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ABSTRACT

L A number of cellular products present during . .
fetal development, but absent from ﬁormal adult tissue;,
have been shown to be/re—expressed in cancer cells.

One example of these o%cofetal substances is carcino-
embryonic antigen (CEA). Studies were undertaken to
examine the expression of CEA at the surface of human
colon carcinoma cells grown i% vitro and to develop a
radioimmunoassay for quantitation of CEA and antibodies
td CEA in the serum of cancer patiénts. ’
Antibodiés specific for CEA Qere prepared in
goats and these antibodies were found to induce polar
redistribution or capping-of thghantigen. As with other
systems in which polar redistribution of surface molecules
have been studied, the cappiﬁg was témperature-dependent
and required -an intact microfiiament system. Fluorescent-
labéled antibodies wére ﬁfilized to demonstrate'thata
while CEA would undergo capping, blood group antigen A
did not, hence these antigens existias separate molecules
at the cell surface. The capping process was further

characterized using "'?%I-labeled antibodies and it was

demonstrated that upon capping the majority of cell
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surface CEA underwent endocytosis. The ability to
specifically remove CEA from the cell surface with
antibody was used to demonstrate a rapid reappearance
of CEA on the tumor cell surface, and this reappearancé
appeared to require protein synthesis. ¢
A precise quantitative radioimmunoassay for CEA
was developed and used to determine the aﬁount of CEA
expressed on cell surfaces. Various strains of cells
were established in vitro which differed in the amount of
CEA they produced. Two strains-@hich diff;red in the
amount of CEA-expressed at their cell surfaces were shown
to be equally tumorigenic in nude mice, which suggested a
1a§k of correlation between CEA production a;d tumorigenicity.
The radioimmunoassay was also used to study the-
céﬁtrol of genetic expressioh of CEA. There was a direct
correlétipn bétween.the émount of cell surface“CEA and
the amoﬁnt of CEA secreted'iﬂtq the culture medidm; Lontrol
oveﬁ'%ﬁé lébel of CEA expressea by various sfraiﬁs

appeared genetically stable. Yet, a number of lines

of evidepce’suggestéd that the parental population from,

. . ,
. which the strains were derived was heterogeneous with

‘respect to.CEA Synthesis.

Thé. effects' of various inducing agents on CEA
expression by varcious cell strains was examined.- One

strain (HCT-8 Nu2), a very low CEA producing strain,
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could be induced to express high levels of CEA by inclusion
of tﬁ%ophylline in the culture medium. This effect
appeared éfter three days of incubation and reached a
maximum after five days. Enhanced expression was dose-
dependé;% and time-dependent, requiriﬁg coﬁtinual presence
.of the drug.. The effect also appeared to require continual »’
protein synthesis and aid not cause marked alteration of
cell mgrphology.or growth.. It was demonstrated thét the
effect was not density-dependent and did not appear te be
due to selective proliferation of a high expressor
pépulation: Further, the effect could not be mimicked

with dibutyr&l cyclic adenosine monophosphate. Similarly,
-anotherlstfain (HCT—?R) could be induced to produce higher -

~levels of CEA with bromddeoxyuridine (BrdU). This effect

was not as dramatic as the theophylline effect and only
appeared transiently. The response to BrdU was dose-
dependent.

The specific inhibition of binding of '2?°I-labeled ;
anti—CEA antibodies,by unlabeled anti-CEA antibodies-
was used to demonstrate that no antibodies'to CEA could
_be detected in control or cancer patient sefa. The »
radioimmunoassay was also.exémined to determine itg
ability tp quantitate the amount of CEA in serum from
cancer.patients and controls. It was determined that
thisgtest“could measure comparable ranges of standard

reference CEA, obtained from international or marketed
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sources. The results obtained from tests of patient

sera closely correlated with results obtained using a
marketed assay kit. A limited number of sera from
patients was examined for CEA using the assay. Comparable
pefcentages of patienfs with CEA-related cancers- were
fognd positive by my assay as reported in studies using
standard assays. However, my assa? appeéred to have
greater specificity than standard assays in that a lesser

3 \ - ’
percent of patients without CEA-related cancers were

positive.
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LITERATURE REVIEW

° '.' Nt

I. Historical Background

v .
The search for molecular markers of the neoplastic
cell has léd tQ the recognition of a number of tumoer- -
a55001eted .antigens,. ;ncludlng oncofetal antlgens (Rev
in Alexander, 1972 Coggln & Anderson, 19743 Constanza
’ﬁ Nathanson, 197u;'Lauscﬁ‘8 Rapp,,1975): Oncofetal‘entigens
" may be defined (Constanza & Nathanson, 1974) as molecules,
usualiy identified by immunological means, that are - found
in both malignant and embryonic or fetal -tissue but are
absent or undetectable in nonmalignaht tissues
The presence of embryonlc antlgens in tumor cells
was first described in 1906 when G. Schone (1%06) reported
that mice which had been lnjected w1th fetal tlssues T ‘\i
regected transplants of tumor tlssue which otherw1se grew
and killed. Adult tlssues did not: evoke this response:
Ho@ever, outbred mlce were used in these studies and the
results cannot_be attributed solely to feta} antlgens,&d
" since iissug sna.ﬁistocompatibility ahtiéens were also’ .
present. 1In ‘the i930's, humoral.anfibodies that crpss—

reacted with fetal and tumor tissues were identified

o



'-(Hirszféld‘et al., 1929, Witebsky, 1930). More recently,
usiné inbred strains. of mice §nd rats, several gréups

(Alexander, 1972; Baldwin et al., 1974;. Coggin et al.,

1971; Hellstrom and Hellstxom, 1875; Steele and,Sjoé%en,

1974) have clearly identified tumor-associated embryonic
tfansplantation antigens.

A number of’ human oncofetal antlgens have‘been
.1dent1fled _The two ‘which have been studled ‘in detall ar\/,,»/*/
alpha fetoproteln (AFP) aAd car01noembryonlc antigen (CEA)

In 1953, Abelev et al. (1963) discovered that one
" of the'abnorﬁal sérum'proteins synthesized by a chemically- -
induced hep;téma iﬁ mice was antigenicalli identigal to -, h
an a;globulin present_in embryonic-and neonatal mouse )
serum but absent from the addlt mouse . Wffhin one.year,.
51m115r materlal had been found by Tatarlnov (1964) in
"the serum of patlents with prlmary hepatoma therature
cpncgrnlng AFP and opcogen§51s has been recently reviewed
(Abe}ev, 1971 19§u; Mésse&?ff, 19723 Ruoslahti et‘é@.,
1974 Urlel 1969; Wepsic'§ Séll, 1974; Sell et al.,

1976) and hence'will not béﬂdealt with he;e.

Rather, the primary purpose of this sectlon is
to.review literature concerning CEA. In 1985 Phil Gold -~
and Samuel'Freedmas (1965a) demons£rated the presence of
tumor spec1f1c antigens in extracts of human colon carc1nomg

.whlch were not present in normal colonic tissues. SubSequently,

they demonstrated the presence of identical antigens iq
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all malignant tumors arising from entodermally derived

f . >
epithelium of ‘the gaétrointestinal tract (Gold & Freedman,
1965b). But’%hese antlgens were absent from other: adult

tlssues (Gold & Freedman, 1865b). - Further, experlments

with fetal tlssues (Gold & Freedman, 1965b) indicated that

.identi%al antigens were also found in fetal gut, liver-

™~

and pancreas between the second and sixth month of gestation.
r : » . . ’
’Since these components'were absent from normal adult

3gastr01ntest1nal tissues but found in ‘both fetal and

cancerous gastrointestinal tlssues they were named
"carcinoembryonic" antigens (Gpld & Freedman, 1965b{.
With the develqpment of'radioimmunoassay (RIA)

tecnniques,'it was shown (Thomson et al., 1969) that CEA

could be detected in the serum of patients with gastro-

intestinal mallgnan01es but not in the serum of normal

1nd1v1duals or patients with other cancers. The poselbiliry.

-

that CEA assays mighttprovide'é‘diagnostic‘test,for
colo-rectal cancer provided impetus for extensive clinical

trials agg also ‘for investigations concerning ‘the physical,
’ i A
|

‘chemical and immunochemical characteristics of 'CEA.

-
P
‘ L]

II. Physiqchemicai'Characterization of" CEA

CEA derlved from human metastatic colorectal

Al

car01nomas, is a gi\“bproteln soluble 1n .perchloric a01d

R4
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and .strong salt solutione (Krupey et al., 1968). "It has
been typically extracted and isolated- from homogenized

tumor tissueé by solubilization with perchloric acid

followed by gel filtration (Coligan et al., 1972; Terry -

et atl., 197u5. An -independent approacﬁ'to CEA isolation
has been taken by Rosai ei al. 619725. They first -
prepared a crude membréne fractioh'from colon tumors,
solublllzed the CEA w1th llthlum diiodisalicylate, and
removed the protelns by phenol extractlon They then

sub]ected the mixture to chromatograppy and'electro—

- focusing to yield purified CEA. Other investigators have’

utili;ed Concapavilin A sepharose affinity'chrometography
to pu?ify CEA (Harvey:¢& Chu, 1978). Each step of the.
purificationﬁproceddﬁe employed monitoring for CEA using
pre—existing antiserum to CEA. Thus, ae_will be discuseed,
in “the section on CEA's immunochemistry, CEA ;s anti-
genlcally defined. ‘

.

CEA has a sedlmentatlon constant of 7- 88 and a

’moleoular welight of about 200 000 as Judged by gel

&2
:f~,,_

chromatography (Collgan et aZ » 19723 Krupey et al., 1972

. Pusztaszerl & Mach, 1973) . Its electrophoretic mobility

at pH 7-8.5 1is that of a plasma B~ globulln (Krupey et

al. 1988) (Isoe;ectrmc focusing of CEA reparatlone

reveal much hetefbgeneity in electric charge (Coligan
éé al., 1973; Turberville ¢t al., 1 73' Rev in Rogers,

1976). - Recently an isomeric species f CEA was isolatéd

5
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and characterized (Plow & Edgington, 1975). This molecule,

*

called CEA—é,_was shown to be homogeneous With respect to

plw.ﬂ

size, density and charge (Plow & Edgington, 1975).

The amino acid cbﬁposition of CEA represents that
of a typical glycoprotein, wiﬁh a high coﬂtent of aépartig
acid; glutamic acid, thteonine and serine (krupey et al.,
© 19683 Terry et al., 1974). Thé N-ierminal seqﬁence of CEA.
has been.determinéd by a humber of groups (Terry ét'al.,

1972, 1974; Holyoke et al., 1975) and there is agreement

on the. first 30 amino acid residues.

e N R S Ao e s kL p AT St

Unsuccessful attempts were made to-split CEA into

n‘f'

separate protein chains by urea, 6 M guanidine HC1 : -

and- detergent treatment alone or after reduction of

t

disulfide bonds (Hammarstrom et «l.,, 1975). This evidence

coupled with the consistent results of amino terminal ) // E
. . . . . |

. . o

sequencing suggested that CEA probably consists of\a ' . ‘

single g@ijeptide chain of about 800 amino acids (Neville ‘

£ Laurence, 1974). ( ) ) H : \

Carbohydrate analysis of\CEA has been reported
(Terry et al., 1974; Neville § Launence,.197u; Coligan

et al., 131?; Egan et al., 1976? and it has been determined

Y

- that CEA is composéd of 45-57% carbéhydraée by weight. %
. The molecule is believed'ﬁo demonstrate much ﬁranching.
Funther, the éialic~acid'cqnten; vafies from sample to
sampié'(Kruﬁey et ali, 1968). Ot£ég sugafs also demonstrate
_Variatidn and this may refléct differepces between tumors

3
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due to breakdown or synthetic processes in vivo or
differences in the isolation or analytiéaivprocedufes
- employed (Terry ?i;gl., 1974; Neville & Laurence, 1971).
. ~ ‘ ‘
There are two common ways by which cafbohydpgtes

link to peptides in mammalian glycoproteins (Spiro; 1970)

Since the attachment ‘of the sugar to the peptlde dhaln,
of CEA was found to be resistant to mild alkali treatment

Pas

(Terry et al., 1974; Neville & Laurence, 1974) it is

believed that the carbohydrate-peptide bond occurs tﬁrough

" an asparaginé—N~acety1g1ucosamine linkage.
. . ; (.

) e |
IITI. Cellular Location of CEA

The céllular lecation of_tumor-assdciated antigens
is iﬁportant in terms of. the potential host-respense to .
tﬁem and their possible funetion. The cellular location
of CEA was determined by 1mmunofluorescent studles of
'unflxed frozen‘sectlons of tumor tissue treated ‘'with
.fluorespein—conjugateq rabbit anti-CEA sera (Gold et al.,
1968). Fluorescence was sharply_localiied to the plasma
membrane ef the tumor cells. Similar oBserVations were |
made by wvon Klelst 3 Burtln (1969), but the- majovlty of

fluorescence appeared 11m1ted to the free membranes of
cells-borderlng-the lqmlna of the glands. .In 1970,
Goid et al. (1970) tveated tumor cells with ferritin-
labelled antibogy to CEA and uéedtﬁltraét%uctﬁr;i dnalysis
. . C .

“
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v
to Ylocalize CEA to the glycocalyx, or ffuzzy-coét" of
the tumor .cell membrane. The possibility ex1sted though{
that these studles were only detecting CEA which had
been secreted and absorbed onto the cell surface.

This possibility was eliminated when CEA was
demonstrated.on the‘surface cf colon carcinoma cells’
which had been groWn'ahd maintained in vitro (Herberman
et al., 1975). . . C .

Our current understanding of the structure oﬁ
cell membranee has been drametically advahceq,by the fiuid‘
mosaic model proposec-in 1972 by S.J. Singer and G.L.. .
Nicclson. uBased on thermodynamic considerations of
macromolecclér‘systems and in light.of the then available
experiﬁental evidence, they concluded thqt;membranes
were cqmposed of a ﬁosaic structure of heterogeneous
globular émﬁhipathic proteins partially or tqtall§ embedded
in ; matrix cohsist@hg'of a fluid lipid'hiiayer. An
'}mﬁcrtaﬂt implication of this mddel was that molecules
of the 'membrane would be capable of laterdl movehent
within the blahe.of the membrane. Hence, the_memhrane
must.be coﬁsidered a.very dynamic structufe Much evidence
heg accumulated to support the concept that molecules
are capable of 1atera1 movemerit in the plane of the membrane
The-majorlty of studies demonstratlng redlstrlbutlon of

surface molecules have utilized antigenic determinants:

on lymphocytes (Frye and Edidin, 1970; Taylor et-al.,1971;



\/

'logically. Glycoprotelns are extracted isolated and

Loor et al., 1972; Kourilsky et al., 1972); however,

&

becenfly certain antigens of other types of cells were
found to be redistributed by antibody binding (Joseph §

Ay

Oldstone, 1974; Comoglio & Guglielmone, 1972).

IV. Immunochemistry of CEA

LY

Carc1noembryon1c antlgen has been defined. immuno-

LS

(-3

purlfled from a tumor source, used to 1mmunlze anyébf a
varlety of animal sped%%s and the resulting antiserum’ is
shown to pfecipitate and produce a line of ‘identity between

the immunizing material as well as a reference, preparation

-of CEA. Thus CEA is circularly defined. Most studies have

employed demonstrations of identity to CEA obtained from

"Gold and coﬁorkers but recently an international standard

s

of CEA has been made available (Laurence et al., 1975).

-~ Initially CEA was believed to consist of a single
homogeneous glycoppotein-(krdéey-et aZ.,'19é8). But
subeequent sfddies have demonstrated that preparatiqne of
CEA ‘exhibit heterogeneity (Rev. in Rogers, 1976). 1In

addition to the already mentioned physiechemical hetero-

genelty,observed, w1th respect to size, charge, den51ty

. and 1soe1ectr1c p01nt dlfferences have been descrlbed

between antlgenic-preparatlops derived from adenocarcinoma -

of the colon and preparations derived from fetal tissue -
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(Rule & G&leski—Reilly, 1§7u).' Further heterogeneity
(discds#ed in the neif section) has been obgerved Q;th
, respect to the presence of biood—group antigens (Holburn
et al., 1974). i : ~ T — -
‘Antisera preparéq against'CEA is usually absorbed
to render it CEA-specific. This technique ﬁas its
‘limitations and consequently the antiserum may contain
residual antibodies or antibodies that react with Ather
non-CEA contaminants (Régers, 1976). A number of normal
tlssue cémponents whlch crgss -react w1th CEA have
consequently been 1dent1f1g§\and have Efen called NGR.
KMagh & Pusthszurl, 1972), NCA (von Kleist et al., 1972),
FSA (Hakkinen, 1972), CCEA-2 (Darcy ot al., 1973), BCGP
(Kuo‘et.ai., 1973) and NCA-2 (Burtin et ali, 1873).
Recent results. suggest that NGP, NCA and CCEA 2 may-be
1dentlca1 (Edglngton et al. 1976) Hence varlatlons %n
antlsera contrlbute to the observed heterogeneity of CEA.“
Ultimétely, the heteroéeneity of CEA'ié believed
to be a-major contributing factor. to the lack of specificity
‘which has severely limited the diagnostic value of the
CEA radioimmunoassay (Rogers, 1976, énd-discusseq,in.a
.iater section) For this reaéon,'thé major research
thrust concernlng CEA has focused on' the 1mmunochemlstry
of the molecule, w1th primary emPha51s on e1u01dat1ng
whlch antlgenlc preparatlon_or antlgenlc determlnant of

CEA is the most cancer-specific. Studies ‘of this nature

\
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are.exemplified by work 6n the homogeneous isomeric species
of CEA called CEA-S (Plow € Edgington, 1975; Edgington et

al., 1975, 1976a, 1976b). Whether CEA-S represents a

3
o

more colon oaneer—specific form of CEA, as claimed by its
investigators (Eogington et al., 1975) or noéﬁ(zsmcheck
et al., 1975) is currently an undecideqd issue.

&gmonal of sialic acid from CEA by neuraminidase
treatment, while removing much'of the charge'heterogeneity
' (Coligan et al., 1973), did not alter the.radiolmmnnoassayable
Lactivity oer unit'of mass of the material (Coligan et al.,
1873; Hammerstrom et al., 1975; Banjo et al., 1974). °
Fucose washbemoved by . controlled pefiodate freatment anﬁ
1mmunologlcal reactivity was unlmpalred (Collgﬁn ‘et aZ
1973) .- Consequently, nelther fucose nor 51a11c acid appear
,fo be essenglal for spe01flc activity. Recent studies have
"shown that 85% of the carbohydrate re51dues in CEA can -
be removed w1thout appreolable loss of antlgenlc act1v1ty
(Hammerstrom et al.,. 1875; Collgan 6 Todd, 197%5), show1ng
that the immunodeterminant is present in the innermost
‘carbohydrate nesldues or in‘tpe protein sub-structure
(Rogers, 1976). In support of this-ideé'were recent studies,
demonstratlng that the 1ntegr1ty of the proteln portlon
of CEA was 1mportant for hlgh immunological, act1v1ty
(Westwood et al., *197u; Westwood & Thomas, 1975) "Thus the
aotivity was abolisned by treetment of "CEA with 0.5 M.:

NaOH at 20°C and reduced fo 3-5% of the activity offuntreated~
: . ' . /
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CEA on cleavage of theZdiSulphide~bohds.

.Recently, using quantitative immunochemicai
analysié employihg absorption and competitive inhibition
radioimmunoassays, Leung et al. (1977) delineated three
classes of CEA anfigenicﬁdeterminants.:.The first ciass
conéisfs;of determinants found on all preparations Qf“CEA
and these weré_called gr0u§—sbeéific determinants. The
second class was called cryptic.determinants because h
.antibodies to .them could be absgrbed by SDS-anblded

+

.soluble CEA or a membrane~assoéiated spgcies'of éEA {Rosai’
et al., 1972) but not by cqnven%ionai SOlublé forms of CEA.
The last class of deéerminapts was called épecies-specific.
and were defeptabie only*on the membrane-associated CEA.

The presence of unique aﬁtigenic_determipanxs on membrgﬁe—
associated.CEA has been ascribed to it§ conformation (Leung
ét al., 1977) but Whéther,or not these determinants will
provide a more ‘colon cancer-specifié’ antigen has not been | -

determined.

»

V. Relationship Between CEA and Blood Group Antigens

Purified preparations of CEA were reported to - \‘

v
3

contain antigenic determinants .in common with bloeod group
A (Gold et al., 1972; Turner et al., 1972; Gold & Gold,
1973). This conclusion was based on the observations.

that IgM ahti-A antibodies bound tg CEA when assayed by’



redioimmundeéecﬁrophoresis. .The-findings were suppqrfed
by immunochemical studies which sugéested that CEA -
molequles@ﬁere incomplete blood group subsfances of the
“ABO .system (Simmons 8'§;}lman, 1973). Holburn éé al.
(1974) also detected blood group antlgens A, B; Lea
LeP in pur;f;ed preparatlons of 1251~ labeled CEA in
reactions utilizing blood group antlbodlee. In all cases,
the blood group antigens defectéd were consistent with
the known blood gﬁdup of ‘the patients. i These authers‘
concluded that the determlnants of the blood group antigens
and of CEA share the same molecule (Holburn et al., 197u).
Alternatively, it was possible;ghat gﬁe blood
group antigens Were extracted and.purifﬁed‘;leng with CEA
as'nen—covalently attached molecules as suggested by Terry
et al. (197u).‘ This was supported b§ recent etudiee-'
which demanstrated that CEA and blood'group'antiéens have
xeimilar isoelectric focusing patterns but the substances‘
were separable by absorptlon with affinity gels (Cooper
et al., 197u) “ Denk et aZ ‘(1974), employing immuno-
‘fluorescenge on fixed’ tumor tissues, deﬁonstrated that
when present on the same cell, they wehhe in. different
locations. . While CEA was demonstrated only on ‘the lumen-
orlented surface of the eell, the blood groub antigens'
were dlstrlbuted over the entire cell surface. ﬁ
Thus the‘relatibnshib between 'CEA and blood group

antigens remaifds to be determined.
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VI: Factors Affecting the Genetic Expreséién of CEA

€ancer has often been viewed as awproblem of
~anomalogs differentiation (rev.'in Markert, 1968; Pierce,
i9§0; Coggin € Anderson,’ 1974; Anderson & Coggin, 197U4;

" Braun, 19%5). Indeed, the degree to which patterns and’
éyidenée of differentiation are lost in malignant cells

.is part of the.basié for: description and_identification.ﬁy
éathologisfs. .Furtﬁér{ numerous ahalogies between the
properties and pehavior of carcerous and embryonic cells
.exist (Rev. %n'Urfel, 19759. The diseovery of the(>
;eappeafance of fetal products, such as AFP aﬁd CEA, in
adult neoplasms has renewed inﬁerest-in these dideas.

The early work of Gold § Freedman (1965b) led
these inQestigators.to h&bothesize a méchanism of
dérépreséidé—dedifferentiafipn ofinormal fetailgenés i’
@glignaﬁt tumors of the entodermally derived epitﬁelipm
of the gastrointeétinal tract. The dgfepreésiVe mechanism
Waé Eased 6n.thé model'proposed by &acob € Monod (196i).

| Very little information concerning the genetics
"of:CEA e?pression-is.available, and moét of.tﬁe‘work
in this area has been'cénfingd.tp theoriging.

A serjes of studies conducted ?Q.Rule and ;oworkerg
(R'ule'8"Golesi<i—Reilly, 1973, 19743 Rule \8.~Kir'c'h,. 19767
gmploying.c&hparisoné-éf “fingerppinté" obtained by CEA
%édioimmunoassay and isoelectrié focusing patéerﬁs éf

-
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saline extracts of fetal gut tissue and.colon tumors,
suggested that more than.one CEA gene exists. And further,
sincé individual colon tumors exhibited rdndom\qualitativé
and quantitative differeﬁces in gene product patterns,

they suggésted that colon cancer involved thé loss of

" integrator aﬂd controller genes:which woula regulate the
spectrum and quantity of molecules with CEA determinants.
(Rule & Kircﬁ; 1976).

These concepts, while ipterésting; lack conclusive

.proof. * As mentioned, much of the heterogeneity of CEA, - >

viewed by Rule as distinct gene products (Rule £ Kircﬁ,
19]6)5lhés been attributed to variation-in the carbohydrate ° .
moiefies (Rogefsl 1976). The addition of carbohydrate .
to glycoprotein is.believed to occur as a post-ribbsémal'
event and,'therefore, is,énly éartly under genetic control
(Spiro,'19705. Fdrthef, Rug? pqints.ouﬁﬁ(Rulé §€ Kirch,
1976) that her studies employ examination of final gene
' pvoduéts which may have-pﬁdérgone; tensive modifica?i&n
post»transcpiptiohally gﬁd post—%rgnsla%iqnally (Da;idson
& Brltten, 197&) ’ ”
" One approach toward eluc1datlon of cellular controls
affectlng gene expre381on has 1nvolved the use of various
chemlcals to enhance gene product synthe81s. These
"inguction" studies are exempllfled by work conducted on .
Friénd virﬁs-induced\erythréleukémié cells. It was nofed

‘that these cells when incubated in medium contairing

o it e A"
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" dimethyl sulfoxioe (DMS0) would mature into hemoglobin.
synthesizing no?moblasts (Friend et al-., 1871).3-DMSO,

the "inducipg—agent”, caused these cells to differentiate
and fhis process was accompanied by increased syntﬁesie of
hemogiobin and é decrease,in malignancy (Friend et aZl,
1971?. Recent work in this area has leéd to the préciee
characterization of the differentigtioh program induced
%n~tﬁese cells b§ DMSC (Gusella et al., 1976).

' Besides the inductiveﬂeffects of cryoprotective
egents on erytﬁroid differentiation, the effects oﬁ.
“halogenated pyrimidineskon'differentiation and malignancy
have been examined. Silagi & Bruce (1970) noted that
incubatipn of mouse melanoma cells in medium coqtaining'
5-bromodeoxyuridine- (BrdU) would cause a loss of pigment
producing ability and d'concoﬁitant loss‘of tumorigenicity.

( " For many years it had been recognlzed that murine
‘leukemia v1rus (MLV) could be actlvated by certaln carc1oogen1c'
stlmull, aglng or spontanéously. Vlrus negatlve lines,
established from hlgh leukemlc AKR mlce, were shown to
rarely produce 1nfectlous MLV spontaneously (Lowy et aZ.,’
1971) The frequEﬂ/§ ‘of spontaneous activation was.
. estimated to be 10-° to 10-°. Lowy et al. <1971) showed -
- the actlvatlon rate could be 1ncreased by about 106 tlmes
‘by exposmng grow1ng cultures to 20-100 ug of IrdU or
BrdQ/ml for 2u4-usg hours. Thls 1nductlon prov1ded strong

evidence that the genetic 1nformat10n for- C—type virus

o
& . . f
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_production was present 1in most mouse cells and that this

informatidn.could4be trgnsmitfed'Qertically‘for many
genérétions wi%houf;bging:expressed. )

| These.studiés led Aaronson et al. (1971) to
dgﬁons%ration that clénes egtablished from Balb/c mouse
embryo cells could each be induced fo'produée C-type
particles. Hende, it apbeared that all mouse-cells
carried é,complete,vifal.genome.

Studies éoncernéd with the etiology of mamﬁary

tumorigenésis‘h@ve re%ied largely on the mouse model system

in which murine mammary tumor virus (MMTV) has been 'found

~to be an imporfant factor. Studies carried out by Parks -
& Scolnick (1873).indicated that.while ®lones of cells

'established from a spontaneous ‘mouse mammary tumorﬂcqntained

qgméaraﬁlé.levels of MMTV DNA ‘they expressed markedlf
different levels of MMTV RNA and virion 9;otein. These
results suggested phét MMTV expression might be regulqted
by cellular controls acting at the level of transéniptidn.
Since hormpnés were also known ta play a major

role in mammary tumorigenesis (Bern & Nandi, 1961) an

attempt was made to stimulate MMTV production in these

_cells.with sterdids. It was found that dexamethasone

stimulated producticon of MMTV 10 to 100 fold and appeared

.."to induce a' viral reverse transcriptase (Parks et al.,

;97&5. Recent work (Scolnick et al., 1978) has

indicated that increased viral prdduction may

A"
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be attributed to*aﬁ increased rate of synthesis of MMTV

RNA.
’ Since many hormones and mediators of change in
genetlc expression may act through second messengers,

such as cyclic AMR, these substances and thelr 1nh1b1tors

have recently received attention as potential 1ndu01ng

“agents It was recently demonstrated that dlbutyryl cyclic

AMP (dbcAMP) would stlmulate the synthe51s of melanin
in a number of cell" lines (Johnson § Pastan, 1972; Helson
et al., 1974; Takeuchi & Kajishima, 1976).

In light of the success obtained using iqduction

techniques in elucidating controls of genetic expression,. .

it ld be interesting to establish an iﬂductive system

for CEA

VI

ntigenicity of CEA in the Human Host

A

CEA's.natural antigenicity in the human is far

from clear. Origihally, Gold (1967) reported the presence
of'circulating ntibodies to CEA in patlents with non-
metastatlo colon car01noma and in pregnant women. Other

studles falled to’ confirm the presence offspe01flc human

"antibody to CEA (Collatz et'al., 1971; LoGerfo et -al.,

1972)./ It has been pointed out that Gold's ant}genic

material was a crude perchloric extract of colonic

" carcinomas and that when purified CEA hds been used,

t



With Crohn's disease.or ulcerative colitis:

N \ .‘ . ]:8
specific CEA anfibod§ was detected (Cgiiafz et dZ., 1971,
LoGerfo et al., 1872). \
' Subsequently, Colq reported the presence of
human anii-CEA antibodies uéing radioimmhnoelgctrophoresis
(Gold et al., 1972). .He noted- that patlents with 01rculat1ng
anti-blood group A antibodies often gave faisely posltlve
results, and much of the anti-CEA reactivity could be
removed by absorﬁtion of sera with grodp A ery%hrocytés.
However;:even gfteg absoﬁbtion; severai patients still
demons%#étgd anti-CfA activity. _
More fécently, ﬁacSween (1975) demonsfrated fhe
binding of globulins to 1251_CEA in sera obtained from
normal and cancer patlents. Binding appeared to be %eak
and of low affinity and appeared to be predominantly IgM.
Hence, thls antlbody aqt1v1ty may only represent cross—

react1v1ty by antlbodles dlrected agalnst lmllar antlgqné

(MacSween, 1975) n
Cell—medlqtgd im@unity to CEA has‘gls been
invéstigated. Hollinshead et al. (1970) repor% d the
oécurreﬁce of'delayea hypersensitivity to crude p h;oric
extracts of.colon carcinoﬁas'but not.to phrified CEA.
A recent study (Straus et al. 1975).deﬁonstrated that
purlfled CEA dld not 31gn1f1cantly 1nh1b1t the migration

of Leukocytes from,colon cancer patients and patlents

-

-

Pt d



Hence, the quéstion of CEA's antigenicity ig unresolved
and the possibility still exists that humans are tolerant

td this oncofetal substance.

