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ABSTRACT . e

i .

Clinical qstud:les have suggested that the anti-CEA antiserum directed

1
Al

against purified CEA reacts with a variety of constituents; This phenomenom
. " , 3

may account for the lack’ of tumor-specificity seen in the clinicalv radioim—-

’
N -

munocassays In use. .

1 -
b

The object of t:.he experiments presented here was to see if anti-CEA anti- )
sera could be:made ’more specificoz to the.tumor portion of the CEA molecule.
The met.ho‘d of approach was by the use of affinity chromatogral;hy. Normal
bowel material was coupled t<; glass l;ead‘\s and used as a matrix through which
anti-‘CEA antisera was ‘necyc'led. Both a singl;g column with sequential pass—
N o

ages and separate columns with successive passages were employed.

‘ -

The results obtained indicate that the anti~CEA ant’:iserum‘is indeed hete-

4

rogeneouss It reacts primarily with normal bowel constituents and contains

.

little, 1f any, tumor-specific reactivity.
T » . i .
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Des &tudes cliniques\ont démontrs que l'immunsérum anti—~CEA obtenu avec *

L]

" du CEA pure réagit avec plusieurs substances antigeniques. Ce phenom&ne -
peut étre la cause du n;anque de spécificité tumorale vu par la methode radio—
. P ;

immunolog iciue clinique.

A \

Le but des expériences présentées ici ’éta“i\t d'am8liorer la spécificité de

3,

l'imnumsér\nn\cdntre la portion tumorale du CEAE 'la m&thode employde consis—

tait de chromatographie par affinité. Le mat8riel extrait de 1'intestin nor—

5

mal fut fixé&@ 3 des billes de verre qui servirent des mattices par lesquelles

’

1'immuns&rum anti-CEA fut recycl&. Une seule colonne avec\une séquence de

#

passages ainsi que plusieures colonnes avec des pa‘ssages successifs furent

* employés. . T . N
4 t, N !
Les r&sultats obtenus ont indiqué que 1'immunsérum anti-CEA ést vraiment
- \
.h&t8togéne. Ce sérum réagit principalement avec les substances de ‘L'intestin

normal et contient peu de spécificité tumorale. - :

. < | | \
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1) Introduction ’ :
A ma jor objective°of tumor biology studies is to specify differences

. between normal and neoplasticscells so that methods can be developed to

-

selectiire:}y kill all cancer cells without endangering "the viability of normal

v

qe’lls. Theoretically, the ultimaté goal is the protection of the population
from the development of PFI@AEY tumor by vaccination, or protectionm against \

micrometastatic nodules by boosting the host's own antitumor response.
‘e . .‘ N
Attaining this end is- the main thrust and impetus of the°study of cancer

°

biOlogy L ~ o

o

)

2). Experimental Approaches

Most of what we know about tumor immunology today is the result of work . -

/

done on Qyngeneic (geneti;:ally identical) animal systems. In 1953, Foley

produced the first ¢lear demonstration of tumor-specific antigenicity in a
" N

cla‘;ssl of experimental animal tumors us%ng inbred strains of mice (61). It '

'was reasoned that host re jection of a tumor .of syngeneic donor origin must,
t‘ﬁen, 'be due to the development of new tumor specific transplantation
antigens (?ﬁg"i‘A‘)\withip the tumor tissue.. A vast amount of work has since

been done in syngeneic animal sym:ems j demonstrate the existence of these

1
a

TSTA's using tumors induced either by oncogenice virusea or by chemical

carcinogens. o i ) :

-



o

o

The search for similar antigéns in humans is prebluded by the’virtdal
lack of syngeneic donor-hos; combinations (other than the rare instance of
cancer in an identical twin), and the obvidug moral and ethical
congiderations. Most of the evidence has, . therefore, been obtained by
indirect methods, adopting the hypothesis that what is o@served in animal
systems.may well extend to the hu@an situation.

The development of Muﬁoral antitumor antibodies and/or cell—mediaied
resp;nses to a host's own tumor cells and to similar cells from other
individuals is indicative of tumor .specific antigenicity. Furthermore, this

' demonstrates that tumorsnof-a glven type and of similar tissue origin possess
common antigenic determinanté, and 1ead; to the assumption that tumor—dsso— .
clated antigens are probably present on all tumor cells.

Another appro;ch which gives much insigpt into Fhe nature of these
tumor~specific antigens is the immunization of animals with a smgll amount of

human tumor tissue. However, this method has two inherent drawbacks which

are constant problems. All human tissue extracts contain large quantities of

.

normal tissue "contaminants"” from both the cellular and subcellular level.
Hence, heteroimmuniZation may result in a predominantly antinormal response.

Also, it must be remempered that the normal control tissue used for

comparative studies is usually taken from noncancerous Eatients. This has

- -

@

given rise to problems of alloantigenic differences between the donors of

the tumor ang’nontumor tissues. It's thus difficult to determine whether

1)
¢

some antigens considered- unique to a particular cancér are, in fact, tumor-



specific or simply individual-specific components.

3) Tumor Antigens

Fhe stuay of tumor immun
/
express antigens not

PR often referred to

ogy is based on the assumption that tumor cells
en on normal cells (114, 152, 153, 187). These are

"neoantigens”. However, tumor cells often manifest

. ' | ‘-
detectable by various techniques, and expressed on |/ .

several antigens
1 different tissue types as well as in different stages of the developme?t of

' the organism. Hence, the concept of "neoantigen expression” should be

qualified accordingly. Also, even though these tumor antigens are able to

© *

elicit an immﬁne response on the part of the host, it i1s doubtful that this
is 'the primary functlion of these antigens. ﬁore likely, they play important
rolg¢s in maintaining the integrity of the 'cancer cell.

One other observation that underlies the study of tumor immunology is the

¢ .
ability of the host to tecognize these neoantigens and mount an immunologic

reaction against them (6, 7, 99). In man, however, K these antigens have not,

as yet, been isolated and chemically characterized. Nevertheless, the host's
‘ g B ” '
capability to demonstrate an anti-tumor response has been employed in estab-

lishing in vivo aﬂq in vitro assays, some.of which are used in the diagnosis
and management of cancer patients.

There are three basic types of tumér antigens:
A) Tumor-Specific Antigens (TSi) 7 )

Tumor—-specific antigens (TSA) are detectable only on tumor cells differ-—




A s - U

ing qualitatively from antigens expressed on normal cells. However, the
techniques for detection of the antigens may not be sensitive enough to de-

4 .
tect minute amounts of similar specificity present oh non-neoplastic tissue.

- Alsa, the type of cell used as a control to compare with a given tumor cell

: type is important. Absolute determination of specificity is virtually’ﬁmpos—

1 sible given the vast pg§ducts of ﬁammalian genes, many of which are only

»

i transiently active during development. This applies even when the normal

<

cell is of the same histological type as the tumor ong.

B) Tumor-Associated Antigens (TAA)

Tumor—associated antigens (TAA) are antigens that appear to be tumor-

specific but for which the -appropriate specificity controls are inconclusive.

(:} ) \ These include the phase-specific or embryonic antigens, which are present
during certain stages of embrybnic development but are virtually

undetectable, or present in only trace amounts, in adulthood (2), and ’ -
antigens induced by on;ornaviruses which are'p;eseng in the morphologicaily

normal cell before it becomes transformed,”but do not appear in noninfected
\ .

animals.

C) Tumor—Associated Transplantation Antigens (TATA)

Tumor-associated transplantation antigens (TATA) are capable of inducing

'resigtance to tumor transplantation in the autochthonous host or in syngeneic
recipients. These are also known as tumor rejection antigens.  Both

definitions are operational, based solely on in vivo observations. These an-

4 \

tigens used\to be called tumor-specific tiansplaﬁtation antigens (TSTA); how—

ever, due to the insemsitivity of in vitro techniques, the more general term




'
\ N
1 4

\ ) 7
TAIgéﬁﬂis used to refer, collectively, to tho§$ antigens which fall into this

category. TATA's are situated on the plasma membrane where, like histocom—

patibility antigens, they induce immune recognition and serve as targets for
\ ’ .

1

subsequent immune attacks (143).

N
N

i 4) Tumor-Inducing Agents .

A) Antigens of Chemically-Induced Tumors

Due to the increasing.evidence linking environmental factors to many

| types of human cancers, a considgragle body oﬁswork hag been; carried out with
chemically—induked tuﬁors_in animals. Two types of neoantigens have been

’ identified on these tumors. One is the TSTA, which is unique’to each tumbr

(i} produced by a chemical carcinogen, even if the same agent induces a tumor at
another site in the animal (114, 187). This type of antigen has been found. ,
on sarcomas and bladder carcinomas induced by methylchol§nthrene and on |
hepatomas induced by aminéazo dyes in rats and mice, of by nitros%mines in
guinea pigs. These antigéns are also found on chemically transfo%med cells
in vitro, and are thought to result from interaction of the cartinogen.with

‘ ‘ the genome of a single cell or a clonme and are stable products of these

‘transformed cells. 1]

The other type of neoantigen produced is the tumor—associated fetal anti-

gen. This antigen is easily differentiated from the TSTA's because it is a

common component of different chemically-induced tumors (6, 7). It is uncer-
«£

tain if this type of antigen plays any role in tumor rejection. R
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B) Antigens ‘of Tumors Induced by Viruses

»
Although viruses have often been implicated in some human cancers, a

direct cause and effect relationship-has yet to be established. 1In vitro
studies have shown that induction of tumor cells can be achieved by infeéting

normal cells with the virus, using morphological changes and abnormal growth

as sign of transformation. In vivo, transformation can be brought about by

P

injecting the virus either locally or systemically.
‘DNA- viruses in their natural hosts are not 6ﬁi§gen1c. However, when they

infect the cells of other animal species, they Wi% transform these cells.

_/

Three groups of DNA viruses are oncogenic in animals: the papovaviruses

(papilloma, polyoma and vacuolating virus, the adenov%ruses, and the herpes

v

vifuses, which includes the Epstein-Barf virus responsible fpr”infectious

mononucleosis and associated with Burkitt's Lymphoma and nasopharyngeal car—-
cinoma in humans. Also included is the Herpes simpléxtypes 1l & 2. Tumors
produced by the same DNA virus usually have common TSTA's (125, 19), but
individually specific TSTA's may be seen (6, 125). These include the T

; ,

antigen, located in the nucleus, and the S antigen, found on the cell surface

-

of SV40 transformed cells (166).

.
s

RNA viruses, on the other hand, have been shown to be oncogénic in their

- . ¢
natural hosts. Tumors induced by an RNA virus manifest common TSTA's and

virion antigens common to cells transformed by the same virus (125). The
C-type vf&uses, best illustrated by the murine-leukemia vixuses, contain an

RNA core which specifies compon intermal virion group-specific antigens.

3




p A ’ 7

?hese are specific for the species of virus. There are also viral envelop

antigens and virally—-induced cell surface antigens which'are not antigenic-

=

3 ally related to any part of the virus particle. Many of these RNA virusés,
3 M.

n ¢

also known as oncornaviruses, contain an RNA~dependent DNA polymerase
° (reverse transcriptase) which ¢fn transcribe wiral RNA onto DNA: This

explains the vertical transmission of RNA viruses with the genome. of the

transformed cell. % /

5) Specific Antitumor Immune Reactions

Cell-mediated 'immunity is générally considered to be éhe primary cause of

a
tumor re jection in experimental tumor :systems, since resistance to tQmor
(:} growth can be transferred to normal histocompatible hosts®by means of
¥ +
1, "‘ ¢
lymphocytes from tumor—immune or tumor-bearing hosts. Recently, evidence has :

shown that antibody-mediated tumor cell killing can occur through either

complement-dependent or antibody-dependent cellular cytotoxic mechanisms.

Much work has:been done to try and\evaluate the role of cell-mediat;d
antitumor immunity by using.n vitro assays(that can measure or monitor tumor
R céll rejection (See Table 1), However, there is an_immediate need for such
assays if thgy can reliably diagnose, cancer and monitor tﬁe patient's 'status.

A) Delayed Hypersensitivitz'Skin Regctions to Tumor Antigens'

In the 1960's, experiménts were perforied tQ determine the result of sub~
4 A3 ©,

cutaneous injections of wviable autologous tumor célls (?7, 75, 189). The

studies showed that large doses were necessary to produce a nodule. Small

doses were ineffective. This indicated that patients were resistant té tumor

-
' *
. .

- ’ -
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‘ Macrophage electrophoretic mobility test

2 N

° ' TABLE 1.

- : ] — 5

Assays for Cell-Mediated Immune Responses

o

to Tumor Antigens

¢ .

[N }
H
‘
&

- ' . ¥
1

Skin tests for delayed hypergensitivity using extracts- of tumor
cells ) g ,
) . H

Cytotoxicity assays against tumor cells or tumdr-de?iw%d 'cells in

cultures 2 . .
& L)

Leukocyte r;1igration inhibition by tumor antigens

Leukocyte adherence inhibition

Proliferation response to tumor antigens
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-cell growth: To determine the immunologic basis for this penonmenon, neu- x

" individuals or tumor patients Veig/anected sqbcutaneous%y into tumor

R ' Ve .
patients (27). The normal 1§ﬁkocytes, when injected with the tumor cells, .
. p .

. tumor cells, viable (81) or attenuated (175), _are not capable of eliciting

¢

tralization studies were performed whereby leukocytes from either healthy

P ) -

J

. /-"~v\ P
\ /
were not able to interfere with nodule formation.,K However, autologous leuko-'.

cytes inhibited in half the éases- Theéé results are suggestive of cell- . !
mediated immunity against the‘a;;ologous tumor. |
Tumqr—assoéiated’antigens of gowel cancer have been detectéd by skin e
}esting; analogous‘preparatipns of'normalqtissues gave negative reactions §/
1107? 108). However, in pag}ents with maligqant;;elanoma, positive reactions

~ . ’

were seen using both autologous tumor extracts as well as control extracts

from autologoué rmal skin (22, 59).
To date, #wo distinct skin-reactive antigens have been purified from

malignant mélanoma tissue, using physiochemical methods (105, 106). One of

s

these dppears to be specific for melanoma tissue, while the other is less

specific and produced positive reactions in patients with other types of

cancer.

¢

Although there is limited éqrrelétion with clinical status for the acute
leukemias (33) and Burkitt's lymphoma. (23, 60), the significance of skin
testing is still umclear (110, 192). It is shown that tumor réjection

I .
responses are due to antigens expressed at the plasma membrane, yet intact
the strong responses that are seen in cell-free : assays. Delayed

hypersensitiyity reactions are used mostly to monitor the purification of

N [}

tumor-dssociated antigens. ‘ . ' .
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B) Cytotoxicity Assays Against Tumor Cells

3 [

Cytotoxfcitxﬂggniﬁests the effector stage of several immune responses. -
Cytotoxicity ass%ys.are based on the theory that lymphoéytes are lytic for
.tumor target cells to which theyghave become sensitized‘in,vivo.

The forerunner of manf assays 1n use today, despite some of its
shortcomings, is the colony inhibiFion test of the Hellstroms (97). Uging

’

this test, It was observed that limphocytes from patients with various

cancers are able, to inhibit colony formation or become cytotoxic against

i

tissue culture cells from tumors of the same origin and histological type

[

(93, 96).

The microcytotoxicity assay, which ﬁas supplanfed_the colony inhibition
test, involves visual counting of target celis or the use of radioisotope-
labelled tumor cells. It was found that biood leukocytes were cytotoxic for
tumoF cells obtained from the patient's tumor but mot for normal cultured
cells.l Leukocytes from control patients,, including normal subjec£s and
pat;ents with non—neoplgstic disease, Weré also not cytotoxic for normal )
cells. '

By using tﬁese cMC éésayé, 1mmunoreactivity against many typés of human
malignant'diseasé has been examined (144). Until just a few years ago, there
Qas unanimity in the belief that tﬁg peripheral blood lymphocytes of patients
with a partigular neoplasm showed preferentiai regctivityoagainst cultured a .
aﬁtochthonous and/or allogeneic cells derived’from hiét;logically similar

heoplastic tissue. In other words, human neoplasms expressed antigens that

are common to tumors originating in the same tissue (98). This conclusion
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. ® « . h .
differs from the type of antigenicity observed in experimental tumors evoking
B3l ¥ .

rejection in vivo where the tumor antigen expressed is unique to the

¢

tumor-inducing agent, regardless of thg species or tissue origin of the

~

neoplasm. Hence, early human cytotoxicit} data tended to lean towards the

idea that organ-qpecific tumor-assgciated antigéns, discovered by the use of
( .

colony inhibition or CMC assays, were virus—-related (95) or due to products

of derepression, il.e. fetal antigens (63, 94). " '

However, more recently, with increased CMC testing, it has ﬁecome

apparent that the cftgtoxic potential of effector cells from cancer patients,

e

as well as befng directed against both related and unrelated tumor targets,
can also exhibit non-disease related cytotoxicity (21, 102, 154, 195, 196,
203); Those favoring the concept of tumor-type specificity have tried to

explain non~disease related cytotoxicity by virtue of dispatity in lymphocyte

-—preﬁarﬁfigg,teshaiqué;. However, whilei%t is quite probable that variation
7 - ,:Q .
in the preparation methods may result "quantitative differences in the CMC\
- . S A e

(46): many investigators have not been able to find tumorrtype speciflcity

<

regardless of the procedure used for lymphocyte isolation: (21, 154). These -

differences between assays and the possible reasons for disparate results
' e

_have been discussed at length (5, 101).. Nevertheless, under well-defined

conditlons, the test may yield meaningful.information, but the need for

standardizgtion and base lines for normal reactivityipreclude its use as a -

g -

human diagnostic, tools s

/C) Influence of Serum Factors . .-

Early studies showed that the cytotoxicity of patients' lymphocytes was

Pl




tumor—specific antibody. However, after surgical excision of the tumor, the

. complexes of tumor antigens and antibodies mask the target cell itself, or,

al. in experimental systems (11) have shown that bl&cking is due to

i Tw

relatively unaffected by the stage of the disease except in very advanced
2 .

-

cases‘(IO, 92). Since in vitro manifestations of lymphocyte ‘killing was

thought to be indicative of in vive events, it was postulatéd thdt the pro-—

t [

grgssion of the disease was aided by theé presence of factors in the serum

which interfered with CMC expression (98). Support for this theory came from

4
.

observations that melanoma patients with progressive disease demonstrated
blocking factors more often than patients with localized tumors (90).

Initially, it was thought that since tumor cells ecould absorb the blocking

activity, the factor involved must be immunoglobulin, in the form of

serum blocking factor was very rapidly depleted. This was incompatible with
the idea of a blocking tumor—specific antibody. \

Experiments by Sjogren in human tumor systems (%81, 182) and Baldwin et

antigen—antibody complexes rather than antibody alone. The method of action

is not yet clearly understood. It is theoretically ¥ossible that the immune

7

more likely, interact with receptors on the sensitized lymphocytes and

therefore block the effector lymphocyte's antitumor response.

Another factor implicated in CMC abrogation is the tumor antigen. First

<

suggested by Brawn with respect to transplantation immunity (26), this type

of activity is named "iqhibition". The tumor antigens are shed from the

tumor cell membrane into the circulation and react with its gpecific receptor
on the surface of the gsensitized lymphocytes. This process can be visualized
. l ,

i
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as "desensitization™ in that as the disease stage progresses, more aqtigen is

shed and the immune lymphogytes become coated with these antigens, rendering

them ineffective to kill the tumor cells. Experimental data, wherein soluble

antigen preparations have been @emonstrated to inhibit CMC Iﬁ both

experimental (9, 159) and human tumor systems (8, 57) éupport and justify

. - ®

this idea of "inhibition". §Sjogren and hig associates showed that the low
.molecular weight fraction of the antigen-antibody complexes:inhibited the

cytotoxic ability ‘of effector cells (182). Currie and Basham also sho&eé
fgha} the inhibitéry factors directed against the sensitized lymphocytes could
"“be removed with protracted washing, resuiting in a reappearance of CMC

against the target éells (43).

7

In addition to factors that block CMC reactions, sera with the ability to

7

"unblock” has been described by the Hellstroms (91). They showed that the

sera of patients who, clinically, were disease—free, were not only unable to
block‘gér se, but could also unblock the CMC inhibitory activity of
"biocking" sera from patients with disease. Experimenthlly, "unblocking”

antisera from rats preimmunized aghinst a certain tumor, was shown to

-

interfere with the same tumor growing in vivo, thus acting as an

immunotherapeutic agent (17). Since "blocking” serum is thought to contain

°

antigen—antibody immune complexes, in%estigators have envisioned "unblocking”
serum to contain free (non-complexed) tumor antibody. Thus, when the two

types of sera are mixed, a state of antibody excess is obtained, saturating
o *

all the free antigenic sites within the complex, thereby minimizing the

inhibitory effect of the antigens on the immune lymphocytes. Alth;uéh this

14
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work of the Hellstroms was indeed elegant and promising, its validity

{ .
has since been questioned due to the irreproducibility of the phenomenon

B
0

described.
Aside from the fact that blocking faétoros of patients' sera can,
dependin'g on the s’tage of the disease, bl;) k, iphibit er unblock CMC
reactions at the effector and/or taréet cell evel, there is evidence of many ’
CMC reactions in human systems that are not related to a neoplastic

condition (158). This leads one to question the significance of blocking

fectors in relation to tumor antigenicity, a mechanism which has subsequently
PN VS .

been coined "epiphenomena” by some investigators. (154).

The involvement of tumor amtibody in CMC reactions can be illustrated by

the mechanism of antibody-dependent cellular cyto&oxicit‘y (ADCC) (133, .157).

This phenomenon, observed in nontumor systems as well, is also referred to as

"lymphocyte-depender{t or cell—-dependent avntibody" or "K-cell” c'ytott;xicity. '
The antibodies arg"ofhthe IgG class and are: specific for their appropriate
targét cells. The K cells (killer éells) must possess the receptor for tl;e
Fc portion of the IgG, a requirement that possibly implif:ates, as K cells, -,
several types of 1ymphoid c;alls, including ;ctivated T cells, monocyfes and /
polymorphonuclear leukocytes (213). However, most of the in;vestigation in

* ©

this area centres around a class of K cells, probably .lymphocytic, lacking

o

both T and B cell markers, and thus known as "null” cells (76).

The specific role antibody plays in inducing ADCC is still uncertain.

Ed
However, studies done in several animal tumor systems have demongtrated that

] . .
certain immune sera were capable of conferring specific cytotoxicity onto

- h
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from guinea pig peritoneal exddate cells (20).

. 15

lymphocytes from nonsensitized Zonors in a.process known as “arming" (161, , -
- 8 0 .

162). It has also been repoft}d' that sera could increase or “potentiate” the

cytot'b;cic effect of seﬁsitized effector cells. In addition, xenogen:aic

antibody, passively introduced into leukemic rodents, has been effective most

[

probably due to the ADCC mechanism (103, 212). . o
Thus, immne complexes can be fmx;licated in APCC ré/actions, as,well as

[ R : L
the blocking of CMC reactions. The, reﬂlative concentrations of ch.H

¢ o

> @ i
interacting components determine which mechanism will ensue (184). However, '

the implications for immunotherapy -are antagonist:ic“, as antibodies that are

v

capable "of inducing ADCC might also enhance tumor growth. It should be noted
that the evidence for the involvement of ADCC reactions in tumor rejection in

vivo and for immne complexes facilitating tumor growdy in vivo is indirect.
@

D) Lymphokine éecretion

One of the consequences of the reaction’ of sensitized lymphbcytes with
their corresponding antigen is the production of pharmacologically active
substances knqwn as "lymphokines". Many of these soluble mediators-have been
identified; but only one, .the migration inhibition factor (MIF), has been

5

used extensivély to demonstrate immunity to human tumors. A test, known as_
the n;acrophage migra\tion iohibition assay (MMI), 1s one of the well—esta-
blishgjd(in vitrp correlates.of delayed hypersensitivity and measures the
ability :of MIF, generatéd by exp.osure 'of sensitized Fymphocytes "to their -,

specific antigen, to inhibit the migration of normal macrophages, obtained
\ A} .
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Although there is good correlation of MMI with tumor immunity in certain

animal models (119, 202), and between MIF production and in vivo rea&tiops of -

_the delayed cutaneous hypersensitivity type, the application of the above
"iddirect" assay has not proved reliable (36). Hence, another approach was
tried whereby the capacity of the tumor antigen (supposedly present in tumor

cell extracts) to impede the migratfon of the leukocytes of cancer patients

. , “ . .
~was measured (18, 171, 188). This was named the leukocyte migration inhibi-

tion (LMI) assay and is also mediated by a lymphokine, whose relationship to

-

the MIF 1is as yet r;mknown. . . .

