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ABSTRACT 

~ \ 

Clinical studies have suggested that the. anti-CEA antisetum direete'd 
• < 

agalnst pur1fied CEA reacts with a variety of constituents. This phenom~nom 
\ 

" may acçount for the lack' of tumor-speciflcity seen in the clinleal radioim-
• 

munoassaYs in use. 

The object of the expe\;iments presented here was ta se~ if anti-CEA anti-
" 

sera could be,made more specifie ta the_ tumar portion of the CEA molecule. 
j , 

The method of approaeh was by the use of affinity chromatography. Normal ., 
1 

J ,,' - ....... 

bowel matterlal was coupled to glass beads and used as a matrix through which 
\ . . 

anti -CE A antisera' W8.S recycled. 
~ , 

Both a single column ,with, sequential pass-

ages and separate columns wl>th successive passages were emplayed. 

The results obtàined indicate that the anti-CEA antlserum ls Indeed hete-. . 
rogeneous. It reaets primarl1y with normàl bowel constituents and contl}ins 

little, if any, tumor-spedfiç reactivity • . 
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RESUME 

, 

Des études CliniqUes\ont dé~ontr'é que l' ~mmunsérum anti-CEA obtenu avec ,.. 

du CEA pure réagit avec plusieurs subs~4nce8 anÙgéniques. Ce phenomène' 

'" peut ~tre la cau~e ~u' manque de spécificité tumoiale vu par I.â methode r~dio-

immunologique clinique. 

Le but des expériences presendes ici ll!talt d'améliorer la spécificf~é de _ 
, \ 

, , ) " 

~'i1llIllPnsérum contre la portion tumorale du CEA. La méthode employée cons~s-

tait de chromatographi.e par 'affinit~. ~ matériel extrait de l'in'testin nor-

mal fut fixé là des billes de verre qui servi~ent des mat,\ces par lesquelles 

l'immunsérum antl-CEA fut recyclé.' Une seule colonne avec~ne séquence de 

passages ainsi que plù,s;leures colonnes avec des passages sucèesslfs furent 

" employés., ' 

, t: \ 
Lelt résultats obtenus ont indiqué que l'immunsérum anU-CEA est vraiment 

,hétètogeqe_ :'Ce sérum réagit ,principalement avec les substances de '1' intestrln 

no~l et contient peu de specificité tumorale. 
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CHAPTER 1 
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o Vi 

1) Introduction 
0 

;} 

~ 

, 
A major objective "of tumor biology studies 18 to specify differences 

b~tween ,normal and neop1a8tic~-·cel1s so ~hat methods can be developecf ,to \' 

selectively kil1 a11 cancer cella'without endangering 'the viabllity of normal 
, ' 

cells. Theoretically, th'e ultimat~ goaol la the protection of the .popùlati.!'n 

froiil"the' development of primâry tümor by vaccinati-on, or prot,ection a~alnst 

micrometastatic nodules by boosting the host' S own antitumOr resp~se. 
'- 0 

Âttaining this e,nd is~ the main thrust and impetus of the ·study of cancer 

biology. 

2), Experimenta'! Approaches 

Most of what we know about tumoI; immunology today i8 tlle result of wôrk 
" 1 

do ne on syngene~c (genetically identical) animal systems. In 1953» Foley 
, ' 

produced the fi,rat <!1ear demonstration of tumor-specific antigenicity in a 
\, 

ches of experimental animal tumors using ±nbred strains of mice (61). lt 
(,. . 

'was regsoned that host rejection of, a tumoJ;"' -of syngeneic. donor origin must »' 

then, 'he 'due to the 4evelopment of new tumor specifie ttansp1antation 

ant:1.gens (alSïA) ,withip t'he tumor tissue •• A vast amount of work has sinee 
• 

~en done in .syngenéic animal ~yst~ms(, demonstràt~ the ,exist;enc.e, of these 

TSTA',s using tumors induced ei.ther by oncogenic viruses or by ehemical 
, 

earcin6geus. 

, 0, 

, " 

\ 
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The search for s:1.milar antigens in humans is pre'cluded by the. virtual 

lack of syngeneic donor-host combinations (other than the ~are instance of 

cancer in an identical twin) , and the obvious moral and et~ical 

considerations. Most of the evidence has,.therefore, been obtained by 

indirect methods, adopting tbe hypothesis that wpat is observed in animal 

systems~may weIl extend to the human situation. 

1 The development or J;lumoral antitumor antibodies and/or cell-media~ed 
responses to'a host's own tumor cells and to similar cells from other 

ind~viauals i8 indicative df tumor/specific antigenicity. Furthermore, this 

) demon~ttate8 that tumors of ,a given type and of similar tissue origin possess 

common antigenic determinants, and leads to the assumption that tumor-~sso-

ciated antigens are probably present on aIl tumor cells. 

Another approach which gives much insight into the ~ture of these 

tumor-specifie antigens is the immunization of animaIs with a small amount of 

human tumor tissue. However, this method has two Inherent drawbacks whieh 

are constant problems. AlI human tissue extracts eontain large quantities of 

normal t:t.ssue "contaminant:>s" from both the cellular and subcellular level. 

Renee, heteroimmunization may result in a predominantly antinormal response. 

AIso, it IIIlst he remet®ered that the normal' control tissue used for 

comparative studies Is usuaIIy taken from noncancerous patients. This has 

given rise to problems of alloantigenic differences between the donors of 

the tumor and nontumor tissues. lt's thus difficult to determine whether 
~ 

sorne antigens eonsidered-unique to a partxcular cancér are, in fact, tumor-
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specifie or simply individual-specific components. 

3) Tumor Antigens 

The s tudy of tumor 
1 

o!,- th,e assumption that tumor ce Ils 

express antigens normal cells (114~ 152, 153, 181). ~hese are 

often referred to "neoantigens". However, tumor cells often manifest 
1 

detectable by various techniques, and expressed on 1 
, .' 

different,tissue types as weIl as in different stages of the development of 
! 
" 

the organism. Renee, the concept of "neoantigen, expression" should b3 

qu~lified aecordingly. Also, even though these tumor antigens are able to 
. 

elieÙ an innnune response on the p,art of the host, i~ is doubtful that this 
\ 

is 'the primary funetion of these antigens. More likely~ they play importé!tnt 

rol~s in maintaining the integrity of the 'cancer celle 

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

ability of the host"ta recognize these neoantigens and mount an immunologie 

reaetion against them (6~ 7,99). In man, however" these antigens have not, 

as )ret, been is olated and chemically eharacterized. Nevértheless, the hos t' s 

capability ta demonstrate an anti-tumor response has been employed in estab-

lishing in vivo ang in vitro assays, some.of which are used in the diagnosis 

and management of 'cancer patients. 

There are three basic types of tumor antigens: 

A) Tumor-Specifie Antigens (TS.) 
) 

Tumor-specifie antigens (TSA) ar~ detectable only on tumor cells differ-

i i 
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lng qualitatively from antigens expressed on normal cells. 

/' 

However, the 
• 

4 

techniqu~s for deteetion of the antigens may not he sensitive enough to de~ 
;.( 

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

AIso, the type of çell used as a control ta compare with a given tumor ce Il 

type is important. Abso1ute determination of specificity is virtually'impos-
, 

sible given the vast prbducts of ~mmalian genes, many of which are on1y 
1 

transiently active during deve10pment. This applies even when the normal 

cell is of the same histo1ogieal type as the tumor on~. 

B) Tumor-Assoeiated Antigens (TAA) 

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

specifie but for whieh the -appropriate specificity controls are inconclusive. 

These inc1ude the phase-spe~ific or embryonie antigens, which are present 

during certain stàges of embryonie development but are virtually 

undetectable, or present in only trace amounts, in adulthood (2), and 
. , 

antigens indueed by oncornaviruses which are presen~ in the morpho10gically 

normal celI befo're it beeomes transformed, ,but do not appear in noninfected 

animaIs. , 

C) Tumor-Associated Transplantation Antlgens (TATA) 

Tumor-assoeiated transplantation antigens (TATA) are capable of inducing , 

'resi~tance to tumo~ transplantation in th~ autoehthonous host or in syngeneic 

recipients. These are also known as tumor rej7~tion antigens. ,Both 

definitions are operational, based solely on in vi~o observations. These an-
, 

tigens used' to be called tumor-specific t~ansplantation antigens (TSTA)j how-

ever, due to the insensitfvity of in vitro techniques, the more genera! term 

'" • __ ........................................... $ .. ~~--~~--------.. ------------------~~----' 7;~~7~ ... A 
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" , TAr~is used to refer, collectively, to those antigens which fall into this 
~ 

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

patibi1ity antigens, they indu ce immune recognition and serve as targets for 

subsequent immune attacks (143). 
'" 

4) Tumor-Inducing Agents 

A) Antigens of Chemically-Induced Tumors 

Due to the increasing.evidence linking e~vironmental factors to ~any 

types of human cancers, a considerable body o~ wor~ ha~ beenicarried out witti 

chemically-induced tumors,in animats. Two types of neoantigens have been 

identified on these tumors. One is the TSTA. which ~s unique to each tumbr 

produced by a chemical carcinogen, even if the sarne agent indu ces a tumor at 

another site in the animal ('114, 187). This type of antigen bas been found, 
. 

on sarcomas and bladder carcinomas induced by methylcho1anthrene and on 

hepatomas induced bJ aminoazo dyes in rats and mice, or by nitros%mines in 
{ 

~inea pigs. These antigens are also found on chemically transfo~med cells 

in vitro, and are thought to result from interaction of the carcinogen.with 

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

'transformed cells. 

The other type of neoantigen produced i5 the tumor-associated fetal anti-

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

c'ommon component of different chemically-induced tumors (6, 7). It Is ullcer-

tain if this type of antigen plays any role in turnor rejection. 
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B) Antigens'of Tumors Indueed by Viruses 

" Although viruses have often been implieated in some human cancers, a 

direct cause and effect relationship-has yet to he established. In vitro 

studies have shown that induction of tumor cells can he achieved by infecting 

normal cells with the virus, using mo~phological changes and apnormal growth 

as sign of transformation. In viv.o, transformation can he brought about by 
"" 

injecting the virus either locally or systemically. 

'DNA'viruses in their natural hosts are ~ot {)n~~genic. However, when they 

d' infect the cells of other animal speeies, they wi~l transform these cells. 
, ~~ 
Thrée grou~s of DNA viruses are oneogenic in anima1s: the papovaviruses . ' 

(papil~oma, polyoma and vacuolatfng virus, the adenoviruses, and the herpes . , 
" 

viruses, which includes the Epstein-Barr virus responsible for infectious 
, . -

mononucleosis and associate,d with Burkitt' s Lymphoma and nasopharyngeal car-

cinoma in humans. Also included ia the Herpes simplextypes 1 & 2. Tumors 

produced by the same' DNA virus usually have common TSTA' s (125" 19), but 

individually specifie TSTA's may he seerr (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). 

RNA viruses, on the otiler band, .have heen shown ta be oneogenie in their 

-·natural hosts. 
i 

Tumors induced by an RNA virus manifest common TSTA's and 

virion antigens COlllJ!lon ta ce,11s transfo,rmed by the same virus (125). The 

C-type vfruses, best illustrated by the mu~ine-leukemia v~uses, contain an 

RNA eore whieh specifies c01IDp.on internaI virion gr~up-specific ant,igens. 
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LJ These are specifie for the species of virus. There are- also ,viral envelop 
\ . . ' 

ant1gens and v1rally-1nduced cell surf~ce antigens which are not antigenic-. 
ally related to any part of the virus partiele. Many of th~se RNA vituses, , . 
also known as oncornaviruses, cQntain an RNA-dependent DNA polymerase 

(reverse' transcriptase) which ~ trans~ribe -m.ral RNA ,onto DNA. This 

explains the vertical transmission of RNA viruses with the genoma,of the 

transformed celle 
! 

5) Specific Antitumor Immune Reactions 

Gell-mediated"immunity is.génerally considered to be the primary cause of 

tumor rejection in experimental tumor 'systems, 'sinee resistance to t~mor 

growth ~an he transferred to nôrma~ histocompatible hosts·by means of 
Q • 

'lymphocytes from tumor-immune or tumor-bearing hasts. Reeently, evidence has 

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

complement-dependent or antibody-dependent celrular cytotoxie mechanisms. 

\ 
Much work has' been done to try and evaluate the role of cell-mediated 1 

antltumor immunity by using.in vitro assays that can measure or monitor tumor 

ce II rejection (See' Table 1). However" there i8 an immediate need for such 

assays if th~y can reliably, diagnose, cancer and monitor the patient' s 'status. 

A) Delayed Hypersensitivity' Skin Re~ctions to Turnor Antigens 

In the 1960'8, experiments were performed ~g determine the result of 8uh-
, ~, 

cutaneous injections qf viable autologous tumor cells (~7, 75, 189). The 

etudies showed that large ,doses were necessary to,produce a nodule~ Small 

doses were ineffeetive. This indicated that patients were resistant to tumor 
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AS!8YS for Cell-Mediated Immune Responses 

to Tumor Antigens 

< " < , 

i 
1 

1. Skin tests for delayed hyper$e~sitlvity using extracts· of tumor 
cells 

2. Cytotoxicity assays a~~ainst tumor cells or tumdr-deFiv~d cells in 
cultures J 

/1' j. 

3. Leukocyte migration inhibition by tumor antigens 

4. Leukocyte adherence inhibition 

5. Proliferation response to tumor antigens 

6. Macrophage electrophoretic mobl1ity test 

. , 

8 

( 
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To determine the immunologie hasis for this penonmenon, neu-
" 

tralization studies were performed whereby leukocytes from either healthy 

i~~iv;tduals or tumo~ patients ~e~~je~ted s~bcutaneoustY into tumor 
. E 

patients (27). The normal l~ùkocytes, when injected w~th th~ tumor.' cells, 

/ 

~ ~--, ;' 
were not able to interfer~ with nodulo/'formation •. However, autologous leuko-' 'o-

1 . 
cytes inhibited in half the è~~es. ,jhese results are sugges~ive of cell-

o. ~ --

mediated immunity against the autologous tumor. , ) 

\ , 
Tumqr-assoéiated'antigens of bowel cancer have been detected h1 ski~ 

testing; analogous preparatipns of' normal tissues gave negative reactions g 
.. " 

(107, 108). However, in -patients with malignant" melanoma, positive reactions . -
were se en using both autologous tumor extracts as weIl as control extracts 

from autOlOZOUS rmal skin (22, 59). 

To date, 0 distinct skin-reactive antigens have been purified from 

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

these appears to be sp~eifie 'for melan~ma. tissue, while the other ls less 

specifie and produced positive reactions in pat~ents with other types of 

ctlncer. 

Although there is limited éQrrel~tion wLth clinical status for the acute 

leukemias (33) and Burkitt's lympho~, (23, 60), the slgniflcance ~f skin 

testing ls still unclear (110, 192). It is shown that tumor rejection 
1 

responses are due to antigens expressed at the plasma membrane, yet intatt 

, tumor cells, viable (8l} or atte1}üated (175), are not capab~e of eliciti1!:g 

the strong responses that are seen ,ln cell-free ~-as8ays. Delayed 
1 

l , 

\ hypersensitiyity reactions are used mo~tly to monitor the purification of 

tumor-assoéiated antigens. 
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B) Cytotoxicity Assays Against Tumor Cells 

Cytotoxlcity manit:ests the effectbr' stage of several immune responses. -... 
Cytotoxicity assàys.are based on the theory that lymphocytes ar~ lytic for 

<' 

tumor target cells to which they have become sensitized in vivo. 

The forerunner of many assays in use today, despite some of its 

shortcomings, is the colony inhibition test of the Hellstroms (97). Using , 

this test, it was observed 'that lymphocytes from patients with various 

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

Il 
tissue culture cellE! from tumors of the same origin and- histologieal type 

(93, 96). 
q 

The microcytotoxicity assay. which has supplanted. the colony inhibition 

o test, invo+ves visual counting of target cells or the use of radioisotope-

~ labelled tumor cells. It was found that blood leukocytes were cytotoxic for 

tumor ce Ils obtained from the patient's tumor but not for normal cultured 

cells. Leukocytes from control patient&~ including normal subjects and 

patients with non-neoplastic disease, Were also not cyt,otoxic for normal ,. 

cells. 

By using tçese CMC assays, ~mmunoreactivity against many types of human 
/ 

malignant -diseasè has been examin~d (144). Until just a few years ago, there 

was unanimity in thè belief that th~ peripheral blood lymphocytes of patients 
,.." , 

with a particular neoplasm showed preferential reactivity oagainst 
• ,11 ,. 

cultured .. 

= autochthonous and/or allogeneic ce Ils derived from hlstologically similar 

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

ate eommon to, tumars _originating in the same tissue (98). This conclusion 
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differs from the type of antigenicity observed in experimental tumors evoking ...... , 
reject.ion in vivo where the tumor antigen expressed i8 unique t'o the 

tumor-inducing agent, regard1ess of the 8pecies or tissue origin of the 

neoplasm. ,Hence, early human cytotoxiclty data tended to lean' towards the 

idea that organ-~pecif1c tumor-ass'ltc1ated antigens t discovered by the use of 
/ . 

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

of derepression~ i.e. fetal antigens (6~, 94). 

f 
However, more tècent1y, with increased CMC testing, it has become 

appa~ent that the cytptoxic potentia1 of eff~ctor cells from cancer patients, 

as weIl as being directed against both related .and unrelated tumor targets, 

can also exhipit non-disease re1ated cytotoxicity (21, 102, 154, 195, 196, 

203).' Those favoring the concept of ~umor-type specifie! ty have tried to 

"­
explain non-disease related cytotoxicity by virtue 'of disparity in lymphocyte 

,-~i~ue~. However, whi1ei~t i8 quite probable that varJation 
/ . ~ , 

in t~e preparation methods may res_u1t .. <~'·qUantita:.ti~e _~~~~\:/::.the CMC 

(46), many investigators have not, been able to find tumor~type specif\~ty 

regardless of the procedure used for lymphocyte isolation' (21, 154). Thése 

differences between assays and the ~ossible reasons for disparate results 
'" . 

have been discussed at length (5, 101)., Nevertheless, un~er wel1-defined 

conditIons, the test may yield meaningful\information, but the need fpr 

\ 0 il 
standardization and base lines for normal reactivity preclude its use as a . 

\ 

human diagnostic tool. 
~I 

C) Influence of Serum Factors 
/, 

Early studies showed that~the.cytotoxicity of patients' lymphocytes was 
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re1ative1y unaffected by the stage of 'the disease except in very advaneed 
~ ~ 

cases (10, 92). S'inee in vitro mani>fesotations of lymphocyte 'kiUing waS 
-

thought to he indicative of in c viv6 events, it was postu~ated thât the pro~ 

gr~ssion of the disease was aided by thè presence of factors in -the serum 

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

observa't1ons that melanoma l'atients with progre-ssive disease demonstrated 

blocking factors more often than patients with localized tu,mors (90,). 

Initially, it was thought that sinee tumor eells could absorb the bloeking 

" . aetivity, the factor invo1ved must he immunoglobulin, in the form of 

tumor-specifie antibody. However, after surgical excision of the tumor, the 

serum blocking factor was very rapidly depleted. This was incompatible with 

the idea of ~ blocking tumor-specific antibody. \ 

Experiments by Sjogren in human tumor systems (18l, 182) and Baldwin et 
\ 

al. in experimental systems (11) have shown that blbeking ia due to 

antigen-antibody' complexes rather than antibody a~one. The method of action 

is not yet elearly understood. It i9 theoretically ~os~ible that the'lmmune 

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

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 
'J 

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

of activity iB named "i~hib:ltion". The tumor antigens are shed from the 

tumor cell membrane into the circulation and react with itB specifie reeeptor 

on the surface of the sensitized lymphocytes. This profess can ~ visualized 
~ 
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as "desensitization" in that as the disease stage progresses, more antigen is 
, . 

shed and the immune lymphocytes become coated with the se antigens, rende ring 

them ineffectlve to kill the tumor cells. Experimental data, wherein soluble 
''-

antige~ preparations have been demonstrated to inhibit CMC in both 

experimental (9, 159) and human tumor system~ (8, 57) support and justify 
• 

this idea of "inhibition". Sjogren and hi~~ a~sociates showed that the low' 

,molecular weight fraction of the antigen-antibody complexes'inhibited the 

cytotoxic ability 'of effector cells (1.82). Currie and Basham alao showed 

--:~ha~ the .inhibitory factors directed against the sensHized lymphocytes could 

. "he removed with protracted washing, resulti'llg in a reappearance of CMC 

against the target cells (43). 

In addition to factors that block CMC reactions, sera with the abi1ity to 

"unb10ck" has been described by the Hellstroms (91). They showed that the 

sera of patients who, c1inically, were disease-free, were not on1y unable to 

block per se, but could also unblock the cMC inhibitory activity of 

"b1ocking" sera from patients with disease. Experiment'ally, "unblocking" 

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

interfere with the same tumor growing in vivo, thus a~ting as an 

immunoth~rapeutic agent (17). Since "blocking" serum is thought to contain 

antigen-antibody immune complexes, investigators have envisioned "unblocking" 

serum to contain free (non-complexed)'tumor antibody. Th~B, when the two 

types of sera are mixed, a state of antibody excess i8 obtained, saturating 
o '~ 

aJl the free antigenic sites within th~ complex, thereby minimizing the 

inhibitory eUect of the antigens on the immune lymphocytes. Alth~ugn this 

ü 

o 

'1 
1 

1 
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work of the Hellstroms was i~ndeed elegant - and promising, its va li dit y 

1 

has since been questioned due to ,the irreproducibil1ty of the phenomenon 
... 

de S'cri bed. , 

Aside from the fact tQat blocking factors of patients 1 sera can, 

depending on the stage of the disease, bl0 k, inhibit or unblock CMC 

reactions at the 

. ~ 
effector and/or target ce'!i ~vel~ there is evidence of many 

o 

CMe reactions in human systems that are not related to a neoplastic 

condition (158). This 1eads one to question the significance of blocking 

factors in relation to tumor antigEmicUy, a mechanism whieh has subsequently 
" 

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

The involvement of tumor antibody in CMe reactions can he illustrat~.d by 

the mechanism of antibody-dependent cellular cyto~oxicity (ADCC) (133, .157'). 

. " 
This phenomenon, observed in nontumor systems a~ weIl,' is also referred to as , 

'l 

"lymphocyte-dependent or ceU-dependent antibody" or "K-cell" cytotoxicity. 

The antibodies ar~"of the IgG ciasi> and ,are' specifie for their appropriate 
. , 

target çells. The K cells (killer cells) must possess the receptor for the 

Fe portion of the IgG, a requirement that possibly implicates, as K cells, 
o , 

severai types of lymphoid cells, including activated T cells, monocytes and . 
polymorphonuclear leukocytes (213). However, most of the inyestigation in 

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

both T and B cell 'markers, and thus known as "nuU" cells (76). 
/ " 

The specifie role antibody plays in inducing ADCe Is still ~ncertain • 
. 

-0 

However, studies done in several animal tumor systems have demonstrated that 

.-
certain immune sera were capable of conferring specifie cYto.toxlcity on,to 

\ 

1. 
1 

l-
I 

.'. 
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lymphocytes from nonsensitized jon~~s in a, process known as "arming" (161, 
, , 

162) •. It has also bee~ repor~ tha: sera could increase or "potentiate" the 

cytotoxic effect,of sensitized effector cells. In addition, xenogen~ic 

antibody, passively introduced into 1eukemic rodents, has been effective most 

probably due to the ADce mechanism (103, 212). 

Thus, immune complexes ~an he Imp1icated in fo!)CC rJactüms, aS I well as 

the blocking of CMC~reactions. The, relative conceBtrations of t~~ 
-,rA (} , ~J 

interacting components determine which mechanism will ensue (184). However, 

the implications for immunotherapy 'are antagonistic, as antibodies ,that are 

capable 'of inducing ADCe might also enhance tumor growth. It should be noted 

that the evidence for the involv.ement of ADCC reactions in tumor rejection in 

vivo and for immune complexes facilitating tumor grQw~ ln vivo is indirect. 

D) Lymphokine Secretion 

One of the qonsequences of the reaction'of sensitized lymphocytes with 

the1r correspond1ng antigen is the production of .pharmacologica1~y, active 

substanèes knQwn as "lymphokines". Many of the se soluble med1ators -have been 

identif1ed, but on1y one, ,the migration inhibition factor (MlF'), bas been 

used extensiv~ly to demonstrate immunity to human tumors. A test, kno~ as .. 
\ 

~he macrop'hage migration inhibition ass8y (MMl), Is one of the well-esta-

blished in vitro correlates, of delayed hypersensitivity and measures the il ,.=;......;..;;;:;.;;;.=-

ability ~f MlF, generated br exposure 'of sensitized rymphoc~tes 'to their-~ 

specific antigen, to inhibit the migration of normal macrophages, obtained 

from guinea pig peritoneal ~xddate cells (20). 

.~. 

\ 
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Although there is good côrrelation of MMI with tumor immunity in certain 

animal models (119, 202), and between MlF producction and in vivo reactio}ls of 

.the delayed cutaneous hypersensitivity type, the application of the above 

"iddirect" assay has not proved reliable (36). Kence, another approach was 

tried whereby the capacity of the tumor aatigen (supposedly present, in tumor 

ce1l extrac.ts) to impede the migratton of the leukocytes of cancer patients 

• wa~ measured (18, 171,' 188) ~ This 'iYas named' the leukocyte. migration inhibi-
• 

tion (LMI) assay an~ is also mediated by a lymphokine, who se relationship to 

the MlF is as yet unknown. 

The LMI assaywas first used as an indicator of cellular immunity in 

bre1;lst carcinoma by Anderson (3). erude, éxtract~ of breast cancer tissue 

were able~o inhibit the migration of aùtologous leukocytes in 36% of cases 

tested, but were ineffective with leukocytes from control subjects. 

Furthermore, noncancer~us breast tissue from the patients tested also failed 

to inhibit ~gration. Subsequently, reactivity to the tumor-associated 
~ 

antigens, of malignant melanoma, bpwel cancer, lung cancer, lymp!t0ma and 

leukemia by this direct LMI assay hàs been described (25, 29, S7, 137, 138). 

