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ABSTRACT

. ) \ 1
" The Thomsen-Friedenreich (T) antigen; containing| the

B- Q—Gal-(l+3)—a -D-GalNAc mélet¥ is exposed in reactlvF form
on many human adenocarc1nomata, but not Q Mhe correspondlng
"benign tlssues.‘ Anti-T antlbodleqfﬂnh’ﬁéﬁﬁhtalectln have

. ,ﬂ\“?}?’ﬁ*ﬁ
strong affinities for the T antifel 4§

"blnd preferen—

tiallybto certain mélignént tissues. 'The potential utility

~

EA

- of radiolabelled anti~T antibodies and peanut lectin (PNA) as
tumour localizing agents was investigated in an animal-

tumour model system using a mouse lymphoma (RI) shown to bind

fluorescein-labelled PNA and anti-T antibodies in vitro. “

Preliminary ihVesFigatioqs involved a rabbit- IgG
'prgparation 6f anti-T’antibédies in which a protected fadio-
iodination of the protein wés gradually developed. The
.resulting 12"’:y[--anti—'l‘ was utiliéed to study thefig vitro
binding and in ziig tumour localization of the'radioiabelled
‘protein. Although excellent binding to a synthetic T
immunoadsoibent was evident//ig'ziggg binding investigatidns
didvﬁot indiqate a particulatly strong biﬁding affinity for
T antigen élycbproteins expféssed on‘thé'cell surfaces of
RI tumour cells and neuraminidase-treated red blood cells.
This Qas supported by in vivo localization studies, in which
the radiolabelied anti-T antibody pféparation.showed some
tﬁmoﬁr localization but to an eftent that was not

sufficiently greater than a nonspecific control IgG

antibody. Therefore the emphasis of the investigations



|

were placed on ahother T-antigen avid protein, the peanut
lectin. fv : )

The peanut lectin protein was radiolabelled with '*I to
provide a radiopharmaceutical which maintained its biological
aCtivity following iodinationh and remaihedlrelatively radio-
chemically atable, with less than 5% deiodination occurring

after 2 weeks at 4°C. Analysis of the in vitro binding

affinity of radidlabelled peanut lectin revealed an avid,

and épecific, in vitro binding of the peanut lectin ﬁy%fé%

cells and immunoadsorbents expressing the T antigen.
carbohydrate binding specific1ty was confirmed by investi-
gating the binding of radiolabelled peanut lectln to immuno-

adsorbents of various carbohydrate spec1fic1ties. Tissue bio-

distribution studies in RI lymphoma-bearing mice revealed that s

the radioiodinated lectin localized well in the tumours and
was eliminated raoidly from the blood. Cleat’imageSJof
tumoors were obtained,‘in serial ecintigraphic imagin;; by
24 and 48 hours post-injection. No blood.sobtraction wasd
necessary. Biodistribution'studies revealed tumour:blood
. ratios of’radioactivit; in the mice were 6:1 (24 hrv)'and
17:1 (48 hr.), and tumour:muscle ratios were 34:1 (24 hr )
and 40:1 (48 hE:).. Rapid in vivo breakdown of 1571-PNA led

o

to some localization ofgfree iodide in the kidneys, stomach,
thyroid and salivary glands.
The in vivo specificity of tumour localization of

peanut lectin was inveetigated by comparing its bio-

distribution to a non-specific protein,'F(ab”), fragment

vi



. of nofmal gamma globulin iﬁ mice‘bearing tumours which
express the T gntigen. Less than ten per cent of the tumour
localization, based on tumour:blood ratios, of peanut lectln
could be attribiuted to non- spec1f1c macromofecular accumula—
tion in the tumour§(an§ this preferentlal PNA tumour i
localization was not paralleled in a mouse tumour médel in
"which the cells did not express the‘T antigen. The
invéstigations indicate a potential usefulness of radip-
labelled peanuf lectin for tﬁé deteétidn and delineation

of tumours and their metastases which express the T

anitigen on their cell surfaces.

vii , B
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Many cellular activities are conveyed;at'the cell
surface and often é»great deal of information about the
state of a cell, can be discerned ffom its celi surface
Qlycqproteins: Neoplas%icmtransformations have been shown
to' modify some cell surkacg properties such as the
expreséion of yarigus c;rbohydrate chains, thereby allowing
differentiation betweéanormal and malignént cells. Two
classes of proteins, lectins and carbohydrate—specific
antibodies, are able to distingﬁish the numerous carbohy-
drates and then bind specifically and reversibly with their
cor%eéponding sugar fesidués. Both antibddies and lectins
have therefofe been iﬂ&aluéble in investigations'of the
carbohydrate nature of cell sﬁrfacesﬁ |

~ The Thqmsen—Friedenréich (T) antigen haéirecently
stimulated interest as a tumour-associated marker since
structuresbwithvthis_speqificity héve been found on certain

human carcinomata but not on other diseased or on healthy

tissues. The T antigen immuhoqeterminant structure is.

B-D-Gal (1+3)-GalNAc and two proteins which bind very avidly

and specifically to® this disaccharide are the peanut
(Arachis hypogoea) lectin and anti-T antibodies.

These T antigen-avid proteins could be radiolabelled to

provide biologically active proteins with a very specific

affinity for cells expressing the T antigen. It.was there-

fore the aim of this prqjecg to develop an animal tumour.

~model and to test the in vivo tumoyr localizing capabiljity

i

‘'0f radiolabelled anti-T antibodies and peanut lectin for



potential utiliﬂﬁ-in diagnostic radioimmunodetection of

selected cancers.
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A, TUMOUR LOCALIZING RADIOPHARMATEUTICALS

4

1. "Nonépecific" Tumour Imaging Agents

Nuclear medicine plays an important role for the
cliniéal oncologist, providing a non~invasive d;agnostic
procedure.capable of rapialy screehing the entire body for
cancer, if appropriate radiopharmaceuticals are available!l.

Tumour scanning has become an established method for
(1) assessiné the initial extent of quead (stage) of
primary and metastatic lesions and (2)‘providing a means
of evaluating the efficacy‘of a the}apeutic procedure?.

It is desirable for the radiopharmaceutical to exhibit
a selective uptake in the ;umbur in order to achieve a
tumour :background ratio, which permits desection of the

neoplastic lesions. Typically, when the tumour:background

ratio 'is 2:1, ﬁuﬁour lesions will only be detected if the

| . K
© '

, diaméter is larger than about 2 centimeters®. * With improved
céncentration ratios, smgTIer lesions may be detected
succeséfully and thus allow for earlier treatment of the
vcancer;

The growth of tumour masses may alter tissue
physiblogy or displace normal tissue, leading to abnormal
scans withfcommonly used radiopharmaceuticals®. These
r"nonspecifié limited-use" agents' are able to detect
physiologicélfchanges, such as: (1) sPace occupying
lesions ‘in Tc-sulfur ;olloid liver images, (2) increased

permeability of the blood brain barrier in ¥ Mrc



(pertechnetate and its chelates) brain scans and (3)
increased bone mineral metabolism in ™" Tc-phoaphate bone
scans. All of these methods are unfortunately nonspecific
and the scan abnormalities may also be due to nonmalignant
processes’. In addition, only one organ or tissue system
is imaged, so that different radiopharmaceuticals are
required for the evaluation of various organs®.

Some tumour imaging agents attempt to exploit a
qualitative or quantitative difference of tumour tissue
which distinguishes it from normal tissue“. Labelled
metabolites can be tailored to a particular tumour. Thus,
iodocholesterol labelled with ''T is known to accumulate
in cortisol-secreting adrenal tumours® and> ”® Se -
sglenomethionime localizes in protein synthesizing hepatomas
and parathyroid adenomas®. Melanin-avid chloroquine
analogues sﬁccessfully localize in melanomas’ and thyroid
lesions can be imaged with padiociodine® or P Mpc o
pertechnetate. Most of these agents are not useful for
routine tumour diagnosis, because they fail to interact
with a broad spectrum of tumour types”.

Certain antibjotics have been known to affect the
growth of tumours and therefore attempts have been made
to label them, for uSe as tumour localizing agents?®.

Tetracycline, labelled with either ®*MTc or T,

is
concentrated somewhat in tumours but its uptake in

nonmalignant tissue has precluded any extensive use’.