The LMI assay was first used as an indicator of cellular immunity in
breast carcinoma by Anderson (3). Crude éxtracté of breast cancer tissue
were able%o inhibit the migration of autologous leukocytes in 36% of cases
tested, but were ineffective with leukocyt;es from control subjects.

Furthermore, noncancerous breast tissue from the patients tested also failed

to inhibit migration. Subsequently, reactivity to the tumor-associated
&

o

antigens of malignant melanoma,‘b.owel cancef, lung cancer, lymphoma and
leukemia by this direct LMI assay‘ has been .described (25,— 29, 37, 137, 138).
In most cases, the responses h'av/e beenldirected against common antigens on
tumors of the same organ a;ld histcélogic t;'pe, witha normal -reactivity being
infrequent. |

) Migration inhibition assays show good corf'elation with delayed
hypersensitivity to tubercn;lin and other solui)le protein antigens. How-ever,
their relationlship to other assays" of cellular immunity ret:lains to 'be ‘eluci-

@

dated. It now appears ur_llik.elir that "any degree of correlation exists among

o
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delayed cutaneous hypersensitiavity reactions to various tumor cell prepara-

- tions, in vitro lymphocyte-mediated tumor cell cytotoxicity, as measured in
different ways, in vitro lymphocyte transformation (blastogenesis)-when
incubated with tumor cell preparations and the sgarch for lymphokines which

o have l’)een defined.

Due to the 11;111ted success with MMI, it was suggested that theﬂalteration.

_of the normal properties of adherence of leukocytes to a solid surface during ’

incubation with antigen might be an indicator of lymphocyte acti{rity,

similar to the property of antigen—induced inhibition of macrophage migration

At e

[PPSR

(84). This concept leads to the leukocyte adherence inhibition (LAI) assay

(84), which‘ was modified by Thomson et al. into the tube LAI for the study of

et

C} tumor immunity in human breast cancer (78) and malignant melanoma (134), and

which shows promise for early diagnosis of human cancer.

L

6) Antigenic Reversion in Man {

The majority of disease-related research today is devoted to that of

cancer. However, lack of knowledge about normal cell processes, genetic

1

control and regulation and the organiza'tion of cells in tissues and organs

has prevented researchers from understanding and controlling cancers. Many
. scientists firmly believe that until much more is known about the differen-
- - .
‘tiation processes that occur during ontogeny, the answers to ways of regula— -~

ting and controlllng cancer will not be found.

For a long time, biologists have considered the amalogies between cancer

cievelopnient and cell differentiation. In 1829, Lgobstein and Recamier (80)

3




proposed that proliferating embryonic cells, which had persisted into
adulthood, were responsible for cancer. Pathologists, noticing morphological

o

similarities in cancer and embryonic tissues, have long supported this

¢ B .
» theory. Today, techniques and instfuments are finer and more semnsitive, yet
the concept that differentiation—like changes are involved in neoplastic

transformation still remains.

In the previous decade, a number of studies undertaken have reinforced

» the theory that malignant tumors may carry products of trophoblastic tissue,

derived from either a germ or somatic cell, in which derepression may lead to
, aberrant cell growth (141, 142, 167, 186).
Since 1944, a variety of fetoproteins have been described in mammals,

including humans. A number of these have subsequently been shown to be

present in tumor tissue and fetal serum, but absent from the circulation’and ~
tigsues of corresponding adult anix;lals. Thus, these materials have been
termed “oncofetal proteinsn"'. The two. most widely studied fetoproteins are
alphaj-fetoprotein (AFP) and the car;:inqembryonic a‘nt‘igen (CEA) (to be
discussed in the next chapter)'. Other examples are: placental all}aline
phosphatase, an isoenzyme wiich has been identified in the sera of patients
with various malignant tumors (193); fetal #ilphoglycoprotein antigen, fou‘nd
in gastric juice of patients with histologically verified gastric cancer

¢ (83); ,ailphazﬁ ferroprotein, found in children with teratomas and a.variety

\ of othei' cancerous diseases (28); gama—fetoproteiq, found in 75% of benign

and malignant human tumor tissues and in the serum of 10% of patients with

solid tumors or leukemia and is unlike the other ferroproteins in that it

~
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does not show species-specificity, being also observed in the sera of bovine,
) ' § ‘

porcine, canine and feline fetuses (51).

L4

The ectopic\s}ynthesisl of hormones by neoplastic Dtissues of mnon-endocrine | i

r
h

origin is also regarded as another example of antigenic reversion. However,
” *

low levels of the same hormone*in corresponding normal tissues suggests that

the distinction may be quantitative rather than qualitative.

In 1963, it was reported that some.chemically-induced mouse hepatomas
synthesized an alpha-globulin. This substance did not appear in the organs
of normal adult mice, but was antigenically identical to a protein found in

¢ ‘ .

embryonic and neonatal mouse serum (1). Two years later, human

alphaj—fetoprotein was detected in the sera of patients with primary

C} ‘ hepatomas (197). Purification of AFP by Nishi (149) enabled the development
of a variety of radiolmmunoassay techniques (104, 174, 180) which are
capable of detecting virtually all hepatomas and testicular teratoblastomas

, )
(180). Small, but significant, elevations of AFP have be#n observed in other
malignancies, such as bronchogenic carcinoma, cancer of the stomach,

&
Hodgkin's disease and several nonmalignant hepatobiliary disorders. The

presence of low levels of AFP in normal adults has also been described (104).
However, the role of the antigenicity of AFP in the autologous host is still

unknown, although functions akin to albumin have been proposed due to '

physiochemical similarities between the two proteins (148, 173).

T

- Immnosuppressive properties hiive been suggested for AFP (201), but the

e\(;ldence is still inconclusive (146, 156). Nonetheless, AFP is important in

"that it represents one of the first recognized examples of antigenic

0 - reversion in human cancers. »

w
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CHAPTER 2 -

L3

1) Introduction
The term CEA was introduced in 1965 to designate a constituent found in

all adenocarcinomas of the human digestive system, but which is normaliy
\

present only in embryonic and fetal digestive tissues in the first two

trimesters of gestation (Y1). The initial demonstration of CEA followed a
<7

series of experiments involving ‘adenocarcinomas of the human colon (70). Y

This lesion was gpecifically chosen for study because its growth pattern is
8 \ , : \

4

such that it does not extend intramurally for more than 6 or 7 cm either
distal or proximal to the site of the visible tumor in the gross. Mucosa
taken from surgical specimens bey%?ld these points was, thgrefore, available
as normal control tissue from the; same donors who supplied the cancer
material. Hence the problem of distingu‘ishing t;unor'-specific antigenic
differences from alloantigenic va::iations was circumvented.

Heterologous ant:it'umor antisera were initially prepared in rabbits and
rendered tumox—specific either by -absorption with an excess of corresponding

-

normal tissue extracts or by injecting n)éonatal rabbits with normal tissue .

extracts and thus inducing a state of immunologic tolerance to this

'

material. The neonates were then immunizeci with tumor material ip adult life

in order to induce a tumor—specific re'spé‘{'zse. The antisera prepared in both

procedures were tested for their content of antibodies by a number, of

different serologic methods. v ‘ 1

-

)
‘
|
i
|
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The results of these and other investigations revealed that all of the
.colonic adenocarcinomas examined contained an identical qualitatively . A
tumor-specific antigen which was absent from the corresponding autologous
r;ormal’cblonic tissues (70, 117, 120). Appropriate‘ studies excluded the
possibility that the antibodies responsible for these tumor-specific

- reactions were directed either against the bacterial flora of the bowel or
the'usually high concentration of fibrin often .found in malignant tumors.

By employing the tumor-specific syst;em of f\he colon as a model, it was
then demonstrated that all human adenoca.rc‘inomas arlsing from the
entodermally-derived digestive system epithelium (esophagus,. stomach, small
bowel, colon, fet':tum, pancreas and liver) contained the same tumor—specific
constituegtu The dr’éta suggestea that the presence of the tumor antigen was
dependent on the ti§sue of origir;, rather than the tissue of grqwth, of the
tumor. Hence, embryonic gut and f;atal tissues were examined for its
presence. It was found that embryonic and feta} gut, pancreas, and 1liver
during the fi;st two trimesters of gestation, co;ttéined this material. For

!

these reasons, the material was namg&arcinoembryonic antigen (CEA) of the

human digesti\‘r\e hsystem' (71).. )
A number of studies ‘using the very sensisive ra‘dioimmunoassay (RIA)
- techniques for the detection of CEA suggest that this material may be present
P hin very low concentrations in tissues other tha;l those just described (73,
135, 165). Whether this material 1§ idellttical to CEA ‘or is CEA-like in that
& : -

it interferes in the assay due to the use of incomplétely absorbed anti~CEA

antiserum will f:me considered more fully in subsequent chapters.

a .

fF
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2) Cellular Location ' . \ ’

- s

! - Agglutination studies with tissugf—cultured cells OL colonic cancer origin
. { :
suggested that the CEA was a constituent of the tumor c¢ell surface (68).

'Ihis observation was confirmed by im/munofluorescence miicroscopy using 'ftozen

°

or alcohol—fixed sections of digestive system tumors and fetal intesfines, as

well as viable cells explanted from freshly resected colon cancers (45, 68,

74, 116). In addition, a nu‘mber of different specimens of viable colonic

cancer tissue were incubated with a ferritin-anti~CEA conjugate and studied
by electron microscopy for localization of the ferritin label (67). In this
manner, it was found that at least a portion of the CEA is situat:ad in the
glycocalyx, of the tumor cell immediate‘ly adjacent to the gurface t;xembral;le
(: ) ' (67). 1t would therefor:e appear that CEA‘is not a compon‘nt of the ,
trilaminar image usually referred to as the plasma membrar&e, but lies\ eyén
further to the periphery of the cell in what has been ter ‘ed the "greate;

membrane” of the cell surface. At this location it can belseen how easily

CEA may be released into the surrounding body fluids.

There has been some debate as-to whether or mot CEA 1is|an _integral
portion of the glycocalyx or si‘mply materiél in- transit from the cytopiasm‘
across the cell membrane (63, 198). Recent studies have shown that
antibodies specific: for CEA are able to capnthe’ CEA expressed on the surface
of human d.r}testinal éelmcer cells grown in tissue culture (172).' Since

e

capping occurs with compor;;r}ts of the plasma membrane, it would seem that CEA

[}

; is one of these components. ' / . ’ .
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Another aspect that is still under question is 1if CEA 1s synthesized

within the tumor cell or if it is made elsewhete, transported to the tumor
cell and either absorbed onto the membrane or somehow interiorized. However,
a number of observations clearly demonstrate that CEA is inhigenous to the

cancer cell. Human colon cancer cells sérially pagsaged in unconditioned

golden hamsters continue to produce and release CEA in the animal host (72),
' ) . ' R

. and the .established cultured cell line, HT-29, derived from primary colon

adenocarcinoma tissue, has been shown to synthesize and secrete CEA (55).

o

3) Chemistry of CEA - 8

A) Isolation and Purification , §

Most plocedures for ‘the purification of CEA have utilized perchloric acid

(PCA) extraction and gel filtration (63, 198). These procedures may yield
pure CEA, but many other additional steps have been used to achieve final
purification. These include blocl:c electrophoresis, 1ion exchat;ge e
chromatography, isoelectricfoc;sing, density gra iént centrifugatdon, lectinJ
affinity chromatography and innnunoaffinity chromatography (4, 63, 168, 198).
Similar products have been\gb%ainetf‘by these different methods, but subt le
and important immunochemical differences @ay result from{wvariations in the

purificafion procedures. Treatment with PCA may cause chemical and/of

conformational changes in CEA or select cq’rtain molecular subpopulations

*(113, 168). CEA prepared by methods which omit the PCA step should be more

s

representative of the physiological state of. the antigen. ' £

Purified CEA shows a single diffuse band on sodium dodecyl sulfate poly-

acrylamide gel electrophoresis with an apparent molecular weight .of 200,000
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daltons. It was found to give a single symmetrical peak in the analytical

ultracentrifuge with a sedimentation coeffictent of 7-8S. Immunoelectropho-
re;is against anti-CEA an;ntiserum reveals a single band in thef —globulin
region (122)‘. Ion exchange chromatography and isoelectric focu'sing'studies
show that CEA is an acidic molecule with conéiderable ctiarge heterogeneity
(603, 16é\, 198). This was found not to be due entirely to variation in sialic
acid cmul‘l%ent since even after removal of the sialic acid v;ith neuranini dase,
some hete"\rogeneity remained (13, 14, 41, 63, 122, 198). By electron
micrbscop;, the molecule appears & a morphologically distinct cruller shaped
or twj/sted rod with dimensions 9x40 um (185), being a singie chain structure
with maltiple illtrachain disuifide bonds, at neutral pl (63). At lower
pH,the particle chain length decreases. "
B) .Carbohydrate Portion =

=
CEA is a glycoprotein with the carbohydrate content wvarying from about

80% for purified GEA of gastric origin to about 40% for CEA obtained from '
colon cancer tissue (14, 63, 198). In genéral, the most variable sn\xgar is
"sialic acid which‘occurs to the extent of 11.0 mol /103 g CEA. Fucose, galac-
tose and mann:;se are present in roughly equal a;noﬂ}nts—(about 60 mol/lOsgCEA)\
and tt;ere ig almost double this amount of N—acetyl glucosamine. Little or mo
N~acetyl galactosamitie is present in highly purified prepargtions. The
carbohydrate portion of CEA se;ms to be linked to the protein via an
N-glycosidic bond between N—acetylglucnsém;!.ne and asparagine .(53, 211), and

is unusual in having a large amount of branching mannose residues, 3/4 of the

£ r
LR

o k .
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mannose being branched. The variation segen in the carbohydrate portion of
the CEA from different origins, as well as'variations that are seen from

preparations in many labs, is partly due: to the fact that the blosynthesis
of the sugars is a post—ribosomal event (150, 190).

-
C) Protein Pdrtion

. CEA appears to be a single chain by electron microscopy and by virt;xe of
the fact that reduction and alkylation does not greatly change the molecular

weight of CEA in SDS gel electrophoresis (52, 198) or by gel. filtration (86).

- CEA yields a single N-terminal amino acid sequence which also supports the

single chain idea (199). Amino acid analyses of purified materials have
revealed a fairly cmlsistent pattern with some m;.nor variation from prepara—
tion to preparation and suggests that the protein is relatively hydrophilic
in nature (121, 122), with six intrachain disulfide bonds (208). The major
amino acid is always aspartate and/or asparagine. There are‘low levels of
basic and aromatic am‘ino pcids; The N—terminal amino acid sequences of

several different CEA preparations were wirtually identical for the First

15-30 residues (35, 38, 199).

D)‘ Antigenic Determinants as Defined by Hetercantisera

Attempts have been made to iocz;lize and chemically characterize the
tumor-specific antigenic site, but results so far have been inconclusive.
One of the major questions asked, is whether the site resides in the.
carbohydrate portion of the molecule or in the protein. backbone.

Neuraminidase treatment of CEA removes all the sialic acid residueg without

t
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‘any loss of antigenic activity (40). Other studies have shown that periodate
7

oxidation, which destroys most of the sugar residues, does not affect the '

. activity of.CEA in its radioimmunoassay (38, 39, 53, 87, 210j. ’

;
However, treatment of CEA with dilute alkali destroys its activit}; (209) i
as does reduction and alkylation of CEA, but to a lesser extent .(86, 209). f
When the thiol blocking agents are ;emoved by mercaptoethanol, more than half
of the original activity is restored (208). Chemical substitution of a
number of amino acids by the appropfiate reagents affected immunereactivity
only in those cases where gross conformational change; were observed (129),
On the other hand, there have be;n reports that indic‘ate that the

carbohydrate residues in CEA are the important aritigenic determinants (14,

15, 16). Heterosaccharide fragments of CEA (16), synthetic compounds

containing the N-acetylglucosamirie—aspfragine linkage (15) and nagase
fragments of CEA (14) all inhibited in the RI,A. However, the s\pecific
activity of these fragments was many thousand times less than’that of CEA
Thus, the majority of evidence indicates that the peptide portion
contains the antigenic dg‘terminants that are measured in the RIA. It is
possible, however, that some if not all, a/mt‘i-CEA antisera have some
antibodies directed ag;ins!: the cgfbohydrate portion, but their affinity for
the CEA molecule is not as great_as those antibodies direct;d against the i

protein portion (56).

Studies using monkey, rabbit and sheep anti—CEA antisera (85) have shown

that colorectal CEA contains between 10-20 determinants per' molecule

depending on the antiserum used. Sheep recognizes about. 18, rabbit about 15

A
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and monkey abotut 10. Furthertx;ore, monkey serum does not seem to have antibo-
dies directed against certain cross—reacting antigens, the non-specific
cross-reacting antigeri (NCA) and the biliary glycoprotein (BGP), and thus may
be a good choice as a clinical antiserum. However, whether or not other

absorptions are necessary remains to be seen.
{

E) Metabolism of CEA

As already -indicated, it would se’em that CEA is produced by the tumor*
cell, However, much is not known, or yet to be determined, with respect to
the catabolism of the molecule. In studies using the sera of patients who

have undergone curative tumor bowel resection, it was observed that CFA was

:rapidly catabolized, and the serum levels of CEA"2-14 days postoperatively

o
fell to virtually’undetgctablgz’ levels (47, 109), Although the site of CEA
breakdown in man is as yet unknown, experiments in animals indicate the liver

to be the most probable site (178).

4) Host Immnity to CEA

A) Cell-Mediated ITmmunity o

14

+ Skin reactions of the delayed hypersensitivity type were observed in 17
of 19 patients with. carcinomas of the colon and rectum when they were

challenged intradermally with soluble membrane fractions obtained from the

- autochthonous tumor cells (108). Negative reactions were observed when com-

parable normal tissue fractionms were used. The gkin reacﬁ%’é antigen was
>

also found in the digestive tract cells of both first amd second trimester

fetuses. Moreover, CEA was detected in many of the preparatiofw producing
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reactive antigen(s) involved and purified CEA are quite'distinct from one

another (107, -108), 1In addition, purified CEA was found to be incapable of .

stimulating transformation of lymphocytes taken from patients with colon

\ L
cancer (128), ’ .

e g

In vitro correlates of cell-mediated immunity have also been sought in
patients with colon cancer. Using the colony inhibition technique, 1
periphel?al lymphocytes from these patients were shown to possess C)%o*cidal
properties directed (against thelr own tumor cells as well as those from other
patients (97). It was suggested ‘that the CEA might be the common factor N
involved, but no studies were dome to .investigat:e this point (128). It

should "be unoted, however, that; the incubation of peripheral blood lymphocytes

£ rom patieﬁts with digesti’ve system cancer in the presence of CEA failed to

stimlate a significant degree of lymphocyte transformation as measured by

2

) 3H-thymidine incorporation into DNA (128).‘)

B) Humoral Immunity

A specific IgM humoral anti-CEA antilbody response was detected in
patients' sera, using at least two differemt techniques (64, 65, 69). Th—e ’
fact that the reS})onse is IgM mediated without a; conversion to IgG as yet 1is
~unexp1.'=\:I.;:zed. Hoﬁever, the peculiar IgM response is found not only in humans,
but has. also been obselrveld in the goldeq hamsters bearing the CEA—-producing

tumors (163). ’

In analyzing these results, much attention must be given to the method of

antibody detection employed. Using the bis—diazotized benzidine hemaggluti-

nation technique,' it was shown that the sera of patients with digestive

[
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system cancers were pogitive, but only ij there was no metastatic
dissemf{nation of the malignant tumor. In cases’where metastases occurred, - - ;
the sera were invariably unreactive (69). However, the f:echniques of

radioimmunoelectrophoresis and ra‘dic;itmnunochromatography have shown the

presence of anti~CEA antibodies jn the sera of patients who manifest

8

metastatic cancer (64, 65). A modified Farr RIA tec‘)rmique, using acid
disso.ciation to detectoantibody bq'und to .antigen, ‘Was unableato show the
presence of anti~CEA antibodies uﬁder any circumstances. Hence, it m:fly be o
the technoiogic problem involved, as well as the typé of reagent used, that

account for the inabilit} of workers to show the presence of anti-CEA

antibodies in the. sera of patients with digestive system cancer (118‘, 130).

A

It should be noted tHat the specific IgM humoral response was detected in ,

pregnant women in all trimesters of pregnancy and in the immediate post—

\partum period, but the function of these antibodies remains to be determined.

5) Antigens Cross—=Reacting with CEA - o

5] Ry
.

An anti—CEA antiserum vfaé mde in a xenogeneic animal in Srder to obtain

°

an antiserum Specificb to the CEA molecule, par}:icularly to the tumor-specific
antigenic determingntsson the wleécule. _‘bHo'wever, ag more i.nve'stigai:io;xs of
this molecule were} perfornfed, it became evide‘n.t that CEA is heterogenous
both inter— and intz;amo}éculai‘ly and that the CEA of bowel gystem cancers! may

just be one of a family of molecules located in tissues all over the body.

The antiserum, even after appropriate absorptions, was also found to contain

!
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many different antibody populations, immunologiéally defined as being dix:ec—

.

ted against many cross—reacting substances i.e. substances believed to be s

clearly distinct from CEA yet sharing.common determinants.

>

, .In the last five years, twelve cross-reacting antigens have been

described, all of’ them identified by the use of the anti-CEA antiserum (see

Table 2). It ha}s since been shown that the first six of these mater

serologically identical. Further investigation must be done to asfertain

first zlx. There is some preliminary data that suggests that NCAY2 and CELIA
are identical to each other and to the fecal antigen described by Matsuoka
¢136).

A) Non-Specific Cross-l?e'acting Antigen

-

. 0f all. these cross=reacting substances, the non-specific cross—reacting

antigen is the one whiCh has been studied the most extensively, and

henceforth 'yill refer t tﬁose firgt six anti‘gens in Table 2. NCA was
isolated from colonic tumors, but was also found in normal ‘colon, spleen,
lung and plasma (32, 115, 117). NCA shows most of: the physical characteris—
~1:“:lc,s of CEA. It is solixble in PCA and is' a PA-Schiff positive glycoprotein
which migrates towards, the . cathode. At concentrations of betweer; 0.1 and

. 2 mg/ml it gives a single identical p‘recipitin Iine in immunodiffusion with
ral;bit\and sheep anti~CEA and-goat anti-NCA, and a line of partial identity

o

with CEA using anti-CEA antiserum. The molecular weight of NCA is approxi-

mately 60,000 daltons. Amino acid analysis showse marked similarity to CEA.