In mQst cases, the responses have been directed against common antigens on 
1 

tumors of the same o~gan and histologie type, with normal ·reactivity being 

infrequent. 

Migration inhibition assays show good correlati~n with delayed 

hypersensitivity to tuberculin and other soluble protein antigens. However, 

their relationship to other assays' of cellular i'nul1Unity remains to 'be 'eluci-. , 

dated. It now appears ulJ.likelY that" any degree of correlation exists a1ll.ong 

,,' ,~i ~"''''''i.' I!IIIt.;IlI'.'MiJJ.: _____ 11.2.:a •••••••• 3.11.1.1.1_'.1_1 •• :: - .. ------~~~-:-
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delayed cutaneous hypersensit'ivity reactions to var~ous tumoJ; celi prepara-

. tians, in vitro Iymphocyte-mediated tumor ceU cytotoxicity, as measured in 

different ways, in vitro lymphocyte transformation (blastogenesis)-when 

incubated with tumor ceU preparations and the search for lymphokines which 
, 

have been defined • 

. ' 
Due to the limited success with MMI, it was suggested that the alteration 

l' 

of the normal properties of adherence of leukocytes to a soUd surface' during J 

, 

incubation with antigen might be an indicator of lymphocyte activity, 

similar to the property of antigen-induèed inhibition of macraph~ge migratipn 

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

'\ ' 
(84), which was moditied by Thomson et al. into the tube LAI for the study of 

tumor !mmunity in ~uman breast cancer (78)' and malignant melanoma (134), and 

which shows promise for ear1y diagnosis of human cancer. 

6) Antigenic Reversion in Man 

The majorit:y of disease-related research tod<;ly is devoted to that of 

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

control and regu1ation and the organization of cells in tissues and organs 

has poc-evented 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 ta ways of regula- ~ 

ting and controlÙng cancer will not he found. 

For a long time, bio1ogisfs have considered the analogies between cancer 

o development and cell differenti~tion. In 1829, Lobstein and Recamier (80) 
~ .. ~ 

\ ~ 

Q 

~ lS . ' 
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proposed .tbat proliferating embryonic cells, /wbich had persisted into 

aq.ulthood, were r~sponsible for cancer. Path01ogists, noticing morpbological 

similarities in cancer and embryonic tissues, bave long supported this 

theory. Tbday, techniques al1d instfuments are finer and more sensitive, yet 

the concept that differentiation-like changes are involved in neoplastic 

transformation still remains. 

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

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

deri ved from either a' germ or somatic cell, in which. derepression may }ead to 

1 aberrant cell growth (141, 14Z~ 167, 186). 

8ince 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 x 

tissues of cerresponding adul:t animaIs. Thus~ these materials have been 

termed "oncofetal proteins". The two most widely studied fetoproteins are 

alpha1-fetoprotein (AFP) and the carcino.embryonic antigen (CEA) (to be 

dis cussed in the next chapter). Other examples are: placental alka1ine 

phosphatase, an isoenzyme wlffch has been identified in the sera of patients 

with various malignant tumors (193); fetal Iff:Ilphog1ycoprotein antigen, found 

in gastric juice of patients with hist01ogica11y verified gastric cancer 
, . 

(83); . alphazH :f;erroprotein, found in chUdren with teratomas and 8:/\7ariety 

\ of other cancerous diseases ('-28); gamma-fetoprotei~, f ound in 75% of benigri 

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

" solid tumors or 1eukemia and 1s unlike the ether ferroproteins in that it 

l' 
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does not show species-specificity, being also observed in the sera of b$)vine, 

porcine, canine and feline fetuses (51). 
, ' 

The ectoPi~~nthesis, of hormones' by 
. 

neoplastic tissues of non-endocrine 

origin fs also regarded as another example of antigenic reversion. However. 

10w 1evels of the same hormone' in corresponding normal tissues suggests that 

the distinction may he quantitative rather than qua1ttative., 

In 1963, it ",was reported that sorne \chemica11y-induced mouse hepatomas 

synthesized an alpha-globuline This substance did not appear in the organs 

of normal adult mice, but was antigenica11y identical to a protein found in 

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

alphal-fetoprotein was detected in the sera of patients with pritnary 

hepatomas (197). Purification of AFP by Nishi (149) enabled the deve10pment 

of a variety of radioimmunoassay techn:Cques (104, 174, 180) which are 

capable of detecting virtually aIl hepatomas and testicular teratoblastom1;ls 

l!, 
(180). Smal1, but significant~ elevations of AFP have 1:lei'n observed in other 

malignancies, such as bronchogenic carcinoma, cancer of the stomach, 

Hodgkin' s disease ~n~ several nonmalignant hepatobiliary disorders. The 

presence of low levela of AFP in normal adults has also been des cribed (104). 

However, the role of the antigenicity of AFP in the autologous host is still 

unknown, although funct,ions akin to albumin have been proposed due to 

physiochemica1 similarities between the two proteins (148, 173). 

lmmunosuppressive properties hâve been suggested for AFP (201), but the 

evidence ls still inconclusi Ve (146, 156). Nonetheless, AFP i8 important in 

"that it represents' one of the ~irst recogniz~d examples of antigenlc 

revers ion in human cancers. .' 
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CRAPTER 2 .. 

r 

1) Introduction 

The term CEA W'as introduced in 1965 to designate a constituent found in 

. 
aIl adenoearcinomas of the human digestive system, but which is norma1ly 

present only in embryonic and feta1 digestive tissues in the first two 

trimesters of gestation (71). The initial demoqstration of CEA followed a 

~ -, 
series of experiments invo1ving "adenoearcinomas of the human colon (70). 1 

This 1esion was speeifical1y ehosen for study beeause its growth pattern i8 . \ 
such that it do es not extend intramurally for more than 6 or 7 cm either 

distal or proximal to the s~te of the visible tumor in the gross. Mucosa 

taken from surgieal specimens bey~d the se points was, therefore, available 

as norwll control tissue from thea same donors who supplied the cancer 

• 
ma~erial. Hence the problem of distinguishing tumor-specifie antigenic 

differences from al10antigenic variations was circumvented. 

Heterologous antitumor antisera were initial1y prepared in rabbits and 
. 

rendered tumor-specifie either by -absorption with an excess of corresponding 

normal tissue extracts or by inje~ting nronatal rabbits with normal tissue 

\ extraet~ and thus inducing a state of immunologie tolerance to this 

material. The neonates were- then immunized with tumor material in adult life 

in order to induce a tumor-specifie respô'nse. The antisera prepared in bath 

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

different serologie methods. 

lib 
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The resùlts of these and other investigations revealed that aIl of the 

colonie adenoearcinomas examined eontaihed an identical qualitatively r 

tumor-specifie antigen which was absent from the eorresponding autologous 

normal' colonie 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 tum_or-speciUe system of the colon as a model, it was 

then demonstrated that aIl human adenocarcinomas arising from the 

entodermally-derived digestive system epithelium (esophagus" stomach, small 

, 1 

bowel, colon, rectum, pancreas and li ver) contained the same tumor-specific 

constituent.· The d~ta suggested that the presence of the tumor antigen was 
'. 

dependent on the tissue of origin, rather than the tissue of grqwth, of the , 

tumor. Hence, embryonic gut and fetal tissues were examined for fts 

presence. It was found ",that embryonic and fetal gut, pancreas, and liver 

during the firet two trimesters of gestation, contHned tlds material. For 

these reas,ons, the material was nam~rcinOembry~niC antigen (CEA) of the 

human digestive system' (71) • ... 
A number of studies using the very sensiti ve radioimmunoassay (RIA) 

1 

- techniques for the, detectlon ,of CEA suggest that this material may he present 

.t in very low concentrations in tissues other than those jus t descri bed (73, 
/" 

135, 165). Whether this mate rial i8 identical to CEA 'or i8 CEA-like in that 

" , 
it Interferes ln the assay due to the use of incompletely absorbed anti-CEA 

antiserum will ~ cOJlsidered moré ful1y in subsequent chapters. 

f ' 

.' 
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2 ) ~ellu1ar Loc. <ion \ 

~gglutination studies with tisSu!-cultured cell's o~ colonie cancer origin­

suggested that the CEA was a const~t~ent of the tumor 4,ell surface (68)~ 
,This observation -was confirmed by i~nofluorescence mi\croscopy using ,fr.ozen 

or alcohol-fixed sections of' digesthe system tum~is an,~ feta~ intestines, as 

weIl as viable cells eXPI8;nt,ed from freshly resected co,o~ cancers (45, 68, 

74, 116). In addition, 'a number of different specimens \Of ~iable colonie 

cancer tissue lItere incubated with a ferritin-anti-CEA COfjugate and ~tudied 

by electron mi~roscopy for localization of the, ferr~tin bel (67). In this 

manner, it wa,s found that at least a portion of the CEA 'S situated in the 

glycocalyx of the tumor celi inmediate1y adjacent to the surface membrane 

(67). It would therefore appear that CEA i8 not a compon nt 
, , 1 

of the 

trilaminar image usually referred to as the plasma, membra4e, 
• \ 1 

but lies even 

\ 
further to the periphei:y of the cell in what has been ter ed the "greater 

o 

membrane" of the cel! surface. At' this location it can he seen how easily 
of' 

CEA may he released into thè surrounding body fluids. 

There has been some debate as· to whether or not CEl\. is .an integral 

port.ion 6f/ the glycocalyx or simp1y materi~l in- transit frOil! the cytoplasm 

across the cell membrane' (63, 198). Recent studies have sho~n that 

antibodies specific, for CEA are" able to cap the CEA expressed on the surface 

of ,human dntestinal Cancer cells grown in tissue cuItu~e (172).' Since 

capping occurs with compone~ts of the, plasma membrane, it would seem that CEA 

i8 one of these components. 

l, 

i 
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Another aSI?ect that is st~U unde't ~uestion ls if CEA is synthesized 

within the tumor cell or if it is made elsewhete, transported to the tumor 
" 

ceU and either absorbed onto the membrane or somehow interiorized. However, 

a number of observations clearly demonstrate that CEA i8 indigenous ta the 

cancer ceU. Human co.lon cancer cells s~rially pa~saged in unconditianed 
• 0 

golden hamsters, continue t'a producè and release CEA in the animal host (72), 
.\ 

and the .established cultured ceU line, HT-29, deri ved from prlmary colon 

adenocarcinoma tissue, has b~-eh shown to synthes1ze and secrete CEA (55) • 

3) Chemistry of CEA 

A) Isolation and Purification . 
q 

/ 

1 

}lost .plocedures for 'the purification of CEA have utilized pérchlorlc acid 

(PCA) extraction a~d gel filtration (63, 198). These procedures may yield 

/' 
pure CEA, but many other additi-onal steps have been used ta achleve' final 

pJ.lrification. These include block electrophoresis, ion exchange 

chromatography, isoel~ctricfoc~s!~g. dellsity ~i~nt centrifugation, lectin 

affin~ty chromatography and immunoaffinity chromatography (4, 63-, 168, 198). . ' 

Similar products have œe~\~,,! these different methods, but subtie 

and important .immunochemical differenc~8 Ip3y resuit ~Jariations in the 

purification procedures. Treatment with PCA may cause che~ical and/or 

conf<?rmational changes in CEA or ,select c~"rtain ~olecutar subpopulations 

'113. 168). CEA prepared by methods whi~h omit t~e PCA step should be mo~;-" 
.. 

representative of tne physiological state of. the ~ntigen. 

Purifled CEA shows a single diffuse" band on sodium dodecyl sulfate P?ly­

acrylamide gel electrophoresis with an. apparent molec.ular weigh,t. .of 200,000 

• 
, 

6. 

1 
! 
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daltons. It was found to give a single symmetrica1 peak in the analytica1 

ultra centrifuge witlI a sedimentation coeffic4'ent of 7-8S. Immunoelectropho-

resis against an~i-CEA antiserum reveals a single band in thet3 -globulin 
~ 

region (122). Ion exehange chroma~ography and iso~leCtric focusing stud1es . 
show that CEA is an aeidic molecule with considerable charge heterogenei ty 

(63, 16~, 198). This was Îound no~ to he due entirely to variation in sial1c 

acid eo~tent since even after removal of the sialie ac1d with neuraminidase, 
\ 
\ 

some heterogeneity remained (13, 14, 41, 63, 122, 198}. By eleetron 
\ 
\ 

microscopy, the mo1eeule appears iiS a morphologica11y distinct eruller shaped 

or twJ/sted rod with dimensions 9x40 nm (185), being a single chain structure 
. 

with 1Œ1l~ip1e intrachain disulfide bonds, at neutral pH' (63). At lower 

pH, the partiele chain length decreases. 

B) .Carbohydrate Portion 
.,j 

CEA is a glycoprotein with the carbohyd.rate content varying from about 
. 

80% for purified CEA of gastric origin to about 40% for CEA obtidned from . 

colon cancer tissue (14, 63, 198). In genéral, the most variable sugar is 

'siaUe acid which occurs to the extent of Il.0 mol/lOS g CEA. Fucose, galac­

tose and mannose are present in rough~y equal amounts -(about 60 mol/105 gCEA) \ 

and there is almost double this amount o,Î N-acetyl glucosamine. Little or no 

N-acety1 galactosamine is present in highly pUrified preparations. The 

carbohy~rate portion of CEA seeme to he linked to th~ protein via an 

N-glyeosidic bond between N-acetylglucosamine and asparagine (53, 211), and 

is unusual in havin~ a large amount of branehing mannose residues, 3/4 of the 

( 
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mannose being branched. The variation s~en in the carbohydrate portion of 

tHe CEA from different origins, as weIl as'variations that are seen from 

preparations in many labs, ia partly due to the fact that the biosynthesis 

of the sugars i8 a post-rihosomal event ~150, 190). 
( 

C,) Protein P6rtion 

/ CEA appears to he a single chain by electron microscopy and by virtue 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 ami no ac1d sequence which also supports the 

s~ngle chain idea (199). Amino acid analyses of purified materials have 

revéaled a fa1rly consistent pattern with some minor variation. from prepara-

tion to preparation and suggests that the protein is relatively hydrophilic 

in nature (121, 122), with six intrachain disulfide bond~ (208). The major 

amino acid is always aspartate and/or asparagine. There are low levels of 

basic and aromatic amino acids. The N-terminal amino acid sequences of 

~ 
severaI different CEA prel?arations were vütua11y identical for the t'irst 

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

D) Antigenic Determinants as Defined hy Heteroantisera 

" 
Attempts have ,been made to localize and chemica11y characterize the 

tumor-specific antigenic site, but results so far have been inconclusive. 

One of the major questions aJlked. is whether the site resides !in the, 

carbohydr~te portion of the molecule or in the protein. backbone. 

Neuraminidase treatment of CEA removes a11 the sialie acid residue~ without 

~., 
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III 'any 10ss of antigenic activity (40). Other studies have shown that periodate 

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

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

However, treatment of CEA w~th dilute a1kali destroys its activity (209) 

as does reduction and alkY,lation of CEA, but to a 1esser extent ,(86, 209). 

When the thi01 blocking agents are removed by mercaptoethanol, more than 'hltH 

of the original acti vit y is restored (208). Chemical substitution of a 

number of amino acids by the appropriate reagents affected immun0reactivity 

only in those cases where gross conformat'iona1 changes were observed (129). 

On the other hand, there have been repons that indicate that the 

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

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

containing the N-acetylglucosamirie-asparagine linkage (15) and nagase , 
fragments of CEA (14) a11, inhibited in the, RIA. 

\ 
However., th'e specifie 

acti vit y of these fragments was many thousand times 1ess than that of CEA. 

Thus, the majority of evidence indicates that the peptide portion 

contains the a;ntigenic detèrminants that are measured in the RIA. It is 
1 • , 

possible, however, that sOIne i~ not a11, anU-CEA antisera have some 

antibodies directed agains!= the ~:bohydrate portion, but their affinity for 

the CEA mo1ecu1e is not as great.Jt.s those anUbodies directed against the 

~ protein portion '(56'). 

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

that co1orecta1 CEA contains between 10-20 determ!nants pel' 1OO1ecule 

depending on the antiserum uSl!!d. Sheep recognizes about, 18, rabbit about 15 

\ 1 

1 
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and monkey abobt 10. Furthermore, monkey serum doea not seem to bav~ antibo-' 

di~s directed against certain cross-reacting antigens, the non-specifie 

cross-reacting antigeri (NCA) and the biliary glycoprotein (.BGP), and thus may 

be a good choice as a cliniea! antiseru1\l. However, whether or not other 

absorptions are neeessary remains tQ be seen. 

E) }letabolfsm of CEA 

As already ·indieated, it WOU Id strem that CEA ls produced. by the tumor· 

cell. However, mueh 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 'obse'rved that CEA was 

rapidly catabolized., and the serum levels of CEA'2-l4 daya postoperatively 
., 

fell to virtually 'undetectabl: levels (47, 109). Although the site of CEA 

breakdown in man is as yet unknown, experiments in animaIs indicate the liver 

to be the most probable site (178). 

4) Host IlIItllUnity to CEA 

A) Cell-Mediated lnununity , 
Skin reactibns of the delay~d 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 

. autoehthonous tumor cells (108). Negative reaetions were observed when com­

parable . normal tissue fractions were u8ed~ The skin reac~ antigen was 

a1so found in the digestive tr~ct cel1s of bath tirst and second trimester 

fetuses. Moreover, CEA was' detected in many of the preparations ,producing 

. . 
1 
l 
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reactive antigen(s) involved and' purified CEA are quite distinct from one 

another (107, ,-108). In addition, purified CEA was found to he incapable oï 

stfmulating transformation of lymphocytes taken from patients with colon 

cancer (128). 

In vitro correlates of cel1-mediated i1Dlllunity have also been sought in 
\ 

patients with colon cancer. Using the colony ~nhibition technique, 

periphera1 lymphocytes from these patients were shown to possess c1o,cidal 

properties directed against their owo tumor cells as well as those from other 
( 

patients (97). lt was suggested 'th~t the ,CEA might be the common factor 

inv~lved, but no studies were done to investigate thi.s point (128). It 

should . he noted, however, that the incubation of peripheral blood lymphocytes 

.from patie~ts with digestÙe system cancer in the prese~ce ef CEA failed ta - . 
stimulate a significant degree of lymphocyte transformation as measured by 

" 3H-thymidlne incorpor~tlon into DNA (128).' 
-' 

B) Humoral Immun! ty 

A specifi,c IgM humor'al anti-CEA antibody response was detected in 

pa>tients' sera, using at leâst two different techniques (64, 65, 69). The 

fact that the resronse is IgM mediated without a conversion to Ig<,? as yet is 

unexplained. HoJever, the peculiar l'SM response is found not only in humans, 

but has. a1so been observed in the golden hamsters bearing the CEA-producing 

tumora (163). 

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

antibody cJetection employed. USing the bis-diazotized benzidine hesnaggluti-

-
nation technique,' it wa~ shown that the sera of patients with digestive 

" 
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sys.t:em cancers were positi ye, but only iJ there was no metastatic 
, 0 

dissemînation of the malignant t,umor. In cases Q where metastases occurred, 

f 

, 'the sera were invariably unreactive (69). However, the techniques of 

radioimmunoelectrophoresisJ and ra,di~immunochromatographY 'have shown the 

presence of anU-CEA antibodies ln the sera oF patients who manifest 

" ) 

metas tatie canéer (64, 65). A modified Farr RJ:A techftique, using acid 

dissociation to detect °antibody ~und to ,antigen, was unable to show the 

presence of anU ... CEA antibodies under any circumstances. Hence. it may be 

the technologie problem involved, as" weIl as the type of reagent used, that 

account for the inability of workers to show the presence of anti-CEA 
, . 

antibodies in the. sera of patients with digestive system cancer (118, 0130). 
a , 

lt should be noted tfiat the specifie IgM humoral response was detected in 

pregnant women in aIl trimesters of pregnancy and in the immediate post-

partum period, but the function of the se 'antfbodies remains to he determined. 

5) Antigens Cross~Reacting, with CEA 

An anti-CEA antise'tum w~~ made in a 2nogeneiè animal ln order to obtain 

an antiserum specific' to the CEA malecule, particularly to the tumor-specific 
• a 

" , ~ .., 

antigenic determ1n~nts on t~e molécule. :However, as more investigations of 
1 

this ~olecule were performed, it became evident that CEA Is he.terogenous 

bath inter- and intramol~culady and that the CEA of 'bowel system cancers' Day 
Il> 

Just 'he one of a family of molecules located in tissues aU over the body. 

The antiserum, even aÙer appropriate absorptions, was also found to conUin 

\ 
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~ny diffe~ent antibody populations, inununologiêally defined as' being direc­

ted against many cross-reacting subst'ances i.e. substances believed to be 

clearly distinct ~rom CEA yet sharing .common determinants. 

< ,In the last five years, twelve cross-reacting antige!lS have been 

deseribed, a1l of them identified by the use of ~he antl-CEA antiserum (see 

Table 2). It has since been shown that the first six of these ma 

serologicaliy identieal. Further investigation must he done ta 

what rela tionship, if any. exis t'a between the re\t of the ant 

first s'x. There ls sorne prelimlnary data that; suggests that 

are idJntical to eaeh othe'r and ta the feea! anUgen deseri bedl by 

(136). -. 

A) Non-Specifie Cross-teaeting Antigen 

< Of aIl, these cross~reacting substances, the non-specifie eross-reaet1ng 

antigen Is t,he one wh 

heneeforth will refer 

has been studied the most extensively, and 

those first six antigens ln Table 2. NeA was 

isblated from colonie tumors, but was a1so found in normal èolon, spleen, 

lung and plasma (32, 115. 117). NCA shows most of. the physical characteÙs-

tlc,s of CEA. It is soluble ,in PCA and is a PA-SchUf positive glycoproteln 

wh'ich migrates towards the, cathode. At concentrations -of between 0.1 and 

, 2 mg/ml it glyes a single identlcal precipitin Une in illDUUnodiffusion with 

rabbit, and sheep anti-CEA and'ngoat anti-NCA, and a line of partial identity 

with CEA using anU-CEA antiserum. The nîoleeular weight of NCA ls approxi-
. ( 

mately 60,000 daltons. Amino acid analysis ~howso marked similar;J.ty to CEA. 

Carbohydrate compariaons show slight differences. Immunoelectrophoresis has 
-~, 
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shown NCA to he distinct from CEA, having Hs own specif~~ unshared determi-

nants. Thus, 
....-) lf!F'- , " 

whe~ anti-NCA serum is abSOrbedj with CEA, it will still reaét 

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

\ is usually ,the tissue of chai ce t'or its extraction. 

The clinical evaluation of serum NCA markedly differs from CEA. The 

assay used was a double antibody assay and it was shown that CEA do es not 

'Interfere 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 tissue diseases, espécially in tuberculosis. However, 

whereas CEA levels rise subst'antially in neoplastic diseases, NCA values' show 

a moderâte augmentation, with rapid levelling off. Indeed~ NCA values in 

cancerous diseas~s, regardless of the tumor site, rarely exceeds 260 ng/~. 

Hence~ although NCA may he interesting in that it i8 CEA-like and is an 

important tool in further specifying the anti-CEA antiserum, its clinical 

valu~ in neoplastic or any diseases (except perhaps for TB) has not yet been 

realized. 

B) Breast Cancer Glycoprotein 

This material was discovered by Kuo and workers (121) using the method of 

Rosai et al. '(170) ta isolate membrane-bound CEA on individual breast 

carcinomas metastatic to' the liver. BCGP is also found in lung tissue, which 

may ind~cate a relationshlp ta NCA. Anti-CEA antiserum can be absorbed of 
( ; , 

its ant+-BCGP actlvity, leaving behind activity to only CEA. It has been 

suggested that CE! reactivlty in breast cancer as seen with unabsorbed 

Il 
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anti iCEA serum may he due to the BCGP rather than :t'y colonie-type CEA. The 

molecular weight of BCGP is around 200,000 daltons, the only cross-reacting 

antigen that resembles CEA in that respect. 

C) Fetal Sulfoglxcoprotein 

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

demonstrated by double immunodiffusion in the gastric juices of patients with 

q 

histologically verified gastric cancer (83). Because secretion of FSA seemed 

ta precede the development of morphologically distinct cancer cells, this 

molecule became ofinterest to %rkers as a possible tool in screening gastric 

cancers. lts relationship to CEA was a1so investigated and studies have 

ascertained its ·cross-reactivity with CEA, implying a shared determinant (82) 

but was also found to conta in unique, unshared determinants. 

the 

D) Second Non-Specifie Cross-Reacting Antigen 

This an~igén was described'by Burtin et al. (3f). It was identified in 

PCA extrac:3J of feces of noncancerous and cancerous patients and 

meconium. Re~ent studies have shown that NCA-2 is quite_similar to CEA (30). 

lts molecular weight is slightly less, being 160,000 daltons, but its 

electrophoretic mobility is comparable as is Hs chemical \.composition. 

Comparisons of various anti-CEA antisera show different types of·reactivity 
\ 

from lines of complete identity to no cross-reactivity at aIl. Since strong 

anti-NCA-2 antiserum i8 as yet unavailable, the degree of cross-reactivity 

with ÇEA remains to he deter~ned. 
J 

1 
. 
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(194) as being a CEA-like, PCA-soluble gÎycoprotein. ParCial identity with 

CEA as weIl as cross-reactivity with NcA has be~n demonstrated. BGP-l shows 

_a-e-lectrophoretic mobility with a moleeular weight in œtween that of CEA and 

NCA as determined by Sephadex G-200 ,JUobility. BGP-l did not inhi bit in the 
, 

enzyme-linked immunoabsdrbent assay (8LISAr, henee the eommon determinant 

observed on immunoeleetrophoresis does not 'appear to he the tumor-associated 

determinant of CEA. 