VIII. Clinical Sigﬁificance of CEA

“

Ever since the initial demonstration reported- by
Thomson ‘et al. (1965), thaf the serum of 97% of patients
~with cancer of‘the.cdlon contained'elevatéd levels of CEA,
attempts have been made\to investigate the'usefdlness_of.
assays far CEA in th; detection of malignant digéase.’ The

major potential uses for CEA assays are: 1) screening of’

‘ ’

the."normalﬂ population for tpé'presence of undetected
cancer; é) aiding in the differential diagnosis of patients
with suspected cancer;RB) following of patients immediately
aften)surgéry or other ﬁherapy to determiﬁe.the therapy's
effeé%ngness, and 4) to follow patients for a prolonged
time aftef apparenf.curative therapy to detect recurrent
diseaée (Terpy'et_al., 1974).

A number of diffebeﬁt assa&s‘are‘presently beiﬁg:'
used to measure: the concentratioﬁ of CEA in plasma or
‘serum. Most are radioimmunocassays (RIA) which utilizé the
‘general principle of inhibition of binding of a known
amount of rédiolabeied purified CEA (Egan et ai}, 1974).
Antibody and bound ééA have been érécipitaféd eithef |

chemically (Thomson et al., 1969; Hansen et al., 1971) or

a

[T TL RTCR R
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with'anti-ihmunoglobulin-(Egan e%nal., 1972). 'A'deificetion
developed'by Leherfo et al. (1§71)'uses zirconyl' phosphates
gel (Z-gel) te separate antigen-antibody complexes.

The original optiﬁism about thelspecific eccgrvence\w
of CEA in.entodermally derived tumors of the'digestiye
traEt (Gold é Freedman, 1565b2 and in the serum_bf patients
with such tumors (fhomson et éz., 19695 has not been

sustained (Rev. in Terry et al., 1974y Fuks et aZ., 1974

T kel LT ™

2amcheck 1975; Zamcheck 1976). Although many studies
have conflrmed the high 1nc1dence of CEA DOSlthlty (60— 909)

assoc1ated ‘with gastr01ntest1na1 cancers (Moore-et al. ),

3
v

1971;_LoGerfo et al., 1971- ReynOSo et al., 1972; Ohar et \\

al., 1972), a h;gh proportion of patlents with other

?

malignancies (LoGerfo et al., 1971° Pusztaseri § Mach 1973

Moore et.aZ;, 1971a; Laurence et aZ.,.1972) and w1th \

|
)
.

inflammatory. conditions (Rule et al., 1972; Zamcheck et s

al.; 1872), demonstrate above "normal” serum CEA levels.

©

Further, approximately 10% of healthy-nofmel individuals - R

. demonstrate elevated levels'of CEA (Moore et aZ., 19715 ' o

LoGerfo et al., 1971; Laurenge-et aZ., 19724 Costanza

et az., 1973). L . : : ’

In support of CEA's'non—specificit&‘for eolon
‘cancer has been the finding of CEA, 1ndlst1ngulshab1e
from Gold's CEA, in normal, tlssues (Pu§ztaser1 & Mach .
1973, Martin.eﬁvaz 1972, Burtin et al.,, 19725 LoGerfo & : :f”
Hebter7 Ié?é), saliva (Mantln & Devant 1973) stool (Elias

et al., 1974) and meconium (Rule, 1973).-
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These;results demonstratiné the lack of. epecificity

of CEA assays has precluded their use agpa-general
population screéen fpt colon cancer. Even if the percent
of -false positive tests could be deeéeased, the usefulness
.of this assay as a screen for early cancer is li@ited by
the deﬁonstration that 1eSS\than 50% .of early, highly
cﬁrable.(Dukes A) colonic -carcinomas were_associated with
elevated CEA levels (Zamcheck, 1974; LoGerfo et al.,.
- 1972a; Ohar et al., 19725. This result was recently
.cenfirmed by investigations jointly ceﬁducted by the
Canadian and American National Cancer Institutes (Miller,
1974)., 'Thdso‘CEA levels tend to rise with tumor mass or
spread (Mach et al., 1973) which make the assay'a better
.test fdr widespread malignancy. |

These results also Weaken the argument fdf the

-

use of CEA tests as a diagnostic’ procédure. But there ]

is recent evidence to suggest that serial CEA determinations.

which 1ndlcate rlslng p051t1ve levels of CEA may be of
.dlagnostlc value (Ohar et al. 1972, Laurence et al..,
1972 LoGerfo et al., 1972a). .

Holyoke (1975) stated that preoperative CEA
levels prov1ded useful prognostlc 1nférmat10n They found
that only one of twenty patlents who had CEA 1evels less
than 2.5 mg/ml developed a yecurrence after 18 months.
Six of eleven patlents wlth intermediaté CEA levels "

/ . N

(2.6-7 mg/ml) had tumor reappeérance after an average of

{
N
*

-
’
"1
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.11 months, while seven of nine cases Wiéh greater than. 7 mg
of CEA per ml had recurrence én an average of 8.4 months
‘after surgery. So, in éeneral, the higher the CEA leve;,
the poorer the prognosis. .

There is general‘agreeMent (Neville & Laurence,
1874) that currently one of the most important areas where
the monitoring of CEA levels has proven most beneficial ™
is in- detecting residual and/or recurrent tumors. -
Succéssful surgicél removal of tumors-was followed by a
decline to normal CEA leveis in a matter .of days (Holyoke
et aZ;, 1972; Laurence et al., 1972). Incomplete surgical
femoval'of‘?umors resulted inh some decline_in CEA values
which,_however; never returned to normal (Holyoke et gZ.,
1972). During follow—dp of postopérative "cured" patients,’

rising CEA levels preceded clinical evidence of

tumor, recurrence b§ 2 to 12 mohths (Holyoke, 197u4; Mach
et al., 1§74§ Dykes et al., i§7u; gchay et al,, 197u;
Sugarbakérfet al., 1976). | ‘
Preliminary studies (Holyoke et al., 1972;-
Bagshawe et al., 1973; Skariﬁ et al., 1974) alsd suggest
that serial CEA_detefminations‘may also prove of prognostic
value in monitofing the effects of P;di0~ and chemotherapy;~
The ﬁonspgcificity'demongf?ated ﬁy the CEA RIA
wﬂich has‘limitéd'its effective use for the detection and

diagnosis of colon cancer has been attributed.to many

factors: Among these, wheré improvement has .been soqught,
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are the reproduc1b111ty of the assay,. how closely one CEA
assay agrees with other assays performed in dlfferent'
laboratories, and'the sensitivity‘and specificity of an

assay.

A recent studf (Veba et al., 1975) has shown

that the calculated serum CEA concentration could vary by
v
three orders of.magnitu e\depending on the CEA standard,

the amount of sera tested and on the particular -anti-CEA

used in-the assay. This study has emphasized the necessity

t6 standarize reagents and h#s led to the establishment

of an internatibnal_standeré/of CEA (Neville & Laurence,
1574} Laurence et'aZ:, l?éS).

’ Standardization)has ﬂeen empieyed as one means
of circumventing many Pf the problems, such as 1agk of

tumor specificity, which have also 'been attributed to the

- heterogeneity of CEA (Rogers, 1976). This heterogeneity,

in turn, has been‘ascribed to the non-specific manner in

which CEA has been defined.

" . Another approach to this problem has ‘made use of.

v

a particular homogeneous sbecies of CEA, CEAZS (Plow,é

Edgington, 1975), which-eppeared to be more speéific for

"colonic carcinoma (Edgington et al., 1975).

Similar attempts to determine which antigenic
1
determlnant(s) of CEA may be more cancer- spec1flc has
resulted in the recent demonstration (Leung et al. 1977)

that a membrane—a88001ated fopm-of CEA, CEA-M (Rosa1 et

Y
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al., 1972), contains unique antigenic determinants which

are not expressed on soluble forms of CEA. The existence

Al

of ‘these sites on CEA-M have been attributed to the
molecules conformation (Leung.et al., .1977) and it would
appear that soluble forms of CEA'express normally "eryptic"

81tes whlch are believed to be exposed upon extraction

(Leung et aZL 1977)

i -

The specificity for colon cancer demonstrated
by the.CEA—S'assay'may not.inegcaﬁe that it:indeed

- represents a more tumorsspecifié antigenic determinant.
It hég been arfued that similar results may be obtained,

& by using a higher threshqld in_the'megulaf.CEA assay
(Zamcheck et al. .1é75) Indeed, a marked reduction 1n the
number of "false p051t1ves" results with-the CEA assay

'if/S rather than 2.5 ng/ml of'CEA were -used (Zamcheck &%
al., 1972a). This result woula Be espeéialiy dramatic if
"late" cdlonié cancers were selected (Zamcheék'et al.,

1 1975). ‘ . ;

_Hence, another préblem preéented by-asgays pf

thié.%yée'invo;ve determining‘What amount'of CEAﬂconstitutes

the> "normal" range. Clearl§ this will effect ‘the spec1flclty

.ﬂméf the assay. The classic statlstlcal technique of -
defining hormal-in terms of the mean plus or minus two

. stgndard:de&iations has recently received much criticism

(Sackett 1973, 19785). Thls approach appeared to lack .

both statlstlcal and cllnlcal valldlty, for as the number
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of laboratory tests 1ncreases, the likelihood that a
patlent would contlnue to be classzfled as normal rapldly
diminishes (Murphy, 1972).

Finally, it would appear that the use of CﬁA as
a tumor marker substance will require more detqiled=etudies
of its structure combined ‘with studies of its clinical |

relevance’.

IX. Purpose of thiS'Study_

In the preceding pages, an attempt has been’ made
to review the 11terature concerning CEA and,to 1ndlcate
areas where problems remeln unresolved The bulk of CEA
research has focused on 1mmunochemlstry and the development
end cllnlcal application of assays for CEA. At'a workshop
on CEA, it was generalli.agreed thatulit%le or nothing
was koown about the biology and function of CEA Qith respect

&

to fetal or tumor ceils‘XNevilie’S Laurence, 197u4). ~
It wes the-purpose of.this study to utilize
human colon carcinoma-cells established .in vi#ro.bQ .
%oﬁpkins et'aZ..(197u) and straids depived from this line.
to. 'investigate several aspecfe of CEA at the cell‘surfaeel
$ystem§'uti1iiihé ahtibodies sbecific for CEA'were
deyeloped'to visgeli?e ;nd QUentitate‘this oell surface
antiged...The-dynamics of antibody—induced redistribufion

N
t
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of CEA were studied and used to determine the, relationship

of CEA to blood-group A antigen ahd the time required for

'3 .

s

CEA to be reexpressed at the tumor cell surface.
' InYestigations éoncerning the possible.biologiéél
.significance of CEA on tumorigenicity'were cohducted in
nude mice using ¢ell strains which differed in the amount .
of CEA. they pfoduced.’ | - |
Further, faptbrs affecting the expression of

CEA.wéPe examined by .establishing inductive systemsl in
which chemical égents were used to alter the gmoun{-of CEA
gxpressed. | . . |

* Lastly, the clinical signifiéance of CEA was -~
investigated usiﬁg a‘spedific raaioimmunéassay which
permitted both-éhé de@onstration that no antibddies to &EA'

could be detected in human.sera and .the precise quantitation

of 'CEA ig'sefuﬁ from cancer patients and:controls.

B




METHODS AND MATERIALS

A

I. Cell Culture Methods .

A. Origin of Human .Colon Carcimoma Cell Strains

A straln of human colon tumor cells (HCT-8) was
isolated from biopsy material and established in culture
by Tompkins ‘et al.'(197u)' This strain was derived from
.a ndnmgtasta ic adenocar01noma of the 11eocecal reglon )
‘of the col;;\bf a 67 year old male HCT- 8 has preV1ously
been well characterized (Tompkins et al 197&).

Foci of cells with»altered morphology were frequently_”
-observed durlng the course of pa351ng thege cells in
vitro. A number of foc1 were asplrated and removed from
' the monolayer of HCT—8 cells w1th a caplllary Dlpette.. .
- These were placed in -culture. and allowed to grow. .The |
asplrated cells were morphologlcally dlstlnct from the .
HCT-8 cells. They were subsequently cloned and a selected
clone was grOWn 1nto monolayers which were passaged. '
These cells were desmgnated HCT- 8R Both these cell

stralns were used between passages lO and 50

27 .
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B. Additional Cell Strains Used

In addition to HCT-8 and HCT-8R, a strain of
human colon carcinoma cells, HT-29, was kindly provided
by J.:Fogh oé'the éloan Kettering Iﬁstitute, New York,
N.Y. Also, a strain of cells established from human rectal

carcinome, HRT-18, was used in the following investigations

”

~

(Tompkins et al., 1974)-

| An establlshed straln of human embryonic intestine .

cells, HEI, was used as controls in CEA studies and

" obtained from Grand Biological ¢o. .(Grand Island, N.y'):.
Other human ceil strains used were Hep-2, earcinoma

of the larnyx, KB, epidermoid carcinoma (both obtained

from' Grand island'Bio}ogical'Co:,.érand Island, N.Y.) and

i@
. i

HCF, cultures of 601on-fibrob1ast8'gfown‘ih this 1aborafory.

C.’ Maintenance of .Cell Cultures

Cultures were grown in RPMI 1640 medlum supplemented

K4

' .~w1th 20% heat 1nact1vated fetal calf serum (FCS), 19 uM/ml

_bf HEPES and tricine buffer, 100 unlts/ml of pen1c1111n
and 100 ug/ml of streptomy01n Cells were grown in

sterlle plastlc serew-cap culture flasks (Cornlng Glass

- Works, Corning, New~Yprk) at 37°C. '

P

;o 'After'réaqﬁing dgnfluehcy,,celis were passaged

by dispersal with“a'sqlution containing 0.25% tvupsin
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and 0.02%-ethylenediaminetetracétio dcid (EDTA). The
monolayer was washed with sterile ‘phosphate buffered ..
saline (PBS) freé of calcium and magnesium, 5 to 10 ml ¢
of the trypsin—fDTA solution was added and the cultures
were placed at 37°C.for 5 to 10 minufes or until the cells
beéén to round up and bgcome-dislodged from the surface

of the culture vessel. ‘Affer the cells became diélodged
an- eqgual volume of fresh medium was added %9 tﬁe flask

to inhibit further action of trypsin. The resglfaht

suspension of singie cells and small aggregates was then
r

. sterilly fransferqéd'to°a'tubo,andAcentrifuged at 75 x g

for 5 minutes. The supernatant was poured off and the
cell pellet was resuopended %9 fresh medium and éBproximately
20% of the cells?wefe usod to:initiate new'cultureg.

| Viable cell‘counté were obtained by suspehding '
trypsinized cells in.a-d;l% éolutioh of trfpad blue ahd';m
oouﬁfiné cells dhich'excluded the dye infavhemocytdmeter.
-The cultqfés were pe;iodically tested for

Mycopfasma (Hayfliok 1965) and were cons;stently found

to be free of ‘these organlsms

-

D. Establishméntrof Cell, Cultures from"Néde*Mquée.Tumors

o
[N
~

Select tumors 1nduced 1n nude mice by 1nject1ng

HCT 8 or HCT-8R cells were exc1sed and processed for cell

.

pulture, After sacr1f1c1ng the mlce, ¢umors weyre surglcally
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removed, debrided of surrounding tissue and minced with -

b » - .. . .
a sterile scissors. The minced tissue was washed .three

times in Hanks balanced salt solution (HBSS) and

trypsinized (0.25% trypsfn) at 24°C. Dispersed cells °
were collected affer.approximately 30 minutes, washed
once in HBSS and platéd in 25 cm? plastic flasks containing N

RPMI lsuo'medium. Fresh médium was added‘to the cultures

24 ‘hours after, plating.

(S )
N

Tumor cell strains which were established from
HCT-8 and HCT-8R induc@l nude mouse'tumors‘were designated
HCT-8 Nul and HCT-8R Nul, respectively.

. The preceding process was‘repeated again on

selected tumors formed by HCT-8 Nul and HCT-8R :-Nul, and

theseé cell stralns were d331gnated HCT-8 Nu? and HCT 8R Nu2 .

sordwrtrigg gy,
TS P
¢

~'E. 'Cytogenetig¢ Analysis

For chromosome analysis, Colcemid wds added to the'

culture bottles at a final conceﬁtration of 0.1 pg/ml = \~\\£-;v’;

2 houfs'before harvesting The cells were treated w1th

0. 075 M KCl for 30 mlnutes and fixed in. methanol acetic
. 1
acid (3 1, v/v) The Slldes weve flame drled and stalned

Q\z\

W1th 0. 5% Atebrln accordlng to’ the method of Lin.et al

(1971)b The slldes were scanned, and metaphases wene

.photographed with a Zelsé fluorescent mlcroscope under

dark—fleld illumination. The ce11 cultures under study



. 31

were cpdéd, and fﬁé.karyotypic analyses were recorded
before the co@e was broken. Between 5 and 10 karyotypes
were made from each of tﬁe culturgs, and an-addifional

5 to 10 photographs of métaphaﬁes-werg analyzed for

-
T

marker chromosomes.

~

F. Isolation of Single Cell Clones

. .
The cells to be}cloned were dispersed with trypg}hn\\\*_

EDTA to yield a suspehsion of separate single.cells. v
.They were then pelleted by centrifugation at 75 x g for
5 minutes and resﬁspéﬁded in complete RPﬁI 16u0 gPOWth
. medium. An aliquot of this suspension was removed and,

: piaced in a hemocytometer to obtiiﬁ'a”viéble cell count.
Tée cell suspension was diluted';ith EgAium to ?ieid a

w .

‘finay concentration of 5 'cells per milliliter. 0.1 ml*”

waé then dispersed under aseptié conditions into wells ‘

of a sterile Micnotést II'tiEsue cuiture plate (Falcon . '¢\€§7' o

‘PIastiéé, Los Angeles,‘Céiif.). Shaortly after piating; \

_ the.wells of the m&éropiate were‘insﬁected with an inVerteé

microscépe to determine which‘wellé contaiped 6nly:one

cell .and tﬁese wélls were iden%ifiéd with a mafk on the. N

overlying 1id." ' .- e I o
The mi¢robiate was incﬁbatéd in.a moist atmosbhere

_containiﬁQIS%iCOZfat 37°C. After abproximately 10 days,

wells containing single colonies were treated with

4
Yo
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trypsin-EDTA and the dispersed cells were transfered to
steriile, medium containing cell culture tubes. The
cells were progressively grown in larger culture vessels,

thereby'establishing cultures derived from“@ stngle cell.

II. In Vivo Biologicai Mefhods

A. Tumorigenicity in Nude Mice

Cultures of the various cell' strains were trfpsipized,

washed and resuspended in Tris buffered saline (TBS).

The cells were enumerated and their wviability was assessed
by trypan blue dye exclhsion. Hémozygous (nu/nu) nude’

RNC mice were obtalned from Dr. .P. Mlnlats of Guelph

. University: (Guedph Ontarlo, Canada). Groups of 5 nude a

r

mlce, 5.%to 8 weeks old, were glven subcutaneous injections,
on the back, of various doses of ‘cells ranging from 0%
to 107 cells in 0.1 ml df TBS: . The mice were maintained '5
in sebafafe quarters'under'éonveﬁtional conditions and
observed dally for 2 months for tumor formatloh Selec%
tumors were ex01sed and processed for either. cell culturlng
or hlstologlcal examlnatlon Por hlstology, portlons of

tumors were fixed in-10% buffered formalln, processed

and embedded routlnely Flve um. sectlons were stalned '

by standard hﬁmatoxyllnae051n and periodic acid- Schlff

technlques ApprOX1mately uo% of the anlmals bearlng

-

tumors were autop81ed~for metasta51s.;
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ITII. Immunological Methods

A. Antiserum

Anti-CEA was obtained from Drs. J.L. Palmer and
W.A.F. Tompkins (College gf Veterinary Medicine, University
of Illinoig, Urbana, Il1.). It was produced in a goat (#8u42)
by repeated subcﬁtaneous injections of'purified CEA
emulgﬁfied in complefe'Freund'g adjuvant. The CEA for
immunization was extracted from liver metastéges obtained
from a patientiwith adenécaroinoma of the colon by ‘the
method of Krupey et al. (1972). 'Thé blood type of the
A:patient was O; Rh+., Anti-CEA produced in a horse was also
ob?ained thﬁough‘the genePosit§ of Dr. P. Gold, McGill
University, Montreal, Quebec, Canada. A 1l:4 dilution of

-

‘_ aﬁtiséra'was absorbed with 50 mg/ml o% 1yophiiized'norma1

.'humaﬂ colon muc&sa. Adsorption was performed at 37°Cafor_
30 minutes theﬁ overnight at 4°C and the serum was then
clarified by centrifuﬁation:at 2000 'x g for 20 minutes _
followed by éentrifugétion at i03000'fpr 30 minutesll Absorbed’
antisera were shown by Oﬁchtévlony double diffusion and
specific inhibition of céli.surfacg binding with standard
reference sources of CEA to be.specific fop CEA.

:" Normal goat serﬁm; ﬁsed as & con%rol, was obtairied

from non-ié:unized goats through the courtesy of Dr..J.

Gauldie (McMaster University, Hamilton, Ontario, Canada).
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L] <

Sera from normal individuals of known ABO blood

" types were used for the studies with isoantigen A. In

addition, IgG anti-A was obtained through the courtesy
of Dr. J. Bienenstock (Department of Mediciﬁg, McMaster

University, Hamilton, Ontario., Canada),; The anti-A IgG

was purified by passing human colostrum through an
immunoadsorbant c;lumn (Bienenstock §& Strauss,_1970)
Specificity of the anti-A IgG was demonstrated by removal
éf:antibodies through'adsorption with type Alred blgoh

1

cells.

°

B. Purification of Immunoglobulin G

+

. Immunoglobulin G (IgG) was separated from goat
anti-CEA and normal goa% serum (NQS)'By the metﬁod:describéd
b§ Cherry K19745. Serum was initially fféctiongtgd“by
amﬁonium sulfaﬁe (NH, ) 250, precipitétionll An equal volume
of 60% (NHu)@Spu was added"to each serum. . Globulin ‘was
alloweﬁ'to pyecipitate and‘éubsequgntl§ packed by’
centrifugétién at 4°C for 30 minutes at 1,440 x g. lglobulin .
was resusbended ih,distiiled water and reprécipitated ~
with' an equal volume 6f 90% (NH.)2S0,. The packed,
precip;tated globulins wéreiégain resdspended.ahd extehéi&elj ;
,dialyzed agaipst O.dl M sodiuﬁ-phosphgte buffer, pH 7.?; _
"The Igg was further purified by DEAE-cellulose 52 column’ - »itp
chroﬁatography‘(Whatman B}ochemipals,”Kept, Engi%nd). N ‘

[
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The protein concentratlons of the 'IgG- contalnln fractions

were determined by the method of Lowry et al. (}¥951).

Anti;bEA IgG wés-cbnjugated with fluorescein
isdthiocyaqate.gs described invCHerry (197u). Unréacted.
fluoréscgin was removed by passage through a Sephadex G-200
column.kPharmaciq Fine Chemicéls, Uppsala, SQeden).
Fludfe§céin isothiocyanate-conhjugated rabbit IgG prepafed

. [ . . n .
against goat or horse immunoglobulins was. obtained from

Cappel LabdratorieS/(Downihgtowﬁ, Pa.). Rhodamine conjugated

. goat anti-human immunoglobdlins were obtained from the

same source.

.t

D. Iodine-125 Labeling of Immunoglobulins .

IgG purlfled from goat antl CEA ‘and NGS were each

diluted to 1 mg/ml Twenty fide pl of each were separately

1od1nated By  the chloramlne T method (McConahey 8 Dlxon,

‘1966) The radloactlve 1od1ne (1251) was obtalned

\

" from New England Nuclear Ltd (Lachlne, Quebec, Canada) .

L

. One ?Cl 'of '2°I was' reacted with 25 pl of IgG in a”

siliconized tube 1n the presence of chloramine-T for

- one minute. Free ’251 was separated from 1251 ldbeled

IgG by Sephadex G-25 column chromafography (Pharmac1a
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Fine Cﬁemicals, ﬁppsala, Swedeﬁ). Fractions were collected
in siliednized3 albuﬁlnized tubes. Labeled fractioes .
were determined by counting a sample of each.fractien_in

an aetémated gamma counteb (Beckman Instrunents, Irvine;
Calif.). The '2°I-labeled IgG wes usee.within 24 hours

. N

of ‘preparation and trichloroacetic acid (TCA) precipitetion

 of pooled 1abeled'IgG demonstrated that greater than 85% -

of counts were bound to IgG.

£

E. Direct and Indirect Fluoresceént Antibody Tests"‘

1

Cultures of cells to be tested were 1ncubated for .

3 days after seedlng -and the culture, flu1ds replenlshed

) w1th fresh medium one day before testlng The cells

were washed in’ phosphate—buffered sallne-(PBS) free of

i . ) ' - ’ - .
calcium and magnesium and dispersed with a solution

“containing 0.25% trypsin and"0.02% ethjlenediaminetetra— .

acetic acid CEPTA). The cell’suspension was washeﬁ with

medlum and resuspended 1n Tris-buffered sallne (TBS)

contalnlng 2% FCS. Vlablllty tests u31ng trypan blue

uptake showed that 295% or more of the cells were viable.

Ny

One x 10° ¢ells were'iﬁqiiited in 0.05 ml of serum to

“

be tested for 30 minutes at_37°C, Following three washes

in TBS} the cells were incubated with 0.05 ml of the
appropriate_fluopescein,or rhodamine-conjugateqﬂantiéera
(diluted 1:10 or 1:20 in TBS) and incubated for an

»t
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' after which the cells were waghed four times ‘in TBS,

37

additional 30 minutes at 4°C. After the second inpuﬁation
the cells were washed four times in TBS, resuspended in
t&o‘dfops of TBS-glycerol® (1:9), and mouﬁted un@er a

glass cgvérsliﬁ.} The cells were examined for f}uprespeﬁce
with a Leitz OrtﬁoPlan'Microsgope. For fluoreﬁcgin

isothiocyanate, excitation Filters BG 38 and BG 12 were

used with a dichroic mirror TK 495 comblned with K 495

and K 510 barrier fllters For rhodamlne, the BG 38 and

’

A 15u6 excitation filters were used with a TK. 580 dlchr01c
mlrror and K. HSO barrier filter. Sebtum controls con81sted
of normal goat serum in the-case of antl—CEA studies ahd
serum from patients with blood types A or AB in the casﬁ:.
of anti-A studiesiA J | o |

The direct flﬁorescence antibody tést wqé performea

by incubating fluorescein isothiocyanate—conjugatéd. h

anti-CEA‘antibodies‘with test cells for 30 minutes at 37°C

N

_resuspended in TBS-glycerol, and mountedl Controls

'cqnsisfed_of cells incubated with fluorescein labeled-

, -
P

normal goat.IgG.

F. Direct and Indirect Todine-125 Labeled Immunoglobylin Tests

e

Cell surface CEA was quantitated by assaying the
dlrect blndlng of ‘251 .anti- CEA IgG:. The parametebi¥:jj

thls reactlon were determlned emp1r1Cally (see‘ﬁesul

- .
T R 5 T R T T B AR

a16s e tie
1
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Cells from 3- day old cultures were monodispersed with
trypsin- EDTA washed with TBS and resuspended in TBS at
a concentration of § x '10® cells/ml. Cells were

aliquoted into siliconized 12 x 75 mm glass test tubes

at 1 ml/tube. The cells we?e pellefed byﬂseﬂigifugatidn |
at 75 x g-for § mlnutes and the supernatants were decanted.
To the cells were added 50 ul of either'izsl—labeled IgG
from NGS: or 125I—anti—CEA TgG. Antiedd§ was allowed to
react for US mlnutes at 2u°c after whlcﬂ the cells were
washed five -times w1th TBS, transferred to a new test
—tube, and counted‘in an automdtic gamma'counter. All
assays:were perfermed in duplicate and specific'binding
was calculated by subtractlng the average counts pef

_'mlnute (cpm) of 125I_NG IgG from- the average.cpm of

1251 anti- CEA IgG.

Y

A similar indirect assay’ system employing '?51I-

-

labeled rabbit anti- -goat (RA IgG, was established

-

to quagtltate cell surface CEA and further to determine .f
the fate of.antibodies bound to cell surface CEA. The
optimal conditiens for the indirect assay were‘again-
_determlned emplrlcally (see Results) : In general
0,5-1.x 10° cells were allquoted into s111conlzed 12 x
75 mm glass test tubes. éells were pelleted and Peacted
for 30 mlnutes at 240C w1th a 1:20 dllutlon of goat
anti~CEA serum or .a- 1:20 dllutlon %f normal'goaﬁ serum

»

(NGS) as a confrpi. The cells were then washed three
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times with TBS to remove unbound antibodies. After
pelleting the cells, they were then reacted with 50 pl

of '?25I-RAG fEG’f6§f30 minutes at 24°C. Unbound counts

"were removed .by washing the cells five- times with'TBS.

