the light microscope (25x objective).



57

3.1 Giemsa Banding Parent Cell Lines

.

ive were using the Giemsa chromo-

’ P
somal banding technique. The reasons for obtaining karyotypes of each
cell line were to identify any marker chromosomes that might_be part of
any human-mouse hybrids produced in this project and to. become familiar

with . 4 q The basic chromosomal harvesting.
method used for g and spreads was the
conventional d-hy e" 1971).
h ranges, by ! K 100

for each cell line, are shown in Table 11.

Tablé 11. Chromosome ranges for LSI74T, SKCOL and HT29.

Human ) + Chromosomal Range

o : .
sur ; 0347 (i1.8)

w2y - S o @8

sk : . 70-77 (84.0)

Giemsa banding of ‘the celi Tines proved to be gifficult and p:oble'is
em_:ountered included low mitotic l;:dices, ‘poor quality ghrhvosme spreads
a;v:l poor banding. Attempts were made to improve the number. of metaphases
-and thf quality ‘of 'the chl‘:onnsome spreads with cell synck!xon?.zatxon

methods i and Dy syri



(Yunis, 1981; Wiley, Sargent, Inhorn and Meisner, 1984).
improvement was observed and the synchronization experiments were

discontinued.
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However, no

ered with chr 1

Although problems were

analysis of the human cell lines representative cells were karyotyped.

Karyotypes of HT29 and LS174T are illustrated in Plates 1 and 2 and an
SKQO1 Giemsa banded metaphase cell is depicted in plate 3.
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Plate 1.

from the human tumor cell line,
chromosome number is 64 and it contains 10 marker chromosomes
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Marker chromosomes are structurally abnormal chromosomes including
dicentric, ring and minute chromosomes.

iy /

Ao A
3R T R ¥
[ T  al

Plate 2. A Giemsa banded karyotype representative of a metaphase cell
from the human tumor cell line, LS174T (colonic adenocarcinoma). The
chromosome number is 45 and no marker chromosomes were identified.
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Plate 3. A Giemsa banded metaphase cell from the human tumor cell line,
SKQO01 (colonic adenocarcinoma) .

identified (arrows).

Many marker chromosomes have been



3.2 Screening for CEA by ELISA.
An indirect two stage antibody-enzyme immunoassay was routinely in
use for measuring CEA in this laboratory and it was used for screening

sipernatants from parent cell lines and hybrids (Materials and Methods,

Section 2.7.1). A ative curve i with this assay
is illus.trated in l;‘igure 2. From this it can be seen that the lowest
leval of. sensitivity with the assay is 3 ng per ml and that the most
accurate range ' is between 20-100 ng per ml, the linear part of the curve.
; In order to maximize the ‘possibiln:y of detection and not miss any
f)oben}:ial CEA secn;eting hybrids, it was deci@_gg,that the operational,
definitica of CEA production would usually be an absorbance value equal
to or greater than the 3 ng per ml (.'r‘A standard. On-one.occasion the
initial results for cloning we‘re disappointing in that f the values
were below 3 ng pér ml, For this réason a lower ::‘:o?::;\he BSA
control plus two standard deviations was arbitrarily used for select‘icn
1.n order not to miss any potential hybrids in r;his case (see Appendix II:

VIII.. ELISA #8).

MNote: All ELISA data are in Appendix II.
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S5,
2.0
n
0
¢
q
1.0
¥
3
a - T " T
" a . 10 100
CEA ng per ml
Figure 2. A CEA ard curve. e at 405 nm

(ordinate) versus log CEA concentration 3 ng to 100 ng per ml (abscissa).
The @ represent the value obtained for each CEA standard and the O
represent the value for the PBS/BSA control.  RPMI-HAT controls usually
gave absoxrnce values similar to or slightly greater than the PBS/BSA
control. .
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3.3 of Buman-Mo fic Bybrids

V
3.3.1 Testing Ouabain Selection .

Before any interspecific fusions were attelpﬁed, the HAT-ouabain
double selection system was investigated. Previous intraspecific fusions
to produce mouse-mouse hybridomas in this laboratory had shown the BT
selection @st had led the growth of NS1 myeloma cells. To demon-
strate that the ouabain componen;: .o\f the selection system was capable of -

killing human tumor cells,. LS174T cells were tested against three ouabain

concentrations (1x10-4 M, 1x10-5 M, 1x10-€ M ). In addition, the Ns-1

cells were also tested in an identical way to ensure that ouabain had no
toxic effects on their growth. Cell densities four’ times ‘the usual
plating densities were tested to ensure that‘ogabain was capable of
killing 100% of the human cells used in the fusions. This killing effect
was dgfined as the absence of colonies in 96 well cultures after 30 -days

s
A ouabain ion of 1x10-5 M selectively killed 100%

of the human tumor cells whereas the mouse cells were unaffected
(Table 12). However, for the ouabain copcentration of 1x10-6 M, some

viable LS174T cells remained in some of the Hslls.
N ~ [
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Table 12. Effect of different ouabain concentrations on LS174T and NSl.

Ouabain Cell Fusion Plating Density No. Wells containing
Concentration  Line (cells per well) ) Viable COlonies*
1x10-4 M LS174T 1x105 0
NS-1 2x104 10
1x10-5 M LS174T ° 1x105 0
NS-1 2x104 10
1x10-6 M LS174T ,* 1x105 2
NS-1 2x104 10

" A total, of ten wells was used for' each ouabain concentration.

5

3.3.2 Fuysions with Mouse Suspensior Cell Lines (NS1, SPZ/?L
The basic’ used for developi fic hybrids was |

suspension fusion with polyethylene glycol (PEG), established in the
middle 1970's (Pontecorvo, 1975; Dav!ds;m and Gerald, 1976; Hales, 1977; ’
O'Malley and Davidson, 1977). In addition, dimethyl sulfoxide (DMSO) ‘wae/
used with PEG to enhance the fusion procesé (Norwood, Zeigler, and
Martin, 1976). This on fusion e/ used ly-in

this L to produce 'm » was used initially to
try and develop interspecific hybxids be i.sm'r, SROOL, HT29, and
the mouse myeloma cell line, NS-1. t:S:g the standardized fusion Ll
protocol (Haterial; and Methods, section 2.3.2), ten fusions were
performed with ;10 success in obtaining viable hybrids. In view of this,
it‘: was decided to work through several fusion parameters systematically

including fusion ratios (16:1, 15:1; human to mouse) and ‘fusion plating

densitTes ranging £rom 3.4x104 to 6.6x104 cells per well. In addition
another mouse cell line, SP2/0, was used as a fusion partner. In the
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next nfne fusions performed, with r.he_ fusing ratio increased two-fold and
three-fold , viabie were prod in, five fusions

with LS174T as the human parent cell‘line.

3.3.3 LS174T Ouabain Res. 14
A total of 72 colbnies were produced in these five fusions.

Ch ELISA of the spent medium from each

colony for CEA activity and Giemsa-11 differential staini.ng.of the

from sel d ies from each fusion to confim that these

colonies were "true hybri/:is". ELISA screening indicated that all of the
colonies were secreting CEA, many having very high levels. Differential
staining revealed that out of all of the colonies gxaniped (23/72) none
ém:anxeq mouse chromosomes (Table 13). - Both ELISA and G-11 results
indicated that the apparent mﬁ!')'hyb:lda' :vei'e in fact either parental
LS174T cells or fused LS174T cells. which had become resistant to ouabain

at 1x10-5 M,
Table 13. Giemsa-11 of > from
‘primary colonies. s o P "
_ Fusion *¥ No.. Primary Chromosome Origin
Bartners Qolonies Screened ¢ {Human or Mouse)
LS174TxNS1 5/13 Human
LS174TxSP2/0 3/1! g
LS174TxNSL 3/17 ' .
LS174TxSP2/0 L "
LS174TxSP2/0 , 4/10 *
~




, A

e

Althoygh earlier experiments (Table 12) had dfnonstrated that

\) ouabain at 1x10-5 M was toxic to LSI7AT cells, it was decided to retest

ouabau; at différent concentrations on different plqung denﬁlties of

LS174T cells. - Surprisingly, the refults indicated that these cells

could become drug resistant to ouabain at both concentrations (Table 14).

This resistance to ouabain appeared to be'independent of cell plating
' .

density because the greatest number of ouabain resistant colonies

de ped at the iat

5x104 cells per well.

Table 14. s.n.'lmazy of LS174T ouabain resistant colonies derived from two
ouabain selection experiments

Number of Resistant
. Colonies Derived
Plating

Density * Ouabain . ouabain . '
(cells/well) axio-4 M) v T Ox1-S M,
2.5x104 3 € 4 5
5.0x104 - . 6 st B R
+1.25x105 ) 0 12

! 6 9 total ' . " 30 total

* Cells were aliquotted into 96 well culture plates and a total mty
wells was used for'each pa(ameter tested.