F) Gastric CEA-Like Antigen 

This material is a PCA-soluble antigen described by Vuento (206) and 
" 

found in gastrlc juiceo\ This molecule may he identical with NCA-2 on the 

t: basis of molecular welght similarities, this same evidence establishing 

non-identitYWlth the other antigens~ 

This study of eross-reacting antigens is important not only i~ trying to 
~ 

eliminate non cancer-specifie reactions, but in further assessing the anti-

body populatio~s found in the anti-CEA antiserum and the reliability of the 

RIA 1 S in use' today. 

6) CE~ 
\-

The initial assays for CEA, which involved precipitation reactions in 

gel, were sensitive' and appeared specifie for the embryonic antigen. 

However, sinee then, a number of reprodueible and more sensitive aBsays Qave 

been introdueed (177), among them the ammonium sulfate.~arr ~echnique, the 

- double antibody assay and the zireonyl phosphate gel assay. These ' 

) 

(' 



(; 

1 

o 
( 

-------,~ 

35 

techniques, due ta their increased' sensitivity, proved to he less specifie 

than their forerun~er (176), repeatedly giving f~lserpositive and false 

negative results. Therefore, c1inical investigators 'began ta suggest reasons 

for these apparent findings. The first of these is the possibi1ity that CEA 

is present in very low concentrations in tissues other than gastrointestinal 

cancers and fetal and embryonie digestive system organS. Similar1y, data has 

accumulated in~icating the presence of CEA or CEA-like substances in the 

circulation of patients with nonenteric cancers or those manifesting other 

~orms of tissue pathology. Whether or not these materials are identic~ü to 

the CEA of gastric or,igin, or are CEA-like substances which mimic the 

presence of CEA due to the use of poorly absorbed antiserum, remains ta he 

elucidated. Lastly, the question is asked whether the interference is not 

simply due to large ~leeular w~ight Berum proteins reacting in a nonspecific 

manner in the assay. In view of the se persis~ent problems, the parameters 

influeneing the detection of CEA in the radioimmunoassay will be briefly 

described. 

the antigens used in the assays are usually purified from hepatic 
"', 

metastases of colon cancer; however, purification methods differ from' 

laboratory to laboratory. Immunologie and chemical eomparisons are available 

for "only a few preparations of purified CEA. Thus, a universally accepteCi 

standard-must he introdueed. In light of recent evidence, it now seems as if 
\ 

CEA of the gastrointesÜnal tract i8 probFlbly onç of a family"of CEA-like 

molecules found in pathologie tissues (63), and that there are likely a 

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

... 
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tumor-specifie ones) ,that are shared with molecules produced by various 

tissues i~ other disease states. For example, in one study done using four 

different "standard" ~EA preparations ,from four dtfferent laboratories, and 

two different anti-CEA antisera, signifieant antigenic dissimilarities were 

" observed,between some of the "standard" CEAIS employed., In addition, the 

serum CEA and the tumor CEA from the same patient appeared to be antigeni-

cal1y different (204, 205). 

The heterogeneity of CEA has been further investigated by, using 

additional steps beyong those generally used to purify CEA (63). 

Concanavalin A affinity chromatography can separate CEA into severa1 peaks, 

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

certain antisera (169). A fraction of CRA, ca11ed CEA-S, constituting less 

th8n 5% of the "standard" CEA' s in use,- has been isolated by a group of 

investigators to'he employed in diagnostic .testing (160). RIAIs using CEA-S 

show greater speeificity; ~owever, thé sensitivity of the assay was 

decreased (50, 100). 

Aside from the obvious need for homogeneous CEA populations, a standard 

for the absorption of the antiserum must also he adopted. Different antisera 

~ used in various assays have variable degrees of specificity and recognize 

both the'CEA tumor site as well as other antigenic sites on/the molecule (63) 

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

shows preliminary <lata gathere'd in our laboratory wherebY. unabsorbed anti-CEA 

antiserum prepared in a horse wa's abs,?rbed on a Sepharose affinity column 
, , 

coupl~d with normal tissue extracts,·towards which th~ antiserum had 

. i 
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Fis. 1: Results of an ru establ1slÎed between unabsorbed anU­
CEA antiserum and ~he sa.e ~tiserum absorbed on an af­
finit y eolumn eoupled with varlous normal tissues. The 
eurves eompa~e· the inhibit6ry activ1ty in the .ssay of 
CEA ~ i ~. NBS (----i. luug ( ............. ), bowel 
~ ,. stool (-_.~ and liver <- -). ' 
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activity. After one passage of the antiserum through the column, 'reaetivity 

to two of the normal materials (bowel and stool) remained and was not removed 

after successive recycling. As~de from those antigens already described, it 

is most likely that there is a numb'er of mate rials not yet' detected that 

would~SQ Interfere in the RIA. Absorption with all,these materials would 

he need~d ta get an antiserum as specifie as possible.. However, it must be 

remembered that the amount of antibody produced in the xenogeneic animal to 

any o~ the CEA cr~~reacting substance~ may not be indicative of the 
, 

\ 
qua~tity of the immunologie determinants in th~ immunizing preparation. 

This, of couJ'se, ,depends on the immunogenicity of the animal. With ~his in 

mind, absorption of anti-CEA antisera beeomes more intrieate and conventiona~ 

methods may not he adequate .' 

The most widely lised cHnteal assay is the "indirect" Z-gel assay method 

(88). This involves subjee~ing serum samples to extraction with perchloric .. 
acid followed by dialysis against low ionic strength buffer. This treatment 

" 

tends ta minimize the problem or specifie and nonspecific Interference , . 
factors in different plasma matrices and the sensitivity of CEA to ionic 

. ' . 
strength. However, a direct assay is still, preferable. There has been some 

progress in this area (54, 127) whereby undiluted and untreated plasma 

samples are used. Good correlation between the direct and ipdirect assays 

are observed at ~gh plasma concentrations of CEA, but, due to the 

presence of PCA-lablle materials which cross-react with ,many of the anti-CEA 

antiserà employed, discordance i8 se en in the 0-10 ng/ml range, an area that 

is highly significant in' certain clinical' stituations. 

\ 
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7) Role of the Radioimmunoassay for CEA in Clinicai Medicine 
• 

The ideal immunodiagnostic assay can he visualized as being an important 

,tool in three areas: cancer screening, which entails the assaying of la'rge 

\ populations tp determine those at risk, or the_screening of asymptomatic 

individuals for èvidence of impending tumors; cancer diagnosis, which 

involves the detection of malignancies in symptomatic individuals where the 

CEA assay is part of the diagnostic workup; cancer management, in ,which ' 

further CEA determinations in previously diagnosed indivi~uals are used for' 

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

or the recurrence of disease, or for monitoring the resu~ts of therapy. 

The CEA assay cannot he reliably used in the area of cancer screening or 
1 " 
1 

diagnosis. To do 80 would imply that the assay ia sensitive enough to allow 

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

obviate false positives and, in addition, should show organ specificity to 

allow for the loc~lization of the tumor mass (100). Present assays, al though 

sensi'Uve and reproducible, do not meet these requirements'. Negative results 
,-

may he obtained in patients wlth early cancerous lesions, while poaitive 
, / . 

results may not always indicate malignancies. However, although many of the 
, . -

nonmalignant conditions which give positive results do so with only transient 

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

distinguj,shed from cance,rous growths (63), at the present Ume screening of 

healt~y individu~ls do es not seem feasible. By itsèlf, the CEA'assay cannot 

he reliably used as a diagnostié tool. Recent data has suggested the use of 
1 

\ 
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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 4etection rate, ln colon 

greater than when each test Is used alone (66). .~ 

) 

cancer, ls 

, .' The majorlty of definitive data for the reliable use of the CEA as say has 

been accumulated in the area of cancer management. l,n general, a good 

correlation has been observed between CEA elevation in the serum and tu~r 

stage. High values usually indicate more advanced tumor stages, as seen in 

the comparlson of levels fo~ colorectal cancer Dukes A and D stages (140). 

Usually, h18h preoperative CEA ,values ( 20 ug/ml) Indicate presence of 

metastatic les ions (63), and, in patlen~s with bowel cancer, the higher the 

preoperative6 levels of CEA, the more rapid and frequent,the rate of recur­

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

even bel~w the'normal range of 2.S'ng/ml do not rule out métastatic cancer, 

but: 'suggest a resectable les10n (63). 

Postoperative use of the CEA assay has p~oven to be rellable when inter-

preted at least o~e month post surgery. Generally,'a decline in the plasma 

CEA levels correlates well with 1 complete resectlon of the tumor (63). ln 
'J 

those patient~ whose postoperatlve CEA l~ve:J. was negative or very low, the! 

majority d1d\not manifest any evidence of recurrence of the particular type 

of cancer. In those cases where the CEA level did not d~op after surgery, 

Inc~lete tumor resection was responslble, and where the CEA levels 

increa~.steadily., recurrence or co~tlnuation of the tumor growth was 

o~.rV.d.'Cter importa ••• :s the fact -that pati.nts vith previoua 

\ 1 
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postoperative negative CEA levels,' who suddenly become positive in the assay~. 

usually manifest tumor'recurrence o~_contlnued tumor growth~ This reappear-

ance of circulatlng CEA frequent1y precedes clinical and laboratory evidence 

Qf the cancer anywnere from a few weeks to two years (24, 63~ and has 

suggested early appli~ation of chemotherapy or radiotherapy in an attempt to 
~ , 

arrest the dise,ase in lts early stages. "Seco~-;look surgery" has also been . 

suggested and a âtudy of it is being undertaken by a number of groups (12, 

191). - This surgery has already been employed, based on rlsing seriaI CEA 

levels in symptomatic patients, and single metastatic nodules were discovered 

and successfully resected (139). However, consideration must be given to the 
, 

p~s8ibility that postoperative rises in CEA leve1s may he caused by 

nonmalignant states, especially in cases of hepatic malfunctlon, and that 

this 1Illfst be distinguished from CEA elevations in patients due to tumor 

recurrence (211). 
, 1 

The use of CEA-assays ta monitor chemotherapy and radiotherapy of the 

patient seems to correlate well wit~,the repression or progression of the 

cancer. 
,.,,~~. 

Ir '_ 

Recently, mbcb interest 
LL, 

has beén given to examinlng C~ levela in body 

'secretions and excretions, digestive juices, ascites and pleural efflusions, 

and other body fluids in conjunction with serum CEA analyses to detéct both 

primary and s~~ondary tumors (176). 
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CHAPTER 3 

Purpose of Study 

, . 
l t i8 apparent from the previous section dealing with the history of CEA 

" that the overriding problem in the cliniçal study of this material is that ",df 
;"" 

the speclficity of the radioimmunoassay, or, more directly, the specifidlty 

of the antigens and antisera employed. 

The prob1em of ahtigenic cross-,reactivity observed in the assay resolves 

itself into three possibilities: 

(1) CEA is present in minute quantities in normal bowel tissue; 
o 

(2) Antigenic moieties exist in normal bowe1 t~ssue which are cross-

reactive with, but distinct from, CEAj 

(3) There ls interference ln the Bssay due t~ nonspecific materials, 

such as high concentrations of a1phaglobulins. 

The difficulty encountered with the antisera arises from_the inability, 

by heteroimmunization, ta obtain monoclonal antibody populations. The 

multiple epitopes on the CEA mo~ecu1e give ri se to a '\Tariety of diverse . . 
antlbody populations upon immunization ofaxenogeneic animal, the specifi-

city of whieh is never really certain. 

Thus, ,this thesis focuses on antiserum specH/tetty and ~ow lt relates tJ_ 

the problem of cross-reacting normal bowel an;igens. 

The method of making the ant;:1-CEA antiserum more I?pecific to the ÇEA , ' 

molecule has, in the past, been by liquid phase absorption with a variety of 
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~ 

normal 1tlssue extracts. Howevèr, this absorption method did not elimipate 

the proplem of int~rf~rence by cross-reacting substances in the radioimmuno-) 
/~ . 

a8say. 

This study attempted an alternate approach to improving the speciftcity 

of the antiserum. The nîethod employed was solid phase aff~nity chroma;ogra­

phy with normal bowel tissue extracts. This technique has previously'been 
QI, 

used to isolate specifie antigen nvieties. Thus, this fuetbod was' adopted in 

orderCto absorb out those antibody population~ not directed against ·the tumor 

pQrtion of the CEA molecule, and to determine if, in 'deed, "there exists a 

specifie tumor epitope on the CEA molecule. 
~ 

In the ,flnal analysi~, the effect;,iveness of· solid phase immunoabsorption, 
", 1 ., 

versus liquid {'hase absorption are compared with respect '~o the type of ailti-o 

CEA antiserum prdduced. 
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CHAPTER 4 

o 
Materials and Methods 

1) ,Principles of Affinity Chromatography 

The p!imary method of approach in these,studies was affinity chromato­

graphy. First introduOced by Anfinsen and co-workers in 1968 (42), this 
.1 

téchniqu~has since ~ee~ employed in the selective isolation and purification 

of en~ymes and other biologically important macromolecules. 

The technique exploits the unique biological property~of macromolecules 

or ~rQteins to bind ligands specifically and reversibly (42). The basic 

principle involves a ligand attached covalently to a water-insolubie matrix 

, _to form chromatoJaphic' material suited to absorb from a mixture just those 
, 0 • 

, 
components having ',an affinity for the ligand. Proteins or other molecules 

. , 

not exhibiting' appreciable affinity for the ligand will pass unretarded, 

through the column, whereas those which recogpize the ligand wirl he retarded 

,to an extent related to the affinity constant under the exp~~imèntal 

ëonditions. This method thus close1y paral1els the use of insolubilized 

antigens as immunosorbéàts for, the purification of antibodies (179). 

The- primary advantage of affinity chromatography over conventional 
• l' 

separation technt~ues is tts specificity; I~ addition, as a consequence of 

the t;:iny proportion of total prote~n abso't,bed from a crude mixture, a 
" ' 

reiatively smali amount of efficient absorbent i8 required. Also, ',the 
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i\ absorbed materia! is rapidly separated from proteolytic enzynes and may he 

stabilized by ligand binding at the "active site". In addition, the 

absorbent can usually he regenerated many times. In designing an affinft:y 

chromatographic system, a number of points must he considered (79): 

(i) NQ, great modification of the ligand must occur either during 

attachment to the support or un.der the experimental conditions; 

(H) The ligand mst he of suitab!e !ength such that the binding 

determinants ar~ ap.ceêsi ble; 

(iH) The ligand 1lJ.1st interact specifically and reversi.b!y with the 
~-\ 

"-
molecule to he purified. - Interactions involving dissociation 

constants grea-ter ~ than 10-3 mole rI are likely to he too weak; 
ri 

(iv) 'The ligand must he suitable for coupling to a matrix with the minî-
\ 

mum amount 9f modification to that part of its structure essential for 

binding; 

(v) 
~. 

The matrix DIIlst he capable of mild chemical modification without un­
F 

undergoing gross structural changes (particularly shrinkage) ~ he free of 

- ionie residues which wou1d cause nonspecific interactions ~th proteins, have, 

a loose lattice structure of sufficient hydrophilic nature to permit 

intéraction between ,the t~o phases ~liquid and soUd). Also~ the matrix 

shou!d be spherica1~' rïgid aM' of uniform B~ze to permit uniform and 

unimpaired entry and exit of largé macromolecu1es, and retain good ~low 
, 

properties before. and after co~p1ing. Beaded agarose, polyacrylamide and 

glass fulf1l1 these requirements. 

\ , 
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lt 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 capacity as a bioabsorbent. In practice, only a 
\ 

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

matrix may have nonideal porosity. Also, once a macromolecu1e- is absorbed, 

it may mask adjacent ligand~. Therefore, ~ltho~gh raising the lfgand concen­

tration on a matrix 'improves most bioabsorbents up to a point, there i8 

usually a limit above which the capadty no longer increases and may begin ta 

faU (112); 

(vi) lt must be ensured that the 'Ugand-çarrier complex is mechanically 

and chemically stable to the experimental conditions of coupling and elution; 

of ligand during the chromat?graphy; 

Often, it is necessa'ry to insert a spacer between the ,ligand and its 

support to give greater accessibility. This i9 achieved by either cotipling 

the 1(gand to' one end of an "arm", the other end of which hl subsequently 

attached to the carrier, or by coupting it to an arm already modifying the 

matrix. Due to commercial availability of matrices ,with spac~r arms, the 1 
latter technique _is preferred. 

Th~ spacer arm 18 usually a hydrocarbon chain of three or IOOre 

carbons. The arm is especially necessary ror those Ugartds that, do not have 

an NH2 _group suitable for diI\~ct coupling. The coupling of ligand to matrix 

invoi ves a covalent bond. lt has been found that io~ic bonds or physical 

absorption are prone to leakage or displacement of ligand from its carrier • 
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The greater effeeti veness of ligands when attached' to spacer arms is • , r--/ 

generally ascri bed to their increased steric availability to the protein 

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

other~ to consid~r • The ligands, themselves, may he- more separated when on a 

long mobile chain so that possible masking of those adjacent by an abs~rbed 

protein molecule is minimized. Also, controls have rarely peen run to 
'\ 

as certain whether the arm alone bas any affinity for the protein, althoùgh 

even if there were an additional effect, it would often be desired, provided 

it were specifi~; 'k should be realized, however, that 

ligaid-Carrier-sJstem does not neeessarily ~constitute a 

even a tailor-made 

bio-specifie 

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

part in the chromatographie process and that ligands exhibit similar affinity 

characteristics in the freè state as when modified to render them sterically 

available. Recent studies show that- these assumptions are not always valid 

(111, 151). 

Nonetheless, affinity chromatogra'Phy has hecome an accepted part of 

biochemical methodology and has facilitated the isolation of Many irtteresting 

macromolecules hitherto inaccessible by, less sophisticated techniques. 
~> 

, -------In this section, the conditions for~±l!iâf coupling of ligand to solid 
, ~ \ 

supp~rting me~~determined. This will then serve as a hasis for 

subsequent studies in which ligand coupled to a solid 'support medium will be' 

used as an immunoabsorbent to further specify anti-CEA antisera. 

.. 
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2) Preparation of the Carcinoembryonic Antigen 
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The CE! utilized in the following ,studies was prepared, as' outlined 

below, by a vari-ation of the method of Krupey et al. (67). The term CEA or 

standard CEA, desig~ates preparations of the carcinoembryon'ic antigen of the 
1 

human digestive system prepared by following this method without alterations. 

A) Initial Preparations of Tumor Specimens 

Whenever possible, hepatic metastases from primary adenocarcinomas of the 

colon or rectum were emp10yed due to the relatively high concentrat;lons of 

CEA in s:uch lesions (12)., ,The tumor tissue obtained at autopsy was dissected 

as c1eanly as possible from any surrounding normal tissue.' This materla1 was 
,\ 

stored, in l kg aliquots at -20oe until used for extraction. 1 
------"' Irr-preparation for extra,ction, an aUquot of tumor tissue was thawed 

slightly at room temperature, then chopped into small sections using a .. 
stain1ess steel knife. The sections were added to 4 1 of gistilled 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 homog~nate, and at /each 

stage of purification, was performed by Ouchterlony reaction against absorbe 

anti-CEA antiserum (to be described below). The mi~mum'quantity of materia 

required to produce a precipitin Une after each phase a18'0 served as an 

indicator of the approrlmate ~egree of CE! enrichment achieved by .that 
--~'''''' .. 

portion of the ~solation technique. 
- . 

B) ~P'erchloric Acid Extraction 
) 

500 ml of the tumor 'tissue homogenate was mixed with, an volume of 

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

temperature. The resulting suspension was centrifuged at 8000g at 40C in an 

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

and the supernantant df'alyzed 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 concentrated in an Amicon with a PM30 ' 

membrane' to a volume of approximately 100 ml. The filtrat.e was t~en 

lyophilyzed. 

C) Preparative Gel Filtration Chromatography 

A solution of ,0.05 M "sodiùm phosphate in O.l? M NaCl at pH 4.5 was 

employed a~ the eluting agent throughout· the chromatogra,phic procedures L 

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 KIOO/lOO) with the 
• 

dimensions 89 x 10 cm. Elution was performed by upwjlrd flow at a rate of 

150 ml/hr. The eluate was monitored for Hs spectrophotometriè. absorption at 

280 ~m, and was collected in 25' ml fractions. Those fractions possessing CEA 

activity were dialyzed against distilled water at 40C for 48 hr, concentrated 

a~d th~n, lyophilyzed •. .. 
A ,2.00 mg sample of powder derived' from the Sephatose 4B column and, 

containing tpe GEA activity' was dis!Jolved in 10 ml of the PBS. This solution 

was. thE}n appl.,1.ed to a 90 cm x 5' cm Ph~rmacia column (Type 'I50/100) containing 

eq~ilibrated Sephadex G-200. Chromat'Qgraphy was per.formed at 4°C by upward 
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flow at a rate of 40 ml/hr. The eluate, again moni tored at 280 nm, was 

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

pooled, dialyzed, and lyophilyzed -as des-cribed for .the ,eluate from the 

Sepharose 4B column. 
- , 

D) Preparative Gel Block ,E!ectrophoresis 

Sephadex G-25 was washed and equi1fbrated with 0.05 M borate buffer pH 

8.6. A thick slurry of this mate~was poured into a leve! lucÜ~ mold 

(61 x 7.5 x 2 cm) so that 1t w~ evenly d1~tr1buted ·along the plate at a 

depth of l cm. The surface of lt~e gel was blotted with a cotton gauze 
t, 

sponge until :Ï.t had a firm consi;t.é'bcy, but was not dry. The gel block was 

fitted with. Whatmann 3 mm chromatographic paper contacts and placed in an 
If> 

." 

electrophoresis apparatus where the electrode chambers contained the same 
" 

borate buffer as was used in the washing of the gel. 

Equilibration of t:he system was allowed to occur for 1 hour under the 

operating çonditions of 400 V and approximately 20 mA at 4°C. A sample of 
\ 

60 mg of the CEA-containing powder derived from the Sephadex G-200 chromato-

graphic procedures was dissolved in 0.5 ml of' the borate' buffer. A 1 cm 

strip of. gel was then removed from the centre of the block and was thoroughly 

mixed with the '\olution ~f ~A. This 'slurry was ~~en poured i~to the trO~gh' 
in the centre of the block, formed when the gel strip was removed. Ferritin 

(0.01 mg in 0.005 ml borate buffer) t whic'h served as a marker, 'was spotted 

3 cm from ~he cathodal extremity of the block. Elec,tropboretic segaration 

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

" 
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\ 

eleetrophoresis, l cm strips of ge,l were eut from the block and were ',. 

Buspended in 25 ml of normal sal~ne. The liquid was' removed from eaeh 

alfquot of gel by filration through a 0.45" Nalgene grid membrane. 

dried Sephadex cake was then washed, in the same filter unit, with an 

The 

additional 25 ml of saline. The total filtrate was dialyz,ed at 4°C, pooled, 

lyophilyz"ed and stored at 40c in vacuo. 

3) Preparation of Antisera 

A) , Preparation of Horse Unabsorbed And-CEA Antiserum 
i , 

An adult male horse wss immunized initially with 1 mg of purified CEA 

dissolved/ in 1.0 ml of sterile saline a,nd emu~sified in an equal volume of 

complete Freund' s adjuvant. Boost-er doses of 500 )1g were gl ven at one to 

three , montll intervals depending on the. titre of thè antiserum. One week 

after these booster injections, the animal was bled. The bleed which gave 

the higbest titre of CEA-reactlv.e antibody was then' employed as the antiserum 

for use in the radioimmunoassays and the research {ltudies. This antiserum 

(1 
was thus designated Horse unabsorbed anti-CEA a1\tiserum and abbreviated as 

"anti-CEA" • 

B) 
. \/-_ .. ---

Preparation of Horse Absorbed anU-CEA Antiserum 

Normal liver, lung,. colon and human serum were colleeted and saline 

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

added to -S ml ,of anti-CEA. '1;he -slurry wss The 

fo1lowing morning, it was centrifuged' in ~ g for 30 

minutes. The supernaçant was theh filtered, through a Ml1lipore fil ter and 

stored in 20 1111 aliquots at -20oC. This preparation of anti-CEA, ant1serum 

\ 
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was thus designated standard horse absorbed anti-CEA antiserum. 
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C) Preparation of- t~e Gammaglobu1in Enriched Fraction of anU-CEA 

An 18% solution of sodium sulfate was prepared. ,To 1 ml Qof neat anU-CEA 

was added 180 mg of sodium sulfate fo1lowed by vigorous stirring. One 

millilitre of the 18% was then addeCI; followed again by vigorous stirring. 

When the salt had dissolved the stirring was maintained for 1 hour at 250 C, 

fol1owed by eentri~ugation at 38,000g for 5 min also at 250C. The 
o 

supernatant was discarded and the preci.pitate washed with 2.5 ml of the 18% 

solution and recentrifued. The supernatant was again disearded and the 

prec1pitate was dlsBolved in 1 ml of 0.1 M sodium bicarbonate pH 8.0 followed 

by dialysis overnight in the sodium bicarbonate at 40C. This was then 
/ 1 

fol1owed by dia1ysis e.gainst 0.2 M sodium cit-rate pH 6.5 for 12 hr at 4oc.. A 

final dia1y~is f,or 4 hr -was done agains.tf the bicarbonate buffer. The protein 

content of this gamma eut was determined by the F'olin method (99). ' 

D) Preparati.on of Sheep anti -Horse Gammaglobulin 

An adp1t male sheep' was initiaUy immunized with 1 ml of a saline 

soluti,on containing 1 mg o( horse ga1IDJlaglobu1in (Pent::ex, fraction IV) 

dissolved in an eq1Qll volume of Freund' s complete adjuvant. Subsequent 
/ 

injections of 100 ."g of horse ga1lllllag1obulin were administered at two ~eek 

intervals for six weeks. Booster injections of 100 "g were' given every 

month, and the following week 300-500 ml of blooçl were collected. The blood 
, , 

was spun at 1000g in a Sorval RC2-B for 15 min,' The supernatant was deeanted 

and stored at -20oe iri ,10-15 m~~ots. This preparation served as the , 

second antibody in the double antibody radioimmunoassay for CEA. 