The cells were then transferred to a new tube and counted
in an automatic gamma counter. .
"All reactions were carried out in duplicate and

o
.

specific.cmp were, calculated by, subtractlng counts bound:

, to cells reacted w1th NGS from counts bound to cells

‘reacted with goat anti-CEA antiserum.

»

’

i

."G. Other Methods of Determining Cellular Carcinoembryonic

-Antigen Production

Productlon of CEA by the various cell .strains
was also determlned by assaylng the supernatants from
8-day-old cultunes.. The culture medium was collected

centrlfuged at 75 x g for 10 minutes to remove cell

“debris and’ stored at -20°C until tested. Under code,

the CEA content 0f supernatants was  measured by the Z-gel

method of LeGerfo et al. (1971) with reagents obtalned

_from Hoffmann LaRoche, Inc. (Nutley, N.J.). These

. tests ‘were klndly conducted 1n the laboratory of Dr. P.

Dent - B ' . . - | L
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IV. Methods df'Détermining the Cell Surface Dynamics of

. Carc¢inoembryonic Antigen

A. Inhibitor Studies of Carcinoembryonic Antigen Cell

" Surface Redistribution _ .

.
.
. - w
v

The effect of sodium azide (Eastman Kodak, Rochester;

“NJY.) cycloHeximide'(Signa Chemical Co.}'St.'Louis, Mo.),"
cytochalasin B (@ldrich, Milwaukee, Wis.) and colchicine *
(Sigma Chemical Co., St. Louis, Mo:) on antibody—induced
capping was studied as follows: 1 x 10° cells were

,inccbated f;r 15 or 60 minutes at 37°C in 2 ml of phosphate
buffered s;line containiné'?% FCS and a known concentration

_of inhibitor. Follow1ng incubation of cells with. the
lnhlbltors the indirect 1mmunofluorescence test for CEA

. was carried out at 37°C as descrlbed above ,with the
exception that the 1mmunolog1c reagents and washlng
reagents contained the approprlate concentration - of

nlnhlbltor belng tested. Cells were observed for antlbody-
1nduced cap formatlon in the presence and in the absence

of inhibitor and the percent inhibition "of. capping was

"calculated.

~

N
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B. Determining the Fate of Antigeh-Antiquy~Complexes

at the Cell Surface ) - S L

Radiolabeled rebpit anti-goat (RAG) IgG was
used to determine whether CEA—AntieCEA complexes at the
celllsurface Qefe shed or endocytosed after lateral
redistribution. ’?ge x 10° HCT-8§ cells were incubated .
with goat-anti-CEA or normal goat serum as prevmously
describéd. Unbound antlbodles were removed by washlng'
thelcells in PBS.< The tubes were subsequently.Q1V1ded
into three groﬁps. fhe fipst gfeup of. tubes immediately
vrecelved 50 pl of RAG- 1125 Whlch was incubated with
the cells for 30 mlnutes at 2u°c Unbbund counts were
" removed by Washlng. Tubes from this group were then
either immediately counteq, to establlsh the maximum
specific cpm at time 0,,or were lncubéted feritarioﬁ5~
lengths of time’ at 37°C Incubatlng cells whlch had
3a1ready reacted with RAG I‘25 at 37°C would permlt

determlnlng whether the CEA~ant1 CEAacomplexes at the

. cell surface were endocytosed or shed , As, addltlonal

\

: controls, a second group of tubes was reacted w;th RAG I’fs
"as above, but tubes webe then placed at O°C fdr varlous |
lengths_of,tlme;‘ ThlS prooedure was shoWn to 1nh1b1t
latefal redistribution of.CEAéant1~CEA complexes at

the cell surface. The thlrd group of tubes was 1ncubated

at 37°C for ‘'various lengths of time after reactlng the
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" cells with goat anti~CEA or NGS. Only after various time

periods at:37°C were éhese‘qeils reacted with RAG-I‘ES.
‘In this manne;,'loss of CEA—anti-éEA,demplexes fr¥m the
.céyl euffaee H; either endocytosis or Shedding could be .
quantitated. (ALl reactioﬁs were'perfermed in duplicate

and specific cpm was éaleulated by subtracting counts of

RAG-I'2% bound to cells reacted with NGS from cells

reacted with goat enti-CEA antiserum.. -

+ N L]

“C. Determining the Turnover Time of Carcinoembryonic’

Antigen at the Cell Surface

The tlme requared for the- reexpres31on of CEA at
the cell surface after antlbody 1ndue}d redlstrlbutlon .
was quantltated w1th the direct 125I labeled 1mmunoglobu11n
test. Five x 10G ﬂCT-BR cells were pre;ncubatedvfop . ,

130 minutes at 37°C in PBS or PBS contaiﬁing 20 ug/ml of

‘cyeléhexiﬁide. A set of tubes from each of these

groups were. then reacted with 1251 antl CEA IgG or,

T lzslanormal goat IgG—to obtaln 1n1t1a1 speclflc cpm,(

quantlty of cell surface CEA at the beglnnlng of
the experlment The rest of the tubes recelved 75 TH O
of a 1:16 dllutlon of unlabeled goat antl—CEA antlserum
Thls’was reacted w1th the cells for 30 élnutes at 2u°C
and unbeund antlbod;es were.removeq,by,washlng the ce%ls.‘
with PBS. ‘&he_#Pbesfwere then.diviaed-ihté'tﬂree groepé.

v T ' [

.
MR § T
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The_first”grdup wa's ihcubated in_fBS at 37°C for various
lengths of time followed.by reaction with 1251 _anti-CEA

IgG or izsl—normal goaf IgG. Sinceé the:unlabeledlanfibodies
inhibit the bindiné of ioqlnemlabeled'antibodies, this
procedure should permit‘quantitation5bf newly synthesized
cell surface CEA. As additional controls} the second -
group of tubes was 1ncubated in PBS contalnlng 20 ug/ml

of . cyclohexxmlde at 37°C for varlous 1engths of time
..before reactlon with radlolabeled IgG Incubatlon of\

tubes in thls manner should permit a determlnatlon of the

. requirenent for protein synthesis. ' The thxrd gr0up of

_ tubee~were ineubated at-0°éjfdr varlous'tlme perlods
befqre.lncubétion'Wiﬁh radiolabeled IgG. Siﬁcellow .
temperature was shown‘to.ihhibit antfbody-ihdb@ed_ner
distribution of CEA, this eondition ehould cbmplefely .
inhibit‘the'turnover of cell EQrfaceJCEA All determmnatloqs
Were'made ln dupllcate .and, Spelelc ‘cpm Was calculated

by subtractlng the average cpm of cells reacted with

1257 normal goat Ig6 from average cpm of cells reacted
-'-‘W'.L‘th 1757, an'tl CEA IgG |

4

D.‘ Comparlson of Isoantlgen.A and Carcmnoembryonlc Antlgen

ey

1on the Cell Surface

]
o"

} One X. 105 HT—29 cells, whlch express both CEA

and blood group A antlgens were reacted w1th fluoresceln
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,conjuéated anti-CEA for‘SO.minutes et 37°C., The cells
were washed and fixed w1th 2.5% buffered formalln for
;u mlnutes Cells were then reacted w1th spec1f1c antlbodies
to isoantigen A or IgM ant:~A antlbodles for 30 'minutes
at 4°C, washed and reacted with rhodamine—conjugated'
goat anfi—ﬁuman globulin. The same reactions were also
ﬁerformed in reverse, i.e;'antiAA antibedies were bound
" to HT-29 cells before the addition of fluorescein-labeled
anti- CEA antlbodles

Counts were made by_first’iaentifying a cell
Qirh'polar distributed CEA, and,viewing that cell for’
rhodamiqe—stéining distribution by’altering the mieroscoﬁe
‘filters.

b
« / , .
. V. Methods of Determlnlng,Factors Whlch Affect the Surface

Expres31on of Carcxnoembryonlc Antlgen

A. »Inducing Agents

o

A number of chemlcals previously éhowp ﬁo affect

the synth351s of "dlfferentlatlon' ssociéted"‘gené
products wépe examined for thelr effeet on CEA synthesls
These‘eon51sted of dlmethylsulphpx%de (DySO)~(Flsher;<
SClentlflc Co., Falrléwn, N.J. Y, 5éxamethaeone (prganeﬁ
, Canada Ltd.,.Toronto,IOnt.),-brpmodéak&ruidiﬁe‘(BrdU) .

‘(Sigma Cheﬁica; Co., Stl-Louis,vMolﬁ, theopﬁxliine (Sigma

. .;‘
)

A
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Chemical Co., St. Louis, Mo.) and-dibutyryl cyclic

[

adenosiﬁe monophosphate (dbcAMP) (Sigma Chemical Co.,

~ .

St. Louis, Mo.).

3

B. Screening for Inductive?%ffects.

~ . Cultures of. HEI, HCT-8 Nu2, HCT-8 and HCT-8R
Qeré each seeded with approxima%ely 1 x 107 cells on
day 0. Cells were allowed 24 hours to enter log phase

grthh.at_which time medium was replaced with medium

-containing inducing agent. The following concentrations

of inducing agents were used: 10 ug/ml of dexamethazone,

1.5% (v/v) DMSO, 1 mM theophylline, and 3 ug/ml, of Brdu.

-Cultures incubated with BrdU were wrapped in foil to

o

brevent exposure to light and all cultures were incubated
for various léngths'of time at 37°C. . ‘ ' . .
After incubation, cultures were trypsinized and

the quantity of cell gurface CEA ‘was détermine@ by the

.direcf radiolabeled immunoglobulin test. The quantity

_of CEA present in induced-fells was compared to the '

quantities of~é$A present on an eduallﬁdﬁber.of céntfol'
‘célls.iﬁéﬁbated'in nofmal-médi&m; All tes&s:weré:' .
coﬁducged ih'ﬁuplicaté._ |

'The:ra;ié of "induction was éalculéted‘ﬁy dividing:
the spécific cpm of in&ucéd cuifures ﬁy thefsPecifié cpim ﬁ\
of control quitures tﬁén sqﬁtract@ng oné.froﬁ this numpen.

©
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VI. Seroepidemiologic Methods

LS

D

" A. Deteption of Antibodies to Carcinoembryonic Antigen

in Patient -Serum : ' : ‘ ,\\Y>

3
-

~

The ability of unlabeled anti-CEA antibodies to

specifically block the binding of '?SI-anti-CEA Ig6”to

cell surface CEA was used to detect antibodies to CEA,

in human sera.

Focrteen'sera obtained from healthy laboratory
personnel and 20 sera-cbtained'ﬁpom:patiente wlth colo-
fectal carcinoﬁa werpe dilcted 1:5 with TBS and incubated
with 5 x "10°8 HCT~8R cells for uS/ﬁlnutes at 2weC. - As‘
controls; a A 100 dllutlon of go%t .anti- CEA antlserum or
TBS was smmllarly 1ncubafed Follow1ng 1ncubatlon,‘
unbound antlbodles were removed by washlng and the cells I
were reacted separately with 12°%I- antl CEA. IgG or 1257

normal goat IgG in the direct cell surface CEA assay. N

_Speclflc cpm were_calculated,,the max1mum being represeﬁied

by ‘control ceile iﬁccbated in TBS.

o L
' S
.

B. Serum Panels Examined fop Carcinoembryonic¢ Antigen Content

»

A series of studles were conducted u31ng various

.

, serum panels derlved from patlents w1th and without cancer

‘to deteﬂglne the relatlve dlagpostlc appllcablll?y of ’

o



N
.
. >
.
.

olon tumor cell solid-phase 1nh1b1t10n radio-

u7

A Y

o@r human
immunoassa (RTA) Twenty sera were tha;ned from
patients with colo—rectél cancer, these sera were examingd
in conjuct@on with.sera obtained from 25 normal héalthy |
individuals. A second test consisting of 13 sera obtained
from patients with cervical‘céhcer were compared to 13
age, sex and race matched controls; Thirteen.sera from
patients with endometrial cancer were examined hifh 13
sera thainéd from women. with ovarian éancef. Sixteen
sera from breast cancer pafients and 12'sera*£zgm,luhg

.'cancer patlents were examlned and 20 sera from patlents

o

with hepatitis B or non—B hepatltls were examlped.

Standard réference CEA obtalned from Hoffmann-
LaRoche (Nutley N.J.) and an 1nternat10na1 CEA standard
(Natlonal Institute for Blologlcal Standards, Lo ,'
Eng ) were used to standardlze our assay systé:TijiTsﬁéuld
be -noted that the activity of the 1nternatlonal standafd .

was given in units with one unit present in 0.0236 mg

z
P

of freeze-qfied powder.

e

C._'Compénison of our Radioimmunoassay with- the Hoffmann-

LaRoche Assay
. Thirteen breéast cancer sera and 11 lung cancer
sera were provlded to this laboratory for. quantxmatlon

of CEA level under code from Dr. P. Dent (McMaster Unlver81ty,



-

could be defermined by. the degree of inhibition of binding

ug

Hamiltdn, Ont.). Previously, Dr. P. Dent ‘had quantitated
the level of CEA in the same patients” plasma using_the'
Z-gel method of LoGerfo et al. (1371).

After conducting our assaycon these sera, the .

‘code was broken and.results were compared using linear

regression analysis.

D. Human Colon Tumor Cell Solid-Phase Inhibition

Radioimmunoassay ,for Carcinoembryonic Antigen
- Accurate quantitation of CEA in patient sera

of '25T-anti-CEA to CEA«present on the surface of human

colon-carc1noma cells grown in vitro. ‘
For thls assay, 125 pl of-patlenx-serum ob‘TBS

w§7e separately incubated for 2 hours at 37°C with 50 ul’
of ‘251 anti-CEA IgG and 1251 nor'mal goat IgG After
this pera.o.d,oS' % 10° HCT-8R cells in 100 ul of TBS were
added.inq incubated at 24°C for Uu& minufes. Counts not
bound to tﬁe cells wére‘;emoved with five washes, The ' .
cells'weré then trbﬁsfepred.fo.a frésh tube, -pelleted

o

and counted in a gamma counter: .

. A1l determinafions were madé in’duplibate ' ‘ B

Spec1fle cpm w%f calculated by subtractlng average cpm
bound to cells reacted w1th 125T_normal goat IgG from

average counts bound to cells reacted W1th 1257. antl—CEA

@
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IgG. Maximum specific cpm were calculated from cells

;iqguﬁated with TBS in .place of“ﬁatient serum, i.e. no
'CEA to inhibit binding and this Q&;ue was taken as 0%

-~
-

inhibition of binding. .

* -\ A serum sample obtained from a heaithy donog,

v ¢

(L.G.) was consistently run in each test. All serological

studies were calculated relative to this serum and the

/ ' :
_inter-test variation obtained wag used to determine a

.

"pormal" threshold level of CEA.

.
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studies was shown by Ouchterlony double diffusion to bg

RESULTS Lo

N
=
N,

I. Test Systems: Determinatidn of Qptimal Reaction

L4

Conditions and Specificity

A. Antiserum
Carcinoembryonic antigen*(QEA); as a molecular

speCIes, has been defined lmmunologlcally COnseauently,

preparatlons of CEA used 1n various sfudles requlre

demonstrgtlon of ant;genlc,ldentlty to standard‘reference

sources of CEA. " The‘antiserﬁm used in the followiné

specific for a CEA preparation and a 11ne of identity
was obtalnedbgetween our ant1~éfA and anti- CEA obtalnéd
from Dr. P. Gold (Flg 1)..

' Inltlally thls antiserum was used in both direct °
and indirect ;mmunofluqrescent studies of cell surface QEA.
To‘furtﬁer éemoﬁstrate.SPeqificity éf our antiseruﬁ to
CEA, @ number ofadiffefent,cultured cell sfra?ng dérived h
from ﬁél%gnént and normal tissues were exaﬁiﬁéd. fhe : . S
rgsuits, shown in Table l,‘indipéte %hat three celi lines, :”,"

HCT-8, HRT~18 and HT-29, which wérg derived from human |

> . ¢
" ' B 4

"~ 50

-
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Figure 1

/
Photograph of immunodiffusion.slide of CEA' and normal
colon extract (NCE) reacted against horse anti-CEA
obtained from Dr. P. Gold.(A-CEA Gold) and goat
anti-CEA (842). A line of identity was obtalned with
the two antisera against’ CEA.
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intestinal carcinomes reacted with anti-CEA but.not with
normal goat serum.while cells derived from.malignancies

of other sites or from normal tissues did not react with
either“serum‘ Further, tﬂe cell linea.wﬁich_reacted.by
immunofluorescence have previously been shown by radio-
i@mﬁnoassay to synthesize CEA (Tompkins et al., 1974; Egan
§ Todd, 1872).. . | d

ﬁw' | While immunofluorescence techniques provide the
ability to dlrectly visualize the topography of antlgen

on a cell and, permlt an approximate determlnatlon of the
degree of expression and percentage of cells in a population .
expressing the antlgen, 1mmunofluorescence does not prov1de
precmee quantltatlon. Therefore, dlrecq_and.lpdlrect
systems-utilizing iodine-125 labeleq antibodies Were

developed.,

B. Direct Radioimmunoassay for Cell Surféce'Carcinoembryonic
- Antigen

’

The. dlrect reactlon was* optlmlzed by varylng each

parameter of the test separately whlle holdlng the others

constant The parameters examlned were tlme, temperature,
' "

' cell number and dllutlon of radlolabeled antlbody.. As
can be seen in Flgure 2 max1mum blndlng of 12sl-antl-—CEA...'

) o
‘was achleved after NS mlnutes at 2u°c. Slmllar tlme was

/_requ1red for max1mum blndlng of 1abe1ed antlbody at 37°C'
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- Figﬁre 2

Time required to achieve maximum. blndlng of 1251-
anti-CEA, 1 x 10° HEI (A) or HCT-8R (#) cells were
incubated with 100 yl of '?%I-anti-CEA for various
lengths ‘of timé at 24°C. Unbound counts were
removed by washing and bound counts per minuté (cpm)
were determined by counting cell pellets in the gamma
counter. Each point represents the avenagevof

-dupllcate tubes.
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-but over the short time period examined maxﬁmum binding
was never achieved with incuba%ion at 4°C. Specificity

of the reaction waé indicated by the méﬁked increase of
b;nding to HCT-8R with time while binding to HEl, a
non—CEA'producing line, remained f;irly éonstant over time
and at background levels.

During these initial experiments, samples'of the
waéhes were examined and it was determined that four washes
were required to remove non-specifié labeled antibody from
the reaction mixture. Subsequently, five washes were
routinelf\used to insure éomplete removal of non-spécific
unbound antibody.

. Additional.studiés concerned with optimizing
conditions ‘of the direct reaction indicated CFiguré 3)
that the ability’ to detect CEA was raﬁidl? aiminished by
dilutihg the radiolabeled gntibodyf While a marked
difference between HCT-8R and HEl cells wére seen using -
‘undiluted '2°I-anti-CEA. This difference was abrogated
by a twogkold dilution.

Similar studies indicéted‘(Figure 4) thét'Specific
binding of anti-CEA:increased with inc¢reasing numbers
of HCT-8R cells. Specific Binding to HEl cells, on the
other hand;'did not appreciably increas€ with increasing
cell numbers. | .

"From these data, standard optimal conditions

for the direct reaction were derived and these involved



Figure 3

Effect of dilution of 125.I—ant,i—CEA on the detection

of cell surface carcinoembryonic antigen. 100 pl

of various dilutions of !?°I-anti-CEA were incubated
with 1 x 10® HEI (A) or HCT-8R (e) cells for u5,
minutes at 24°C. Unbound counts were removed by
washing and bound counts per minute (cpm) were
determined by counting cell pellets in the gamma
counter. Each point represents the average of
duplicate tubes. '
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Figure U

Effect of varlous cell numbers on specific binding
of '25I.anti-CEA. Various numbers of trypsinized,
viable HEI (A) or ‘HCT-8R (e) cells were segarately
incubated with 50 pl of '2%I-anti~CEA .or

normal 'goat IgG for 45 minutes at 24°C. Unbound
counts were removed by washing and bound counts were
determined by counting cell pellets in the gamma
counter. Specific counts per minute (cpm) were
‘determined by subtracting the average counts bound
. to cells from duplicate tubes incubated with '2?°I-
normal goat IgG from the average counts obtained
from duplicate tubes incubated with !'2?3I-anti-CEA.
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the binding of undiluted radiolabeled antibody for 45
minutes at 37°C or room temperature to approximately 2.5-

5 x 10°% cells.

C. Effects of Trypsinization on Cell Surface Carcinoembryonic

. " ) e
Antigen . . /

! _ / . b

7
-

Since CEA.represents‘a cell shrface‘glycoprotein,
the possibi}ity'existed that some of it was removed by
trypsinization of the cells. That trypsinization did not
markedly alter the amount of cell surface CEA was demonstrated
in three ways.. Firsf, trypsinized cells weré incubated in
medium or tryﬁsin for one-half ﬁour and then tested in the
direct reaction. Results from this experiment indicated
comparable levels of '25I-anti-CEA binding-to both cell
sets. *Similariy, when ceil surface CEA was quantitated by
the direct reaction either immediately after trypsinization
or after four hours in suspen51on at 37°C in complete

———
' medlum 51m11ar counts of bound ahtlbody were ob?ained.
Lastly, comparlsons of CEA content on HCT 8R cells ohtained
after trypsinization from monolayer culture or of samples
of HCT-8R éellé adapated t; suspension-culture'(cbmpliments
of Dr. S. Bacchetti) were ident?cal after adjustiqé for
the increésed surface area of the larger.suspénsion

culture cells (Table:?).

R
.
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D. -§Egcificity of Radioimmunoassay

Lastly, spécificity of our radioimmunoassay (RIA)
was demonstrated using .two reference standards of CEA to
énhibit thé_binding of rédiolabeled antibody to the cultured
colon carciﬁoma cells. Figure 5 illustrates that increasing
quanti%ies of sgiuSIe reference CEA‘produced increasing
inhibition of celi surface binding. Six nanograms of both
the Hoffmann-LaRoche (kindly provided by Dr. P. Dent) and
the International Standard of CEA,(obtaiQed'from the
National Institute for Biological Standards and Coﬁtrol,'
London, England) were required to inhibit 50%-of'cell
surface binding and each ﬁa#imally inhiﬁifed binding to 86%
and 82%, respectively. The fé%t that no overlap was *
observed between.the two cur&e; may indicate a slight
quantitativé-différence between the two standards and would
suggest a slightly higher degree of specificity from the

'cpmmercially obtained source. Xet both: preparations were

able to inhibit binding to a great extent, hence, aemonstrqting_

a high degree of specificity for the assay-.

‘Assuming the population, of cefls is hémogeneous
with respect to.the amount of CEA per cell (which is
demonstrated later), the inhibifion curves can be used
to estimate the number ofumolecules of CEA ﬁgr ée;l.
Calculations, outlined in Abﬁendix I,’ind{gate that )
approximately 8 x 10° molecules of CEA are expressed on

,each HCT-8R cell.



»

" NOTE: Units of internétional reference CEA were
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Fiéure 5

Spec1f101ty of direct cell surface carcinoembryonic
antigen (CEA) radioimmunocassay demonstrated by
inhibition of binding with two.standard reference
sources of CEA. Constant volumes (125 ul) contalnlng
various known quantities of Hoffmann-LaRoche reference
CEA (o) or an International Standard of CEA (o) were
separately incubated with .50 ul of '?5I-anti-CEA or -
123I-normal goat IgG in duplicate .for two hours at
37fC. Subsequently, 100 pl containing 5.x 10° viable
HCT-8R cells were added to each tube..¥ These. were
incubated at 24°C for 45 minutes after which counts
not bound to the cells were removed by washlng Specific
counts per minute (cpm) ‘were determined by Subtracting '
the average of counts obtained with !%5I-normal goat
IgG from qounts obtained by binding of 1257 anti-CEA
Percent specific inhibition was calculated .from the
maximum specific binding obtained fromvsamples
incubated without any CEA. ‘Each point represents

n

, duplicate determinations and the range of two experiments

performed with the Hoffmann- LaRoche standard reference ,
CEA are indicated. :

converted to nanograms (ng), 1 unit = 23.6 ng.
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E. Indirect Radioimmunoassay for Cell Surface Carcinoembryonic

LY

Antigen
:%33 .
o - The'cptimal conditions for the indirect radio-
immuncassay (ﬁIA) were determined and in this assay iodine-
125 labeled rabbit anti-goat IgG (RAG—ilzs) was employed.
It was demonstrated that 30 minutes was required to achieve
maximum binding of RAG-I'25 at 24°C (Figure 6). A similar
amount of time was required foc ma*imum binding at 37°C
But again incubation &t 4°C over the 'short time period
examined never reached levels attained with higher tempera%ures.

A direct correlation beﬁween cell number and
specific cocnte per ﬁicute (cpm) was demonstrated (Figure 7)
- and apeeared to reach a maximum with about 1 x 10% cells.

| The,influence of cocéentrations of primary'antibody

used in tﬁe indirect assay is shown in Figure 8. Specific
blndlng could be detected at a 100 000 dilution of anti-
serum-’ by this- procedure

Finally, it was shown that approxxmately 75 ul
of RAG-I'2% wepe required to obtain maximum detectlon of

specific antibody bound t6 thée cell surface (Flgure 9).
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R “ Figure 6

IS

Time requlred to achieve maximum binding of rabbit
anti-goat-'?°I (RAG-I'%®) in the indirect radioimmuno-
assay. Fifty pl of 1:16 dilutions of normal goat
Serum or goat anti- CEA were separately reacted with

1 x 10% HCT-8R cells for 30 minutes at 37°C. Unbound
antibodies were removed by wash1n§ and then ach tube
was reacted with 100 pl of -RAG-I! > for varidus )
lengths of time at either 2u°C (o) or 0°C (o). Unbound"
counts were removed by washing. Each point plotted .
represents the average of duplicate determinations.
Specific’ counts per minute (cpm) were calculated by
subtracting the average counts bound to cells reacted
with normal goat serum from the average counts bound
to cells reacted with goat anti-CEA.
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Figure 7

\\' ‘

" Effect of various cell numbers on specific binding. in
the indirect radioimmunoassay. Various numbers of
trypsinized, viable HCT-8R cells webe reacted with
50 ul of 1:16 dilutions of normal goat serum on goat
anti-CEA for 3Q;m1nutes at 37°C. Unbound antibodies
were removed by washing. All tubes were then
reacted with 50 pl of rabbit anti-goat-I'%5 (RAG-I'2%)
for 30 minutes at 219C, Unbound coiints were ‘removed
by washing. Each p01nt repﬁesents the average of -
dupllcate determinations. Percent maximum specific
blndlng was calculated relative to spec1f1c counts per
minute (epm) obtalned u51ng 1 x 10° cells.
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Figure 8

Effect of primary antibody dilution on detection of
specific binding by indirect radioimmunoassay. 1 x
10% HCT-8R cells were reacted in duplicate with
various dilutions of normal goat serum or goat anti-
CEA in 50 ul for 30 minutes at 37°C. Unbound .
antibodies were removed by washing. Subsequently, all
tubes were reacted with 50 ul of RAG-I'?% for 30
mihutes - at 24°C. Specific counts per minute (cpm)
were determined by subtracting the average counts
bound to cells reacted with normal goat serum from the
average counts bound to cells reacted with goat anti-
CEA. Percent maximum binding was calculated relative
to specific binding obtained with a 1:32 dilution of
anti-CEA. : x .
< ‘

L)
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Figure 9

. oo .
Effects. of various quantities of rabbit anti-goat-
. I'25 (RAG-I'?%) on detection of. specific anti-CEA
binding in the indirect radioimmunoassay. 1 x 10°% -
" HCT-8R cells were reacted separately with 50 pl of
1:16 dilutions of normal goat serum or goat anti-CEA
for 30 minutes at 37°C. Unbound antibodies. were -
removed by washing. Subsequently, tubes were reacted
with varipus amourits of RAG-I'2%% for 30 minutes at
24°C. Unbound-counts were pemoved by washing and
specific counts per minute (cpm) were-determined by
subtracting the average counts bound to cells reacted
with norma%bgoat serum from the average counts

obtained fr.? cells reacted with goat anti-CEA. Percent

maximum coupts were calculated relative to specific
counts obtained with. 100 ul of RAG-I}?25, '

.
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II. Cell Surface Biolaegy of Carcinoembryqnic Antigen

-

A. Lateral Redistribution of Carcinoembryonic Antigen at

the Surface of Viable Colon Carcinama.Cells

LY

A spéctvuﬁ of patterns of membrane immunofluorescence
wergyobserved subsequent to reacting HCTTB cells.&ith |
anti-CEA at 37°C. - These ranged from uniform distribution
of "fluorescence over the,céll surface, "ring pattern”, to
a single crescent of’fluorescence at one pole of the‘celly
"cap patferp" (Figure 10). Enumefation ofrstaineé cells
acg?rding to the distfiﬁution of fluorescence revealé; a v
great_majority (approximately 75%) of the célls with some
deéree of eccentric distribution of éntigen. This type of
immunofluorescence reaction is markedly similar to the

phenomenon of antibody-induced capping of éer%ain'antigens

on the surface of l&mphocytes‘(Taylor et al., 1971; Loor

et al., 1972) and suggests that CEA uﬁdérgoeé later&l

redistribution on the surface of HCT-8 cells following

binding of specific antibodies. It was important to study

- .

the dynamics of this process in detail to assure precise

measurement of antigen and to possibly shed some light on

[

the biological significance of this surface antigen.
The capping of CEA @as studied ‘using both direct -
.and inéirect flﬁonescént (IFA) and radiolabeled aﬁtibody’

-

thus permitting both visualization and quahtitation'of antigen,
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Figure 10

JIndirect immunofluorescence reaction of anti-CEA with
HCT-8 cells showing proposed stages of antibody+
induced antigen redistribution. Cells were incubated
at 37°C with a 1:20 dilution of anti-CEA for various
lengths of time. Subsequently, cells were incubated
with a 1:10 dilution of fluorescein-conjugated rabbit
anti-goat immunoglobulin for 30 minutes at u°cC.