Bleomycin, an anti-tumour antibiotic, has been labelled

6



with a wide variety of radionuclides including*57Co, Win,
4“31, Sgrr?Tc.(jRadiolabell,ed bleomycin localizes in a broad-
spectrum of neoplasms and demonst:atés é rapid blood
,cleafance (depéhdahf uéon.thé iﬂ vivo §tability of the
label), -However, the bleomycin complexes are not tumour-
:specific and also localize in non-malignant lesions, such
_as'inflamgatory processes?!® ., .Some investigators have
reported'greatef’success‘in_iméging ceftain tumourslﬁith
rédxdlabelled bleomycin than with gallium-67 Ciﬁrate,vdue

'to the lower abdominal uptake of the bleomycin!® . In

-
o

general, though, the_previgus interest in labelled anti-
biotics appears to have‘subsidéd, due to their lack of
specificity!." ’

’ Perhaps the most frequently used tumoui localizing
Aégént at tie present time is  Ga, -and recently its
vchemistry, prope:ties and uSes have been extensively
reviewed! . Excellent tumour visualization haslbeén

o

achieved with gallium for some ﬁumour types, parfiCularly
jbfonchogenic caréinoma, lymphomaﬁand Hodgkin's disease;
hepatoma and melanoma. Unfortunately, other coﬁmon
tﬁmours (breast, gynecological, gastrointestinal and
genitour%gary fract tumours) are often imaged with gallium
with inconsistent succes#,

The biodistribution of radiogallium is relatively
complex, with the liver, bone marrow, stomach, ihteétine;
nasophérynx éﬁd salivary glands concentrating an

appreciable fraction. Localization of gallium in the



gastroihtestinal tract often bbSCures detection of
neoplastic lesions in the abaominal cavity. Other
disadvantage§ include the expense of radiogallium and the
sub-optimal physical decéyRCharacteristics, which reduce

the image quality. The major drawback, in the Toutine use

‘of ¥ Ga-citrate, is its lack of specificity.‘ It accumu-

\

lates in a wide variety of benign tissues éhd?inflammatory

‘ . , . . S ¢
lesions, thus complicating the diagnosis?® .

The major reason for the nonspecificity of the afore-
mentioned tumour localizing agents stems;lafgély from their
mechanism of loéalizatioﬂ. The altered regional physiology
of‘tumours, indluding increased Vésculér,permeability and
interstitiai space and decreased lymphétic drainagé,'alsq

occurs ‘in non-malignant disease states . Therefore,

localization in benign lesions, as well as in tumours, is

- to be expected for those radiopharmaceuticals in which

localization is effected primarily as a result of altered

microvascularity or nonspecific trapping? .

2. Radioimmunodetection with Radiolabelled Antibodies

Neoplastic alteration of a cell is often associated

with changes in the cell surface, which result in the

°

expression of new protein or glycoprotein antigens?® .

Antibodies, which bind specifically to these neocantigens,
can be radidactively labelled to provide agents for tumour
imaging with the important property of specificity.

Recently, a new hybrid discipline of nuclear medicine and



immunology  has developed, sbecializing in the radio-
immunodetection of céncerl“.’

The concept of injecting'an#i-tumour.ahtibodies for,
diagnosﬁic localization ofvneoplasms was first introduced
in experimental sygtems by Pressman in 1957¥ . By virtue
of the selectivity &f such antibodieé, they may also be
potential%y used as carriers of cytotdxic or chemothera—
peutic drugs or therapeutic ‘doses éf radioacﬁivityIG . |

Many immuﬁopharmaéological factors are iﬁvolved in the
diSEribution of a radioantibody. Each componeﬁt of the
system, antigep}‘antibqay and radionuclide, has a very
important contribution to the final success of tumour
localization. A summarytéf important factors in radio-v
immunodetection have been discuése& by various investi-

13-19

gators and are summarized in Table I.

Initial studies into the use of antibodies as tumour-
localizing -agents indicated that these agents suffered.
from various limitations. Bli_rabbit antibody to human
fibrinogen, showed promising results but lacked tumour
specificity®® . Antibodies produced against , single cell
homogenatés, such'as renal celi carcinoma, requires the
production of antibodies to individual tumours and tumour
types. This must be followed by ektensive-wbrk—up to
rémove cross-reacting antibodies?® . ‘The production of
different antibody preparations for each individual

patient is not practical, from the viewpoint of time-cost

effectiveness and patient delay? .
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TABLE 1

P

Major Considerations for Successful Radioimmunodetection of Tumours

-

¢

Component

Required Characteristic
4

antigen and
tumour
characteristics

1)

2)

3}

4)

- antibody retention time at tumour sufficient for imaging

accessibility o antigenic site

»

- antigen must be present on cell surface, rather than lntracellularly
- antigenic-site not blocked by host antibodies

tumour specificity of antigen marker

- antigen present only on primary and. metastatic tumours and not on
benign or normal tissues >

long retention of antigen on cell surface

~ antigens shed from tumour may interact with antibodies in circulationf

localization extent possible in tumour -

- perfusion, permeability, extravascular space and lymphatic¢ drainage
of particular tumours sufficient to allow for antibody localization

antibody
(or lectin)

1).

2)

3)

4)

consistent specifi c&f;T’ZZZLCLGTE?"vﬂiy with tumour antigen of interest

- pure antigen requxred to produce antibodies of specific reactivities
- production, selection and purlfxcaclon methods capable of producing
specific antlbodxes

©

nonspeclflc localization is controlled or accounted for

- simultaneous injection of.nonspeéific antibody labelled with a
different isotope .

high tumour/background ratioc for good image contrast

~ fast blood clearance
- low binding to background tissue

nontoxic and nonallergenic .

- repeated injections'of foreign\proteins could induce anqphalaxis

labelling or
imaging '
technigue

i3

1)

2)

3)

\

choice of radionuclide L chemical and physical properties
———

- appropriate effective half-live of radiopharmaceutical
- radionuclide amenable to scxntographxc Cechnlques . . -
- radiation dose thhxn acceptable limits ’

labelling technique

- requxred levels of specxfic activity are attained
- biological activity retained following radiolabelling procedure
- radiochemical stability LY

special imaging techniques

- system capable of subtraction methods for nonspecific localization
and blood pool activity (eg. ®™MTcO.~ and *Mrc-human serum albumin)

v

Footnote: Table

compiled from information contained in references 13-19.



- Great enthusissm.has recently béen expressed in-tumou;-
associated markers such as oncofetal antigens (carcino-
_embryonic antigen and alpha—fétopgpteislﬂssfwgli/aS’ectopic
hormone markers (human chorionic gonsdotropin)m,. These
tumour-associated markers are frequently not tumour
specifis as they may also;be associated‘with non-neoplastic
d;seases21 . ‘

The carcinoembryonic aﬁtigen (CEA) is a well studiéd_
oncofetal aﬁtigen, discovered iﬁ.1965 by Gold and

Freedman® . It is a component of embryonic and fetal gut

‘and is also found in human gastrointestinal (GI) carcinomas.

CEA has been subsequently found in a variety_bfvnormal as

¥

* . ‘ a . . . 1
well as malignant tissues® . Nevertheless, quantitatively

k]

‘increased plasma CEA ieve}svhave been found to be clinically

significant in mbst‘GI cancers® . Goldenberg et al?® used
1251~ and I?I— labelled éoat anti-CEA successfully to.
- localize‘xenografts'of human colonic carCinoma in hamsters.
A delay of 4 to 10 days post-injection was required.fo@f}
opﬁimum tumour localizafioﬁ,.due to a slow clearance of
background radioactivity by the blood and non—tsmqur
tissues21+ ." |

Several invéstigators have alreséy*utilized an
affinityiﬁurified anti-CEA qlinidally'for the radisimmuno—

25~28

detection of cancer . When anti-CEA.was used for

radioimmunodetection in 142 patients with a proven history
of epithelial cancer (colorectal, ovarian, cervical and

lung) the overall sensitivity (true positive) ranged from

11
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71 to 90%, and the specificity (trhe negative)‘rahge was

[

83 - 100%% . L
Successful clinical tumour imaging with anti-CEA,
‘was achievgd,énly when-bloéé pool backgroundiwés subtrécted
by- a computerized technique”;b . Simultaneous injection of
:?ﬁiTc-HSA (human serum albumin)vand 99I.‘“rc;pertechnetate
permits_COmputerized—subtraétion of the blood pool and
free radioioaide from the radiolabelled antidey»distri-
bution. Tumour:nontumour ratios of radioactiVity were dhly
1.4 prior to background subtraction in one study but the
tumour images were énhanced 2.5 times following computef~
assisted proceSsinglof the images?® . The absolute
requirement of this subtraction techniqdé for successful
" tumour imaging has led some investigatérs £5 questioﬁ the ¥
present suitabili£y of anti-CEA for routine clinicdl use? .