" 
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4) Radioimmunoassay for' CEA 

, A) ,Radiolabell1ng of CEA 

CEA was shown to contain tyrosine residues (48, 164). This / materia1 was 

therefore, radiolabelled with 1251 by the chloramine-T method (77) as 

follows: 

(i) 
i 

The diluent utilized in each step was phospl.late buffered salil,le' pH 

7.4 O.OSM (PBS); 

1 

(li) The reaction was carried out in a 4 ml fIat bottom glass vial, con-

tainlng a 1/16" x 1/4" teflon-coated magnetic stirring bar. TheBe 

were discarded after each labelling procedure; / 

(IIi) EppeI\dQrf pipets (Brinkman Instruments) of appropriate capacitieB 

were utilized to measure and dispense aIl resgents; 

(iv) . Fresh solution of chloramine-T (1.0 mg/ml, Eastman Chemicals, Roch-
, 

ester), sodium metabisu1(ite (2.0 mg/ml) and potassium iodine 

(10 mg/ml) in the diluent buffer were prepared before each radio-

iodination procedure; 

(v) 'The pH of the 1251 solution was measured by placing tJ l~l allquot 

onto narrow range alkaline pH paper and used only if the. pli of the 

reagent was mildly' alkaline; / . 
125r as Na125r, carrier-free ln NaOH solution, pH 8-11, free from 

red~èing agent and containing less than 1% 1261. was obtained frolll 

Amers~m Searlè (Don Mi1;ts, Ont.); 
, 

(vIi) The glycoprotein to be labelled WIlS di1uted with PBS to a final con-

, . 

, , 

\ 

\ 
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c:.entra1Jon of 1 mg/ml. the conjugation procedure was performeà'-as follows: 
1 

To 50 111 of phosphate buffer 0.1 M, pH 7.4 was added .20 1'1 (20 IIg) 
, , 

of the 1 ~/m1 solution of the glyc<?prote!n, 2 mC! of 1251 and 20 ,,1 (20 IIg) 

of Chloramine-T under con"stant stirring. The reaction t!llle, st 250C was 90 
1 • 

sec. 50",1 (100 liS) of sodium metabisulfite was then added. The reaction 

solution was stirred vigorous1y fo .... 20 sec. The reaction mixture was then 

appl1ed to a 10 ml plastic pipet packed with Sephadex G-lOO with a glass wool 

p~ug at the outlet. This column had been previous1y equilibrated with the 

~iluent buffer. After the reaction mixture had :;oaked into the co1umn, the 

reaction vessel was washed with 1~0 III (1 mg) potassium iodide, and the 

wash!ng was applied to the column, which was, then eluted with the diluènt 

. buffer. 

Fracti~ns, wnich were 1.0 ml in VC?lume, were collected lnto 1.0 ml 

, of 5% BSA soluti~n 'in diluent buffer, usi~g a Gilson fraction collector which 

was preset at 44.drops per tube - the equivalent of 1.0 ml liquide The 

radioactivity of 10 ... 1 aliquots of the eluate was determined in a Nuc1ear 

Chicago Gàimna countér calibrated for 125! with a Counting Effiency of 50%. 

Al! of the radioact;.ive measurements described in this thesis were performed 

in this Gaoma Counter. Radioactivity in the"void volume peak, as determined 
, 

by prior calibration with Blue Dextran 2000 (Pharmacia), r~presented the ... 

labelled glyeoprotein, while the radioacti vit y eluted in thé column volume 

peak represettted ,fr~e 1251. 

( 
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Techniques of anU-CEA Antibody Demo~stration 

(1) The Detection of antt-CEA Ant'ibody by the Farr Technique 

To meas~re the binding of an anti-CEA antiserum to 1251-CEA~ >a 

55 

radiatmmunoassay based upon the phenomenon of the co-precipitation of soluble 

immune complexes in 50% saturated ammonium sulphate (SAS) was employed~ as 

first described by Farr (58). For this procedure, normal human serum was 

diluted 1: 100 wlth 0.05 11 borate buffer pH 8.6 and was subsequently used as 

the diluent for the anti-CEA antiserum and the 125r-CEA. 

A titrat10n curve was _obtained as follows: doubling dilutions of the 

anti-CEA antiserum in 500 ,,1 of the diluent, 'starting at 1/400, was added in 

duplicate to polypropylene test tubes (Falcon, 12 x 75 mm). 500 ,,1of 

125r-CEA, previously diluted ta yie1d 20,000 cpm/500 '111, was added ta eaph 

tube. The tubes were vortexed, fol1owed by incubation at 370C for two hours. 

The tubes were then transferred to an iee bath where they were allowed ta 

equîlibrate for ten minutes after whicp 1.0 ml of cold SAS was added. Each 

tube was then vigOJ;ously mixed and left in the iee bath for 25 minutes, after . , 

which the tubes were cèntrifuged 30 minutes at 9000g at 40 C in a Sorval 

Re2-B. The supernatant was carefully decanted into a plastic screw-top ,tu2e 

(Fisher Scientific Mtl.,) and the 125r-CEA content was determined in the 

ga_ speetrometer. The radioactivity ~f the pellet was also noted as a 

check to, see how ~ch, if any, 125r.:...cEA was lost d~e to adhesion ta tlie sides 

of the test tubes. 

(H) The Detection' of anti-cEA Antibody bl" the Double Antibody As~ay 

\ The Farr t~chnique was the first ra~ioimmuno~ssaY lor CEA to be 

1 ' 
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introduced. However, since the introduction of the double antibody assay v 

(145, 183), this type of assay was adapted for CEA in the hope of ~cquiring a 

more sensitive method of a~ntibody detection. 
1 

In this procedure, normal horse serum diluted 1: 100 wH\'!. the borate 

buffer was employed as the diluent for tne anti-tEA antiseru.m and the u 

125r-CEA. 
\ 

The procedurè for the titrâtion curves was as fo110ws: doubling 
, 

dilutions of the anU-CEA antiserum in 500 pl of diluent, -starting at 1/20PO, 
\ 

was added in dup1icate to po1ypropylene tubes (Falcon 12 x 75 mm). 100 pl 

of the 125r-CEA, previously dÙuted to yield 20,000 cpm/lOO ... 1, was ad,ded to 

each tube and vortexed. The tubes were then incuba.ted for two hours in a 

370C water bath,' after which 150 IJ~ of ,the second antibody (sheep anti-horse 

gammaglob1:l1in) was added. The tubes were then incubated in' the water bath an 
, , 

additiona1 hour and then transferred to a 40C cold room overnight. The next 

'mo.rning, the tubes were spun~at 9.000g' in a 40C Sorv!ll RC2-B, the superitat;~t 
, 

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

the ga1!lM~ spectromet~r. 

(iil) S~andard Inhibition curres 

For the preparation of a standard inhibition curve J the ant1serum was 

diluted in 1% normal human serum (F~rr as say) or 1% no~l horse serum 

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

buffer. A suitab1e dilution of antiserum was chosen from the titration 

curve (see above). using the 50% bindillS point when the Farr technique - was 
cr 

employed and the 35% bindtng point for the double antibody aasay. To 500 ~l 
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standards, which ranged from 0.78 ng/50 'iJ'i to 50 ag/50 iJ1. 
1 

The tubes were. 

incubated in a 370C water bath for two hours followed by the 'addition of" ' 
" 1 

500 111 of 125I-cÈA for the farr assay or 100' ~1 for ~he double antibody 
P J_ 

assay. The remainder of the procedure wfls simllar to that previo~sly 

descri bed fo'r ,the preparation of the t~tration curves. 

(h) Sample' Inhibition Curves 

o 

The sample inhibition curves were obtainéd in the same manner a8 the, , . 
Iltandard inhibition curves with the exception that appropri~te dilutions. of 

Ir 

the samples to he tested were employed instead of the CEA standards. 
~ " . ( 

5) Immunodif fusion Techniques 

A) Slab Gei Electrophoresi's 

The px;ocedure has been prev1ous1y described (124-). Briefly" the gel had 
~ 

a 3% acrylamide stacld..ng gel containing 0.1% sodium dod~cyl sulphate (SDS) 

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

from 5% to 20%. acrylàmide at· a pH of 8.8. '" The simPle to ~ apPli~d was 

1 
dissolved in 4% SDS. Bromophenol blue' w~s used ~s . the indicator of 

, 1 

mobility. The e1ectrophoresis was carried out iriitially at 5 mil1iflmps and 
, ), 

increased to 15 ma once the sautple bad passed frïlll the stackins gel inl:O' the 

rundng gel. Phosphory!ase b (94,000 MW), albuurl:n (67,000), ovalbumin 
~. il • 

} ,,, . 
(43,000), carbonic anhydrase. (30,000), trypsin inhibitor (20,000' and 

1 ~ 
a"'lacta1bumin >(14,000'+) were used as molecul.S.r wei'gbt 1Qarke~s. 
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B) Ouchterlony Technique 

Double diffusion in agar was perforrned as previously described (207). 

-Ji' ~ 
~ 0 , 

6) Affinity-Chromatographic Materials for Stability Studies 

A) Preparation of CEA-c'oupled Amino-Hexyl Sepharose 48 Affinity Column 
. '. 

(i) Preparation of the Agarose'Beads 

Amlno-hexyl (AH) Sepharose 4B (Pharmacia Fin~ Chemicals) is an agarose 

,matrix wi th a six-carbon spacer arm which yields 4 ml wet gel from 1 g of 
~ . 

powder. 

'The gel was swollên in an excess of ·0.5 M NaCI for two hours lat 37oc. 
1 

The swollen gel was washed in a 0.4~ii Nalgene grid filter with 200 ml of 

0.5 M NaCr to remove the added lactose and dextran. Thè gel was then washed 

witil d!l.stilled water to remove the salt, fol1ow~d by a final waèh with' 0.1 M 

sodium carbonate-bicarbonate pH 8.5 (equilibrating buffer). Three ml of wet 
, ~ 

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

(il) ,Act! vat ion of the Agarose Béads 

j ~o 3 ml of wet, packèd gel was ad1edo 7 ml oO~ the, bicarbonate ~ffet!·· l. 

.containing 1 ml of fresh 25% glutaraldehyde (Fisher Scientific). Th~ 

reactiôn was allowe"d to proceed .for 10 minutes at room temperature ullder 

gentlf! sUrring. The gel was then washed with 5 x 20 ml of the bicarbonate . 
buffer usini' a 0.45.,. ·N~lgene fi~ter. 0.5 ml of wet' gel was measured and' 

used for the 'coupling pro~edure. . 

.1. ~ 

(tH.) 
" v 

Coupling of, the Ligand to the Agarose Beads 
<:: • 

_5 mg of CEA (the protein to be c,oupled) was dissolved in t.5 JIÙ. of -the 

-/ 
1 
J 

1 
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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 2S0 C, after 
o 

which th~ suspension was centrifuged in a table top centrifuge, the superna-

taQ.t 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 

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/l5 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, t1trated to pH ~.5 with 0.1 N NaOH, was passed through the column to 

block react~d but uncoupled sites. AlI the washes from the coupling 

procedure were appropriately dialyzed, pool~d and concentrated by ultra-

filtratio~ to a suitable volume for CEA determination in th~ RIA. 

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

The coupled gel was incubated with 3M'" i~N for one hour ai 25 0C. The 

column was then equi1ibrated to and incubated'with SM guanidine-HCl (Edstman, 

N.Y.) for one hour a1so at 250C. This was followed by equilibration with the 
. 1 . 

bicarbonate buffer, ut~lizing a conductivity meter ta ensure complete removal 
, 

of the hi.gh ionie strength dissociating agents. The above procedure was 

repeated ever; se~d da'~slX ~ys. Eaeh time, the chaotropic elutions 
,-~7 .LU'" 

were collected and dialyzed for 6 hr in 12,000 MW cutoff dialysis tubing 

(Fisher Scientific) against 0.1 M bora.te buffer pH 8.5 with changes every . 
2 hr.. The 'dialysate was then concentrated by ultrafl1t:ration in an Amicon 

/ 
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with a PM30 membrane to a suitable volume for use in the RIA to determine Us 

CEA content. 

" B) Preparation of CEA-Coupled Amino Aryl Glass Bead Affinity Column 1 

Amino aryl glass beads (Pierce Chemicals - Distributors; 
, - 1 

Corning -

Manufacturers) contain aromatic amine groups attached ta the support through 
1) , 

amide linkages. A 550 A pore size' and 120/200 mesh w~s employed. Such beads 

dQ,not requtre any preparation prior to activation. 
, \ 

(i) Activation of the Glass Beads 

1 g of beads was suspended inolO ml of 3 N HCl and gently shaken. (No 

magne tic stirring rods were used due to the brittleness 'of the glass beads.)' 
L \ .. C 

The bead~ were then cooled in an iee bath. The remainder of the activation 

'was carried out in a brown bOFtle in a darkened room ~o avoid the photoreac­

tivity of the next step. SoUd sodium nitrite (Eastman, N.Y.) warcadded in 

8mall ~liquots to a total of 250 mg in until the mixture türned a 'blue-green 

color. After 15 min in the "iee bath, with careful shaking and degasslng, the 

beads were fi1tered through a O.45~ Nalgene f~lter anQ ,washed with 200 ml 
\ 

distilled water' titrated to pH 3.0 with acetic acid. 
1 (-J 

0.5 ml packed volume 

of the activated beads was measured and used in the cOl,1pl1ng procedure.', 

(ii). Coupling of the Lig~nd to the Glass Beads 

5 mg of CEA was dissolved in ?5 ml of O~05 M,Tris-phosphate buffer pH 

8.0 (equilibrating buffer) and added to the 0.5 ml of actlvated glas! beads • 
. , 

, .. 
The mixture was Incubated 1 hr in an iee bath with repeated shaking"and then 

poured 1nt9 ~ K.?/i5 çolumh (P~rma~ia Fine Che~cals) which was,continuously 

wasned with the Tris~pho8phate buffer until the effluent was les~ than 0.02 

\ 

, ' , 

1 
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absorbancé un~ts at 280 nm. To block any activated but uncoupled sites, the 

co1umn was th en washed with a solution of 3 mg P-naphto1/ml Tris-phosphate 

adjusted to pH 10.4, followed by a wash with 0.3 J M glyciné-HCI pH 2.8 to 
, 6 

remove arÎy.'material not covalent1y bound. The 'co1umn was then equilibrated 

back to pH 8.0. AlI the washes from the coupling procedure were appropri-' 

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

able volume for CEA content aetermination in the RIA. 

(Iii) Assessment of Stabilitt of Ligand-GIas's Bead Coupling 

The coupled gel was incubated.with 0.3 M glycine-HCl pH 2.8 for one hour 

at 25 0C followed by continuous washing with the equilibrating buffer until , ' . , 

the eluate showed a pH of at least 7.5. The effluent from the incubation 

\ 

with the dissoc.iating agent was immediately neukalized wlth lN NaOH and 

dialyzed fdr 6 hr against 0.1 'M borate buffer pH, ,8.05 with changes every 2 hr. 

This was followed by co~centration by ultrafiltr~tion in an Amicon wifh a 

PM30 membrane to a suitable volume for use in th~ 'RIA to determine the CEA 

content. The above procedure was repeated ~very s~cond day for six days. 
o 

7) Affini;y Chromatographie Materia1s for Optimum pH Determination 

A) Preparation of CEA-Coup1ed Longchain A1kylâmine Affinity'Column 
\ 

Longchain a1kylamine glass beads (Pierce Chemica1s - Distributors; Corn-

ing - Manqfacturers) contain ~valent1y bonded extension arms, six car bons . " 
(20 A), long, wi~h pr~mary: amine groups, at the terminal ends. A pore size of 

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

tion prior to activation. 

\ 

! 
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(i) 
1 

Activation of the Glass 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 25% glutaraldehyde. The mixture was 

shaken often and the reaction allowed to proceed for 30 min at 250C. The 

beads we~e thep. appliEid to a 0.4511 Nalgene grid filter and washed wito 5 x 20 

ml of the bicarbonate buffer (equilibrating buffer). 

- (,ii) Coupling of the Ligand to the Glass ,Beads 
t 

5 ~ of purified CEA was dissolved in the, bicarbonate buffe~ at}d added to 
, 

1 ml \ of the activated glass beads with gentle shaking The reaction was 
.1 
J ' ' 

allo~ed te;> proceed for 30 min at room temperature with constant shaking" 
) 

after which the coupled beads were then packed into a K.9/15 column (Pharma-
1 

cia~/ The blads were continuoùsly- washed wi th the bicar~onate ~ffer u~;tl- ~~, 
the; eff"'luent was less t:han 0.02 a~sorbance ~nits at )80 nm. ,AC~)at~;î' but 

,uncoupled sites were blocked by the application qf ~ solutton of 1 M 

3-ethanolamine pH 9.0, follow~d by treatment with 0.3 M glyci,ne-HCI pH 2.B,to . 
remove any noncovalently bound protein. Equilibration to pH 8.,5 was achieved 

with the bi~arbonate buffer. AlI washes from the coùpling procedure were 

d~alyzed again~t borate buffer, pooled and concèntrated by Amicon ultrafil-
JI' , 

tration with a PM30 membrane ta a suit able volume for CEA,content determina-

tion in the RIA. 

(iii) Determination of Optimum pH for Elution of Immunoabsorbed 

. Material. 
. 

12 ml of an enriched fraction of gammaglobulin 

horse anti-CEA ~ntiserum was applied. ta the column 

" " 

f 
1 

- ,- < 
,;.0\, , ,,-

\ 

prepar~~ from 1 ml of 
1 
i 

followed by recirculatlon 
,1 
1 

\ 
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,/ ' 



, 

i 
.~ 

1 

l, 
i , 

J.~--------- ~-

,0 

• 

\ 
\ 

------, .----

63 

\ . 
through the immunoabsorbent overnight at 40C utilizing the three-channel 

pump. The following mO,rning, the colunm was removed from the cold and a1-

lowed to equi1ibr~te to room temperature. The column was then washed with 

the bicarbonate buffer to elute those antibodY,molecules which had not bound, 

or were lo~sely bound, ta t~ ligand (unbound faction). To remove those 
f> 

antibody Molecules whi~h ostensibly ha~ specifical1y bound to the coupl~d 

CEA, 'four separate incubations, each-Gf----l-5-~min duration, were performed with 

four different pH values of 0.3 M glycine-HCI. The first incubation corre­

sponded to pH 3!S, while the second,. third and fourth incubations were done 
r~ 

with pH values of 3.0, 2.75 and 2.5 respectively. A finàl ~ash wit~'the 

bicarbonate buffer equilibrated the immunoabsorbent to·pH 8.5. Thè four 

bound r'ractions were immediately neutralized with 0.1 N NaOH. Following 
o 

this, thesè four fractions and the 9ne unbound fraction were each concentra­

. ted b! Amicon ultrafiltration with a PM30 membra ... to volumes ranging from \ 

13 ml to 20 ml. 

8) Affinlty, Chroma~ographic Materials for'Specificity of Binding Studies 

A) Preparati'on of anti-CEA-Coupled AH-Sepharose 4B Affinity Column 

The prepara,tion and acti.vation of. the gel was' as previously described for 

the ~reparation of CEA-coupled AH-Sepharose. . ' 
The coupling'procedure,was as 

" ' . 
follows: an; enriched gammaglobuli~ fraction ~as prepar,ed by the .p~ecipita-

,/ \ '. . 
tion of anti-CEA antiserum with sodium sulfate. 100 mg of this fractlon, alil 

'deternrlned by the Folin methpd. was conçentrated to a volume of ~ ml {!mi­

con ~;1trafiltration iiti.d added t.o :3 ml of activa.ted gel unde, r ·gen~le· ·stt~ng. 
\ \ ~ 
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( " 
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~~d, followed by dialyzation 

and ultrafiltration for protein content determination by the Folin method. 
, 

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

Activation of the glass beads was ~s previoüsly desct:ibed for the prepa-

" ration, of. ÇEA-:-coupled amino ~!~1 glass beads.' The coupling procedure was as 

follows: the enriched ga~globulin f~action of antiserum containing 100 mg 

of protein was equilibrated with the equilibrat~ng buffer and concentrated to 
, . 

10 ml by Amicon ultrafiltration. This was then added to 3 ml of the activa­

ted,glass beads. The remainder, of the procedyre was as ~reViouslY described 

for the prepar,ation of CEA-coupled amino aryl glass beads with the exception 
o ' 

that 'the washes from the coupling proce~ure were, app~opriai:ely' neutra'Lized. , 

foliowed by dialyzation and ultrafilt~ation for protein co~tent ,petermination 

by the Folin method. 
1 

'. 1 

Preparation of anti-CEA-Coupled Longchain Alkylamine Glass Bead ,C) 

Affinity Column 

Activation of the glass beads ,was as p~evi~ùsly deacribed for the prepa-

~.' \ l ' " 

'ration~ <?f ,CEA-coupled longchain alkylamine ig1as~ beads.~ The' coupl1ng proce-

r 
dure was as follow~: the enriched gammaglobulin fraction of anti-CEA 

, l ' 
antibodies, c.ontain~ng' tOO mg of prote:1n" 'as equilibrated with the bicarbo-

nate buffer and ~oncentrated to 10 ml by a 

added to 3 ml of acti vated g1ass beads ~' 
~ ~ , f + 

as previouslr: des~ribe~" fot'. the preparatio', 

" , ,-

con ultrafiltration. /r~iS .wa~ 

rèmaindet 'of ~he.p~cicèd~re ~as . ,\ , 
, , 

of CEA-criuplef,longch,,!-~n ~Jl1Ç.yl-

" ' 

'1 
1 

\ 
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ami~glaSS beads wlth the e~ceptlon tht the washes fro~ the coup11ng proce­

dure ~re appropriately néutral~zed, follow1d by dialyzati~n and ultrafiltra­

tion for protein content determination by the Fdlin,method. 

D) Assessment of the Specificity of Sinding of, the Immunoabsorbent 

The followtng applies to aIl three 'of the solld support ~trices: 200, ~ 

300 ~g of either CEA or IgM, the antigen to he applied to the anti-CEA-cou­

pIed immunoabsorbents, were 'd1sso1ved in the equilibrat1ng buff~r for each_~f 

the columns. Following application onto the column, the protein solution was 

allowed to rec1rculate thr~ugh the column overnight at 40C using a" perista,l-

tic three-channel p~mp (Pharmacia). The following morning, the column was 

removed from the cold a~d allowed to equ~librate to room temperature. The 

column was then washed with it's equ:Üibrating buffer ta elute tholf~ molecules 

thât did not react or had w~akly reacted with the immunoabsorbent. The pro-

tein èontent of the effluent (unbound'fraction) was determined by the RIA in . , 

the ca~e of CEA,and bythe Folin ,method ;n the ~s~" of the -Igl(" Subsequent-
. , 

1>" eithel: 3M KSCN (for the agarose beads.> or 0;3 M glyci~e-HCl p~ 2.8 (for 
1 
l' 

. t;Jle : glass beads) w'as appl1edto -the column! to release th"ose mOlecules "bo~nd-

~o" the anti-CEA-coupled antibodies, This bound fraction was lminediatelY, : • 

neutra~ized,and/~~ d1alyiedJin-pre~apation, for appropr~ate antigen dete~na~" 

don- ,déscribed above. The é c'olumn was then reequil1brated ,with buffer and 
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Results 

1) Electrophoretic Pattern of CEA on Slab Gel • 
, . 

The demonstration,of CEA o~ a 0.1% SDS sl~b gel is shown in Figure 2. 

The positions of the molecular ~eight.markers are seen on the righthand side 
~ ~ 

of the ge~. ~hey appear, from ~op to bottom, in dec~easfng order of weight. 

The markers used were phosph@rylase b (94,000)~ albumin (67,000), ovalbumin 
/ \ 

(43,000), carbonic anhydrase (30,000),- trypsin inhibitor (20,000) and 

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. 

2) The'Radioimmunoassay for CEA 

A) ,Conjugation of 1251 to CEA 

Fi~e 3 shows the elution profile obtained followlng G-IOO filtratipn to 

separate freè. 1251 f~om conjugated 125I-CEA. Radioactivit~ in the void . , 
volume (peak 1), which was determined by prior calibraÙon wi th Blùe Dextran 

,(Pharmacfa F:f:ne -Chemicals), represented the labelied glycoprote1n, wh:ne the' 
- , ' 

radioactivity ~~ Peak Il.'the column volume, was due t~ ~ree 1251. 

Calculations involving tbe 'labelled glycoproteln were ba~ed on the assumption 

that;, ~OO%of the CEA w~s recovered 1.n the void volume peak. ' 
-~ ,- . 

, -
B) . Double 'Diffusl~n ln Agar ofSheep anti-Borse Gammaslo~ul1n with Horse / 

, .snti -CEA Antisera and CEA - , 
i 
l, 

Figur~ 4 _ shows, !=he dQ~bie âit'f~iO.n:'-r~JleU9n inaga~ of .shee~ ànti":'horse ( 

ga_gloQuii~ :'(~biCh wa~ "~Séd- ,as' the,:second 'antibody ,in the double antibody" ''', 
: .... ',~; ,,- -' ~~>'. ,,~ ~ _:_ 1 _ ~L ~_Q_ • • ~ l" '- __ ' _ l " ~_ _, " ,~ .~; ~ _ _ 1 

raâ1oimmunoassay) with CEA and bpth absorbed,and unabsorbed ,horse,anti-CEA 
'~ '- ,#". ~\ - 1" " l ,\, ' .f " \ - ., .. ! 