Initial stage of reaction showing antigens evenly
distributed over the cell surface giving the ring
pattern (A); intermediate stages showing partial
redistribution (B and C); and late stage of
redistribution showing full cap formation (D).
Magnification X 1200.
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Initial studies were conducted on HCT-8 cells
reacted with goét anti-CEA or normal goat serum (NGS) for
various lengths of time gt 37°C. The cells were then
mildly fixed in 2.5% buffered formalin and subsequently
reacted with conjugated antiglobulin. These results
(Table 3) indicated that initially most (90%) of the stained
cells demonstrated the "ring pattern" énd within one hour.
at 37°C the antigen was redistributed on the majority of
cells to the "cap pattern"™. Within 2 to 3 hou;s, CEA
could no longer be detected on the cell surface. A
complete lack of fluorescence was obtained with NGS.

Thus it appeared that.CEA could-be induced by specific
antibodies to redistribute through a series of steps (Figure
10) until the antigen was selectively removed from the

cell surface. ‘The capping reaction appeared to be fairiy
synchronous with respect to a.popplation of cells as it
appeared to begin immediately after additign of antibody
(Figure 11).

That the capping was due to the binding of Priﬁary

antibody was demonstrated by observing the capping sequence
4 both on cells fixed after reacting them with anti-CEA
‘but before the reaction-with conjugated anti-globulin and )
by observing polar redistributioﬁ induced in a d%rect
reaction employing fluorescein-conjugated anti-CEA.
Furthép, the cappiné of CEA was observed on all

CEA-containing cell lines examined (Table 4) and appeared




70

Table 3
Sequence of Antibody-Induced

Redistribution of CEA?

Time § of Cells?
(hr)
Full Half Polar Not
rings crescent cap stained
o .
0 90 ) 10 0 0
0.25 85 15 .0 0
0.50 75 S 20 AN 0
1.0 40 30 20, 10
1.5 10 15 8 ! 50
2.0 5 5 10 . 80
2.5 0 0 10 90
3.0 0 0 10,7 90
3.5 0 0 . 10 " 90
@ 5 x 10° HCT-8 cells were reacted with l:;L dilution of
anti-CEA for 30 minutes at 24°C. All tubes were washed
and incubated at 37°C for various lengths of time, qzen
subsequently fixed with 2.5% buffered formalin and
subsequently reacted with 1:10 dilution of fluorescein
conjugated rabbit anti-goat immunoglobulins. Controls
which were negative included cells reacted with normal
goat serum and conjugate alone.
b

Percentagé of stained cells demonstrating ring, early or
late caps and nepative fluorescent staining patterns.

Results are based on estimales of 3 experiments and involved
counts of at least 50 cells/time.
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Figure 11

Synchrony of antibody-induced antigen redistribution
in a population of HCT-8R cells. 1 x 1Q°% cells

were each reacted with 50 ul of a 1:20 dilution of
anti-CEA at 37°C for 30 minutes. Unbound antibody

was removed by washing followed by reaction with 50 ul
of a 1:10 dilution of fluorescein conjugated rabbit - °
anti-goat IgG for 30 minutes at 37°C. Most cells
demonstrate late stage of capping. Magnification X
g40. . ) .
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Table 4

Cells Demonstrating Ability to Undergo
.ody'-:[nduced Redistribution of CEA® q
Cell : - Presence Ability
désignation ° S of CEA to cap
HCT-8 + ¥
HCT-8R, + +
HRT-18" + +
HT-29 ! § +
HE® - -
XB ) . - ' -
Hep-2 o o - , -
HCF - ' - -
a

1 x 10° trypsinized cells of each strain were incubated
with 50 pl of 1:16 dilution of anti-CEA for 30 minutes
at 37°C. Unbound counts were removed by washing and
subsequently cells were reacted with 50 ul' of 1:10
dilution-of fluorescein-conjugated rabbit anti-goat .
immuhoglobulin. Cells were then viewed under the-

‘ultra~v1olet ‘migroscope for presence of surface CEA ‘

and its ablllty to he redistributed by anti-CEA antibody.
Controls congisted of reactlng cells with normal goat
serum; all these reactions were negatlve

LY
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to fgllow a-similar pattern and time course in all the

cell lines.

B. FactorsrAffeéting the. Polar Redistribution of
- - -
Carcinoembryonic Antigen

The effect 'of temperature on antibodyfinduced
capping of CEA was examined by performing the IFA at u°cC
and 37°C. Reaction ef cells with antiserum followed by
incubation at 37°C resulted in the typical capping reaction—
with apparent complete‘removal of antigen in 2 to 3 hours.
In contrast, cells placed at u°C demonstrated a low
percentege (5-10%) of cells showing evidenee of cepping

and hoet of the.cells shpweé a uniform ring of fluorescence
(Table 5). Withih 30 minutes’ of plaqiné these preparations'
at 37°C, the-entigen wee observed tokqnderge_capping. Thus
CEA capping'ﬁas found to be temperature-dependent and low
temperature inhibitién of capping:was reversible by

‘ increésing,the temperature. . .

The effect of selected ehemicals on the antibody—
induced capping of CEA Qes examinee (Table 6). Cappingﬁwas
reduced 50 and 20% by 107? and 10-° M sodium azide,
respectively. Sodium azide is an inhibitor of cellular

metabolism hence CEA capping‘appéared to be an energy-

-dependent phenomenon.
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Table §

Effect of Low Temperature on Antibody-+Induced

ooy

_ Redistribution of CEAa

Antiserunib Time Temp. Percentage of cells® j

(hr). (ec) .

. ring cap negative

Anti-CEA 0. 0 %0 10 . -
NGS 0 0 - - S
Trisg L 0 0 - - -
Anti-CEA 5 0 90 10 -
Anti-CEA .5 37 80 20 -
Anti-CEA 1 0 90 10 -
Anti-CEA 1 .37 50 - 50 -
Anti-CEA . 1.5 0 90 10 -

. Anti-CEA 1.5 37 10 50 40
Anti-CEA 2 0 6 - 10 . -
Anti-CEA 2 37 - ¢ 10 90
Anti-CEA 3.7~ 0 90 10 -
Anti-CEA 3 \\\\qz - 10 90
a . ) .

Qgé%q 10% HCT-8R cells were reacted with 50"3%!of.l:16
ution of antiserum. Unbound antibodies were removed

by washing the cells. Ceils were then incubated at

either 37°C or-0°C for various lengths of time:.
Subsequently, cells were reacted with 50 pl of 1:10
dilution of fluorescein conjugated rabbit anti-goat -IgG
for 30 minutes at 4°C, washed, and observed foﬁ percentage
of cells demonstrating various antigen distribytions.

D cels were reacted with goat anti-CEA, no ‘gg‘géat serum 3
(NGS) or Tris buffer. All cells reacted with :NGS or .
Tris were negative. : : -

¢

Results based on the'estimates of three experiments.
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b " Table 6

Effects of Various Inhibitors on

AntibodyﬁInduced.Rédistriﬁution of CEA®

\

Reagent ~ Concentration . Percent ihhibition

Q%f cappingP.

.average of two.experiments.

NaN 3 . 107° M 20

‘1072 M .80
Cytochalasin B 1 ng/ml 0.
| 10 ug/ml 25
Colchicine 107" M |

' ' ' 107° M
Cycloheximide 10 ug/ml '
1 mg/ml ) 0

a

1 Q\IOG HCT-8R cells were pre-incubated for 30 minutes
in phosphate buffered saline (PBS) containing ‘indicated
concentrations of inhibitors-or 2% fetal calf serum as
control. Cellg, were then incubated with 50 ul of 1:20
dilution of anti-CEA for 30 minutes at 24°C. Unbound
antlbody was removed by washing; cells were then:

- warmed to 37°C, placed in PBS containing inhibitdr and

examined 0, .5v 1 and 1.5 hours later after reaction |
with 50 ul of 1:10 dilution of fluorescein conjugated
rabbit anti-goat IgG. .

Percent inhibition is calculated relative to coﬁtroi
which demonstrated 20 caps of 50 cells. Results are

<5
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Capping in numerous systems (Schreiner & Unanue,

1577)'has beén shown to be dependent on'intact submembranous
microfilaments and/or mierotubules. Consequently, the i
effects of colchicine and eytochalasin B, dESrupters.
of microtubules and mlcrofllaments, wene studied (Table 6).
No inhibition of capping was observed when cells were
Pretreeﬁed with colchicine or 1 ug/ml of cytocha1a51n B
but 10 ug/ml of cytochalasin B was seen to inhibit capping
by ’5%. This suggested that mierofilaments may play a
role in the cappiné of CEA. |

With both sodium azide and'cyfoehalasin B,
" patchy network of fluerescence was observed on the cell
surface, but antigen failed to migrate to one,pole of, the
cell. . |
No inhibition'of'capping was observed-when cells
were pretreated with cycloneximide hénce it appearea that
‘no protein s?nthesis was required for CEA eepping\(Table 6).

The indirect radioimmuricassay for.cell.surface
CEA was used in cpnjunction with immunofluorescence
techniques’to verif} and extend observations made using
) fluorescence alone. These.s%udies suppor%ed previons
dbmonstratlons tha% capplng was due to the blndlng of
specific ant1~CEA (prlmary) antibodies and .that 80% of the
. antigen was removed from the oell_eurface in 2-3 hours

at 37°C (Figure 12). Less than 10% of the CEA- antlbody

complexes were removed from the cell surface when incubated .



Ve : ' S
Figure 12

4

Time Pequired for antibody-induced removal of carcino-
embryonic. antigen and the effect of low temperature
and sodium azide on this process as demonstrated by
the indirect radioimmunoassay. 5 x.10° HCT 8R cells
were preincubated in Tris containing 1072 M NaN; (o)

- or 2% fetal calf serum (FCS). Cells were thep reacted
" for 30 minutes at 37°C with 50 ul of &nti-CEA or :
normal goat serum (NGS) in duplicate.. Unbound
antibodies.were removed by washing. Cells were then .
incubated for varlous lengths of time in buffer
containing 107%M NaN; at glfc (o) or ih buffer .
containing 2% FCS at 0°C (@) or at 37°C (A). At the
end ofi the period of incubation, each tube was

reacted with 50 pl of rabbit anti-goat-I'?° IgG for

30 minutes at 24°C. Specific-counts per minute (cpm)
were calculated by subtracting the average df counts
bound to cells incubated with NGS.from counts bound to
cells incubated with anti-CEA. Percent maximum
specific emp were based on counts obtained at time 0.

Results presented indicate the mean of four experiments

+ one standard deviation.

-+ A ——————— a1

PRSP




71 @)

S

W o

HOURS

70+

B> NN > W =
s SRR 7 F -
WdD Di4ID3dS . "XVYW %

30~

20+

10r



at O°C or in the presence of sodium azide (Figure 12),‘
thus these studies confirmed the temperature(gnd energy
erendeﬁce of this phenomenon.

it has been shown by two techniques, that in the
presence of specific gntibodies after .2-3 hours at 37°C,
CEA could bé’selectively removed from the cell surface.
Two poiﬁfslremained to be determined; the first was to
demonstrate the disposition or fgte of the complgﬁgs, and
the second was to determine whether and when new antigen

K

would reappear at the cell surface.
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C. Endocytosis of Carcinoembryonic Antigen-Antibody Complexes

Earlier observations (Rosenthal et al., 1975%)
i

suggested tﬁat antigéh-antibody QOmplexes were shed from

the cell surface, as dense fluorescent masses were observed

on raised portions of the membrane and fluorescent debris

was frequenily'visible around cells that had lost membrane

fluorescence as a result of the capping process. Radiolabeled.

antibodies proved to be valuable probes for demonstrating
that tﬁo majority of the pomb]exes were cndocy4osed after
capping. To dié%inguish between shedding and endocyéosis
of antigen-ﬁntibody complexes, thé indiréot§radiéimmuno-;
‘assay was conducted iﬁ two manners. In the first method,
unlabeled anti-CEA serum was added to cells which were

’

subsequently incubated at -37°C for various 1ength§\of time

° N
[y

ey
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followed by reaction with iodine_labéled rabbit anti-goat

IgG (RAG-I'?%). This technique detected complexes on the
cell surface @nly. In the other method, RAG-I'Z%% was

added immediatel§ aftgr the cells were~reacfed with aﬁti—CEA
serum but before the cells were. incubated a% 37°C for

varioﬁs %ime periods“ This technique provided a means of
detecting antigen-antibody complexes both on the cell surface
and within the cell. , A loss of the total cell-associated
counts over time would suggest the complexes were 5eing

shed. Conversely, if these counts remainéd’high at the

timé that cell suﬁface complexes could no longer be detected,
it would indicate the complexes were being endscytosed.

As can be seen in Figure 13, while detectable CEA-anti-CEA ’
complexes decreased progressively with timé, complexes

ey

which had préviously bound RAG-I!2S

remained cell-associated.
Further, cells reacted with RAG-I'%25 and then placed at
0°C, where neither endocytosis nof shedding could._occur,
retained almost all radioacti?e oount;."Thgs, it appears
that the majorify of CEA—anti—éEA compieies were endocytosed.
These observations were supported by stuqies ‘
conducted with iodine—labeled‘énti—CEA, which demonstrated ‘
a marginal loss of counts over time while incubating. under

conditions favoring capping.
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Figure 13

P

Demonstration of antlgen -antibody endocytosis by
indireet radioimmunoassay. 5 x 10® HCT-8R cells
were each 1ncu ated with 50 ul of a 1:20 dilution
of anti-CEA dr ‘normal goat serum (NGS) for 30
minutes at 37°C in duplicate. Unbgund antibody was
removed by washing. Two groups of tubes were
immediately reacted with 50 ul of rabbit-anti-goat-
I'2° IgG (RAG-I'?%) for 30 minutes at 24°C, washed
and placed either at 0°C (e) or at 37°Ql(o) for
various lengths of time. A thlrd group of tubes
were incubated at 37°C for vario s lengths of time
before reacting them with RAG-I! ;75 (A). Unbound
counts were removed by washing and specific .bound

counts per minute (cpm) were calculated by subtracting

counts bound to célls reacted with NGS from counts
bound to cells reacted 'with anti-CEA. Percent

maximum specific cpm were calculated based on counts

obtained at time 0. Figureipresents mean of U
experiments * oné standard deviation.

3l
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D.  Turnover. of Carcinoembryonic Antigen at the Cell Surface

4

4

The next question approached dealt wifh.éstablishing
the time and conditions requiféd for the turnové;-op
reappearance of CEA molecules at the tumor cell aurfa;e.
These studies first required determination of a égncentration
of cyclohexiﬁide capable of inhibiting protein synthesis

in the tumor cells. ,Figure"lﬁ indicates that 25 ug of

cycloheximide/ml maximally inhibited protein syntheéis. It

-

was also demonstrated that a thir%§‘minute preincubation
"with this concentrdtion of cycloheximide did not alter
the amount of cell sufface‘CEA. |

Next, it was determined that unlabeled goat anti-CEA
serum when added to the tumor ceIl; would inhibit the
binding of '?®I-labeled anti~CEA (Figure 15). The greater
thé concentration of unlabeled anti-CEA, the greater the
inhibition of binding of iodine-labeled anti—CEA'(Figﬁre 15).
It was assumed tﬁat subsequén@ to the binding 5f‘uniabeled
anti~CEA, if cells were monitored for increased binding
of iodine-labeled antiJCEA then thg time and conditiens
required fqr the reappearance of CEA could be determingd.
It was demonétratea QFigufé 16) that CEA begins to rgappéan
vefy rapidly at 37°C énq:a. full complémeﬁt of CEA &as
regenerated at the .cell surface in about 6 hours. The
reapbearaﬁce of CEA épuld be totally inhibited by incubation

at 0°C and regeneration appeared to require protein
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Figure 14

Effects of varibus concentrations of cycloheximide on
protein synthesis of HCT-8R cells. HCT-8R cells were
grown ,to near-confluency in’' 15 mm.petri dishes. Cells
. were. exposed in duplicate to various concentrations .
‘of cyeloheximide in medium for 15 minutes at 37°C.
0.1-1 .uCi/ml of 3H-amino acids wer®_then added to each
dish for 1.hour at 37°C. Medium then removed and’

cells were®washed with phosphate buffered saline (PBS).

Cells were subsequently removed with 10 mM EDTA and,
placed in test tubes. Proteins were then precipitated
with 50% TCA for 15 minutes at 4°C. Precipitate was
collected on glass fiber filters which were dried.and
counted in a scintillation counter. Percent maximum
’H-amino acids (% max-.,’H-aa) were calculated based on
counts obtained from controls incubated with no
cycloheximide. Each point represents the -average of
.duplicate determinations.
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" Figure 15
’

Ability of various dilutions of unlabeled anti-CEA to -
inhibit binding of '2?%I-anti-CEA IgG. & x 10° HCT-8R
cells were each incubated with 50 ul of wvarious
dilutions of goat anti-CEA for 30 minutes at 2u°C.
Unbound antibodies were then removed by washing and
cells were subse?uently reacted with 50 pl of -*2°I-
anti-CEA IgG or !?%I-normal goat IgG (!?°I-NG-IgG)

for 45 minutes at 2u°C. Unbound counts were removed
by washing. Specific counts per minute (cpm) bound

to the cells were calculated by subtracting the

average CPM obtained with !25I-NG-IgG from cpm
obtained with '2%I-anti-CEA. Percent maximum
inhibiti®n was calculated relative to specific counts

_ 6btained in controls run with no pmlabeled anti-CEA.
Each point represents the averageﬁgf duplicate-

- " determinations. C ) ~
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Figure 16

A

Cell surface turnover of carcinoembryonic, antlgen and
requirement for proteln synthesis. § x 10% HCT-8R
cells were each preincubated for 30 minutes at 37°C
with either 20 pg/ml of cylcoheximide.(A) or 2% fetal
calf serum (e and o). Controls were subseguently .
incubated with 50 ul of '?%I-anti-CEA or '?®*I-normal
goat IgG to obtain the initial maximum specific counts
per minute (cpm), while the rest of the: tubes received
.50 ul of a 1:16 dilution of unlabeled anti-CEA for
30 minutes at 24°C. Unbound-antibodies were removed
‘by washing and the cells were then Immediately reacted
with labeled anti-CEA to establish amount of available
cell surface CEA at time zerd. The other tubes were
placed- under three conditions: (e) 37°C in buffer;
(o) 0°C-in buffér, or (A) 37°C in buffer containing
20 pg/ml of cycloheximide for various lengths of time,.
Subsequently, cells were reacted with labeled*anti-CEA
and normal goat-IgG to obtain spec1f1c cpm.. Specific
.cpm were calculated bg subtracting counts. bound to
cells reacted with I-normal goat IgG from counts
obtained on cells’ reacted with '?°I-anti-CEA. Graph
depicts a representative summary experiment and each
point represents duplicate determinations.
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synthesis (Figure 16). Thus, under conditions favoring
membrane mébility, capping and protein .synthesis, CEA

w%s rapidly regenerated at the cell surféce. These results
were further verified by indirect immunofluorescence tests
which indicated that CEA turnover required about 90 minutes

‘to occur,

E. Comparison of Carcinoembryonic Antigen and Iscantigen A

on the Cell Surface

The molecular relationship between CEA and blood
group A has been a controversial issue. Some authors have
presented evidence that the two antigens represent different
~determinants on the same molecule (Holburn et al., 1974)
or that CEA represents modified or incompiete blood group
antigeﬂs (Simmons & Perlmann, 1973). Other éuthors
contend that CEA and blood group antigens are distinct
molecules (Cooper et al., 1974). The effect of antibody-
ipduced redistribution of CEA‘afforded-a uniqﬁe-oppoftunity
to investigate fhé relationship"be£ween these two molecules.
Employi;é adenocarcinoma cell lines HCT—B,thcﬁ.wagl
derived from a patient with blood group O, and HT—ég,'n
which was derivgd from a blood group A‘ﬁa%ien%, the %
relationship between.ispantigen A and CEA was investigéted.

The HCT-8 cell line was previously shown (Rosenthal et al.,
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possess thé'H blood group antigen but not the A bloog group
antigen. These results were verified and extended by
‘rgacting sera from normal iﬁq}vidu'ls of blgod typea‘A, AB,
B or O with HCT-8 and HT-29 1n the in&irect immunofluorescence
test. The reéults:shown in Table 7 indicate that all of

the sera possessing anti-A antibodies reacted with HT-29 *®
ceélls, whereas nopeaof‘tﬁe seré reacted with HCT-8 cells.
Furthenﬁore, immune adsorbed specific IgG anti-A antibodies
reacted with HT-29 but not with HCT-8 cells and this

reaction could be abollshed by absorptlon,w1th A type red
blood gglls. Anti-CEA reacted with and induced capping of
CEA on both cell types. in contrast to anti-CEA, anfi-A
antibodies reacted uniformly -on the surface of HT-29 ce%is
giy}ng the ring type reaction and showed no evidence of
antig;ﬁ redistribution when incubated at 37°C for 60 minutes
(Figure 17).

Using the fluorescent labels, rhodami%e and //
fluorescein, which produce red and green staiﬁiﬁg, ‘
respectively, the effect of antibody- 1nduced redistribution
of CEA on the topography g£’130ant1gen A could be examined
on HT-29 cells. The cells were iﬂcubated with fluorescein-
/Eonjugated anti-CEA for 30 mlnutes at 37°C to 1nduce
\Eapplng of EA. The cells were thgn washed and mildly
fixed with 2.5% buffered formalin and ééuntefstained :

wiﬁﬁ IgG or IgM anti-A antibodies which were then reacted

with,rhodamine-conjugatéd»antifhuman immunoglobulin.

7

..

5
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Table 7 "
£ .
Regetions of Human Sera Against HCT-8 and_ HT-29 Cells
' . B .
%
Sera 5 Surface immunofluarescence?
subjects with blood type ‘ reactions using °
' ' HCT-8 . HTZ29 ., . *“%.
\"Q\\ S
: B
\p} _ _
B - + .
“ AB - -
0 - +
Spec1f1c anti-isoantigen A v
Unadsorbed ) i\ +
Adsorbed with O RBC _ - +
Adsorbed-with A RBRC E 5 - -

*
3

4 1 x 10° HCT-8 or HT-29 cells were reacted in the indirect
immunofluorescence test with viable cell suspensiéns and
sera obtained from healthy blood donors or specific
1soant1gen A serum. . “
-b SlX subjects of each blood type were tested ' o -
S -
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. Figure 17

Unlform distribution of. 1soant1gen A on the surface
of HT-29 cells. 5 x '10° HT-29 cells were incubated
with specific anti-A isoantibodies (IgG) -for 30
minutes at 37°C. Unbound antibodies were removed

by washing and eells were subsequéntly reacted with a
1:10 dilution of rhodamine-conjugated goat. anti-human
immunoglobulin for 30 minutes at 37°C. Cells show

a ring pattern’of immunofluorescence indicating

uniform dlstrlbutlon of A antigen on the cell surface.

Magnlflcatlon X 940
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Employing different filter‘systems'in the microscope,
the number of cells steining for both iscantigen.A ahd
CEA were scored and the location of the two antigens on
the-surface of each cell was noted.

3 {"'\
The results recorded in Table 8 ndicate ‘that

“the polar redistribution of CEA did not appear to alter

the distribution of IgG anti-A antibodies on the cell
surface. Iseantigen A distributed uniformly_oveﬁ the cell

'

surface with CEA at one pole, was found on 87'eut of 80
(§U%) cells enumerated. Only 5% of the cells were found
to stain for isoantigen A.only $€;the cap which also
stained for ¢CEA, whlle the remalnlng cells with CEA caps

did not stain for isoantigen A. Slmllar results were

obtained when 1 M anti-A antibodies were used . Simjilarly,

At was found thalt binding of anti-A antibodies to HT- 29

i

cells before addition of anti-CEA antibodies did not affect
the capping of CEA. Thus, these experlments dlearly
demonstrate that A‘antlgen and CEA exist as Separate
molecules on fhe cell surface and that antibodies to CEA

do not cross;react with A antigen. Also, since neither

3

IgG or IgM anti-A antibodies were able to induce.capping

. on HT-29 cells or ‘react with HCT-8 cells it would appear
. that these antibodies did not react with thé CEA molecule

.which is reedily redistributed by specific anti-CEA

\
Q

"antibodies. . _ : '
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III. Investigations Concerning'the Biological Significance-

of Carcinoembryonic Antigen

A. Derivation and Characterization of the HCT-8R Substrain.

Foci of morphologically altered cells had pféviouély
been'obsefved in”monolayers of the ﬁﬁcloned:parental line,
HCT-8, which was der;ved from a.biopsy of a human coloh
édenocarcinoma (Tompkins et ai:, 195u): These focgi were
. aspirated from the monolayers, grown'in culture and

subéegpently cloned. The clonal variant was_designated'
HCT-8R (Rosenthal et al., 1977).

‘ Both strains wére then characterized (Tompkins

et al., i97u; Rosénthal et al., 1977). Morphologically, -
HC%—BR cells appéared pleomorphic and ‘colonie$ contained
fusiform, éﬁitheliai—likq‘and-éeca;ional giant cells
figure 1@, 1b).'.Thié ﬁorphplogy was distinctly different .
from colonies of HCT-8, which éontained'tightly packéd
.epithelial cells (Figure 18, Ya). Earlier work kRosgnthal
et.al., 1977) also established that the two'étfains
differed ultrastrﬁcturally; in that HCT-8R cells iaéked
fight junctions, which were found in HCT-8 cells, gnd 1 X
‘possessed @icroviili.whiqh Qere irregular in length; shapé{'
and spacing,'as opposed to the regular brush-border éppeafance

‘of mierovilli-on HCT-8 ‘cells (Tompkins et al., 197u).- -

~
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Figure 18

Phase-contrast photémicrographs-of.vafioué human
colon cafcin?ma derived cell strains. N
-Ia HCT-8 . -
'1b HCT-8R

lc HCT-8 Nul

14 HCT-8R Nu¥.
Te -HCT-8 Nu?2

-1f  HCT-8R Nu2 Y
Maénification X 100.
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The in vitro growth properties of the tWo strains‘
were shown to be similar (Rosenthal et al., 1977) and bofh’
etrains were shown to possess'the H blood group antigen
(Rosenthal et al., 1977). . The cells were sbown'to ‘differ
greatly-}n their ability to grom in soff agar (Rosenthal
et al., 1977). While 75% of HCT-8 cells plated .in soft
agar formed colonies, no colonies were formed by.HCT—8R
cells in soft agar.

Bar}ier cytogenetic studies (Rosenthal et al.,
1977) indicated that both etra}ns possesséd a modal number
of u8 chromosomes Both strains were shown to possess an-
Xand Y chromosome, thus Supportlng their male origin
(Tompklns et al. 1974). ’

Inltlally, the productlon of CEA by thle two
stralns was examlned by 1nd1rect 1mmunof1uorescence on
viable ce;ls. The results presented in Taple'Q indicated
that while cells of the cloned HC&—Sﬁ strain were uniform
and all demonstrated brlght fluorescence, cells of the
uncloned HCT-8 straln wele heterogeneous w1th respect to
surface stalnlng. Thirty percent of HCT-8 cells were
brightiy fluorescent and 40% of the celis e;oeared negative

The amount of 'cell surface CEA was then quantltated
w1th the use 'of 125I.1abeled antl CEA IgG. The results,,

Table 9, indicated that the HCT-8R cells possesséd almost

three‘times_as,mueh,cell surface CEA as the HCTs8 cells.




9y

The amount of CEA‘present in the cuiture supernatant
was also exahined"%y radioinmunoassay (performed by Dr.
P. Dent). These results (Table 9) directly correlated with
"results obtained by the two previous tecnniques and ‘
sugéested that tnebtwo strains differed markedly in their
ability to produce CEA. Further, these results suggest that
the quantity of cell surface CEA is’ dlrectly proport10nal
to the amount of secreted CEA

The observatlon of varlatlon of anti-CEA surface
;stalnlng among cells of the HCT-8 populatlon u81ng the
indirect 1mmunof1uorescence test could reflect either a
heterogeneity among the cells with respect to abilit& and
amount of CEA produced or- it could reflect a cell—cyc}e :
dependence of GEA production. Since the HCT-8R cells, é
clonally derived strain, consistently demonstrated homogeneous
bright fluorescence and since three separate techniques
indicated a difference in the level of CEA produced, the
possibility that the‘uncloned‘HCT—B population, Qas hetero- |
geneous w1th respect to CEA synthesis seemed more favorable.
To cléarly demonstrate this, 51ng1e cell clones from each
of the two strains were’ grown into populatlons whlch.were
' ‘suﬁseduently'examined\bf/the direct”radioimmuzoéssay to
quarititate the amount of' cell surface CEA. Results
presented in Figure 19‘indicated that clones derived from

- the HCT~8R population demonstrated a normal distribution

at a higher level of CEA production relative to the HCT-8

v e e M 4 B I
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S : ' Tigure 19

Frequency distribution of CEA exuressed by clones
derived from various cell strains relative to HCT-8.