Carbohydra‘te comparisons show slight differences. Immunoelect:ropﬁoresis l-tglls
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TABLE 2
b ‘
} Antigens Cross—Reacting with CEA
| - "’
§ NAME ABBREVIATION REFERENCE
% -
1. Normal Glycoprotein NGP J.P. Mach and G.
. ] LR i Pusztaszeri (131)
| "
2. Non-Specifiic Cross- NCA S. von Kleist et al.
Reacting Antigen (115) ’
v ki . -
. 3. CEA-associated Protein CEX D.A. Darcy et al.
' (44)
) I -z .
4. Colonic (%EA -2 CCEA-2 + Cs Turberville et al.
: g (200)
O |
- i 5. Colon Carcinoma C/CA-III E.S. Newman et al. '
) Antigen { 11 ; (147)
| . ‘ ‘ o
6. Beta Ext{‘ernal Pro;:ein H. Orjasaeter (%55)
11 7. Fetal Sulphoglycoprotein .,  FSA 1. Hakkinen (82)
Il 8. Breast Cancer Glycoprotein " BCGP T. Kuo et al. (123)
4
1v, 9. Second Non-Specific NCA-2 P. Burtin et al. (31)
Crogs-Reacting Antigen '
v 10. Biliary Glycoprotein BGP-1 T. Svenberg .(194)
VL 11. Gastric CEA-like Antigen CELIA M. Vuento et al
(206) o
VII 12. Pancreatic Tumor Ascites ° PAFG T.M. Chu et al.(§4) .
‘Fluld Glycoprotein . \
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shown NCA to be distinct from CEA, having its own specif;é unshared determi~

/o a
—

nants. Thus, when anti-NCA serum is absorbed;with CEA; it will still react

with NCA. It was found that pulmonary tissue is particularly rich in NCA and

is usually the tissue of choice for its extraction. !

The clinical evaluation of serum NCA markedly differs from CEA. The
assa; used was a double antibody assay and it was shown that CEA does not
’inte;fere in this assay (49, 126). Normal circulating values of NCA are
150 ng/ml compared with 2.5 ng/ml for CEA. Elevated NCA levels were mainly
found in pulmonary t;ssue diseases, espeéclally in tuberculosis. However,
whereas CE@ levels rise substantially in neoplastic diseases, NCA values show
a moderate augmentation, with rapid levelling off. Inde;d! NCA values in
cancerous diseases, regardless of the tumor site, rarely execeeds 260ﬁpg/p1.
Henceg although NCA may be interesting in that it is CEA-like and is an
important tool in furﬁher specifying the anti~CEA antiserum, its clinicéll
value iﬁ neoplasfic or any diseages (except perhapé for TB) has not yet been

realized.

B) Breast Cancer G;ycoprbtein

This material was discovered by Kuo and workers (121) using the method of
. :
Rosai et al. '(170) to isolate membrane-bound CEA on individual breast
carcinomas metastatic to the liver. BCGP is also found in lung tissue, which
may indicate a relationship to NCA. Anti-CEA antiserum can be absorbed of
[ N '

its anti~-BCGP activity, leaving behind activity to only CEA. It has been

suggested that CEA reactivity in breast cancer as seen with unabsorbed
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anti#CEA serum may be due to the BCGP rather than p& colonic~type CEA. The

[y

molecular weight of BCGP is aroﬁnd\ZO0,000 daltons, the only cross-reacting

antigen that resembles CEA in that respect.

C) Fetal Sulfoglycoprotein

This material is a fetal type of a sulfoglycoprotein and has been

demonstrated by double immunodiffusion in the gastric juices of patients with . %
histologically verified gastric cancer (83). Beéa;se secretion of FSA seemed
to precede the development of morphologically distinct cancer cells, this

molecule became ofinterest to workers as a possible too; in screening gastric

cancers. Its relationship to CEA was also investigated and studies have

ascertained its .cross—reactivity with CEA, implying a shared determinant (82)

i

N Mt M Koot

(ﬂ} but was also found to contain unique, unshared determinants.

- ~ ] '
D) Second Non-Specific Cross—Reacting Antigen

7 . A K3
This antigen was described by Burtin et al. (3#). It was identified in .

<

the PCA extracts' of feces of noncancerous and cancerous patients and

e R ek

meconium. Recent studies have shown that NCA-2 is quite_similar to CEA (30). . ﬁ
Its molecular weight is slightly less, being 160,000 daltons, but its
electrophoretic mobility is comparable as is its chemicalxcomposition.
Comparisons of various anti—-CEA antisera show diff?rent types of-reactivity
from lines of complete identity to no cross—reactivity at all. Since strong

ant1-NCA-2 antiserum is as yet unavailable, the degree of cross—reactivity

with CEA remains to be determined.

I
E) Biliary Glycoprotein 1 . ~
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(194) as being a CEA-like, PCA-soluble glycoprotein. Partial identity with

CEA as well as cross—reactivity with NCA has been demonstrated. BGP-1 shows

a-glectrophoretic mobility with a molecular weight in between that of CEA and

NCA as determined by Sephadex G-200 rmoybilit'y. BGP~1 did not inhibit in the
enzyme—linked immunoabsorbent assay (ELISA?, hence the common determinant
observed on immunoelectrophoresis does not ‘appear to be the tumor—associated
determinant of CEA. ‘ | .

0

F) Gastric CEA-Like Antigen

This material is a PCA—solgble antigen described by Vuento (206) and

found in gastric juice-\ This molecule may be identical with NCA-2 on the ‘

basis of molecular we‘:ight similarities, this same evidence establishing

non-identitywith the other>antigens'.

This study of cross=—reacting antigens is important not only in trying to
LA

eliminate non cancer-specific reactions, but in further assessing the anti-
body populatiops found in the anti-CEA antiserum and the reliability of the

RIA's in use today. ’

¥

\

6) Radioimmunoassay jfor CEA . ’ .
\

v

The initial assays for éEA, which involved precipitation reactions in

'

gel, were sensitive and appeared specific for the embryonic antigen.

However, since then, a number of reproducible and more sensitive assays have

been introduced (177), émong them the ammonium sulfate Farr technique, the

" double antibody assay and the zirconyl phosphate gel assay. These

,\
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techniques, due tontheir increased'sensitivity, proved to Bé less specific
than their forerunmer &176), repeatedly giving false positive and false
negative results. 'Therefore, cliﬁical investigators‘beéan to suggest reasons
for these apparent findings. The first of these 1s the possibility that CEA
is present in very low concentrations in tissues other than gas;rointestinal
cancers and fetal and embryonic digestive system organs. Similarlf, data Has
accumuléted indicating the presence of CEA or CEA-like substances in the
circulation of pétients with nonenteric cancers or those manifesting other
forms of tissue pathology. Whether br‘not theselmaterials are identical to
the CEA of gastric origin, or are CEA-like substances which mimic the
presence of CEA due to the use of poorly absorbed antiserum, remains to be
éiucidaﬁéd. Lastly, the question is asked whether the interference is not
simply &ue to large mglecuiar weight serum proteins reacting in a nonspecific
manner in the assay. In view of these persistent problems{ the parameters
influencing thg‘detection of CEA in the radioimmunoassay will be briefly
described.

The antigens used %P the assays are usually purified from hepatic
metastases of colon canc;r; however, purification methods differ from
laboratory,to laboratory. Immunolog@c and chemical combarisons are avallable
forlonly a few preparations of purified CEA. Thus, a universally accepted
standard must be introduced. In light of recent evidence, it now seems as if
CEA of the gastrointesfinal tract 1s p;obably one of a family. of CEA-like
molecules found in pathologic tissues (63), and that there are likely a

number of nontumor-specific determinants on CEA (in addition to the

&
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tumor—specific ones) that are shared with molecules produced by various
tissues in other disease states. For example, in one study done using four

different “"standard” QEA preparations from four different laboratories, and

two different anti~CEA antisera, significant antigenic dissimilarities were
observed, between some of the "standard” CEA's employed. 1In addizion, the . ,;
- serum CEA and the tumor CEA from the same patient appeared to be antigeni- '%
! cally different (204, 205).
i The‘heterogeneity of CEA has been further in;estigated by. using T
additional steps beyong those generally gsed to purify CEA (63).
Concanavalin A affinity chromatography can separate CEA into several peaks,

one of which was shown to have greater antigenic activity when measured by

x —(ﬁ} certain antisera (169). A fraction of CEA, called CEA-S, constituting less.
than 5% of the "standard” CEA's in use, has been isolated by a group of
investigators to be employed in diagnostic .testing (160). RIA's using CEA-S

show greater specificity; however, the sensitivity of the assay was

e

i

decreased (50, 100). i . -
Aside from thé obvious need for homogeneous CEA populations, a standard .
for the absorﬁtion of the antiserum must also be adopted. Different ;nt;sera
used in various assays have variable degrees of speéificity and recqggize
both the CEA tumor site as well as other antigenic sites'on’the molecule (63)

and, as mentioned before, describe many cross-reacting antigens. .Figure 1

shows preliminary data gafﬁereﬂ in our 1abofatory whereby . unabsorbed anti—CEA

antigerum prepared in a horse was absorbed on a Sepharose affinity column

coupled with normal tissue extracts, towards which the antiserum had
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Absorption of Anti CEA .
on Normal Tissue Extracts Coupled Affinity Column
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Results of an RIA established between unabsorbed anti-

' Fig. 1:

CEA antiserum and the same antiserum absorbed on an af-
finity column coupled with varfous normal tissues. The
curves compare- the 1nhibit6ry activity in the assay of
CEA (W), (-——-e, lung (nnu-nco-u)’ bowel
(m—nmmees) | 8001 (w=wmmes=) and liver (= =w=w—ew==), '
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activity. After one passage of the antiserum through the column, ‘reactivity
. . <

to two of the normal materials (bowel and stool) remained and was not removed
after successive recycling. Aside from those antigens already described, it
is most likely that there is a number of materials not yet detected that

wouldggise interfere in the RIA. Absorption with all  these materials would

» )

be needed to get an’antiserum as specific as possible.. However,‘it must be
remembered that the am&unt of antibody produced in the xenogeneic animal to
any of the CEA croﬁf:reactiné substances may not be indicative of the |
quantity of the immunologic determinants in the immunizing‘prepﬁration.
This, of course, depends on the immunogenicity of the animal. With this in
mind, absorption of anti-CEA aﬁtisera‘becomes more intricate.and conventional
methods‘may got be adequ;te . A

The most widely used clinical assay is the ”indir;ct" Z-gel assay method
(88). This involves subjecting serum‘samples to extraction with perchloric
acfa foilowed by dialysis againgt low ionicustrength buffer. This treatment
tends to minimize the problem of specific and nonspecific interference
factors in different plas?a matrices and the seggitivity of CEA to ion}c
sgrength. However, a direct assay is still preferable. There ha{ been some
progress in this area (54, 127) whereby undiluted andjuntreated plasma
samples are used. Good correlation between the direct and indirect assays
are observed at high plasma concentrations of CEA,'but, due to the

presence of PCA-labile materials which cross—react with many of the anti-CEA

antisera employed, discordance is seen in the 0-10 qg/ml range, an area that

-

is highly significant in' certain clinical stituations.

®

-

£
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7)~ Role of the Radioimmunoassay for CEA in Clinical Medicine

The ideal immunodiagnostic assay can be visualized as being an important

‘tool in three areas: cancer screening, which entails the assaying of large

o .

\  populations tp determine those at risk, or the screening of asymptomatic

individuals for evidence of impending tumors; cancer diagnosis, which
involves the detection of ﬁalignancies in symptomatic individuals where the
! CEA assay 1s part of the diagnostic WOrQuP; cancer management, in which .
further CEA determinatioms in previously diagnosed individuals are used for

the.establishmehtvof a prognosis, in detecting the occurrence of metastases

~or the recurrence of disease, or for monitoring the results qf therapy.
The/CEA assay cannot be reliably used in the area of cancer scre?ning or
(”}, ‘ diagnosis. To do sc would imply that the assay 1s sensitive enough to allow

a low or negligible incidence of false negative assays, specific enough to

& obviate false poéitives and, in addition, should show organ specificity to

allow for the localization of the tumor mass (100); Present assays, although
sensitive and reproducible, do not meet these £equirements} INegative results
may Se,obEained in patients with early cancerous leéions, while posi;ive
results may not always indicate malignancies. However, althougﬁ many of the
nonmalignant conditions which give positive results do so with only transient

. or low levels of CEA, rather than persistent, rising levels, and thus are

i distinguished from cancerous growths (63), at the present time screening of

’ healthy individuals does not seeﬁ:féasible. By itself, the CEA assay cannot

be reliably used as a diagnostié tool. Recent data has suggested the use of
- .




" rence of the disease postoperatively (24, 132). CEA levels below 5 ng/ml or

40

the assay in conjunction with other diagnostic procedures for cancer. For

example, the assay has been found to be positivé for pancreatic cancer and
when used alang with barium enema, the detection rate, in colon cancer, :lsy ‘ s
greater than when each test is used alone (66). .°

- The majority of definitive data for the ,reliable use of the CEA assay has
been accumulated in the area of cancer management. In general, a good
correlation has been observed between CEA elevation in the serum and tumgr'\ ’ .
stage. High values usually indicate more advanced tumor stages, as seen in
the comparison of levels for colorectal cancer Dukes A and D stages (140).

Usually, high preoperative CEA values ( 20 ng/ml) indicate presence of

metastatic lesions (63), and, in patients with bowel cancer, the higher the

]

preoperative’ levels of CEA, the more rapid and frequent the rate of recur-

even below the normal range of 2.5 ng/ml do not rule out metastatic cancer,

but suggest a resectable lesion (63).
Pbstoperative use of the CEA assay has proven to be reliable when inter—

preted at least orfle month post surgery. Generally, a decline in the plasma

CEA levels correlates well with.complete resection of the tumor (63). 1In

those patients whose postoperative CEA level was negative or very low, the,
ma jority did‘'not manifest any evidence of recurrence of the particular type

of cancer. In those cases where the CEA level did not drop after surgery,

1nceglete tumor resection was résponaible, and where the CEA levels

increas d steadily, recurrence or continuation of the tumor growth was
observed. ater importance is the fact that patients with previous

5 5
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postoperative negative CEA levels; who suddenly become positive in the assay,
usually manifest tumor recurrence or continued tumor growth., This reappear-—

ance of circulating CEA frequently precedes clinical and laboratory evidence

éf the cancer anywHeré from a few weeks to two years (24, 63) and has
suggestéd early applipation of chemotherapy or ra&i;therapy in an attempt to
arrest the &isgase in its early stages. "Second—look surgery” has also been -
suggested and a study of it 1s being undertaken by a number of groups (12,
191). - This surgery has already been employed, based on rising serial CEA
levels in symptomatic patientg, and single ﬁetastatic nodules were discovered
and successfully resected (139). However, consideration must be given t; the
p?sgability that posioperative rises in CEA levels may be caused by
nonmalignant states,‘especially in cases of hepatic malfunction, and that
this must be distinguished from CEA elevatioﬁs in patients due to tumbr
recurrence (211). “
The uée ef/CEA‘assays to monitor chemotherapy and radiotherapy of>the
patient seems to correlaté well wic&:the represseion or progression of the
g~ ’

cancer. e

’ He
Recently, mich interest has been given to examining CEA levels in body

‘secretions and eicretions, digestive juices, ascites and pleural efflusions,
and other body fluids in conjunction with serum CEA analyses to detect both

primary and secondary tumors (176).

o
N .
v
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) CHAPTER 3

Purpose of Stud&

A ] '

It is apparent from the‘prev‘ious section dealing with the history of CEA .

that the overriding problém in the clinical study of this material is that//,&f o
e

the speéificity of the radioimmunoassay, or, more directly, the specificﬁty '

of the antigens and antisera employed. ) : ‘

’ ‘ The problem of antigenic cross—reactivity observed in the assay resolves
itself into three possibilities: o 'o
‘ (1) CEA is present In minute q;umtities in normal bowel tissue; . ’
(} . v (2) Antigenic moieties exist i;l nornllal bowel tissue whif:h are crosz-

reactive with, but distinct from, CEA;

~

(3) There is interference in the mssay due to nonspecific materials,
such as high concentrations of alphaglobuling . .
The difficulty encountered with the antisera arises from the inability,

N

d . by heteroimmunization, to obtain monoclonal antibody populations. The

multiple epitopes on the CEA molecule give rise to a variety of diverse
antibody populations upon immunization of a xenogeneic animal, the specifi-~
city of which is never really certain.

. o ' 3
0 . Thus, .this thesis focuses on antiserum specificity and (\ow it relates to.

the problem of cross~reacting normal bowel antigens.

! The method of making the anti-CEA antiserum more gpecific to the CEA

molecule has, in the past, been by liquid phase 'absorpti‘on with a variety of

L.
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normal tﬂ?ssue extracts. However, this absorption method did not eliminate

. . A
assay.

o -

. 5 -

i T . This study attempted an alternate approach to improving the specifiecity

~le

of the antiserum. The method employed was solid phase affinity chromatogra- -
phy with normal bowel tissue extracts. This technique has previously - been
. e ,

used to isolalte specific antigen moieties. Thus, this method was adopted in

4 1

order” to absorb out those antibody populationg not directed agaimnst the tumor

portion of the CEA molecule, and to determine if, in-deed, "there exists a
: . T

specific tumor epitope on the CEA molecule.

— . ¥
o

i
In the final analysis, the effectiveness of solid phase immunoabsorption.
: - i 3 “

versus liquid phase absorption are coixipared with respect %o the type of anti-.

v

CEA antiserum produced.

.

\ua ] '

the problem of intgorfe}rence by cross—reacting substances in the radioimuno-? .

.
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. o - CHAPTER 4

. . [
Materials and Methods

-

1) Principles of Affinity Chromatdgraphy

h I

The pfimary method of approach in these studies was affinity chromato-—

graphy. First introduced by Anfinsen and co-workers in 1968 (42), this
2 4 . ’ .
2 < téchniquephas since been employed in the selective isolation and purification

r

of enzymes and other biologically important macromolecules.

! D The technique exploitd the unique biological property “of macromolecules

Y or proteins to bind ligands specifically and revgrsibly (42). The basic .

(—j} u i)ri’ncipvle involves .a ligandoattach'ed covalently to a water—insoluble matrix

" to form chromatgg)sapbic’material suited to absorb from a mixture just those
comwponents having_"an affinity for the ligand. Proteiﬁs or other mblecules
not 'exhi‘bitin&g' abpt:eciable affinity for the ligand will pass unretarded.
through the column, whereas tt;ose which recognize the ligand will be retarded
_to an extent related to ”the affinity constant under the experimental

) conditions. This method thus closely pafallels the use of ins\olubilized
antigens as immunosorbents for, ‘the purification of antibodies (ll79).

—— The- primary'advan'tmage of affinity chromatogra;phy over conventional

separation techn;gues is its specificity. In addition, as a consequence of

a

: the tiny proportion of total protein absorbed from a crude mixture, a

°

relatively small amount of efficient absorbent is ereqﬁired. Also, -the

o




A absorbed material is rapidly separated from proteolytic enzynes and may be
stabilized by ligand binding at the "active site”. In addition, the

absorbent can usually be regenerated many times. In designing an affinity
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chromatographic system, a numbel; of points must be considered (79):
(1) Noq great modification of the 1igand must occur either during

attachment to the support or under the experimental conditions; L

\3 (ii) The ligand must be of suitable length such that the binding

determinants are apceésible;

K

(1ii) The ligand must interact specifically and reversibly with the
R

molecule to be purified. . Interactions involving dissociation

constants greater than 1073 mole 171 are likely to be too weak;

v
(’) : (iv) 'The ligand must be suitable for coupling to a matrix with the mini-—
- \ \
D mum amount of modification to that part of its structure essential for
!
3 binding;

(v) The matrix must be cagable of mild chemical modifi\c?lﬁtmion without un-:
v undergoing gross structural changes (partiéui.larly shrinkage), be free of
“ 1onic residues which would cause nonspecific interactions with proteins, have
a loose lattice structure of sufficient hydrophilic nature to permit
° interaction between ‘the tv}o f)hases kliquid and sovlid)’. Aléo, the matrix
should be spherical, rigid and of uniform size to permit uniform and
u’nimpa:lred entry and exit of large n;acromolecules, and retain good flow
properties béforé.' and after coppling. Beaded agarose, polyacrylamide and

4]

o glass fulfill these requirements. - -
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Y, -

It should be noted that the amount of ligand coupled to the matrix
carrier represents the maximum theoretical binding capability and should

not be equated with the capac%ty as a bioabseorbent. In practice, only a

, fraction of the molecules coupled may be accessible for binding, since the

matrix may have nonideal porosity. Also, once a macromolecule. 1s absorbed,
it may mask adjacent ligandg. Therefore, élthoﬁgh raising the ligand concen~
tration on a matrix improves u‘mSt bioabsorbents up to a point, there is
usually a limit above which the capacity no longer iricreases and may begin to
fall (112);

(vi) It must be ensured that the 'ligand~carrier complex is mech’anically'
and chemically stable to the experimental conditions of coupling and elution;
otheryise, there may be leakage of ligand during the chromatography;

s

vii) Often, it is’ne/cessary to insert a spacer between the 1ligand and its

Ve

support to give greater a;ccessibility. This is achieved by either coupling
the l‘i'gand to one end of an "arm",. the other end of which is subsequently
attached to the carrier, or by coupling it to an arm already modifyiﬁg ‘the
matrix. Due to commercial availability of matrices with spacer arms, the /
latter ;:echnique is preferred.
The spacer arm is usually a hydroca'trbon chain .of thﬂre*e or mre

carbons. )The arm is especially necessary for those ligands that. dp not have
an NH2 group suitable for dit\gct coupling. The coupling of ligand to matrix

involves a covalent bond. It has been found that fonic bonds or physical

absorption are prone to leakage or displacement of ligand from its carrier.

\
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he

. long mobile chain so that possible masking of those adjacent by an absorbed

The greater effectiveness of ligands when attached'to spacer arms is
- o !
generally ascribed to their increased steric availability to the protein

being absorbed. Although this is doubtless the major factor, there are
' i

others to consid,Lar. The ligands, themselves, may ‘be- more separated when on a

~
protein molecule is minimized. Also, econtrols have rarely been run to

ascertaln whether the arm alone has any affinity for the protein, although !
even if there were an aﬂditioﬁal effect, it would often be desired, provided |
it were specific}/ \}&f"sﬁéii?l)be reali'zed, however, that even a tailor-made
1iga1i‘xd—carrier—sttem does not necessarily constitute a bio—specific

absorbent. It has usually been tacitly assumed that spacers play little

part in the chromatographic process and that ligands exhibit similar affinity
characteristics in the free state as when modified to render them sterically
available. Recent studies show that: these assumptions are not always valid
(111, 151).

Nonetheless, affinity chromatography has become an accepted part of
biochemical methodology and has facilitated the isolation of many irnteresting
macromolecules hitherto 1naccessihie by less soph}.j:icated techniques.

In this section, the conditions fof/o?tiﬁf\guplin; of ligand to solid
supporting ﬁeWﬁetei‘mined. This will then serve as a basis for
subsequent studies in which ligand coupled to a solid isupport medium will be

-

used‘as an immuncabsqrbeﬁt to further specify anti-CEA antisera.
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2)‘3 Preparation of the Carcinoembryonic Antigen - '
The CEA utilized in the following studies was prepared, as outlined

’ below, by a variation of the method of Krupey et al. (67). The term CEA or ,

- -

standard CEA, designates preparations of the carcinoembryonic antigen of the
{

3 , human digestive system prepared by follo‘wing this method without alterations.

- ) A) Initial Preparations of Tumor Specimens

Whenever possible, hepatic metastases from primary adenocarcinomas of the
" colon or rectum were employed due to the relatively high concentrations of
CEA in such lesions (12)'. .The tumor tissue obtained at autopsy was dissected

as cleanly as possible from any surrounding normal tissue.’ Th%s material was

»

stored in 1 kg aliquots at —20°C until used for extraction. A /
C } i Ir;‘/preparatfion for extraction, an aliquot of tumor tissue was thawed

= slightly at room temperature, then chopped into small sections using a
stainless steel knife. The sections were added to 4 1 of distilled water an
: homogenized in a water—cooled Virtis Mixer at 15,000 rev/min for 15 minutes.