In view of these problems with LS174T, it was decided to omit this

cell line from any further fusions.
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3.3.4 BEvaluation of Different Fusion Parameters
As there had been no ion of viable int = ic hybrids, it

was decided to make ‘fu'rther changes to the fusion protocol. Using the
fusion partners (SKCOl, HT29, Ns-1, and SP2/0) the following fusion
pa:vetets were tested: (1) (xl;. fusion ratio, (2) cell density, and
(3) HAT-ouabain selection schedule. Cell fusion ratios of 1:1, 5:1, and
10:1 (hur;an to mouse cell ratio) were ﬁxdlv!duuly tested for each fusion
partner combination. The 'plating ct;ll density was increased to 1.25x105
cells per well for all twelve fusions to determine if ni;nad any
influence on the outcome and PEG 1500 was used as the fusogen. Finally,
the l:lA'!‘-ouaba!n selection m.-started 24 hours after the actual fusion N
' process instead of immediately following it. It was believed that this
might be important in allowing the fused cells time to "adjust" before
“the selection pressures were adgled (Dav!:d'sun and Gerald, 1976; Gefter,
Hatlguueé'a‘nd Scharff; 19777 Eiahi':rd Serra, 1981). No viable hybrids
u;re obtained in any of the twelve fusions. )
-’lb determine whether PEG wassa critical factor, the twelve.fusions

were repeated using 4000 instead of PEG 1500. A viable hybrid‘vae

r}ieve!aped betveen HT29“and NS-1. This was confirmed to be a true

interspecific hybrid by the dif: al G-11
However, preliminary screening of the spent medium for secreted CEA by
ELISA failed to 3 any CEA

At this point it was considered that the failure to obtain hybrids
might be due to some incompatibility of the parent cell lines; it seemed
less %1kely to be due to the fusion method itself. It was decided to try
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fusing the humpn cell lines, HT29 and S’KCQ!. with new mouse cell lines
using the same basic method. The new mouse cell lines RAG {mouse renal
adenocaxcinm)': PGl9 (mouse melanoma) and STO (mouse embryomic \ribxo—
blast) were chosen for several Teasons. First, all three were HAT
sensitive, Second, all three were cells which grew as monolayers.

Finally, with the exception of the STO cell line, they had been success-

fully used in previ i cific h fusions by other
investigators. The fusion parameters were standazc?izé’d as follows:

(a) PEG 4000, (b) cell ratio 1:1, (c) cell density 2.5 x 104 cells per
well, and (d) HAT-ousbain selection 24 hours after fusion of :‘:eus with

“ PEG. With the exception of PGl9, the number of viable hybrids increased

dramatically with thé new mouse fusion partnerss (Table 15). The cell

of the r hybrids is to the parent cells in

_ Plate 4 (HT29, RAG, STO, HT29xRAG and HT29xSTO) and Plate 5 (SKCOI, RAG,

SI0, SKOOLXRAG and SKCOIXSTO). .



Plate 4. A comparison of cell morphology between HT29 (A), RAG (B),
STO (C), HT29xRAG (D) and HT29xSTO (E) (Magnification 40x).

ik %



Plate 5.
STO (C), SKCOLxRAG (D) and SKCOlxSTO (E) (Magnification 40x).
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© Table 15. Sumary of hpzspeciﬁc fusions. -
Fusion Eusion Partners No. Fusions No. Hybrid
# Tvee. + Human® . Mouse Performed - Colonies
/ 1. Monolayer-  HT29 < NSl 8 1
. e suspension B E \5P2/0 7 0
: ' skoal NSL 1 0
: SP2/0 7 0
et R L LSINT . NSl .6t 0
ok . e sP2/0 a* 0
2. Wonolayer-  HT29 RG . j 185
" monolayer ' N ST0. 1 130
- PG19 1. 0. .
: /
v . SKoOL BG - r 1 25 a4
«STO 1 3 i
3 . . L. .
by, A Total 48 -7}
* % LSI74T.ouabain resigtant colonies were derlved in 2/6 x.snmam
fusions and’3/4 fSl74‘nSP2/O fusions. ‘
. ‘f
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i ) N
P
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3.4 ition of Int ic Bybrids )
. L] X » N
3.4.1 Primary Analysis of Hybrids for CEA Pmductic‘n by ELISA
Preliminary screening of the t')l:iginal colonies pmdu‘ced’in the last
four fusions resulted in the selection of 49 out of 244 colonies
(Table 16). .

Table 16. -Summary of ELISA screening of original hybrids.

Parent  No. Colonies * .. No. of Primary
Cell Screened/ Total No. of CEA Colonies Selected
A D . Ponits g5 E
HT29 1/1 [ : [ 5
- - o
HI29 175/185 E . 30 ; 18
" sKcol "33 0 ’ 2+
sTo - LT 2
HI29 /9 a 19 ' "9
sKool 20/23 b g £ 1
RAG . .
Total 204/301 E 49 30
. * The most v. ly growing ies were selected for

+ Because' SKCOL '1s a high CEA.expressor/sécretor it was decided to clone
2 hybrids. (F3.2 and F3.3) to ensurecpotential hybzids were not missed.
a 41/130 original HT29xSTO colonies died. ! . :
b 2/25 oriqinal SKCOLXRAG colonies died. ) by
All of the 49 hybrids selected as being CEA positive had low
absorbancé values. In o‘xder ta i:ty,nnd'enrich for .CEA production, 28

with the highest values (plus F3.2 Snd F3.3) were selected for cloning



4 '3
(Appendix I, Tabl‘g‘_'l). Subsequently, five hybrid colonies from the
HT29x%STO fusi:an died in culture. Twenty-three of thé 25 :emainirﬂ
primary hybrids were cloned successfully by 1;miting dii\:éion (Materials
\and Methods, éection 2.4) .zesultirgg in} the isolation of 131 clones
(Appendix 1, Table 2).  Stbssquently, these Clones were transferred to
24 weuvcultu:e plates, grwn'to confluence and, spent med.ium sanp,’les from
each tested for 'CEA by ELISA. Twenty-four out of: 131 primary clones were
found to be greater than the 3 ng CEA séandard (Tabie 17).

Table 17. Summary of ELISA screening of primary clones.

Paren! - Nol. of Mo. of N No. of Primary

Cell- Primary Clones CEA Positive Clones Selected
W P a Bri a A

HT29 17 20 18

RAG

SKQOL 2 ; 1 0

STO ¥ :

HT29, 5 8 ' 3 0

sT0 e

SKCOL 4 s 0 0

RAG . L Y :

Total * 131 O . © 16

. Primary cloning did not result in hybrid colonies which wére higher
CEA se;:mtors and because of 'this a.further attempt to enrich for cm
producing hybrids was méde by re-cloning the highét 16 based on the

values 2 d in ELISA I, Table 3).
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Subcloning the HT29xRAG primary clones resultgg in the isolation of
126 secondary clones (Appendix I,- e 4), 104 of which were found to be
CEA positive by ELISA. Although the number of potential CFA producing
hybrids had-'lm:reased, CEA secretion was still at the threshold of °
sefisitivity of the ELISA. Prior to this, most of thu cultures tested
for s’ecxetad CEA were supernatant samples removed from confluent 24 well
cultures. In order to increase the chances of confirming CEA production
~t:en HT29xRAG 'secondaty"clones were selected for further evgluntion
(Appendix I, Table 5). Each subclone was dispensed into 2x75 cm2 flasks
at a concentration of 1x105 visble cells in 10 ml of REMI-FAT medium and
on days 6 and 9 medium from each flask was assessed for CEA by ELISA. In
addition, the ‘parent cell line, HT29, was also set'up and assesséd in the

same manner. None gave values greater than the 3 ng per ml CEA standard.
)

3.4.2 Ssecondary Analysis of Selected Hybrids for CEA. .’

T any potential .CeA s ion by Mybrids in
more detail, a number of app:oa:hes.were taken.  Since CEA expression
and telease of CEA into the culture medium might not correlate,‘lnmmo—
chemical evaluation with monoclonal and polyclonal anti-CEA antibodies
‘ (Materials and Methods, Section 2.8.2) and ELISA for. (ﬁ\in menblxane/
cytosol fractions of .selected ‘hybr_ids was undertaken (‘Materlals, and

Methods, Section 2.5). \ J
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. 1.4\2.1 Ivunumperoxidase Assay ¥ ’ ’ N
Selected .hybrids were tested for cell surface or cytoplasmicv
&p:ession of CEA by the two stage indirect imnumpemxidase technique
{ (Materials and Methods, Section 2.8.2). The anti-CEA antibodies used
| were monocl.onal antibody 11—255-14, md a polyclonal antibody, DARO.
f Smears were prepured from each tusion anda sunmary of the mmmocyto-,f
¥ chenical data is provided (Table 18) - o

t

Teble 18. Sumary of immmocytochemical results. ¥

. Reactivity with Reactivity with
Cells . 11-285-14 DAKO anti-CEA
Teated ™ : (8 cells stained)* o
1. !}man'cell lines **
HT29 i 4 NI
SKOOL - 80 ¢ . R NT
LS174T 60 N
2. Mouse cell lines
RAG 0 0
STO 0 0
3. Hybrid cells &
HT29xRAG (29 tested) - 0 0
HT29xSTQ (4 tested) 0 0
SKOOIxRAG (15 tested) 0 0
SKCOLxSTO (2 Ested) 0 0

Total tested = 5p . B :
W * The qual ely b*uauzm; the number -

of poaitively atus.ned

ells.
based on reper.itlve testing (Ford et al., 1987).
m\-not guted .
-
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3.4.2.2 Membrane and Cytosol -Fractions
*  Four hybrids were selected for determination of CEA levels .in the
membrane and c\ytosol fractions. Cells were grown to confluence in eight

75 em? tissve culture flasks, lysed by ul and

separated into membrane and cytosol fractions by centrifugation
(Materials and Methods, Section 2.5). Subsequently, these were assessed,
for CEA content by ELISA and the zesulté are summarized (Table 19). "
Table 19. Summary of ELISA for CEA in subcellular fractions. -

CEA (ng per 106 cells)

Cells Total Cells
Tested (x106) Yenbrane CQytosol
1. Human cell _
lines *
SKCOL 108.7 119 248
v 1SIuT ~ 1724 1 ) 12
HT29 62.8 . 7 %, 8
2. Mouse cell § *
lines . .
RAG 157.0 < 0.1 < 0.1
SsTO 102.0 <0.1 < 0.1
, . .
3. Hybrid cells +
U2 206 042 <o,
% F5.19 " 10.5 . 0.27 .0.27
' HT29xRAG .+ - -
F2.131.D2C4 31,2 . . 0.\;0 < 0.1
F2,179.A906 12.3 0.71 0.25 5
* These lines had been in this 1 ory and

this data supplied by'c.n.a. Ford.