' Radiolocalization séudies have-also béen Feported
which useﬁantiboaiés to human choriphic_gonadotropin (HCG) =
éndqalpha-fe£oprotein (AFP)* ;| As with anfi-CEA, a slow
blood cléarance in these investigations did not pérmit
tumour;specific'locaiizationvsignificantlyyab0ve backgrouhd}
tissue. Therefdre,‘computer—aSSisted backgroﬁnd subtraction
and‘special calculations were reqﬁired to demonstrate tumour
selectivity of the antibodies®™ |

High amounts of cifculating antigenvdo not‘appear to ;*

prévent successful radioimmunodetection in-the studies done

to date®»* . Furthermore, no untoward or hypersensitivity

‘reactions have been reported following the injection of

12



the xenogeneic immunoglobulins?®/3? ,

The principal diffiéulties.with_the use of radio-;
actively—labelled‘aﬁtibodies have been (1) the preparation
of ultraspecific antibodies to tumours and xz) suppressing 3
EhéVbaciground radiocactivity caused by unﬁdund antibody or
Aahtibody-antigen complexes in the circulation21 .

| Upon.iﬁjectién of gn ahtigen macromolecule into én
animal, many cfoss-reacéibe antibodies are‘synth;sized, due
to the availability of numerous antigenié sites on a .
'macromdleculem . The resulting antibody preparation wili.
not be homogéneoué and will be able to defect and react
"with many more antigens than the specific desired tumour
marker._ Attempts to rectify Ehis probleﬁ have involved
(1) - the isolation énd purificétion 6f'tﬁe specific antiggnic v
'deter':minant‘ of the tumour marker and (2) tltle production of
mbnoclonaliantibodies. '

s Kohler and Milsteinaldevef;ped a method in'which
hybridomas were uséd to produce homogenéous ahd reprpducibie
m?noclon;l antibodies wbicﬁ are reactive to only one anti-
genic determinant. ,Antibody—secfeting plasma cells,
specific for the antigen, are hybridized or fused to
myeloma cells which provide thé ability to grow continuously
in culture as hybridoma cells® . Monoclonal antibodiesfhave
been.developed towards yarious tumour mérkers and haye been
used in the radioiﬁmunoaetgé£ion of the metas;aseé of
hepatoma, colorectalvékncer and choriocarcindmg27 .

Unfortunately the teéhnique is relatively complicated,’

13
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recently publishe

\

sophisticated and .labour intensive. ‘ )

Another type of homogeneous..protein which; like
. 4

monoclonal antibodies, can specifically interact with cell

‘surface residues is a class, of 'proteins, called lectins.

B. LECTINS IN GENERAL ‘ | R

1. Definition and Origins ™

4

"The word lectin comes from the Latin legere meaning
to pick out or choose. Boyd and Shapleigh® originally
applled the term to a group of carbohydrate blndlng plant

seed (glyco) protelns whlch could distinguish among human

blood groups. Sugar—blndlng protelns, which interact w1thﬂ

and agglutinate.plant and animal cells, have now been

"identified in a diverse rafge of organisms, including:

. bacteria, molds, and‘algae, plants, sponges, fish, snails,

eels, crabs and even mammals® . A definition which has

‘'now been adopted for the word lectin is "a sugar binding .

protein (or glycoprotein) of non-immune origin which
agglutinates cells and/or precipitates glycoconjugates

Reviews of the properties, actions and uses "have been

a3y %=39

\

2. Macromolecular Properties

. Although crude saline extracts of lectin were
initially used, many lectins currently employed are

purified to homogeneity by affinity chromatography on

S

n 33, 35 .

14
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columns containing carbohydraté supports, as reviewed by
Lis and Sharon™ .

Studies of those iectins obtéined in purified form,
haverevealed a diverse range of phySical and chemical
characteristics® . There is no structural feature common
to all lectins, -except thatlthey are proteins® . 'al1l
lectins consist of subunits, although the number of
subunits per molecule varies®. Somé lectins require hetal
‘ions such as Cat*? or Mn*? for biologic&l actién33 . !
Molecular wéights of_lectins have ranged from 36,000 to
335,000%

Someﬁimes the lectins occur aé a group”of closeiy
related prbteinsi called‘isoleé;insl which have Ver§
- similar chemical and biological properties but‘differ in
electroﬁhoretic mobility* . Many of the lectins are.
gl&coproteins, élthough séverél léctih proteins, sﬁch as
‘peanut ‘lectin, concanavalin A and whéat-germ, lack cova-

lently linked sugars® .

3. Antibodies versus Lectins

Lectins are similar to antibodies in many respects® .
The combining site of the lectin interacts specifically With
the’éarbohydrate—bearing structufe, to induce agglutination
or precipitation® .“Thié isﬂsimi;ar to éntibody-antigen
réactions because it is very specifié and also reversible.
'In addition, the interaction can_be specifically inhibited.
by low_molecﬁlar weight “haptens"<whi¢h block the combining

site.



The bindiﬂg site of the lectin is‘usually.smaller than
thi? of an antibody. Simple monosaccharides can often
inhibit lectin interactions, but the smalleét fragment
which will.inhibit precipitation by antibodies is‘a
disaccharide™ .

Other major differences exist between antibodies and '
lectins. Antibodies are glycoproteins secreted by
lymphocytes, as an elicited response to a foreign stimulus ™.
In conti;;E> the organisms in which lectins originate, are
often notvable to produce an immune response and the
lectins are usually present as constituent ﬁ)roteiné39 .
.Another difference peftains to the specificity range.

While the specificity of leétins is restricted to Simple
and complex carbohydrates,.antiquies can be formed fo
‘react specificélly-éath othef clas;es of organic dompgunds,
including.amino acids, proteins and nﬁcleic acidsﬁ .

The antibodies that areUforﬁéH are structurally similar.
This is ip cdngrast to the sﬁructural diversity oﬁserved
for lectins isolated from various sources® .

In.spite of these differences, lectins have often been
used as models of carbohydrate-specific antibodies and have

Lo

been used to replace them in techniqueé such as blocd

*

grouping® *®

. Lectins are readil§ available and are
easily purified in gram quaﬁtities; In'addition; the
combining site of purified lectins, unlike that of most

immune antibodies, is ‘small and homogeneous® . Lectins

therefore have important application in the study of the

16
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carbohydrate architecture of cell surfaces™ .

4. Role in Nature -

" The physiological role or_functién of lectins in
animals and plants is not fully understood . 1In pl;nts,
lectins may be involved in sugar tranSport, storage or
immobilization, and may function as protective agents by
specific ihteracﬁion with the éolyéaccharides of plant
paphégéns“s. The presence of lectins in legumihous planﬁs
may be related to the plant's ability to fix nitrogen. It
has also been speculated that plant lectins may facilitate
seed germination and early cell division and differentia-
tionl"5 .

‘Some animal lectins possibiy serve as recognition
_molecuies to seqﬁestér glycoproteiné. Others may play a
role in the organizétion of cells.intb-tissues during
embrYogepesis or be involved in cellular communication
and/or adhesion™ .

"Although definite functions can not yet be assigned
to ény léctin; it appears the variety of intracellular and
cell surface funétions postulated for lectins ihvoive
speéific interaction of the lectins with carbohydrate-

containing substances® .

‘e

5. Binding Specificities

The overallvcarbohydrateAspecificity~of a lectin is

usually defined by’ the monosaccarides or oligosaccharides



that have the strongest inhibitory effect on the lectln—
induced agglutlnatlon or prec;pltatlon reactlons . The
sugar specificity and origin of a number of commonly .
vavailable lectins are listed in Table 2.

Lecfins usually have stringent structural requirements
for optimal binding36 .' Often the C-3 and C-4 hydroxyl~
groups of sugars appear to play an 1mportant role in lectln
blndlng . The generality that D-galactose blndlng lectins
do not usually interact with D-glucose or D-mannose

specific lectins and vice versa demonstrates the critical

invelvement of the C-3 hydroxyl moiety ¥ .

Although the bihdi;E\siL@'ef most lectins accomodates
a %ihgle glycosyl residue, somerlectins-have extended
saccharide binding sites® . The peanut lectin (Arachis
hypogoea), has a binding_site“compiimentary to a

\Z

disaccharide and the'affinity of wheat germ agglutinin,

(Triticum vulgaris) for 8(1*4)—llnked D-GluNAc 1ncreases

for the trlsaccharlde series of the same sugar re51due .
The blndlng ‘of lectins to complex ollgosaccharldes,x
glycoproteins and cells is a more complex phenomenon than
that seen with simplesugars33 . Multivaleﬁt and secondary
nonspecific interactions are superlmposed on the prlmary,
.‘carbohydrate—spec1f1c binding. Theref re, the association
constants for lectln-glycoproteln blnd%nc is usually
several orders of magnltude hlgher than those found for

monosaccharides ¥ .

18
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In addition, lectins which have a similar specificity
towards monosaccharides, many show large variability in

their binding specificity to complex heterosaccharides™ .

6. Biological Actions and Uses of Lectins

Lectins have been very useful for the investigation
of various cellular phenomena due to the specific inter-

action with specific carbohydrate determinants on the cell
surfaces¥ ¥ "%  Following labelling with fluorescent
T

tags’, ferritin or radiotracers, lectins have been useful as
cell surface probes. The %ature, distribution and number of -
gectin receptors were then investigated by either auto-
‘gadiqgraphy or fluorescence microscopy or at an ultra-
structural level using électron microscopy®r ¥ .