Single cells of HCT-8, HCT-8R and HCT-8 Nu2 were
cloned I

s of eacth clone and of HCT-8 célls
(standard) were separately examined for quantity of
.cell surface CEA emgloying the direct RIA. 50 ul of

_ I-normal geat IgG were reacted

with the cells for 45 minutes at 24°C. Unbound
counts were/rémoved by washing. Specific counts per
cpm) were -‘calculated by subtracting counts
bound to cells reacted with !'?*IZnormal goat IgG from
counts' obtained with !23I-anti-CEA. The ratio of
specific cpm was calculated by -dividing specific cpm.
of any .clone by specific cpm of the standard and
subtracting .1 from this| number. Each box represents
one clone-and each clerfe was tested in dupllcate.

microtiter Wells and grown into.populations.,

JRS
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'population.' Thue, all the cells composing the HCT-8R

popglafion appear to express approximately three times as

much CEA as t¥We HCT-8 populationr This is contrasteé by

the non?raﬁAOm distribution of CEA.production demonstrated

" by clones derived from the HCT-8 population. These results

indie;te that cells of the HCT-8 population\ére heterogeneous

with'resﬁect to CEA synthesis. Theee differences, also,

could\not be attributed to differences in cell size.
Heterogeneity of the HCT-8 population was aiso

suppd%ted by the observation that clones derived {roﬁ HCT-8R

resembled HCT-8R morphologically, while clones derived,from

the HCT—é'populatioﬁ varied in morphology. ' further, since

2 of the 58 HCT*S derlved clones expressed levels of cell

surface CEA comparable to HCT-8R (Flgure 19), it would

appear llkely that about 5% of the HCT-8 population eonsisted

of HCT-8R cells. :

4

B. Oncogenicity of HCT-8 and HCT-8R in Nude Mice

o

Having demonstrated that the two strains differed
v v t . v,
markedly in their abilities to produce CEA, various doses .
~ of viable tumor cells were injected subchtaneodsly on the .-

back of nude mice to ‘determine whether there was an

a35001at10n between elevated CEA productlon and tum%r1gen1c1ty.

W1th1n 10 days after injection, tumors were v151ble on

mice rece1v1ng 107 and 10° cells of both strains (Table 10).



o 9’8
Table 10 : ‘
Formation of Tﬁmors in Nude Mipe by Injected Human
Colon Carcirioma éelis
No. of mice with tumors after Gb dgys/no. .
of mice given injections of cells
" 107 cells®  10° cells -10° cells  10% cells
— \.u
HCT-8 - . 5/5 . 5/5 . 0/5 . /5
HCT-8R C 575 s L drs 0/5.
HCT-8 Nul NDP 5/5 . 5/5 2/5
NCT-8R Nul -  ND . 5/5 4/5 _‘: - 0/5
SR
a Viaﬁlé cellé }njected subcutangoﬁsly on the back of nude

mice in 0.1 ml of TBS.

b .ND, not done.

RV
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Tumors grew locally and metastasis was' never observed.
Animals receiving lower tumor cell inoculum%were obsefved
for a period of two months ahd no tumors appeared,
Histological examination of tumors formed by HCT-8 cells
showed areas of Well—differentiatedgﬁnd,areas of poorly
differéntiéted adenocarcinoma (Figure 20, top). . Béth
well and poorly differeptiated areas of. the tumor ‘produced
" mucin. HCT-8R tumors appeared homogeneously poorly
‘differentiated (Figure 20, bottom) but also.ﬁroduceq mucin.
The'morphological characteristics of %ﬁﬁors formed by -
both strains were bonsistént.with those found in colonic
adenocarcinoma.
| An HCT-8 tumor and an HCT-8R tumor were excised

from‘nﬁde mice and established in culture. Tﬂese strains
were designated HCT—éVNul and HCT-8R Nul, respectively.
The HCT-8R Nul cells maintaihed the ﬁCT—BR morphology, but.
- the cells were smalle}:(Figure 18, id); 'Measurements of
trypsinized cells indicated that_whilé-the.majority of .
HCT-8R cells had diameters of 3.5 to & uM, the HCT-8R Nul .
cgllg presented with a very homogeneous cell size of 2;5 uM
in'diamefer: The HCT-8 Nul cells maintained the morphélogy
and size of the paren£ HCT-8 éells (Figure 18, ic).

‘ Foliowing a éﬁgrt period . of in vitro culture,
the nude_ﬁouse passaged strains Qére then reinjected into
nude mice. The HCT-8 Nul and HCT-8R Nul églls were able

to form tumors in nude mice at lower cell concentrations

N0
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Figure 20

Histology of HCT-8~induced tumor in the nude mouse (TOP).
Tumor demonstrates area of well and poor dlfferentlatlon.
Histology of HCT-8R-induced tumor in the nude mouse.

Tumor demonstrates poor differentiation throughout (BOTTOM).
Magnification of both X 100.
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(Table 10) than the parent cells. Thus, it appeared that
selection of more turorigenic cells occurred os a result
of passage through tﬁe nude mice. ' '

Selected tumors formed by HCT-8 Nul or HCT-8R Nul
were established in culture, and these cell strains were
designated HCT-8 Nu2 and HCf—SR Nu? Agaln the HCT-8R Nu2
cells malntalned the morphology and small size of HCT 8R
Nul ¢ells (Figure 18, 1f). But the HCT-8 RNuQ cells did
not maintain the morphology of ﬁCT-S ce}ls; instead of
tigh%lylpacked epithelial cells these cells were ﬁore'
fibroolast-like and did not grow.in tighf colonies (Figure'18,
le)r - ' .

Thus, a number of cell iineages wero esfablished
and characterlzed 'with respect to their ablllty to produce
CBA by the three technlques previously mentioned (Table 9).
Results obtained by the three technlques correlated well
w1th one another and 1nd1cated that while strains derlved
' from the-cloned HCT-8R straln‘all maintained a relatively
hlgh 1evel of CEA productlon, cell&_derlved by passage of
HCT-8 cell through nude mice resulted in a strain, HCT 8 NuZ?

that Rroduced a very-low level of CEA.

—

Clones of HCT-8 Nu2 were isolated, grown into
populations and compared to HCT-8 with respeot to their
amountstof cell surface CEA. -Although 9nly a few HCT-8 Nu?

clones were examined, they appeared to preéent a normal

distribution (Figure 19) and on the.average appeared to ’
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produce about half the'amount of CEA expréséeq ﬁy HCT-8
cells. Further, about 50% of clones of the HCT-8 population
produce levéls of éEA comparable to HCT-8 Nu2. This
suggests that most of the_HCT—8 population consists of low
CEA expressing ©élls, and this belief is supported by

fluorescence studies which. indicated that about 40% of

HCT-8 cells were négative (Table 9).

.

: Thus, strains established from the clonally derived

HCT-8R cells were~h6mogengous with respect to morphology,
state of differentiation and CEA production, while strains
derived from the uncloﬁed'HdT-8'é§Pain differed in these
chgracteristicsu .Yet, in nude mice,'both strains were
equally tumorigen}c and ‘this property did not appear to .
refléct the level of bEAlsynthésis. .ngce it apbears, at.
least in nude mice, that CEA does not correlate with .

tumorigenicity.

C. ‘Cytqggnic Analysis of Various Cell Strains

¢ Previous karyotypic. analysis was' reevaluated with

more precise banding tedhniques'on HCT~8, HCT-8R and theipr

reSpébtiVe nude mouse. passaged substrains.
-The modal npﬁber ‘of chromosomes was féirly sharp'
at 48 for all strains. All cultures from the cloned line

(HCT-8R, B8R Nul and 8R Nu2) had a disfinctive:cytogenetid

’ marker designated 7q+ which was found in nearly 100% of all
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the me%aphases examined: The 7q+ marker is a normal human
No. 7 chromosome with a cﬁromafid addition at the distalw
end of ‘the long arms, which has dull fluorescence’(Figure
21). '

-'The parent lines HCT-8, HCT-8 Nul and HCT-8 Nu2
had/a more heteroéeneous pattern, but the majority of “the
metaphases con;ained a marker which was designated u4q+
since.it:has the‘appearance'of a normal No. 4 with a
. brightly fluorescent chromatid addimion,on thé distal end
of the long‘arms (Figure 21). Occasional examples of the
7q+ were seen particularly in line HCT-8 Nul. 'The_cultpres
designated HCT-8 Nul and HCT-8 Nu2 also contained ‘a marker
Y chromosome in more than 50% of the metaphases This is,
‘formed . by the addltlon of a moderately brlght banded
chromatid added to the p or upper arm of an apparently
normal Y chromosome (rngfé 21). No mouse chromosomes were

found in any metaphases.

‘Thus, again, with negard to karyotype, the clonally’

derived'HCT-8R strain and its derivatives appeared homo-

geneous w1th respect to marker chromosomes while the HCT-8

Il

strain derlvatlves demonstrated a more heterogeneous pattern.

!
.

hesasiadizns
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. . Figure 21 -

Predominant marker chromosomes from various. human
colon carcinoma-derived c¢ell strains compared with
. -the normal .chromosomes. (See text.)

s ’ .
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_high level of CEA synthesis whether subjected to selection

heritable, stable ‘and hence ¥ightly controlled.

105

IV. Factors Controlling the Surface Expression of-

Carcinoembryonic Antigen

A. Screening of Possible Inducing Agents

v

The various cell strains (Table 9) have been in

-

culture now -for over two years and all the strains have

maintained their relative level of CEA syntﬁesis over this

L4

time. This coupled with the previous results demonstrating-

»

that the clonally derived HCT-8R strain maintained its

o
NG

in the nude mouse or artificial selection.by cloning,.
suggests that the level of CEA éxbressed by a cell is
<

CEA represen{s an oncodevelopmehtal_giycoprotein
as it is found both in the developing fe%al gut and in tumor
cells. - A number of chemical agents knoﬁﬁ to éltef the |

expression of various "differentiation~associated" products

in other experimental systems were examined with respect

to their effect on CEA synthesis by the various colon

~

earcinoma cell strains (See AppendixlII; Figure 22 A-L).
The chemical agenfs or inducers éxamined were dimethyl-
sulphoxide. (DMSO), bromodeoxyuridine (BrduU), {;xamethaione,'

theophylline and dibutyrl cyclic -adenosine mohophoéphate

‘(dbcAMR)wl Their effecfs.Qn_the non-CEA producing HEI line,

" the low producing HCT-8 Nu2 strain, the HCT-8 and high
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Fifure 22 (A-L)

“

Plots of mean ratios tZ CEA inductdiori by various inducing

agents on various cell strains over time.

For experimental precedure and calculation of results,
see Appendix II. ' :
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producing ﬁCé—SR strain wefe monitored over a seven day
period.

‘As can be seen in Figure é2 F, én increase of CEA
synthesis was producéd'in HCT-8 Nu2 cells by incubation
with medium co;ité;ining 1 mM of theophylline. This effect
appeared after day 3 and reached a maximum at day 5 whicﬂ.
was maintained through day 7. Similar enhancement of CEA
Synthesis was observed in'thé parental HCT-8 cells incubated
with.theop591line (Figure 22 I) although {he increase was
not as marked as in HCT-8 Nu2 cuitures. This effect suggests
that a subpopulation 6f the HCT-8 strain donsiéts'of
“theophyllfne;inducible cells and further supporté the
,heterogeneoﬁs_nature of the HCT-8 population.
| Theophylline did not‘effect the synthesis of CEA
by HCT-8R éélls, but 3 qg/ml of BrdU was observéd to
éign@ficantly.inbrease the surface expression of CEA
transiently on ‘day 3 (Figure 22 q). This,enh.anced.ex‘pression‘\h
' could'nof be detected by day 5. None of the other induqing
agents examined gffected the Synthesis ofsch in these ceil
"strains and no agent was éapable of inducing non~CEA .
producing-HEI,cells tb_synthesize CEA. |

Growth'curves obfainéd'by viablé eéil counts in
%Pypdﬁ blue indicated that no agent, except DMSO (2%),
inhibited cell gronh; sé it appears unlikély that the
observations could be attributed to yoxic,reactions. Also,

measurements of inéfvidual induced and control cells ‘

*

20
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indicated that increases in cell surface CEA could not be

attributed to differences in cell size.

B. Effects of Different Inducer Concentrations‘on

Carcinoembryonic Antigen Synthesis L.

After detecting the indueing ability of theophylline

on HCT-8 Nu2 and BrdU on HCT-8R cells, dose-response

experiments were performed. As can bé seen in Figure 23,
increasing amounts of théophylline produced increasing
synthesis of CEA with a méximum prodﬁction occuéring with
1.5 mM of theophyliine. The'enhéncedslevel"of CEA prodﬂéed
by these cells approaches the level nofmally obée#ved in
non-induced HCT-8R cells.

A similar Airect relationship was observed'getween
inbreasing concentrations Qf BrdU and CEA éynthesis‘by
ﬁCT—8R cells,-ﬁith maximun gxpression‘occurring with 3 ug
of BrdU per ml of medium (Figure 24): Further, these '
results (Table l;)_éndicated that a 12 hour pulse of Brdu
was sufficient to indﬁce’CEA synthesis to a leével attained

»

by continugd exposure of HCT-8R'cells to the drug.

\

C. Lack of Density-Dependence of HCT-8 Nu2 Cells for Induction

by Theoghylline

v
v

CEA induction by theophylline in HCT-8 Nu2 required

"
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Figure 23

Dose-response curve of theophylllne on HCT-8 Nu2 cells
Cultures were seeded on day zero with 1-2 % 107 cells
and, allowed 24 hours .to enter log phase. On day one,
'medium’ was removed from the cells and replaced with .
medium containing none or different concentrations of

* theophylline. This medium remained on the cells_until
“day six at which time the :cells were examined féF cell

surface CEA by the direct RIA. Specific counts per
minute {(cpm) were calculated by subtractlng the average
cpm bourd to 5-x 10° cells with 1257 _normal goat IgG

from average cpm bound with !'?°I-anti-€EA. Each pOlnt

represents the ‘average of dupllcate determinations.’
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Figure 24.

v

cse-response curve of BrdU on HCT-8R cells. Cultures

were seeded with 1 x 107 cells on day zero and allowed
I+ hours. to enter log ‘'phase. On_ day one, medium was
renmoved and replaced with medium’ containing none or’
yarious concentratlons of BrdU. All cultures were
wrapped in-foil to block out exposure to light. On
:av 3, cells Were examined for cell surface CEA by
irect. RIA. Specific counts per minute:(cpm) were
lculated b¥ subtracting counts pound to 5 x 10°

1ls with '*°I-normal goat IgG firom counts bound with
SI anti-CEA. Each point repregents the -average of
uplicate determlnatlons
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* B !
- Effects of Different Concentrations of BrdU on CEA
yhithesis by HCT-8R Cells®
* Inducer Time Specific cpmc
(hr)b - :
Experiment #1 Experiment #2

None 24 7,556 20,585 .
BrdU (.5 ug/ml) 24 ND L .39,001
BrdU (1 pg/ml) 24 17,270 . 43,165
BrdU (2 ug/ml) 24 20,563 54,974
BrdU (3 pg/ml) 6. ND 53,516

12 ND 57,299

18 " ND 56,022

24 23,313 60,835
BrdaU (4 ug/ml)- . 2u ND 60,665
BrdU (5 ug/ml) 24 ND" 55,124
Ja

Cultures seeded with 1.5 x 107 cells on day- zero,

allowed 24 hours to enter log phase at which p01nt
inducer is.added.
aluminum foil and not exposed to light. ¢

NOTE:

- All .cultures were kept in

Time . 1ndlcates the number of hours cells were exposed
to- medium containing notéed .concentration of inducer.

After this perloa, cultures were refed with fresh non-

inducer-containing medium and cultured for an additional . .

24 hours before being 1lsted

.goat IgG =

(Average cpm '?5I-anti~CEA)-(Average cpm '?°I-normal
specmflc cpm)
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L4

at least five days to aopear and growth curves performed

in parallel with 1nduct10nostud1es 1ndicated that cell
division also reached a maximum at five days. This raised
the question of whether inductlon by'theophylline.was a
density-dependent phenomenon. In qnvinitiel experimeﬁt;
cultures of HCT-8 Nu?2 were allowed to'reach coﬁfluenee at
wh%ch.time medium either laéking or containing theophylline
was‘placed on the cells.' While counts ootained from
cultures incubated tor both 24 and 48 hours with the inducer
were slightly igher than cohtrol cultures (Table lQl, they
were not 3-fold igﬂer as had been preViously observed.-
In.a secondlegperiment (Table 13), cells were split daily
foér one week to obtain duplicate cultLres ln various stages
of confluence. On daQ77 the duplicate cultures from each
day were refed Wlth elther fresh medium or medlum contalnlng_
theophylline and tested 24 hours later. Agaln, the results
1ndlcated that cells contalned comparable levels of cell

surface CEA whether they were incubated with or without

inducer. A third experiment clearly demonstrated that

theouhylllne 1nduct10n was not a densmty dependent phenomenon

(Table 14), as a’culture 1ncubated w1th theophylllne for
Z4 hours after reaching confluence was marglnally but not
neerly as .induced ‘as a eultﬁre incubated with theophylline

fpr, all six days. - Co
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Table 12
Effects of Theophylline on Contact-Inhibited

, HCT-8 Nu? Cells®

Induger ’/(V Specific cmpb
24 hours R ;! L8 houﬁs
- None ’ " 7,033 . 13,527
1.5'mM theophylline . - 12,468 18,940

-

2  Cultures were initiated on day zero with 2 x 107 cells
and. gfown until they reached confluence at day 5.
Individual cultures were refed with theophylline-
econtaining or fresh medium and- tested 2“ and uB-hours
later. ]

b’

" Specific counts per mlnute (cpm) = (Average cpm 1257,
‘anti-CEA)-(Average cpm-'?®I-normal goat Ig@).
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Table 13 °
Defermiﬁa%iOn'ofﬂDensity-Depenﬁence of Y
- Theophylline Ihduction of HCT-8 Nu2 Cells
Culture Age? e - Inducer Specific cpmb
7 days . - ‘ : 65,270
‘ T 53,831
|5 aws L : 26,832
: S + ; 39,892 |

. " 4 days .- C - +30,121

: + . © 28,692 .
3-days ) R B 17,839
.. + © 19,827

1@y - .. - 12,166 . -

, L+ R 11,0686

S
4

-

Duplicate cultures were 1n1t1ated daily for one week with .
2 x 107 cells/culture. At -the end of the week' one N
culture from each day received fresh medium; the other
‘received theophylline (1,5 mM) containing hedium. All
cultures were tested 24 hours later with the dlrect

'

_cell surface RiA.. .- / .
. b Specific counts per, mlnute (cpm) = (Average cpm 'Z3I- ~anti-
' CEA)-(Average cpm 1257 normal goat IgG). .
\ | -
. v !
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Table 14

Lack of Density- Dependent of HCT-8 Nu2 Induction

3

- by Theophylllne

Ihducéra  Time with g Séécific c'pmb
inducer o
‘None T . ﬁot added ; . 35,21%
T?e?g?gliﬁ?e,. | ' g dayéi/ ' ) 108,241
Theﬁghylié?e “Last 2u/ho;rs - .u€,396

Duplicate cultures were 1n1t1ated with 2 x 107 cells.
After 24 hours medium was removed and replaced*with

control medium or medium containing- 1.5 mM theophylllne.‘

A third set of cultures received theophylllne containing
medium 24 hours before the end of the experiments; at
which time cells were examined for their amount of cell
surface CEA by the direct  -RiA. ’ .. ‘

Specific counts per mlnute (cpm) (Average cpm . 1ZSI- \
antl-CEA) (Average cpm 1257 normaligoat IgG).
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>
f Effect of dbcAMP on HCT-8 Nu2?2 Induction

‘Since.theophyllihe‘s major known effect is.to
1nh1b1t phosphodlesterase, thereby 1ncrea51ng intracellular
cAMP, numerous attempts were made to mimic theophylllne s
inducing ability with dbcAMP, a form of cAMP capable of
.entering cells.l As'can.be seen ianable 15, while increasiﬁg'
concentratlons of theophylline produced increasirg amounts
of measureable CfA at the cell surface on day 6, cells
incubated with comparable concentrafions of dbcAMP were |
found to'possess control levels of surface CEA. Furthermore,
experlments deSLgned to observe whether a synerglstlc effect
would occur: after exposure of HCT-8 Nu? cells to theophylllne~
and dbcAMP 1nd1eated that the dbcAMP 1nh1b1ted the degree
of theophyll;ne 1nductlon (Table 15). '

. A second -experiment clearly demonstrated dbcAMP'
.inabdllty to,lnduce CEA syntﬂegls in HCT—§ Nu? cells.
Results-.expressed in Table lG/demoﬁStrete that while
theophylline induced a 31fold;increase'of CEA on day 6,
various conceutratfonS'of dbcAMP were.unable to increese

)

on gonfluent cultures
Fa{ichs\were'

unable to.significantly incregii tﬁe levei of cell surface

CEA production above ‘control Ievels
‘Finally, the effect of dbcAM

was examined, and again, Varipo

CEA (Table-l77' Thus, 1t appeays. that the theophylllne

effect on HCT-S Nu2 cells may oc&\r mndependently from an
1ncrease in 1ntrace11ular cAMP
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Table 15
Effects of Different Concentrations of Thepphylline

and dbeAMP on CEA Synthesis by HCT-8 Nu2?

Inducer . Specific'cpmb

* .None. “ . - © 11,767
Theophylline (.25 mM) . ] 17,185
Theophylline (.5 mM) . 23,356

- Theophylline (1 mM) , . 35,828
Theophylyine (1.5 mM) 43,508
dbcAMP (.5 mM) - ) 10,884
dbcAMP (1 mM) 8,941
Theophylline (1 mM) + dbcAMP (.5 mM) 25,183
Theophylline (1 mM) +\9bcAMP (1L mM) C 28,000

Cultures of HCT-8 Nu2 were seeded with 2 x 107 cells and
ra§§d with medium containing indicated concentration of
inddcer ‘after 2% hours. Experiment was performed 5 days
.later, i.e., oh day 6. . .

b On day 6, cultures were trypsinized, counted and .a
direct cell surface CEA RiA was performed in duplicate.
Specific CPM was calculated by subtracting the average
cpm obtained with '?%I-normal goat Ig@; from average cpm
obtained with '%2%I-goat~anti-CEA IgG. o

-
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© Table 16
Effects of Diiferent'Concentrations of dbcAMP on

CEA Synthesis by HCT-8 Nu2 Cells®

Inducer . Specific cpmb
’ Day 3 ‘Day 6
None - o 8,566 . © 10,895
Theophylline (1.5 mM) 8,078 36,346
dbcAMP (0.1 mM) : 7,902 . 10,196
dbcAMP (1 mM) . .9,753 ‘ 10,918
dbcAMP (5 mM) o , toxic toxic

Y

-}

. _ ' —\___
Duplicate cultures of HCT-8 Nu2 cells were seeded on
day zero. On day 1, medium was -replaced with medium
containing concentration of indicated inducer.
Separate cultures were trypsinized and examined by
the:direct cell surface,CEA RiA on day 3 and on day 6.
Specific counts per minute (cpm) s (Average cpm t2sy_
anti-CEA)-(Average cpm '?°®I-normal goat IgG).



Table 17

Effect of dbcAMP on -Confluent Cultures of HCT-8 Nu2®

‘119

Inducer ' . " Specific cpm?
24 hours 48 hours
None 11,094 11,571
Theophylline (1.5 mM) 9,801 10,875
dbcAMP (0.1 mM) 11,238 . 12,030
dbeAMP (1 mM) . : 10,302 © 12,261
dbcAMP (2 mM) ‘ ‘ 10,938 . 1249730

anti-CEA)-(Average cpm .'!?%I-normal goat IgG).

a . .
Cultures were initiated on day zero with 2 x 107 cells/
culture. On day 5, cultures were refed with fresh medium
containing inducer at indicated concentration. Cultures
were examined by direct RiA 24 and 48 hours later.

' Sﬁecific counts per minute (cpm) = (Average cpm '25I-

TSP
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E. Minimal Time Required for‘Incubation with Inducer

2

Since theophylline induction was not a density;
dependent phenomenon, attempts weré made to determine-thew
minimum time the'cells‘had to be in contact with the inducer.
to produce‘an effect. -As can be seen in Table 18, results
from two experiments indicated that the longer the cells
were exposed to theophylline the greater~the inductive
*effect. Hence,_there does not appear to be a short time
during which @he cells may be'trigéered to produce more CEA,
rather the process aﬁpears to require continued presence of.-

the'inducer:

F. Cell Selection by Theophylline L :

[ x
£

. Since continual®presence of inducers .for six days
was Qquired te achieve maximem.iﬂd;ction, the’possibility
arose that this increase mlght .occur through dctive selectlon
of hlgh CEA producmng eells by theophylllne If the
coqcentrafion of theophylline used was toxic for cells

which pﬁoduced low amounfs of CEA, cultures would result

~ . .

whiFh contained only high CEA %Podhcing cells. In order

to examine this®possibility) cﬁlthres of HCTqS Nu2 were

1nduced then split and used to seed fresh cultures which

. -

-Were subsequently tested after growth in normal medium.

Control cultures were. treated in an'identical:manner.

3
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Table 18

. Determination of Minimal-Theopﬂylline Induction Time

Time with inducer® . , Specific cpmb
. o " Expefgiment #1 Experiment #2
N 0 . 11,825 34,782
©,'1 day - . - : 40,740 26,7472
2 : 53,778 -7 23,832
. . ) t \ .
- 45,054 . 48,416
L * 52,461 - 57,789
.5 - - ND ‘ 63,807 °
/
. P . .
6 73,2886 - 63,658
4 A1l cultures were initiated on day zero with 2 x 107 HCT-8
Nu2 cells. After 24 hours, all cultures were refed with
control or theophylline-containing (1.5 mM) medium.
Medium contalnlng theophylline was .removed at 24 hour.
intervals and replaced with normal medium.
b

Specific &ounts per mlnute (cpm) = (Average cpm g& I-
anti-CEA)-(Average cpm S1< -normal goat IgG)

%
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Results from these experiments indicated that theophylline's

induction of HCT-8 Nu2 cells was probably not due to cell selection

and hence, was not genetically maintained, &s control
cultures demonstrated surface CEA levels comparable to cells

which had been grown from cultures which were previously

induced.

-

G. Determination of Protein Synthesis Requirement for Induction

o €

lInitial experiments were conducted to determine
the amoun;-of cyclohe#imide requirea t& inhibit profein
synthesis in HCT-8 Nu2‘cells (Figure éS). In order to
detgrminé whether protein synthesis was required for
theéphylline-indubtive effecf, £L hour pulses of 25 ug/ml
of cycloheximide were édded to continually inauqed cultures
during the induc%?qn period and their CEA level was Sompared
to cultures whose protein synthesis was not inhibited.
Non-induced controls were also runl As can be seen in
fable,lg,'althbugh all the induced cultures'expressed far
ﬁore CEA than .non-induced controls, gll cultures incubated

‘with a 24 hour pulse of cycloheximide expressed less CEA’

than .induced cultures whose protein synthesis was not
{ . v .

«

inhibited. 'In a repeat of this experiment, Tablé.ig, this
effect was further shown not to be due to removal of medium,
since a culture refed wiﬁﬂ fresh inducer—containing‘medium
24 hours before the'cells.were treated expressed more CEA

.

v
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' Figure 25

Effects of various concentrations of cylcoheximide on

" protein synthesis of HCT-8 Nu2 cells. Equal numbers
of cells-were plated in petri dishes and grown to
near-confluency. Cells were exposed for 30 minutes
at 37°C to medium containing various cohcentratlons

" of cycloheximide. 0.1 pCi/ml of 3H-amino acids (*H-aa)
was then added to each plate for 1 hour at 37°C.
Medium was then removed,plates washed and cells were
removed with 10 mM EDTA. Cells were precipitated in
test tubes with TCA #£or 15 miriutes at u4°C. Precipitate
was collected on glass fiber filters which were dried
and counted in a scintillation counter. Percent
maximum incorporation was based on the amount of *H-aa's
incorporated by cells$ incubated without cycloheximide.

o,
P

- s
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* Table 19

-

Inhibition of Theophylline Induction

with Cycloheximide

Inducer® “Cyéloheximideb . Specific cpmc

‘Experiment #1  Experiment #2

- - © 4,691 . 13,522

+ - 46,658 33,316

* day 1 23,231 21,806 .,

+ day 2 29,329 30,096

+ day’ 3 32,506 23,327

+ day U 26,988 18,114 ’
+ day 5 17,718 15,448

+ day 6 124,785 22,242

+d - ' ND 39,694

1.5 mM theophylline.

25 ug/ml of cylcohex1m1de in complete medium contalnlng 1.5 mM
theophylline was ‘pulsed on the c¢ells for a 24 .hour perlod on
the day indicated. At the end of each perlod cells were washed

‘with sterile PBS and refed with medium containing inducer.

A1l cultures initiated on day 0 and tested on day 6.

Specific counts per mlnute {epm) = (Average cpm }25I-
anti-CEA)~-(Average cpm !25I- normal goat IgG)

As a control, fresh inducer contalnlng medium was placed
in this culture 24 hours before testing.

=
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than an induced culture whose medium was not changed.
Hence, continual protein synthesis was required to .obtain
the maximum inductive effect.

!

V. <Clinical Significance of Carcinoembryonic Antigen

A. Test for Detection of Antibodies to Carcinocembryonic

”

Antigen in Patient Sera

N | '
There has been disagreement concerning the question
of the antige‘nicity' of CEA in humans (Gold, 1967; Colltaz et al.,
19713 Gold et al., 1972; MacSween, 1975). As previously
indicated (Piéure lS),.uniabelled dnt%-CEA is capable of
blocking the binding of-lésI;anti—CEA to the CEA present
on tﬁe tumor cell's surface. Use was made of this reaction
to aefgrmipe whether antibod?eé to CEA exist in patient
serum. In three experiments comparisons were made betweén
gefum obtained from control'%ndividuals'without eéncen,
patients with colo-rectal cancer and a 1:100 dilution of-
anti-CEA. As -can be seen in Figure 26, while a 1:100
dilution of anti-CLA caused a mean. of 50% inhibition, |
absolutely no inhibitioﬁ was observed with serum .obtained
froﬁ eithef_cgntrol or individuals with cancer. Further,
the means of négétive inhib@tion of the two grdupg were
‘identical. Thus, it appéar§ that ho- antibodies to CEA can

be detected in human sera.
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Figure 26
Absence of detectablé antibodies to CEA in human serum. ’
50 pl of a 1:5 dilution of serum obtained from healthy

laboratory personnel or patlents with colo-rectal
cancer were eagch incubated in duplicate with 5 x 10°

rHCT—BR cells for 30 minutes.'at 2u°C. Controls consisted

of cells incubated with 50 ul of Tris buffer or a 1:100
dilution, of goat anti-CEA. Unbound antibodies were
removed by washing. 50 pl of '25I-anti-CEA or !25I-
normal goat IgG were then added to the cells for 45
minutes at 24°C. Unbound counts were removed by .washing.
Specific counts per minute (cpm) were calculated by
subtracting the average counts bound with '%3%I-normal
goat IgG from counts bound with '?%I-anti-CEA and

percent inhibition was based on the maximum spec1f1c'

blndlng obtalned in the absence of any serum.

e
>
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5

B. Determination of Dilution of Patient Serum Required to

Detect Carcinoembryonic Antigen .
£

»

‘As brevipusly demoﬂstrafed (Figure 5), quaﬁtities_
of standard CEA obtained from Hoffﬁann~LaRoche and an
international standard of CEA dissolved in buffer were
able to specifically inhibit the binding of iodine=labeled
anti-CEA IgG to the ‘antigen.present on the surface of
the human colon tumor cells. Fdrthgrmére, the test was
capable of detecting concentrations of CEA ranging from
less than 1 néndgram to.greater than 16 nanogfamé; whic:h'~
is comparable to the range of dgtecﬁéon provided by |
currently marketed assays.