+ The hybrid cell numbers used in this experiment were lower than the
parent cell lines because the cell yield .fmhaﬂs cm2 flasks was much
Lowe ¢

I

[ . : \‘ . '



3.4.2.3 Concentrated Spent Medium
In order to determine whether the low absorban:.!e values, and hence
borderline CEA, 1evels, in culture supernatants might xeflect very low
production, spent medium from 6 hybrids (HT29xRAG, 2 hybridss SKOOLXRPG,
2 hybrids; snoulxsm, 2 hybrids), HT29 and m—m’r medium were concen-
trated 5x and asaayed for CEA by ELISA. Absoxbance values were, again, '
low indicating borderline CEA lgyels at the lower end of the CEA standard
_cu!ve. ' :

“« ¥

3.4.3 Chromos of Selected”Hybrids

During secondary analysis of selected hybrids for CEA production, it ’
was decided to charncterize selected hybrids for human chromosome content
to gain experience with the techniques (Materials and Hethx;ds. Section
2.7) in case any CEA ! hybrids were obtained.

3.4.3.1 Giemsa Alkaline Differential Staining. g
Initial chagacterization of the ten HT29xRAG subclenes for, human

vas undettaken by both sta on the

same slide (i.e. Giemsa-1l differential stainmg, destainmg, and Giemsa- -
~trypsin kanding on the' same slide). Hodever, .due to poor quality of the
chromosomes after Giemsa banding,: it was decided to-stain slides
sepn‘ute‘xy. mt’is, half of the slides prepared from a chromosome
harvest we:e atamed by the dﬂferentiul staining method and the other
half were banded by the Giemsa-tryféin banding method. " The G-11

atqin enables differentiation between human and mouse chromosomes by

“ , N :



color - (Plate 6)
The appzoxurate number of human chromosomes in each subclone,

by alys  di ly stamed ranged from

7—18 for F2.. 131.])204 to 26-35 for F2.179.B708 (Table 20). .

Tablé 20. Giemsa-11 analysis of ten b

: P
Subclone * No. of
Code Metaphases Human
Name Screened,
F2.169.E9EL 59 13-19
F2.169.E9E4 40 L. 10-14
F2.169.E9F1 88 P 10-19
- F2.169.E9F7 i 59 16-23
-F2.179.B7D8 89 - 26-35
F2.131.D2F2 44 21-320 -
F2.179.B7E8 85 - 2331
F2.131.D2C4 - 48 7-18
F2.179.R9C6 105 ; 18-22,25-35,

F2.130.F9D2 . 38 »21-26

3.4.3.2 Giemsa Banding
Giemsa banding was undertaken in order to dete:mine the specific

human chromosome content of selected hybrids (HT29xRAG, F2.179.R9C6;“
SKQOLXRAG,« F5.3).l In addition thé mouse cell line, RAG, was G-banded
(Plate 7) l;ecause it contained bi-armed mnrker chromosomes which were
similar to som of tl e human
difficutty in.identi ing a.u the human chmmsomes in hybrid cells and
the of ' many ,h}v hybrid cells. Despite
these problems representative cens. for both hybrid cgll typea.were G

. banded and human chromosomes were identified as illustrated in Plates °

8 and 9. . . S B
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Plate 6. Differential staining of human and mouse chromosomes by the
G-11 staining technique (Alhadeff et al., 1977). This is a partial
metaphase from an HT29xRAG hybrid. Mouse chromosomes stain magenta red
whereas human chromosomes stain pale blue.
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Plate 8. A Giemsa banded hybrid metaphase cell from HT29xRAG
(F2.179.RA9C6) showing human chromosomes (normal and marker) numbered from
1 to 10. In addition, some other chromosomes are indicated by arrows
which are believed to be of human origin. In Giemsa banded hybrid
metaphases the centromeres of mouse chromosomes stain more intensely than
human centromeres.
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Plate 9. A Giemsa banded hybrid metaphase cell from SKCOLxRAG (F5.3)
showing human chromosomes (normal and marker) numbered from 1 to 11. In
addition, some other chromosomes are indicated by arrows which are
believed to be of human origin.
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Chapter 4
nxsms&m
P4
4.1 Production of Interspecific Bybrids

d’xmsomal assiémelts‘ fof a nymbér of human ceil surface molecules .

with restticted tissue distribution have tesulted fmn,.semlogical

.annlysls of _h\mun-mdent somtic ceu hybrids. To date cell surface

antigens have been mapped to human chromosomes 1, 3, 6, 7; 11; 12, 15,

v 17, X and Y by inmunological analysis 9f hybrids with monoclonal
mtiMies identifying cell surface antigens (de la Chapeile, 1986). - -

Studies such as these have ‘the for the
undertaken in this thesis. . SR A ’ ’

There are several important. factors that should be considered for
any gene mapping study which uses aomaltic.cell genetic techniques.
First, the human parent cell should express the tissue-.:estrlcted marker.
‘ Second, since characterizing hybrids will involve chromosome analysis, u:
is prefe:able that a human cell ‘line with 88 near a normal karyotype as
possible is used as the parent cell line becuuae the pzesence of markedly

rearranged chromosomes can make a definitive gene assignment difficult.,
~

“Another important factor for the sétﬁy of any tissue-restricted antigen
is the choice of rodent parent, since the rodent cell must allow
expression of the human gene. Repression oE’ human gene expyession can be
a common occurrence in interspecific hybrids (lu"ng.eztz and Savege, 19%;
Tumnacli5fe’ and Goodfellok, [1984) .
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4.1.1 Selection of Human Parentil Cell Lines

. The human cell lines, LS174T, SKQOl and HT29 were 'chos'e'n as fusion

" for- the \ of the tunor-associated antigen;

CEA, because each cell line had been previously shown by other inyestiga-

, for the HT29 ce.u line. ranged from 17 ng per ml aftez 7 duyYs in culhu:é . 3%
to 300 ng per ml after 29 days (Egan'and 'mdd, 1972). - shi and colleagues
found that all three lines and : TeS

of CEA (shi 'eta., 1983; Teble 8).  Their results were optained wing &
¥ comnercialu aval.lable radidimmunoassay for CE’A based on a polyclonnl
anti~CEA antibody to whéch a correction factor had to be applied for vexy

low va.luea

~
stulta obtnined in’ this laboratory with the ELISA described in the * vy
‘ Materials and Methods (section 2.8.1) alsb clearly demonstrated mah:rane- !

and cytoplasmic CEA (Table 19), alr.hough the exact v,alues obtained: were
Da SN v
different from the results reported by Shi et al., (1983), possibly due '

tol-n in assay *In additi Y cal ahd - \

;adiolabeugd antibody binding studies erfc with the bnoclonal ')
. canti-CEA antibody, 11-285-14, had confizmed the (Im expxesslonmf theee-

cell lines (Ford et al., 1987; Table ). Given these data, the_ selection -
of bhese lines as fusion partners was I;el—i?\led tobea :ensonable chgicg.

a . . '




4.1.2 m{m Efﬂcimcy G

N

Several measures have been used to\ deﬁne successf /Elxsions in
smnatxc cell hybridization experiments.” me measure is ".fnision effic—
‘xency'ln This is defu;led as the percent of nuclei in bi and polynucleate ’
cell§ mmus the percent’ in conr(rol cultuzes not expvsed to PEG (Ckada and
’l'adokafb, 1962) and it is calculated by countirg - the number of hybxid

\

cells pzesent aﬁ:er a with PBG. . are i '

f:om homokatms by staining the cells with hemtoxyu.n -and eom
Another measure,’ referréd. to as the: "fusion index" La deﬂned the ’
percentagé of single ceus of the cziginal mt:eated popu.lat:.on that hq&e
em:e:ed lhf.o a multinucleate fusion pwducr.. ,,It 18 calculated by,
sumation of the nuclei present in cell fusien pzoducts after ‘treatment,
followed by division of “the totax number of nuclez pxesent in the .
observed sample (Hansen and Stat?le:, 19"77). Anothex measure. uséd is the
- v

“effective mating rate" which i ~the ; of for of -

viable fision products (Davidson and Ephruséi, 1970). ‘It is obtained by .
count.’mg ‘the observed number of vi: le brid colonies and was used tu"
asges; th&cess of\fusions in the ts zepotted ‘in this thesis. Lt

Monolayet—suapemion Fusions
Using the “suspension" fusion techmque (Materials and Methoda,
Isectxon 2 3. 2) attenpts were made to -produce vxable, stable hybrids
between ‘the himan colorectal’ carcinoma cell unea (LSIN’L‘, SKCOL md
HT29) and the mouse myeloma cell lineg (Ns1, SP2/D). The mouse nyelana
cell li.nes. were selected af fusion pa:tnel:‘a because in the past