Certain lectins, such as the pokeweed mitogen,,
concanavalin A and the red kidney bean lectin (PHA) are
mitogenié.” These lectins stimulate lymphocytes to grow and
divide,:regardless of the antigenic specificity of the
lymphocytes and are, therefore, an important tool in
the field of immunology ¥ .

The specifiégty of most blood groups is determined
by carbohydrate residues, so that lectins have been very
useful in clinical blood typing and structural studies
" of blood group substances“3.‘

The interaction of lectins with many cells is mos§

easily detected by cell agglutination® % * | The

20
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agglutination reaction is a very cemplex phenomehon‘in
which many factors play a role, as‘rgviewed by Nicolson™r % |
Lectins may bind to cell-surface sugar residues without
~inducing agglutinatioh'of the cells® ., 1In order for the
agglutinatjon to occur, the lectin must be_able to form
vmultiéle cross-bridges between qpposing’cellsag.

v Leqtin studies have revealed that the'easé_of cell
agglﬁtination ié significantly different between normal
>énd,ma1ignant cells ¥ " petween embryonal and adult cells™
and also between mitotic®and quiescent cells™ . Lectins
have therefore been useful ﬁqpis to sﬁudy cell surface
Changés which océﬁr duriné malignanﬁ\transformationsn“ﬁug_

%,52.

. and embryonic cell differentiation \Thg:increased

agglutinability of most transformed cells is an interesting

©

‘phenomenon in view of the fact that they generally possess

a similar number of lectin receptors as their untransformed

37, W4y 49

counterparts Differences in agglutinability are
probably due to an increased mobility of lectin receptors
on transformed cells¥ . Fluorescent microscopy revealed
that receptor sites, fpllowing lectin binding, were no

. longer randomly distributed in tumour cells but were
'agg:egated into'clustérs. This enables lectins to readily
fqrm mulfiple”cfoss—bridges between cells, thus faéili—v
tating agglutination. When.the receptor sites are fixed
in® their initial rahdom dispérsion,_by glutaraldehyde or
formaldehyde treatment, the traﬂsfoymed cells are no

longer preferentially agglt.ltinate‘d37'L“"“9 .

Q
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“An important application of lectins has bden the.
‘separatioﬁ and purification of glycoproteins and cells¥ %S

Immobilizéd lectin columﬂs have been applied extensively
as an affinity purification technique and used for the

fractionation of animal cell subpopulations® .

7. In Vivo Studies With Lectins

Although most studies involvirtg lectins have been

in vitro, lectins have been used in vivo as carriers for

-

the delivery of'chémothefépeutiq agents to tumours> % |

Thi§ follows attempts to preferéntially«localize chemo~-
therapeutic agents in tumours using éntibodieé as carriers,
as reviewed by Ghose and Blair¥ ;

The lectin which has. often beeﬁ;utilized as a carrier
of antitumour dfugs, has been concanavalin A-sl“-_56 .
CdncanaValin A has its own antitumour activiﬁy. It
selectiVely agglutinates and kills some tumour éells \
in vitro and can increase the iife span o6f tumour-bearing
mice® . Injection ofba con A—chemotherapeutic drug
complex was found to be more effective in prolonging
survival of tumour bearing mice than injection of éither
the lectin or anti-tumour drug alone® % ., Since con A
is a powerful mitogen and may induce haemorrnagic Arthus-
like reactions, hydrdéortisone was sometimes given con-
currently with the con A complexes® .

The success of lectins as carriers of chemotherapeutic

agents for tumour localizing and cancer treatment encourages
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the possible application of radiolabelled lectins as
diagnostic tumour localizing agents.',Ideally,.the'lectin

should not be toxic to normal cells, not mitogenic and

c

should interact specifically with sugar residues which are

N\

‘primarily associated with malignancy. ™

. C.  PEANUT (ARACHIS HYPOGOEA) LECTIN (PNA)

‘The peanut (Arachis szogoea) lectin is;a readily

available protein, whieh binds preferentiallyito
oligosaccharidee containing thevterminal sequence
BfD—galaetosy1-11+3)—a—ﬁ-acetyl—D—galactosamine
(8DGal (1+3)GalNAc) ®/%%8 | This disaccharide is reported
to be the immunodeteérminant group of the Thomsen-' |
Friedenreic antigen (T.anti.gen)62 . TherT'antigen is
present in g number of membrane end solublevglyeoproteins
but it is nérmally masked by N—ecetyl—nepramiﬁie (siaiig)
; acid residuesé%. Therefore, the peanﬁt lectiﬁ will only
bind to the glycoproteins fdlloﬁing expeshre of the
Tfantigen by neuraminidase treatmehtﬂ

The qffinity of tﬁe peanut lectin (PNA) fer the T
“antigen, allows tbis proteih to agglutinate neuraminidase-
treated red blood cells. It Qas thereferetdesignated an
"anti-T agélutinin" since it‘gave‘égéTsamerimmuhbloéical
reaction as the anti-T antibody of mammalian sera® .

A special importance-.and clinical relevance became

~associated with the T-antigen, following its discovery in



the cell memﬁ:anes of - human carcinomaﬁéss. ' The tumour-
associafede specificity has been found in the unmasked,
~reactive form,in.adenocaréinoﬁa of thé b:east,'gastro—
intestinal, and respiratory tract® .

The‘exbression of the T antigen on malignant tissue;
and not on cdrrespondihg bénign or normal tissue,méy .
urepresent ingompiete iynthgsis_or‘accelerated degradationss.

4stﬁdies,'using peanut lectin on sections of human
breast tissué,Ahave demonstrated a paﬁtern of T antigen
expression which differs markedly between,benign and
'malignant tissues® .

The above observatioﬁé indicate that radiolabelled
peanut lectin may therefore bé useful for the in XEXQ

locqlization of tumours expressing the T antigen;

1. Macromolecular Properties of PNA
4 ’ # 6L

)

Affinity-purified.peanut lectin (PNA) ﬂas beet®
determined to be Qomogenous by méthods‘sﬁch as disc-gel
velectrophoresis, gel filtration, ultracentrifugation and
sedimentation analysié. Lotan and coworkers>® determined
that the intact peanut iecﬁip protein exhibited a |
molecular weight of 110,000 * 10,000, as detefmined by
gel filtration and sedimentation velocity. This value was
in close agreement with a value of 106,500 determined by
Terao and coworkers'68 employing sedimentation eduilibrium

.centrifugation. When Fish et il'“ analyzed the lectin

" by sedimentation equilibrium and also gel filtration,

24
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under a wide range of pH and,concentration ranges, they
obtained a lower molecular weight value of 98,000 t3,000.‘
Possible reasons for this discrepancy could be (1) method
of extraction used by Lotan‘and Terao possibly leading to
alight aggregation® , .(2) higher protein concentrations uﬁed
by Lotan. and Terao (2.5 - 10 mg/ml) may result in a lower
S°4u %, which results in a higher ' estimate of molecular'
weight, and,(3);isolec;in‘variatiOn7°. )

The peanut 1ectio has\iecently been crystallized,
for X-ray stqdies, into an asypmetric orthorhombic crystal
with-57% of the volume being solvent-occupied” . It is a -
relatively acidic (pI = 5.95)°% hydrophilic, and compactly

' folded globular protein® . The lectin is believed to be

composed of four identical monomers of 24,500—27,000'dalton

molecular weight, which are non-covalently linkeds%eésg.
There are_é binding sices per molecule (revealed by
equilibrium dialysis) and metal analysis by atomic
absorption analysis indicates that each PNA sobuoit contains
one Cat? and Mgt?2/zn*t? atom (0.78 mole Mg_'*_'2 per subuoit
‘and 0.11 mole zn*2/subunit)” .

The quaternary structure of PNA is pH dependent® .
As the pH is‘gradually decreased from 4.75 to 3.0, the
molecule rerersibly dissociates from a tetramer into a
dimer. The 48,000 dalton‘speciesvwhich.exists‘at pH 3
lacks sugar binding ability“‘. Dehaturing'conditions or
detercents (sodium dodecylsulfate) disébciate»the‘intact

molecule into its 4 subunits, which have identical molecular



59, 68, 69

weights and identical sequencing for the last five

NH,-terminal amino acids® .