The demonstration of CEA activity in the initial homogenate, and at -each

stage of purification, was performed by Ouchterlony reaction against absorbed

anti~CEA antiserum (to be described below). The mir.limum‘quantity of material

-

required to produce a precipitin line after each phase also served as an

indicator of the approximate degree of CEA enrichment achieved by that
). portion of the isolation technique.

o B) -Perchloric Acid Extraction

" b 500 ml of the tumor tissue homogenate was mixed with an eqx[l volume of

v
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cold 2.0 M perqhioric acid (PCA), and then stirred for ten minutes at room

temperature. The resulting suspension was centrifuged at 8000g at 4°C in an

. IEC Centrifuge in 250 ml aliquots for 15 minutes. The sediment was discarded

and the supernant'ant dfalyzed either 72 hr against cold tap water or in a
hollow-fiber dialyzer against ‘cold tap water until the pH of the supernantant
reached 4.0. The dialysate was then concenttzated in an Amicon with a PM30
membrane 'to a volume of approximately 100 ml. The filtrate was then
lyophilyzed.

C) Preparative Gel Filtration Chromatography . !

A solution of 0.05 M>sodium phosphate in 0.15 M NaCl at pH 4.5 was
employed as the eluting agent throughout- the chromatographic procedures.

An aliquot of 1.5 g of the lyophilyzed powder of the PCA-extracted tumor.
tissue was dissolved in 50 ml of the PBS and applied to a previously ,
equilibrated Sepharose 4B Pharmacia column (Type K100/100) wj;th the
dimensions 89 x 10 cm. Elution was performed by upward flow at a rate of
150 ml/hr. The eluate was monitored for its bpectrophotometriq absorption at
v — , .

280 nm, and was collected in 25 ml fractions. Those fractions possessing CEA

activity were dialyzed against distilled water at 4°C for 48 hr, concentrated

b [y \

and then lyophilyzed.
A 200 mg sample of powder derived'from the Sephatose 4B colum and
contalning the‘CEA activity was dissolved in 10 ml of the PBS. This solution

was. then applied to a 90 cm x 5 em Pharmacia column (Type K50/100) containing

equilibrated Sephadex G-200. Chromatography was performed at 4°C by upward
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fitted with. Whatmann 3 mm chromatographic paper contacts and placed in an

50

! . .
3
f

/

flow at a rate of 40 ml/hr. The eluate, again monitored at 280 nm, was

collected in 10 ml aliquots. Fractions containing CEA activity were then

pooled, dialyzed, and lyophilyzed ‘as described for the ‘eluéte from the N
. .“:: ) v

e

Sepharose 4B column.

D) Preparative Gel Block rElectroﬂhoresis :

Sephadex G~25 was washed and equilibrated with 0.05 M borate buffer pH
8.6. A thick slurry of this mateﬁg,g_lywas poured into a level lucite mold
(61 x 7.5 x 2 cm) so that it wagevenly distributed along the plate at a f

depth of 1 cme The surface of {the gel was blotted with a cotton gauze
-

sponge until it had a firm consigﬁ%cy, but was not dry. The gel block was
4 ' - 1

&
electrophoresis apparatus where the electrode chambers contained the same

b;rate buffer as was used in the washing of the gel.

Equilibration of the system was allowed to occur for 1 hour under the
operatit‘lg conditions of 400 V and approximately 20 mA at 4°C. A sample of
60 mg of the CEA-contain\ing powder derived from the Sephadex G~200 chromato-
graphic procedures was dissolved in 0.5 ml of the borate buffer. A1l cm {
strip of gel w%s then removed from the centre of t-ye block and\was thofdughly
mixed with the \aolutiou ;)f CEA, This 'slurry was then poured into the trough
in the centre of the block, forme;l when the gel strip was removed. Ferritin

(0.01 mg in 0.005 ml borate buffer), which served as a marker, ‘was spotted

3 cm from the cathodal extremity of the block. Electrophoretic separation

was carried out under the conditions described for 24 hours. Following

4
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electrophoresis, 1 cm strips of gel were cut from the block and were

! suspended in 25 ml of normal saline. 'I:he liquid was: femoved from each

| al/iquot of gel by filration through a 0.454 Nalgene grid membrane. The

: dried Sephadex cake was then washed, in the same filter unit, with an
additional 25 ml of saline'. The total filtrate was dialyzed :at Aoc, pooled,
1yophily{ed and stored at 49C in vacuo. Y

*'3) Preparation of Antisera - ‘

i A) Preparatipn of Horse Unabsorbgd Ax{ti-CEA Antiserum s
AI‘I adult male horse was immunized initially with 1 mg of purified CEA
dis.solved’ in 1.0 ml of sterile saline and emlsified in an equal volume of
QU complete Fn‘aund's adjuvant. Booster doses of 500 ug were given at one to
o three month intervals depending on the titre of the antiserum. One week
afte}' these booster injections, the animal was bled. The bleed which gave

the highest titre of CEA-reactive antibody was then employed as the antiserum

. for use in the radioimmunocassays and the research studies. This antiserum

was thus designated Horse unabsorbed an?:i-CEA antigerum and abbreviated as

(4

“anti-CEA".

B) Preparation of Horse Absorbed anti=CEA Antiserum

Normal liver, lungy colon and human serum were collected and saline

Z. - extracts of each were prepared. 100 mg of each normal tissue extract were

. N
minutes. The supernatant was then filtered. through a Millipore filter and

stored in 20 ml aliquots at -20°C. This preparation of anti-CEA . antiserum

- )
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was thus designated standard horse absorbed anti~CEA antiserum.

C) Preparation of-the Gammaglobulin Enriched Fraction of anti—CEA

An 18% solution of sodium sulfate was prepared. To 1 ml of neat anti—-CEA
was added 180 mg of sodium sulfate followed by vigorous stirring. One
;nillilitre of thé 18% was then added, followed again by vigorous stirring.
When the salt had dissolved the stirring was maintained for 1 hour at 2510C,
followed by cent;rifugation at 38,6000g for 5 min also at 25°C. The
supvernatant was discarded and the precipitate washed with 2.5 ml of the 18%
solution and recentrifued; The supernatant was again discarded and the
precipitate was dissolved in 1 ml of O.1 M sodium bicarbonate pH 8.0 followéd
by dialysis overnight in/the sodium bicarbonate at 4°C. This was then
followed by dialysis é,gainst 0.2 M sodium citrate pH 6.5 /for 12 hr a‘t 40C, A
final dialysnis for 4 hr was done aéainstfthe bicax"bonate buffer. The protein

content of this gamma cut was determined by the Folin method (99). -’

D) Preparation of Sheep anti-Horse Gammaglobulin

An adult male sheep was initially immunized with 1 ml of a saline
solution containing 1 mg of horse gammaglob;xl:ln (Pent;ex, fraction 1IV)
dissolved in an equpl volume of Freund's comglete adjuvant. Subsequent
injections of 100 g of horse gammaglobulin were administered at two week
interva%s for six weeks. Booster injections of 100 ug were' given every ]
month, and the following week 300-500 ml of blood were collected. The blood '
was spun at 1000g in a Sorval RC2-B for 15 'min,. The supernatant was decanted

and stored at ~20°C in 10-15 ml aliquots. This preparation served as the ,

second antibbd& in the double antibody radioimmmunoassay for CEA.
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4) Radioimmunoassay for CEA

' A) Radiolabelling of CEA

r

CEA was shown to contain tyrosine residues (48, 164). This material was

therefore. radiolabelled ,with 1251 by the chloramine~T method (77) as
follows: )
; , (1) The diluent utilized in each!step was pho\sphate buffered sa1~it‘1e‘pH
7.4 0.05M (PBS); ' \
(ii) The reaction was carried out in a 4 ml flat bottom glass vial, con—
taining a 1/16" x 1/4" téflon-coated magnetic s~tirring bar. These
). were discarded after each labeiiing procedurel; .
(i:[i)~ Eppendorf pipets (Brinkman Instruments) of appropriate capacities
() l were utilized to measure and dispense all reagents; -
(div) ‘Fres.h solution of chloramine-T (1.0 mg/ml, Eastman Chemicals, Roch—
ester), sodix;m metabisulf’ite'(Z.O mg/ml) and potassium iodine
(10 mg/ml) in the diluent buffer were prepared before each radio-
iodination i:rocedure;
(v) 'The pH of the 1251 golution was measm:'ed by placing .al 1yl aliquot
k '# onto narrow range‘alkaline pH paper and used only if the pH of the
reagent was mildly alkaline; - Q\ |

' (vi) 12571 g8 NalZSI, carrier—~fres in NaOH golution, pH 8~11, free from

ts’;fﬁ”‘ Amersha;m Searle (Don Mills, Ont.);

' N A}
(vii) The glycoprotein to be labelled was diluted with PBS to a final con-

v

i : reducing agent and containing less than 12 1267, was obtained from e
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centration of 1 mg/ml. The conjugation proc/edure was performed as follows:
To 50 ul of phospha_te buffer 0.1 M, pl? 7.4l was added .20 pl (20 pg)
of the 1 ﬁlg/ml solu’tion of the glycoprotein, 2.mCi of iZSI and 20 pl (20 ug)
of Chloramine~T under constant stirring. The reaction time, at 259%C was 90
sec. 50ul (100 pg) of sodium 'metabisulfite was then added. The reaction
solution was stirred vigorously fom 20 sec. The reacti'on mixture was then
applied to a 10 ml plastic pipet packed with Sephadex G-100 with a glass wool
p}ug at the outlet. This colum had l?een previously equilibrated with the

[

diluent buffer. After the reaction mixture had soaked into the column, the X

\

reaction vessel was washed with lQO ul (1 mg) potassium iodide, and the

washing was applied to the column, which was then eluted with the diluent

t

. buffer.

N . ¢

Fractions, which were 1.0 ml in volume, were collected into 1.0 ml

" of 5% BSA solution in diluent buffer, usihg a Gilson fraction collector which

was preset at 44 drops per tube - the équivalent of 1.0 ml liquid. The
radioactivity of 10 ul aliquots‘ of the eluate was determined in a Nuclear
Chicago Gamma counter calibrated for 1251 with a Countiﬁg Effiency of 50%.
All of the ra@ioac;iv; measurements described in this thesis were perf ormed
in this Gamma Counter. Radioactivity in the,.void volume peak, as determined
by prior calibration witih Blue Dextran 2000 (Pharmacia), rgprésented the
labelled glycoprotein, whiie the radioactivity elutec} in the column volume

’

|
peak represented free 1251,
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B) Techniques of anti-CEA Antibody Demonstration

[

(1) The Detection of anti—CEA Antibody by the Farr Technique

5

To measure the bi;lding of an anti~CEA antiserum to 125I--CEA, a
radioimmunoassay based upon th‘e phenomenon of the co~precipitation of soluble
immune complexes in 50% saturated anm?onium-sulphate (548) was employed; as

~ first described by Farr (58)_. For this pr‘oceéure, normal human serum was
diluted‘ 1:100 with 0.05 M borate buffer pil 8.6 and was subsequently used as
the diluent for the anti-CEA antiserum and the 1251-CEA.
: A titration curve was obtained as follows: doubling dilutions of the
anti-CEA antiserum in 500 gl of the diluent, -starting at 1/400, wa.s’ added 1in
T duplicate to polyprop};lene test tubes (Falcon, 12 x 75 mm). 500 ul of
Q IZSI-CEA, previously diluted to yield 20,000 cpm/500 "ul, was added to eagh
’ ' tube. i’he tubes were vo;:texed, followed by incubation at 37°C‘ for two hours.
The tubes were then transferred to an ice bath where they WEI:E allowed to
equilibrate for ten minutes after which 1.0 ml of cold SAS ’was added. Each
tube was/’t:hen vigorously mixed and left in the ice bath for 25 minutes, after
which the tubes were centrifuged 30 minutes at 9000g at 49C ‘1n a Sorval
¥ RC2-B. 'l;he su;aernatant was carefuliy decanted into a plastic screw—top .tuge

* (Fisher Scilentific Mtl.) and the 1251-cEA content was determined in the

{

gamma spectrometer. The radioactivity of the pellet was also noted as a

check to:see how much, if any, 1251-CEA vas lost due to adhesion to the sides

L of the test tubes. .

i f

‘

(41) The Detection of anti-CFA Antibody by the Double Antibody Assay

l ‘' The Farr technique was the first radioimmunoassay for CEA to be

r
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introduced. However, since the introduction of the double antibody assay”

(145, 183), this type of assay was adapted for CEA in t\hg hope of acquiring a
more sensitive method of antibody detection.

In 'this procedure, normal horse gserum diluted 1:100 with the borate
buf fer was employed as the diluent for the anti-CEA antiserum and the -~

1251-CEaA. .

The procedure for the titration curves was as follows: doubling

’

d;lutions of the anti-CEA antiserum in 500 pl of diluent, starting at 1/20,90,
was added in duplicate to polypropylene tubes (Falcon 12 x 75 mm), 100 pl
of the 123I-CEA, previously diluted to yield 20,000 cpm/100 pl, was added to

K

each tube and vortexed. The tubes were then incubated for two hours im a

Q 379C water bath, after which 150 u]/: of the second antibody (sheep anti-horse
gammaglobulin) was added. The ;tubes were then incubated in the water bath an
additional hour and then transfc,arred to a 40C coid room overnight. The next

‘morning, the tubes were spunrat 90003' in a 49C Sorval RC2-B, the supei‘ﬁataﬂnt .

decanted and the radiocactivity of both it and the pellet were determined in

o the gamma spectrometer. . ,

(111) Standard Inhibition Curves 2
- i

0

For the preparation of a standard inhibition curve, the antigerum was

diluted in 1% normal human serum (Farr assay) or 1% normal horse serum

»

(double antibody assay) and the CEA standards ‘were diluted in the borate

buffer. A suitable dilution of antiserum was chosen from the titration
curve (see above), using the 50% binding point when the Farr technique was

?

em;loyed and the 35% bind¥ng point for the double antibody assay. To 500 pl

. .
o E °
' - . N
'

[
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of the diluted antiserum were added, in duplicate, '50.ul- of the CEA
standards, which I;anged from 0.78 ng/50 pI to 50 ng/SO pl. The tubes w'ere.J
incubated in a 379C water bat’:h for two h;)urs' followed by the addition of -
'506 pl of 125I-CEA for the Farr assay or 100 yl for the double antibody

assay« The remainder of the procedure was similar "to that prévioqsly

described for .the preparation of the titration curves.

(1v) Sample Inhibition Curves

The sample inhibition curves were obtainéd in the same mannear' as the .

1

standard inhibition curves with the exception that appropriate dilutions. of

o e

the samples to bedtested were employeq’ instead of the CEA standards.

5) Immunodiffusion Techniques

A) Slab Gel Electrophoresis _ ’ \ ,

The procedure has been previously described (124). Briefly, the gel had

K

£
a 37 acrylamide stacking gel containing 0.17% sodium dodecyl snlphate (SDS)

with'a pH:of 6.8. The running gel, containing 0.1% SDS, employed a gradient'

from 5% to 20% acrylamide at- a pi of 8.8, The s :mple to be applied was
dissolved in 4% SDS/. Bromophenol blue‘vw.?z: used a}s *the indicator c:f
mobility. The electi‘ophoresis was carried out Iinjith:ially at 5 milliamps and
:Lm:;.ieased to 15 ma once the sample had passed frjm the stacking gel into the
ruming gel. Phosphorylase b (94,000 My), albusfn (67,000, ovalbumin
(43,000), carbonic anhydrase (30,000), trypsin 1n§bitor (20,0009 and

a-lactalbumin “(14,0007) were used s moleculdr velght markers.

v
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sodium carbonate-bicarbonate pH 8.5 (equilibrating b\gffer). Three ml of wet :

58

B) Ouchterlony Technique
A . " {

Double diffusionbin agar was performed as previously described (207). °

. %
e N
f

6) Affinity —Chronfatoggaphic Materials for Stability Studies

©

. A) Preparation of CEA-C'oupled Amino-Hexyl Sepharosé 48 Affinity Column } '

N s

(i) Preparation of the Agarose Beads

Amino-hexyl (AH) Sepharose 4B (Pharmacia Fine Chemicals) is an agarose “t

@ ]

matrix with a six—carbon spacer arm which yields 4 ml wet gel from 1 g of = i

powder. . ’ ) ~

'The gel was swollén in an excess of 0.5 M NaCl for two hours /at 37°C.
[

The swollen gel was washed in a 0.43{1 Nalgene grid filter with 200 ml of

0.5 M NaCl’ to remove the added lactose and dextran. Thé gel was then washed

with distilled water to remove the salt, followed by a final wash with 0.1 M

gel was then transferred to a 20 ml reaction' vessel.

(ii) Activation of the Agarose Beads '

1}

J To 3 ml of wet, packed gel was ad ed-7 ml of the bicarbonate buffe:"
wontaining 1 ml of fresh 25% glutaraldehyde (Fisher Scientific). The/ﬁ\
reaction was allowed to proceed for 10 minuEes at room temperaf:ure under
gentle stirring. The gel was then wastled with 5 x 20 ml of theobicarbona'te
buffer using‘aDO 45p -N;lgene filter. 6.5 ml of wet’ gel was ‘measu,red and’
used for the coupling progedure. -

™ )
(114) Coupling of the Ligand to the Agarose Beads ’

5 mg of CEA (the protein to be coupled) was dissolved in I.5 ml of “the

-

0 ; . * /
7 ) ' ’
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bicarbonate buffér and was added to the 0.5 ml of activated gel under gentle

stirring. The reaction was allowed to proceed for 30 minutes at 259C, after

. which the suSpension was centrifuged in a table top centrifuge, the superna-

tant decanted and its CEA content determined by the RIA. The pellet of gel

¢

was resuspended in 1.5 ml of the bicarbonate buffer and recentrifuged. The

i B ’ ©
v

supernatant was again decanted and assayed in the RIA. This procedure was
repeated until the supernatant showed less than 0.02 absorbance units at. 280

nm. The gel was then packed into a K.9/15 column (Pharmacia Fine Chemi~

‘cals), and washed with 3M potassium thiocyanate (KSCN) followed by equili-

bration with the bicarbonate buffer. A solution ‘&of 0.2 M glycine in the

' buffer, titrated to pH 8.5 with O.1 N NaOH, was passed through the column to

block reacted but uncoupled sites. All the washes f‘rom the coupling

procedure were appropriately dialyzed, pooled and concentrated by ultra-—

filtration to a suitable volume for CEA determination in the RIA.

»

(iv) Assessment of Stability of Ligand-AH-Sephdrose Coupling

The coupled gel was incubated V{ith M IéS?JN for one hour at; 259C. The
column was then equilibrated to and‘incubated ‘with 5M guanidine-HCl (Edstman,
N.Y.) fdr one hour also at ‘ZSOC. This was followed by equilibration with tl;e
b.icarbonate bdffer,, utilizing a conductivity meter to ensure comblete removal
of the high ionic \strength aissociatirxg agents. The above procedure was
repeated every‘ s'é‘co{l\d dzyf’f% six days. Each time, the chabtropic elutions
were collected and dialyzed for 6 hr in 12,000 MW cutoff dialysis tubing
(Fisher Scientific) against 0.1 M borate buffer pH 8.5 with changes every

2 hre The ’dialysate was then concentrated by ultrafiltration in an Amicon

LS

LN
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with a PM30 membrane to a suitable volume for use in the RIA to determiﬁe its

CEA content.

> B) Preparation of CEA-Coupled Amino Aryl Glass Bead Affinity Column

Amino aryl glass beads (Pierce ?hemicals - Distributors; Corning -

o

. Manufacturers) co%tain aromatic amine groups attached to the support through

amide linkages. A 550 A pore size and 120/200 mesh was employed. Such beads

do not require any preparation brior to activation.
\

(1) Activation of the Glass Beads

1 g of beads was suspended in-10 ml of 3 N HC1 and gently shaken. (No

magnetic stirring rods were used due to thelbrittlcnessCof the glass beads.)"

o

The beads were then cooled in an ice bath. The remainder of the activation

*

"‘was carried out in a brown bottle in a darkened room to avoid the photoreac-

tivity of the next step. Solid sodium nitrite (Eastman, N.Y.) wag’added in
small aliquots to a total of 250 mg in until the mixture tirned a blue-green
color. After 15 min in the *ice bath, with careful Shaking and degassing, the
beads were filtered through a 0.45u Nalgene filter and washed with 200 ml
distilled water titrated to pH 3.0 with acetic acid. 0.5 ml packed vbluﬁe

bf the activatea beads was measured and used in the coupling procedure.

N

(11). Coupling of the Ligand to the Glass Beads

»

5 mg ot CEA w;s disé&lved in 0.5 ml of 0305 M Tris—phosphate buffer pH
8.0 (equilibrating buffer) and added to the 0.5 ml of activated glass beads.
The mixture was incubated 1 hr in an ice bath with repeated shaking, and then
poureq into a K.?/iS column (Pharmacia Fine Cheqicals) which was continuously

3

washed with the Tfiswphosphate buffer until the effluent was less than 0.02

1
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absorbance units at 280 nm. To block any activated but uncoupled sites, the
column was then washed with a solution of 3 mg B—naphtol/ml Tris-phosphate
adjusted to pH 10.4, followed by a wash with 0.3'M glyciné-HC1 pH 2.8 to
remove ariyﬂ‘material not covalently bound. The column was then equilibra‘ted )

back to pH 8.0. All the washes from the coupling procedure were appropri—

ately dialyzed, pooled and concentrated by Amicon ultrafiltration to a suit— ’

able volume for CEA content determination in the RIA.

bo—

(11i) Assessment of Stability of Ligand-Glass Bead Coupling
The coupled gel was incubated with 0.3 M glycine—HCl pH 2.8 for one hour

at 259C foilowed by continuous washing with the equilibrating buffer until

[} N

the eluat‘e showed a pH of at least 7.5. The effluent from the incubation

with the dissoctating agent was immediately neu\é-ralzblzed with IN NaOH and

dialyzed fo'r 6 hr against 0.1 'M borate buffer PH, ‘8*.5 with changes every 2 hr.

©

This was followed by coqcentration by ultrafiltration in an Amicon w:l\th a

PM30 membrane to a suitable volume for use in th&e RIA to determine the CEA

F {

content. The above procedure was repeated every se}:ond day for six days.

B}

' Ky

7) Affinity Chromatographic Materials for Optimum pH Determination

A) 'Preparation of CEA~Coupled Longchain Alkylimine Affinity Column
( ' \
Longchain alkylamine glags beads (Pierce Chemicals - Distributors; Corn—

ing - Maané“cturers)wcontain #ovalently bonded extension arms, six carbons
(20 A), long, with primary amine groups. at the terminal ends. A pore size of

550 A and 120/200 mesh was employed. These beads do not require any prepara—

tion prior to activation.

-




. remove any noncovalently bound protein. Equilibration to pH 8.5 was achieved

- v e m o U PR

(i) AcLivation of the Glags Beads

’To 1 gm of beads was added 10 ml of 0.1 M sodium carbonate~bicarbonate
buffer pH 8.5 containing 1 ml of fresh 257% glutar:.aldehyde. The mixture wa;
shaken often and the reaction allowed to p?oceed for 30 min at 250C. The
beads were then appli;d to a 0.454 Nalgene grid filter and washed with 5 x 20 '
ml of the bicarbonate buffer (equilibrating buffer).

o (11) Coupling of the Ligand to the Glass Beads

f

5 mg of purified CEA was dissolved in the bicarbonate buffer, and added to

1 mli“ﬁpf the activated glass beads with gentle shaking The reaction was

\ ;o , .
allo%ed to proceed for 30 min at room temperature with constant shaking,

afte? which the coupled beads were then packed into a K.9/15 column (Pharma-

e N

cia). The béads were continuoisly-washed with the bicarbonate stiffer until -~
} ' -

the/ effluent was less than 0.02 absorbance units at 280 nme  Act . fed but

uncoupled sites were blocked by the application of a solution of 1 M

3-ethanolamine pH 9.0, followed by treatﬁént with 0.3 M glycine-HC1 pH 2.8.to

rs

with the bicarbonate buffer. All washes from the coupling procedure were

dialyzed againEt borate buffer, pooled and concentrated by Amicon ultrafil-
N . .

tration with a PM30 membrane to a suitable volume for CEA content determina;

tion in the RIA,

o

(111) Determinat'ioﬁ of Optimum pH for Elution of Immuncabsorbed

*Material. '.

| ; .