.and Bobmwl 1982).

d'evelapmmt”of .muse_-m:;usa hybrids with"then had been successful -and it
was thought that the myeloma cells might permit ‘expression of CEA. This

’ was”frei{:‘ to be imporfant because another investigator, trying to map the

CEA ene () by somatic cell gehetic methods, Had aveloped it :-emeciﬁc" Y
human-muse hybrids between the human colorectal cancer l:me, L5174'1' and \
two mouse cagler icellslines, RAG and PG19. By IEinq two goat antx—(:ﬂ\

polyelonal. ant. in ‘a e (RIA) f.o screen .

for posicl.ve Cm-producing 'mtexspecifia- hybxids, sheer was able to .

ideritify-. some 1aw cm pmducing hybrids. However er ar.tempts to Y

S xsolat_e Igghe‘r FA—-pzoducing clones by _£1uos escem:e—activa&d cel]

sorting were . It was Qltmugh not ‘proven, that

the ) in G‘A v in the i s hybnds was)‘

due to repression of «the. CBA gengLsL by the molse genome (sheez, B:wn
. z
i 5
ln f.he present study a total of 46 fusions we\:e\petfa?med between
these cell ‘types (Table 15) and only oné viable hybd\qas derived. |

’Sevexal parameters were evaluated including cell fusion ratio (1 1, 5:1,

10:1 and 15:1 hunan/mouse), cell density. (2.5x104 to 1.25x105 cells peP™.

well) and moleéulax weight 'of PEG (1500 vs 4000) to see if the fusion
efficlmcy ‘would lncxease Because the’ changes to the. standard fusion
method resulted in'no stgnincant. impxovanent in the number of viable
hybrids pmduced, it was decided that this. result might not be a function
of the’ fusion method but nthe: nf Lkhe "incmpatibuity' of the parent
—cell lhles)(i.e. mnolayer X smpensian).
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B. Monolayer-Monolayer Fusions

After ig several di in the monolayer-
suspensibn fu.sioné‘ with un@ted succesg,“!t was decided to try different ’
. mouse cell Tines as fusion partners: The three'lines (RAG, STO and PGLO) . ¥
- " - yere selected primarily for the reasons outlined (ksuits, ’ i
Se\'(:ion 3.3.4). ’E‘usmns between cells with similar growth pzoperties‘
5 have been ahmp_‘to result m a ‘higher fusion efficiaéy (Davidson .and

Gerald, 1976; O'Malley and Duvldson, 1977 Anders, m d, Nienhaus ard"

Ide)bu:g, 1978; Bxahe and sen:? 1981). Using the ‘suspensim" fusi
“technique .(PEG 4000, cell fué‘mn ratio 1t 1, fusion denaity 2 5x104 cells
per well) 5 fusions were perfom\ed with the nunber of colcnies o%tained

ranging from 0 to 285. 2

\ 3
N 4l 3 Lsinr ouab;m Resistance ) : R
,v) The production of !Sl74T__pabai\h stan q&lonigs was
. "
)‘ R becau’se earlier results (Teble um clearly shown that. the ouabninv

oom&tration of 1x10-5M was capable of klll!ng“loo\ of the LS174T cells.

Qubaj.n sensu:ivity of ' LS174T cells has also been demnatrated previously
by: ‘others. % E‘or e(anple, it was reported that sparsely populated and
‘ confiﬁent cultures of LS174T exposed to 1x10-5M ouabain'died within‘5 and
18 days tespectively (Sheer, 1980). Resevaluation of the ouabain
selection on 15174'1‘ was undertaken to see if the tesist:nnce was deperxient i
on the cell density pex' microtiter wen:\ The cells were resistant K
. cuabain at ‘both the selection concentration (1x10-5 M) and 10x the
aeleetion ooncentzation. Interestingly, Sheer did report that thzee .

[ "



“hybrid’ clones between LSI7T4T and PGLO. (mouse relanoma) had mo- human

chromsomes (’Sheét}l'%'o)' This ;uggests that thege clones were not "tzue
hybdds" but might have bem LSl74T otiabain tesistant colonies.
et N\ . ' Y
4.1.4 . Other’Fusion Studies B
Studies on the somatic cell genetics of mamals have been ‘limited in
. many cases by the ability to devalop viable hyhrid cslls. In ‘some cases
it has been Sible to i se the oy . of hyb‘ddgacio
altering t.he conditions of cultuze or ﬂxe ratios . of the pazental ells 2%

(pavidson and mhrussx, 1970).

Factoxs such as the typé of fusion technique and PEX: have a sxgn;‘—
ficant effect.on fusion efficiency. There is a marked effect of PBS

ion on cell hybri “and there seem to be mherent

s differences,betueen cells in terms of the extent of cell fua\ion induced -
by PEG. PBG will efﬂciently fuse | mamali,an cells over a narrpw :ange of
concentrations (45—55\ PBG) above which/ with prolonged exposure the
ﬁuaion ‘index drops rapidly (Davidson. and Gerald, 1976), ©  Several
investigators have demonstrated that PEG is mze effective in promting

2 ‘h!.gh tates of cell fuslon between sul¥®ate ' attached mammalian cells than
between ceus in suspnsxon. It has been suggested that. this is the,

“result’ of PEG toxicity. lbwever, it has also been shown' that r.he
efﬂciency of muse nveloma—muse nyeloma fusions decreased d:amaticauy
when PEG ooncentzations greater than 40% were used (GGﬂ:ez, Margulies and
Scharff, 1977). This m;y be an explmqtion for the low fusion efficimcﬂ(
betweeti " human eolorectal—mouse nyelcma cens found in the pzesent study

b

-



" Thi.s could be tested’ in future by de:eminmg the Eusion efﬁciency

cells,

P

between t:hese cell types with lower Pm concentranons..
; Since many ceu

¢ R
cannot attach to .a substrate. e.g.; n\ye].oma
and the useVof suspension cell types, as “fusion pan:ners in
hybridization experlments 18 often rx]uired, pro) lems arise with respect
to gettxng these ‘cells in contact with cells g;

in mondlayer. Several .

gzcups have damnatzatsd that when’ they used a suspension fusion”

n:.que referred’ to as "pancake fusion",. r.he fusion mdex Eo:\mo
cell type .x suspeman cell type fusions codld be improved (O'Hauey‘ind\‘
Davidson, 1977; Anders et al., 1978).

This methdd could:be investigated

to see, if the fus'ion € 731 for the 1 1y

fusions

.

betwee\ human colotectal lines (HT29, 15174!‘ and SROOL) and mouse myeloma

lines {NS1 and SPz/O) can be unprwed. . ‘Brothgt group that obtained

11s-and ith

hyq:xds fmfusmns—betwem olay 2t Hgp-with
" ‘!
of

different momlayer:' usion that the

hybnd colonies varied greatly, depending on the cell line used (Bnhe
and So{ra, 1981) and this is another: ﬂossible explanatlon for - the 10.:

A

" fusion effici&xcy iound in the present study. * @

Another posxble facr.or which'may affect the fusion efficiency, but /

’ was not evaluated :Ln tpe ‘present study, is the use of feeder layexs.

Hwever, since p:evious nouse—muse fusions, vuﬂn NS1 or SP2/0 as £

partners, have been . pe:fotmed successfully withnu: feeder layers und

other inv have not the use of feeder layers for the
/

growth of Lntezspeciﬂc hybrids, they may not provide any cleat

A

advantages .,
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s 4.2 of Bybrids
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The followln fuman and mouse cell ccnbinatiuns HT29xNS1, msxm;,
- HT29xSTO, SKCO1XRAG and SKOO1xXSTO were isolated by HA’D—ouabam double )
S—" e .and then 'vaorcm
s e, secretion. In akditign, on the presun;n:ion “that A producing hybnds ' /

“ ‘teuld be iQentxﬂed, several hybu)ds were characterized for numan
' chromosome content to ensure that the chromosome analysis techniques, ’ A
i /f Glensa' differential stalning and Giensa baiding, could be used success-

. : fullyza«idam:ify human chromosomes in these cells.
[ Ty

K 4 b 8
4.2.1 Imunological Characterization

. The antibodies used for recognizing CEA were. the mouse monoclonal —
~ 2 i K
' antibody, 11-285-14, and the rabbit polyclonalvent: . 3 arac

erization of 11-25-14 has shown that it rdacts with affinity paritied
CEA, ', colonic, gaamc and mammary .carcinomas, fetal colonic tissue afd. !
[ gustrolntesunu or. tonsilar epithelim (Gatter, Abdulaziz, -Beverly,
Corvalan, Ford, I.me, Mota, NAsh, Pulford, Stein, Taylor—Papadmt:iuu,
Hoodhouse and H.\son. 1982). It also lacks reacl:ivit:y with nonspecific
cross-}encting antigen (NQ\) and most nomal tissues (woodmuse. 1982).
The commercially avauable rabbit anti-CEA (DAKO) _antibody, without'
further absorption, is known. to cross-react with 'NGA and bnia:y glyco-

pxoteinM) 5
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A. Fd.m‘ary Screemng/ -
~
There was' no: previous data on “levels of antigen that migm: be
(.L
secreted f:y definitely positive (IA h’rid cells and it was fo: .this

reason that a 3 ng cut-off was used _to sele¢ct for any po‘:entxai\ CEA

. positive hybrids.  Primary scteeni.m and cloning of hybrids faue& to

enrich for a 0 it of cells higher levels of cm LI
“9

retmspect, the threshold of 3.ng used for aelecting potential secre

hyb:xds may have been too low and in future . studies\ it may be .more T

productive to select a h!gher cut{ft to selecf_ those hybrids deﬂnitely
secreting CEA. i