./ 

, . -
~ ,- .' r' ... ,.. T 

,- I~'" '., - J 

" " 
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Fig. 2: Electrophoretic pat,tern of 

/ 

CEA on slab gel. Molecular 
weight marker~, on the ri.ght, 
from top ta bottom, are; phos­
phorylase b (94,000);' albumin 
(67,000); ovalbllmin (43,000); 
carbonic anhydrase (30,000); 
trypsin" inhibitor (20,000); 
a-lactalbumin (14,000). CEA 
app~ars on the left at the top 
of the gel. 
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Peak Il 
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Peak 1 
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Elut1on' profile on Sephadex G-100 of an 125r-1abelled CEA prepara­
tion. Peak l' corresponds' -t~ the, radiolabe11ed CEA ,moleeule. Peak 
Il ~epreàe~ts free ~réacted J25i.' , ,- ~ 
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Fig. 4: Double diffusion in agar of sheep anti-horse gallllllaglobulin with 
both absorbed and unabsorbed porse anti-CEA antisera and puri- " 
fied CEA. Well tH çontains the sheep anti-hor'se gannnagiobulin; 
weIl 112 cantains purified CEA (1 mg/ml); wel.l 113 contains ab­
sorbed horse serum; well #4 contains unabsorbed horse serum. 
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antisera. Referr(ng to the diigram below, vell Il, eontained the sb.ep anti- l'" 
horse gammaSlobulin~ w~ll #2 cdhtaine~ purified CEA (1 mg/ml), weIl #3 con-

.-' J 

talned absorbed horse serum and weIl #4 contained the unabsorbed horse anti-

serum. Lines of identtty between the s~cond antibody and- both the anU-CEA 

antisera were obsex-ved., No precipitation Une was seen between the second 

antibody and CEA. 

_C) Titration Curves 

Both the Farr technique and the double antibody.method were used to 

separate free from antlbody-bound 1251-CEA. The titratlon curves of both the 

absorbed and unabsorbed horse anU-CEA an,tisera .. olitained with these two 

methods, are shown in Figure 5; those obtained with the double antibody 

method sh~ typical preclpltin curves, where the antigen~8ntlbody complexes 
, , ' 

are represented by the horse antibody and the sheep' anti-horse antibody re-

speëtively. At high concentratio~ of horse antib9dy, the system is in anti­

ge~ (horse antibody) excess ,and 'the lattlce structure 18 loo~er, cau81ng 1~8s 
\ 

precipitation, thus giving lower binding valu,es_ The curves 'obtained ,~dth . ' 

, the Farr technique are' typ1cal of prE:\clpitation curves, wh~reby"an inc't'ease 

in the amount of complexed 125I-CEA-anti-CÉA results in' a co~~~mitant , . ~ ~ , . 

1ncr~aae in' the amount ',?f precipitation by the satûrated alllll,?nium sulfate. 

A compàrison of the four titration curves indicates that maXimum bind1ng 
, ' 'V .. 

range~ fram 89% to 93%. -~owev~r, with 'l'espect to the nonspecif1e 'binding, 
1 

\ ' the use Q.f .. ,the double ant:Lbody, method resUlted in a' lmrer background 
t , .. T ' 

radi~ae~i!e .~unt (lO%'compared Witlt 25% for the 'Parr techniqu~). Wheil the " 
.. Il" - " /', ' / ~ .1:1> 

"" , l • 1 \ ., ~ Ç) 

• _~wo ~~s.te~' are' cOllPared w1.th' respect ta thelr s~~itiv:ltty, :tbe 'arr . 
r 1 --~ - -~ ---- -- "_, 
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method to achieve the saUle dègree of binding, and hence would rèsult in a 
, 

more sensi.tiv'Yinhibiit.ion system. 

D) Standard-Inhibition Cu~ves 
,-

To establish an inhibition... .. 'àssay, the dilution. corresponding to 50% 

bindlng for the F'arr technique and 35% ôinding for the double antibody method 

• was d'etermined from. their respective titration cu;rves a'nd used to react with 

the various standard amounts of CEA; ranging' from 50 ng to 0.20 ng. This 

dilution, when the' Farr techniql,1e was 'used~ was 1/40,000 for the unabsorbed ' 
,\' 1 -

- . 
. oorse antiseru1;ll and 1/l3

q
,OOO for the absor.bed antiserum. In the case of the,· 

)" 
_', f , ~ 

double antibody assay, the di'lutions used·f'()t the unabsorbed ~nd abso~~ 
antfset'um were 1/25<f,OOO and 1/64,000 respective~y. 

The typical~ inhibition aurves thus obtained are shown 1 ln Figure 6. The 

useful worklng range of the aasay with the Farr technique .was from 1.56 ng to 

" 
. 1 50.0 ng. _ ln contrasi, the assay emp10ying the ,double antibôdy method was . 

.... 
more sensitive and CEA 1nl11bition levels of 0 .• 40 ng ta 25.0 'hg cou Id he 

" • 's reliably measured. ,This' sensttl vit y Is sho~ by ~he ISO,' whicb denotéS the 
~~ . 

a~ount of ma'te~ial' 'nee~ed to in~ibit to' 50% the antise.rum being tested. The 

I?O for the unabsorbed, horse .antiser~m \witb. the Fàir ~echnique was 7.8 ng, 

'. e:. 
.compar!d with 2.0 ng when ·the double antibody method was used, an approximate 

l' '. v.;'; ~ ... ' 

\~; ,1 four' fold grjater sensitiv!ty with the use of the second antibody method •. 

" The' 8enS1t1Vl~y ~f inh~bl~iO~ with 'ab~rbed"ant1Sè~~m, ~~~lar1YI' showed a 
• ~, ' ••• 1 ... \~ .. ....,..., l,' . i, 1 \ 

ri six'-f~l~ increase witb a 'second antibody,,' "'ben !!oml?ared with the use of .sAS, 

\ . ,th~ _15er val~es being 1.. 0 ~.8 and _ 6. ~ n~ respecti ~ely. _ ." 
1 
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/ , both . the; .bso;bed and u~.o,bed bor'"e anti-cEA, ant1sera 
. . 'û8(.0.8 >t~e Paf.!: techi.üqUe ~a~d' the,-' doub~e .ânt'~ljoct~u, _thod ~' 
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3) Stu'dies with CEA-Coupled Affin:i:ty Columns 

A) Effic;iency of Coupli~8 Ligand' to the Matrix 
. \ 

5~OO g of CEA was reacted with both activated glass "beads and sepharose. 

Table 3 shows that with respect to AH-sepha.ros,e. as weIl as the two types of , 

glass bead~, coupling was essentlally quanF~tative i~ ~hat almost aIl th~ CEA 

(90%- to 96%) reacted wlth the carrier. 
'_. " l' 

~) Stability o~L18and-Coupled Affinity Columns 

The stabillty of a ligand (CEA) , chemieaUy coupled ,to a carrier arm by 
\. - ~ , ~ 

of 'glutara~dehYde, as demo~strate~ by All:-sepharose, or b~ d1a~~ 
~ a1 _ 

the use 

zation, in the case of,' amine aryl glass beads, was assessed by measurf.ng the 
~ ~ , ~ 

. ' 

ability ~f st"ron$ dissociating agen~s, 3M KSCN and 0.3 M glyc1ne~HCl pH 2.8, 
. \' , ,...... '..r;;- .' , • 

"respectively, to ~estroy this linkage. Table 4 gives 'the 'CM, ~ontent. ~s 

.det,ermined by Fhe inhibition RIA, of the, elu~tes obtained with ea.ch dissocia-
.. 

tion treatmen~ (bleeding-). ' 

Es'sentia'1-ly, both type,fi of linkages tiere' qulte. stab1e to (the 
, .... "' 

treatments," ,resu1t1ng ill 1~s8 than 1% 1088 Q( coU 
. ,~" .""'=-~~-

,-

The tbree::bleeds' of tbe All-!ie~b~rose colu1J!I1 y~elcled 10 ~es of ~. 77%, 0 .98% . 

and,O.96~, of C~. Thé °expo~ure of °t~e' amlno aryl èq1u t~',lts di s,ocf.at,trt8,:, 

/ agent "\."l~d i~, CEA'10 •• ~rO~ 0 .5~%~ ,o:,~u,~ 0 .• 24% ~or 'ih three. 

-bleecU.j:ags.:, l, -

1 
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TABLE 3 

,/~ 

Efficiency of Cougling, CEA to Carrier 

0, ' 

Amount of. CEA used for 
co~pJ.:~_~~·~_~ !,,~~ 

'Amdunt ~f CEA coupled 
to the, carrier (lAg) 

Amourit of CEA not 
coùpled ' ( fig) 

" , 

" 
C,oüpli'Q.,8 Eff1~iency 

;~~\ 

, " 
- -~ -, 

" 

, 

i 

. 

0 

CARRIERS 

~ . 
AH-SephArose Amino Aryl 

Longchain 
Alkylamine 
Glass Beads, 

'.' 

" 

l,: 
, , 

" 
"'" 

5000 

\ 
4511 

489, 

9Q!2% 

--; 

,c 

" 

Glass Beads 

" 

i 
5000 

1 

1 

04800 
j 

200 

5000 

-4650 

350 

93.0% 

'-
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TABLE 4 

, , 
Stabi1i ty of Coupling Ligand to -Carrier 

Type of 
carrier 

AH " 
Sepharose 

Il 

Ary! Amine 

# chaotropic 
, treatm~nJ:s 

1 \ 

2 
-' 

3 

1 

G 1asB ~~~dB 2 

3 

~!- _....,.!- _~"""} ___ -L-:; __ _ 

" (':"'" 
\. J', 

t,. " '"'_ 
\''' ...... f.;{i/, .:" -

--'L\i~~t: - y 

p. 

Am~t of CEÂ 
coupled (11&) 

50ÔO 

- 49~5:24 

4921.58 

5000 

4974.56 

, 

495~ •. 13 

;;,.' t' 

.. ~<. -

Am't of CEAf 
diss ociate.d 

(118) 

34.76 

.11. 43.66 

4,2 • .44 

. '25.44 

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

21.43 

11.35 

'. 1 

. ,'\ 
t ~, , 
" , 

c 
\ 
\ 
\ 
\ 
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.1% 
Dissociation 

"" 0.69 • 

0.S8 . 

0.86 

0.51 

0.43 

-0 .. 23 

" 
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> diffe~ent pH strengths, over a range of pH 2.5 to pH 3.5 rWere ,successively 

ut1lized.: The CEA-reactive antibodies in' each~' of the four fractions were 
, ' 

calculate~ from the ti~ration curves each fraction elicited. The titres at 

50% b:.lnding are given in Table 5, includt'ng those of the unbound, fraction and 

" that of the IgG fraction of the antiserum which was originally used for the 
~ 
\'- ~ /) 

absorpt1'on~ 

, \ 

Thel calculation of the CEA-reactive antibodies in each fraction assumed 
f ' 

100% rrycovery of the la~elled g~y~oprotein in the ~ ra~ioiodination procedure 

(see Ftgure.3). It ~as ,thus. determined that 500 pl (20,000 cpm) contained 

0.34< ni of radioacti!,e CEA,(*OEA)~ which,was then reacted wlth, in'the RIA. 

an eqt81 .:volume of tb,e various dlluted antiserum fractions. '- Assumng, for 
0" 1 

simpl c1ty's sake. a one-to-one ,antigen-antibody reac'tion, and taking into 
1 

, . 
, 1 

t the variOllB samplEf volumes, the multiplication of the above variables 

(*e , ant1seruin dilution and sample v,olumë) yields a meas~re c;>f ,~he antibo-
, • 1 . 

1 

in each fraction which reé.ct~d with CEA in, the RIA. 
, ~ f fl-

e total amount applied Jo the IDJDIUnoabsorbent was calculated to -be 
1 ~"J".;wy , 

60 ~g'" of CEA-reaei:ive'antibodles. The amount of these antibodies whi~h 
1 /. 1. ." t. 

con$tituted the effluent was determined to "be 22.6% of the total amount. 
1 • ' 
l ' , 

app!li~d, thus giving, as 77 -:l%." those CEA":r.eacti,ve' anti~ody moleculea 
r' ~ -

, 1 -
re1)laining on the ,column. , Of 'this 11'.3"1., the amount elu,ted with 

( . ".' - ~ " 

PH! strengths of the' glycine-tICl' was 60.n.: of ,the tlotal appl1eÔ", 
1 St: ,0 

t~~~rio~s 

ind:1cat.ing il 

l~ss of abottt 17.0% on the éolumn. ,- " 
~ 1 ~ ,.. -~ .... ~.. , ,-, '" --'-,: .. : ~ - -1 -----.... - -~ -- -

fi 4 T , " ~ h.. A ,. ~ *, .. ~~ ~;';' ~ 1" 

, _: j ,Tn~, ef~e<;~~ iréne.s, ,~f ~cp._ ~luei~n ,~~ili' J!te ~~.el~en~. ,~Ly~,~4~ w~s x:epr~~ 
~ '1 l' , " ~ • 'Y 'r 'Ii ,--1'\ ~ , \ j ... ,{-

. ,~:~.- .:s~'nted·"," ~ije :~,~<~ent of :t~e, ~,ot~(,4,h'bOi!, ,~~.~ule8':-;~U.~~ ~~~~~.'·~as ',~' 

',"'" ';-;,:\;t", ,~,:" " , ,:'.: !,,:> ,f;':': é,;':, ,;,' " . ,,:\'::':,t 
• - -'l, ~ (<Kr,,~" :" {' 

~ ",~-~:' l '\-_ 

Je'" , 
> '" 

, f'" . , 

1 
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Sample 

G10bulin 
Fra'ction 

Up'bo~ijd: _ 
rraétion, 

:: pH 3.5 

/ 

\ 
TABLE '5 

Elution of I1DJD.1inealnforbed Material 

with VariouB pH Strengths of Glycine-Hel 

Dilution at Sample , -CEA:-.Reacti ve, 
50% Binding Volume ' ~' Ant1. bo.ay 

(ml) . <1.18) , , 
: 

1/14,720' '12' -- 60.0 " '. , , ~ , ',: ~ ~, 
'Z 

'" 

.1/2000 " . 20 13.6 - ~ ,~- , 

" 

-. -
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released by ech treatm~nt with the chaàttopic agent. 
./. .,..'-

Referring to Table 5, 

it is obsel'ved that pH 3.0 and pH ,2.7_5 e1utèd the majôrity of thé CU-reac':" 
\ ~ 

tive antibodies immunologically bo'unâ to, the ligand, giving values of 34.3%" 
r 

and 20.0% respectively,. The pH values of 3.5 and 2.5 sucè,eeded in eluting 

only 5.3% and 1.1% respèctively. 

4) ,Studies With anti-cEA":Couple<l Affinity Co.lumns 

_A) Bind1ng Activity W.:!,~b CE! 

Ab8or'be~t binding activi:ty of the affinity co1umns was' 1JIeasured by the 

determination of ,the'amount of, CE! which wS:s 'reacted with ~ énriched , ~. ~ 

-
'fraction J?f anti-CEA antibod'le's coup.led: to thre~ types of' soll.d ,support .. 
SY8tems~: ,~ee Table "6,.· " 

, Beiween 78 tng ... :,!}O "1I1g of the 'anti.:..cElLant'ibodieB-,were ~emiêally coupled{ 
-, ') , " ',': - , ' 1 

to -the 'various card.et:se Ta ',test for>biologÜ::àl act1.vig of the çOllple4" , '. ' , ~, ' "10 
r ~ " ; - '" " ~ " ! ..- , ~ , 

'ligand, the _.bindi'Q,g, of~ -ÇEA.'; to, ~l,le solid Rhase .-.'\X>unq. ant~ bo~:lies was det~r-
• ~ _ t ~ ~ 4.. C ~ , ' ",' ~.,__ "~:" -, ~\ '1 ',; t' • 

,tn1néd~ With 'respec,t '(0 'the ,alkylamine ~laBB bead:coluttlll' 50 Pg of the 300 ",g 

, '.+ - -:; J- ~ 4< .' ,,/ 

! ,'. -< 

o~ig1nally applied, Pound to thé antibodies. 
• r 1 f ~ , \ 1 r' 

This' compares\w:tth 48 118 on the' , 
,.' 

. ' ,- ' " ,.Jrl~q, ~q~ ,':cQl~ and 10 "'8. pn . tl\e ' ~ .t\ll'(ls~p~arose ' ~olumn~ : ' 

,':"'~:-':"'! "'~'j, .:,<~:,-,·":~{,;'~i~~~~&~ACt1VitY With~lgM' .- '" " 
f .i _~~"T~"'.!.;'-~ ~ ... ~.~,. -, • --, ~,: .. !q?,: ~-fi~':r-,-'t_~ , ":;.- './ l 1 

,",~'~ /;:' :è'.:' -'-" >,"i':',:.'~· :;,}t.:':,': ::m~~~r~ of éP~é,~f1citY 'of',r~a~tion_ on '~~ c?,lumns,~ ,~nd, no:n~ - ," 

, >- ,,' , , . -< ;/,::, -,,' . -;"~~~ f)tlt~ ~t~~, ~tt1x, an, tinr~i~~~~. ~i:~~~~,~ :, (l~)w~ apPll~~ ... 
'f {' ~ ~ ~'- '" -, -" \r' _~ - ,>," ~ ! 1 l' ~ T 11 ... J

O 
l , 

.- -_'_ft __ -_ ~ ~. :"" -: Tb ~ .ial;&,}~:.t~~:1e 7 '~t.??~~;~i~'~~i.!~ab .. ''':p~1.n...... -_.. _ 
15,. ~ ~qr, ~~e, ~~~p" ,'''', "~+~Cl':6~;:: ~.~t:f?l:l-~~1 a~t;!->~e ,'bé~as'. ':"_ 
, " "', "".' .{t'...·~ .,',';i: -';~:~?~'~;' "',,' ' '," ':':' 

~, - 1 " -:, , ," J' c v 

",,1,··,' ... 1: ' 
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TABU 6 

j. \ 

\ , 
Efficiency of AffinitY Chromatography 

of an Ige Preparation of ant! -CEA 

Coup1ed to Different Carriers 

Aui't CEA 
Unbound 

:.: (liS) : 
" 
" 

~ "'è ,-

1 \ 

> 300 252 

' .. .., . 
,l, 

300 250 

290 

t '~~ 

Am.'t"CEA 
AbsorbeB 

("8) .. 

48 

,. 
50 

, --

"'10 

" '~ , 

( 

80 

i· 
i% 

Absorpt.ion 

16 

16 

3.3 

.. , 
l 'l' 

, ,. 
" 

~ " ... , ~ .J 

"-v ~*''-

\ ~ . - -........ ,.-
" 1 ~ 

, ~ " ::,.-" 
- " ,. 

~_ --,-i ___ " 

t .J ,1 i,'~ 
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Ant-i-CEA 
Coupled ta: 

Amino Aryl 
\ 

/' ' Glass Beads 

'0 
Longehaip , 
~lkylamine 
Glass Beads, 

~, , 

AH-Sèpbarosé 
• - f, 

: ' 

" ' 

il " .. , 

, " 

t ~< 1 '1 -
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TABLE 7 

Non-specifie Binding of an Ige Préparation 
6 

of anU..:cEA Coupled to Different Carriers , 

1 

amo'Unt of IgM 
Applied <.,g)'-' 

<'200 

" 
\ ' 

200 

200 

'. 

~ , ... r 1 

• ! " 
,I, . " 

Amo of IgM 
nbound (pg)' 

r 

190 

180 

140 

, , 

l' 

, l' ,f 

i " , 

Amount of IgM 
Absor:bed (",g) 

'10 

15 

'60 

-.--

81 

I.! 

% IgM 
Absorption 

... 
5.0 

7.5 

<Ci' 
, 30.0 

.', 

'. 

.. , 

r 
, 'f 
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Discussion 

, In designing an itmnunoabsorbent system, carefu1 consideration of the 

" , 
matrix or soUd', support to be used, as well as the conditions of absorption 

and desorption, ie as i~ortant as the choice of the antigen-antibodY system. 

Three( t,ypes of. matrices, ,one of ~garose and two r of glass b~ads, were 

tested for their ability to form efficient iJDlllunoabsorbents. !WO different' 

types of ligand-carrier linkages were a1so inyestigated for their efficiency 

and srabi1ity of coup1ing - ,one resu1ting in the formation of a' Schiff 'base 

using glutaral'dehyde' and, th!! other .involving di~z().t~zation. 

"From Tabl~ 3, tt can be se en tl\at. both types of liI).kages resu1ted in . 
, . ' 

greater tban 90% efficiency of couplin'g, while the stabil1ty of the link,age 
, " 

between the ligand anCî- the ,carri,er (Table 4) was qu'ite resistant to harsh 
-J'. .. 

dissociation treatment, allowing less than 1% leakâge of CEA. with each b1eed. 
1 

The stabi1ity',. of the cliaZ'otized C~A was ~ignificant1y gt'eater than the 

glutara1ddll~de-coupled GEA; however, this iS. most probably due to the mi1der 

et f ect of the glycine-He,l over ~he '3M KSCN. 
. , 

Nonethe1ess, both. coupling . 
l , .' . ,\ 

systems are qui~te efficient. 
, r' • 

I~ .~,rder to "ûetérJtdne w~i~h ~tr±x-~~d, be, ,~tter 8u*t~d to f~J:m an' 

1_"?,,Dao,,:ut-, two pàrameters ".~ ~1II1~~ff1c1 .. ":cy of . thè Uialld", 

,eoup~ed .:~ti~x, t.o.absorb :a ~~e1f~c ,p~~te1n and ,~he- .~~ ~Mch the 
, ~ '\ • r ~ ~ ""--....... '-

_. > __ ~~ijV": ~tself,"would, ab8o~bp~~~e:i~~11 ,ae.' .easur,ed)i"~di~~~~J';o~:'Whi9h 

..o";a~\: ~~. ~~1,<I~~oa11Y y1tN~~_< ~~. ~~~~~lgll:.·';rhe ,typO ~ . 
j ~ ,;, t, ,.,...- (}. ,1. - " ,~ , , J 1 

~ojf,aU!l)ltx,;';liOl1itân uSBd;'for, tlies~ studi:es 'was. o'ne whe:re 'tlle 'llgànd wu: an 
.. '\:.,r;i~{~f~? :i:):. \' , . .,;: ··':<':~·t, • 

(" ~"" ~ '>f ~ ~,' 
~~ l' - - ~{, _ 

. " 
-, ~ '" ,; - ~ . '/{" ", "" .,:, , ",,,,,".,,,,,,,",~,"., 
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enriched gammaglobulin f~aCtiOn\~f the anti-CEA unabsorbed antiserum. The 
\ • \ 0 

ef,ficiency of this 'column was tested by measuring, in the RIA inhibition 
\ 

. ' ,,-..assaY4~--1:he amount of CEA which would absorb ta thecoupled antibodies. Table 

6 shows that both glass bead columns had reacted w~th 48 ... g - 50 ... g oï CEA 

applied compared with only 10 ... g for - the sepharose coitimn. 

'l'he amaunt of nonspecific absorption by the matrix itself was measured by 
, . , 

applying IgM to each coïumn. A!3 shown in Table 7, the amount of IgM eacl?-
, " 

. ~tr:i.x ~etained indicated that th~ gl:ass bea.ds, which absorbed 10 ... g a~d ( 

." 

15 ... g for the amine aryl and longchain alkylamine beads respective!y, are 
, , 

~hemiéally -m~re i'nert, than the 'sepharose. which absorbed 60 ... g. 

, "The method of dissociation of those molecùles immunologically bound ta 
, ' 

the ~igand was' 'cJ:rose~' to b~ O~~ M .glYCire-HCl. ~~is chaotfopic agent is less 

harsh than 3M ,KSCN with - the same eluting ability, as seen above. T'o 
~ ,,' 

d~termine which pH strength was to he used for the' elùt!on procedure, 
'" 4tC ,~ , ~" 

anti-cEA antibodies wex:e s~cc~8sively dissO~iated .fram ~he coupled ligand 

. (CEA) with ,four' dlfferent 'pH yalues .of the· 0.3 M glycine-HCI, starting wi1;h 

pH ~~5, followe4' by pH 3.0, then .pH 2.75 and finally,'~.2.5. 

Following the cdcu!atioIl ~f the CEA-react~e antibodies' in each -. 
-frad:~ot;!., tt W~B -(seen (Ta~a.e. 5) \that the ~jority of tÎlése ant:lba~ies were 

'" 

, èlute,d w1th",'~ ,Pui,~5 and pH 3.0, ·whJ.le inc~ba,tion V!t~ pli 3.S and pH 2.5 
o ~ ~ :~! .:' :~ ~ * l' 1 ~ , ~' ,1 _~ \ fi" '>, 

'~eà~~ect 'trt 9I11f ~1!or 'di,ssociatioh. Hence J con~.:e~ution .vith pH'. 2c"~ ~as 

:datetlÙn~~ -:to" ~ ',.uiticient. - " " , .~:-~~~~:. -~ - . '- .~: -:' . _ ~: :I~;~',._' <"; " 
..- l 1 ~ .~ - , '~:J' ~ 1 ~... , , 

,,t'~) ", " .:':~!1i~~' .~~Ü~'â18~~'.ga~ a:~~u're af tbè:.~~·~~lii('.:" ~~ ":~:the"~,_, 

" 

;; , l ,,~ y ... r , Il x''; -..,::;s.,. "'-~J-_ l " .. 

',,\~'-) "r .... ~~~ -1 f -: ", ~x' /'~';,~'" f \~t ': '~, -.~ ... ~ . ~ " ',~;"~T>\0< .!c~:.!.-:y,<c< ~k('~" ~ ~/"-:-I 
• - '" 11 .f ~, ,r. ;r ;-'-"" .... ', J' >\,~! 

~~l~,~ .. ;;~u.?~{~lJ~<~~~~.çt~Ve antt~~: ~iii,~,,, .' ~)Ji~é.~: 
.... :1"" 'L,~,~;f, ~'~::, ';~'> • .,' . .,:' :i?ét~;;;,;~:1~:;:~;'. 
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tive of the total amount of protein in tbe gammaglobulin fraction originally , 
, 

appl.ied, the amount "of unrecovered antiserum was 17f (Tablé 5). This loss 
r 

coul.d he due to nonspeclfic absorpti'Qn ·onto the matt'i~ as well. as a measure 
• 

of antibody m?lecules with an ex~remely high affin~ty' for- the -coupled CEA, 

which we.re unable to be el.uted u~der the conditi.ons employed. Separation of 

such high af fini t y complexes woul.d probably only occur with strong reagents 
- 0 t 1 

thatmay possibly de-seroy the incy.vidual. components. Indeed, part of ~his 

17 .0% lOBS could ,have been recovered 'in the pH 2.5 elution as inactivated . . 

anti body -1Jlolecules due to t:he acidic environment. 
\ 

. . 
Thus,' the slass .beacls. were seen to be a superior matrix over the agarose-

1 

with respect to it:s effic-iency as an immunoabsorbent. Both amino aryl. and 

longchain ~lkylàf9i1ne b~ds,. utiliz1n~f diazotization and activation, 
0, 

, -
by glutaraldehyde, tespectively, to couple ligand, 'and employing 0.3 M , 

glycine-Hel pH 2~8 to elute the 'rJIUllllnoabsorbed ~'racU<?ns, were used 'to f9rm 
_ 0 

,the afUnity coI,UJllIlS in the subsequent sttidi~8. , 

.. 