Initial studies were‘performed to determine\thé
dilution.of patient serum required fér'detection of CEA
levels. Resu}ts-obtained (Tqble_zos indicated that
undiluted se;"um could be used in the assay and
appééred to present the most marked difference between
patients with and without cancer. While an.undiluted
‘serum éamﬁle from a patient with colon cancer causéd 30%
inhibitioniéf_bipding, a l:4 dilution of the. serum
' abrogated this ability.‘ dSNquuéntly, qndiluted; heat-
"inactivated serum was used in tﬁe assay to determine thql
inhibition of bi;ding'(i.é. kﬁﬁ/i;0$l) present in

'

various patient sera.

. .
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Table 20
Effect of Serum Dilution ¢n CEA Detection by Inhibition
of Binding of Labeled anti-CEA to Human Colon Tumor

Cell Surface cEAZ

Serum . nbilutionb Specific cpmc % inhibitiond
Tris - 11,046 0
Normal . undil. 12,351 o
(J.G.) 1:4 12,793 0
1:8 12,926 0
Colon cancer undil. 488 . 95.6
#11 1:4 5,337 o 51.7
. 1:8 9,290 .. 15.9
Colon cancer undil. ' 7,741 T 30
#1lu l:4 . 12,801 . 0
1:8 11,098 , 0
8 IZS'uI of serum at appropriate dilution was mixed with
50 pyl of '25I-anti-CEA and '?°I-normal goat IgG for
24 hours at 37°C. -Then 5 x 10°% HCT-8R cells as 100 ul
were added to each tube and allowed to react at 24°C
for 45 minutes. Tubes were then washed to remove,
unbound counts and cgll§ were counted in a gamma counter.
b ‘Dilutions made in.Tris buffer. '
©. Average counts per minute (cpm) = (Average cpm ?2°I-anti-
CEA)-(Average cpm '*5I-normal goat:IgG).

ho inhibition. All percent inhibition was calculated
relative to this value. . . i

'Tris tube containing no CEA is, use?l as maximum, producing
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C. Comparigsgn of our Radioimmunoassay to Hoffmann-LaRoche

3

s

Assay

ful

Plasma obtained from patients with breast or lung
cancer were analyzed for their CLA content [in tie laboratory

of Dr. P. Dent by the standard Hoffmann-LaRoche assay

(LoGerfo et al., 1971)]. Serum obtained from the same

pétients were coded and exam%ned by our RIA and the results
were compared. Linear regressioﬁ analysis of the data
(Figure 27) indicated a-cdrrélation coefficient of 0.875
(p<0.001) between the two assay procedures. Thus, the

two assays appear to measure the same antigen.

D. Determination of -Inter-Test Variation and at Least One

Measure of "Normal"

One difficulty encountered in designing a laboratory- \
screening test which involveslthe-measurement‘of an entity, 7
such as CEA, lies in the problem of determining -a threshold
level to diéfingﬁish.betweep "normal" and "abnormal"

quantities of “hat entity (Sackett, 1973,1975). k«ﬁumber

of statistical methods exist to aid, in establishing this

‘"eut-off" point. One of the most common approaches to

sqttinﬁ the' normal range is to ‘describe it in terms .of

the meah value plus or minus two standard deviations. In

normally distributed populations, the mean of that .

\ . N
i
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Figure 27

Linear regression analysis comparing patient CEA levels
detected by our assay and the Hoffmann-LaRotche assay
(See text).

b
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populations may be used, or one can use ‘the mean of the

control group_(i.e., "normals“) or the mean'of the .

“inter-test variation of one sample, since the variation of

measurement contrlbutes to the underlylng biologic
variation measured.

To-ﬁrdvide a measure of inter-test variation,
one individual (L:G.) without cancer (i.e., normal) was
consistently rdntin each of the seven test serum panels

examined. As can be seen in Table 21, L.G. demonstrated

- .
1

. & mean specific percent inhibition of 30.7 & 7.0 at one

standard deviation. This dindicates a coefficient of
varia%ion of 22.8% (Tabfe 21).  If all test results (see -

Appendlx IIT1 & next section) were standardlzed to L. G o

v

-and L.G. was made equal to 0% or no.énhlbltlon) then greater

than 14% 1nh1b1tlon, or two standard dev1atlons fr0m the

mean, would represent at least one measure of “"abnormal”
; : p . :

(p < 0.05):

»
L

A reexamination of the data presented in Figure 27

P

using the calculated thréshold of 14% and the established
threshold of 2.5 ng CEA/ml for the Hoffmann-LaRoche assay

indicate that while the two tests correlate closely there

ts.

is discordance between the 2 methods with respect to the

/

percent of sera copsldered positive for abgprmal levels

of CEA. Results obtaxned from our assay (Table 22)

1ndlcate a lower percentage, 32% as opposed to 76% of

both breast and 1ung cancery patlents w1th ahnormally elevated

A

levels of CEA:: ;

/

PP
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' Table 21
. N A C .
‘ *Calculation of Intep-Test Variation and Establishment

/ o
of No?mal Threshold CEA Level

l ’l
‘Test # % In?&bition (x-x) (x-x)?
. :(x) ‘ . .
J !
f : 6 .
1 /fau.l' 3. | 11.56 .
2 ; 38.7 7 8.0 6u4
. . / ., . N
3 f 140.3 9.6 . 92.16
L X 1 L  ug
5, ./! 28.71 < 2.0 4.0
5 A: . .25.3 5.4 29.16
7, .24 _ . 6.7 4y, 89
\ '
o X = 30.69% - . .- T = 294.77
7 .. .
/ - ro .
Syandard deviation (SD): . . )
.’ﬁ {—_————“—"‘,“ r""‘""—"—'—" f‘—'_'qt‘“ .
D(x-x)%  _ Y294.77 -
LAY b T LB = = 7.0 .
.n~1 6 -
e . SD_ 7.0 _ . :
Coefficient of variation = 2= z ——— = ,228 or.22.8% :
. - : % 30.69 ., .. |
e . . L. . . :-Q
v; . o , . @_"%. ! %
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Table 22
Comparison of Two CEA' RIA SystemsA
' Human colon tumor ' Hof fmann-LaRoche
cell surface
solid phase -
inhibition RiA _ ]
no. (+)/._ % (#)€ nol (+3/ % (1)
no. tested : + " no. tested :
» ; -
Lung cancer . 2/11 S 18 7/11 63.6.
Bfeast cancer " 6/1b 42.8 .12/1s 85 .7

' Total ' 8/25 32.0 19/25 ' 76:0

A see Figure 27. ;
A\
b The number of patienfg with positive (i.e. above normal)
CEA ‘values. ‘ -
c

Percentage of patients with positive CEA values.

<

<
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E. Seroepidemiolcgic Investigations

A series of tests were conducted using various

"serum panels derived from patients with and without

cancer to determine the relative diagnostic applicability

'-.of the human colon tumor cell solid-phase inhibition RIA.

It was ‘anticipated that the CEA present on the surface’
of the colon carcinoma cells might prov1de a more colon
cancer speclflc antlgen to monltor

Frequency dlStPlbutlon plots of the data (see

Appendix III) are presented in Figure.28. As can be seen,

a large percentage of colon cancer patlents demonstrate
high levels of CEA and, as expected, a 1arge portion of
these 'values fall well outsidé the range of CEA found in
normal indivﬁdhals: An attempt was mace to;deter@ine
nhether age, sex or diagnosis or colo~-rectal cancer
pétiente correlated with markedly elevated levels of CEA.
Although most patients demonstrating nery hiéh levels of
1nh1b1tlon had metastatlc dlsease, there appeared to be
no conSLStent correlatlon between sex, age or dlagn051s

and high CEA levels (Appendlx;IV).

The combined res&lts of the seroepidemiologic

1nvest1gatnon of various panels of serum obtalned from '

1nd1v1duals with - and without cancer are presented in TaBle

23. The number and percentage of 1nd1v1duals possessing
above ?normel" levels of CBA,calculeted accordlng to the-

Voo o
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Figure 28 -

.Frequency dlstrlbutlon plots demonstratlng relative
levels of CEA in serum obtained from patlents with
various conditions. See test for method and Appendlx
ITI for data calculation. The number of sera:of

each group studied is given in parenthesis. .
Distribution was calculatéd based on percent spec1flc
inhibition of any serum relatlve to L.G. Plot is
condensed by a factor of 10, i.e., serum samples

' 1nh1b1t1ng 30-39. 9% are plotted as '3.



% 7y
.

CERYICAL CANCER
i

OVARIAN CANCER
[~ ]

T HEPATITIS B
@0

Nok-l. HEPATITIS .
29)

COLON CANCER .
t20)

LUNG CANCER
h(u!

'gmst CANSER
Ce) |

o 543 TT00N 234
© L 9% SPECIFIC. INHIBTION  (+10)

. ety
. o .
P

3.4567 8.9

-n

-
»




136

*SUOTIBTIASD DABDURLS 7 1B soTdues {301 IO UEBSK 8°ES F m:.m = M (° g
*SUOT1BTASD PaPPUR}S 7 3°® mso&w HOﬁpcoo Jo uesy w.mw T LhL = X (4 .
- .mﬁo.ﬂu..m.n\w@@ ﬂﬁ.@ﬁﬂ.mpm Z 3® C.OHU..WH.H.N\r Pwmurerwu.CnH HT F 00°0 = Wm .A.m
. . .mmcm& Hmﬁaww BuTienOoTIEY JO -sSpoylsu mmﬁmﬁu v
0 02/0 0 02/0 . o.. .. Tozro wduapmmwgumaqoz -
- .-02/0 00T 0z/z  -0°0T 02/2 . mmwﬂm/Wmm
88T 9T/€ 8°89 . 9T/TT - ~8°89 C9T/TT : aeouey 3sERIE’
£'8 2T/T 9°9T - 2T/T - 9+9T AVEA © 7+ asouwo Bung
0% 0z/8 0°0L 0z/hT . 0°S§9. 02/€T- ao0UBO UOTOD
0 €T1/0 9L €T/T 9° L €T/0 . | aspued_ UBTIARAQ
0 £1/0 0 ‘£T/0 © o . ET/0 . !.zeoued  $ndIQD"
0 £T/0 0 €T/0 L0 eT/0 xedueo TEOTALR),
0 Sh/0 0 © sh/0 0 " sh/o . sTOdauod i
,, p23s931 -ou peisel °‘ou - vamWP..on i
(+) % /(+) ou (+) 8 /(+) -ou (+) % = /(+) ‘ou ,
L€ POUISH & POUISH T powasy

<mc0ﬂpmwﬂpmm>aH ot8otoTwaptdadass Jo Aaeuumg

I ° N . . .
£z/919e] .

+
/ 4 . .
& . . . s




; o . 137

three'methods previously discussed. _Methdd three does &

-

not hold as an efficignt or proper threshold'as the

.d1$tr1butlon plots demonstrate that our total populatlon>

e’

_1s not randomly distributed.” The results lndlcate that

LY

this assay demOnstrated a very high level of CEA positivity

among colo-rectal and breast cancer patlents (70%) while

\-__’/VE?§*few patlents w1th other cancers were detected No

!
'

control 1nd1v1duals possessed h;gh leyets of CEA and odly'
10% of patients with hepatitid B demonstrated above "normﬁl?
levels of CEA. Thus, it‘appeared that our assay dempnstrated,
a high aegrée‘of tumop,specifidity,'détepting domﬁapaﬁle
pefcentages of colo-rectal cancer patients as‘conventiona;
assays, yet it gliminated_ﬁhch of tﬂeifal§efpositivity'

detected by standard marketed assaysl'

L

I R ) , . - .t



- DISCUSSION'

Fetal tissues appear to contain substances
which are absent? or pfesent; at undetectable levels
in the mature organism. Some of these substances have
been identified by immuho;ogicsi means’ and conseqdehtlyl
they have been refefred.to as fetal antigens‘(Alexander,
1972). It is assumed thaf most fetal .antigens fudction
as “sigﬁsls" or "sighal receptors" required for £he'
complexlpbocesses of;differentiation and ovganogenesis
of the.deeeloping embryd. .
It is gﬁ gree% bioloéiCa} interest that malignant
tdmors of adult animals‘frequently contain high
cdneeafgéfioﬁs'Gf‘fe~exgpessed fetal‘antigens. This
was clearly demonstrated by Abelev- et al (1963), who
'-dlscovered that mouse llver tumors contained high levels
of alpha feto-protelnz a substance normally found only
in fetal-tissue. Gold & Breedﬁan (1965a, b) similarly .
found fhef human gastrointestinsl'trect timors contained
substsdces'absenf from normal adu;; gastroietesfinai
‘tissues, but preseht in tﬁe‘developing‘EEtal gut. '
‘Immunologlcal tests showed that thls materlal, whiech s

was ealled carcmnoembryonlc antigen (CEA), couid be

deeectéd in the serym of patleﬁts with gastr01ntest1nal

[
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' malignancy, but not‘in the serhm of normal individuals
or.of pa%ienfs'with other cancers (Thompson et at.., 1§69).
The possibility that radioimmunoassays, for CEA might
provide a dlggnostlc test for gastr01ntest1na1 tract °
cancer prov1ded impetus for_lnvestlgetlons of the immuno-
chemistry of CEA and the development and plinical-pse

' A
of numerous CEA assays.

-

The majority of studies concerning CEA.have

focused on the.immunochemical characterization and clinical

application ofﬂtﬁe molecule and it Was,generaily dgreeq
(Neville & Laurence,'197u) that little was known about
‘ the blology of CEA. '

My 1nvest;gatlons have.used speolflcally labeled
antibodies as probes to study the expre551on of CEA)et
. the surfaCe of human colon car01noma cells grown in vitro
and a’ radlolmmunoassay for the quantltétlon of CEA and
antlbodles to CEA in the serum of cancer patlents was
déveloped.

Antlserum spe01f1c to CEA was prepared in goats
and the blndlng of these antlbodles to CEA expressed at
© the, surface of ‘'viable colon carc1noma cells in vitro
resulted in 4. rapld redLstrlbutlon of the antlgen to
form. a cap at one pole of the cell. Although, 1n1t1aliy
CEA was found to be unlformly dlstrlbuted on the cell %

’jsurface, 1f the cells were placed at 37°C the ant1gen~‘

N antlbody compleXes would mlgrate laterally on the cell
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membrane to .form a cap or prétrusion at one pole. The
ability of.certain membfane molecules to move 1atefally
in the plane of the membrane supports the fluid-mosaic
model -of membrane structure proposed by Singer § Nicolsoﬁ’.
(1972). '
The polar redistribution of CEA was demonstrated
By both the direct ihmuﬁofiuorescence test‘emplo&ing
fluoresceln ~-conjugated anti- CEA IgG ds well as by the
1nd1rec& 1mmunofluorescence test whlch indicates that
- the prlﬁarQiaqtlbody was respon31ple for capp}ng._ The
role of anti-CEA antibodies in the polar redisfribution'
of CEA'was also demonstrated in th;{éﬂhirect immuno-
fluorescence test by fixing the cells in 2.5% buffered
formalln after’ reactlng them w1th the prlmary antlbodles
but before the reaction w1th conjugated aritiglobulin.
While direct and indirgdt immunéfluoreséence
reactions permit visﬁalizqéion of cell surface reactions.
'Théy do not permit precise. quantitation. For thls

reas®n, dlnect and indirect radiolabeled antibody assay

systems were_developed and optimized.

1.

in an indirect assay, supported flugfescent observations

that the primany antibodiéizﬂgnﬁ'féspohsibie for capping
r o . ~
Further, both systens dqunsfrated that appro 1mate1y three
hours were requlred to completely remove CEA from the ,

- cell surface at 37°C‘

e

(PRI SR



‘ o o . 1ul

As described for other antigéns (Taxiér et al.,
1971; Loor et al., 197?; Joseph & 0ldstone, 1974; ‘Yahora
'8 Edelman, 1972; UnamVe 3 Karnovskyf 1974), CEA capping~
was found to be tempématurendepéndent and was inhibited
'b'y sodium azidé and gytochala\sin B. Furthe'r, protein
symtheéis was not rquibed?fmr capping, as no inhibition
of capping oc¢curred in the presence of cyclomeximide.

Although the.mechanism of capping has memained
unc¢lear, a mgmber of h&pqthesgs havekbeen proposed to
explain this phenomena: Bretgcher (1976) has suggesiea.
that capping is due to a rapid, éonfinmous,"ériéntgd fipm
_of 1ipid.molécu1es in ;he plasma membrane. Harris ((1976)
has proposed the continueus recycling of not only 1£§id
but also_imtegral membrane proféiﬁ.and cafbohydrate
comﬁonents In this hypothe51s, capplng ‘is secondary to .
cell movement w1th dlrectionallty of membrane flow |
stimulated ﬂ& the presence\of a substratum. Other
investigators ﬁave'postulated an importgnt, if not.

" essential, role of cytoplasmic microfilaments, and/or

microtubﬁleg in capping (Yahara & Edelman, 1972; Ash €

Singer, 1976). These submembranous structures .are believeél

fQ link cytoplasmic and membrgne strdctures and play an
active roIe-in’;urface mopography Recently, Schrelner
. & Unanue (1977) propoSed two dlstlnct forms of capplng
One form is movement~dependent and.the other depends on
seleétlve lnteractlon between membrane and cytoplasmlc

[

protelns..
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Siﬁce cytochalaéin.B, a microfilament disr&pting
agent, was found to, inhibit CEA capﬁing, it would seem
most‘likely:that an interaction between the contractile
apparatus. of the cell and the éntigen receptor on the
membrane may be reépdﬁsible for CEA.capping.

Séme authors ﬁave'refefred to CEA as a m§mbrane
protein wﬁile‘others have suggegted that it i; not a'l
membrsﬁe.protein but i;.present on the outer surface of
the cell ‘after secretlon (Terry et al.; 1974). Tﬁe fact

that CEA 13 subject to antibody-induced redistribution

'suggests that the antigen should be considered a component .

of thesplasma membrane, as are other antigens which can

be .capped. Furthermore these observations are compatible

»

'with CEA representing a peripheral membrane protein

.

instead .of an infegnal‘membyané protein within the fluid-

mosaic model of cell‘membranes'(Siﬁger & Nicolson, 1972)..
Studies employlng 1nd1rect radlolabeled antlbodles

demonstrated clearly that the majorlty of CEA~ant1 CEA

complexes were endocytosed follow1ng capping. Thase

results wefe suppofted by observations.that a véry small

percentage of counts bound to cells reacted with iodine-

"

labeled gﬁti—CEAllés werée lost from these‘cells when

“the cells'wepe incubdted ‘for prolonged. periods. of time

under condltlons favoring capplngu Slmllar results usxng

-autoradlography (Gonatas et aZ‘, "1976) and ferrltln-

labeled‘antlhOdles have'démonstratqd_that ;nternallzation;w

1
o LI
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follows capping of molecules at the surface of lymphocytes.
Internalization of supfaée complexes has also been shown

for neurons (Gonatas et al., 1977).

Our results also indicate.that CEA is coptinuously

o Ry

and rapidly regenerated at the surface of human colon’

carcinoma cells. Using labeled and unlabeled anti-zEA

antibodies‘it was shown that a full complement of CEA

‘molecules were re-expressed at the'celi surface approximatély

three hours afte; the initiation gf tﬁe éapping reaction.

The'reappqarange of CEA at tﬁe ceil.surface was shown‘

to be temperature-depehdent and required protein synthesis.
Similaf studiés-concerning the regeneration qg

surfacé immunoglobulins on lymphocytes have demonstrated

that froﬁ 2 to 4 hours were required- for completé

reappearance of imﬁunog%obul@n (Loor et ali,.1972; W&lson

et al.,-1972).' Similarly, 3.houﬁs.were'required for

_the'regenerétion of surface anionic gfoups in mouse

peritoqeal macrophaées (Skutelsky-8 Hapdy,‘%9765.

| The spgcificify.of‘thq.various reactions described.

- here for CEA‘.were supported by the findings that. positive

- peactions wcywilnot.ohservcd with cells dcr{vcd From’ ‘

mal;gganciestof other sites or from normal tissues.

~Further, c€lls which reacted with goat-anti-CEA did not

react with normal géat.éerum‘and cellé which reacted

had pﬁévibusly'ﬁeeh shown by radioimmunoaésay gp.sypfhesize

6EA (Tqmpkins'at al,; igfﬁj"ﬁganAe qud’:1§72)' IQentical

.
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.150,000 molecules of immunoglonulin were present on an
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reactions were also observed using our anti-CEA or a
preparation- 6f anti-CEA obtained frem Dr. P..Gold.,
These two antisera also produced a single line of

1dent1ty when reacted by, Ouchterlony double dlffu51on

with CEA Furthermore, two standard reference sourCes

of CEA, obtalned from 1nternatlona1 and commer01al

sources, were both able. to specifically 1nh1b1t the

_binding of anti~CEA antibodies to the CEA present on the

surface of our colon carclnoma cells

* The Spelelc 1nh1b1t10n of blndlng with known

. quantities of reference CEA also permltted an estlmate of

the number of CEA molecules present on an individual ' a
tumor’ cell. ‘From our calpulatlons, there was' approximately -
8,000 CEA molecules/eell.,.It was ce;cuiated that so,bobru
individual lymphocyte (Rebellino et al., 1971): '
Thermglecular relationship’between CEA and>biood
group entigen A hae been a eubjecr of concern in recenf '
years. Some authors haVe.presenfed evidence that the
twoiahtigehs'represenf.different'eeﬁerminants on the same'

molecule (Gold & Gold, 1973; Holburn ot aZ 1974) op

that CEA represents modlfled or 1ncomplete blood groﬁp RN

antlgens 031mmons § Perlmann,.1973) Other authors L

‘contend that CEA and blood group antlgens are different . .
. moleoules €Cooper et aZ., 1974 Denk et aZ., 1974y I

found (Rosenthal et aZ,, 1975) that CEA underwent rapld "::y ’

- .- i3 "' A .
. A ,1"!,‘0,-.-,’ .,‘
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polar redistribution after binding with antibody while
isoantigen A remained uniformly distributed over the cell
surface after reacting with antibody. When cells which
expressed both CEA and isoantigen A (ﬂT=29) were reacted
with both anti-CEA and anti-isoantigen A, the CEA capped
without altering the uniform staining pattern of isoantigen
A. Furthermore, incubating cells with anti-A antibodies’
(eitﬁer IgG'or IgM) before anti-CEA did not inhibit CEA
redistribution while A antigen remained uniformiy
distributed. These findings and similar demonstrations
of distinct distributions of CEA .and blood group antigens
observed in vivo (Denk et al., 197u4) indicate that CEA
and the blood group antigens exist as separ;te molecules.
Although éyéibody—induced redistribution experiments
clearly show that A antigen and CEA exist as separate’
molecules on the cell surface and that antibodies td
CEA do notiénoss-react with A antigen, no conclusioﬁs
can be drawn regarding cross-reaction of A antibodies
with CEA. However., the failure of IgG or IgM anti-A -
antibodies to induce capping on HT-29 cells under any
circumstahces would suggesi that these antibodies diq7not
react with the CEA molecule which; is readily reaistributed
by specifie—anﬁibodies. This conclusion which is in
contrast to the observation of éold & Gold (1973) that
igM anti~A antibodies reaqted with CEA is tempered by

the possibility that too few anti-A antibodies are attached

[ .
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to CEA to induce capping or tﬁat not all anfibodies'are
capable of redistfibuting CEA.

The possibility also exists that thé cross-
reactions observed by others were due %O‘new sites .Y
exposed on the soluble CEA molecules after ohemicél
extraction. Since our work has utilized intact cell
membrane-associated CEA it is possible that conformational

differences exist. Another possibility is that blood

group substances were contaminants of their CEA preparations.

]

- Since our source of CEA was obtained from a tumor biopsy
of a blood type O patient, we did not have to concern
ourselves with this problem.

A cell line (HCT-8), deriQed from a human adeno-
carcinoma. of the colonz had been\established in cell
culture and characterized (Tompkins'ef al., 197u). A
variant was isolated from cultures of HCT-8 that differed
from the parent cells in morphology, ability to grow in
soft agar, yarker chromosomes and CEA production. (Rosenthal
et al., 1977).' The variant cells were cloned and the
strain was designated HCT~-8R. This strain grew as

. s . . . . e
distinct pleomorphic cells, did not form colonies in - "

soft agar, had a 7q+. marker chromoséme and pr?éuced about
2 to 3 timeg more CEA Ehan the éarent cells. The pa;e
HCf—B celis, on the cher.hand, grew as.tightly packed

. cplonies of epithelial cells,'férmed colonies in-éof{ (w

~ ~

agar and predominantly demonstrated a 4q+ markey chromosome.

bt
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Ce11§ from both strains were separately injected
in graded doses into nude mice. Equal numbers of cells
of both sfrains were required to form tumors in nude mice.
This result suggested a lack of correlation between CEA
production and oncogenicity in nude mice.

Histological examination of tumors formed by -

HCT-8 cells in nude mice showed areas of well-differentiated

and areas of poorly differentiated adenocarcinoma. This
contrasted with the uniformly poorly differentiated tumors
formed. by the HCT-8R strain in nude mice. These results
suggested that HCT-8 cells represented a mixture of cells
with different phenotypes with respect to the morphology
of the cancers produced. The cloned HCT-8R cells appear
té represent the mére dedi?ferentiated phenotype.
A Cell strains were established in vi¢ro from tumors
formed in nude mice by HCT-8 or HCT-8R, and these were
designated HCT-8 Nul and HCT-8R Nul, respectively. The
nude mouse passaged gtrains maintained the morphology
and relative amount of CEA ‘produced by their present cells.
But occaéional examples of the HCT-8R 7q+ marker chromosome
were seen in the HCT-8 Nul strain. These results further
supported the, heterogeneity of fhe HCT-8 strain and ’
suggested that HCT-8R-1like cells composed\a certain’
percentage of that populatioh. -4 -
'q1ones were established from both HCT-8 and HCT-8R

cells and exanined for the quantity of cell surface CEA

g o g
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they expressed. While strains derived from clones of
HCT-8R demonstrated a normal distribution of high CEA
production relative to HCT-8, strains derived from clones
of HCT-8 demonstrated marked heterogeneity in the amount
of CEA ‘“they prodgced. Further, it appeared that about

5% of the HCT-8 population was composed o% high HCT-8R-

Y
v

like CEA expressor cells. These results correlate with f
the variability in intensity of surface staining demonstrated
by immunofluorescencé tests of HCT-8 cells. The recent
findig% of variability in the presence and quantity of

Regan iscenzyme in individual cells of the HCT-8 populaéion
by Singer et al. (1976) supports the heterogeneity of

this cell strain. Whether the apparent heterogeneity

of HCT-8 was present 'in the original carcinoma or arose

after establishing the cells in lture is not known.

But the first argument is favore:u;)nce the relative

quantity of CEA synthesized by the various celé strains

has remained stable after prolonged im vitro culture.
Heterogeneity of an in_;ivo tumor has been hypothesized

to arige.through the process of tumor progréssion

‘(Nowell, 1976i Prehn, -1976). This process 1s believed

to occur through the gequenfial selection of mutant
subpoﬁﬁlations which were derived from a common progenitor
cell. |

An apparent alteration of tumor cells was found

when nude mouse passaged cell strains were reinjected




-
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into nude mice. Both HCT-8 Nul and HCT-8R Nul cells

showed a significant increase in oncogenicity with the

* second nudé mouse transplantation. Furthermore, on the

passage of HCT-8 Nul cells through nude mice, a line of
cells (HCT-8 Nu2) was established that differed
morphologﬁcally from the parent cell line. HCT-8R, on
the other hand, showed neither morphological or Cytogenetic
changes following passage through nude miée although they
became more oncogenic. Tbe ability of cells to change
their morphology and biochemical properties after passage
through the ﬁude mouée was recently demonstrated for®
malignant melanoma by Aubert et al. (i976). They noted
both morphological changes and alterﬁtions in the content
of 5-S-cysteinyldopa. Similér to our findings, their
cells maintained the karyotype of human cells and éach
strain presented with the specific marker of its
corresponding permanent.cell line.
The association between elevated CEA production
with malignant transformation makes this antigen a
potential marker for evaluating differences in oﬁcoéenicity
in tumor cell variants; therefore, HCT\@\iE%;gff:ER,
as well as tﬁe nude mouse-passaged cells, were exam%ned
for membnéne—associated and secreted CEA. 1In all cases
a direct.correlationfags observed between the amount of

cell surface CEA and CEA secreted into the éulture

‘ ¢
supernatant. However, the HCT-8R variant produced

P

f
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significantly more CEA than did the parent HCT-8 ceil line.
A single passage of either cell strain in nude mice failed
to alter the level of,.CEA synthesis. The ability of human
colon carcinoma cells to grow and maintain CEA production
in nude mice has also been demonstrated by Carrel et al.
(1976). However, a morphological variant of HCT-8 derivéd
from the 2nd nude mouse_passage showed relatively low
levels of cell—associatéé CEA and insignificant levels in
the culture supernétant. Thus, it appears possible to
select for cells that produce little if any CEA. These
results show no correlation between CEA production and
onéogéhicity for nude mice, suggesting that stimulation of
CEA synthesis may not plgy a critical role in initiation
and growth of colon carcinoma. |

The effects of various inducing agents, chemicals
known to alter theé expression of "differentiation-
assoqiated‘products", on CEA production by vaﬁious'cell
strains- was examined. The HCT-8. Nu?2 strain; a very 1ow:-
CEA ppoducing strain, could be induced to express high
levels of CEA by inclusion of theophylline in the ﬁedium.
The levels of CEA.produce;'by indUCed.HCT—8 Nu2 cultures
were comparable to levels.of CEA produced by HCT-8R cells.
Enhanced expression of CEA by tﬂeophylline was dose- .
dependént and time-dependent, requiring continual presence
of the drug. The effect alsé required continuai protein

synthesis and did not cause a marked alteration of céll

merphology or growth.