The amino acid composition reported by Lotan and

coworkers® showed a high content of acidic and Hydrgxylic

amino acids,,relatively littlé methionine, tryptophan and
histidine and the complete absencé.of cysteine, - These

results were at variance with the results of Terao and

68

coworkers®, who reported considerably less serine, .

threonine (which Lotan gg'gi.sgzdetermined only by
extrapolationi, tryptophan and arginine. Terao® also did
) not find=any.méthion;ne but reported 16.6 moles of cysteine
per mole of lectin. Neither group'found éo&élently-bdund
carbohydrate & |
The first 40 amino aCiaS!Of peanut leqtin N-terminus

14 . . ‘
have been sequenced” . It has been found that there is

L

considerable homology between the first 25™ and the first
] o !
407 residues of PNA and sever@l-ofher lectins isolated

from legumes (e.g. soybean, lentil and pea). This may
suggest a common ances%ry of the genes coding for these
lectins ™™ . / K

C z

2.  Isolation and Purification of PNA

Isclation of lectins generally begins with a saline.

or buffer extraction of the finely-ground. seed meal, The
/ ; .
anti-~T activity'was'initially discovered in crude saline

extracts such as these®™ and some investigators still use

" them, as such, without furthex purificationm'76 .

o
[
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As much as 40 per cent of ‘the het weight of peahuts is
composed of lipid components, some of which may;be |
COntalned in the crude sallne extracts ' Therefore,‘a pre-
extractlon step with organic solvents (such as ether’or_

-

acetone) is often employed to remove llpldlc or other

interfering substances % % 7780

°

The ,proteins, from the defatted preparation, are then
. - _

usually salted out with.neutral salts such as 40-75%
‘ammonium sulfate® ® 7 79 The prec1p1tate is then collected
by centrlfugatlon before belng redlssoléed for dialysis
and/orrultracentrlfugatn.on5"9'68'77 o, o

: fhe clear supernatant will contain a number of_proteins
besides the fectin, such as the large molecular weight - |
peanut qidbulins} known aS»arachin (Mh%380;000) and
: conarachinm'82 .- The lectin can be isolated from this
protein mixture‘by conventional protein—purification
techniqﬁes,;affinity Chromatography or a combination
thereof33.

A novel method, for the purification of anti-=T
from peanuts, was recently described'by'Merry and
coworkers® ., They used.the reagent‘RivanolR §2—ethoxy—
6,9,-diamino-acridine lactate),fwhiCh is known to precipi-
tate all proteins except IgG whenuadded to serum® ,
Following the addition of Rivanol to peanut saline extracts,
-the majority of the peanut proteins were selectively

precipitated to leave the anti-T in solution. The method

was rapid and simple and produced a serologically-active



purified form éomparable to that prepared by affinity
chroﬁatographyad. |

‘Virtualiy most of the other contempdrary lectin-
purification.schémes ehploy affinity chromatography
techniques, which expioiﬁ the specific :ugar—binding
capaéity of the lectin®. a canbohydra;é ligand Jith
which the lectin interacts is insolubilized in gome manner,
so as to allow for specific adsorption of the lectin.

The lectin can then be displaced by elution with a sugar
which is éompetitive for the same binding site® "’ . a
1arge’va£iéty of affinity absorbenﬁs have been -used fof
peanut lectin, as presented in Table 3.

The biospecific adsorbents of lectins may be aivided
into 3 major typés: (1) native or modified polysaccharides
(examples'1—3, Table 3), (2) matrix-bound glycoproteins or
glycopeptides~(examples 4,5), and (3) matrix-bound mono-and
rdisacéharides (examples 6-10). They all have in common
7 terminaliy exposed galactose residues to‘which the peanut
léctin can be specifically and reversibly bound. -

+

The immuhodeterm}nant disaccharidg.(B-D—Gal(l*3)—a-D—
% -

GalNAc) ,of the T antigen has recently been synthesized into

an immunoadsorbent form® . fThe availability of this

© ]

immunoadsorbent,‘for the purification of very séeclfic
preparations of anti-T: antibodies and peanut lectin, should

prove very useful for T antigen studies.

- 28
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3. Isolectins: Multiple Molecular Forms of PNA

The presence of several very similar lectins has been
observed in a number of seed extracts. These mﬁltiple
molecuiar forms of agglutinins, or isolectins, diffef in
their eiectropheretic mobilities' . Individual‘genotypes
in the species of the lectin origin may)have same spectrum
of isolectins as each other or there may be variations in
the number and types of isolectins avaiiable'in each
genotype’® , .

Lectins extracted from peanuts heVe been.purified by
affin}ty chromatography ena'appear homogeneous by most
proteiﬁ separation techniques. Newman87.reselved'affinity-
purifiedrpeanﬁt lectin»into several isolectins, with very |
similar isoelectric points, by polyacrylamide gel electro—
phoresis and isoelectric focus;ng. Ali the  isSlectins were
composed of subunits with the,same terminal amino ecid

(alanine) and molecular weight (28,000) and they all

y

agglutinated neuraminidase-treated erythrocytes to the

same extent? .
1

. Affinity-purified lectins exhibiting the binding,
subunit composition and electrophoretic properties

characteristic of peanut lectin®” * were identified from two

sepagate Arachis.hypogoea genotypes ana could be‘separated
by poiyacrylamide gel iSOelectric inte 6 and 7 agglutinating
isolectins each® | | o
| The isoelectric points, (ranging from 5.7 to 6.7), and

the occurrence in various Arachis hypogoea genotypes, were .-
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the only-characteristics found to vary between the
isolecfins. None of the isolectins‘were removed bf further
affinity chromatography and all the isolectins agglutinated
'vneuraminidase-treated red blood cells. Each isolectin.was
composed of 27,000 molecular weight subunits and antibodies
raised to one éenotypevwere immunologically cross—-reactive

to the other strains of Arachis hypogoea® .

" Recently, a large numbe; of peanut genotypes and
related Arachis species were immunologically screened to
determine the presence of PNA andithe isolectin profiles
in various genotypes’’. Peanﬁf‘lectin, as determined by

anti-PNA rabbit antibody, was detected in 4556 genotypes of

Arachis hypogoea and 65 genotypes of related species of

Arachis” . The lectin was lacking in only 4 wild Arachis
strains (<0.1% of all the strains which were tested).

Polyacrylamide gel électrophoresis/isolectric focusing

resolved Arachis hypogoea leétins into 3 related isolgctin
profiles, each composed of 6 to 8 isolectins’?, In spite
of variations in isolectin profiles, the specific heﬁa—‘
gglutigéting activities and electrophoretic properties
were qqite uniform amongst genotypes’”® . it still\needs to
:be determineé if biologiéai attributes,’ such as bindinq
constants and mitogenic ability, co-vary with isolectin

profile variations.

4, Protein Stability of PNA : .

Peanut lectin is a protein and, as such, may be

adversely affected by extreme-changes in pH or temperature.



In the native seed form, most lectins have been found to
be Qery resistant to deterioration on storage, SO that
active lec£iﬁé could be extracted 25 to 30 years later™ .
Peanut lectin has shown some resistance to dry heat, as
peanﬁt lectin activity has still been detected in ary—
roasted'péanuts% .

In crude saline. extracts of peanuts, a stable
hemagglutination activity was reported over 6 months of
storage at -20°C” . An affinity-purifiéd‘peanut lectin was
reconstituted after lyophilizatiohAto a concentration ;f
_l‘mg/ml and was reported to remain stable for 2 years, at
4°C in the presence of bovine serum albumin® . 1In addition,
the différent‘dufations of storage (at -20°C) of affinity
purified PNA, and alternating cycles of freezing and
thawing of isoleétin solutions has been reported to not
diminish biological activity o{ samples or to affeéﬁ the
isolectin composition® . A

"The protein structure and conformation of peanut

lectin, as revealed by UV spectra, was found to remain

constant over: concentration ranges of 0.5 - 2 mg/ml,
L ]

~

temperature ranges of 0.8 - 52°C and pH ranges of
3 -llO.7585 . In genefal, the peanut lectin appears to be a
relatively "resilient" protein. .

Although not reported by other investigators, Decastel
and coworkers® found the peanut lectin was insoluble at
low (eqg. 4°C) temperatures. The Fryoinsolubility was most

likely to occur at high concentrations, low tempgratures,
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and in the pH range of 5 - 9. With a number of spectro-
photometric methodé (absorption, CD, fluorescence), it was
determined that the observed cryoinsolubility was ﬁot due
ta conformational changes in PNA during the low temperature

exposure. In addition, ultracentrifugation did not reveal

evidence of polymerization of the PNA protein® .

v
t

The cryoinsolubility of PNA was marked by é highly
°conc tra;ion—dependant lag time and a critical concen-
tratiln of.0.8 mg/ml, below which the protein was completely

solubie. Such features are characteristic of pfotein
associatidns requiring a nucleation event™ .
It was.concluded that the cryoinsolubility of PNA was
probably due to the individual solubility properties .of
the lectin itself. At léw tempefatures, intermolecular
association, by either hydrogen boﬁaing or Van der Waals
fofces, may be preferred»ovér interactioﬁ with éhe solvent® .
If waé found that the cryoinsolubility was partiaily
reversible and totally inhibited‘in the presence of

galactosides, the specific ligands of PNA® . Their
: : ) P

- efficacy, as inhibitors of cryoinsolubility, was related

to their binding affinity for the lectin. The disaccharide,
B—D—Gal(l+3)—a—D—GalNA¢, was best able to inhibit the low
temperature precipitation. It Qas, therefore, égétulated
that the residues responsible for éggregatidn are either
localized in the sugar-binding site or in the viEinity‘Qf
it and become maéked, or locélly reorganizrd duriﬁg the

binding of the sacch_aride85 .