12 m1 of an enriched fraction of gammaglo.bulin pfeparel%l from 1 ml of

horse anti-CEA aptiséz"um was aplilied. to the column followed‘ by recirculation

|
\

e e S \
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\
through the immunoabsorbent overnight at 40¢ utilizing the three—channel

pumps. The following morning, the column was removed from the cold and al-

lowed to equilibrate to room temperature. The column was then washed with

-
8

the bic;arbonate buffer to elute those antiﬁody‘molecules which had not bound,
; or were loosely bound, to thge 1igand (unI;ound faction). To remové those
‘antibody molecules which ostensibly had sp;cifically bound to the cohplgd
CEA, four separate incubatioms, each-@f——l-S min duration, wer; performed with

- four different pH values of 0.3 M glycine~HCl. The first incubation corre=~

sponded to pH /}é, while the second, third and fourth incubations Wwere done

=4 .

( with pH values of 3.0, 2.75 and 2.5 respectively. A final wash with”the
% bicarbonate 'buffer equilibrated the immunoabsorbent to pH 8.5. The four :.
( ) } bound fractions were immediately neutralized with 0.1 N NaOH. Following

' - this, thesé four fractions and the gne unbound fraction were each concentra=

"ted by Amicon ultfafiltration with a PM30 me;nbrape to volumes ranging from

13 ml to 20 ml. _ S

t
’ v

8) Affinity. Chmmatographic Materials for'Specificity of Binding Studies \

e

A) Preparation of anti—CEA-Coupled AH-Sepharose 4B Affinity Column

The preparation and activation of the gel was' as previously described for

the preparation of CEA-coupled AH—Sepharose. The coupling procedure'was as -

*

, 4 follows: ail/ enriched gaunnaélobulip fraction was prepared by the precipita~

./ o - :
‘ tion of anti~CEA antiserum with godium sulfate. 100 mg of this fraction, as
°determined by the Folin method, was concentrated to a volume of 7 ml %Ami-

con ultrafiltration and added to 3 ml of activated gel under gentle sti&r_ti'

EEEEY

-

\
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o ' ¢ + n f ) .-
The remainder of the procedure was as previously described for the prepara-
\\ tion of CEA-coupled AH-sepharose with the exception that the washes from the
coupling procedure were appropriately. neutrali?ed, followed by dialyzation

and ultrafiltration for protein content determination by the Folin method.

B) Preparation of anti—-CEA-Coupled A:mino Aryl Glass Bead Affinity Column
Activation of the glass beads was as previoﬂs’ly described for the prepa- ~

"+ ration. of CEA-coupled amino : aryl glass beads. The coupling procedure was as

follows: thé enriched gammaglobulin fraction of antiserum containing 100 mg
B ’ . \

of protein was equilibrated with the equilibrating buffer and concentrated to
10 ml by Amicon ult:rafiltration. This was then added to 3 ml of the activa-

\‘\ : ted,glass beads. The remainder of the procedure was as \n’eviously described A

I B |

O: for the preparation of CEA-coupled amino aryl glass beads with the exception
| .

that ‘the washes from the coupling procedure were appropriately neutralized,

followed by dialyzation and ultrafilta:ation for protein content ,,jdetermination :

% ‘ ' by the Folin method. \ . \‘\

l

c) Preparation of anti—CEA—Coupled Longchain Alkylamine élass Bead

3
7

Aff inityA Column

3 .
’ 1 ¥

Acﬁiyation of the glass beads was as pﬁevio&sly deacribed for the prepa-

3V ' N i - - - :
«ration‘:}éf CEA=~coupled 1ongchain alkylamine glagq beada., The coupling proce-
A dure was as follows: the enriched gammaglobulin fraction of anti-CEA _ i

‘ antibodies‘, containing 100 mg of protein, vias equ:l.librated with the bicarbo-

nate buffer and concentrated to 10 ml by amicon ultrafiltration, «This was - :

) added to 3 ml of qctivated,glass beads.  The remainder ‘of the procedure was

as previously deséribed‘ for. the preparatioi; of CEA—coupled _ longchq.in (zlalk.yl-




43

g =10 LR g e e s

a0 e, A Y

e a

returned ‘to thé cold until reutilization.

amine. glass beads with the exception tht the washes from the coupling proce-
dure were appropriately néutralized, follow:}d by dialyzatign and ultrafiltra-

tion for protein content determination by the Folin method.

D) Assessment of the Specificity of Binding of the Immunoabsorbent

The following applies to all three ‘of the solid support matrices: 200’ =

* 300 pg of either CEA or IgM, the antigen to be applied to the anti-CEA-cou-

pled immeoabsorbents, were ‘dissolved in the equilibrating buffgr for each of
the colum'n‘s. Following application onto the V_column, the proteain solution was

allowed to recirculate through the column overnight at 40¢ using a peristal~-

rid

tic three-channel pump (Pharmacia). The following morning, the column was

removed from the cold and allowed to equilibrate to room temperature. The

column was then washed with its equilibrating buffer to elute those molecules

that did not react or had weakly reacted with the immunoabsorbent. The pro~
tein content of the effluent (unbound fraction) was determined by the RIA in
the case of CEA and by the Folin method in the case of the "IgM. Subsequent-

ly, either 3M KSCN (for the agarose beads) or 0.3 M glycin_e-HCl pH 2.8 (for
! v '

. the ‘glass beads) was applied to ‘the columnm/to release those molecules bound-

to-the anti—-CEA~coupled antibodies. This bound fraction was imhediately. |
neutralized and/or dialyz‘gdlin‘prepa;ation, for appropriate antigen det;ex;gina-'

o

tion déscribed a‘bove( The- column was then reequilibrated Nwitlvx buffer and 4' .

-




Results

1) Electrophoretic Pattern of CEA on $lab Gel *

; The demonsgnation‘of bEA on a 0.1% SDS slab gel,is shown in Figure‘Z.

The positions of the molecular weight markers are seen on the righthand side

of the gel. They appear; from top to bottom, in decreasfﬁg order of weight. K
The markers used were phospherylase b (94, OOO)” albumin (67,000), ovalbumin
(43,000), carbonic anhydrase (30,000), trypsin imhibitor (20,000) and o
a-lactalbumin (14,000). CEA with a molecular weight of between 180, 000 and

200,000 bands on the left, at the.top of the gel.

f‘:} . 2) The Radioimmunoassay for CEA ‘ .

. ‘ A) .Conjugation of 1251 to CEA

,_
Py

Figire 3 shows the elution profile obtained following G*lOO filtration to
separate free. 1251 from conjugated 1251-CEA. Radioactivitx,in the void
" volume (peak 1), whicﬁ was determined by prior calibration with\hlue Dextran
* _ (Pharmacia Fime. Chemicals), represented the labelied glycoprotein, while the - /
adioactivity‘in Peak 11, the column volume, was due to free 1257, . ‘ !
- Calculations involving the labelled glycoprotein were bésed on the assumption

that 100% .of the CEA was recovered in the void volume peak. - - i

B) Donble Diffusion in Agar of Sheep anti-Horse Gammaglobulin with Horse ;

£ ' anti—cEA Antisera and CEA * ) - ‘ b

¢
- - i

Figure 4 shows the double diffusion reaction iu .agar of sheep anti—horse

gammaglobulin (which was used és the. -second antibody in the double antibody

I

radioimmunoassay) with CEA and both absorbed and unabsorbed horée anti-CEA

AN
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. Fig. 2: ~ Electrophoretic pattern of
. CEA on slab gel. Molecular
weight markers, on the right,
from top to bottom, are: phos-
‘ phorylase b (94,000);  albumin

(67,000); ovalbumin (43,000); .
. carbonic anhydrase (30,000);
(3 trypsin- inhibitor (20,000);
T a—lactalbumin (14,000). CEA
appears on the left at the top

of the gel.
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Fige 3: Elution profile on Sephadex G-100 of an 1251-1abelled CEA prepara-
- . ' tion. Peak 1 corresponds to the radiolabelled CEA molecule. Peak |
' ¢ o 11 represents free unreacted 251, . . E
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Fig. 4: Double diffusion in agar of sheep anti-horse gammaglobulin with
both absorbed and unabsorbed horse anti-CEA antisera and Ruri- N
fied CEA. Well #1 contains the sheep anti-horse gammaglobulin;
well #2 dontains purified CEA (1 mg/ml); well #3 contains ab-
sorbed horse serum; well #4 contains unabsorbed horse serum.
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antisera. Referring to the diagram below, well #1 contained the sheep anti-
horse gammaglobulin, well #2 cohtained purified CEA (1 mg/ml), well #3 con-

tained absorbed horse serum and well #4 contained the umibsorbed horse anti- -

serum. Lines of ideni:ity between the sécond antibody and-both the anti-CEA
il N i X T

antisera were observed.. No precipitation line was seen between the second

antibody and CEA. . : ‘ : sy

_C) Titration Curves o

1 »
¢ . i,

Both the Farr technique and the double anéibody .method were used to E;y
i

separate free from antibody~bound 1251—CEA. The titration curves of both the
absorbed and unabsorbed horse anti-CEA antisera, obtained with these two
‘ ) methods, are shown in Fig‘ure 5; those obtained with the double antibody

O method show. typical precipitin curves, where the antigeti-antibody complexes

are represénted by the horse antibody and the sheep anti-horse antibody re-
spéétively. At high concentrations of horse antibody, the system is in anti-
gen (horse antibody) excess .and 'the lattice structure is looger, causing less .

precipitation, thus giving lower binding values. The curves ‘obtained ,'wit‘:h

" the Farr technique are typical of precipitation curves, whereby -an increase

-

in the amount of complexed 12§I—CEA-auti-CﬁA' results in a concomitant . ®
‘increase in‘ the amount 'qf precipitation by the saturated amnonium sulfate. ‘ :

A comparison of the four titration curves indicates that makimm binding

ranged from 89X to 93%. ﬁowev_er, with '!respect to the nonspecific binding,

. 't:he use of . ﬁﬁe double antibody. method resulted in a lowoer background

: radioaetiva connt (101 compared with 251 for :he Fatr techniqne). Wheh the
N 0
a two systcm are’ compared with tespect to their aensitivity, the Farr
- ;

zechnique required -more ancibody thaﬁ was' naeq!ed for t:he double antibody

N K
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method to achieve the same degree of Abinding, and hence would reésult in a
more sensitiv?,inhiiaiition system. . q ‘ “

D) Standard Inhibition Gurves

L ° To establish an inhibition ‘assay, the dilution corresponding to 50%

binding for the Farr technique and 35% binding for the double antibody method

- the various standard amounts of CEA, ranging from 50 ng to 0 20 ng. This

°

dilution, when the' Farr technique was used was l/ltO 000 for the unabsorbed
N ! " \
. horse antiserum and 1/130, 000 for the 'absor‘bed antiserum: In tt)l,e case of the.-

double anj:ibody assay, the dflutiens used‘f;u' the upabsorbed and absoried
antiserum were 1/25(,000 and 1/64,000 respectively.
The typical inhibition curves thus obtained are shown’ in Figure 6. The

K

useful working range of the assay with the Farr technique .was from 1. 56 ng to

N 50.0 ng. . In contrast, the assay employing the double antibody method was .

more sensitive and CEA inhibition levels of 0.40 ng to 25.0 ng could be

. -ﬁreliably messured. This ‘sensitivity is shown by g‘he ISO,'which denotes the

' four fold graater sensitivity with the use of the second antibody method.

v 'I'he sensitivity of inh%.bltion with absorbed antiserum, similarly,\ shewed a

' an{munt of material- needed to 1nhibit to 50% the antiserum being tested. The

150 for !;he unabsorbed horse .antiserum with. the Farr technique was 7. 8 ng,
ﬁ 1
compared with 2.0 ng when -the double antibody inethod was used, an approximate

I

3 1

[ six—fold increase with a: second antibodya when comgared with the ‘use of SAS,

1 the 150 values being 1.0 ng and 6.0 ng reapectively.» )

4]
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was determined from their respective titration curves and used to react with f
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3) Studies with CEA—Coupled Affinity Columns \

A) Efficiency of Coupling Ligand“ td the Matrix

50.00 g of CEA was reacted with both activated glass beads and sapharose.

~s

Table 3 shows that with respect to AH-'sepharose, as well as the two types of
. glass beads, coupling was essentially quantitative in ‘that almost all the CEA
(90% to 96%) reacted with the carrier. . ‘

o . . I
B) Stability of/Ligand—Coupled Affinity Columns

g
The stability of a ligand (CEA) chemically coupled to a carrier arm by

_ the use of glutataldehyde, as demonstrated by AH—-sepharose, or by dia%%{ )\,

*

zation, in the case of¢ amino aryl glass beads, was assessed by measuring the

&

ability of strong dissociating agents, M KSCN and 0.3 M glycine~HCl pH 2.8,
respectively, to destroy this 1inkage. Table 4 gives the CEA content, as

i

determined by the inhibition RIA, of the eluates obtained with each dissocia-~

tion treatment (bleeding). , -

treatments, tesulting in. less than 1Z 1oss of_ cou

. g

-~ agent resdlt&d in CEA- lolssef of 0.53%, 0:44% and 0.24%\for its three T

’ '

bleed;lngs.,{ Lo - > ‘ :

'l‘o def,erm:tne the optimﬁ vp&l ‘va,'lue of 0. 3;

elutionaof the bound antibody £ractions fr?m th\ew gmn 'b‘s 'ben‘
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‘ Efficiency of Coup,ling,LCEA'to Carrier '

[ .
f

. . < CARRIERS

‘ ' ' Longchain - .

1 @
‘ ’ - ] AH-Sepharose Amino Aryl Alkylamine .
. . . Glass Beads Glass Beads- .

- i 4 4

1 - .

§
' Amount of.CEA used for 5000 - 5000 . 5000

\ coupling (pg) o . o C
. . { . IP - - - " / > .
\ B N - \ . /
- ‘Amount of CEA coupled - .. 4511 -+ < 4800 “4650

. to the carrier (wg) _ ‘ - R # - v

o * +  Amount of CEA not . . 489 © 200 T . 350 .

. , .- coupled (ug) ' ‘ , . . | | )

.~ Cotpling Efficiency oL 9021 96,02 ©93.0%
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O | TABLE 4 : ‘
) -
' Stability of Coupling Ligana to 'Ca:.:rier ’
. ‘ : s - s . ’ = @
. o / N

Type of
carrder

# chaotropic
.treatments

Am't of CEA .
coupled (pg) ‘

Am ! t of CEA- JZ
dissociated

Dissociation

: ‘ ) (ug) ’
1V - s000 .76 . 0.69
Sepharose 2 ’ ' - 4965.24 4. 43.66 0.88 .
‘ / 3. 4921.58 42.44 0.86
R 1 . 5000 - . - 25.44 0.51
Aryl Amine ‘ ’ - ‘
Glass Beads 2 , 4974 .56 21.43 . 0.43
B . ‘ L . ¢ . '
- 3 , 4953..13 11,35 . . 0.23
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dies| in each fraction which, reacted with C’EA in the RIA.

,,,.;f ¥

lq/ss of ahout 17.0% on the column. -

RS B

[ . s

(

/
H
’ 4
n

[ M

calculated from the tit,rétion cufves each fractiom elicited.

an eqjal volume of the various diluted antiserum fractions.

H

conlstituted the effluent was determineg:l to -be 22.6% of the total amount
( - ' 1

N . -
- spnted by the per cent of the total at}tihuéy mo‘lsculea appliéd whs,ch was

77

* different pH stréngths, over a range of pH 2.5 to pH 3.5 were successively

utilized.. The CEA~reactive antibodies in- eachd of the‘ four fractions were

The titres at

50% binding are given in Table 5, includjng those of the unbound. fraction and B

‘that of the IgG fraction of the antiserum which was originally used for the

The  calculation of the CEA-;eactive'antibodies in each fraction assumed
100% r fcovery of the labelled glycoprotein in the radioiodination procedure
(see Figure 3). It was' thus determined that 500 :il é20,000 cpm) contained
0.3'4\11 of radioactife C.EAA(*GEA)‘, which .was then reacted with, in'the RIA,
. Agsunming, for
city'sysake, a ome-to—one ','antigen-antibody reaction, and taking into\

account the various sainplq} volumes, the mitiplication of the above variables

o

(*CEA, antiseruin'dilutioz{ and sample volumé) yields a measure of -the antibo-

; e total amount applied tz’o the 1mmunoabsorbent was calculated to -be

60 ;jg* of CEA-reaetive- antibodies. The amount of these antibodies which

app;'lied, thus giving, as 77.32. . those CEA-‘reactive antibody moleculea
rexpaining on the column.‘ of this 77. 32 the ampunt eluted with th various

pﬂ[ strengths of the glycine—HCI was 60 7% of the total applied-, indicat:ing a

- - ,,74* .

B

'l‘he affectiveness of each eluf:ian Mth the diﬁferent pﬁ values was repre—
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_ _ Elution of Immunoabgorbed Material ' ) '

IS with Variouq pH Strengths of Glycine-;HCI f ’

' . - ’ , . g ; §
* - "N - 1 - -
. : ' , ) ’ ) ';;
. ~ Sample Dilution at  Sample . . CEA—Resctive % .
' . . 50% Binding - Volume - Antibody / Recovery
Lo o oy (ml) - (wg) o g

) Globulin C1/14,72000 12,
Fraction N R ‘

- ' i . +

) - .
\

.~ Upbound  .1/2000 - 20 . 13.6 - ‘
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released by ech treatment with the chaotropic agent. Referring to Table 5, :
o . it 1s observed that pH 3.0 and pH 2.75 eluted the ma jority of the CEA-reac= ) h;

N

tive antib_qdies immunologically bound to.the 1igand, giving values of 34.3% .

and 20.0% respectively. The pH valués of 3.5 and 2.5 succeeded in ea.uting
only 5.3% and 1.1% respectively. BN

i
e

- \ -
- ‘ ‘

4) Studies With anti-—CEA~Coup1ed Affinity Columns - *

\ - ’ f
A) Binding Activity W;lt:h CEA | S !

Absorbent binding activity of the affinity columns was measured by the

LS *

- etermination of .the - amount of CEA which was reacted with an enriched Y

- ‘ ‘fraction Iof ant:t'—CEA antibodies coupled to three t:ypes of solid support -

! N .. "
s

o systems.e See Table"6,.« ) e LT L |

Between 78 g -,,80 ~mg of the anti—CEA a?ntibodies were chemically coupled,
. - |

: o to the various carriets. To test for biological activity of the coupled .

1:Lganc1, the binding of CEA t:o the sol:ld phase bOund antibodies was deter—

o | mined. With respect t/o ‘the alkylamine glass bead ~column, 50 ug of the 300 ug

"oziginally applied,bound to ;the'jntil‘)odies' 'I.'his compares with 48 pg on the

B 1 .
N -~

L i: . amino pt:yi \column and 10 pg on the . AHrsepharose golumn.: L

Ly B ~-31nding Activity With.T -8 S Lo ( :

- e e B
' R . -
* - B ® ST e, + .
g u,. - .
2 ;wu,‘x "

W ‘“’”As Lim«:ﬁher measure of apecificity of reaction on - the columns, and non-

T e

an, unrelated p;tot:ein (IgM) was applied ;o

& m
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c:lfic ‘absorp 10n;wgs, .
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] : TABLE 6 » ,
| Efficiency of Affinity Chromatography | '
- of an 1gG Pfeparatioﬁ of anti~CEA
*  Coupled to Different Carriers .
- . ; ) N . . | - ' , 1
-An't CEA  Am't CEA ' Aw'tCEA .~ [ .
Ant:‘i-CEA coupled & Applied Unbound - Absorbed D
Ctor L (u ) (TR ‘ (ug). Absorption
Aryl ‘Amdine A . ’
-Glass Beads 300 252, . W8 6
Longghain. - L * ) - . o
Alkylamine - 300 . 250 - - 50 ;16
Glass Beads . : T . . ’
N - 0 - f ' : -, ) ~ AN '
- et R o ’ - N . .
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Ant1i~CEA
Coupled to:

amount of IgM

~ Amg of IgM
Applied (ug)

fibound ( ug)

Amount of IgM
Absorbed (ug)

2 IgM
Absorption

Amino Aryl
Glass Beads

Longchain

Alkylamine ‘ , : : : ‘

Glass Beads - 200 -+ 180 15 7.5 - .
AH-Sepharoge 200 140 60 - "30.0 ©
. ‘ - ’ v\* .. x » ’ ' ' ! , ﬁ

/
* - - \ . a 81
' TABLE 7 ‘ ’ a ' :
N . .

* . \ |
‘ Non-specific Binding of an Ig6 Preparation
: of anti-CEA Coupled to Different Carriers
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Discussion . «

x—In designing an immunoal;sorbent system, careful considéfation of the"
matrix or solid. support to be used, as weil as the conditions of absorptic;n
and desorption, is as iﬁportant as the choice of the ahtigen-antibody system.
Three/ types of matrices, one of agarose and two'lof glass beads, were
| tested for \their ability to form efficient ignmunoabsor?eht%- Two different
. | types of ligand-carxjier linkages 'were also investig%ted for their efficiéncy
and stability of coupling - one I;esultitig in the formation of a-Schiff ‘base
using glutaraldehyde an.d’. the other involving digzotization.
.From Tabﬁl,el 3, it{ can be seen that. both types of linkages resulted in -
C} | greatef than 90% efficiency of cBuplin'g, while the staf:ility of the linkage
between the ligand and the carrier (I‘ab'le 4) was quite resistant to harsh
dissoc:{‘ation treatment, allowing less than 1% ].eakage of CEA with each bleed. )
The st;l;ility of the diazot.ized CEA was significantly greater than ’the
glutaral@e)lgfle-coupled CEA; however, this 1s: most probably due to t}le milder
effect of the ;glycine—HC'l over the 3M KSCN.~ Nonetheiess,' both, coup’litllg,

i } . . i s
systems are qui?te effigient.

N In order to determine which mtrix\yggld be bet:ter suited to form an y

N . Al :
= '

1mmnoabsarbent, two parameters were examine\\ he efficiency of . the ligand-

s

e c.ouyled mtrix to absorb a specific protein and the e:ﬂ:e \,t\owhich the

[ S

L . mtrisg, itself would absofb prot:eins, as measured by cfigsoa:!.ng oné - wh:Lch

a

SR woulﬁ ot ‘rRact, 1mmunologica11y with\ghe ligands iﬂ thiﬂ Gﬂﬁ" 1@4- '.l‘he t:ype ~

ty’ e ,ium used fm:w t:hese studies waa one where the ligand was‘ an

a3
;}L.\;.a“;, e e TR
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o enriched gammaglobulin fraction f the anti-CEA unabsorbed antiserum. The
efficiency of this column was tested by measuring, in the RIA inhibition
g .. «Assay,. the amount of CEA which would absorb to the coupled antibodies. Table
' - 6 shows that both‘glass bead colu;nns had reacted with 48 ug - 50 ug of CEA
: aﬁplied compared with only 10 ug for " the sepharose column. ﬂ 3
R . The amount of nonspecific absorption by the matrix itself was measured by
applying IgM to each cqumn. As shown in Table 7, the amount of IgM eack; - |
,\q,atrix l.zetained indicated that the giess beawds, which absorbed 10 ug and /
‘ _ 15 pg )for the amino aryl and longchain \aulkyla'mine bea’ds respectively, are
i / ‘ . ehemic’ally -mqre‘ inert .‘ than the 'sep}xarose‘ which absorbed 60 ug.
| R “The method of dissocia;ion\ of theee molecules immunologically bound té6  °
O ' . the ligand wab"ctr;sep'to be 0.3 M glycifxe-ﬁCL :H)is ehaetfopic agent 1; less‘
, ‘ _ﬁa‘rsk‘x than 3M I('SCN with the seme eluting ability, as seen above. To | g
| determine which pH strength was to be used for the elution procedure,

¢ ~ %
;o » anti-CEA antibodies were succeesively dissoglated ,from the coupled ligand 1

i

» - (CEA) with four different .pH yalues of the 0.3 M glycine-HC1, Ysta?ting with B

pH 3.5, followed' by pH 3.0, then pH 2.75' end f:fnally,‘pH 2.5. r

: S Following the calculation of the CEA-reactive antibodies in each F

' s 3 *
N - 1 4

o fraction, it vas’ /seen (Table 5) :that the majorit:y of these antibodies were

2N
| -

' C eluted with o pH 2,75 and pl-l 3.0, while incubation with pli 3.5 and pH 2.5
oy y resp.lted i‘.n only minor dissociatioh. Hence, one elntion with pH 2.8 was N

’

wla
3

detemined to be suf’ficient. -

el ‘

R

2'{;‘!‘,% atmdy aalao “gave a measure of the

B
+

A

f'
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tive of the total amount of protein in the gammaglobulin fraction originally

applied, the amourit °of unrecovered antiserum was 17%2° (Table 5). This lossa

could be due to nonspecific absorption ‘onto the matrix as well as a measure

of antibody molecules with an extﬁtemely high affinity for-the coupled CEA,

B ,

which were umable to be eluted under the conditioné employed. Separation of

- .

such high affinity complexes would probably only occur with s;:rong reagents
that may possibly destroy the individual components. Indeed, part of fhis

17.0% loss could have been recovered in the pH 2.5 elution as 'inactivat‘ed

s

antibody -molecules due to the acidic environment.