&

The major known effect of theophylline is the inhibition
of phosphodiesterase activity (Rébinson et al., 1971).
It is commonly assumed that this leads to a rise in
intracellular cAMP. Cyclic AMP is known to pegulate
numerous cellular functions (Rev. in Rebhurn, 1977).

In these studies numerous atteﬁpts were made to
mimic the theophylline effect by external addition‘ofzthé
dib;tyrated derivative of cAMP (dbcAMP). This derivative
is believed to enter cells more efficiently than cAMP
(Hsie et al., 1975). Under no circumstances was'@bcAMP

able to mimic the effect of theophylline and when the two drugs

[
-

were used together the dbcAMP actually inhibited ,

‘theophyllines effect. Results similar to these were

recently reported by Steinberg & Whittaker (1976). They
noted that theophylline would act as a potent stimulator
of melanogenesis in a hamster melanoma cell line. Further,
;he theophylline effect on melanogenesis was diminished

by dbcAMP.

Caution must be maintained in interpreting the
lack of effect of dbcAMP, though, since the uptake and’
actual ability of this compound to increase intracellular
1évels of cAMP were not investigated. Further,-a number
of butyrated compounds are known to accumulate in cells
in the presence of dbcAMP (Rebhurn, 1977) and .the effects

of these breakdown pﬁoducts are not well understood.
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The enhanced expression of CEA brought about by
tpeophylline was not density-dependent. The effect, also,
couid not be attributed to selection by the drug of a
hig?\CEA expressor subpopulation. Quantitation of CEA
expressed by clones derived from HCT-8 Nu? demonstrated
that no high CEA expressing cells were presenf in this’
population. Further, 40% of the cells composing the
HCT-8 population were HCT-8 Nu2-like with respect to
the level of CﬁA they produced. These Pesﬁlts support
the heterogeneous. nature of the HCT-8 population and
also account for the weak but significant enhancement
of CEA synthesis observed in the HCT-8 cells. Interestingly,
the increasé of CEA production in HCT-8 cells was one-
third that produced in HCT-8 Nu2 cells by theophylline.
Since the growth rate of cultures incubated with or
without theobhylline were similar, it is felt that cell
selecfién was not the mechanism of enhancement of CEA
synthesis by theophylline. |

The agtual-mechanism of theophyllines ability
to increase the expression of CEA in-HCT-8 Nu2 cells is
currently poorly uﬁderstpodl While it is general#dy
assumed that inhibition of phosphodiesterase activity
leads to a rise in intracellular cAMP, therg is'at,least
one cell line; a mouse lymphoma, in which theophylline
producés no increase in c¢AMP content (Daniel et al.,

1976), and the possibility cannot be ruled out, that

[
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theophylline has other effects on cells besides inhibifing
phosphodiesterase activity. I beligve that further studies
on the/action’of theophylline as an inducer of CEA synthesis
would iead to a better understanding of the control of
expression of CEA.

Simiiar enhanced expression of CEA could be induced
in HCT-8R cells with BrdU. This.effect was not as dramatic
as the theophylline effect on HCT-8 Nu2. The increased
expression of SFA was observed transiently and did not
invglve a marked change in cell morphology. The effect
could be prodﬁced by exposing log-phase gfowing cells to
BrdU for 12 hgurs and subsequently removing it. The
response'to'BrdU Qas shown to be dose-dependent. TFurther,
this induction was not consistently reproducible and it
is assumed that other factors may be involved in this
phenomenop. These effects are remarkably similaf to the
induction of C-type particles with BrdU or other halogenated
pyrimidines (Lowy et al., 19713 Aaronson et al., 1971).

Thus it appears that different strains of cultured

human colon carcinoma cells respond to different inducing

agents with increased production of CEA. This could

possibly be attributed to their different degrees of
differentiation. It has been postulated by Rule & Kirch

(1876) that multiple genes may code for different

N

molecules possessing CEA antigenic determinant and that

these genes could be individua}}y controlled.
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Several studies have attempted to demonstrate the
presence of antibodies to CEA in human sera. Sera from
patients with nonmetastatic cancer of the digestive system
and from pregnant women were found by Gold (1967) to
agglutinate red blood c¢ells which had been coated with a
semi-purified preparation of CEA. Subsequently, Collatz
et al. (1971) reportéd that using three different
techniques (passive hemagglutination, %mmunaadsorption,
and immunofluorescence) they were unable to éetect
antibodies to CEA. They further reported (Collatz et 'al.,
1971) that the antibodies tha% Gold (1967) detected were
most likely directed against normal tissue components.

More rec¢ently, direct binding of immungglobulins
to radioactive-iodine labeled CEA by radioimmunoelectro-
.phoresis was demonstrated by Gold et al. (1972). 1In
soﬁe cases; this’ was prevented by absorbing the serum
With blood group A erythrocytes, suggesting cro§s—reacti§ity
by antibodies to blood group A. -LoGerfo et al. (1972)
was unabie %o detect any evidence of direct binding of
serum gloﬁulins to '2°I-CEA using a 7-gel assay.

In the present study, T was unable to detect
antibodies 1o CEA in the sera of colo-reclal caneer
patients or controls. My assay involved the use of
patient, serum to inhibit the binding of '?%I-anti-CEA
IpG to the CEA present on the surface of human col&h

carcinoma cells grown in vitro. This assay was shown to

-
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be highly sensitive and specific for CEA. Further, since

the cells_ were derived from a patient of the O blood-type

(Tompkins et al., 1974) and shown not to possess A blood-,

group antigens (Rosenthal et al., 1975), the possibility

of mistakenly detecting anti-blood- group antibodies was

eliminated.

?f colo-rectal cancer

§ The possibility that circulating CEA in the serum

patients or the CEA present on

« their cancers would have completely removed circulating

antibodies to CEA cannot be ruled out. This situation

was reported, though,

metastatic disease (Gold, 1967) and I have examined the

? .
,sera of patients with

only to occur in patients with

both metastatic and nonmetastatic

disease. Consequently, this possibility is made less

likely. Further, since no serum from either colo-rectal

cancer patients or controls were able to inhibit binding

at all, %t would seem

that CEA is not autoan{igenic.

The association of CEA with gastrointéstinal

tumors has been well established, and it is present at

elevated concentrations in the serum 1f the majority of

patiehts with adenocarcinoma of the gastrointestinal

tract (Thomson et al.,

Moore et al., 1971).

1969; LoGerfo et al., 1971,

Although the association of CEA

with digestive tract tumors has been well established, it

has also been demonstrated in the serum of patients with

a variety of other tumors (LoGerfo et al., 1971;
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Pusztaszeri £ Mach, 1973; Kuo et al., 1973; Laurence et al.,
1872). The diagnostic usefulness has been limited by the
demonstration of CEA at elevated concentration in the

sefum of 3-18% of normal persons (Moore et al., 1971) and

in associgtion with a wgde variety of non-neoplastic
diseases, notably 1ivqr disease, inflammatory bowel disease

and chronic renal disease (Moore et al., 1971a; Hansen

-
"

et al., 197435 Laurence et al., '1972).
Contrary to the early belief that CEA represented

a single homogeneous glycoprotein (Krupey et al., 1968)

recent studies have demonstrated biochemical heterogeneity

(Gold et al., 1973; Rule § Goieski—Reiily, 1974; Eveleigh,

1974; Coligan et al., 1973; Banjo et al., 1974a). The )

isoelectric profile of CEA extracted from tumors has
been shown to differ from that extracted from fetal or

embryonic tissues (Rule § Goleski-Reilly, 1974), and six

or more molecular epecies of CEA-like antigens have been
. 3.

observed. Alfhougﬁ the basis of this heterogenicity

«

has not been fully established, much of it may be attributed

to variations in siliac acid content 2Coligan et al.,
1973). The observed heterogeneity intrdduced the
pgssibility that CEA, as currently defined, does not
represent a single molecular entity but réther a set of
related isomeric glycopro%eins sharing certain sets of
antigenic determinants (Edgington et al., 1975).

Consequently, much emphasis has recently been placed on

)N
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recognizing which, if any, CEA déterminants more precisely
relate to the biology of tumor cells and would provide a
more effective immunodiagnostic assay.

The assay system which.I have designed, makes
use of ”natural”'CEA present on the surface of human colon
carcinoma cells grown in éitro. This CEA has not been

3

subjected to any extraction procedures as has the éoluble

i
i

CXA used in most current assays. Certainly, the CEA

s

-

is colon céncer specific since it is produced by colon
cancer éells. Further, my assay measures the inhibition
of 125T.anti-CEA IgG brought about by untreated serum.
Currently marketed assays often require the extraction of
glcbulins by precipifation from patien% plasma. For . ¥
these reasons it was anticipated that this assay would
provide a more coloﬁ cancer speéific test for CCA.

In a sample of patients with carcinoma of the ]

breast or lung, a significant correlation between my assay

iRk -

system and the standard Hoffmann-LaRoche assay was

osserved, although a markedly low incidence of elexgted 3
CTA levels was detected in these patients by my gf ' ;
assay. i ]

Detection of elevated serum”CEA by my assay in 3
patients with adenocarcinoma of the colon or rectum was

similar to that reported using standard assays (Dhar

et al., 1972;‘Th6mson et al., 1969; Edgington et al.,

1976b). My assay also detected a fairly high percentage
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of breast cancer patients with elevated CEA levels. CEA

was rarely elevated though, in association with lung cancer =,
3 N

T an

or female urogenital neoplasms.

Although the frequency of elgvation of CEA was
similar in gastrointestinal cancer, JE detected by my o
assay or standard assays, greafer specificity of my assay

for neoplasia was clearly evident from the study of patiemts
\

without cancer. No control individuals studied were found

to have elevated levels ofﬂCEA and onl§/ib%/of patients

with non-B hepatitis were found with slightly elevated

CEA levels. Consequently, the inciﬁence of fal&i;pOEitiwes

detected by my assay is low. .
The possibility that the CEA present on the

surface of the colon carcinoma cell maintained in vt tro

2
may represent)a tumor-dominant form of CEA was %
! :
supported by recent investigations of a membrane-isolated .
form of CEA conducted by Leung et al. (1977). These P |

investigators found antigenic determinants on a membrane

form of CEA which were not detectable on soluble forms
of CEA. Tﬁey attributgd this property to é distinct
conformation of membrane-associated CEA (Leung ‘et al.,
1977).

The possibility that the CEA, present on the tumor
cells does net provide a more specific.measure cannot be
ruled out. TFor it has been noted by Zamcheck et al.(1975)

that similar reduction of false-positive regults can be

T
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achieved in the standard assay systems available if one

L
merely raises'thq/amount of CEA used as the cutoff level.
~ L 4}
Certainly comparative analyses of CEA levels using my

assay “and standard assays must be conducted on many more J

patients, including more with non—neog&sstic diseases

and carefully staged neoplasms to establish specificity.

i

It is hoped that continued invest%%ations of this
type will facilitate detection and management of cancer

patients. ‘ ~
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APPENDIX I
J ;
The molecular weight of CEA has been estimated
to be about 180,000 (Krupey et al., 1972; Coligan et al.,
1972). The amount of soluble CEA required to specifically
inhibitlbinding of '2%I-anti-CEA by 50% is about 6 ng
(Figure 5) and 2 x 6 g = 12 ng constitutes the approximate
o

amount required to (Produce 100% inhibition. This:

12 x 107% grams

- ] x'6.023 x 10?3 molecules/mole
18 x 10" grams/mole

provides an estimate of the number of molecules of CEA

on the cells in the reaction mixture or 4.01 x 10!'°.

B

This number divided by the total numbef of cells (5 x 10°%)

which give the number of CEA molecules per cell: ? x 103
‘ 7

molecules of CEA/cell.
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{
" APPENDIX 111 ¢
. . v )
Calculations from Seroepidemiologic Investigationsa
Experiment 1 Experiment 2

Specific % % Specific % %
cpm maximum  L.G. cpm maximum L.G.
Tris - 23,548- 0 -51.7 31,134 0 -63.0

L.G. 15,521 34.1 0 19,089 38.7 0
NUNS 18,337 22.2 --18.1 22,054 29,2 -15.5
2 17,968 23.7 -15.7 21,780 30.1 -14.0
3 17,903 24.0 -15.3 21,885 29.8 -14.6
4 19,449 17.5 -25.3 19,725 36.7 - 3.3
5 18,917 19.7 -21.8 21,878 - 29.8 -14.6
6 19,166 18.7 -23.4 23,356 25.0 -22.3
7 18,097 23.2 -16.5 22,736 27.0 -19.1
8 17,168 . 27.1 -10.6 22,764 27.0 -19.2
9 16,098 31.7 - 3.7 21,364 31.4 -11.9
10 18,232 1 22.6 -17 .4 22,227 28.7 -16.4
LAB 14,684 37.7 5.4 20,183 35.2 - 5.7
2 15,683 33.4 - 1. 19,008 39.0 0.5
3 14,499 38.5 6.§> 20,256 35.0 - 6.1
4 15,905 32.5 - 2. 20,914 . 32.9 - 9.5
5 15,282 35.2 1.6 18,698 40,0 2.1
6 14,639 37.9 5.7 21,300 31.6 -11.5
Colon Ca 4,497 81.0 . 71.1 14,763 52.2 22.7
2 3,465 85.3 77.7 13,669 56.1 28.4
3 13,192 44 .0 15.1 2,873 90.8 85.0
4 746 96.9 95.2 18,345 41.1 - 3.9
5 13,448 42.9 13.4 17,976 42.3 5.9
6 1,122 . 95.3 92.8 19,723 36.7 - 3.3
7 16,566 29.7 - 6.7 - 20,831 33.1 - 9.1
8 14,269 39,5 8.1 1,692 94.6 91.2
9 6,343 73.1 59.2 - 2,018 93N\6 89.6
10 11,110 52.9 28.5 16,320 47, 14.6
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APPENDIX III (cont'd) |-

Experiment 3 . Experiment 4
Specific % % Specific % %
cpm maximum . L.G. cpn maximum L.G.
Tris 36,611 0 -67.3  Tris 35,406 0 -31.1
L.G. 21,874 ° 40.3 0 L.G. 27,000 23.8 0
Controls " 22,950 37.4 - 4.9 Corpus Ca. 28,198 20.4 - 4.4
2 ’ 23,746 35.2 - 8.5 2 27,088 23.5 - 0.3 y
3 22,088 39.7 - 0.9 3 26,113 26.3 3.3 ]
4 19,747 46.1 9.8 4 26,771 24.4 0.9 3
5 19,360 47.2 11.5 5 26,590 25.0 1.6 ;
6 21,168 42.2 3.3 6 23,783 32.9 12.0
7 26,233 28.4  -19.9 7 26,278 25.8 2.7°
8 19,149" 47.7 12.5 8 27,191 23.3 - 0.7
9 22,311 39.1 - 1.9 9 24,255 31.5 10.2 i
10 ' 21,578 41,1 1.4 10 25,919 26.8 4.1
11 21,157 42.3 3.3 11 25,222 - 28.8 6.6
12 24,826 32,2 -13.4 12 38,843 1.6 -29.0 4
13 20,974 42.8 4.2 13 29,407 17.0 - 8.9°
Cervical Ca. 22,280 39.2 - 1.8 Ovarian Ca. 28,123 . 20.6 - 4.1
2 24,873 32,1 -13.7 2 24,181 31.8 10.5 i
3 21,291 - 41.9 2.7 3 29,495 .  16.7 - 9.2 §
4 22,063 . 39.8 - 0.8 4 27,162 23.3 - 0.6 ;
5 19,088 47.9 12.8 5 26,479 25.3 2.0° !
6 20,0331 44.5 7.1 6 22,736 35.8 15.8
7 19,843 45.8 9.3 7 28,324 20.1 - 4.9
8 20,646 - 43.7° 5.7 8 26,880 24 .1 0.5
9 19,744 46.1 9.8 9 26,270 25.9, 2.8
10 . 21,844 40.4 0.2 10 28,121 20.6 - 4.1
11 22,009 39.9 - 0.6 11 25,705 27.4 4.8
12 ) 20,990 42.7 4.1 12 27,732 21.7 - 2.7
13. 21,723 40.7 0.7 13 34,283 © 3.2 -26.9
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APPENDIX 1II (cont'd) ////’ ’
Experiment 5 : \\
Specific % % \
cpm maximum L.G
Tris 26,114 0 -40.2
L.G. 18,619 28.8 0 :
Lung Ca. 19,615 24.9 - 5.3 i
2 2,033 92.3 89.1 _
3 19,716 24.6 - 5.8
4 22,02 15.7 -18.2
5 20,433 21.8 ‘ - 9.7 ]
6 18,333 29.8 1.6 §~
7 20,222 22.6 - 8.6 i
8 _ 8,367 68.0 - 55.1 '
9 s 19,150 26.7 - 2.8 J |
10 17,422 33.3 6.5 .
11 18,508 29.2 - 0.6 i
12 17,981 31.2 3.5 ;
Breast Ca. 14,756 43.5 20.8 :
2 10,786 58.7 42.1 b
3 15,175 37.8 . 18.5 !
4 16,244 41.9 12.8 :
5 13,104 49.9 - 29.7 _
6 16,823 35.6 9.7 ‘
7 16,003 38.8 14.1 . :
8 13,190 49.5 29.2
9 11,305 56.8 39.3
10 1,350 94.9 - 92.8
1 1,814 < 93,1 90.3
12 | 16,947 : seq 35.2 9.0
13 . ’ 18,434 ‘il 29,5 1.0
14 1,867 92.9 " 90.0 ) ‘
15 : 16,471 ) 37.0 ©11.6 )
16 : 14,818 43.3 “20.5
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Experiment 6

Experiment 7

Specific % % Specific % %
cpm maximum L.G. cpm maximum  L.G.
Tris 27,801 0 -33.8  Tris 49,618 0 -31.5
L.G. 20,769 25.3 0 L.G. 37,711 24.0 0
LAB (-) 22,964 17.5 -10.5 LAB 41,948 15.5  -11.2
Colon Ca. (+) 2,414 91.4 88.4 Colon Ca.(+) 2,157 95.7 94.3
2 2,671 90.4 87.2 2 5,080 89.8  86.6
HEP. B 26,178 5.9 -26.0 HEP.B 42,293 14.8° -12.1
2 18,537 & 33.4 10.8 2 43,614 12.2  -15.6
3 25,891 ° % 6.9 -24.6 3 42,820 13.8 -13.5
4 29,468 -5.9 -41.8 4 31,492 36.6 16.5
5 31,642 ~13.8 ~ -52.3 NON.B 45,015 9.3 -19.3
6 30,767 -10.6 -48.1 2 38,040 23.4 - 0.8
7 30,118 - 8.3 -45.0 3 39,499 20,4 - 4.7
8 25,176 9.5 -21.2 4 42,018 15.4  -11.4
9 27,587 . 0.8 -32.8 5. 34,541 30.4 8.5
10 26,423 5.0 =-27.2 6 45,915 7.5  -21.7
11 20,096 27.8 3.3 7 34,372 30.8 8.9
12 15,502 4.3 25.4 8 T~_AB.62 2.2 - 2.4
13 25,070 9.9 -20.7 9 39,638 20.2 - 5.1
14 18,571 33.2 10.6 10 37,55 24.4 0.5
15 23,724 14.7 -14.2 11 37,011 25.5 1.9
16 25,912 6.8 -24.7 12 35,629 28.2 5.6
NON.B 20,205 27.4 2.8 13 33,708 32.1 10.7
) 21,170 23.9 - 1.9 :
3 20,478 26.4 1.5
4 27,694 0.4 -33.3
5 26,733 3.9 +28.7 ‘\z
6 27,860 - 0.2 -34.1
7 27,853 0.1 -34.1

3
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Correlation Between Sex, Age or

APPENDIX 1V

Diagnosis and Serum Carcinoembryonic Antigen Level

Patient Sex Age Metastasis Diagnosis Specific
-~ # or inhibition
’ recurrence .
1 F 48 M Adenochrcinoma of the signoid colon 30 .
2 F 55 M AdengZarcinoma of the uterus 34
3 F 60 R Adenocarcinoma of the rectum (poor differentiation) 37
4 M 61 R Adenocarcinoma of the rectum 40
5 F 59 M Adenocarcinoma of the colon 42
6 F 48 M Carcinoma of the colon (well differentiated) 43
7 F 64 M Adenocarcinoma of the rectum 43
8 F 84 - Carcinoma of the rectum ) . 44
9 F 73 M Adenocarcinoma of the ‘colon 48
10 M *66 M Carcinoma of the rectum (well differentiated) 53
11 _F 85 M Adenocarcinoma of the rectum 57
12 F 71 M Adenocarcinoma of the colon (well differentiated) 74
13 M 28 - Adenocarcinoma of the rectum ’ 81
14 F 58 - Adenocarcinoma of the signoid colon (Stage II) 86
15 M 62 M Adenocarcinoma of the rectum ~ 91
16- F 62 M Adenocarcinoma of the colon . 94
17 F 79 M Adenocarcinoma of the colon 95
18 M 59 M Carcinoma of the rectum (well differentiated) 96
19 M 56 M Carcinoma of the colon (well differentiated) 97

«f

-\



»

REFERENCES

Aarorson, J.A., Todaro, G.J. & Scolnick, E.M. (1971).
Induction of murine C-type viruses from clonal
lines of virus free BALB/3T3 cells.

Science 174, 157-159.

Abelev, G.I., Detrova, S.D. & Khramkova, N.I. (1963).
4 Production of embryonal a-globulin by
transplantable mouse hepatoma.
Transplantation 1, 174-198.

Abelev, G.I. (1971).

Alpha-fetoprotein in oncogenesis and its association
with malignant tumors. .
Adv. Cancer Res. 14, 285-358.

Abelev, G.I. (1374). “
Alpha-fetoprotein as a marker of embryo-specific
differentiation in normal and tumor tissue.
Transpl. Rev. 20, 3-37.

Alexander, P. (1972).
Fetal antigens in cancer.
Nature 235, 137-181.

Anderson, N.G. & Coggin, J.H. (1974).
The interrelations between development, retrogenesis,
viral transformation and human cancer.
IN: Cell Surface in Development (A.A. Moscona, ed.)
Wiley Publishers, pp. 297-31u.

Ash, J.F. & Singer S.J. (1976).
Concanavalin A-induced transmembrane linkage of
Concanavalin A surface receptors to intracellular
myosin-containing filaments.
< Proc. Nat. Acad. Sci. USA 73, 4575-L579.

Aubert, C., Chirieceanu, E.; Foa, C., Rorsman, H., Rosengren,
E. & Rouge F. (1976). :
Ultrastructual and biochemical changes .in cultured
human malignant melanoma cells after heterotransplantation
into nude mice. ’
Cancer Res. 36, 3106-3112.

167



168

Bagshawe, K.D., Rogers, G.T., Searle, F. & Wilson, H. (1973).
BloYd carcinoembryonic antigen, Regan isoenzyme and
human chorionic gonadotrophin in primary mediastinal
carcinoma.

‘Lancet 1,-210-211.

Baldwin, R.W., Embleton, M.J., Price, M.R. § Vose, B.M. (197u).
Embryonic antigen expression on experimental rat
tumors.

Transpl. Rev. 20, 77-99.

Banjo, C., Gold, P., Gehike, C.W., Freedman, S$.0. & Krupey,
’ J. (1974). “
Preparation and isolation of immunologically active
glycopeptides from carcinoembryonic antigen.
Int. J. Cancer 13, 151-163.

Banjo, C., Shuster, J. & Gold, P. (187ua). ]
L Intermolecular heterogeneity of the carcinoembryonic
antigen. .
Cancer Res. 34, 2114-2121.

Bern, H.A. & Nandi, S. (19861).
Recent studies of the hormonal influence in mouse
mammary tumorigenesis.
Progr. Exptl. Tumor Res. 2, 90-1ulh.

Bienenstock, J. & Strauss, H.J. (1970). -
Evidence for synthesis of human colostral IgA
as 11 S dimer.

J. Immunol. 165, 274=277.

Braun, A.C. (1875).
Differentiation and dedifferentiation.
IN: Cancer Vol. 3 (F.F. Becker, ed.) Plenum Press,
N.Y. pp. 3-20. .

Bretscher, M.S. (1976).
Directed. lipid flow in cell membranes.
- Nature 260, 21-23. -

Burtin, P., Sabine, M.C. & Chavanel, G. (1972).
" Presence of carcinoembryonic antigen in childrens
colonic mucosa.
Int. J. Cancer 10, 72-76.

Burtin, P., Chavanel, G. § Hirsch-Marie, H. (1973).

Characterization of a second normal antigen that
cross-reacts with CEA.

J. Immunol. 111, 1926-1928. //””TL
,'/ . t ~ jl
\\\ : ‘

P




- 1868

Carrel, S., Sordat, B. & Merenda, C. (1876).
Establishment of a cell line (Co-115) from a human
colon carcinoma transplanted into nude mice.
Cancer Res. 36, 3978-398u,

Cherry, W.B. (1974). A
Immunofluorescence techniques.
IN: Manual of Clinical Microbiology (E. H Lennette,
E.H. Spaulding and J.P. Truant, eds.) 2nd ed.
American Society for Microbiology, Washington, D.C.

pp. 29-4u, »

Coggin, J.H., Ambrose, K.R., Bellomy, B.B. & Anderson, N.G. 3
(1971). ‘
Tumor immunity 1in hamsters 1mmunlzed with fetal 4
tissues.

J. Immunol. 107, 526-533.

Coggin, J.H. & Anderson, N.G. (197u4).
Cancer, differentiation and embryonic antigens:

Somé central problems.
Adv. Canecer Res. 19, 105-166.
Coligan, J.E., Lavtenschleger, J.T., Egan, M.L. & Todd, C.W
(19725. 3
Isolation and characterization of carcinoembryonic
antigen.

Immunochem. 9, 377-386.

PR

Coligan, J.E., Henkart, P.A., Todd, C.W. & Terry, W.P. (1973).
Heterogenelty of the carc1noembryon1c antigen. ’
Immunochem. 10, 591-539.

e o

Coligan, J.E. & Todd, C.W. (1975). .1
Structural studles on carcinoembryonic antlgen
periodate ox1dat10n ]
Biochem, 14, 805-810.

/

Coligan, J.E., Pritchard, D.G., Schnute, W.C. & Todd, C.W. (1976).
Methylatlon ana1y81s of the carbohydrate portion of
carcinoembryonic antidgen.

Cancer Res. 36, 1915-1917.

PRENO AT \)

Collatz) E., von Kleist,-S. & Burtin, P. (1871).

(Further lnvestlgatlons of circulating antibodies in .
colon cancer patients: On the autoantigenicity of :
the carcinoembryonic antigen. {
Int. J. Cancer 8, 298-303. '

-,




170

Comoglio, P.M. & Guglielmone, R. (1972).
Two dimensional distribution of concanavalin A
‘'receptor molecules on fibroblast and lymphocyte
plasma membranes.
FEBS Letters 27, 256-258., -

Cooper, A.G., Grown, M.C., Kirch, M.E. & Rule, A.H. (197u4).
. Relationship of CEA to blood group substances A and
i: Evidence that the antigenic sites are on different
molecules.
J. Immunol. 113, 1246-1251.
) \../} N
Costanza, M.E., Schwartz, R.S., Nathanson, L. & Patterson
J.F. (1973). :
Carcinoembryonic antigen: A preliminary report of
a long term prospective study.
Cancer Chemother. Rep. 57, 1065.

Costanza, M.E. .§ Nathanson, L. (1974). ‘
Carcinofetal antigens.
Progr. Clin. Immunol. 2, 191-224.

Daniel, V.H., Bourne, R. § Tompking, G.M. (1973).
- Altered metabolism and enngenous cyclic AMP in

cultured cells deficient in cycllo AMP binding protein.

Nature New Biol. 244, 167-169.

Darcy, D.A., Tuberville, C. & James, R. (1973).
Immunological study of carcinoembryonic antigen
and a related glycoprotein.

Br. J. Cancer 28, 147-160.

Davidson, E.H. & Britten, R.J. (13974).

Molecular aspects of gene regulation in animal cells
Can'cer Res. 34, 203u 2043.

Denk, H., Tappeiner, G., Dav1dov1ts, A., Eckerstorfer, R. §
. Holzner, J.H. (197u4).
CEA and blood group substances in carginomas of the
* stomach and colon..
J. Nat. Cancer Inst. 53, 933-938.

\

: X . R
Dhar, P., Moore, T.L., Zamcheck, N. & Kupchik, H.Z. (1972).
' Carcinoembryonic antigen in colonic cancer: Use
in pre and postoperative diagnosis and prognosis.
J. Amer. Med. Assoec. 221, 31-35.

Dykes, P.W., Booth, S.N. & King J. (197u4).
" CEA is a prognostic index in coloregctal cancer.
Abstracts-of -the Fi{fth World Congress of Gastro-
enterology, Mexico City, p. 320.