,-

: 

, . 

, ' c 
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deseribed in Cbapter l." are due to the mult1.-epitope ,nature of the CE! 
[ 
\ . . 

!D0leeule wh:tch, when -1.njeeted into a :anogeneie an1.mal, el.1.e1ts a pop~Iation "" 

I-.~ - $f anti..body mo:tet!ules W'hich1>not 'only reec't w1.th CM, bu~'wJ,th a number of 

" , 

normal compon~\lts. Ttfe unabsot~d anti-CU. antiser'ua will reaet With '89\1eo\ls, 

extracts of normal hutuan serum, n'o~l lung, bowei, liver ~rid 8too1 in an 
, . 

inh!bit1.on assay.' After a single passage tbrough an afUmty cO"J.wm 
. - ' -1 

eontain:lng var:lous covalently eoupled normal tissues, the reactiv:lty 'of the 
~ b 1 ~ -

antiseru~ to nrrmal serum, li vel' an~ lung tisaue~ decreases. Ho~ever, normal 
- " .. t ~" 

bowel, and to a 1esser extent, normal,stool still-s:lgniUcantly inb1blt in 

the aasay (page 3'7 J Fi.g-., 1) 
'. 

,In the precious c~ptert two, types of IIUltl'icea and tWo different kinds of 

exqined" tt wes seen that e1ther mecbo.d of 
, ' 

II/" 1 1 lir. 

~ the ~trix was rel.l.able J'~ used vith a . . o , 

couplbia ligand to a carrier . " 
, 0,..glas8 bead ~olld auppo-rt ratber 'than an aproBe one • 

. The ailit of ,,:'~h-i8 ~~d,' w~· to .ee ~. anti-cBA· a~ti.~~ C~1d he made ", 
, • ,_ • oIt', - \. 1 p. 

, . les. r.a.et:1-ve- ~:~t1Ià~}iove-1 ti-nue. thereby iap",ving t}le -specifi:!!:tty of . : 
, '\ ~ ~~ .' ~ '" ... 0' 

'0 '" ~~~TlU~;t9'f~J:ds :~~'~'î\""i:1Da "tlle 8ùlSUJ.~ of detoet!OI1 .. ~ dia~ea _, 

• ,: 1 o.thet' t1'Uui ._l1;~nc;y_·,at' ,:,i~volv.s in ,~1s~u.e ,pathol081.,. ' 
Q , < l' T~\... "'!,;. ~ _ ' , ....' '~I .. ! L ' , , ~ • .'! , ' 

.,:":,,'{~:.>,,;";.,.' ... ",,, ",:'~~",;" ' ',:. " ., -r, ,_,',"~, 
o " .' 0 ••• :, "l' ,',: •. : '0, '." • ,'''":,,.', .' .'"~:':~"" 
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In this present study, normal staal and normal bowel from mucosal linings 

of ~the intestines were the two antigens used aEj_ ligands and employéd to 

innnunoabsOl;b anti-CEA antisera in an attempt to modify the specificity 
'-~-

detected by the \unabsorbed anti-CEA antiserà • 
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. Materials and Methods 

1) Preparation of Antigens 

A) Prepara"tion of CEA 
~ 

"'.J.. The preparation of CEA was as previously described in Chapter 4. "-

B) Preparation of Normal Bowel AntigEm (NBA) 

-' . (1 
At aIl times the normal bowels used were obtained immediately after 

autopsy, from individua~. free of any type of cancer or gastrointestinal 

disorders, and stored at -200C unti1 used for extraction. , w 

In preparation for extraction, the tissue WaS dissected free of surround-

lng fB;t as eleanly as possible. The mucosal 1ining was then dissected away 

from the tissue and !;lubsequently used for the extraction. 

(i~) Initial Prep~ration of Normal Bowel Tissue 

A 500 ml volume of distilled irater was added to 500 g of tissue. This 

was homogenized in a water-cooled Virtis mixer at 15,000 rev. for 15 min. 

The resulting homogenate was spun at 7000g in a Sorvall RC2-B for 20 min at 

40 C. Th:r:ee layers resulteq - a fatty layer on the top, a middle liquid layer 

and then a precipitate at the bottom, of the tube. The fatty layer was 

dis carded. 

, 
/ 

The supernatant was decanted, recentrifugèd, and redecant~d. The 

preeipi ta te, in each ,case, was also ('"dis c:arded. The supernatant was th en 
. 

filtered through a Whatman 114 filter paper. The filtrate, a volume of 

approximate~y 800 ml, was then divided into three 'parts. One part was kept 

on iee in preparation for the next step in the isolation procedure. The 

other ttio parts were lyophilyzed and stored at -200(; until further utiÙzà-

tion. 

'-"'- .-. -. ----------_ ..... _----...:...._---------~----_._,----..;..-
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(if) Preparative Ion Exchange Chromatography 
• 

Both the carboxy,ethyl cellulose (CM 52, Whatman) ar;td the DEAE cellulose 

(DE 52, Whatman) were obtained preswolleri. The two matrices were each~ 

1 

suspended in distilled water to yield a volume of 100 1, followed by 
")-

separately pack\d 
, . 

exhaustive washing with distille,d water'. Each ge~ was 

with distilled, wat~r in a K25/60 ~+-umn (Phar~i, Fi ___ ~ 
_ i 1 

height of 20 cm for the DEAE cellulose and 18 cm for the' 0{ cellulose, and 
• 1 

were allowed to run, br gravit y , for 26 hr with' distilled water. 1:he two l 

, 
columns were then set up in tanciem, with t'Q.e out let of the CM cellulose 

ô> • 

column joined by plastic tubing tO,th~ ,inlet: of the DEAE cellulose column. 

The fil.trate from the extraction procedure, which had been kept on ice, . 
• 

... 1 

was then applied to the CM cellulose .column using a Mariotte bottle; The' 

effluent from the DEAE cellulose columnl wa's retained and tested for NBA 

cross-re.activity in the RIA for CEA. The tw;o col\,~mns were washed with 

distilled water until the effluent from the DEAE cellulose column showi!d less 

than 0.02 absorbance units at 280 nm. The CM cellulose co14mn was discarded 

and the material in the DEAE cellulose column was eluted, stepwise, with 

incr~asing ionie strength of a 'Tris-HGl buffer 'pH 7.8, s.t:arting at 0.05H 

Tris-HCl, followed by O.lM Tris,-HCl and finally with D.2M Tris-HCl. Each 

tube, which contained about 6 ml, was tested for its ability to inhibit· in 

the RIA fO'r 'CEA. The active fractions of eaeh elution were pooled, 

lyophily,zed and retested ln the as say. to obtain a specifie activity of the 

preparation,. 

( 

--------~ ............. -----... --------.-11!11 .. I.iR.'. _____ • ____ I'II,.un •. __ l1ll1la.e.:: 
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(Hi) Preparative Ultrflgel Chromatography 

89 
~ 

When further purification of the NBA was required, filtration through an ' 

Ultragel (LKB Labs) col~mn was emp~oyed. The Ultragel was was?ted 
1 

exhaqstively with distilled water and the~ ~acked in a K15/l00 column 

(Pharmacia Fine Chemicals) by gravity:. The column was equilibrll;ted with 

, ' o .05H Tris-HGl buffer pH 7.8, which was also used as the eluting buffer ... 

A 50 mg sample fr~lm the 0 .1N Tris;""HC,l eluted fraction of the DEAE 
\ 

c'ellulose isolation step was di~solved in 5 ml of the 0.05M Tris-HGl buffer 

and applied to the Ultra'gel column.. Th~ elution was carried out by utwar'd 
of 

flow at a rate of 20' ml/hr at room temperature. 'lIhE! eluate was monitored for 

its spectrophotometric ac.,tivity at 2,80 nm and was collected in 5 ml 

... . 
fractions. Each fraction was assayed in the RIA for CEA, 'and those 

co'ntaining NBA inhibitory acti vit y were pooled, ly.ophilyzed and stored at 
/ ' 

. -20°t: until further use. 

e) Prepa;aÜon of Stool Extract . 
Normal stool material. was collected from patients with malabsorpt1on 

...,syndrome. This source was employed since the stoois from such patients were 
, 

routinely cbllected in the hospital to monitor their clinièal status. 

Ta 500, gm of stoois was added an equal volume of distilled wat-er and the . . , 
resulting mixture was homogenized in a water-cooled Virtis ',mixer at 15,000 _. ~ 

rev., followed by centrifugation in ~ a 40G Sorval ~C2-B at 2500g for 10 min.' 

.. 
The supernatant was co1:lected, lyopl1ilyzed 'and stored ,at -~OOC until further 

use. 

" 
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'.2) Preparation of. Anisera 

- - ---- --_._----,.,,-_.:...._....:..,-- -
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A)' Preparation of ij,!?rs~ Unàb~b~d anti-CEA Antiserum 
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..... l ' 
Horse . unabsorbed anti -CEA' antiseru~ was prepare-d' as prev~ously descrioed 

in Ch~pter 4. 

B) . Pre dration of- Horse Absorbed -CEA Antiserum . ' 

lforse absorbed .anti -':CEA prepared ,as previously described in 

Chapter 4. 
Il . 

C) Preparation of Sheep anti-Horse Gammaglobulin, 

- Sheep .anti-horse ga~aglobulin for use as' the second antibody in .the 

double antibody RIA for CEA was prep'ared as previously descr! bed in 
1 

Chapter 4. . ' 

D) Preparation of ,Guinea Pig anti-CEA Antiserum 
\ . , 

'1" • 
A guinea pig was, itnmUll1zed once with 500 JJg of purified 'CEA emulsified in 

\' .. 
J; 

Freund's complete adjuvant.' .The animal' .was g.iven a test bleed 10 days later 

\ which ga:ve a Une in Oucht~rlony against pUfi~ed CEA"; The animal was : 

sacd.f~c'ed and the blood, obtained by' cardiac exsanguination, was di vided 

into four 5 ml aliquot~ and stored at -20oC until f.!lrther use. This 

antiser~m was "thus termed guinea pig ànti -CEA. 
11. 

3) Radioinimunoassay for CM 

. , 

The radioimmUI1assa~ f:or CEA was- performed as previously described in 

Chapter 4 .. 

.1 / 

. , 

/ 
/, 
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Immunodiffu~ion Techniques 

( 
\ 
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o 

, 
Double diffusion in agar was performed as previous'ly described in 

1 
Chapter 4. 

, 
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5) Preparation of Affinity Chromatographie Materials for Absorption StudiLes 
'1 

A) Preparation of Amine Aryl Glass 'Head Immuneabsorbent Columns 

The ac ti vation of the glass beads was as previous ly des cri bed in Chapter 

4. The' couI?~~ng of the ligand ta the mhtrix was as follows: 80 mg of NBA . 
material was dissolved in 10 ml of· 'Û.OSM Tris-phosphat~ bu~fer- pH\ 8.0 and 

\ added to 3 ... ·m1 ef activated glass beads'. The mixture was allowed ta incubate 
'iJ 

one Ihour in an iee bath with repeated shaKing". ' The remainder of the" 

ligand-coupled amino aryl &lass bead~. 

B) 
, • 1 

Preparation of Longchain~ Alkylamine Glass Bead Immunoabsorbent 

Columns 

The activation of th~ glass beads was as previeu~ly deserib~d in Chapter 

4. The coupling of the ligand ta the matrix was a,s follows: 80 mg of either 
1 

NBA or stool material was dissolved in 10 ml of 0.1 M sodium carbonate-

bicarbonate buffer pH 8.5 'ana added to 3 ml of activated st1ass beads. The 
r () 

/ mixtu!-"e was allowed to incubate one heur in an iee 'bath with repeated 

/ 
shaking. The remainder of the procedure, was as previous1y describèd in, 

Chapter 4 for the preparation of ligand":'coupled longchain alkylamine glass 

beads. 
Il 

C) Use of the Immunoabsorbent Columns 

500 111 of ei~her' the horse or guinea pig unabsorbed anU-CEA antiserum 

'0 

, , 
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, 
1 
1 

was applied i1;~iti-ally to the column and allQwèd t<t recitculate overntght st 
1 
i 4°c with the use of the peristaltic three-channel pump ~t med:f,um speed. The 

, ! 

next morning~ the column was allowed to equiÛlttate to room temperature 

foll~wed by extensive wasning w~th the equilibrating bufiter to r~move those 

Molecules not bound or weakly bound to -the ligand. This' was followed by 

incubation with 0.3 M glyé.ine-HCl 12:a 2.8 for one nour to \ remove those - ' 
, ~ . \ . ~' 

antibody Molecules :Nhich had ostensibly specifically reacted .with the coupled 
, 1 

~ 1 

normal mate rial. The 'colunm wa~ then equilibrated to neutral pH 'and returned 

-tG>' the cold until", furt~e'r utilization. The eluate fFom the treatment with 

glycine-HCI- was immediàtely neutraÜzed witb. O.lN N~OH to a pH of between 7.0 

and 8.0. 

The~wo fractions of anqbody populations, that e1ut_ed,with the 

equilibra,ting buffers (unb,?und fraction) and :hat e1uted with the glycine-HGI , 
" 

(bound fract:ion) welte concentrated by Amicon.u1trafiltration to â v'~lume of 

2.0 ml. 0.1 lIÙ of each fraction was used to make an initial dil,ution of,' 
Q 

1/10, subsequently usèd in the establishment, of the Rlkts. 

With respect to the unbpYmd fra~tion, the remaining 1.9 ml was reapplied, 

48 hour~ later, to e'ither the same immunOâ'bsorbent or to a different one e,nd \ 
~ 

allowed to recirculate overnight at 4°C.· The recycl1ng- of this unbound 
< '. 

fraction, and subsequent' recyclirigs, weFe performed as described abo'iTe for 

the initial passage of the unabsorb'ed ant1serum. 

~i 

'1 1 1 

... . 

! 
1 

1 ... 



, . 

o 

,. 

o 

\~Jl 
\'1 
~\ 

l' 

, ",.' Q 
.).' , 1 • 

" 

1) NBA Isolation 

{ , 
\ 

___________ --' __ 1 __ _ 

93 

.. , 

Results 

Figure 7 shows the DEAE cellulose profile of an aqueous extraet of normal . 
, 1 

bowel material. NBA material, reaetive in the CEA RI~ was rep'resented by 
, ~ 

three major peaks, l, 11, and 111, whieh corresponded to the, three distinct 

!: molarities of Tti,s-HCl pH 7.8 use'd for the elution. Fraction 1 eluted wÙ:h 

O.OSM Tris-HCl, Fraction Il wit~ O.lM Tris-HCI and Fraction III w:l,th O.2M 
l , a 

Tris-Hel. These three fractions were each_ dialyzed against distilled water' 
r 
followed 'by lyophilyzation. the amount of rec~vered material and relative 

inhiQitory activity in the CEA assay of eàch fraction were determ1ne~ ànd are' 

summarized in Table 8. The amount of NBA màterial required to achieye 50% .' ISO value) using thf Farr technique, w~s . \ 
inhibition of ,the RIA for CEA (the 

, 
employed as a means of eomparison of the degree "'of immunolo-gical reaet! vi ty 

~ 

obtained with each P"?rifieation sti7P. .-The fraction whlch gave the grea test' 

degree of immunologie reaeti vit y" was' Fract:ton Il, 

4 
having an ISO of 10,000. ng 

as compared with Fraction l and Fraction Il whose ISO values were 
\ . 

37 ,~Ç)O ng 

and 20,000 ng respectively. 
, 

The second step in the isolation of NBA employed, as stàrting material, 

50 mg of Fraction Il from the D~AE' cellulose column, which was then appl.ied 
1 • 

to an Ultragel column. figure 8 shows, the Ultragel e~~tion prof:iJle. 

/ - . ~\" 
,Follow!ng chromatography, two peaks were' observed~ a major one, Peak 1, at 

, 1 

200 m~ of elution and a minor one, Peak l~lJ at 290 ml of elution. 
~ 

Each peak 

/' / 

was d:.talyzed against distilled water and lYOPhilYZe~ Table 9 shows the 

) 
/ 

\ 
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Fig. 7: Elution profile of an aqu~ous extra~ of normal bowel tis-
sue· on DEAE cellulose. A column s1~e of 25mm x 2ücm was 
emp10jed w:f.th stepwiae elutions. using Tris-HCl buffers of 
pH 7.8 with IIlOlariti~s Qf: O.OSM for Fraction 1; O.lM for 
Fraction 11; O~2M for Frattion 111. The f10w rates were 
5O-~O ml/br. O .. D. at Al80 (~~--"!"""l; inhibitory activ1ty 
in the ·RIA ~ ) • 
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TABLE 8 

.. 0 

( 
Preparation of NBA Material 

br DEAE Cellulose Ion Exchange Ghromatography 

Stepw1se Elution 
wit:h T-ris-HCl at: 

, 

O.OSM 

\ 
\ 
\ 
\ 
\ 
\ 

"y 
\ 
\ 

" O.lM\ 
\ 

fil \ 
\ 

0.2M 

t 
Recovered NBA 
Material 
(mg ~ry weight) 

233 

85 

125 

r ISO of Recovere d, NBA 
(ng) 

37. ,500 

10,000 

20,000 

...... 0 

1 , 
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E:lution prof1.le obtained by Ultragel 'fi1t:r~tion of ,a 50 mg 
sample of the mater:lal from Fraction III of ,the DEAE cellu­
lose chromatography. A column Bize of lSmm le 100 cm ~s 
employed wlth flow rates of 40 ml/br, using O. lM Tris":'UCl 
pH 7.8 88 the eluting buffer. Tvo peaka were determlned 
br the Inhlbltory actlvlty - Peak ,1 and Peak 11. O.D. at 
A280 (----":');. .1nhibltory aetivity .. in the RI.A ~ , 1). 
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TABLE 9 

Preparation of NBA Material 

br Ultragel filtration 
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\ 

~ \ 
150 of Recovered NBA 

Recovered NBA 
Mâterial 
(ng dry weight) 

26 

8 

( 

Farr Technique 
(ng NBA) 

32,000 

Dou ble Anti body 
(ng NBA) 

2000 

20,000 

... 
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amount of material recovered and th~ qùantity required for 50% inhibition ,in 

the RIA. Employing the ~arr technique, the material in Peak 1 gave 'an ISO ~f 
" 

,5500 ng compared with the material' in Peak 11 which needed '20,000 ng to . . 
, 0 

achieve the salile degree of inhibition. 

By comparing the ISO values'" of the most active peaks of both isolation' 

procedures, it ca~ be seeR" that Ultragel chromatography, wfth an 15'0 p! 

?500 ng for Peak 1, ,achieved on1y a two-fold increase in purification and. 

specifie ;:-eactivity over the DEAE cellulose i/solation which gave an ISO. ~alue 
' . . 

of 10,000 ng for Fr~ction 11. 

2) 
" \ 

Immunof~activity of Horse anti-CEA Antisera with NBA f 

Figure. 9' shows the inhib;Ltioç. cu~ves establisbed when both the absorbed 

and' unabsorbed horse ant! -CEA anti~era ~erQ, reacted ~:Lt:h NBA material and 
1 • 

12SI-CÉA in the RIA. The Cl,lrves ,obtained by the use of ~he Farr technique 

'emp1oyed, as NBA mat!,!rial, ~raction 11. of the DEAE cellulose isolation step; 

those obtained using the double antibody method used the NBA material from: . , 

Peak l'of the Ultragel filtration step ... 

The u.seful working range of the curves was between 3000 ng .and 50,000 ng 

'when the Farr technique was used, and from 1500 ng to 20,,000 ng with the 
1 

'double anti body ·~e.thod. U sing t~e 150 values \as~ a means of comparisc;n;' the 

assay using the double antibody method ~~ twice as ~e~Sitive than that using 
~r~ ,--" 

the Farr technique lt .y~ng 150 values of 2500 ng' an,d 5500 ~g ~1th, th;e 

una bsorbed antiser~ and 6000 ng and 11, 000 ng~~ith the absorbed serutia for' 

the two assays respectively. 
ào 

, ;-

Q \ , 
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NBA - ng, 

/ 

Inh1b~1on curves est~blishe'd betwee'n NBA (Fract on 11 , 
125I-CEA and both the absorbed and u~bsorbed horse ant -
CEA ant1sera using the rt\rr technique .and the double i-
body method. Unabsorbed (- -) and~bsorbed ( ............. ) 
"1t;h the Farr te~hn:tque.; u~baorbéd (_. T · -) and absorbed 
(----.., w1th the dQuble antibody method. 
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Preparation of Covalently Coupled,NBA or Stoal Affinity Columns 
1 

100 

Eight affinity columns were prepa'red and used as immunoabsorbents for 

tbi!i study. The longchain alkylamine glass beads were the matrix used for 

\ 

the coupling of stool material and NBA material f1Çom Fraction Il of the DEAE 
1 

cellulose isolation step. Th~ amino aryl glass bea~s were the matrix used~to , 

prepare four separate immunoabsorbents coup1ed with NBA material from Peak l 

of the Ultragel chromatographie procedure. In each'caye, 80 mg of the normal 

mate rials were used for coupling. The effieiency of coupling for aIl eight 

col~mns' ranged from 85Zs to 92%. 

'" 4) Doub{e Diffusion in Aga~ of the 'anti~~E~Adtisera with CEA 
t ) 1 ';;r~':; 

I.J,",)'s. 

~wo species of anti-CEA antisera were utilized in this study - one from a 

" • 1 

guinea pig and one from a horse. 
.... 01', /, .... L'~ } 

Figure 10 'shows the dou~::'~cÙ.f:ÉuSi~\ r,eaetion in agar of. CEA with 
- ,(' "\ 

unabsorbed guine'a pig- antiserOm and both absorbed and unabsorbed horse 

antisera. Referring to the dia~belo~, weIl #1 contai~êd purified CEA 

(lmg/ml) ànd well'g 112, 113 and lI~ontained abs'orbed horse", unabsorbed horse 
". 

and guin~a pig antisera ~spectivelY. Single precipitation lines were 

observed between thl;! antigen with each of the" anti-CEA antisera. 

5) lmmunoabsorbent Chromatog~aphy of Unabsorbed anti-CEA Antisera 
( , 

, Jj 
A) Immunoabsorption o(Guinea Pig anti-CEA Antiserum 

Two i~unoabsarptions of guinea pig' anti-CEA antiserum were performed • 
• 1 

v 

- 11 Il 1 T 

• 1 

i"NIL 



c 

1 

Fig. la: 

o o 
Double diffusion in agar of CEA with unabsorbed and ab 
sorbed horse' anti-CEA antisera and guinea pig anti-CEA 
antiserum. WeIl #1 - purified CEA (lmg/ml); weIl #2 -
absorbed horse antiserum; well #3 - unabsorbed horse 
antiserum; weIl #4 - guinea pig antiserum. 
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The first one entailed the use of a sto?l-coupled affinity column followed by 

two more passages through an NBA-coupled column. A second immunoabsorption 
1 

was attempted by recycling the unabsorbed antiserum three times through I~ 

single NBA-coup1ed column. the matrix used, in both experiments, was the 

longchain alkylamine glass l beads. The NBAlmaterial use~ for coupling was 

from Fraction 11 of the DEAE cellulose isolation procedure. 

(i) Immunoabsorption on Stoo1 and NBA-Coupled Affinity Columns 
l' 

Unabsorbed,~inea pig anti-CEA antiserum was initially passed through a " , 

stoo1-toupled affinity column followed by two additional passages through an 

NBA-coupled coiumn. The guinea pig unabsorbed antiserum and the effluents, 

from each passage through the immunoabsorbents were titrated in the RIA, 

emp10ying the Farr technique. Figure Il shows the titration curves thus 

obtained. Maximum bindlng -remained at about 80% in each 1 case. However. the 

1 

titres of the various recyc1ed antisera decreased after each absorption step. 

As a~means of comp~rison, the titre at 50% binding on the curves was chosen. 
1 

The titre of the guinQa pig unabsorbed Table 10 summarizes the se values. 
Il 

antiserum decreased by 80~ from 1/33,000 to 1/6400 after the initial passage 
,~ ,. 

through the stool immunoabsorbent. The succeeding "two passages through t~e 

NBA immunoabsorbent further decreased the titre by 17% from 1/6400 t;' 1/5280 

for the second passage and by 60% to 1/2000 for the last passage. 