3 N 4

i 4 Q

Thus, the glass beads. were seen to be a superior matrix over the agarose -

with feépect to its efficiency as an immunoabsorbent. foth amino aryl, and

z°

longchain alkylapine bepds, utilizing diazotization and activation, .

by glutaraldehyde, respectively, to couple ligand, and employing 0. 3 M

-

glycine-HC1 pﬂ 2.8 to elute the’ immnoabsorbed fractions, were used ‘to form
4 4

7 -~
Vs
'

the affinity columns in the subsequent studies. . A |

o ‘ LA
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The problems rélating to 1e clinical use of the CEA radioimmunoassay, as’

2
e b

o

described in Chapter ‘l,(, are due to the multi—epitope nature of the CEA

molecule which', when -injected into a xenogeneilc anfmai, elicits a popu.Ia,tian ",

of antibody mokecules whichinot only react with CEA, hut ‘with a number of

)

normal componeats. THe unabsotbed anti-CEA antiserun will react with aqueous

extracts of normel human serum, normal lung, bowel 1dver and stool in an

]

inhibition assay. After a single passage through an affinity co;luun )‘

A

containing various covalently coupled normal tissues, the reactivity ‘of t.he.

antisermm to nznrmal serum, liver and lung ti.saues decreases. However, norml

‘ i

bowel, and to a lesser extent, normal stool still. significantly inhibit in

.

the assay (page 3], Fig. 1) FE ,

* . 4

In the ptegious' chapter, two types of matrices and two different kinds of

[

ligand—coupling syat:ens vere exar;:lned,_ It was seen that either method of -

coupling ]J.gand to a carrier on the {latrix was reliable when used with a '

'..~glass bead solid support rather than 8an agarose onee. . , >

Vo4

The ain of tﬁis mdy was to see if})c/be anti~CEA- antisetum could be- made

leas :eact:b:e td ﬁoml Yovel tissue, thereby luppc}v:lng the specificity of
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/ In this present study, normal stool and normal bowel from mucosal linings
f ) .
|
|

@
of ‘the intestines were the two antigens used as ligands and employed to

& N
. immunoabsorb anti~CEA antisera in an attempt to modify the specificity
I ] ¢

[ .
detected by the \unabsorbed anti-CEA antisera.




e v ety At T o ST g IR

= e

e R TR

e mon o)

()

»?

87

. Materials and Methods X

a

1) Preparation of Antigens ‘

A) Preparation of CEA

S

. ~.
The preparation of CEA was as previously described in Chapter 4. *\_*

B) Preparation of Normal Bowel Antigen (NBA)

/1
At all times the normal bowels used were obtained immediately after
autopsy, from individualg free of any type of cancer or gastrointestinal

disorders, and stored at —209 until used for extraction.

In preparation for extraction, the tissue was dissected free of surround-

ing fat as cleanly as possible. The mucosal lining was then dissected away

from the tissue and subsequently used for the extraction.

(i) Initial Preparation of Normal Bowel Tissue

A 500 ml volume of distilled water was added to 500 g of tissue. This

was homogenized in a water-—cooled Virtis mixer at 15,000 rev. for 15 min.
dy

>
-

The resulting homogenate was spu.n at 7000g in a Sorvall RC2-B for 20 min at
AOC. Thx:ee layers resulted - a fatty layer on the top, a middle liquid 1ayer'
and then a precipitate at the bottom of the tube. The fatty layer was
discarded. The supernatant was decanted, recentrifuge\d\/and redecantgd. IThe

precipitate, in each case, was also:discarded. The supernatant was then

filtered through a Whatman #4 filter i:aper. The filtrate, a volume of

approximately 800 ml, was then divided into three parts. One part was kept

on ice in preparation for the next step in the isolation procedure. The

other two parts were lyophilyzed and stored at —20°C until further utiliza-

N

tione. N
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(ii) Preparative 'Ion Exchange Chromatography N

Both the carboxy;methyl cellulose (CM 52, Whatman) and the DEAE cellulose

\
} ' ) (DE 52, Whatman) were obtained preswollen. The two matrices were each, . A “ﬁ
\

Suspen&ed in distilled water to ylield a volume of 100 ml, follow;d by E

I3

exhaustive was‘hing with distilled water. Each ged was Jthen separately pack\ed

with distilled water in a K25/60 'c%l,.umn (Pharma?:i Fi
. o |
height of 20 cm for the DEAE cellulose and 18 cm for the 'CM cellulose, and

1

were allowed to run, by gravity, for 36 ‘hr with- distilled water. The two!

@
|

columns were then set up in tandem, with the outlet of the (M cellulose

& B N 0
T . column joined by plastic tubing to the ‘inlet: of the DEAE cellulose column.
The filtrate from the extraction procedure, which had been kept on ice,’
1) ‘i ~ y ¢ *+
" Cﬁ was then applied to the CM cellulose columm using a Mariotte bottle:. The:

effluent from the DEAE cellulose column' was retained and tested for NBA
i

cross—reactivity in the RIA for CEA. The two columns were washed with

N ¥
{ distilled water until the effluent from the DEAE cellulose columm shovféd less (

than 0.02 absorbance units at 280 nm. The CM cellulose column was discarded

R [y

and. the material in the DEAE cellulose column was eluted, stepwise, with
increasing ionic strength of a Tris-HCl buffer pH 7.8, starting at 0.05M
Tris=HC1, followed by 0.1M Tris-HC1 and finally with 0.2M Tris-HCl. Each
tube, which contained about 6 nl, was tested for its ability to inhibit in -

the RIA fdr CEA. The active fractions of each elution were pobled,

lyophilyzed and retested in the assay, to obtain a specific activity of the

T

preparation. ' N
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(1i1) Preparative Ultregel Chromatography

When further purification' of the NBA was required, filtration through an -
Ultragel (LKB Labs) column was employed. The Ult.:ra?gel was wasled

exhaustively with distilled water and theq Racked in a K15/100 column

(Pharmacia Fine Chemicals) \by gravity. The column was equilibrated with
0.05 Tris-HC1 buffer pH 7.8, which was also used as the eluting bu‘ffer.o .

A 50 mg sample fré)(m the 0.1M Tris-HC1 eluteq fraction o‘f the DEAE
- ]

cellulose isolation step was dissolved in 5 ml of the 0.05M Tris—HC1 buffer
and applied to the Ultragel column.. The elution was carried out by utwarld
* .

flow at a rate of 20 ml/hr at room temperature. The eluate wds monitored for

«

*

its spectrophotometric activity at 280 nm and was collected in 5 ml

fractions. Each f;.:action was assayed in the RIA for CEA, "and those

{
containing NBA inhibitory activity were pooled, lyophilyzed and stored at
s ~ ;

-

.—209% until further use. s ) .

£

c) Prepara'aéion of Stool Extract-:

Normal stool material,was collected from patients with m;labsorption .

\

~psyndrome. This source was employefl since the stools from such patients were

routinely ci\ollected in the hospital to monitor their clinical status. |
P
To 500.gm of §tools was added an equal volume of distille'd water and the
resu}l:;.ng n{i)gture was homczgen:;.zed ‘in“a water—cooled Virtis \m'ixer- at 15,006
rev., followed by centr.ifugat:ion in”a 49C Sorval RC2-B at 2500g for 101‘ min.’
The supernatant was cowl'lected, lyoph“’iiyzed "and stored at =209 until further

use. N -

v
- . N ’
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\2) Preparation of Angsera . : : ' T

L] o r
A) Preparation of Heorse Unabsopbed anr;i-CEA Antiserum
- ’ 4

’ v o I . & )
Horse ,unabsorbed anti-CEA antiserum was prepared as previously described

>

in Chppter 4. ¢ ) g
B) " Prepdration of- Horse Absorm-t}EA Antiserum

\

Horse absorbed anti—CEA antisefum wgg)prepared .as previously described in

Chapter 4. . . -
o ’ { i -
C) Preparation of Sheep anti-Horse Gammaglobulin

_ Sheep anti-horse gammaglobulin for use as the second antibody in .the

¢

3

double antibody RIA for CEA was prepared as breviously described in
| \ , .

.

Chapter 4. , - i ,'
( .
D) P‘reparation ¢f \Guinea Pig anti—CEA Antiserum
A guin;:i’ plg was immuniized once with 500 ug of purified 'CEA em};lsified iny
- . N RS
t Ij‘r:eund's complete adjuvant. .The animal?\was given a test bleed 10 days; later

5

\which gave a line in Ouchterlony against pug]:iféed CEA% The amimal was

sacrifiéed and the blood, obtained by cardiac exsanguir{ation, was divided

o -
J

s« 4into four 5 ml aliquot§ and stored at —20°C until further use. This -

. - - PR

antiserﬁm was “thus termed guinea pig anti-CEA. f
' : 8

\

| 3) Radfoimmunoassay for CEA

The radioimmunassay for CEA was performed as previously described in

-

. Chapter 4 ) . 7
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4) Immunodif'fubion Techniques
\

+ B
Doub/le diffusion In agar was performed as previouslly described in
o ' !
Chapter 4. . , -

Q

1

5) Preparation of Affinity Chromatographic Materials for Absorption Studies
- , 7 : .

A) Preparation of Amino Aryl Glass Beédllmmunoabsorbent Columns

.

The activation of the glass beads was as previously described in Chapter  _ '

4., The coupling of the ligand to thé matrix was as follows: 80 mg of NBA

material was dissolved in 10 ml of 0.05M Tris—phosphate buffer pHi8.0 and N
added to 3-ml of activited glass beads. The mixture was allowed to incu‘bate‘

E
one hour in an ice bath with repeated shaking. The remainder of the , | (

}92
<&

(} ligand-coupled amino aryl glass beads. . -

v

B) Preparation of Longchain. Alkylamine Glass Bead Immunoabsorbent

~

f ‘ Columns
The activation of the glass beads was as previously described in Chapter *

. 4. The coupling of the ligand to the matrix was as follows: 80 mg of either

P .
NBA or stool material was dissolved in 10 ml of 0.1 M sodium carbonate-

1

bicarbonate buffer pH 8.5 ”an[d added to 3 ml of activated ﬁlass beads. 0'I‘he
Ve mixture was allowed to incubate one hour in an ice ‘bath with repeated
shaking. The reméinder of the procedure  was as pfeviously described 1in,

Chapter 4 for the prepa'ration of ligand—coupled longchain alkylamine glass

'
v
]

beads. o , | . N

, 9 , ‘ ' ~
C) Use of the Immunoabsorbent Columms :

500 pl of either’ the horse or guinea pig unabsorbed anti-CEA antiserum

0 , / ‘ l
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l
was applied initially to the column and allowed to recilfculate overnight at
40C¢ with the use of the peristaltic three—channel pump et medium speed. The

next morning, the column was allowed to equifiﬁrate to room temperature

followed by extensive washing with the equilibrating buf}fer to remove those

molecules not bound or weakly bound to the ligand. This was followed by

r ° :

incubation with 0.3 M glycéine-HC1 pH 2.8 for one hour to|remove those

antibody molecules which had ostensibly specifically reao\ted wi%h the coupled

l
" normal material. The column wat then equilibrated to neutral pH and returned

‘to the cold until, furtbe‘i‘ utilization. The eluate from the treatment with

glycine-HCl- was immediately neutralized with 0.1N NaOH to a pH of between 7.0

% s

and 8.0. : . &

TheMwo fractions of antibody populationms, that eltlted,with the

equilibrating buffers (unbound fraction) and that eluted with the glycine-HC1 .

(bound fractions wete concentrated by Amicon.ultrafiltration to 4 volume of

2.0 ml. 0.1 ml of each fraction was used to make an initial dilution of-"
L2

1/10, subsequently used in the establishment of the RIA's. .
With respect to the unbpﬁnd fraction, the remaining 1.9 ml was reapplied,
48 hours later, to either the same immunoabsorbent or to a different one and |
3 . '

allowed to recirculate overnight at 49C,. The recycling of this unbound

°

fraction, and subsequent' recyclirgs, we;:e performed as described above for

R

the initial passage of the unabsorbed antiserum.

1 . . a

Iy
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Results
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1) NBA Isolation

° et

Figure 7 shows the DEAE cellulose profile of an aqueous extract of normal

.

+

- N ' i M . - - .
\ bowel material. NBA material, reactive in the CEA RIAN, was represented by

three major peaks, 1, 11, and 111, which corresponded to tJhe, three distinct

"

o molarities of Tris-HC1 pi 7.8 used for the elution. Fraction 1 eluted with

.

0.05M Tris-HC1, Fraction 11 with 0.1M Tris—HCl and Fraction I1l with 0.2M

o

Tris~HC1l. These three fréctions were each. dial'yzed against distille& water '
~ - \ ; '

follov;ed'by lyophilyzation. The amount of recovered material and relative

inhihitory activity in the CEA assay of each fraction were determined and are‘

'

\ bl
summarized in Table 8. The amount of NBA material required to achieve 50%
" Y )
inhibition of the RIA for CEA (the 130 value) using thg' Farr technique, was
- . .

A
v [

employed as a means of comparison of the degree ‘of immnological reactivity
L3
obtained with ®ach purification step. The frattion which gave the greatest

A

degree of immunologic reactivity was Fraction 11, having an 130 of 10,000. ng

i ‘ L
as compared with Fraction 1 and Fraction 11 whose I°0 values were 37,500 ng

- o

and 20,000 ng respectively. . !

~

The second step in the isolation of NBA employed, as étarting m;lterial,

-

§0 mg of Fraction 11 from the DEAE ' cellulose columm, which was then applied

. NN / . ,
to an Ultragel column. Figure 8 shows, the Ultragel elution profile.
. . Q“

- Following chromatography, two peéks' were:- observed,s a ma jor one, Peak 1, at

t /
200 ml1 3£ elution and a minor one, Peak 11, at 290 ml of elution. Each peak

» -

. - 7
was dialyzed agairllst distilled watexr and 1y0philyze§».<) Table 9 shows the
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Fig. 7: Elution profile of an aqueous extradt. of normal bowel tis—

A column size of 25mm x 20cm was
employed with stepwise elutions using Tris—HCl buffers of
pH 7.8 with molarities of: 0.05M for Fraction 1; O0.IM for
Fraction 11; 0.2M for Fra¢tion 11l.

50-60 nl/hr.

in the RIA (-'-.—[—-—-).

!

The flow rates were
0.D. at Apgq (===—==); inhibitory activity
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Fraction Nq‘

by

Preparation of NBA Material

Stepwise Elution

DEAE Cellulose Ion Exchange Chromatography

{
4

95 »

with Tris—HC1 at:

Récovered NBA

[N

. 150 of Recovéred‘ NBA
Material (ng)
{mg dry weight) :
‘ -
b .
1 0.05M 233 37,500
P S
\
a .

\ t .

~ \
2 N o.m.\ 85 10,000
. \ - a
. L
-3 0.2M 125 20,000 . .
) \ N
!
1 = )
Y\
€
‘l
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, Fig. 8: Elution profile obtained by Ultragel filtration of a 50 mg
sanple of the material from Fraction 1l of  the DEAE cellu-
A column size of 15mm x 100 cm was

lose chromatographye.
employed with flow rates of 40 ml/hr, using 0.IM Tris—HCL
pH 7.8 as the eluting buffer. Two peaks were determined

by the inhibitory activity - Peak 1 and Peak 11. 0.D. at
As80 (——'——-), inhibitory activity JAn the RIA (sesemm—"),
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TABLE 9

!

Preparation of NBA Material

by Ultragel Filtration

97

-
/ i 50 ‘
I of Recovered NBA
Recovered NBA T e
Peak No. Material
(ng dry weight) Farr Technique  Double Antibody
(ng NBA) (ng NBA)
1 26 o 5500 2000
2 ’ 8 ’ 32,000 20,000
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amount of material recovefeq and the quantity required for 50% inhibition in
4

the RIA, Eimplo‘}"ing the Farr technique, the material in Peak 1 gave ‘an 150 ;)f
/5500 ng compared wi}:h the material in Peak 11 which needed 20,000 ng to
achieve the same degree of imhibition. -
i :
By comparing the 150 values’ of the most active peaks of both isolation -
procedures, it can be seem that Ulfragel chromatoéraﬁhj, with an 150 of ;

3500 ng for Peak 1, achieved only a two—fold increase in purification and. .

specific reactivity over the DEAE cellulose i/solation‘ which gave an 150 yalue

+ b
[

of 10,000 ng for Fraction 11. ' , .
o . . .
\ ) 0 \ ° . .
. ——— -
2) Immunoreactivity of Horse anti-CEA Antisera with NBA {

Figure 9 shows the 1nhib;£tiog curves established when both the absorbed

and unabsorbed horse anti—CEA antigera were reacted with NBA material and
i N » ~

»

) 1251-CEA 1n the RIA. The curves obtained by the use of the Farr technique

<

employed, as NBA material, Fraction 1l of the DEAE cellulose isolation step;
, those obtained using the double antibody method used the NBA méterial from:
Peak 1 of the Ultragel filtration step.. N .

The useful working range of the curves was ‘between 3000 ng .and 50,000 ng

'when the Farr technique was ;xsed', and from 1500 ng to 20,000 ng with the

-double antibod’y‘inethod. Using the 150 values \asd a means of comparisgn; the

-~

assay using thefdouble antibody mnethod ‘{g_;s‘ twice as sensitive than that using

the Farr technique, .yielding 190 values of 2500 ng and 5500 ng with the

unabsorbed aﬁtiserqm and 6000 ng and 11,000 ng with the absorbed serum for’

) L] !

the two assays respectively.

&g , . ~
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I-CEA and both the absorbed

CEA antisera using the Farr technique and the double
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bOdY method. Unabsorbed (—*-') and :abso‘rbeé (!-uuu-nl--nn-)
with the Farr tethnique; unabsorbed (= «w===»==) and absorbed
(==wmwm==3) with the double antibody method.
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3) Preparation of Covalently Coupled NBA or Stool Affinity Columns
Tﬁ B

]
!

Eight affinity columns were prepared and used as immunoabsorbents for

ghis study. The longchain alkylamine glass beads were the matrix used for

-

the coupling of stool material and NBA materlal from Fraction 11 of the DEAE
: i .

cellulose isolation step. The amino aryl glass beads were the matrix used sto

prepare four separate immunoabsorbents coupled with NBA material from Peak 1

-

of the Ultragel chromatographic procedure. In each case, 80 mg of the normal
materials were used for coupling. The efficiency of coupling for all eight

columns’ ranged from 85} to 92%. ’ I
v \ o

) - * fow : A
4) Double Diffusion in Agar of the anti*CEA Aritisera with CEA .
R
v

Two species of anti-CEA antisera were utilized in this study — one from a

guinea pig and one ftom a horse.‘

Figure 10 ‘shows the doub&éadiffusiqﬁ reaction in agar o% CEA with
unabsorbed guinea pig antiserum and bothﬁ%bsorbed and unabsorbed horse
antiéera. Referring to the diagra below, well #1 contained purified CEA
(lmg/ml) and wells #2, #3 and #{ contained absorbed horse, unabsorbed horse

’
and guinea pig antisera Qespectively. Single precipitation lines were

observed between the antigen with each of the" anti~CEA antisera.

7 ‘,

.

5) Immunoabsorbent Chromatography of Unabsorbed anti~CEA Antisera C
1

9 . ®

A) Immunoabsorption of Guinea Pig anti-CEA Antiserdn /

Two immunoabsorptions of guinea pig anti-CEA antiserum were performed.

- . - ’ |

N -
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Fig. 10: Double diffusion in agar of CEA with unabsorbed and ab

sorbed horse anti-CEA antisera and guinea pig anti-CEA
antiserum. Well #1 - purified CEA (lmg/ml); wéll #2 - ,
absorbed horse antiserum; well #3 - unabsorbed horse
antiserum; well #4 - guinea pig antiserum.
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The first\one entailed the use of a stool-coupled affinity Eolumn followed by

two more passages through an’qBA—coupled colunn. A second immunoabsorption
was atteﬁpted by recycling the unabsorbed antiserum three times through{§
single NBA-coupled column. fhe matrix used, in both experiments, was the
longchain alkylamine glass! beads. The NBA material used for couﬁiing was

' ‘ from Fraction 11 of the DEAE cellulose isolation procedure.

(1) Immunoabsorption on Stool and NBA—éoupled Affinity Columns

Unabsorbeq/guinea pig anti-éEA antiserum was initially passed through a
stool-toupled affiﬁity columh’followed by two additional passages through an
NBA-couéled columm. The guineé plg unabsorbed anéiserum a#d the effluents.
from each passage through the immunoabsorbents weré titrated in the RIA,

°

employing the Farr technique. Figure 11 shows the titration curves thus
13 \

~ o {
[ . obtained. Maximum binding remained at about 80% in each case. However, the
titres of the various recycled antisera decreaséd after each absorption step.

As a-means of comparison, the titre at 50% binding on the curves was chosen.

i 3

Table 10 summarizes these values. The titre of the guinea pig unabsorbed [
|

antiserum decreased by 80% from 1/33,000 to 1/6400 after the initial passage

through the stool immunocabsorbent. The succeeding 'two passages through the

NBA immunoabsorbent further decreased the titre by 17% from 1/6400 to 1/5280

3

for the second passage and by 60% to 1/2000 for the last passage.
To determine the degree of antiserum modification produced /by each _

abéorption step, the different recycled antisera were tested in the inhibit-

/ [

K ) ion RIA with CEA and NBA. The 50% binding point on the titration curves was
[

chosen to give the dilution of each recycled antiserum to be used in the

Q. L \ ,

VU - _ . - t
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Titration curves established when 1231-CEA was reacted
with unabsorbed guinea pig anti-CEA antiserum ( )
and the same antiserum immunoabsorbed on an initial stool
&Ffinity column (=c=m-===), followed by a second cycle
(n=mwmwn==) and a third cycle (w= ==me=<) on an NBA (Frac-
tion 11) affinity column. The curves were obtained using
the Farr technique.
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TABLE 10 |
) | )
) oReéctiviﬁy of Guinea Pig anti-CEA Antiserum
Immunoabsorbed on a Stool-Coupled
and an NBA-Coupled Affinity Column .
7 ,
\
{
Degree of Serum Dilution of 150 Iphibitory  ~I50 Inhibitory
Immunoabsorption Antiserum at Activity | ’ Activity
50% Binding (ng ~ CEA) (ng - NBA)
Unabsorbed .
Guinea Pig . 1/33,000 7.80 3740
Antiserum ° ) ‘
1st Cycle '1/6400 6.25 7000
2nd Cycle 1/5280 11.70 3120
~ ’ ) .ﬂ
3rd Cycle 1/2000 15.00 i 8750
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establishment of an RIA. ,Figure 12 shows the inhibition curves subsequently
obtained. THe workin; range of the curves wasmbetween 3 ng and 25 ng for
inhibition by CEA and 1500 ng and 25,000 ng for inhibition by. NBA. Table 10
shows the amounts of bEA bnd NBAJrequifed to achieve the I%0 value for eacﬁ
ébsorbed antisergg) Absorption through the stool\immudoabs?rbent resultéd in |
a rgduction in sensitivity towards NBA ?%om 3740 ng for fhe guinea pig un—.; )
jiabsorbed serum to 70b0 ng after the first passage. Re%ptivity to CEA sHowed
.a ve;§ slight increase. The valie of the I°0 chané;& froﬁ”7.8~ng for the
unabsorbed gu{nea‘pig antiserum to 6.25 ng following this first cyclg/of
immunoabsorption.‘ However, the recycling of this antiserum through the NBA
affinity columns‘decréased the inhibition with CEA to 11.7 hg and 15.0 ng for
the second and third absorptions respectively, while/the sensitiéity to NBA
fluctuated from 3120 ng for tae second ‘passage to 8750 for .the last one.