TN



W 14

General protein extracts of peanuts, containing
arachin and conarachin, have been reported to also have
this property of cryoinsolubility® . éerhaps the uniéue
extraction methods (no organic "defatting" step) and
guar gum purification method of Decastel and coworkers®
has isolated a peanut protein fraction different from that

isolated by others.

5. Toxicity of PNA

Some lectins are highly toxic to mammalian cells, as
o b
. , , , Ly . e

discussed in a review by Nicolson™ . Two very cytotoxic

lectins are abrin, from Abrus precatorius, and ricin from

%
the castor bean (Ricinus communis*%\ These lectins
. + i

g

~e~ll surfaces and

specifically bind to sugars on B!
*j"s‘L

following cell uptake, they strgnkh "inhibit protein
synthesis® , Oral or parenteral administration‘oﬁ;abrin
or ricin in high;dbses may be extremely dangerous or even
lethai, for these plant toxins are approximately as toxic
as the diphtheria toxin™ . 7

Other cytotoxic lectins, such as Concanavalin‘A:”wheat
gerﬁ agglutinin, and phytchemagglutinin, are 1000X less
toxic than ricin and abrin® . At very high concentrations
(1-10 ug/ml), these lectins probébly}exert their toxicity
via extensive specific binding to a high number of
oligosaccharide sites on cell surfaces® . The peanutjlectin

-was not found to be cytotoxic to the cells with which it

specifically ‘bound (such as neuraminidase-treatment rat-

.Q



35

lymphoeytes)-at in vitro couCentrations as high at 600
ué/ml% . Extensive toxicity studies\have not been carried
out on the peanut lectiu.
Peanuts have been shewn to have a beneficial effect -
for hemophiiia, possibly due uo an inhibition of
fibrinolysis¥ . Roasted peanuts, peanut butter, raw peanuts,
peanut meal or flour and an ‘alcoholic extract of‘peanuts
‘have all been 1ngested by humans in large doses for their
hemostatic action and no adverse effects were/reported96 ;
Peanut meal or flbur,.prepared by defatting peanuts with
hexane, was used in oral daily doses of 40 to 220 grams.
This corresponds to anvoral dosi of 60 to 330 mg of peanu-
lectin; based on extraction andépurification yields of
Lotan®® ., Thls dally regimen was used in several pat&ent
for longer than 6 months, w1thout mention of toxic .
hsymptoms ; The hemostatic factor in the flour is -
.pfobably not protein in nature because 1t was removed by
exﬁractidnvuith 90% ethanol® .
Intravenous administration of uiekpeanut lectin may
result in the_organism_activating the humoral end cell-
mediated sectors of the lymphoid system® . éince the
v peanut lectin is a cemplex protein macromolecule of

molecular weight >10,000, it will be recognized as a : 5

foreign antigen by the-immunologically—competent cells of

?

the organism® .

The lmmunologlcal reactions which usually prot@g% the

organism, may occa51onally harm the organism, through
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hypersensitivity or allergic reactions. 'Depending upon the
manner (dose and route) in which the antigen is presented
to ;he organism.ghd the genetic-cdnstitution of an
individual, there may be IgE antibody production iﬁduced
in the organism® . Reagenic IgE and other immunoglogulins
_aré'attached to mast cells or basoph%ls, so that mediators, .
'éuch as histamine, will be rgieased'upon antigen inter-
“action® . These mediators act upon tissues td cause
Vasodilatibn, smooth muscle contraction, and muéoug
secrétioneg. Consequently, the classic manifestations
of the immediate hypersensitivity reactions, such as
anaphylaxis may ensue® . |
Aﬁute'anaphylaxis in man is a rare, though Serioué,
reaction with possible fatal consegquences.. Certain, people
have a.genetic predisposition to become eaéily‘sensitized
and allergic. ‘These people are called atopic. The
voccurrence‘and intehsity of anaphylactic reactions in én
atopic iﬁdiVidual depends on factors such as: fhe naturé
and quantity dfvantibodies present, the target cell
reactivity, the respoﬁée of anatomic structures sensitive
~to .the mediators and control from the autonomic nervbus
SYS??@?'V' .
er‘A more frequent form of aﬁaphylaxis is founa in the
form of a localized phenomenon, following antigen contact
with specific'sens}tized organs or tissues, such as
epithelial barriers. Local anaphfﬁactic reactions occur

in the skin (eczema and urticaria), respirat6ry tract




(pollen allergies and bronchial asthma), and the. digestive
tract (food allergies) ® .
Peanuts'a:e a frequent-source of food allergies. The

hypersensitiyity reactibns can range from mild abdominal

discomfort to severe life-threatehing_anaphylactic shock %10

Double blind food challenges.with peanuts in 81 children
with a food- alleray hlstory revealed that 17 (21%) of these
patients were allergic to peanuts'®. Peanuts showed the
highest positive response of the foods tested in that study.
Another study indicated that 16 of 84 allergic children had
elevated IgE ievels and the IgE was reactive with peanut
extraqtslm ‘

Recently, investigators have attempted tp‘isolaté and
identify the allergen in pPeanuts responsible for allergic
reactionsl@. A prbtein.fraction (Peanut-I), isolated by
iep.exchange'chrOMatography from crude peanut extracts, was
found to be the major allergén but could not account for
‘all of‘theﬂallergenic activty of peanut extracts!®

The major allergen fraction, Peanut-I, probabfy‘does
not inclﬁde tte peanut lect;n,,eince it contained 8. 7%
earbohyd'rate, and gel chromato‘qrapvhy revealed that 8t had
a molecular weight ofUISO,dbo Daltons. Studies will need
to be done on - the allerglc potentlai of peanut lectin,
especially lq thO&B patlents w1th a hlstory of food

allergx

37
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6. Mitogenicity

One of the most intriguing properties that some

lectins possess, is the ability to trigger quiescent, non-
. ) .

diViding lymphocytes into a state of growth and proliféra—

tion. Mitogenic lectins are considered polyclonal

activators, because they can stimulate a large proportion

(often as much as 30~ 60%) of the cells, regardless of the

"V“&mphocytes . The gross

antlgenlc spec1flclty of t

B} changes, in size and shape andwblochemlcal events, observed
in‘the laboratory for lectin-stimulated lymphoc§tes appear‘l
to resemble the spécific antigen—;nduced immune reactions
in the living\animal“”lm.'»TherefOre, various mitogenic

lectins, such as concanavalin'A and the phytohemagglptinin

:e red kidney bean, have been used exten51vely to

festlgate the mechanlsm of immune response® .

lee agglutlnatlon, mitogenic stimulation foilows che

z%x,fsbécific binding of a iectin to the ‘saccharide units of
glycoproteins or glycolipids, on the cell surface® - This
binding, however, is not by itself sufficient to induce cell
activation and a mitogenic response'®.. There -are many
lectins that bind to lyméhocytes but do not stimulate'
them'®, 3

The mitogenic ability of peanut lectin is a contro-

versial question. . Terao.and coworkers® could not
demonstrate mitogenicity of peanut lectin -towards eithér

normal or neuraminidase-treated human lymphocytes at
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‘in vitro Eoncentratioﬁs of up to 250 pg/ml. On the other
hand, Novogrodsky and coworkers® observed the mitogenic
response (of increased DNA syntheSiS)‘in neuraminidase-
treated rat and humAn lymphocytes, following the binding of
this lectin. Untreated iymphocytes did not respond% nor
did.normaI or neuraminidase-treated lymphocytes of the mouse
or guinea Eig, Both groups of authors reported their
preparationé to be homogeneous® ¥ |,
The source of discrépancy ﬁay.be due to variations in
Q)isolectins of the peanut lecﬁiﬁ utilized in the mitogenic
testing. The types of‘isélectins obtained inﬂa peanut
lectin preparation are dependant.on the peénﬁt Variety
extracted and purification method used” . Slight
.variations in émino acid content chéngé the molecular
'éharges in the iSOlectins and allow electrophoretic
separation of an affihityépurified lectin into 6;7 i%o—

|
lectin bands’® . Although these minor amino ac;dvchaﬁges

o

»do not affect the hemagglutination activity of the PNA,

they may be the factors responsible for the different

87, 90 ]