- “ w AL -
B. Secondary Screening .. e o PR

Because the CEA posi;.ive inf.e(specifxc hybrids 1dem:1fiad by I-IISA
i

——‘-—wsrrbwdemne—punﬁvrrt—m—decided to evaluate CEA m(pxession/ J i
seczetion in selected hybrids by mmmmytochsnlcal analysis for sutface:

e‘@ression of CRA (i dase assay); it of cE:A‘ in.'-

subcellular fractions (cytosol and malbrane) -and measurement of cm in
concenttated spent medium.

sepa_rately using both the ‘monoclonal aqtibody, 11- 285-14, and the
polyclonal anti-CEA antibody,-DAKO, for surface and\cyw c expres-
sion cg CEA. Based ‘on- the ze‘suits‘ (Table 1é) rione bf;the hybrids wére
positive for CEA, nt of ‘CEA-in-subcellular £ frgp both

the humdn and mouse parent cell lines and selected hybrids indicated that

. . . B - . . \

v

Methanol-fixed cell smears of sele&(gd hybnds were screened- ,

~ T



the four -SKCO! G.and HT29xRAG hybrids ;ontﬁned r‘nirgmal level_s of CEA.
éompargd to thé"human parent cells ‘(Tahle’;Q) s Howev"et, one mmmlr .

hybrid (F2.179.A9C6) d havé'.a'highe!.mer'brane valve than any of the
others and it might Z of inté:ea; to extract other.hybrids f“ fu( er
assess;r;ent. The nou.se parent cells, RAG 7nd STO, wexg)negative r CEA.

Previous- work had also mdi ated that cell som.cates Of LSI74TxRAG and

* Lsi7amtels hybrids contairied no significant levels of CEA(sheef, 1980).,
/ In addition, spent mediun £ several hybrids (l-n'29xmi, S(OJixRPG
and: mmxsm) were concenpated ten fold and analyzed by ELISA for CEA.
Reﬁﬁ indicatea nox Ancrease in CEA|values.. It appears that if-CEA is
beinq producedy then nminimal ‘amourfts are being secreted. “Another
posslbuity, anqinally suggested by sheez, is that these hybzids could
be,p:oducing an abnomal CEA glycopmtein and the anti-CEA ant:.body used |
for detecting CEA might not detect th&érwrmal CEA (Sheer, 1980). Thelr
i 1 by our, antibody, }f-235—}4.

might be. altered or destroyed in the abnomal CPA. Therefdre, future
.mvestignticms could include Jesting hyb:ids with a panel of mmclonal

; anti-CBA antibodies, each ( CEA epitopes (protein and
* curbo)ydute)_, to confim that the levels of m\ detected with the
11-285-14 antibody are valid reflectiond of the hybrid cells.

4
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4.2.2 Chromosomal Analysis 2
A, Parent Gell'Lines " .- ' . o« . \
I3 \ - kS [
g There have been.on.ly a few, otypic studies performed on the three

colorectal cancer cell lines, LS174T, HT29, .and SRCOl. For those that
° * have been kazyotyped, most consist of near txip}oid or higher chromosome

nunbers with" many ¢ ly abromal The rican Type
¢ Culture Gollection . (A‘K.’C) has reported the’ follouing chronosonal. results’ 4
. ey, acy, ‘Henburger, | einblatt, and chen, 1963): 4 :
) LSI74T - Modal nimber, 45 -X0. ‘Chromosomé range, 36-46. N apparent
nlazker chmuu)somes. \ B . & . 5 T

2) skl - N modal mér\bex given.’ 'The chromosone number ranged £rom
nypémpxoid ‘to‘hy‘po‘teétéploid with' chronosome abnormalifies ‘including
- dicentrics, minutes, tinqs, secondary. constuctwns, and large submeta-, s
centric ma:kez‘s. N . . '

(3)i HI29 - N modal number given. The chrmmsdn‘é nuriber ranged . £rom
- hypo- tof! iploi with' abnomalities\mcmdiﬂ‘ dicen-

trics v e ‘minur.es,. canstrlctians, 1arqe

| \ d . e
1 and meta— or poly ic markers. >

/ Other 1ndependent studies show simuar karyotypic results fox‘

i’.snn. Several groups reported that a majurity Of “the cells displayed
/44 or 45 chroposomes with a modal number of 45, had no abnomnl #hromo-
’ /}somes and the |missing chromosomes. tended. to be' the sex chmmosonu (Tom

PR

/et el., 1976; , mtzky et al., 1980). She Sheer xe'poxted t.har. the chromosomal
modal number !Jas 48"with a’ range of 46-53 in 10 cells analyzed, eve:y .
cell was trlsqnlc\ for chromosgme 7, and some cells had additional copies :




of chrumsome 1, 13, and 15 (Sheer et. a1.,1982) At present there are no .
published karyotypes for HT29 and SKCoL, howeve:, Chen and his coneaéues
are currently karyotyping bo::h of these cell lines (pezsonal /
communication) . ¥ { »5

Karyotype studies we‘ze pexfonned"‘on tk{e three cell lines uaimj

. ' -

conventional chromosome harvesting and ‘\Giemsa banding techniquesl to s
,obtain mtaphaée célls and to band chm&;aomes The mitotic index tehded
to be low for th?e 11nes and the qualu:y of the ‘Giemsa banded chmrmsnme i
spreads was often pooz. ‘This wa.s usually j.ndicated by highly condensed

chromosomes, a high pezcem:age of overlawmg chmmsomes and chromosome

£ "The raiiges were de for .each cell line by

100 aphase cells. The cell line, LSI74T, wamt
Fne

near diploid in chrom:some nunbez (43-47) vhereas the other two ce11
lines were near triploid (HT29, 67-74; SKCOl, 70-77)_. However, some
cells, especially from l-n_’l? and SKCOl, contained much higher numbers of
chromosomes per n;étaphase cell than the ranges indicated in Table li.’ '

% oo b3 oo

B. ‘Selected Hybrids .

} Differential G—ll ana\?sis? oé ten h;’(brid%m subclones “]
indicated thal: these-hybrids contained variable numbers of humian chmmo—
somes. Th'ls/result was found, not only from subclone to subclone, but

within each subclone (Table 20). 'mat is, each metaphase cell within
specific_subclone contained variable nurbers of human chromosomes.. For

example, subclone F2.131.D2C4 contained a range of human chromosomes from



7 to 18. This property may be ‘a reflectidh of the actual hybrid cell

*types or a characteristic property of incetspecific;hybrlwtwem
aneuploid parent cell lines. % ’ "

N Giemsa banding of selected hybrids was undertaken to ascertain

whether ident: 1@? specifi¢ hmn chwmosomes would be ‘possible.

Based on the G-11 tesults there were appmxhnately 18-35 humn,chmm—‘

=¥ somes present’ in the HT29XRAG subclone, F2.179.A9CH.  Hovever, “Giemsa

o s #‘mdxng identiﬂed only 10 human chtomeomes with 3 extra ones t:hut were

of uncertain origi.n (Plate 8). It is evident that identification of
. human chrano7£ne -content is difficult when G—-bandg‘g, is used as the\‘only

method. A complemehts h to

1deng.-1£y1x4; liman y g iis 0f the hybrids

" ©  partic rly ‘as enzyme markers have been defined for each human chromo-
some. / In addition,” other chromosome banding methods such as quinacrine
‘h.SnG g could be used to confim r.he' Gifn%a Jbanding ‘results.

. In retro ;'a few which have made the

characterization of the somatic cell hybrids, produced in the present
study, more difficult. Pirst, the hunan cell line, HT29, failed to show

demonstrable sécretion of CEA into. the supernatant medium. Other

have that HT29 @&’ into grouth mediun
(Egan and’ 'lbdd, 1972; shi et al., 1983) but_the use of polyclonal antl-
CEA' antibodzes in- the assay systems used to measure CEA may explain -the
dxfterence betveen theix work and the results reported here. Second,,
the two, cell lines '(SKCOL and HT29), which gave the only interspecific )

hybrids, both have high- chromosome numbers (Table 11; with marker

— v
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o
f e # e ¥
chmmsmm (Plates 1 and 3)| Both of these Facto:s made 1dentxf1catmn
of humap chromosome contevn the hybrids difficult. Ideally, the
LS174T cell line would have made the best fusion parcne: with respect to
chromosome identification because it-had a‘ltela‘nvay stable chromosome

number (45, X0) and no marker chromosomes. .,
In the four hybrid cell types pmduced (E(CleFAG, ’gxmlxsm,

»msma and m!sxsm) mne of the hybdds expxessed or pmduced signif- = *

icantJlevels of CEA, pussx.bly because the CEA géne(s) or’ genes xspcnsx—

ble for the xequlation of. them-may have been su;presseq;" If cm is bemg— !
produced, then it is borderline ox below the sensitivxty of the assays SR
t!.nq J,t.
line ney ot permit the expression ‘of }mqan—speci.ﬂc antxgens (Rettxg ét -

sed for def Recent uork clearly suggest.s that the RAG cell

al., 1986b, See alsc Sectxon 4.3.3).