The aﬁtibody populations which were eluted with 0.3M glyciﬁé—HCI from tge
immunoabsorbents were similgrly titrated in the RIA and tested in the CEA anft
NBA inhibition assays.] Figure 13 shows ‘the E}kéition curves obtained using
the bound fractions from this first atteﬁpt to modify the guinea pig anti—Cﬁ?

antiserum. Maximum binding ranged between 63% and 82%, with a background

!
radiation level of about 20%Z. The dilutions needed to achiev? 50% binding

are shown An Tablé\1ll. The first passagé through the stool column resulted
iation of only 2.7% of the\originally applied guinea pig serum, -
giving a dilution of 1/900. Ehe second passage, through.the NBA immﬁgo—
absorbent, resulted in elution .of 12.2% of the recycled antiserum (ﬁrom the

unbound fraction of the first passage) for a dilution of 1/780 at 50%

gt S n . P U + e ————E I
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Fig. 12: Inhibition curves established between 1231-tEA and either
- CEA or NBA (Fraction 11) and ‘guinea pig anti-CEA anti-
gera: unabsorbed (smsmmmssses):’and jmmunoabsorbed follow-
ing: 1 cycle on a stool affinity column (s=mewm=sds g 2pnd
cycle (emmmwmwaw) and 2 3rd cycle (= ww—=sesew=) on .an NBA
'(Fraction 11) affinity column. . These curves were esta- K
blished using the Farr technique.
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Fig. 13: Titration curves established when 125;-CEA was reacted
with immunoabsorbed. guinea pig anti~CEA antiserum elu-
ted with 0.3M glycine-HCl |pH 2.8 following an iInitial
cycle ‘on a stool affinity columm® (s=w » == e==) and a se-
cond (=mwmwmwmw) and third (= s=mime ==) cycle on an NBA
'(Fraction 11) affinity column. .The curves were obtained
using the Farr technique. -
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. ( - TABLE 11
. | .
Reactivity of Bound Guinea Pig Antibody Fractions
. ‘Eluted with: 0.3M Glycine-HC1
‘, =, A
\ ‘ o
‘ ?';l N -
’ 1 . - I\ i
- ' ;
. . ¥
7 v o
, Dilution of ° 150 Inhibotory  I50 Inhibitory
. Eluted Fraction Activity Activity
, . ‘at 50% Binding (ng — CEA) (ng — NBA) .
- | — :
O , - |
.~ 1lst Cycle 1/900 . 12.50 24000
(Stool Column) . . cot '
' B " o
r ,’ . (
2nd Cyele ” 1/780 10.00 1900
(NBA Column ) , - ,
B / , ! >
B ~ ¢
3rd Cycle - 1/250 - 11.00 - " 4520 .
o (NBA Column - . . ‘ Lo - '
I\
~ - . . %
o |
| . y
¢ ! i “ ™ tf‘l}; ' - ' f
g ‘ \ v AN
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D
binding. The final passage,' through the same NBA column; gave a dilution of

1/250, which represented the dissociation of 4.7% of the recycled antiserum

0 1
\

from the second passage which had reacted with the ligand.
54 |

5

Figure 14 shows the inhibition curves obtained when each of, the eluted,
bound antibody fractions were reacted with both CEA and NBA in their
.respective inhibition assays. The 1°0 'vai\iés subsequently determined are
given in Table 1l. Generally, these antibody fractions all showed similar

sensitivities to CEA, with 150 vilues ranging from 10.0 ng to 12.5 ng, a
i '
decrease from that seen with the unabsorbed guinea pig serum (150 of 7.8 ng).

The sensitivity to the NBA remained mostly unchanged from, that of the .
original guinea pig serum (I°0 of 3740 ng), as seen by an 150 of 4000 ng with
P

the first elution, increasing to an 150 of 1900 ng with the second elution

and returning to an 190 yalue of 4500 ng with the last elution from the NBA

-~
! I

immunoabsorbent.

(11i) Immunoabsorption on an NBA—CoupledrAffini‘ty Column ;

\)

A second absorption of the unabsorbed guinea pig antiserum was attempted

similar to the one described above. However, the stool ’zlinnnundabsorbenf: was

-

omitted and three successive passages through only an NBA immunoabsorbent,

prepared from the same material as was previously used, were performed. The
y X
titration curves obtained, with the Farr technique, are shown in-Figure 15.

i I'd
Maximum binding ranged from 70% to 85%. The titres at 50% binding are shown
in Tdble 12. The first passage produced an 80% decrease in the titre of the

unabsorbed guinea pigl antiserum from 1/33,000 to 1/6400. :The second passage

{ ' =
only slightly reduced the titre to 1/5900 for an 8% detrease while the last
[ \ . T '

"
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Fig. 15: Titration curves established when 1257-cra was reacted
with unabsorbed guinea pig anti1-CEA antiserum ( )
A . and the same antiserum immunoabgorbed on an NBA (Frac-
4 tion 11) affinity column following a first (= ==«=); a
second (wmwmwnwes) and a third (== mewwe =) cycle. These
curves were obtained using the Farr technique. -
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Reactivity of

TABLE 12
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Guinea Pig anti—-CEA Antiserum

Immunoabsorbed on an NBA—Coupled Affinity Cglumn

s

Degree of Serum Dilution ‘of 150 Inhibitory 150 Inhibitory
Immunoabsor,ption Antiserum at Activity Activicy
* : » 50% Binding (ng — CEA) (ng -NBA)
Y

Unabsorbed )
Guinea Pig 1/33,000 7.80 3740
Antiserum , Co.
1st Cycle 1/6400 8.50 7000

L
2nd Cycle 1/5900 15.00 4000 , o
U 7 R T

d} ‘ . ' %
3rd Cycle, 1/2200 15.60 8750

! ; , v
A
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N

absorption, gave a 627% reduction for a final titre of 1/2200.

\

Figure 16 illustrates the inhibition curves®obtained when each antiserum
was tested against NBA and CEA in the RIA, using the dilution given by the

50% binding point on the titration curve to construct the inhibition assay.
|

The I°0 values subsequently determined are summarized in Table 12. The

recycling of the antisera caused a reduction, each time, in their sensitivity
»

to CEA going from 7.8/ng for the unaborbed guinea pig antiserum to 8.5 ng,

o

,'t:hen 15.0 ng and/finally 15.6 ng for the first, second and third absorption

respectively. Reac&ivity to NBA was ‘decreased from 3740 ng for the unab-_
sorbed serum to 7000 ng after the first passage. The second passage resulted
in an elevation of reactivity, giving an 1°0 value of 4000 ng which was again
reduced t% 8750 ng following the last abser“i)tion. B .

' The antibody popula/;:ions eluted from 'the NBA immunoabsorbents in this
second attempt to moeigy the guinea/pig antiserum were similarly titrated
followed by reaction in the inhibition assays. The titration curves are

a

shown in Figure 17. Maximum binding ranged between 697 and 82%, with a back-

‘ground level of,20%. The inhibition curves obtained when these eluted

" fraction were reacted with NBA and CEA are shown in Fcigure 18, Table 13

glves the dilutions at 50% binding and the I:SO values determined by inhibi-~
tion with the two antigens. The first paesage through the NBA immunoabsor-

bent resulted in elution of 2.7% of the guinea pig serum for a dilution of

' 1/900. The second and third passages yielded bound fractions comprising

12.8% (1/820 dilution) and 5.5% (1/325 dilution), respectively, of the re-

'

cycled antiserum preparations.
A

El
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Fig‘. -16:‘ .Inhibition curves established between either CEA or NBA'
. (Fraction 11) with 1257-CEA and guinea pig anti~CEA an-

. © tiserum: unabsorbed ( ) ; and immunoabsorbed on
- . an NBA (Fraction 11) affinity column following 1 cycle
¢r=—====); 2 cycles (m==-mw===) and 3 cycles (= =)s 4
. The curves were obtained using the Farr technique.
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Fig. 17: Titration curves established when 12571-CEA was reacted
with immunoabsorbed gulnea pig anti~CEA antisera eluted
with 0.3M glycine—~HCl pH 2.8 following 1 cycle (=== ==)
2 cycleg (==wmwmwm=): and 3 cycleg (= === =) on an NBA
(Fraction 11) affinity column. The ‘curves were obtained
using the Farr technique.
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\§)

(Fraction 11) with 1251-CEA and the immunoabsorbed gui-—~

‘nea pig anti-CEA antisera eluted with 0.3M glycine-HC1,

pH 2.8 following a lst cycle (»===<=====), a 2nd cycle
(svmwmemwn) and a 3rd cycle (m wmme=s ) on an NBA (Frac-—
tion 11) affinity column: The curves were obtained us-—
ing the Farr technique. : o s
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TABLE 13!
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Reactivity ofBound Guinea IJig Antibody Fractioils

Eluted with 0.3M Glycine—-HC1

1

Dilution of

150 Iphibitory

150 Iphibitory

Eluted Fraction Activity Activity
at 50% Binding (ng - CEA) (ng — NBA)
’ &
1st Cydle 1/900 12,50 3900
» 1
a8
2nd Cycle 1/820 10.00 2500
I
3rd Gycle 1/325 10.15 5600
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" The three bound antibody fractions showed a decreased sensitivity to CEA i
b i
with 150 valué\f ranging from 10.0 ng to 12.5 ng as compared with the

unabsorbed serul\i's‘ISO value of 7.8 ng.‘ 150 values ’ob'tained when these three

fractions were reacted with NBA were 3900 ng with the first elution, 2500 ng
with the second, and 5600 ng with the third, showing slight variation from
that obtained with the guinea pig unabéorbed serum (3740°ng).

B) Immunpabsorption 'of Horse anti=CEA Antiserum

¥
, .
Two 'immunoabsorptions of horse anti-CEA antiserum were perfon}led. One

N

series of experiments consisted of five successive passages through an NBA

»

immuhoabsorbent prepared with the longchain alkylamine glass beads coupled to
; : :

materfal from Fraction 1l of the DEAE cellulose chromatography in the
N

isolation procedure of normal bowel. The second absorptign involved serial
X
passages through four different NBA immunoabsorbents, each one prepared in

the same mamnner, using the amino aryl glass beads coupled with material
¥
obtained from.Peak 1 of the Ultragel chromatographic’ step in the NBA

isolation procedure. '

t% (1) Immunoabsorption on an NBA=Coupled Affinity Column

Figure 19 shows the titration curves, using the Farr technique, of the -
unabsorbed horse anti-CEA antisgr\fm and the antisera obtained following

recycling through the NBA immunoabsorbent. Maximum binding ranged between

50% and 92%. The first passage resulted in a reduction of 85% in titre,

1 i

going from 1/3§,000 for the umabsorbed hor\se serum to 1/5600 for the

antiserum after the first absorption. Successive passages resulted in ff

decreases in titre of 60% to 1/2200, 72% to 1/600, 75% to 1/150 and 66% to
1 ~ \ -
7 AR X

LK
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Fig. 19: Titration curves established when 1251—CEA was reacted
with unabsorbed horse anti=CEA antiserum (ssesessmem) ‘and
the same ant;%serum 1immunoabsorbed on an NBA (Fraction 11)
affinity column aftér a lst cycle (=s=====); a 2nd cycle
(mwmemw=w); a Ird cycle (= === =); a 4th cycle ( )

 and a 5th cycle ( e [The gurves were obtained us—
ing the Farr technique.
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1/50 for the second, ‘third, fourth and fifth passages respectively.

Figure 20 shows the inhibition curves obtained when the titre at 50%
binding on the titration curve was used as- the dilution for testir‘tg each of
the different recycled antisera in the inhibition agsays with CEA and NBA.

] B

The working range of the curves was between 25 ng and 6.25 ng for CEA and

between 50,000 r\x’g and 6250 ;1g for the NBA inhibition curves. The 150_values
4

« thus determined are shown in Table 1l4. The reactivity of the “unabsorbed
horse serum to CEA decreased from 7.0 ng to 9.5 ng after the first passage.
The second passage did ngut 'chahge this value; however, the third one

7 resulted in a further decrease to 15 ng, which remained the same for the

fourth passage, but decreased to' 50 ng foliowing\‘ the final absorption. With

Eﬁe
ﬁ@gﬁ resp’ect to the reactivity to NBA, the first passage gave an initial four—fold
4_-»‘3, [} . )
decrease in sensitivity, from 5500 ng for the unabsorbed horse serum to
- f
. - 22,000 ng, followed by an increase to 16,000 ng for the. second absorption.

v r v o
The third, fourth and fifth passages ylelded ‘antisera in which the reactivity
to NBA was again decreased to 23,000 ng, 23,000 ng and 25,000 ﬁg \

respectively.. T

. - (11) Immunoabsorption on Multiple NBA-Coupled Affinity Columns
. Y )

Figure 21 shows the titration curves obtained for the undbsorbed "hor'se

! serum and those antisera absorbed on the four separate affinity columns. For .

N

this absorpéion, the double antibody method for the RIA was employed.
* " Maximum binding ranged between 45% and 90%. The 35% binding point gave the
titre used for comparison purposes. The first passage resulted in an 84%

-

0 I s P
decrease in titre of the original unabsorbed horse serum from 1/250,000 to

' ~
O
N ° '




% INHIBITION

121

e - — -

\
Fig. 20: Inhibition curves estsblished between either CEA or NBA

(Fraction 11) with 1251-cEA and horse anti-CEA antiser— -

un: unabsorbed (eewsssse=): and immunoabsorbed on an NBA
* (Fraction 11) affinity columm following 1 cycle (===~»9)
2 cycleg (wwmwmwawnw) 3 cycles (= ==ww—m eme) 4 cycles
(rsvesanmmnee) and 5 cycles (wwemmmmmw), ' The curves were ob-
tained using the Farr technique. ‘

Sy,
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TABLE 14
> \
™~
— B :' . ! !
Reactivity of Horse anti-CEA Antiserum \
' &
Immunoabsorbed on an NBA—~Coupled Affinity Column
\ 4
| 8
\ ”
o : L
Degree of Serum Dilution of 150 Inhibitary 150 Inhibit\:ory
. Immunoabsorption Antiserum at Activity. . Activity
50% Binding (ng — CEA) (ng - NBA)
~ ‘ 'x T
Unabgsorbed ' 1/38,000 7.0 5500

Horse Antiserum

. (s

t

1st Cycle 1/5600 | 9.5 22,000
‘ \
! i |
2nd Cycle 1/2200 9.5 | = 16,000
\4 ~
3rd Cycle " 1/600 15.0 23,000
: \ . . \ :
4th Cycle 1/150 : 15.0 23,000
—\//—# .
5th Cycle '| . 1/50 50.0 25,000
B N
» .
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- Fige 21: Titration curves estgblished when 12J’-I--(:EA was reacted
) * with unabsorbed horse anti-CEA antiserum ( )" and
b the same antiserum immunoabsorbed on four separate NBA
(Peak 1) affinity columns. lst cycle (= =mem=me=); 2nd
cycle (rrmwmemwa); 3rd cycle (o wmmwem==); and 4th cycle
(wsseusansenss),  These curves vere obtained using the dou-
ble antibody method.» |
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Y /40,000, The second, third and fourth passages yilelded decreases of 35% to )

1/26,000, 90% to 1/2600 and 85% to 1/400 respectively.
- - f

-

Figure 22 illustrates the curves obtained fromthe imhibition with CEA

| .
and NBA of the antisera from each immunoabsorption. The dilution of anti-

* !
serum used was determined by the titre needed to achieve 35% binding in its

1 " titration curve. The working range of these curves was from 145 ng to 25 ng.
: o

for inhibition with CEA and from 1500 ng to 25,000 ng for the inhibition with

. NBA. The I°0 values_ thus obtained are shown in Table 15. The first three .
passages ylelded sxﬂall\decreases in the sensitiyity of the antisera to CEA,
changing from 2.0 ng' for the un\absorbed serum to 3.0 ng after thg first
‘passage, then to 3.5 ng aftésgz’ the second and to 4.7 ng after the ‘third

!

C) absorption. The last passage' resulted in a two-fold decrease in sensitivity,
- o ‘ , ‘
yielding an antiserum with an 10 of 10.0 ng. The reactivity to NBA

decreased by more than tw'p-fold after the first passage, the 150 Increasing
f_ror’n 2500 ng for the unabsorbed serum to 6700 ng. The se;:ond immunoabsorp-
' tion resulted in an antiserum more sensitive-;:o the NBA, having an 150 of
2500 ng. ﬁowever, afte\r the third and fourth passgges, this sensitivity
decreased, shown by 150 values of 5600; ng and 10,000 ng respectiygly. ’

\\ The antibody poi)ulations eluted with O0.3M glycine-HC1l, from ' 'the four NBA

«~ immunoabsorbents, were similarly titrated in the RIA followed by reaction T

i

with NBA and CEA in the inhibition RIA. The titration ct&’;gg,‘ shown in .
g 'Figure 23, had maximum bindings ranging from 61% to 382, with a .backgrounh
- o )

\ : c
level of about 7’%.’ The dilutions at 35% binding were used to construct the

inhibition curves with the two ant'igens, i1llustrated in Figure 24. The

O ' g '
- » f
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ig. 22: ¢ Inhibition curves established between either CEA or NBA v
‘(Peak 1) with 1251.ceA and horse anti-CEA antisera: un- /
. absorbed (smsssesems) - s and immunoabsorbed on four separate
I NBA (Peak 1) affinity columns following 1 cycle (= = == <=3
" 2 cycles (mwmwmw==); 3 cycles (==——==4: and four cycles
, (---------'----!). The curves were obtained using the double
. antibody method.
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T R . TABLE 15
| ( q {
i : .
i Reactivity of Horse anti~CEA Antiserum
i I
‘ Immunoabsorbed on Multiple NBA—Coépled Affinity Columns
! \ - Y, o . ’
\ i \
v ] \\‘
\ \E
Degree of Serum Dilution of 150 Inhihitory 130 Inhibitory a
Immunoabsorption Antiserum at Activity . Activity o
50% Binding (ng -~ CEA) '+ ’“(ng — NBA) .
i - - A
O \ @ -
Unabsorbed | 1/250,000 2.0 - _ 2500 .
Horse Antiserum -, P * .o
- ./ A
{ - - 3
‘ 1st Cycle 1./40,000 3.0 6700
3 >
] : 2nd Cycle 1/26,000 . 3.6 2500 <
~ . .
. | 3rdCycle . 1/2600 A 5000 \
! ) 5 . | . -
: 4th Cycle . 1/400 ~10.9 s 10,000
\‘ ba ?
-~ ‘tn, 1 R
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Titration curves established ‘when 1231-CEA was reacted ',
with immunoabsorbed horse anti~CEA antisera eluted with
0.3M glycine-HCl pH 2.8 following 1 cycle (sem=mm=<),
2 dycles. (mmmwmwas), 3 Cycles (= smeess =), and 4 cycles
(oonssesswesss) on four separate NBA (Peak 1) affinity col-
unns. The curves were obtained using the.double anti-

@ o
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Fig. 24: Inhibition curv‘(es est?l'blished betweeen either CEA or NBA
(Peak 1) with 12E"I---CEA and the lmmunoabsarbed horse anti-
CEA antisera elyted with 0.3 M glycine—HCl pH 2.8 follow-
ing a lst cycle (ms«mms==); a 2nd cycle (mwmwmw=<); a 3rd
ciycle (= wmwmmm==); and a 4th cycle (iseeeses===*) on four sep-
arate NBA (Peak 1) affinity columns. The curves were ob-—
tained using the double antibody method. .
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useful working ranges of the two sets of curves are between 3.0 ng and 12.5
ng for CEA and 1000 ng and 10,000 ng for NBA. Table 16 gives the dilutionms,
at 35% binding, for each of the foug elutions and the I20 values subsequently
etermined from the inhibition curves.
Passagé through the first NBA immunoabsorbent resulteg in dissociation of
3.2% of the CEA~reactive antibodies from the normal bowellligand, for a

dilution of 1/8000. The next elution yielded a dilution of 172300, represen-—

ting dissociation from the second immunoabsorbent of 5.8% of the recycled

"antibodies. Chaotropic dissoclations of the third and fourth passages from

the last two NBA affinity columns yielded antibody dilutioms of 1/3000 and

1/200 f;r elution of 11.5% and 7.7% respectively of “‘the recycled anti—CEA
antiserum. . ‘ )

Reactivity to CEA, of each of the four bound antibody ff;ctions, varied
slightly with each successive elution, giving 150 values of 2.8 ng, 3.0 ng; »
4.3 ng and 3.9 ng for 'the %irst, second, third and fourth elutioag respect-
ivelg.‘ Reactivity to NBA also showed littlj’difference with each passage,

yieiding 150 values of 1000 ng, 2200 ng, 25340 ng and 2340 ng for the four

- !
separate dissociations with the glycine-HCl. \

+
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¢, ) : TABLE 16

Reactivity of Bound Horse Antibody Fraction -

Eluted with 0.34 Glycine-HC1

\
! |
)
Dilution of 150 Inhibitory 150 Inhibitory
Eluted Fraction  Activity Activity
. at 50% Binding (ng — CEA) . . (ng - NBA) -
/\{ N 12 11
1st cycle 1/8000 - 2.8 1000
i
(
2nd Cycle ‘ 1/2300 3.0 2200
3rd Cycle | 1/3000 4.3 2540
| (
‘ 4th Cycle 1/200 3.9 ‘ 2340
S N N
3 B ;
. b
L3 ‘ ] -
tl
f::: f \‘\ '
AY ){
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Discussion

e The aim of this study was to modify, by means of affinity chromatography,
the specificity of an anti~CEA antiserum. Two anti-CFA antisera from
different species, that of horse and guinea pig origin, were subjected to
immunoabsorption in an attempt to improbe their specificity go CEA by
reducing their reactivits to normal bowel antigens.

'

Experimental Approach

. "TA M
The method curregtly used to absorb anti-CEA antiserum for &E% in

clinical assays is by the addition to the antiserum of various normal tissue
(:} extracts. The resulting precipitate is removed by centrifugation. However,
when the resulting absorbed antiserum is reacted with CEA (Fig. 6, p. 73) or
NBA (Fig1 9, pe 29) in the RIA, no significant change in immunoreactivitjbig\
observed when compared with the unabsoibed serum. This residual normal bowel
activity probably leads to the lack of specificity of the clinical assays.
SN H;nce, 1n’the attempt\to modify the anti-CEA antisera, the effect which was

\\ desired was a decredise 7p the\reactivity of the immunoabsorbed antisera to

. normal bowal materi 1 with little or no change in its senfitivity to CEA
1

isolated from tumoé/tissue. 5
In the filrst part of these studies the optimum conditions' to be used for
llsolid phese immunoabsorptionﬁwere defined. Two different types of matrices,

glass beads and agarose, and'two methods of coupling ligand to the carrier
it ) ‘ ’

- arms were examined. Several parameters were investigated, including the

vt .
.
. / . . .
h .
i i . .