.
L O,

Sk,

¥ s Aadepe A




171

>

Edgington, T.S., Astarita, R.W. § Plow, E.F. (1975).
Association of an isomeric species of carcinoembryonic
antigen with neoplasia of the gastrointestinal tract.
New Eng. J. Med. 293, 103-107.

tdgington, T.S., Plow, E.F., Go, W., Herberman, R., Burtin, ﬁ.,
Jordan, I., Chavkin, C., DeHeer, D.H. & Nakamura,
R.M. (1976a).
A comparison of CEA-5 and CEA concentrations in sera
and the independence of CEA-5, NCA and blood group
antigens.
Bull. du Cancer 63, 613-626.

Edgington, T.S., Plow, E.F.,:-Chavkin, C.I., DeHeer, D.T. &
Nakamura, R.M.. {1976b).
The 1nfluence of CEA-5 from different tumors and of
CAS as !'?°I ligands on .the spec1flclty of the CEA-5
PadlolmmunoaSsay
Bull. du Cancer 63, 673-688.
Egan, M.L. & Todd, C.W. (1972). -
Carcincembryonic antigen: Synthesis by a contlnuous
line of ‘adenocarcinoma cells. .

J.. Nat. Cdncer Inst. 49, 887-889.

Egan, M.L., Lautenschleger, J.T;, Coligan, J.E. §& dad, C,W
(1872). _/f

Radioimmunne assay of carcinoembryonic antigen.
Immunochem. 9, 289-299.

Egan, M.L., Coligan, J.E. §& Todd C.W. (197u).
Radzotmmune assay - Prtnczp es and practical
applicatio

(E. Haber, ., Boston.

Egan, M.L. Coligan, J.E., Prifchard, D.G., Schnute, W.C.
£ Todd . (1976)
Phy81cal characterlzatlon and structural studles
" of the carcinocembryonic.antigen.
. Cancer Res. 36, 3482-3485,

Elias, E.G., Holyoke, E.D. & ChulT.M. (197u).

‘Carcinoembryonic antlgen inh feces and plasma of
normal subjects and patients with colorectal
carcinoma.
Dis. Colon Rectum ‘17, 38-ul.
Evelelgh “J.W. (197u)
Heterogeneity of the car01noembryonlc antigen.
Cancer Res. 34, 2122-2124.

e

-
4 h—n e e Atitttnd




\../

-

Friend,

Frye, L.

Fuks, A.

Gold, J

172°

C., Scher, W., Holland, J.G. & Sato, T. (1971)
Hembéglobin synthesis in murine virus-induced leukemic
cells in vitro.

Proe. Nat. Acad. Sci. USA 68, 378-382.

P. & Edidin, M.J. (1970).

The rapid intermixing of cell surface antigens after
formation of mouse-human heterokaryons.

J. Cell Sei. 7, 319-354. Q

, Banjo, C., Shuster, J., Freedman, S$.0. & Gold, P.
(1975).

Carcinoembryonic antigen: Molecular biology and
clinical significance.

Btochim. Biophys. Acta 417, 123-152.

.M., Freedman, S.0. & Gold, P. (1972).

Human anti-CEA antibodies detected by radioimmuno-
electrophoresis.

* Nature New Biq%. 239, 60-62.

- Gold, J.

Gold, J.

M., & Gold P. (1973).

The blood group A-like site on the carcinoembryonic
antigen.

Cancer Res. 33, 2821-2824, .
M., Banjo, C., Freedman, '‘S.0. & Gold, P.(1973).
Immunochemical studies of the intramolecular
heterogeneity of the carcinoembryonic antigen of the’

4 human digestive system.

Gold, P
NN

f
i

Gold, P.

Gold, P.

Gold, P.

J. Immunol. 111, 1872-1879.

. & Freedman, S.0. (1965a). . -

Demonstration of tumor-specific antigens in human
colonic carcinomata by immunological tolerance and
absorption techniques.

J. Exp. Med. 121: 439-u62,

& Freedman, S.0. (1965b).
Specific carcinoembryonic antlgens of the human
digestive system.
J. Ezp. Med. 122, 467-u481.

(1967).
Clrculatlng antibodies against carcmnoembryonlc
antigens of the human digestive system.
Cancer 20, 1663-1667.

, Gold, M. & Freedman, S.0. (1968).

Cellular location of carcinoembryonic antigen of
the human digestive system.

Cancer Res. 28, 1331-1334.

o

bringd

[

i

S




V'

i

Gold, P.,

Gonatas,

173

Krupey, J. & ‘Ansari, H. (1970).

Position of the carcinoembryonic antigen of the
human digestive system in ultrastructure of tumor
cell surface.

J. Nat. Cancer Inst. 45, 219-225.

N.K., Gonatas, J.0., Stieber, A., Antoine, J.C.

/”&\Aurameas, S. (1976) .+ =

f
\
\v

\
N

Gonatas,

Gusella,

Quantitative ultrastructutal autoradiographic studies
of iodinated plasma membranes of lymphocytes during
segregation and internalization of surface immuno-

* globulins.

J. Cell Biol. 70, 477-493.

N.K., Kim, S.U., Stieber, A. & Aurameas, S. (1977).
Internalization of lectins in neuronal gel. ’
J. Cell Biol. 73, 1-13.

J., Geller, R., Clarke, B., Weeks, V. & Housman, D.
Commitment to erythroid differentiation by Friend
erythroleukemic cells: A stochastic analysis.

Cell 9, 221-229. A

Hikkinen, I. (1972).

Immunological relationship of the carcinoembryonic

. antigen and the fetal sulfoglycoprotein antigen.

Immunochem. "9, 1115-1119.

Hammerstrém, S., Enguall, E., Johansson, B.G., Svenson, S.,

Hansen,

Hansen,

Harris,

Sundblad, G. § Goldstein, I.J. (1975).

Nature of "the tumor-associated determinants of
carcinoembryonic antigen.

Proc. Nat. Acad. Sei. USA 72, 1528-1532.

H.J., Lance, K.P. & Krupey, J. (1971).
Demonstration of an ion sensitive antigenic site on
carcinoembryonic antigen using zirconyl phosphate
Clin. Res. 19, 1u3.

H.J., Snyder, J.J., Miller, E., van der Voord,.J.P.,
Miller, ‘0.N., Hires, L.R. & Burns, J.J. (197h).
Carcinocembryoni¢ antigen assay: A laboratory
adjunct in’ the diagnosis and management of cancer.
Hum. Pathol. 5§, 139-147.

A.K. (1976).
Recycling of dissolved plasma membrane components

as an explanation of the capplng phenomenon
Nature 263, 781-783.




174

Harvey, S.R. & Chu, T.M. (1975).
Demonstration of two molecular variants of carcino-
embryonic antigen by concanavalin A sepharose afflnlty
chromatography. \
Cancer Res. 35, 3001-3008.

Hayflick, L. (1965). .
Tissue cultures and mycoplasmas.
Texas Rept. Biol. Med., 23 (Suppl. 1), 285-303.

Hellstrom, I. & Hellstrom, K.E. (1975). .

Cytotoxic effect on lymphocytes from pregnant mice

on cultivated tumor cells. }

Int. J. Cancer 15, 1-6.

Q ..

Helson, L., Lai, K. & Yound, C:W. (1974).
Papaverine-induced changes in cultured human
melanoma cells.

Biochem. Pharmacol. 23, 2817-2920.

Herberman, R.B., Aoki, T,, Cannon, G., Liu, M. & Sturm, M.
(1975). ‘
Location by. immunoelectron microscopy of carcino-
embryonic antlgen on cultured adenocarcinoma cells.
J. Nat. Cancer Inst. 55, 797-798.

- Hirszfeld, L., HalBer, W. § Laskowski, J. (1929).
Untersuchungen uber serologische eigenschaften der
Gewebe.

Z. Immunztaetsforsch 64, 81-113.

Holburn, A.M., Mach, J.P. & McDonald, D. (1974).

; Studies of the association of the A,B and Lewis
blood group antigens with carc1noembryon1c antlgen.
Immunol. 26, 831-8u43.

. i

Hollinshead, A.; Glew, P., Bunnacy, B., Gold, P. & Herberman, R.
(1970). '
Skin-reactive soluble antigen from intestinal
cancer-cell-membranes and relationship to carcino-
embryonlc antigens.
*Lancet 1, 1191-1195.

Holyoke, D., Reynoso, G. & Chu, T.M. (1972).
Carcinoembryonic antigen in patients with carc1noma -
of the digestive tract. :
Ann. Surg. 176, 559-56u,

Mea ah e e g s



175

Holyoke, E.D. (197u).
Carcinoembryonic antigen in evaluation of diagnosis
and treatment of surgical gastrointestinal disease.
Abstract, Fifth World Congress of Gastroenterology,
Mexico City, p. 18.

Holyoke, E.D. (1975).
Present and probable uses of CEA.
Ca.-A Carcer J. for Clinicians 25, 22-26.

Holyoke, E.D., Chu, T:M. & Murphy, G.P. (1875).
Tumor-associated antigens. N
Transpl. Proe. 7, 291-295.

Hsie, A.W., Kawashima, K., O'Neill J.P. & Schroder, C.H.
(1975). .
Possible rolecof aden081ne cycllc 3":5'-monophosphate
phosphodiesterase in the morphological transformatlon
of Chinese hamster ovary cells mediated by N°, 02-
dibutyryl adenosine cyclic 3':5! monophosphate
J. Biol. Chem. 250, 984-995. ° 1

3

Jacob, F. & Monod, J. (1961).

Genetic regulatory mechanisms in the synthesis of
proteins.
J. Mol. Biol. 3, 318-328. l

Johnsons G.S. & Pastar, I. (1972).
Dibutyrl adenosine monophosphaté induces plgment
production in melanoma cells.
Nature New Biol. 237, 267-268.

Joseph, B.S. & Oldstone, M.B.A. -(13874).
Antibody-induced redistribution of measles v1rus
antlgens on the cell surface. d
Immunol. 113, 1205-1209.

Kourilsky, F.M., Silvestre,,D., Neuport-Sautes, C.,

. Goosfelt, Y. & Daussert, J. (1872). .
Antibody-induced redlstrlbutlon of HL A antigens
at the cell surface.

Eur. J.- Immunol. 2, 289-257.

Krupey, J., Gold, P. g Freedman, J.0. (1968). N
Phy81ochem1ca1 studies of the car01noembryon1c
antigens of the human digestive system.

J. Emp Med. 128, 387-398. :

Krupey, J., W1lson,‘T., Freedman, S.0. § Gold, P. (1972).

’ The preparatlon of purlfled carcinoembryonic antlgen
of the human digestive sys;em”fnpm large quantities.
of tumor tissue.

Immunochem. 9, 617~ 622

A AN it

s




176

Kuo, T.T., Rosai, J. & Tillack, T.W. (1873).
Immunological studies of membrane glycoproteins from
human breast carcinoma.
Int., J. Cancer 12, 532-5u2,

Laurence, D.J.R., Stevens, H., Bettelheim, R., Darcy, D.,
Leese, C., Tuberville, C., Alexander, P., Johns,
E.W. & Neville, A.M. (1972).
Evaluation of the role of plasma carcinocembryonic
" antigen in the diagnosis of gastro-intestinal,
mammary and bronchial carcinoma.
Brit. Med. J. 3, 605-611.

Laurence, D.J.R.,ITuberville, C., Anderson, S.G. & Neville, A.M.
(1975) .
First British standird for carcinoembryonic antigen.
Brit. J. Cancer 32, 295-299,

A iahiih K 2%,

Lausch, R.N. & Rapp, F. (1974).
Tumor—spec1f1c antigens and reexpression of’ fetal
antigens in mammalian cells.
Progr. exp. Tumor Res. 19, 45-58.

Leung, J.P., Plow, E.F., Eshdat, Y., Marchesi, V.T. §&
Edgington, T.S. (1977).
Delineation of three classes of CEA antigenic
determinants: Identification of membrane-associated
CEA as an independent species of CEA.
J. Immunol. 119, 271-276. .

Lin, C.C., Uchida, I.A. & Byrens, E.A. (1971). ‘
Suggestion for the nomenclature of the fluorescent
banding patterns .in human metaphase chromosomes.
Can. J. Genet. Cytol. 13, 361-363.

.
]
3
L.
3
3

LoGerfo, P., Krupey, J. & Hansen, H.J. (1971).
Demonstration of an antigen common ‘to serveral
varietjes of neoplasia using zircopyl phosphate
gel.

New Eng. J. Med. 285, 138-1ul.

LoGerfo, P. (3 Herter, F. (1972) £,
Demonstration of tumor associated antigen in ‘normal
colon and lung.
J. Surg Oncol. 4, 1-7.

LoGerfo, P., Herter, F.P. §.Bennett, J.J. (1972).
Absence of clrculatlng antlbodles to carcinoembryonic,
antigen in patients with gastrointestinal malignancies.
Int. J. Canecer 9, 3uu 3u8

’ T .. .g

kAR R
4 -3 Vi

Hd

ksl



177

LoGerfo, P., LoGerfo, F., Herter, 'F., Barker, H.G. & Hansen, H.J.
(1872a). .
Tumor-associated antigen in patlents with carcinoma

of the colon.
Am. J. Surg. 123, 127-131.

Loor, T., Forni, L. § Pernis, B. (1972). °
3 Tha dynamic state of the lymphocyte membrane.
Factors affecting the distribution and turnover of

surfacé immunoglobulins.
Eur. J. Immunol. 2, 203-212.

Lowry, O0.H., Rosebrough, N.J., Farr, A.L: § Randall, R.J.
(1951).
Protein measurement with the Folin phenol reagent.
J. Biol. Chem. 193, 265=275.

Lowy, D.R., Rowe, W.P., Teich, N. & Hartley, J.W. (1971).
Murine leukemia virus: High frequency activation
in vitro by 5-Iododeoxyuridine and 5-bromodeoxy-
uridine. ,

Setence 174, 155-156.

Mach, J.P. § Pusztaszeri, G. (1972).
Carcinoembryonic antigen: Demonstration of a partial
identity between CEA, and a normal glycoprotein.
Immunochem. 9, 1031-103Y4,.

Mach, J.P., Pusztaszeri, G., Dysli, M., Kapp, F., De Haan, B.,
Loosli, R.M., Grub, P. & Isliker, H. (1873).
Dosage radio- 1mmunolog1que de 1° antlgene carcino-~
embryonnaire dans le plasma de malades ‘atteints

- de carcinomes. )
Schwetiz, med. Wechr. 103, 365-371.

Mach,. J.P., Jaeger, P.H., Bertholet, M.M., Ruegsegger, C.A.,
Loosli, R.M. ¢ Pettavel, J. (1974) . :
Detection of recurrénce of large-bowel carcinoma
" by radlolmmunoassay of circulating carcinoembryonic
antlgen,

Lancet 41, 535-5u0,

.MacKay, A.M., Patel, S., Carter, S., Stevens, U., Laurence,.
D.J.R., Cooper, E.H. & Newville, A.M. (1974)..
Role of serial plasma CEA assays in detectlon of
recurrent and metastatlc colo=- rectal carcinomas.
Brat. Med. J. v, 382 385.

MacSween, J. M (1975)

The antigenicity of carcinoembryonic antigen in men..
Int. J. Cancer 15, 246-252, '

~

L oI g LLLE I WL Y




178

Markert, C.L. (1968).
Neoplasia: A dlsease of cell differentiation.
Cancer Res. 28, 1908-191u. - \

}

‘Martin, F., Martin, M.S., Bordes, M. § Bourgeaux, C. (1972).

The specificity of carcinofetal antigens of human
digestive tract tumors.
Eur. J. Cancer 8, 315-321.
Martin, F. & Devant, J. (1973).
Carc1noembryon1c antigen in normal human saliva.
J. Nat. Cancer Inst. 50, 1375-1378.

Masseyeff, R. (1972).
Human alpha-fetoprotein.
Pathol. Biol. Semaine Hosp. 20, 703-725.

McConahy, P.J. & Dixon, F.J.A. (19686).
A method of trace iodination of proteins for

immunologic stz%aes. )
Intern. Arch lergy Appl. Immunol. 29, 185-189.

Miller, A.B. (1974).
The joint National Cancer Institute of Canada/
American Cancer ‘Society study of a test for .

carcinoembryonic antigen.
Cancer 34, 932-935.

Moore, T.L., Kupchik, H.Z., Marcon, N. & Zamcheck, N. (1971)
Carc1noembryon1c antigen assay in cancer of the

colon and pancreas and other digestive tract disorders.

Amer. J. dig. Dis. 16, 1-7.

Moore, T., Dhar, P.,' Zamcheck, W., Keeley, A., Gottlieb, L.
& Kupchlk H.Z. (197la)
Carcinoembryonic antigen(s) in liver dlsease.
Gastroenterology 63, 88-101.

Murphy, E.A. (1972).
The normal, and the. perils of sylleptic argument.
Perspect. Biol. Med 15, 566-582.

Neville, A.M. & Laurence, D. J R (1974).
Report of the workshop on the carcinoembryonic
antigen. .
Int. J. Cancer 14, 1-18. -

Nowell, P.C. (1976)
The clonal evolution: of tumor cell populatlons.
.Setence 194, 23-28. ’

(>4

A




| S

\
179

Parks, W.P. & Scolnid¢k, E.M. (1973).
Murine mammary tumor cell clones with varying

degrees of virus expression. L
Virol. 55, 163-173.

Parks, W.P., Scolnick, E.M. § Kozikowski, E.H. (197u).
Dexamethasome stimulation of murine mammary tumor
virus expression.

Science 184, 158-160.

Pierce, G.B. (1970).
Differentiation of normal and mallgnant cells.
Fed. Proec. 29, 1248-1254,

Plow, E.F. & Edgington, T.S. (1975).
Isolation and characterization of a homogeneous

isomeric species of carcinoembryonic antigen: CEA-5.
Int. J. Cancer 15, 748-761.

Prehn, R.T. (1976). : ;
Tumor progression and homeostasis. 1.
Adv. Cancer Res. 23, 203-236.

Pusztaszeri, G. & Mach, J.P. (1973).
Carc1noembryon1c antlgen in non- dlgestlve cancerous
.and normal tissues. 3
Immunochem. 10, 197-204.

Rabellino, E., Colon, S., Grey, H.M. & Unanue, E.R. (1971).
Immunoglobulins on the surface of lymphocytes. I.
Distribution and quantitation.

J. Exp. Med. 133, 156~167.

Rebhurn, L.I. (1977). n
Cyclic nucleotides, calcium .and cell divisibon.
Int. Rev. Cytal. 49, 1-5k.

Reynoso, G., Chu, T.M., Holyoke, D., Cohen, E., Valensuela, L.AC,
.Nemoto, T., Wang, J.J. »_Chunag, J., Guinan, P. §& .
Murphy ,...G.P. (1972). _
Carcincembryonic antigen in patients with different
‘cancers. -’ N ) R
J. Am. Méd. Assoe. 220, 361-365. °

Robinson, G.A., Butcher, R.W. & Sutherland, E.W. (1971).
Cycltc AMP. g
Academic Press, New York/London

Rogers, G.T. "(1976) . n :
Heterogeneity of wcarcinoembryonic antigen: Implications
on its role.gs a tumor marker substance.

Biochim. Biophys. Acta 458, 355-373.




180

Rosai, J., Tillack, T.W. & Marchesi, V.T. (1972).
Membrane antigens of human colonif. carc1noma and
non-tumoral colonic mucosa: Results obtained with
a new isolation method.
Int.'J. Cancer 10, 357-367.

Rosenthal, K.L., Palmer, J.L., Harris, J.A., Rawls, W.E.
& Tompkins, W.A.F. (1975).
Antibody-induced redistribution of CEA on the cell
surface: Utilization in separation of CEA and
isocantigen A.
J. Immunol. 115, 1049-1053.

Rosenthal, K.L., Tompkins, W.A.F., Frank, G.L., McCulloch, P.

£ Rawls, W.E. (1977). .'

Variants of a human colon adenocarcinoma cell line
which differ in morphology and car01noembryonlc
antigen production.

Cancer Res. 37, 4024-4030.

Rule, A.H., Straus, E., van der Voorde, J., §& Janowitz,

H. D (19872).

Tumor-associated (CEA-reacting) antigen in patlents
with inflammatory bowel disease. -
New Eng. J. Med. 287, 24-26. &

Rule, A+H. (1973). :
Carcinoembryonic antigen: -Activity of meconium and
normal colon extracts.

Immunol. Comm. 2, 15-2u,

Rule, A.H. § Goleski-Reilly, C. (1973).
Carcinoembryonic antigen "fingerprints'.
. Brit. J. Cancer 28, 46U4-468,

Rule, A.H. & Goleski-Reilly, C. (1974). :
Phase-specific oncocolon antigens: A theoretical

framework for "careinoembryonic antigen" specificities.

.Cancer Res. 34,.2083-2087.

Rule, A.H. g Kirch, M.E. (19786) .

. " ‘Gene actlvatlon of molecules with car01noembryon1c
antigen determinants in fetal development and in
adenocarcinoma of the colon.

Cancer Res. 36, 3503-3509.

Ruoslahtl, E., Pihko, H. & Seppala, M. (13974). :
_ Alpha- fetoproteln Immunochemical purification and
Y chemical prOpertles. : .
Transpl. Rev. 20, 38-60.

t—




181

Sackett, D.L. (1973).
The usefulness of laboratory tests in health-
screening programs.
Cl. Chem. 19, 366-372.

Sackett, D.L. (1975).
Laboratory screcening: A critique.
Fed. Proe. 34, 2157-2161. . ,

Schéne, G. (1906).
" Untersuchungen uber Kakzinomimmunitat bei mausen. ’
Muench. Med. Wochschr. 53, 2517-2519.

Schreiner, G.F. & Unanue, E.R. (1977).

Capplng and the lyTphocyte Models for membrane
reorganization.
.dJ. Immunol. 119, 1549-1551.

Scolnick, E.M., Young, H.A. & Parks, W.P. (1976).
Biochemical and physiological mechanisms in
glucocorticoid hormone induction of mouse mammary
tumor virus.

Vircl. 69, 148-156.

Sell, S., Becker, F.F., Leffert, H.L. & Watabe, H. (1978).
- Expression of an oncodevelopmental gene product

during fetal development and adult oncogenesis.
Cancer Res. 36, 4239-4249.

Silagi{ S. & Bruce, S.A. (1970).
Suppression of malignancy and dlfferentlatlon in
melanotic melanoma cells.
Proc. Natl. Acad. Sei. USA 66, 72-78.

Simmons, D.A.R. § Perlman, P. (1973).
CEA and blood group substances.
Cancer Res. 33, 313-322.

Singer, S.J. § Nicolson, G.L. (1972). ~
The fluid mosaic model of the structure of cell -
membranes.

s Setencee. 176, 770731,

Singer, R.M., Tompkins, W.A.F., White, L.J. § Perry, J.E.
(1976).

Coproductlon of Regan isoenzyme and caPCLnoembryonlc

antigen in HCT-8 cells.
J. Nat. Cancer Inst. 56, 175-178.

)

.
€

«

C e e o v e

P

§ B e Mo AR G S



Skarin,

182

A.T., Delwiche, R., Zamcheck, N., Lokich, J.J. §&

Frei, E. (197u).

Carcinoembryonic antigen: Clinical correlation
with chemotherapy for metastatic gastrointestinal
cancer. .

Cancer 33, 1239-1245, Y

Skvtelsky, E. & Hardy, B. (1976).

Spiro,

Steele,

Regeheratlon of plasmalema and surface propertles
in macrophages.
Exp. Cell. Res:. 101, 337-3u5,.

R.G. (1970).

Glycoproteins.

Ann. Rev. Biochem. 39, 599-638.
G. & Sjugren, H.O. (197u).

Embryonic antigens associated with chemically-
induced colon carcinomas in rats.
Int. J. Cancer 14, 435-uLly,

Steinberg, M.L. § Whlttaker, J.R. (1976%).

Straus,

Stimulation in a melanoma cell line by theophylllne
-J. Cell Physiol. 87, 265-276.

E., Vernace, S., Janowitz, H. § Paronetto, F. (1975).
Migration of peripheral leukocytes in the presence
of carcinoembryonic antigen.

Proe. Soc. Exp. Biol. Med. 148, 48u4-ug7,

Sugarbaker, P.H., Zamcheck, N. & Moore, F.D. (1976).

Assessment of serial carcinoembryonic antigen assays
in postoperative detection of recurrent colorectal
cancer. ,

Cancer 38, 2310—2315.

Takeuchi, Y.K. §& Kajishima, T. (1976).

Ta inov, Y.S. (196u).
gﬁ:g Content of embryo specific alpha-globulin in blood

Taylor,

Inhibitory effects of dibutyryl cyclic AMP and
theophylline on the melanosome transformation -in
the embryonic chick pigmented retina cultured

in vitro.

Dev. Biol. 53, 178-189.

serum of human fetus, newborn and adult man in
primary cancer of liver.
Vopr. Med. Khim. 10, 90=QY.

R.B., Duffus, W.P.H., Raff, N.C. & de Petris, S. (1971).

Redlstrlbutlon and pancyt051s of lymphocyte surface
immunoglobulin molecules -induced by anti-immuno-
globulin antibody.

Naturée New Biol. 233, 225-229.

Faimobr A g ot O LAl

8 by ke o el B gt

N e A AR LT K Pt g A



Terry,

Terry,

183

W.P., Henkart, P.A., Coligan, J.E. & Todd, C.W. (1972).
Structural studles of the major glycoproteln in
preparations with carcinoembryonic antigen activity.
J. Exp. Med. 136, 200-204. .

W.D., Henkart, P A , Coligan, J.E, & Todd, C.W. (197u).
Carc1noembryonlc antlgen Characterization and
clinical applications.

Transpl. Rev. "20, 100-129.

Thomson, D.M.P., Krupey, J., Freedman, S.0. & Gold, P. (1969).

The radioimmunoassay of circulating carcinoembryonic
antigen of the human digestive system.
Proc. Nat. Acad. Sct. USA 64, 161-167.

Tompkins, W.A.F., Watrach, A.M., Schmaie, J.D., Schultz, . R.

-

& Harris, J.A. (1974).

Cultural and antigenic properties of newly established
cell strains derived from adenocarcinomas of the

human colon and rectum.

J. Nat. Cancewx Inst. 52, 1101-1110.

Tuberville, C., Darcy, D.A., Laurence, D.J.R.y, Jones, E.W.

Turner,

Unanue,

Uriel,

Uriel,

&€ Neville, A.M. (1973).

Studies on carcinoembryonic antigen and a related
glycoprotein.” R

Immunochem. 10, 841-8L3.

>

M.D., Olivares, T.A., Harwell, L. & Kleinman, M.S. (1972).

Further purification of perchlorate-soluble antigens
from human colonic carcinomata.
J. Immunol. 108, 1328-1339.

E.R. & Karnovsky, M.J. (1974).

Ligand-induced movement of lymphocyte membrane
macromolecules.

J. Exp. Med. 140, 1207-1220.

J. (1969).

Transitory liver antigens and primary hepatoma in
man and rat..

Path. Biol. Semaine Hosp. 17, 877-88u4.

J. (1975). .

Fetal characteristics of cancer.

IN: Cancer Vol. 3 (F.F: Becker, ed.) Plenum Press,
New York. . pp. 21-56.

von Kleist, S. & Burtin, P. (1969).

Locallsatlon cellulaire d'un antigene embryonnalre
de tumeurs coliques humaines.
Int. J. Cancer 4, 87u4-879,

N VRPN b e R R

R A D

P

ERR S vy



‘184

von Kleist, S., Chavanel, G. & Burtin, P. (1972).

: Identification of an, antigen from normal human
tissue that crdss-reacts with the carc1hoembryon1c
antigen. ]

Proc. Nat. Acad. Sei: USA 69, 2492-2L94,

Vrba, R., Alpert, E. & Isselbacher, K.J. (1975).
Carcinoembryonic antigen: Evidence for multiple
antigenic determinants and isoantigens.

Proe. Nat. Acad. Sei. USA 72, u602-u4606.

Wepsic, H.T. § Sell, J. (1874).
Alpha-fetoprotein: Expression in human disease,
and in rat experimental models.
Progr. exp. Tumor Res. 19, 297-324.

Westwood, H.H., Bessell, E.M., Bukhari, M.A., Thomas, P.
& Walker, J.M. (197u).
Studies on the carcinoembryonic antigen.
Immunochem. 11, 811-818.

. Westwood, J.H. & Thomas, P. (1875).

Studies on the structure and immupological activity-
of carcinoembryonic antigen - The role of disulphide
bonds.

Brit. J. Cancer 32, 708-719,

Wilson, J.D., Nossal, G.J.V. & Lewis, H. (1972)
Metabolic characterlstlcs of lymphocyte’ surface
immunoglobulins.

Eur. J. Immunol. 2, 225-232.

Witebsky, E. (1930).
Sur Serologischen Spezifitat des Karalnomgewebes
Klin. Wochsehr. 9, 58-63. .

Yahari, I. & Edelman, G.M. (1972).
Restriction of mobility of lymphocyte 1mmunoglobu11n
receptors by Concanavalin A.
Proe. Nat. Acad. Sci. USA 69, 608-612.

Zamcheck N., Moore, T.lL., Dhar, P., Kupchik, H.Z. §
Sorokln, J.J. (1972). .
Carcinoembryonic antigen in, benign and malignant
disease of the digestive tract.

NCI Monogr. 35, 433-439;

Zamcheck, N., Moore, T.L., Dhar, P. & Kupchik, H. (1972a).
Immunologic diagnosis and prognosis of .human
digestive tract cancer: Capcinoembryonic antigens.
New Eng. J. Med. 286, 83-86.

/‘\

PUUvR Y S




1865

Zamcheck, N. (1975).
The present status of CEA in diagnosis, prognosis
and evaluation of therapy.
Cancer 36, 2460-2u468.

Zamcheck, N., Kupchik, H.Z. & Pusztaszeri, G. (1975).
CEA-5: A more specific CEA?
New Eng. J. Med. 293, 1u5-1u6.
Zamcheck, N. (1876). ‘ .
' The present status of carcinoembryonic antigen in
diagnosis, detection of recurrence, prognosis and
evaluation of therapy of colonic and pancreatic
( cancer,
; Clin. Gastroent.5,625-638.

e