To determine the degree of antiserum modification produced Iby each _ 

ab~orption step, the different recycled antisera were t~sted in the inh~bit-

ion RIA with CEA and NBA. The 50% binding point on the tltratlon cu~ves was 
1 

chosen to give the dilution of each recycl~d antlserum ta be used in the 

/ 

1 

1 
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RECIPROCAL of DILUTION 

1 
V 

:0 
- - .. --,,' 

Titration curves establish~d when 1251-CEA ws react;ed 
with unabsorbed guinea pig anti-CEA ant1serum ~ ~ 
and the same ant~serum immunoabsorbed on an initial stool - ~ a~f1nity colUDm (_._._.~, followed by a seconQ cycle 
(-----~ and a th:ird cycle (- .) on an NBA (Frac­
tion Il) affinity column. The curves were obta!ned ustng 
the Farr technique_ 
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TABLE 10 

1 

~Re~ctivi~y of Guinea Pig_anti-CEA Antiserum 

IMmunoabs~rbed on a Stool-Coup1Qd 
. 

and an ~A-Coup1ed Affini ty Coiumn , 

" ., 

" 
Degree of Serum Dilution of 150 Inhibitory ~ 1 50' lnhibitory 
Immunoabs9rption Antiserum at;. Activity 1 Activit;y 

0 
50% Binding (ng - CU) (J'tg L, NBA) 

Unabsorbed A 
Guinea Pig 1/33,000 7 .. 80 3740 
Antiserum 

lst Cycle '1/6-400 6.25 7000 

t 
./"" 

lnd Cycle 1/5280 11.70 3120 

• 1 

" 3rd Cycle 1/2000 15.00 8750 

0, , . 

t, 

, 
" 

" , 
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establishment of an RIA. ~Figure 12 shows th~ inhibition curves su'bsequently 
1 ~ 

obtained. Tlte working range of the curvés was between 3 ns and 25 ng for 

inhibition by CEA and 1500 ng and 25,000 ng for inhibition by,NBA. Table lQ 

shows the amounts of CEA knd NBA required to achieve the ISO value for each 

absorbed antiser~ Absorption through the stool immudoabsorbent resulted in 
- '1. 

a reduction in sens,itivity towards NBA ~o'm 3740 ng for the guinea pig un- / 
1 

~absorbed Sierum to 7000 ng after the first passage. Reactivity to CEA sli\o~ed 
, f" " • 
• à very sli.glît: increase. The valUe of the 150 changed f ro~ • 8 "ng f or the 

unabsorbed gUinea'pig antiserum to 6.25 ng fol1owing this first cycle of 
/' 

immunoabsorption. Howev~r, the recycling of this antiserum through the NBA 

affinity columns, decreased the inhibition with CEA 'to 11.7 hg and 15.0 ng for 
, 1 

the second and third absorptions respectively, while the sensitivity to NBA 

fluctuated from 3120 ng for the secon~'passage to 8750 for .the last one. 

Th~ a~tibody populations which were elute~ with 0.3M glycine-HCl from the 

Immunoabsorbents were similarly titrated in th~ RIA and tested in the CEA ant 

~BA inhibition ",says. ' Figure 13 shows -the ~tion curve' obtained u,ing 

the bound fractions from this first attempt to modify the guinea pig anti-CÈA 

antiserum. Maximum binding ranged between 63% and 82%, with a background 
1 

radiation leve1 of-about 20%. Thel dilutions needed to achieve 50% binding 
, 1 

Il. The first passage through the stool column resulted 
1 

only 2.7% of the originally applied guinea pig serum, ~ 

giving a dilution 'of 1/900. ~~e second passage, through the ~BA immuno­

absorbent, resulted in elution.of 12.2% of the recycled antiserum (from the 
.' 

unbound fraction of the first passage) for a dilution of 1/780 at 50% 
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Inhibition curves establlshed between 125I i tEA and either 
CEA or ~BA (Fraction 11) and :suinea piS 'anti:-CEA ant.i­
sera: unabsorbe'd ( ~i and immunoabsorbed follow­
ing: 1 cycle on a &.tool affinity ëolumn (---_.')j a 2nd 

1 
cycle ( .. _~---) and a 3rd cycle (- -) on ,an NBA 

i (Fraction 11) affin1ty column. ' These C)lrves vere esta­
blished ualng the 'arr techniqùe-
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RECIPROCAL of DILUTION 

11tration curves established when 125t -CEA W8S reacted 
vith immunoabsorbed, gu!nea pig ant! -CEA antiserum elu­
ted with O.3M glycine-HC1lpH 2.8 following an initial 
cycle "on a stool affinity col~ ( .. ,_. - .,~ and a se­
cond (------) and third, (- --0,... -:) c.ycle ~ on an NBA 
'(F~act1on 11) affinity co1umn. ,The curves were obtained 
usina the Farr tec.hnique. . 
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TABLE 11 

( 
, . .., 

, . 
Reactivity of Bound Guinea Fig An~ibody Fractions 

" 
" 

lst Cycle 
(Stool Column) 

2nd Cycle C> 

(NBA Column 

~ 
"'" 

3rd Cycle -
(NBA Column 

>1 

\.. 

... 

'E luted withl O. 3M Glycine-HCl 

Dilution 'of . 
~Eluted Fraction 
at 50% Bindtng 

1/900 

~ 

l/7~O 

j 
( 

1/250 

\ 
. 

.:;':. 

) 

'f " 

ISO Inhibotory 
Activity 
(ng - CEA) 

12.50 

10.00 

, Il.OO· 

. \ 

. \ 
'-../' 

ISO Inhibitory 
Activity 
(ng - NBA) 

_'4000 

1900 

4520 

':1 
"" 

. 
f 

~ 

~' 

1 , 

~ 
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bindihg. The final passage, through the same NBA column; gave a dilution of 

1/250, which represented the dissociation of 4.7% of the ,\recy~led antiserum 1 

, 
from the second passage which had reacted with the ligand. 

Figure 14 shows the inhibitipn cu~ves obtained when each of, the eluted, 

boun~ antibody fractions were reacted with both CEA and NBA in their 
, -

,respective inhibition assays. The ISO va1uès subsequent1y determined are , . 
given in Table Il. Genera11y, these antibody fractions a11 showed similar 

sensitivit~es to CEA,' with ISO v'âiues ranging from 10.0 n~- to 12.5 ng, a 

decrease from th~t se en with the unabsorbed guinea pig serum (150 of 7.8 ng). 

The sensitivity to the NBA remained mostly unchanged froIn" that of the 

ort"ginal guinea pig serum (ISO of 3740 ng), as seen by an ISO 'of 4000 ng with 
1 

" \ 
the first elution, increasing to an ISO of 1900 ng with the second elution 

and returning to an ISO value of 4500 ng with the last elution from the NBA 

immunoabsorbent. 
- , 

(ii) Immunoabsorption on an NBA-Coupled Affinity Column , 
A second absorption of the unabsorbed guinea pig antiserum was attempted 

similar to the one descri bed above. IH"owever, the stool ~mmunoabsorbeni was 

omitted and three successive passages through only an NBA' immun9absorbent, 

prepared from the same material as was previously used, we~e performed. The 
\ 

titration curves obtained, with the Farr technique, are shown in~Figure 15. 
!' 

Maximum binding ranged,from 70% to 85%. the titres at 50% bind~ng are shown 

in râble 12. Tre first passBige produced an 80% decreas~ i-~)th~ titre of the 

unabsorbed guinea pig antiserum from 1/33,000 td 1/6400. \ The second pasSrage 
1 

1 -
on1y slightly reduced the titre te 1/5900 for an 8% deerease while the 1ast 

\ \ 

-, 

• 
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, Fig. 14: Inhibition curves est,abiished between either CEA or NBA 
(Fraction 11) with 125I -'CEA aod' the immunoabsorbeâ gui­
nea pig anti-CEA antiserum el~ted with 0.3 M Glycine-Hel 
pH 2.8 following a lst ',cycle 00 a stool colu1DJl,,; (- • - • ~ ; 
and a 200 ~----) and a 3rd C- - -) cycle on an NBA 
(Fractibn 11) affinity column. The curves were obtained 
using the Farr technique. 
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RECIPROCAL O,f DILUTION 

Titration curves estab'l1.shed when 125r -CEA was reacted 
with unabsorbed guinea pig anti-CEA antiserum-~ ~ 
and tbe same intiserum :1mmunoabsorbed on an NBA (Frac­
tion ll) af~inity column folloW'ing a f1.rst {_._.~; a

o 
second (----.) and a third (- -) cycle. These 
curves were obtained using the Fa~r technique-
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TABLE 12 

\ 

Reactlvity of Guinea Pig anti-CEA Antiserum 

"v 

lst Cycle 1/6400 8.50 '7000 

.'. • 1 

2nd Cycle 1/5900 15.00 4000 . 

/1' 

l ' 
0 1: i : . 

3rd Cycle, 1/2200 15.60 8750 

.' \ '\ -/' 

o " ' 

, \ 

1 • 
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" 
absqrption. gave a 62% reduction for a final titre of 1/2200. 

Figure 16 illustrates t!le inhibition curves" obtained when each 'antiserum 

was tested against NBA and CEA in the RIA, using the dilution given by the 

50'% bindi'ng point on the ,titration curve to construct the inhibition assay. 

The ISO 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 unaborblj!d guinea pig antiserum to 8.5 ng, 
f 

.t~en 15.0 ng and finally 15.6 ng for the' first, second and third absorption 
1 '. ) • 

respectively. Reac~ivity to NBA was °decreased from 3740 n'g for the unab-_, 
j . 

sorbed serum ·to 7000 rig after the f!1."st passage. The seèond passage resulted 

in an elevation of reactivity, giving an ISO value of 4000 ng which was again 

reduced t~ 8750 ng following the la st absorption. -
,/ 

The antibody populations eluted from 'the NBA innnunoabsorbents in this 

second attempt to modigy the guinea;;ig antiserum were similarly titrated 

followed by. reaction in the inhibition assays. The titration CJIrves are 

shown ln Figure 17. t)aximum binding ranged between 69% and 82%, with a back­

ground level of. 20%. The inhibition curvès obtained when these eluted 

, . 
fraction were reacted with NBA and CEA are shown in Figure 18. Table 13 

gives the dilutions at 50% binding and the ISO values determined by inhibi-. 
tion with the two antlgens. The first passage through the NBA,immunoabsor-

q 

bent resulted in elution of 2.7% of the guinea pig serum for a dilution of 

1/9'00. 
. \ 
The secônd and third passages yielded.bound fractions comprising 

.~____ <t> 

12.8% (1/82~'dilution) and 5.5% (1/325 dilution), respectively, of the re-
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~ ......... ~...;., (Fraction Il) with 125I-CEA and guinea pig anti-CEA an-

tiserum: unabsorbed ~ f ~; 1 and immunoabsorbed on 
an NBA (Fraction 11) affinity coIumn following 1 cycle 
f • -. - • ~; 2 cycles (---:---) and 3 cycles (- -) \ 
The curves were obtained using the Farr technique. 
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RECIPR0CAL of DILUTION 

/' 

Tieratlon curves establ.lshed when 125r -CEA was reacted 
vith immunoabsorbed gu!nea pig ant1-CEA antisera eluted' 
vith O.3M glyc1ne-BG~ pH 2.8 following 1 cycle (_.- --) 
2 eycles (-----); and 3 cycles (- - -) on an NBA 
(Fraction 11) affinity éolumn. Jl'he 'curves vere obtained 
uslng the Farr technique-

, , 
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Fig. 18: 

CEA - ng NBA - ng 

1 

\ Inhibition curves establi-shed between either ÇEA or' NBA 
(Fraction 11) with 125r-cEA and the immunoabsorbed' gui­

"nea pig ant1-CEA antisera e1uted with O. 3M glyc:1ne~HC1, 
pH 2.8 fo11ow1~g a !st cycle (-----,-), a ~ncf cycle 
(-----,) and ,a 3rd cycle (- ~ -) on an NIsA (Frac­
tion Il) affinity eolumn~ The curves were obta:1ned us­
ing the Farr techn:1que. 
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TABLE 13( 

Reactivity ofBound Guinea ~ig Antibody Fractio~s 

E1uted witb 0.3M Glycine-HC1 

N""'1 

Dilution of ISO lnhibitory ISO Inh:lbitory 
E1uted Fraction Activity Activity 
at 50% Binding (ng - CEA) (ng - NBA)' 

~ 
il> 

1/900 12.50 3900 
, 

0 

1/820 10.00 2500 

1/325 10.15 5600 

1 

, 

1 
[ 
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\ 

. The three bOund anti body fractions showed a decreased sensiti vi ty to CEA 
, 1 
, 1 

w·ith ISO valu~ ranging from 1000 ng to 12.5 ng as compared with the 

unabsorbed ser~rlt' s ISO value of 708 ng.
1 

ISO valu~s .obtained when these three 

fractions were reacted with NHA 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 unabsorbed serum (3740 'ng) 0' 

B) Immunoabsorption 'of Horse anti -CEÀ Antiserum 
t 

1 / 
Two immunoabsorptions of horse anti-C~ antiserum were performed. 

1 '" One 

series of experiments consisted of fi ve succ:essi ve passages through an NBA 

immunoabsorbent prepared with the longchain a1kylamine glass 'beads coupled to 
1 • 

materia1 from Fraction 11 of the DEAE cellulose Chromatog~aPhY in the 

isolation procedure of normal bOW;lo Th~ second absorpti n involved seriaI 
II· 

passages through four different NBA inununoabsorbents lt each one prepared in 

the same manner, using the amine aryl glass beads coupled with material 
1 

obtained from ,Peak l of the U 1tragel chro~tographic' step in the NBA 

isolation proced~re. 

" (i) Immunoabsorption on an! NBA-Coup1ed. Affinity Co1u~ 
Figure 19 shows the tltration curves, using the rarr technique, of the 

unabsorbed horse anU-GEA antis~r~m and the antisera obtaine~ following 

recycling througp the NBA immunoabsorbent. Maximum bi1nding ranged between 

50% and 9~%0 The first passage resulted' in a reduction of 85% in titre, 
1 /, 

l ' / going from 1/3& ,000 for the 'unabsorb~d harse serum to 1 5600 for the 

antiserum after the first absor'ption. Successive pas'sages resulted in 

decreases in titre of 60%' to 1/2200,72% to'1/600, 75% to 1/150 and 66% to 
1 

/ 

. , 
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Titration curves establisped when .125I -CEA was reacted 
vith unabsorbed horse anti -CEA ant1serum ( ) 'and 
the same ant~serum l, 1mmun~rbed on an NBA (Fraction Il) 
affin.ity co::l.umn aft:er a let: cycle (_._._~; a 2nd cycle 
(-~---) j a 3rd cycle (- -);' a 4th cycle ( ) 

1 
1 
1 

1 

1 
1 
i 

Il 
1 
1 

1 

",f 
1 

1 
1 

' , 
, 1 

J 

1 

! 

, '1 
1 and a 5th. cycle ~ ~. ,The çurves 'vere obtained us-

ing the Farr techni.que. 
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120 , 
\ , 

1/50 for the sec0rtd, 'third, fourth and fifth passages respectively. 

Figure 20 shows the inhibition curves pbtained when the titre at 50% 

binding on the titrat~on curve was used as· the dilution for testing each of 

p 

the different recyel.ed antisera in the inhibition assays with CM an,d NBA. , 
The working range of the curves was bet,,?een 25 ng ~nd 6.25 ng for CEA and 

between 50 1 000 ~ and 6250 ~g'fOr the NBA inhibitio~ curves. The ISO_values 

thus determined are shawn in Table 14. The reactivity of the '\mabsorbed 

borse serum to ,CEA decreased fram 7.0 ng to 9.5 .ng after the first passage. 

The second passage did n9t ·change this value; however, the third one 

resulted ,in a further decrease to 15 ng, which remained the same for the 

') ., \ 
fourth passage, but decreased ta' 50 ng following' the' final absorption. With 

l , 
respect to the reaeti vit Y ta NHA, the first passage gave an initial four-fold 

decrease in sensitivity, from 5500 ng fo~ the unabs,orbed horse serum to 

22,000 ng, followed by an increase to 16,000 ng for the. second absorption. 
( 

The third, fourth and' fifth passages yielded 'antisera in which the reactivity 

ta NBA was again decreased t'O 23,000 ng, 23,000 ng and i5,000 ng 

respective1y., - - -------~-~~ 

(11) Immunoabsorption on Multiple NBA-Coupled Affinity ColutÎlns , \ 

Figure 21 shows the titration eurves obtained for the unJbsorbed nor'se 

; serum and those antisera absorbed on the four separate affinity co1umns. For 

this absorption, the double antibody method for the RIA was emp1oyed. 

Maximum binding rang~d betw~'èn 45% and 90%. The 35% binding point gav:e the 

titre used for c~mparisan purposes. The first passage resu1ted in an 84% 
\ , 

1 

decrease in titre of the original unabsarbed horse serum from 1/250,boO ta 

•• 
/' 

1 
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Inhibition curves establisbed between eithér'CEA or NBA 
(Fraction 11) 'with 125I-CEA and horse anti-CEA antiser- " 
um: ùnabsorbed ~ ~; and' 1mmunoabsorbed on an NBA 

" (Fraction 11) affinity column following 1 cycle (_. -,._) 
2 cyc~es (----~-). 3 c.ycles (- - -), 4 cycles 
~ ..... _ ...... ) and 5 cyc.1es C ). \ The curves wet:e ob-
tained using tbe Farr technl.que • 

" 

. " . 

11"1 

105 

.. 



" / , \ 

. t - - ~-- --.. --~ 

~_~, ___ "'!&"";Ub_'J ... nlll!l!IIt_i!""'""'A_I."""N ___ • __ lit;_ •• _., ____________ . 

1 
" 

1 

1 
j' 
, ( 
, , 

• 1 

122 

TABLE 14 
• 

I, 

Re,ctivity of Horse anti-CEA AnÙserum 
..p 

lmmunoabsorbed on an NBA-Coupled Affin!ty Column 

,. « 

1 ... 
1 

1 
ISO 'r 50 Inh! bi tory 1 Degree of Serum Dilution of Inhibitary ï 

1 

Immunoabsorption Antiserum at Ac1;i vit Y . Activity 
50% Binding (ng - CEA) (ng - NBA) 

1 

1 
Unabsorbed 1/38,000 7.0 5500 
Horse Antiserum 

1 JJ () 
\ lst~yc1e 1 f • \ 

1/5600 91 22,000 

\ 

2nd Cycle 1/2200 9.'5 16,000 

3rd Cycle 1/600 15.0 23,000 

~ \ 4th Cycle 1/150 15.0 23,000 

, 
5th Cycle .1/50 50.0 25,000 

o /. 
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\ 
.::,F.,;::1;!ijS .. e_2;;;;.;;;.1 ... : Titration cu~es e8t~b1ished when 125r-CEA ws reacted 

. with unabsorbed h()rse ant1 -CE! antiserum ( ~. and 
the same antiBerum immunoa,bsorbed on four sepaTate NBA 
(Peak 1) afflnity columns~ 18t cycle (.. _. - - ;"h 2nd 
eyc1e (oa--~-); 3~d cycle (. ..;;..); and 4th cycle 
( ............. ).. '!'hese curves were obtained using the dou-
ble lantibody met~od.' 
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/1/40,000. The second, third and fourth passages yie1ded decreases .of 35% to 

1/26,000, 90% to 1/2600 and 85% to 1/400 respective1y. 
/ 

'" Figure 22 il1ustrates the curves obtained from \the inhibition with CEA 
1 

1 

an~ NBA of the antisera from each immunoabsorption. The dilution of anti-
J 

serum used was determined by the titre needed to achieve 35% binding in its 

titration curve. The working range of the se curv~s was from lô ng to 25 ng. 
l , 

" for inhibition with CEA and from 1500 ng to 25,000 ng for the inhibition with 

NBA. The ISO values thus obtained are shown in Table 15. The first three 
J 

passages yielded small \ decreases in the sensitivity 0+ the antist+a to CEA, 

changing from ~.O ng' for the un~bsorbed serum to 3.0 ng after t1\~ first 

/passage, then to 3.5 ng aft& the second and to 4.7 ng after the third 
/ ~ 

absorption. The last passagel rlsulted in a two-fold dècrease' in sensit1vity, 
, l , 

tie1ding an antiserum wit~ an ISO of; 10.0 ng. The rea~ti vit y to NBA 

decreased by more than two-fold after the first passage, the ISO 'increasing 
, 

from 2500 ng for the unabsorbed serum to 6700 ng. The second immunoa,bsorp-

1 tion re!'3ul t ed in an antiserum more sensitive "to the NBA, having an 150 of 

2500 ng. However, aft\r the third and fourth pass~ges, this sensitivity 

decreased, shown by ISO values of 5000, ng and 10,000 ng respectively. 
/ . 

, 

The antibo~y populations eluted with O.3M glycine-Hel, fr'om 'the four NBA 

illllllUnoabsorbents, were similarly ti:trated in the RIA followed by reaction 
/. 

r' 
with NBA and CEA in the inhibition RIA. The titration c~,' shown in 

1 

1 Figure ~3, had maximum bindings rangt~g from 61% to 88%, with a .backgrou~~ 
J 

level of about l%~ The dilutions at 35% binding were used to construct the 

inhibition curves with the two anÙgens, illustrated in Figure 24. The 
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1 Inhibition curves established between' either CEA or NBA 
'(Peak 1) with 1~5I-CEA a~ horse anti-CEA à.ntise~a: un­
absorbed ~ ~; and 1mJIlunoabsorbed on four separate 
NBA {Peak 1} affinity columns, followi.ng 1 cycle {_. - • ..., 
2, cycles (-----); l cycles {- ~; and four cycles 
( ............... ). The curves vere obt'ained using the double 
antibody method. 
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TABLE olS 

Reacti vit;t of Horse antil""CEA Antiserum 
1 • 

1 

Immunoa bsorbed on MultiEle NBA-C~u~led Affinitt Columns 

1 \ ,\ 

1 
\, 

. ' "-

Degree of Serum Dilution of 1 50 Inhihitory ISO Inhibitory " 
Immunoabsorption Antiserum at Activity -\\~tivity 

50% Binding (ng - CEA) "'(ng - NBA) 

1\ 

0 " 
Unabsorbed 

\ 
1/250,000 2.0 2500 

Horse Antiserum ". 

(' 

,-

lst Cycle 1/40,000 3.0 6700 

" ." 

2nd Cycle 1/26,000 3.6 2500 ,-;; 
C> • 

• 
l 

3rd Cycle .1/2600 4.7 5000 1. 

i ~ ,i' 

" "-

4th Cycle 1/400 10.9 Q' ~O,OOO' 

\ 

" 

"" -', 

0 
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RECIPROCAL of DILUTION , 

T:1trat1,on, curves estab11shed 'when 125t -CEA ftS r,eacted ' 
w1th immunoabsorbed hot,:se ant! -CE! antisera eluted with 
O.3H glycine-Rel pH 2.8 folloWing 1 cycle (. - • - • -), 
2 d'yel~s. (_":"'_--), 3, cycles (- - -), and 4 cycles 
( ................. ) 01l four separate NBA (Peak 1) affinity col-
umns. The curves were obt.tnad us1ng theodouble anti­
body method • 
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Fig. 24: Inhibition cu~es est~lished betweeeri. either CEA or NBA 
(Peak 1) with 125I -CEA and -the immunoabsarbed horse anti­
CEA a~tisera el~ted with 0.3 M glyc~ne~HCl pH 2.8 fol10w­
ing a lst cycle (_. - • -); a 2nd cycle (----.); a 3rd 
cycle (- -); and a 4th' cycle ( •• : ........... ) on foUf sep-
arate NBA"(Peak 1) affinlty columns. The curves ~re ob­
tained using the double antibody method. v • 
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r 

\ 

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 dilutions, 

at 35% binding, for each of the four elutions and the ISO values subsequently 
1 

t

etermined from the inhibition curves. 

Passag~ through the first N~A immunoabsorbent resulteS in dissociation of 

3.2% of the CEA-reactive antibodies from the normal bowel ligand, for a 

dilution of 1/8000. 
l ' • 

The next elution yielded a dilution of 1/2300, represen-

ting dissociation from the second immunoabsorbent of 5.8% of the recycled . 
antibodies. ~haotropic dissociations'of the third and fourth passages from 

the last two'NBA aff1nity columns yielded antibody dilutions of 1/3000 and 

~ 1/200 for elution of Il.5% and 7.7% r,espectively of'the recycled anti-CEA 

antiserum. ) 
Reaètivity to CEA, of each of the four bou~d antibody fractions, varied 

slightly with each successive elution, giving ISO 'values, of 2.8 ng, 3.9 ng, ~ 

4.3 ng and 3.9 ng for 'tte first, second, third and fourth elutions respect-

1 
ively. Reactivity to NBA also showed littly'difference with each passage, 

yieiding ISO values of 1000 ng, 2200 ng, 2510 ng and 2340 ~g for the four 
1 

separate dissociktions with the glycine-HCl • .. 
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TABLE 16 

Rea~tivity of Bound Horse Antibody Fraction' 

Eluted with 0.3M Glycine-HCl 

Dilution of 
Eluted Fraction 
at 50% Binding 

;.-

1/8000 

1/2300 

\ 1/3'000 

1/200 

ISO Inhibitory 
Activity 
(ng - CEA) 

2.8 

3.0 

4.3 

3.9 

l ' 

ISO Inhibitory 
Activity 

. (ng - N5A) 

1000 

2200 

2540 

1 2340 

, 1 
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Discussion 

J' 
The aim of this study w~s to modify, by 11!eans of affini ty chromatography" 

the sp'ecificity of an anti-CEA antiserum. Two anti-CEA antisera from 

1 
different species, that of horse and guinea pig origin, were,subjecte~ to 

immunoabsorption in an attempt to impro~e their specificity-aP CEA by 

reducing their reactivi~to normal bowel antigens. 

Experimental Approach 
" 

a:> ' 
The method curre~tly used to absorb anti-CEA antiserum for us~ in 

clinical assays is by the addition to the antiserum of various normàl tissue 

, -
extracts. The res~lting precipltate is remove? by centrifugation. Rowever, 

. ~ ~ \ 

when the resulting absorbed antiserum is reacted,witn CEA (Fig. 6, p. 73) or 

NBA (Fig. 9, p. 99) in the RIA, no significant,change in immunoreactivity~ 
l , 

observed when ~ompared with the unabsorbed serum. This residual normal bowel 
1 

activity probably leads to the lack of specificity of the clinical assays. 
1 ,; t' 

Renee, jn the attempt to modify the anti-CEA antisera, the effect which was 
, y - • 

desired w~s a ~se NI the\reactivity of the immun~absorbed an~isera ta 

normal bowel materi~l with little or no change in its sen~itivity to CEA 

isolsted trom tumol tissue. _ . 1 -\ _ 1 

1 In the first part of these studies the optimum conditions to be used for 

[solid phase immunaabsorption-were defined. Two different types of matrices, 

glass beads and agarose, at;ld' two JDe'thods of coupling ligand to the carrier 

arms' were examlned. Several parameters were investigated, including tHe 

1 • 

(' 
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1 

stability of the linkage between the carrier and thè ligand, the efficiencyof 
'\ 

the method of coupling ligand tD the carrier and the ~erformance of the 
\ . ' 

-ligand-coupled matrix as an immunoabsorbent, with interest taken in observing 

the nonspecific absorption by the matrix itself.1 

From these ~tudies, it was concluded that thè performance of the glass 

bead matricea~ bath the aryl amine and the longchain alkylamine glass beads, 

/ was superior to that of the sepharose. This is in part due ta the high 

resistance and stability of the glass'as weIl as t~ silyl coating rende ring 
1 

the beads quite inert. 