~

@

4.3 Other Gene Mapping Sthifes

4.3 Htman Tumor-Associated Markers

The sqmatic cell genetic approach has bem successfully used fot
mapplnq human tmor assocxated antiqens.' For example, the hyman
melmne—associated antﬁgen M7, a 97 KD cen surface glycoprotein, ‘vas
napped by analy
sensitive and specific immoaasays for *pd7 mt;gen and coxtelatmg

hunan fibroblast:

hybrids with higi%y

antigen with“human

3 (Plowman, Brown, Enns,

Schroder, Nikinmaa, Sussman, Hellstrom and B’ellst:oqn, 1983). Another

N




human ceuular. tumr antim called p53~was mapped to the short_amm’ of
chmscme 17. 'nus result was baaed upon isolatxon of a human p53, cDNA - o
'

c;ane, *whieh was “ised to o DNA ‘Erdm humen Eib:oblast—-xodent (mouse,

€Y Line) somg“f; ceéll hybrids aftel himan | :
“hrogodone s ation rp\‘: er analysié by ‘i, eitu hybridlzatxm
' confxnned th:.s ‘gen: assxgmrent (l&:aude, Merry and Givol, 1936). % . .

(ol P
Dxffezen!i.ation—Associated Harkers . o

i anti have also been mapped using \ e

for a(anple, two '3 cell diffezen— 4 '

‘tiatidn antigexs ‘one: béing a lzof‘gantxgen«('l‘plm) and the othei' being

e gmup of mvestigam ‘have mi' ed several

§ msetting" on vlable hybrld ceJ.ls-to detenaine an!:igen expz
(2) kazyotype (Gie'usa band ng, (}-11) and moenzyme analysis to detemine e
human chmnsum pontent. mxring these stmies _the concept: of pe:mla-

K sive/nonpermissive Fodent: cell nres ped to the'e :
5 . of Lndividual mtiqenic systm Por exanple, the humm nerve thth ! N
,factmr teceptar (NGFR)- wa mepped r.o chmmsome 17 by atudylng receptbr
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expression on vaxious hwnan-rodent somauc cell hybnds. ‘However,
although chmmsame 17- was idem:ined as the ‘chromosome: containing the |

NSFR genes. NGFR was not always expxessed in hybrids containing that
Chrcmosom : Chromosmne ,17+ hybkids. fo: _example, derived from fusions,

; " between NGFR+ human cells and mouse neuroblastoma cells or mouse cell*

flbtoblasts expressed N.'iFR. Hwevetf 17+ hyb:ids derived from FAG mouse

pe o kidney adenocarcinma ceus did not express NGFR (Rettig et alz7 1986b).

*. For thislreasop RPE was classified as a“nonpermissive cell line and the

A other mouse ‘cell lines were classifftd as permissive. X

L xdentif;ed bt

K .

. (" e '\ . »
4.4 Molecular Genetic suxnes of ca )
: -

Y

Holecula: qenetxc approaches in mapping the CEA’ gene(s) have |

recently been reviewed (shively and Beatty, 1985). . "In this review
sweral cleniug stratsg!es were outlined including: (1) isolation of CFA

N "mRNA with 1 antx-G‘A ibodi Becau.se
the protein aynthesizinq machine:y, contain both CEA ptotein and CFA mRNA
thxs ‘method can be u.sed to isolate and purif.y MRNA speciﬂc for CEA.. The
enriched fnsction can be used to p:obe cDNA libreries for potential
positive G:A cDNA clones. (i) pzoductlon of a mixture of synthetic

ligonqcleotxdes W:espondjn’g to the known'NHz terminal amino‘ acid

sequence can’ be used in a-similar manner as tbe en:iched NRA f:action to
‘screen for potential positive CEA cDMA clones. mce CEA cDNA is

an be used .for many genetic studies.  Some possible




studies include sequencing the polynuclectide and from that deducing the
amino acid the expiession of the e’ gene(s) in normal

and n\ahgnant txssues, and gene txansfer and gene motation stydies which
may prwxﬂe msxghts into the h!ologxra.l function of CEA and the related
gene products such as the  CEA cmss—xeactive antigens.

In 1983, Zunmemann reported isolation and purification of thel .
kmessenq‘e‘r‘m th:at codeé for the CEA precursor. * Following txanslation

into radiolabelled i polycl ‘and n antx-cm [

'antl.bodies. were used to select' C&A protein. )\nalysis on *-PAGE

demonstrated a pmtein with an apparent. molecular weight of about. 85.KD.

Takmg into account” the high carbohydrate content of CEA (approx. 60!)

® the observed nblecu.lat weight of the CEA .precursor protein is in qoud

agreement with the total molecular weight of 180 KD reported fcr natlve
CEA (Zhlllemann, E‘nednch, Grunert, mckenbach, Thompson and von Kletst,
1983). 'rhis has been complarented by the teport that three CEA-pr ing
cell* lines contain mn mglyeosylateﬂ pmtein tanging in molecularé:ght
from 78 to 83 KD. Protein backbones of CEA weze identified.and dfiglyzed
by SDS-PAGE (Ruroki, Kuroki, Ichiki ahd Matsuoka, 1984).

» DNA nediated gene tzans}fe: (mm‘) been demonstrated to be a

* potentially useful for the t cturd genes for,,

CEA. DMA from the G:A—pxoducmg cell Yine, BET-8R, was used to transfect
mouse recipient cells by the cal ium ‘precipitation meeﬁod Using
mnocloqal anti-CEA antibodies to &Creen the transfected clones, the \

identification of two CEA producing lq'nes*l:esul_ted. Further analysis

with SDS-PAGE de moieties which co-migrated
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i
with purified CEA (Fuks, Price, Stanners and cold\lsaz).
In addition, a cDNA library hae been constructed 'using poly A+ mRNA
purified from LS174T. Ulsing nucleptide probes.corresponding to the NHp-
terminal sequence of CB\" several pcsitive‘.c]ones were identified.

3 Analysis of translation proteins from the LS174T poly A+ nR, using

poly anti-CEA C led.a protein with an apparent
molecular weight: of approximately 70, KD '£noox Rhan, : Castro, Zoubir,.
L Gunne, Hammarstrom, Lee, Lake and Heden, 1935). ) W
Very recently, a group reported the identification oE several CEA
\,« ° posxnve fecombinant DNA clones (Oikawa, mkazato and Rosaki, 1987). DNA
sequem:ing of. these posxtive clones has revealed both the actual length
of the protein moiety (668 amino ‘acids) and the amino acid squence.
Another gzoup has confimed some of the internal amino acid sequencmg
@ ~using, .an improved method for analyzing peptide sequences in highly
glycosylated proteins * (Paxton, Mooser, Pande, Lee and Shively, 1957).
From the amino acid sequem:ing data for CEA, this group have postulated
that CEA may be a member of the immunoglobulin supergene fa;mxly.

a

4.6 Con and Puture

The primary objective of this study was to produce somatic cell
. .
\ p hybrids between CEA ing colonic cell 1lines and

mouse cell lines and that was achieved with srcal, n'm, RAG and STO.
muever, CEA levels in these hybrids, in 'teﬁs -of membrane and
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cytoplasmic expression or in terms of secretion, was borderline and no

hybrids thh higher, more definite, CEA expxession/secretion were

obtained. The ma]or problem identiﬁed was the lack of success in

producing hybrids which would express the tumor marker in significant
'quantities. C )

CEA expressian/pm‘duction appears -to be xepre;sed or lowered

;sigmncantly by fusion with the mouse cell lines RAG and STO. Mouse

ceu lines, uh:.ch have been fused with human cell lines for the study of

B txssue—restricted cell markers and result in repzesFion of the maxkez of

\ interest Jhave been classlf;ed as "mnpemissive" Cell' lines. RAG has

\already been 1abe112d as nonpermissivé for some diffezem:iation specific’

antxge.ns and it -may also.be appropriate t6 classify the cell liné STO as

for the fon of the CEA gene(s).

In view of the low expression/secretion valuBs for ‘the HT29xRAG,

SKCOLxSTO and the SKCOLxRAG hybrids an avenue which should be explored as .

a follow-up+to this study is fusion of SKCoL (the highest CEA expressor/

secretor in ouf hands) with the A9'fibroblast line which has been defined
a& a Eemdssive/ir\c\lxcive cell Yine (Rettig et al., 1986a). s The results

. .

in this 'f}hesis have shown that a successful fusion procedure is available

for such a monolayer x monolayer fusion and all the methpds of analysis’

(hmunelogical and chromosomal) have béen worked out.  If-definite CEA

producing hybrids were but k 1ysi (becaqse of the

SKCOl parental cell line) was difficult, then complementary isoenzyme
analysis could be used to confirm human chromosome content.
Consideration could also be given-to using LS174T again, but with higher
. t . .
. ~




.
selection concentrations of quabain.
Devalopment of the "rIght" CEA expressing hybrids between a high CEA
p{odwing parent ééll line and a pemdssive/indwin\tg. mouse cell line
would be invalﬁable in future studies. Clearly, the somatic cell genetic

will be compl to other molecul i

also being investigated at present for,t_he mapping of the CEA gene(s).

Finally, a possible use for -the i ific hybrids. de ped in
\

this project is fm; mapping other di it i i i For
example, ghe_ LS174TxRAG hybrids ‘pt@ﬁﬁ by ;heer, wk_xile{of no %ralue for
mapping the CEA gene(s), have beé\’used to map the’qepiéﬁélimrspé:ific
" AUAI antigen to chzamsurté‘ 2 (spurr, ‘Durt)@n, Stleerl', Paikar, Bobrow and

Bodmer, 1986). < . o
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Appendix I
1. Fusion Coding System - 3
F1 to Fn refers to specific fusion number . .