. . ’ - . 5‘ . ' . »
mitogenic properties . NoO correlation between mitogenic

"and hemagglutination ability has been found between variou
isolectins® .. | | - |
,Another. source of variation in mitqgenic ability,
'may be due to the presence of éggregated or polymerized
peanut lectin in thé pfeparation. When peanut lectin was

cross-linked or polymerized by glutaraldehyde treatment,

it acquired mitogenicity to neuraminidase-treated mouse
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lymphocytes‘théf the lectin lacked in its native, monomer
form'®. Iﬁ"was found that lectins which induce a mitogenic
response, shp& a poéitive cooperativity of binding, meaning
that the.binding constant inc;eéses as more'PNA occupies
the cell surfaée receptorslm; This implies that the
‘membrane receptors possibly quergo conformational changes
or redistribution to increase the binding constant. it_has
been postulated that the "signal" for mitogen%giﬁy is |
mediated by a Clusteriné of the receptors in the 'fluid
membranelm. _When a lectin ;s aggregated into a mulgi;
valent form, this allows formation of an initial nucleus
of éross-linked receptorslm-. chleation then proviées the ((//A\
"triggering signal" for cross-linking and clustering of |
the'lectin-recgpﬁor complexes in the fluid membrane,
leading to a ﬁitogenic~responsem”lm . )
In one ;tudy, the presencé of particuléte erythrocyte
fragments wasvfound té enhance the mitogenic response of
peanut ledtin.up'tb‘loovfoldlm. Perhaps these eryfhrocyte
fragmenﬁs'had exposed PNA receptors; leading tb PNA ‘binding -
rand aggregation and thereby, the supermitotic state of
multi;alent lectins. ﬁ ) }i
Much more needs to be learned about the mechanism of
leétinfinduced mitogenicity and the qharaCteristiés of

lymphocyte populations, before the relationship of peanut

lectin and mitogenicity is fully understood.



7. Binding Specificity of Peanut Lectin

It is particularly important to know the sugar-binding

specificities'of lectins to use them in the detection and

purification of cell surface carbohydrate and to study‘the;.

biological activities of the lectins themselves.
Usually, lectin- saccharlde spec1f1c1t1es have been
determined by making comparisons of the inhibition of
hemagglutination or glycoprotein precipitation by various
mono- and oligosaccharides® . AThe binding preferences of
lectiné have alscvbeen'determined by more direct measufe-
ments, such as equilibrium dialysis™ , ultraviolet
difference spectroscopy106 and carbon-13 nuclear magnetic'
107, 108

resonance (NMR) studies™™ .

a) Saccharide Iggigition.of Hemagglutination
‘'or Precipitation

Early studies by Bird® , using cfude saline |
extracts of peanuts, indicated thatMgalactcse or
lactose could weakly inhibit the hemagglutiﬁation:of
neuraminidase-treated red blooa cells. It was there-.
fore suggested that B—glycosidically-linked

. D-galactosyl residues migh£ be an important part of
the T antigen to which the lectin bcundshs{
-

Uhlenbruck ‘and coworker561found'particularly strong

hemagglutlnatlon inhibition by 2-acetamido-2- deoxy—d

3- 0-8-D- galactopyranosyi -D-galac! (BDGal(l+3)aDGal—
NAc) and, by glycoproteins and g« )sides carrying

this dissacharide in a non-reducing (terminal)

41



position. later studies confirmed these findings

59' 60, 108

Various immunochemical investigations of the

specificity of peanut agglutinin- have been conducted

o

by hapten-inhibition of hemagglutination and precipi-

tation and are summarized in Table 4.

It is interesting to note that the purified peanut

lectin was not inhibited by terminal N-acetyl-D-

galactosamine, in contrast to most other D-galactose~-’

specific lectins and agglutins?r®% & |

-

maﬁy'other D—galactose—bindiﬁg lectins fail to

In addition,

accomodate more than a single alycosyl residue®® . oOn

the other hand, the peanut lectin combining-site

ihteracts, in a highly specific way, with the T

>

59, 60

determinant disaccharide (BDGal(l+3)GalNAc) with an

affinity 50 times greater than the galactosyl mono-

saccharide . This suggests an extended combining

o

site for the peanut lectin® .

It is possible to specify the saccharide

structufal features required for combining with and

- blocking the peanut lectin binding site, if it is

assumed that the binding inhibition activity of the

séécharides, reflects the affinity of the
lectin for the pa?ticular sugars. Sugars
most capébie of inhibiting the binding @f
lectin to neuraminidase—;reated,red blood
’probablyyfit the specific binding site of

in a much more complementary fashion than

¢

péanut
which are
peanut
cells,
thesylectin

“d

those SUgars
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TABLE 4

Inhibitory Effect of Various Sugars on Hemagglutinating
and Glycoprotein Precipitating Activities of Peanut Agglutinin

"

Relative Potency'! In Inhibition of:
Hemagglutination - Precipitation
. Inhibitor ' Lotan? Terao® Pereira®
Monosaccharides
1. D-Gal * . , 1.0 1.0 1.0
2. D-Xyl <0.4 - -
3. L-Fuc . <0.4 <0.25 -
4. D-Fuc ) <0.4 - ' 0.6
5. D-Glu,DGluNH, or GluNAc <0.4 <0.25 C-
6. DGalNH, - 1.43 4,25 2.2
7. DGalNAc <0.4 <0.25 -
‘8. .6-0-methylaDGal - - 1.0
9. methyluDGal 2.5 - 2.2 R
10. p-NitrophenylaDGal 1.66 4.25 2.2
11. methylBDGal : 1.25 - 1.5
12. p-NitrophenylBDGal 1.25 2.0 1.5
Di- and oligosaccharides and glycoproteins
13. DGalgl+4DGlc (lactose) ‘ 1.66 2.0 2.2
1 DGalBl+6DGlc .- - 2.2
15. DGalRl+4DGlcNAc 1.66 - 4.0
16. DGal3l+3DGlcNAc ' - - 0.6
17. DGalRl+3GalNAc (T Ag) 50.0 - 54.5
18. DGalal+3D-Gal-ol-NAc?® ‘ - 1. - 2.2
19. DGalal+3D-Gal . : : - - 0.9
20. DGalal~6DGlc .0.8 - 0.6
21. DGalNAcal+3Gal - - ¢ .5
22, Ch-3 (MN glycoprotein fragment - : 20.0 -
23, asialo-Ch3 - ) 2,500 . -
24. MN glycoprotein ) - 2.5 -
"25. asialo MN glycoprotein - - - 15,000 -

Galactose assigned an inhibitory potency (ability to inhibit specific
PNA binding) of 1 and all other sugars are calculated relative to
galactose. i

i
The values are based on concentration of sugars needed for 50% inhibition

- of hemagglutination of neuraminidase-treated human type-B erythrocytes

from Lotan et al.”

The values are based on concentration of sugars needed to completely
inhibit 4 times the hemagolutination dose to desialized human type .
AB erythrocytes. From Terao et 35.9 :

The values are based on concentration of sugars needed for 50% inhibition
of precipitation of blood group glycoprotein. From Pereira et al.®®

Reduced T antigen determinant.
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which do not inhibit binding. A number of important
features of peanut lectin-ligands have‘thus been
’determined by the hemagglutination and precipitation
inhibition studies of Lotan® , Terao® and Pereira®
and their coworkers. A brief description followé

with the salient saccharide-features fequiged for
peanut lectin binding éhd the results of inhibition
studies which suﬁport_the‘importance of these features.

I. Hydrogen-bonding substituent on C-2 of terminal
residue ©
 +GalNH: is most effective while GalNAc s inactive
for hemagglutination inhibition.

II. Unsubstitused 5-hydroxy-methyl group of terminal
residue- ‘ =

+L-arabinose and fucose, Which are lacking the
hydroxymethyl groups, are inactivé’iﬁhibitors.
+Saqcharide derivatives (such as 6-0-methyl-

galactosé, D-galactosef6-sulfaté, and D- ,
galacturonic acid) which have masked hydroxyl J

groups, are also inactive inhibitors.

ITI. C-4 configuration of terminal residue similar
to Galactose

~Stereoisomers with a conformation unlike
Galactose at C-4 (such as D—glucose, D—Glu—Nac,
‘D—mannose) L—fuéése and maltose) are all inactive
inhibitors. | ‘

IV. Pyranose form of terminal Galactose
+Methyl-galéc£ose, ypich is fixed in a six
umemberéd ring, is a more eff?ctive inhibitor

)
\
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than\gélactose, which is an equilibrium mixture
C of pyranose, furanose and an open chair form.
&. Pyranose form of penultimate GalNAc
+The reduced disaccharide is about 1/25th as
active an inhibitor as the corresponding
unreauced disaccharide.
VI. Anomeric carbon atém of terminal residué
+Discrepancies exist on the configuration of the
, . .
anomeric substituent and vary with the size and
electronegativity of the substituent. |
~Large oligosaccharides which contain terminal
+a-linked D-Gal are all weak inhibitqré;

+$3qi¥cosides of D-Gal ‘are slightly'better

inhibitors than B-anomérs.