Once it was determined t:;hat, the glass beads werJ· ta he the matrices for/ 

the subsequent studies, one last parameter was investigated - the determina-
/ 

, . 
tion of the' optimum pH of O.3M glycine-Hel ta he ~sed for the dissociation of 

the ligand from the affinity column. Several parameters must he considered 

for the optimum conditions ta prevail. To minimize the denaturation of both , 

the ligand and the absorbed material, a single incubation with the d~ssocta-

ting agent was preferre~. It was also imp'ortant i to 

_~).o.rder ta remove, quantitatively, a11 of, or as mUch 

choose an optimum pH in 
1 

as possible, those mole-

cules immunologically bound to the ligand, especially in those cases where 
1 

the lfnbo\1nd fraction from the first passage through the immuno,absorbent was 

. recycled through the same column. As seen in T'able 5, a pH of 2.8 was 
J 

determined t:;o be t~e optimum value. 

Complete recovery of the immunoabsorbent was ,not achieved, possibly due 

the presence of high affinity' antigel!--antibody complexes that are not readil}"" 
, 1 

dissociated by the chaotropic treatment, a~d a certai~ degree of denaturation 

1 
1 

1 1 

/ 
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of the eluted absorbed material. 

Experimental Data 

Immunoabsorption studies were perfor,mèd with horse and guinea pig anti-

C~A antisera. Both were chosen due to their strong 1mmunoreactivity with 

CEA. 

Two t~pes of'immunoabsorptions were performed with the guinea pig anti­

serum. The first one involyed the use of, initially, a stool-coupled 

ecycling the recovered ùnbound fraction twice 
~ 

through an NBA-co The aqueous extract of stool 

material was employed due to a previous report in which the efficiency of 

this materiai in removing "normal" anti body populations from guinea pig 

anti-CEA antiserum was described (89). The second immunoabsorption involved 

recycling the antiserum through a _single NBA-coupled affinity column. A 
\ l ' 

camparison of bath these ~b~orptions showed that the stool column performed 

in virtually the same manner as the first NBA column in the second absorp-

tian. Both theseiinitial columns yielded unbound fractions with similar 
1 • 

inhibitory immunareactivities to CEA (6.25 og for the stool column and 8.5 ng 

"" 4for the NBA column) and to NBA (7000 ng for bath columns), as weIl as 

producing identical resiâual antiserum titres. The fractions eluted with the 

chaotropic agent a180 showed no difference with respect ta antibody, tItre and 

1 
reactivity ta both antigens in the RIA. The stool material.was originally 

, 
suggeàted as a good source of normal bowel material because during stoal 

formation and passage through the inteStines, it would collect the NBA as it 
Il 
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.~ '" 
W'aS sloughed off' the ~pi the liaI tissue into the lum~n of the intes Unes. 

However,tris pre~ent study indica1ed that the NHA activity in stool ia not 

different immunologically from that obtained by dissection" of tissues 

" 
obtained at autopsy. The remainder of both absorptions yielded almost 

1 
\ . 

identical results, showing that further recycling of the guinea pig antiserum 

dip not improve its specificity to CEA. Rather, as the number of cycI~s 
',> 

increased, the sensitivity decteased to CEA as weIl as to the'NBA. 

Two different absorptions with the horse anti-CEA arttiserum ~ère per-
, l ' 

formed. The first one involved recycling 'the antiseru~ fi~~ times through ,-

one NBA immunoabsorbent. The first passage of the ~ntiserum through the 

column resuited in a large decrease in titre, as was also seen with the 

guinea pig antiserum. 'The reactivity of the unpound fraction to CEA re~ained 

about the same, while thkt to the NBA defreased almost four-fold. Howev~r, 
\ . 

subsequent rec~c~ing to further modify the antiserum indlcated that as anti-
\ 

bodies to NBA are sequentially removed, causing a decrease in sensitivity to 
1 

that antigen, the sensitivity to CEA also lessened. 

1 " .. "" 

Thè second absorption with the horse anti-CEA antiserum invoived iecy-

'. cling the serum through foùr different NBA colum~s, each one coupled with thé 

Ill8terial frQm Peak '.l of the Ultragel chromatographie step. This material, as 

\' . 
determined by its react:l:vity in the radioimmunoassay, represented a two-fold 

Increase in purity to the NBA employed as a ligand in the ~hree ~revious 

immunoabsbtptions. When"furth~r purification was attempted; recovery of the 
, " 

reactive anti~enié moieties was minimal, as was its ability 'to couple to the 
, 

carriers on the ,glass bead matrices. 
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The use of a DEAE cellulose preparation of normal bowel material in these 
ç 

three previous attel}lpts at antherum modification was chosen due t.O the pos-
\ 

sility that' further purification might 'eliminate weakly antigenic ÜlOieties 

~hiCh, s1mply by virtue of being attaehed to a sol1d support system, may 

become mor~ immunogenic and absorb out antibody population otherwise missed 

by apurer NBA preparation. However, due to the results/of these three 

previous immunoabsorptions, an Ultragel chro~tographic step was included in 

the NBA iSo18ti1n procedure to obtain a further degree of purification, this 

1 t:f::me, in the hOPf that this concentrat,ed ligand would extract, in a more 

specifie manner, -a greater amount of ant1body populations with each serum 

recycling. 
. 

Furthermore, multip~e affinity· columns, each one eoupled with an Ultragel 
1 

p~eparation of N~, were prepared, as opposed to a single column used in the 

other three instances. The reasoh for this procedure was the possibility of .' ' 
the p~esence lof high affinity antibodies in the, antiserum, which when tightly 

. ~ 
complexed with its ligand, would'-not beoeluted with the glycine-Hel and, 

1 ~ / \. 

~thus, would he masking strong immunogenic sites ~ that ,column upon recycling 

of the antiserum. In addition,' the possibility existed t~at the l~gand might 

experienae mild denaturation due to repeated exposure to the chaotroplc 
1 

\ 
agent, a factor that would he omitted with the use of multiple coiu~s. 

The results from th1s Jast 'immunoabsorption were similar to those . 
" \~. ' 

obtained from the previo~ attempts at serum modification, in that the first 

c~cle of immunoahsorption resulted in the greatest drop in serum t~tre" as 

~~ll as a gre~ter decrease ln NBA reactivity relative t'b that of CEA. 
: ' , 1 

However, as seen before~ additional .recycling eaused' further dec~ease in 
'~." 
'-'~I 

J ,~'tf",' 

t 
1 ~ 

" 
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-. , 
'reacti vit Y ta, the NBA with a conc9mmitant decrease towards CEA. 

Elution of the bound fraction from each immunoabsorbent gave antibody 

populations whose reactivity to NBA remained Similat to 'that of the unabsor-
, 

bed horse antiserum~ whil~ that to CEA decreased about 'two-fold following, the' 

third and fourth cycles. When these eluted fractions are compared with those 

obtained from both of the guinea pig- chaotropi'c elutions, similar resrllts are 

seen. The reactivity of those fractions of guinea pig antibodies eluted w;J.th f, 

the glycine-HCl a~so showed a two-fold decrease in sensitivity to CEA while 
1 

that to NBA remained the same as the unabsorbed antiserum. 

A comparison of the two types of absorptions done w~th the horse 
, 

antiserum showed that recycling the antiserum through different affinity 
'" 

columns was not more effective than recycling through the same column. 
1 

indicated that, most probably; little or no denaturation of the ligand 

This 

occurred and ~he percentage of high affinity antibodies masking the ligand 

was minimal. 

Conclusions 

The hypothesis adopted at the start of'this research is that the CEA , 

- , 
molecule carries bath tumor and nontumor determinants and that immunization 

1 

with this molecule would produce a heterogeneous antlserum containing 

anti-tu~or and anti-normal antibody populations. The purpose of this 

JJ-
research study.was to attempt to isolate the anti-tumor population from the 

1 

rest of the heterogeneous antiserum •. 

!wo high-titre a~ti-CEA antisera were employed, both able to produce 

sensiti ve radioi,mmunoassays. The two antlsera were .from diff,erent ori g~n8, 
) 

1 \ 
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..,. 
due to the fact that diverse species of animaIs may react immunologically 

1 • 

in a differeqt fashion to the same antiE?en.1 

The resultsl of these studies indicated a number of things which; while 
1 

Flot disproving the starting hypothesis, do' nothing to further support it. 
~ 

The first observation is that immunqabsorption of bath horse apd guinea pig 

\ 

anti-CEA antisera did not result in a turnor-specific modified antiserum. The 

results of the immunoadsorption- studies can -be'st bel summarized by Table 17. 

\ 
Th:ts table lists the ratio of NBA activity in the RIA ta the CEA reactivity 

of the antisera before application onto the affinity co lurons and those 
\ • 1 1 
\ 1 1 

, fractions obtained following each passage througli. the immunoadsorbents. A 
" 

1 

greater ratiD indicates a, larger decrease in the antiserum-' s sensiti vit y to 
\ \ 

NBA relative to its sensitivity to ÇEA. A lower ratio demonstrates a lack bf 

the antiserum's ability to distinguish between the two antigens. With 
~ 1 \ 

respect to both of the guinea pig immunoadsorptions, only the Urst passage 

through the immunoadsorbents \produced any inc;;rease in the discriminating 
J 

ability of the serum. 
, Il 

The ratio of 1120/1 for the stool column and 820/l/for 

the NBA column show a two to three-fold increase in CEA sensitivity' relatlive 

to NBA as compared with the unabsorbed guinea pig antiserum, which had a 
Q 

ratio o~ 480/1. However, subsequent recycling only served to destroy these 
\ - . 

iricrease'd ra tios. 

1 

The first ionnunoabsorption performed with horse antiserum'I which invol~ed 

recycling the antiserum through the same affinity ~olumn five times, gave its 
1 

greatest ratio after the first passage. The succeeding three passages, 1 . \ 
though, aIl yielded absorbed sera with larger ratios than ~hat for the 

,J 

unabsorbed antiserum, showing a two to three-fold increasé in the antiserum's 
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TABLE 17 

Comparison of the NBA:CEA ISO Values 

from the Horse and Guinea Pig 

Immunoabsorption Studies 

lst Cycle 

2n<l Cycle 

3rd C:ycle 

4th Cycle 

\ 
\ 

5th Cyc1~ 

Guinea Pig 
Unabsorbed 

Horaè 
Unabsorbed 

Horse 
Absorbed 
(Standard) 

Guinea Pig: 
Stool and 
NBA ColumnsT 

1120/1 

270/1 

580/1 

1. 

480/1 

~ 

Guinea Pig: 
f J Single NBA 

Columnt 

820/1 

270/1 

560/1 

J'~"'< 

ff 

4801.1 J 

.-------/ 

1 

T AlI the calculations in this column were 
'Farr Techniquè. 

* AlI the ,calucaltions in this co1umn were 
'double antibody method. 

Horse: Horse: 
Single NBA Multiple NBA 
Columnt CQlumns* 

2300/1 2230/1 

1680/1 715/1 

1530/1 1060/1 

1530/1 920/1 

500/1 

785/1 1250/[1 

1830/1 6000/1 

obtained from the RIA using the 

\ 

obtained from the RIA using the 
1 

" 

.. 

"\ 1 

" , 
'~ ;-

" - -' 
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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 

passage tnrough the immunoadsorbent could not· achieve a more CEA-specific 

antiserum. Only the'firs~ passage yielded a serum whose ratio was just 

slightly greater than that of' the standard absorbed; the ~maining four 
, 1 / 

cycles cou Id not improve this specificity towards CEA. 

"-
T\le second, immunoadsorptian with harse anti-CEA antiserum, similarly~ 

yteld~d its'most discriminating antiserum, when compared with the unabsorbed 

horse 
\ . 

serum, following the first application onto the first column. Subse-

\i 
recyclln~ followed the pattern observed in the three previous attempts ,quent 

at, serum modification" in that passage through the next threé affinity <> , ' . 
,columns only served, to destroy this specificity. However, when compared with 

the standard absorbed a1:!-tiserllm, whose ratio of 6000/1 wàs obtained from thè 
\ " 

RIA using' the more sensitive double antj.body method, the affinity chromato- , 

graphy of unabsorb~d horse anti-CEA antlserum was not successful in produeing , . 
, . a more modified tumor-specifie ant~-CEA antiserum than that previously pre­

'i 
pared by our laboratory. Thus, of aIl the antisera tested, both before and 

followi~g immunoabsorption, the one MOst sensitive to CEA and most insensi-
, .-

tive ta NBA, as determined by inhibition in the RIA, Is the'standard a~sorbed 

horse antiserum, obtal,ned by the batch metnod of r,eacting t,he antiserum with', 

watet exttacts of " var~ous normal tiss~es followed by precipitation 
, \ .-

of these 

immune complexes. , Multiple attemPt~ at serum immunoabsqrption was incapable 

of modifylng" two different anti-CEA antisera to a greate~ extent than that 

observed with the standard horse'. 

\ 

, 
1 
f 
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'II 

Two major quest,lons are constantly raised with ,respect to the RIA for 

CEA. The fi.rst one concerns the antigenie nature (sped,ficity) which the 
~ . 

1 

ant~body populations are recognizing. 
l , 

Do they react wi~ a ~umor-specific 
\ \ 

site or a "normal" site on the moleculej are there different populatio~ for 

each site, or are both determinants so s!milar that the antib~dy molecules \ 
f.!, 

cannot different!ate between the two, if indeed two 'distinct sites exist? 
.. 

Separate areas may exis t on the mole cule, but Othe determination of the! r 

presence i8 dependent on the antiserum used, which ia,dependent on the way 
.." 

the immunizing animal vf.sua liz es' the CEA molecule and pr.04~~es, antibodies to 
, 1 

it. If the animal cannot distinguish, 'specifdcally, between normal and tumor, 
, '\., Il ~ ! \ 

a~eas on the CEA, then it will make simil~r antibody popu~ations to both 
, 

determinants. On' the other hand, the animal may he able to "see': two 

.distinct epitopes, but reaet immunologically stronger to the normal epitope 

than to the tumor on~, thereby producing a ~!epqndetaiçe of no~l antibbdies" . . 
, 

and only a minor amount of tumor-speciric ~ntibodie8. 'lh~ second question, 
'JI ',.. , 

,equally as important as the first, concerns the presence of CEA in. normal 
1 

bowel tissue. If it does exist, ft Is presept ~n minute quantities. 

However, 1ts immunoreactivity to specifie anti-CEA antibodies may- he great 

enou~h so that o~ly a very small amount .of the antige~ wou14 ~ sufficient to . ,'" 
hinder the successful moëif~cation of an unabso~béd anti-CEA antiserum. 

The stu~s perfbrm~d in this th~sis attempted to answer thése qUestions.~ 
, ' 

HôYever, even after numerous immunoa.bs'orp ti ons , these questions- are still . .-
.J. 

1eft unanswered, matnly, because one can on1y specu1ate as to what antibody 
.~ . 

~ (. 

,populations ex1st in the ant1sera, and what 1s really happening 'on the' 
, 

....., affinity column between the ligand and the lantibody. ~everal altemat1ve~ 
? 

o 

.. 
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cah he examined in light of the results which were obtai~ed. 

I! " 1 t'] 

. As stated ~before, the hypothesis adopted at the start of thi. work was 1 

f) . 
, that there is a tumor-specific site on the CEA molecule to, which xenogeneic 

1 . 
.. ~hosts "are able to produce antibodies. Thus, in each of the animal antisera 

preparations, there would he a tumor-specifie pppulation of antibodies, rnost 

probab1y a Very small percentage of the total. If this population was 

specifie oo1y for the turnor epitope on the ·CEA mo1ecu1e, then each cycle of 
• CJ 

irnmunpabsorption should concentrate thèse antibodies and a trend of lower CEA 

;. 150 valu~s and higher NBA 150 và~ues would he observed. However, this type 
a 

1 

of result was not obtained. 'On1y the first cycle of immunoaÎ>sorption 

produc~d any noticeable increase in CEÀ sp'ecificity~ albeit a minor one in 

some cases, when compared with the corresponâing unabsorbed antiserum. 
,0 1 

Subsequent recyc1ingl though, only, served to diminish the increased 
[ 

,discriminatory ability of the iœnoabsoroed sera. 
iiI l' 

Thus, if one dt>es postulate the existence of tumor-specifie antibody 

mo1ecules, then the only way the se results can ~ exp,lained is' if minute 
/,... 

a~9unts of CEA are present in normal' bowel tissue. Thus, the first 
. , 

'absorption on the columns would take out so~ tumor-speeific antibodies, but 

a larger proportion of. anU-normal antibodies wou1d he removed, allow1ng for . 1 
1 

the 1ncrease in the Immu~oab~orbedlantiserum's ,ensiti~ity to CEA. However, 

subsequent recyeling wou Id only seI""le to absorb out those resldual CEA-spec1-

f'ie antibodies, ·thereby leaving on1y ,anU-normal populations, whieh "fould 
, 

react with NBA and CEA in a similar manner, as seen by the ratios in table 17 
( 

fôr all eolumn absorptions fdllowing the firet one. 

Q 
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The other case to consider is that there were no ant'ibodies specific' for 

only the tumo]:" epitope on the ,CEA molecule. Here, two alternatives can be 

discussed. The first is the prèsence of ant5.bodies which,,, by virtue of th~ 
1 

close similarity of the normal and CEA antigeIlic determinants" on the molecule 

• (assuming two di'stinct ones occur), react with bath antigenic sites. They 

would he disti!1ct antibody populations,' but would have similar sensitivities 

to bot.h CEA and NBA. Thus, the first cycle of immunoabsorption wou Id . 
preferentially remove only those antibody populations directetf against the 

couplèd, NBA, thus leaving, in the unbound' fraction, those populations which 

were more reactive to the tumor-specific site on the CEA molecule. However,-
, 

upon the succeeding immunoabsorPtionJ', this tumôr-specific population, due to 
l ' 
a large decrease in th~ competitive rnti-normal' bowel population, would now 

, l ' 
react with the coupled ligand. Thus, one would see the paralle~ reactivi-

ties, as observed in,·tIre RIA, to CEA and NBA ~ith subsequent recyc1i~g. 
~. 

The second alterna~i ve i8 that there are~ no tumor-specific antibodie8 

present in the uAabsorbed' sera. Even if CEA do es have tumor epitopes, the 

Immunlzed animal is unable to recognize them; the immunized host would only 

see the normal.antigenic determinants and mount immune reactions solely to 

1 those sites. Thus, this alternat! ve would inFerpret the resùlts seen in this 
1 1 . ' 

study, as determined by the RIA, to ~ simply\ quant:Ï.tative. Certa~nly, th~ 

majority of the specificitieS' observed on the affinity columns ar~' NBA 

directed; however, the increases in CEA sensitivity prQduced by the "first' 
'- ' 

cycle on immunoabsorption, although minor, are" definite increase8 and would 

not totally support this alternative. 
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Thus, thèse etudies cannot conclusillely say whether or not tumor-specific 

antibodies tOI CEA existe The results strongly indièate a very close 

similarity between NBA land CEA; the immunizing host only barely di$cerning a 
Il 

difference. The results d? demonstr'ate that the affinity col~mns are showing 

a certain degree of spectfic immunoabsorption, and are not randomly absorbi-ng . . 
out antibody populations. In a11 the immunoabsorptions perf,ormed,' the fir~t 

1 " 
cycle consistently produced an~ise~a whose sensitivity to CEA was increased a 

when 'compared to their homologous unabsorbed antisera. (See Table 17)~ How-

ever, as seen from the resul t~, extensive immunoa bsorption of anti -CEA 

'""-
antiserum, with normal iterial leaves residùal ~tibody populations that .do 

Inot show any tumor specificity. The conclusion rea\ched is that this 

~milarity is too close, :or" affini ty- chroniatography to achieve a significant 
\. -

amount 'of' anti-CEA antlserum modification that would obviate ·the use of the 

present standard absorbed' antiserum. 

Future Ptospectives 

At first, anU-CEA reactivity of a.serumwas defined by the· presence of a 

precipitation lbi.e with CEA in agar and ~as equated with tumor specificity. 

However, with the advent of more sensitive detect.ion techniques, suèh as 
a, 

radioi1f'1Unoelectrophoresis and radioimmunoaseays, the specificity'of these 
. \. ' ,J 

anti,sera has had to he 'qualified, and the question asked whether or not CEA 

specificity and ~umor specific1ty are. the same. Due to the heterogeneity of, 

l' }, 
bath the antigen and the antiEierum,' this question bas not yet~ been resolved. . \ 

The work done in tbis study had attempt~d to bett~r defi.v-e - antf-CEA 
. . \ 

1 

" 

--------_.--,., ----~--:------

'j 

1 

1.' 
i 
1 



1 
1 

1 

1 

,1 

! , 
1 
1 

1 
i 
! 

t . 

. , 

t 
.. 

l, 

.0 

o 

, 
l' 
f 

1 • 

$il" e J!: ..... s ................ _______________ _ 

--------

144 

antiserum by means of affinity chromatography. Howeve~ thi,s method of 

'approach does not seem feasible. One approach that is currently being 

ipvestig~tE\.d and wh;ich may be the only way of bbtaining a modified,' more 

tumor-specif ic antiserum, is th~ production of monoclonal anti bodies, by 

. wllich ont! can selectively' choose specifie antibody populations. Of course, 
1 

the ult1lnate determination of the éhoice of clones would he deduc~d from 

their performance Ül a clinica1 assay. 
\ 

Another method of approach, 'which would aiso gain further insight into 
, " 

• 
the question of similarity between CEA and normal bowel tissue and the con-

" 

cept of families of CEA-related molecules, ia the fragmentation of purified 

CEA. Systematic, carefu~ly controlled breakdj~ 6f the molecule may be able 

ta separate the tumor-specific antigen (if, one ex-ists) trom the other 

"normal" determinants. If the problem with the antis,erum té the poor 

immnogenicity of thi!; moiety, then, perhàps, 'by itself or by conjugation as' 

a hapten, the innnunogenicity' may increase ta the point where, a mueh lOOre 

tumor-specific 'xenogeneic serum may he produced. 

Bath the above approaches 1ead ta another problem curt'ently inhibiting 

progress in the area of CEA specificity - that of "the need for stan,4ardi2;a-
, 

~' 

tion of both the antigen and antiserum prepa,J:a~s.', The standards for the 
-----~ 

antibod~ may not necessarilY-~ that they are cOlll-pletely tumor-specific. 

------------If one knew exactly what type of ant1,body population is present in the serum 

used, then aIL further determination can be made with respeèt to that serum • 

The same type of standardization procedure could œ applied to the CEA 

Molecule. 
1 tl 
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, 
Clinical and research aS5ays vary from lab ta lab, thus results from one. 

lab may he deemed ,different from those obtained in another, but when compared 

with one specifie assay, these results 'may turn out ta he identical. Rence, 

a reference point for CEA and anti-9EA antise,rum 15 ~equ.irE1d in order for 

information coming from different research centres to he meaningful. 
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STATEMENT OF ORIGINALlTY 

• This thesis was concerned with the modification of artti-CEA atttisera, 

primarily an attempt to increase ita tumor specificity, in the radioimmu-
, ~ . 

noassay, to the CEA mole~ule. The original contributiohS ,made during this 

investigation may now be1considered. " 

~ 

1) The use of solid phase immunoabsorption for the modification studies. 

The matrice"s used were two types of glass bead. The· 'longchain alkylamine 

beads used a Schiff' s base formation wl.t:h glutaraldehyde to couple ligand, 

while the ami no aryl glass beads employed 'diazotization. The ,glass bead 

matrices 1'1ere found to he more stable and chemically more ine,rt, with re-

spect to nonspeclfic absorption, than agarose beads, using amino-hexyl Se-

'pharose 4B as an example. 
'. ' 1 

The ligand, which was nOl:mal bowel material par-

tially purified by ion exchange chromatography and, in one case, by an addi-

tionai step on an Uitragei column, was coupled to the 'carriers of both glass 
.\ 

, 
bead matrices with a high degree of efficiency. The immun6~bsorption pro~e-

, l" 
. d,!lre involved the recycling of ;Unabsorbed anti-CEA ant:J,sera on the.se affinity 

'" , co l ulDljl $ , ei ther ~umer~us times through the sa~olumn or on1y once thrQugh, 
, 1 T-"I " ... 
successive columns. In each case, the unboun~~action from the affinity co-

, \ ' . , 

lumn~ ~~s anaIyzed in the radioinmunoassay fon,i~s tumor'specifVcity. 
. ~ . 

2) The demonstratoion that most of the antibodies in the ant1:-CEA antisera 
" 

tested ~eacted~ith normal bowel material ~nd were not tumor-specific. T4e 
, 1 • 

fI' ) Il 
~ecycling of th:;utisera prodbced various degrees of i~unoabsorbed sera, 

•• 1 

each of which w tested "in the' radioi11mlUnoassay against CEA and normal -bowe1 
i .). 
.;.. •• ,,/, .... \. 1 

1 • 
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mat"'erial. The ratios of their reactivities served as a measure of the de-

gree of modification achieved by the immunoabsorption technique. In all 
1 

cases, the rafios showed that most of the antibody populations were direc-

ted primarily against the normal bowel antigenic determinants and suggeted 

tht some of these populations may he recognizing the tumor epitopes on the 

CEA molecule, but are not specifie for them. 
/""'1"+' 

/ 

\ 

3) The work presented il'::1 this/thesis demonstrated that the method of af-
tH .. 

finit y- chromatography is not suit4,ble for the suceessful modification of the , , , al 
anU-CEA antiserum into ~one morT epee,ifie for the determination of tumor epi-

topes on the CEA moleéule. The close similarity of the CEA molecule with the 

normal, bow~l mât~rials hinders the specifie immunoabsorption of normal éimti-

bo~ populatiops without a180 removing those reactive towa~ds CEA. 
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