F1.(1 to 192) (éfexs to the number of possible hybrids if 100% of
the 2x96 well cultuge plates contain hybrid calorg\ezﬂ/

Fl.1 (Al to Al2) \ \ ~
(BL "o B12) ) )y =
(CI to. CI2) -«
(D1 to D12) refers to the specific hybrid clone (for eg.
(El to E12) F1.1.G5 is the hybrid clone isolated from well
(F1 to F12) C5 in a 96 well culture plate. ' The fusion
(@ to G12) ' number is one and the original hybrid is one).
(1 to HI2) .
F1.1.AL (Al to Al2) 1
(Bl to B12), ° . «

(D1 to D12) ,refezs to. the specific hybrid subclone

(E1 to E12) 'obtained by limiting dilution from F1.1.Al -
(F1 to F12) hybrid clone.
(G to G12) 4

(HL to H12) N ——
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Table 1. Original hybrid colonies selected for cloning.

Fusion Parent { Original Hybrid Colonies
Code Cell Lines Selected for Cloning
~
F2 Y mm9 F2.19 F2.140 !
RAG - F2.66 F2.144 —
F2.67 F2.150 ~ Y
. F2.70 F2.158 -
F2.116 F2.160
F2.121 F2.161
F2,130 F2.169
F2.13% F2.178
\ F2.133 © F2.179
F3 SKCOL - = F3.27.°
7 . ST0 e £3.3
. = St
‘P4 HT29 : F4.52 F4.92
- s0 F4.56 ‘ F4.98
F4.57 F4.108
F4.86 F4.119
F4.:90 .
F5 SKool F5.2




19
“Table 2. Bybrid clones obtained by limiting dilution.
Primary No. Clones Primary No. Clones
Bybrid Cbtained Hybrid (Cbtained
..F2.19 : 12 F2.160 9
F2.66 4 F2.161 6
F2.67 4 - F2.169 8
F2.70 5 F2.178 9
F2.116 3 F2879 15
F2.121 X F3.2 0
F2.130 n F3.3 2
F2.131 13 F4.52 b
F2.133 3. F4.56 3
F2.140 8 F4.86 6
.F2.144 2 F4.90 0
F2.150 1 F5.2. 4
(F2.158 3 :
_Total Clonesobtained = 131
Table 3 Primary hybrid clones selected f:r’ re~cloning.
Pusion'- Parent Primary Hybrid Clones
Code Cell Lines Selected for Re-cloning
F2 HT29 F2.19.C11 F2.144.F9
PRAG F2.19.04 . F2.160.B8
F2.121.B4 F2.169.E9
F2.130.F9 F2.169.F5
F2.131.D2 F2.178.C7
F2.131.F10 F2.179.A9
F2.131.H1 F2.179.B7
F2.140.%7 F2.179.E10
16 out of 20

: There were no primary hybuds selected from F3, F4 or F5 for

re-clonifg.
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* Table 4. Hybrid subclones obtained by limiting dilution.

120

. F2.179.Ei0

Total Sublones = 126

Secondary No. Subclones
-~ "Clone — Obtained
F2.169.E9 T4 .
F2.19.C11 8
F2,131.D2 21 .
F2.179.57 . .20 ;
F2.121.B4 1 N
F2.140.A7 5 -*
FZ.‘:UD.S? 13
F2.179¢ 1
F2.131.F10 T 14
F2.19.p4 3
F2.169.F5 4
F2.178.C7 4
F2.160.B8 P 4
F2.144.F9 e
F2.131.H v 0 5
0 A

Table 5. Secondary clones selected for st;;ngené CEA analysis.

~

Fusion Pdrent Secondary &lches Selected for

Code Cell Lines Further CEA Analysis

F2, HT29 F2.13049D2 F2.169.E9F1

“ ' .RAG F2.131.D2C4 F2.169.E9F7
F2.131.D2F2 F2:179.A9C6
F2.169.E9EL F2.179.B7D8 .
F2.169.E9E4 F2.179.B7E8
10 out of 104

re



121

Appendix IX
Notes for the interpretation o BISA data. -

1. Indxv;dual assay results can only be compired to controls for that
day. of values between assays is
mvalid. Foz example, differences in antibody batches and reagents may
result in variations in absorbances between assays.

2. The substrate incubation time was varied. Initially, it was 15-20
min. but in 'an attempt to maximize the chances of detecting a CEA
pusxtive),brid the time was increased to 40-60 min.

o
. LS174T OCuabain Resistance - ELISA Data
I.
20 min.
) Absorbance
Oont:ols 1. CEA (100 ng per ml) % u b 1.164 7
2. RPMI-HAT medium * 0.269
3. 1% BSA/PBS/veen . - 0.393
- - - ¢
Sample Absorbance- Sample " Absorbance N
“No. No. .
1 . 0.347 7 0.931
2 . 0.783 8 0.611,
3 0.515 9 0.564 £ R
g5 T 0.704 10 0.581 =
5 *-9.597 11 0.706
6 . 0.467 ' 12 2.770 -
II. ELISA #2. t
Incubation time with Substrate addition 20 min.
! Absorbance:
Controfs: 1. CEA (100 ng per ml) 1.915 ;
« RPMI-HAT medium - 0.105
3 13BSA/PBS/Tween ¥ . 0.098
,Samplé Absorbance : Sample ‘ Absorbance .
No. No. -
13 0.467 30 . . 0.380
14 -437 3L « 0.390 -
15 0.503 32 0.338
16 0.147 33 0.193
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t'd
Sample’ Absorbance Sample Rbsorbance o
Mo.
17 0.428 “34 0.136
18 0.252 35 0.342
19 0.594 36 0.435
20 0.263 37
21 0.136 38 0.249
22 0.537 39 0.343
23 0.114 40 0.369
24 0.064 41 0.661
25 0.414 42 0.482
26 0.329 43 0.361
27 0.161 44 0.147
28 0.082 2 45 0.566 %
29 0.404 46 b " 0.209
III. ELISA #3 ' €
Incubation t:ime with substrate i 20 min.
- Absorbance, 1
_CEA (100 ng-per ml) 1.833
. RPMI-HAT medium 0.091
© 13B5A/PBS/Tveert” < © 0.054
Absorbance Sample Absorbance
. No. 3
0.614 60 1.197
0.627 61 1
0.006 62 1.242 |
+0.025 63 0.889
0.556 “64 0.970
0,989 65 0.698
0.361 *466 1.017
1.458 q 67 - 1.255
55 0.639 68 1.427
56 0.330 69 1.325
57 0.564 70 1.322 -
58 v 0.109 71 1.153 ’
59 . 0.033 72 ~ 1.203

NOTE: 'x‘hé above samples. tested in ELISAs 1, 2 and 3 were all derived
from fi ns between the human parent cell line, LS174T, and e ymouse
cell es NSl or SP2/0. Because these samples were determined to be
ouabain resisr.mt LS174T cells they were not coded using the fusion
eodlng system. 5 -

a



/B. BI9xNS] - ELISA Data

IV, ELISA #4
Incubation time with slbstrate

Controls: 1. CEA (100 ng. per ml)

. CEA (3 ng per ml)
3. 1% BSA/PBS/Tween
T sample Absorbance
No. 4
1 : 0.309
V. ELISA #5

Incubation time with Qtrate

Gaqt:olsx 1. ca\ {100 'ng per ml)

CEA (3 ng per ml)

3. 1% BSA/PBS/Tween

Sample Absorbance
No.

b 0.331

15wnin. .

0.318

123
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C. ELISA Data -

VI. ELISA #6
Incubation time with substrate

Controls: 1. CEA (M0 ng per ml)
2. CEA (3 ng per ml)
3.. RPMI-HAT medium

~
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Fusion
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Fusion
Code No.

" F4.50

Absorbance

1.296
1.201
1.252

126



127
. VII. ELISA ‘07 &
Incubation time with substrate 14 hrs
Absorbance
Controls: 1. Cm (12 ng per ml) 0.247 .
2 (3 ng per ml) 0.194
3. IQBWHS/'meen 0.192
Samples: '

F4.92 .227 F5.24 0.209
F4.90 . 0.235 F5.2 0.233
F4.86 0.240 F5.23 / 0.176
F4.98 244 ) F5.1 0.181

*on indubation; assay in a microplate and not cuvettes.




VIII. ELISA #8
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Incubation time with substrate , 60 min.
! Absorbance

Controls: 1. CEA (12 ng per ml) 1.363

2. CGEA (3 ng per ml) 0.875

3. HAT-RPMI medium 0.655 i

4. 13BSA/PBS/Tween 0.685
Samples
Fusion Absorbance Fusion Absorbance 1

+ Code Code No.