,'\
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,_,\\/:lorder to remove, quantitatively, all of, or as much as possible, those mole

stability of the linkage between the carrier and the ligand, the

the method of coupling ligand to the carrier and the performance

'ligand—coupled\matrix as an immunoabsorbent, with interest taken

the nonspecific absorption by the matrix itselfw

From these studies, it was concluded that the performance of

-
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efficlencyof
of the

in observing

the glass

bead matricesz both the aryl amine and the longchain alkylamine glass beads,

was superior to that of the sepharose.

This 1s in part due to the high

resistance and stability of the glass as well as tﬁe silyl coating rendering
i

. /
the beads quite inert. '

Once it was determined that.the glass beads were to be the matrices for

the subsequent studies, one last parameter was investigated — the determina-

/

- 3
tion of the optimum pH of 0.3M glycine-HCl to be used for the dissociation of

the ligand from the affinity column. Several parémeters must be considered

for the optimum conditions to prevail. To minimiie the denaturation of both

the ligand and the absorbed material, a single incubation with the dissocja-

ting agent was preferred. It was also imﬁortantfto choose an optimum pH in

\

cules immunologically bound to the ligand, espe#ially in those cases where

l

the ynbound fraction from the first passage through the immunoabsorbent was

[

~recyéled through the same column. As seen in Table 5, a pH of 2.8 was
’ 5

determined to be tpe optimum value.

Complete recovery of the immunoabsorbent was not achieved, possibly due

\

the presence of high affinity antigen-antibody complexes that are not readily-

‘" ‘
dissociated by the chaotropic treatment, and a certain degree of denaturation
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of the eluted absorbed material.

Experimental Data ! fﬂ

Immunoabsorption studies were performed with horse and gui;ea pig aﬂtf—
CEA antisera. Both were chosen due to their strong immunoreactivity with
CEA.

Two gxpes'of'immunoabsorptions were performed with the guinea pig anti-
serume. The first one involyed tﬁe use of, initiall&, a stool—coupled

ecycling the recovered unbound fraction twice

N hd

affinity column followed

through an NBA-coypled affinity column. The aqueous extract of stool
material was employed due to a previous report im which the efficiency of
this material in removing "normal" antibody populations from guinea pig
anti—CEA antiserum was described (8%9). The second immunoabsorption involved
recycling‘the antiseru% th;ough a‘sinéle NBA—coupled'affinity column. A
comparison of both these absorptions showed that the stool column performed
in virtually the same manner as the first NBA column in the second absorp—
tion. Both these‘initial columns yielded unbound fractions with similar
inhibitory immunoreactivities to CEA (6.25 ng f;£ the stool column and 8.5 ng
ifor the\EBA column) and to NBA (7000 ng for both colﬁmns), as well as
ﬁrod;cing i@entical residual antiserum titres. The fractions eluted with the
chaotropic ageﬁt also showed no &ifferenée with respect to ;ntibody-titre and
react;vity to both anLigens in the RIA. The stool material. was originalléﬁ

suggested as a good éource of normal bowel material because during/stool

formation and passage through the intestines, it would collect the NBA as it
i . ‘

A
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was sloughed off the epithelial tissue into the lumgn of the intestines.

However,tpis ﬁfegent study indicaﬁed that the NBA act%vity in stool is nog‘

different immunologically from that obtained b& dissection of tissues

obtai;ed at auiopsy. The rémainaer of both absorptions yielded almost

identical resulés, sﬁéwing that further recycling of the guinea big antiserum

did not igprove its specificity to CEA. Rather, as the number of cycles

| ' increased, the sensitivity decreaged to CEA as well as to the'NBA. :

Two different absorptions with the horse anti—-CEA arntiserum wére per—

formed. The first one involved'recycling the ahtiéerum five times tﬁroughv

one NBA ifmmunoabsorbent. The first passage of the antiserunm through the

column resulted in a large decrease in titre, as was also seen with the

’ (:}‘ guinea pig antiserum. ‘The reactivity of the unbound fraction to CEA remained
about the same, while thgt to the NﬁA defreased almost four-fold. However,
subsequeht recycling to further m;dify the antiserum indicated that as anti-
| . bodies to NBA are sequentigliy removed, causing a decrease in sensibiyity to
that antiéen, the sensitivity to‘CEA also lessened.

The second absorption with the horse anti—Cgk antiserum involved recy-
cling the serum through four differe;t NBA columis, each one coupled with the
material frqm|?eak 1 of the Ultragel chromatographic step. Tﬁis material, as
determined by its reactfvitf in the rédioimmunoassay, represented a two—fold
increase in purity to thé NBA employéd as a ligand in the three previous
immunoabs&rpfions. When"quter purificatign was attempted,arecovery of the -~ 3{;
reactive antigenic moieties\was minimgl, as was its abilityhto couble to the '

t

carriers on ﬁhelglass bead matrices. L

-
! . e

| | ) L ' A e
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The use of a DEAE cellﬁlose preparation of normal bowel material in these
three previous attempts at antiserum modification was chosen due to the pos-
sility that further purification might eliminate weakly antigenic moieties
which, simply by virtue of being attached to a solid support system, may \
become more immunogenic and aﬁsorb out antibedy population otherwise missed
by a purer NBA preparation. However, due to the results, of these three .
previous immunoabsorptions, an Ultragel chromatographic step was included in
the NBA isolatidn procedure to obtain a further degree of purification, this
time, in the hope that this concentrated ligand would extract, in a more
specific manner, a greater amount of anfibody’po;ulatipns with each serum
recyclieg. |

Furthermore, multiple affinity/co}umns, each one coupled witﬁ an ﬁlttagel
pﬁeparation of NBA, were prepared, as opposed to a single column ueed in the
other three instances. The reason for this procedure was the possibility of "
the ptesence of high affinity antibodies in the, antiserum, which when tightly

¥
.

complexed with its ligand, wgnld”not be-eluted with the glycine-HCl and,

~ “thus, would be masking strong immunogenic éites,@m that column upon recycling

of the antiserum. In additionm, the possibility existed that the ligand might
I

experienee mild denaturation due to repeated exposure to the chaotropic

¥

| .
agent, a factor that would be omitted with the use of multiple columns.

The results from this lagt -immunoabsorption were similar to those -
N \/‘ ‘
obtained from the previous attempts at serum modification, in that the first

cycle of immunoabsorption resulted in the greatest drop in serum titre, as
&ell as a greater decrease in NBA reactivity'reletive to that of CEA.

However, as seen beforé, additional recycling caused further decrease in
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‘reactivity to the NBA with a concommitant decrease towards CEA.

Elution of the bound fraction from each immunoabsorbent gave antibody

populations whose Eeactivity to NBA remained simila%/to ‘that of the unabsor-—
bed horse antiserum, while that to CEA decreased about’tWO-foid following the
third and fourth cycles. When these eluted fractions are compared with those

obtained from both of the guinea pig chaotropic elutions, similar results are

seen. The reactivity of those fractions of guinea pig antibodies eluted with®

N the glycine-HCl also showed a two—fold decrease in sensitivity to CEA while
Il I3
, -
that to NBA remained the same as the unabsorbed antiserum.

i

A A comparison of the two types of absorptions done with the horsé

‘ antiserum showed Ehat recycling the antiserum through different affinity

<

(:} columns wés not more effective than recycling through the same column. This

v /

|
indicated that, most probably, little or no denaturation of the ligand

occurred and the percentage of high affinity antibodies masking the ligand

was minimal. ' [ S ' (// Lo \

\\' | ' ) N . i

Conclusions
/

The hypothesis adopted at the start of " this research is that the CEA |
molecule carries both tumor and nontumor determinants and that immunization
i N with this molecule would produce a heterogeneous antiserum coﬂtaining

o

‘anti~tumor and anti-normal antibody populations. The purpose of this

research study was to attempt to isolate the anti-tumor population from the

Poe

rest of the heterogeneous antiserum., !

Py
P

\ Two high-titre anti-CEA antisera were employed, both able to produce

sensitive radioimmuncassays. The two antisera were from diffgrent origins,

¥

\ e ' : oy
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due[ to the fact that diverse species of animals may react 1mmunologicaliy
in a different fashion to the same antigens

The results, of these studies inc;icated a n;xmber‘ of thitngs which: while
not disproving the starting hypothesis, do nothing to further support it./\
The first observation is that immunoabsorption of both horse apd guinea pig
anti—-CEA antisera did not result ‘in a tumor—specific modified antiserum. The
results qf the immunoadsorption studies can best be summarized by Table 17.

\ \
This table lists the ratio of NBA activity in the RIA to the CEA reactivity

of the antisera before applicati\or} [ontlo the affinity columns and those
v/

. I
fractions obtained following each passage through the immunocadsorbents. A

|
greater ratip indicates a larger decrease in the antiserum’s sensitj.vity to

v

I
NBA relative to its sensitivity to CEA. A lower ratio demonstrates a lack of

the antiserum's ability to distinguish between the two antigens. With

rd

respect to both of the guinea pig immunoadsorplti\ons, only the first passage

through the immunoadsorbents produced any increase in the discriminating
' Y]

ability of the serum. The ratio of 1120/1"for the stool column and 820/1 'for

the NBA column show a two to three-fold increase in CEA sensitivity’ relative
. : i |
to NBA as compared with the unabsorbed guinea‘pig antiserum, which had a

i
Q2
ratio of 480/1.’ However, subsequent recycling only served to destroy these

iﬂcrease} ratios. - ‘ -

The first immunoabsorption perférmed with hofse antiserum,\ which involved

I

recycling the antiserum through the same affinity column five !;imes, gave its
!
greatest ratio after the first passage. The succeeding three passages,

though, all yielded absorbed sera with larger ratios than that for the

s

o

unabsorbed antiserum, showing a two to three-fold increase in the antiserum's

°

\

\
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TABLE 17

Comparison of the NBA:CEA I50 Values

4

from the Horse and Guinea Pig

Immunoabsorption Studies

Guinea Pig:

Guinea Pig: Horse: Horse:
Stool and ; 15ingle NBA Single NBA Multiple NBA
NBA ColumnsT ColumntT ColumnT Columns*
' 1st Cycle 1120/1 820/1 2300/1 2230/1
2nd Cycle 270/1 270/1 1680/1 715/1
3rd Cycle 580/1 560/1 1530/1 1060/1
] . ]
4th Cycle - - 1530/1 920/1
9 \ \
; 4 i
5 5th Cycle. - - 500/1 -
] .
Guinea Pig # '
| Unabsorbed 480/1 48041 ~ . - -
. Horse .
Unabsorbed - - 785/1 1250/1
Horse L ' '
Absorbed * = =~ - ~1830/1 6000/1
) (Standard)

Farr Techniqué. ,

[

. T All the calculations in this column were obtained from the RIA using the

t

i
’

* All the calucaltions in this column were obtained from the RIA using\ the

sdouble antibody method.

I

A\

"
i
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quent recycling followed the pattern observed in the three previous attempts 4

columns only served to destroy this specifici.ty. However, when compared with

. a more modified tumor-specific anti~-CEA antisérum than that previously pre—

v 139

[

\

sensitivity to CEA relative to NBA. However, when these ratios are compared

with that obtained using the standard absorbed antiserum, it can .be seen that
w! Va N M v
passage through the immunoadsorbent could not-. achieve a more CEA-specific

antiserum. Only the:-first passage yielded a serum whose ratio was just

slightly greater than that of the standard absorbed; the remaining four
N ' L f
cycles could not improve this specificity towards CEA. \

—

~N
The second immunoadsorption with horse anti-CEA antiserum, similarly,

v

yﬁlded its'most discriminating antiserum, when compared with the unabsorbed

»

horse serum\, following the first applicat‘ion onto the first column. Subse-—

. { g 0 i

o

at, serum modification, in that passage through the next threé affinity

the standard absorbed antiserum, whose ratjo of 6000/1 was obtained from the
’ » ' \ -
RIA using' the more sensitive double antibody method, the affinity chromato— .

graphy of unabsorbed horse anti—CEA antiserum was not successful in producing

' =
pared by our laboratory. Thus, of all the antisera tested, both before and
follow;l.ng immunoabsorption, the one most semsitive to CEA and most insensi-
tive to NBA, as determined by inhibition in the RIA, 1is the "standard absorbed

>

horse antiserum, obtajned by the batch method of reacting the antiserum with™
AY

water extracts of varj,ous normal tissues followed by precipitation of these

immune complexes. Multipie attempts at serum immunoabsorption was incapable

of modifying two different anti-—CEA antisera to a greater extent than that

observed with the standard horse. . ‘ ' -

°
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Two major questions are constantly raised with respect to the RIA for
CEA. The first one concerns the antigenic nature (specificity) which the

! +
ant'ibody populations are recognizing. Do they'react with a tumor-specffic
\ ' ' U
site or a normal“ site on the molecule; are there different populations for

each site, or are both determinants so similar that the antibody molecules |
\ -]

cannot differentiate between the two, if indeed tw0\distinct sites exist?
A 3

Separdte areas may exist on the molecule, but ‘the determination of their

°
i

presence is dependent on the antiserum used, which is dependent on the way
.

the immunizing animal visualizes the CEA molecule and pnoddbes antibodies to

¥
[}

‘o
it 1If the animal cannot distinguish,'specifdcally, between normal and tumor,

3

ateas on the CEA, then it will make similar antibody populations to both

determinants. On-the other hand, the animal may be able to "see” two

3

.distinct epitopes, but react immunologically stronger to tbe normal epitope

than to the tumor one, thereby prodncing a prepgnderagce of normal antibédies -
y . \ . o & ®
" and only a minor amount of tumor—specif}c gntibodies. 'lhe second question,

.equally as important as the first, concerns the presence of CEA in.normal
bowel tissue. If.it does exist, it 1is presept in minute quantities.
However, its immunoreactivity to specific anti-CEA antibodies may- be great

enough so that only a very small amount of the antigen would be sufficient to

@

hinder the successful modification of an unabso;bed anti~CEA antiserum.

]

The studf%s perfbrmed in this thesis attempted to answer these questions.

i

Héwever, even after numerous immunoabsorptions, these questions are still
& B _}_ .
left unanswered, mainly, because one can only speculate as to what antibody
, , . ;

.populations exist in the antisera, and what is really happening ‘on the

™ affinity column between the ligand and the Entibody. Several alternativeé
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cali be examined in light of the results which were obtained.
. g

" As stated -before, the hypothesis ado!pted at the start of thie work was |
L] N 0 o

/

! that there is a tumor-speclfic site on the CEA molecule to which xenogeneic

~hosts ‘are able to produce antibodies. Thus, in each of the animal antisera

preparations, there would be a tumor—-specific population of antibodies, most

probably a very small percentage of the total. If this population was .

specifie only for the tumor epitope on the' CEA molecule, then each cycle of

- 4
immunpabsorption should concentrate these antibodies and a trend of lower CEA

150 values and higher NBA 130 values would be observed. However, this type
a .

Ay

of result was not bbtained. "Only the first cycle of immunoabsorption
produced any noticeable incredse in CEA specificity, albeit a minor ome in .
some cases, when compared with the corresponding unabsorll)ed' antiserum.

Subsequent recycling, though, only served to diminish the increased
. |

°dismr'iminatory ability of the immunoabsorbed sera. .-

Thus; if one ‘dees postulate the' existence of tumor-specific antibody

Y

D molecules, then the only way these results can he explained is'if minute
VL

- !

amounts of CEA are present in normal bowel tissue. Thus, the first

AN

absorption on the columns would take out some tumor—specific antibodies, but
a larger proportion of. anti-normal antibodies would be removed, allowing for

1 .
the increazse in the immur;oabs[orbed antiserum's sensitivity to CEA. However,

l

subsequent recycling would only serwe to absorb out those residual CEA-speci-

v °

fdc antibodies, sthereby leaving only anti-normal populations, which v{:ould

&
react with NBA and CEA in a similar manner, as seen by the ratios in Table 17

for all column absorptions following the first ome. y

-

[

.
' .
" .
. /ﬁ\
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" (assuming two distinct ones occur), react with both antigenic sites. They .

I
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| ‘,

"The other case to consider is that there were no antibodies specific‘ for

o

only the tumor epitope on the CEA molecule. Hére, two alternatives can be 1

discussed. The first is the présence of antibodies which,.by virtue of they

close similarity of the normz;l and CEA antigenic determinants on the molecule

would be distinct antibody populations, ‘but would have similar sensitivities
to both CEA and NBA. Thus, the first cycle of immunoabsorption would
preferentially remove only those antibody populations directed against the

coupléd-NBA, thus leaving, in the unbound fraction, those populations which

v

were more reactive to the tumor—specific site on the CEA molecule. However,(“

upon the succeeding immunoabsorptioné‘, this tumor-specific population, due to

/

a large decrease in the competitive ?nti-normai'bowell population, would now

react with the coupled ligand. Thus, one would see th’e para]:Iel reactivi-

ties, as observed in-the RIA, to CEA and NBA with subsequent recycling. .
The second altel::l:give is that there are no tumor—specific antibodies

present in the uflabsorbed sera. Even if CEA does have tumor epitopes, the

-

immunized animal is unable to recognize them; the immunized hos't would only
, ! . 1
see the normal .antigenic determinants and mount immune reactions solely to

N

those sites. Thus, this ‘alternative would interpret the results seen in this

study, as determined by the RIA, to be simply quantitative. Certainly, the

7

ma jority of the specificities observed on the affinity columns arej NBA i

directed; however, the increases in CEA sensitivity produced I\by the “first"

cycle on immunocabsorption, although minor, are‘ definite increases and would .

4 [EEEN

o

not totally support this alternative.
| : ) ) .
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Thus, thése studies cannot conclusively say whether or not tumor-specific

antibodies to; CEA exist. The results strongly indicate a very close

similarity between NBA and CEA; the immunizing host only barely discerning a

I
|

difference. The results ‘dg demonstrate that the affinity columns are showing

a certain degree of specific immunoabsorptioq, and are not randomly absorbing

2

out antibody populations. In all the immunoabsorptions performed, the first
l . [

cycle consistently produced antisera whose sensitivity to CEA was inncreased

when compared to their homologous unabsorbed antisera. (See Table 17). How-
ever, as seen from the results, extensive immunoabsorption of anti-CEA ‘

/\ :
antiserum with normal niaterial leaves residual antibody populations that .do

mnot show any tumor specificity. The conclusion reached is that this
s\imilali'ity is too close\ f/or“ affiﬁity' chromatography to achieve a significant
am\ount 'o‘f‘ anti-C\EA anti/;erum" modification that would obviate the use of the
present st;ndard absorbéd' antiserum. : ) e |

Vs

-~

*,

Future Prospectives s ~

At first, ant{—CEA reactivity of a serum was defined by the. presence of a
precipitation line with CEA 1in agar and was equated with tumor specificity.
'Howével.;, with the advent of more sensitive detection techmiques, such as

radioigmunocelectrophoresis and radioimmnoassays, the specificity 'of these

\ - N
antisera has had to be-gualified, and the question asked whether or not CEA .

specificity and tumor specificity are.the same. Due to the heterogeneity of-

-

K ) _ . -
both the antigen and the antis"erum,' this question has not yet- been resolved.

-

1

The work donme in this study had attempted to better defipe" anti-CEA

B ~°
. o
.

-

v
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antiserum by means of affinity chromatography. Howeve:’,l this method of

‘approach does not seem feasible. One approach that is currently being

investigatgd and which may be the only way of bbtaining a modified, more

!

 tumor—specific antiserum, is the production of monoclonal antibodies, b);

-which oné can selectively-choose specific antibody populations. Of course,

. | _
the ultihate determination of the choice of clones would be deduced from

v

thelr performance in alclinical asséy.
Another metbod <\>f approach',“which would also gain further insight into

the question of similarity between CEA and normal bowel tissue and thé con-
cept of families of CEA~related molecules, is the fragmentation of purified
CEA. Systematic, carefully controlled breakdjwn of the molecule may be able
to separate the tumor-specific antigen (if. one exists) from the other

"normal” determinants. If the problem with the antiserum 1§ the poor

. |

¢

immunogenicity of t:hi:s moiety, then, perhaps, by itself or by conjugation as'
\

a hapten, the immunogenicity may increase to the point where a much more

tumor—specific xenogeneic serum may be produced.
Both the above approaches lead to another problem currently inhibiting

progress in the area of CEA specificity - that of the need for standardiza-

tion of both the antigen and antiserum pre/mt,r&fiﬁzs.\ The standards for the
’ ! -
antibody may not necessagl.}m that they are completely tumor-specific.

/ "
If one knew exactly what type of antibody population 18 present in the serum

used, then all further determination can be‘ made with respect to that serum.

The same type of standardization procedure could beé applied to the CEA

i
a

molecule. |,
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Clinical and research assays vary from lab to lab, thus results from one.

,

lab may be deemed .different from those obtained in another, but when compared
with one specific assay, these results may turn out to be identical. Hence,
a reference point for CEA and anti-CEA antiserum is ‘required in order for -

information coming from different research centres to be meaningful.
¢ N
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¢ STATEMENT OF ORIGINALITY

+

1

« This thesis was concerned with the —modificati(on of adti—CEA antisera,
primarily an attempt to increase its tUIl;Ot spscificity, in Fhe radioimu-
Jnoassay, .to tl';e CEA molecule. The original contributiohéd 'ma\de during this _
investigation may now be | considered. . ' 3 '

1) The use of sol“id phase innn_unoabsorption for the modification studiese.

’ The matrices used were two types of‘glass bead. The+ longchain alkylamine

\

beads used a Schiff's base formation with glutaraldehyde to couple ligand,

/

while the amino aryl glass beads employed 'diazotization. The glass bead
. o :
matrices were found to be more stable and chemically more inert, with re-

spect to nonspecific absorption, than agarose beads, using amino~hexyl Se-

‘pharose 4B as an example. The 1ligand, which wés normal bowel matetjial par—

tially purified by ion exchange chromatography and, in one case, by an addi-
tional step on an Ult.ragel column, was coupled to the ‘carriers of bo‘tll'l glass

bead matrices with a higﬁ degree of efficiency. The immunoabsorption I;roce-
- dure involved the recycling of unabsorbed anti—CEA antisera on these affinity
N i

’colummT either numerous times through the sa&;ﬂéxcolumn or only once through
successive columns. In each case, the unboun;l/{raction from the affinity co-
lumns was analyzed in the radioimmunoassay for, its tumor ’specifi‘city.

2) The demonstration that most of the antibohies in the ant:i:-CITZA ‘antisera

Y .

tested reacted %ith‘normal bowel material and were not tumor—specific. The

- 1] ,l‘
recycling of th:j‘htisera prodtaiced various degrees of imx}unoabsorbed sera,

L. .
each of which w: tested *in the radioimmunoassay gigainst CEA and normal bowel
s i

TN ) o |

- . "y




ted primarily againgt the normal bowel antigenic determinants and suggeted
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material. The ratios of their reactivities served as a measure of the de-
gree of modification ach\ievéd by the immunoabsorption technique. In all

cases, the ratios showed that most of the antibody populations were direc-

\

tht some of these populations may be recognizing the tumor epitopes on the

P
CEA molecule, but are not specific for them.
f"’”’*"

3) The work presented in this_(thesis demonstrated that the method of af-

‘ " i i »

finity chromatography is not suilt-gajale for the successful modification of the |
1 H

.

anti-CEA antiserum into-one more sﬁec,ific for the determination of tumor epi-

topes‘on the CEA molec¢ule. The close similarity of the CEA molecule with the

by

normal  bowel miterials hinders the specific immunoabsorption of normal anti-

Fas
body populations without also removing those reactive towards CEA.
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