F2.133.H6 0.674 F2.70.H7 -0.585
F2.144.F2 0.626 F2.66.08 0.650
F2.121.B4 0.772 F2.140.A7 0.764
F2.116.C10 0.613 a F2.161.A4 0.634
F2.116.D6 0.564 F2.160.B12 0.693
F2.131.B6 - 0.567 F2.160.F6 0.621
F2.131.C2 0.636. F2.179.C8 0.509
F2.131.C8 0.575 F2.179.F7 0.534
F2.131.A1 0.543 F2.179.H5 0.674
F2,131.E2 0.661 F2.67.E2 0.604
F2.131.E12 0.640 F2.131.B8 0.623
F2.131.E5 0.600 F2.131.D2 0.727
F2.131.H1 0.713 F2.131.D8 0.654
F2.178.B10 0.681 F2.131.F10 0.700
F2.140.E9 0.642 F2.70:D11 0.656
F2.67.D8 0.575 . F2.130.F9 0.801
F2.66.E8 * 0.699 .67.C3 0684 ¥
F2.130.F4 0.639 F2.140.H10 0.673
F2.433.26 0.695 F2.179.A9 0.803
F2.150.C5 0.699 F2.179.B7 0.706
F2.169.F5 0.722 F2.179.. 0.651
F2.169.E9 0.720 F2.160.G8 0.572
F2.169.E3 0.620 -
F2.169.B10 0.569 F5.2.E7 0.594
F2.169.29 0.561 F5.2.E4 0.550
F2.169.A8 0.659 F5.2.B5 0.633
F2.160.G4 0.672
F2.178.D7 0.618
F2.178.D5 0.696
F2.178.C7 ,0.728
F2.169.H8 0.635 -
F2.179.C10 0.690
F2.133.A3 0.485 . '
F2.130.G11 0.565
F2.70.88 0.657
F2.160.B8 0.710 L



IX. ELISA #9
Incubation time with substrate

Controls: 1. CEA (12 ng per ml) -
2. CEA (3 ng per ml)
3. HAT-RPMI medium
3. 13BSA/PBS/Tween
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X. ELISA £1Q

Incubation time with substrate -

Controls: 1. CEA' (12 ng per ml)
2. CEA (3 ng per ml)
' 3. 1%BSA/PBS/Tween

Samples:
Fusion Absorbance
Code &

F2.169.E9B8
F2.169.E9B10
F2.169.E9C8 °,
F2.169.E9EL
F2.169.E9E4
F2.169.E9F1 0.
F2.169.E9F7  0.850*
F2.169.E9H9  +0.802
F2.179.B7E12  0.786

0.827
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*
selected for further evaluation.

45 min.

Absorbance

1.163

0.877

0.698
Fusion Absorbance
Code Mo.
F2.179.B7A5 0.738
F2.179.B7A10 ,810
F2.179.B7B4 = 0.769
F2.179.B7B10  0.710
F2.179.B7C8 0.747
F2.179.B7D8  0.869%
F2.179.B7D10  0.834
F2.179.B7E10 '0.773
F2.179.B7E1l  0.684

)
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The five subclones with the highest absorbance in this ELISA wer
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x1. 2IsA 11

Incubation time with substrate 45 min.
Absorbance
Controls: 1. CEA (12 ng per ml) 0.654
2, CEA (3 ng per ml) 0.343
3. HAT-RPMI medium 0.526
4. 13BSA/PBS/Tween 0.452
Absorbance Fusion Absorbance
le No.
0.677 F2.179.B7F7 0.490
0.605 F2.179.B7F9 0.538
0.592 F2.131.D2M 0.480
0.613 F2.131.D2A7 0.537
0.467 F2.131.D2B11 0.425
F2.131.F10H7 0.405 F2.131.D2E1 0.434
F2.169.FSE8 0.601 F2.131.D2D11 0.485
F2.179.A9C4 0.526 F2.131.D2D5 0.564
F2.179.A9DX0 0.441 v F2,131.D2D4 :
F2.179.29G3 0.452 F2.131.D2C10
F2.179.A9F9 0.478 F2.131.D2E3
F2.179.A9F3 0.592 F2,131.D2E10
F2.179.R9E10 0.332 F2.131.D2E12
F2.179.A9E9 0.527 F2.131.D2H2
F2.179.29G5 0.549 F2.131.D284
F2.179.29G7 561 F2.140.A7 -
F2.130.P909 0.645 F2.140.A7E12
F2.130.F9D2 0.697 F2.140.A
F2.131.F10C7 0.677 F2.131.D2H9
.131.D2F2 0.704 F2.131.D2H8
F2.131.D2C4 0.497 F2.178.C7109
F2.140.A7D7 0.664 F2.178.C7011
F2.169.E9C7 0.585 F2.178,C7E8
F2.131.F10G8 0.589 F2.169.E9D4
F2.131.D2F5 0.724 F2.169. E9E6
F2.131.D2F7 0.614 F2.130.F9C7
F2.179.B7B7 ~0.613 F2.130.F98B9
F2.160.B8B10 0.585 F2,130.F988
0.632 F2.130.F9B2
0.546 F2.169.E9F8
0.479 F2.130.F908
0.348 F2.130.F9F4
0.569 F2.130.F9F11 0.495
0.523 F2.130.F96%5 0.529
0.392 F2.130.F9G7 0.510
F2.131.D2G7" 0.493 F2.131.F10F1 0.551
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cont'qd
Fusion Absorbance Fusion Absorbance
Code No. 3 Code No.
F2.131.F10E9 0.507 F2.19.F9 0.497
F2.131.F10C3 0.581 F2.19.E9 0.520
F2.131.FI0B4 0.393 F2.144.F9 0.771
N F2.131.F10B2 0.440 F2.19.G10 0.597
F2.131.F10E8 0.536 F3.3.D2 0.622
F2.131.F10F8 0.560
F2.169.E9B6 0.550
F2.131.F10G7 . 0.508
F2.169.F5E4 0.535 . o
F2.169.F5A7 . 0.499 -
F2.169.FSF10 . - 0.489 0
F2.131.F10H8 0.442
F2.179.83C6 0.895
F2.130.F9E8 0.561 :
F2.131.F10D11 0.628 "
F2,179.B7E8 0.688
@ XII. ELISA #12
N -Incubation time with substrate 60 min. .
Rbsorbance v
Controls: 1. CEA (12 ng per ml) 1.246
i < CEA (3 ng per ml) = 0.781
3 HAT-RPMI medium 0.774
- 4. 13BSA/PBS/Tween 0.873
= Samples: 3
¥ Fusion Absorbance Fusion Absorbance
/ . Code No. Code No.
F2.19.C11E10 ' 0.708 F4.86.F11 0.729
F2.130.F9B11 0.718 . F4.86.B3 0.701 °
F2.131.Fl0C8 0.728 F4.86.C3 0.679
F2.179.A9E4 0.817 F4.86.E7 0.635
F2.144.F9F9 0.935 FA4.86.ES 0.887
F2.160.B8C10 0.907 F4.52.B2 0.853
F2.140.A7BS 0.957 - F4.86.H9 0.554
F2.160.B8F9 0.859
F2.19.D4D1 0.920 F3.3.F9 0.764
F2.19.C11H9 1.166 <
F2.19.04C1 1.206
F2.19.D4B7 0.962
F2.19.C11IF7 0.921
F2.19.C11G5 0.658
F2.19.C11D4 1.026
F2.19.CLIC 1.030 4
F2.19.Q11A2 0.939



XIII. ELISA #13

Incubation time with substrate

Controls: 1. CEA (100 ng per ml)

2. GA (3 ng per ml)
3. HAT-RPMI medium

4. 13BSA/PBS/Tween
Samples:
Fusion Absorbance
Code No.
F2.19.C11E4 0.828
. F2.121.B4F7 0.785
F2.179.B7F11 0.833

F4.56.08 0.706"
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XIV. ELISA #14

Incubation time with substrate

Controls: 1. CEA (50 ng per ml)
2. CEA (3 ng per ml)
3. RPMI-HAT medium
5.,1\ BSA/PBS/Tween

Samples:
A. HT29 (Day 2)

D. SKOOLXSTO
primary hybrids
F3.

- F3.3
E\ Mouse parent
1 lines

Absorbance
0.193 *
0.138
0.136

(Day 6 samples)

0.229
0.176
0.159
0.167
0.163
0.168
0.161

~ 0.062

0.156
0.121

0.1%0
0.119
0.189

- 0.1

0.162
0.154

0.206
0.166
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XV. ELISA #15 ¥
Incubation time with substrate 40 min.
> . “ Absorbance
Controls: 1. CEA (100 ng per ml) 2.805
2. CEA (3 ng per ml) 0.568
3. RPMI-HAT 0.338
4. 13BSA/PBS/Iween F 0.332
Samples: e! A
A. Spent medium (Day 6 and Day culture§)
Fusion Absorbance Absorbance
Code No. (Day 6) (Day 9)
F5.4 % 0.263 # 0.247
F5.3 0.266 0.285
F5.6* 0.303 0.251
F5.10 0.330 - 0.326
F5.11 0.367 ' 0.243
F5.12 P 0.329 ol
F5.13 0.263 0.266
F5.15 0.289 0.314
F5.17 0.295 330
F5.20 0.268 . 0.275
F5.21 0.326 0.398
B. Concentrated Spent medium ) 4
Fusion |, R 8
Code No. . Absorbance
F5.6 0.328
F5.17 *0.205 :
F5.2 0.162
F5.19 0.293 "
‘F2.179.R9C6 0.295 " S
F2.131.D2C4 . 0309 -
. 0.337
F3.3 0.387
RPMI-HAT 0.319
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XVI. ELISA #16
Irﬁubation time with substrate

Controls: 1.

CEA (100 ng per ml)

2. CEA (75 ng per ml)

Samples: cytosnl and membrane subcellular fractions

" Fusion

Code No.
F2.179.A9C6
F2.131.D2C4
F5.2

F5.19

RAG
ST0

CEA (50 ng per ml)

CEA

CEA (12 ng per ml)
CEA (6 ng per ml)
CEA (3 ng per ml)
RPMI-HAT
liBs\/PBS/'meen

« Absorbance
(cytosol)
0,543
0%.469
0.555

0.372

0.685
0.58
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