The cqmbininé site of the peanut lectin is
probably in the form of a partial cavity, which only
allows acdess to fesidues of a certain size limit® .
' It has been found fhat the additioﬁ of various

substituents onto the D-Gal of active inhibitors led

to coﬁplete loss of inhibitory activity® . The lactose
diSacéharide was extended to produce a longer sugar
chain} and it was found that_oligosaccharides\ayich
terminated in lactose were not anymore avid for p anut
lectin-binding thén lactose itself® ., It is possible,
therefore, that the peanut lectin bindihg site is

complementary for 2 sugar residues and does not inter-

act specifically with sugars paét the terminal
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disaccharide® . A hypothetical structure of the
sugar-binding site of peanut lectin'®, with the
complementary disaccharide B-D-Gal (1+3)a-D-GalNAc,

is schematically represented in Figure 1.

Fig. 1 Hypo;hetical sugar—binding site of peanuti
’ lectin -

The interaction of. lectins with polysaccharides,
glycoproteins and glycolipids is much more complex
than that with simple sugars?® . Glycoproteins and.
éell-surface ésibohydraﬁes usually have highér
affinitY~constants forllectins than those obsérved
for‘simﬁle sugars® . This is possibly due to éhe
opportunity for multivalent interactions (all lectins
have two or more binding‘sitesa3) with the comple#

saccharides. . Furthermore,‘nonspecific interactions



and sferic influences must also be considered?® .

A chymotrypsin fragment of the MN glycoprotein,
Ch-3, was shown to contain the disaccharide which is
most complementary for the peanut lectin® . Since the
disaccharide is normally masked by sialic acid residues
in thisﬂsialoleCOprotein, it does not normally
interact with A hypogoea hemagglutinin unless the
complementary disaccharide hag beenfpreviously un-
masked by neuraminidase-treatment % . The inhibitory
ability of this protein, in its native and asialo
(heuraminidase—treated) forﬁ) are presented in Tagle 4,

The MN'glycoprotein of erythrocytes,bcontains one
of the most potent inhibitors of peanut lectin although
it is in masked form. It i$ therefore necessary to
remove terminal sialic acid residues from the intact
MN glycoprotein, in order to reveal this very potent

inhibitor® . Glycoproteins that contain unsubstituted

47

BDGal (1+3) aDGalNAc sequences, such as aSLaloglycophorln,?V

asialofetuin antifreeze glycoprotein and other T
antigen exXpressing glyc0prote1ns, are all prec1p1tated

readily by this lectin® 5110

i

b) NMR and UV difference dpectroscopy studles

The determination of lectin-binding spec1f1c1ty»
7’9\ v

by inhibition of hemagglutlnatlon or prec1p1tatlon h&ﬁ

certain limitations. Hapten inhibition techniques .

ratio of binding constants of different ligands.

4
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~
details of the binding process can be much better
understood through thermodynamic and kinetic data,
obtained by sophisticated techniques such as UV

106, 107

difference spectroscopy and nuclear magnetic

resonance studies!¥, 10

Like other plant lectins, PNA exhibits a near-uv
circular dichroic spectrum which undergoes saccharide-
induced transitions in the presence of those saccha-
rides for which the lectin is specific® . The
environment of tyrbsyl residues (represented by UV
peaks near 280 nm), in or neaf the binding site of PNA,
are altered upon sbecific,interactibn with sugars
leading to changes in UV absorption of 1 to 2%7””f'“1.
Tﬁe intensity of the difference spectra is dependant
on the extent of binding. Therefore, the association
«€onstants and thermodynamics of sugar binaing to PNA .
can be determined by UV difference épectroscopy7%1mvyl.

Matsumoto and coworkers!® used, ;this technique on
various lectins and their specific saccharides and found
an equilibrium constant of 2 x 10° M~! for lactose-PNA

interaction at 21°C. Using the same technique, Neurohr

‘et al.'® found binding constants at 25°C of 1.8 x 10° M7},

1.3 x 10° M7, and 1.0 xAlOé M~} for methyl-a-D~galacto-
pyrgnoside, methyl-B-D-lactoside and methyl—B-D-gaiacto-
pyranoside, rgspectively.‘ The equilibrium cons;ants, de~
termined later by ngélear magpetic resénance, were in good

agreement with those from UV—differenceﬁspectroscopyfmﬁm.
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v
"y

Obser"eddliﬁé-broadehing effects on the NMR of

AN
3 c-enriched sugar residues occurred upon specific
- -

binding'of the glycosides to thé.peanut/lectinlmﬂlw.

The thermodynamic' behavior and kinetic data, for

to PNA,'was(determined for methyl=-, a- ahd.ﬁ—

S :

binding
galactopyranosidelw and methyl-B-D-lactopyranoside!®,

using NMR. Both UV and NMR studies indicated a

binding mechahish more complex than a simple bimole- .

72, 107, 108

‘cular process ~ There is probably a ‘ligand-

L]

induced conformational chahge in the protein, uﬁQn

sugar binding to simple saccharides™ !'®. Neurohr and

7,1% proposed a two step binding mechanism,

. coworkers
in wh;chvthe sugar ligand binds tb tpé lectin‘by
ﬁorming”aﬁ initiai.complex at a near diffusional-
fate, . This is followed by a ;dnfo:maﬁighal change,‘
to producé_the final complex.
Similar’ﬁv—difference,épectra, association

activation'entropies and association rates have been
found for ﬁhe gafgcﬁopyrénosides and lactopyrano—

72 W7, 18 This suggests similar binding mechanisms

side
for mono- and disacgharides.

Thermodynamic data from NMR studies reveal a
larger dissociation activation enéhalpy'and total
entﬁalpy change for bindiny ¢ the disaccharide, as
cor 4 to the monosaccharide, to the peanﬁt

o 42

lectin**** ., This, once again, suggests: an extended

carbohydrate binding site on peanut lectin, as
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initially indicated by hapten-inhibition studies®r®¥1®

"Tt is probable that both pyranosyl moieties of
methyl-B-lactoside are involved in interactions
with the residues of the PNA-binding site,
including hydrogen bonding, as well _as,
favorable nonpolar contacts". (Newf 2, 1982'%) -

The extended binding site of PNA is p

to some extent, for binding more complex saccharides

oMby preformed,

and glycoproteins. Circular'dichroism anélysis of PﬁA
vindicated.thatrglycopeptides differed from simple |
sugars in the changeé that they induced in £he lecfin’s
°CD spéctra112 . Asialofetuin glycopegtides'(T antigen=-
expressing) induced much smaller changés, upon’ binding
ﬁo peanut lectin, than th6se inducéd by simple sugérs
(galactose and 1§ctosé)1u. This may indicate a binding
site prefltted for the complex ollgosaccharldes which
allows for an easier lectln-llgand interaction. More
iritensive confqrmational alteratlons are required to‘
bind the.simpiélsugars,vleading to -less’ facile bihaing
and a lower bindiﬁg qonstant, Kalu}' Although.no |
thermgdyngmicfstudiesVhave been dong;@ith éhe T
determihant q&ssacharide/peanut lectin system to date,

Neurohr et gi.lw‘

exﬁrapo;ated the binding constants of
gélactpse ada laétosé, with}the relatiQe inhibition
data of Lotan,gé al.” tb‘esﬁimate-avbinding cbnstant
to T anﬁigen of 1 x iO7xM“1at 25°C. This value agrees

well with aslociation éonStants fégﬁd for ‘other lectin-

glycopeptide interactions'™



i8. Pearfut Lectin as a Cell Marker

a) Lymphocyte subpopulations .’ IR

The lymphoidfsystem is comprised @f'numerous cell
subpopulations (or subsets) sueh as T‘ehd B, mature and
immature cells, with different functiohs in immunolo-
gical processes. In spite“ofAthe}r functional
heterogeneity, the various cells,dare as a‘rhle,
mofphologically similar and are often found together
in the same lymphoid tissue® . 1In the past decade,
distinct surface‘Zntigens have_been‘defined which
distinguish lymphocyte popﬁlatidns. Lectins,
particularly thetéeanut lectin, have proVed'te be'
valuable,fer the detection of and identification of
lymphecyte surface markers and the separation of

. -
lymphocyte subpopulations .

The Tfantiéenic determinant is carried en the
shrface‘of all lymphocytes but us%aliy in the sialic
acid—masked form?®, Thereforeﬁ%peanﬁt lectin'is
unable to interact Wlth most lymphocy&es, unless they
.have been prev1odsly treated with neuramlnldase . It
lwas,found, in 1976, that murine thymus T lymphocytes
could be separated into two populations by peanut
lectin without~the rieed of neuraminidase treatment® .
ThefoA—reactive cells are the cortical thymocytes,
whlch comprlse the majority of the thymus cells
‘(80 90%) % METRL These cells are sensmtlve_to

\
radiation and hydrocortisone elimination, and are
I

/
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'PNA were found to be immunologically immature

52

immunologically immature!?.

| The peanut lectin also binds to small numbers
(<20%) of cells in bone marrow, spleen, peripheral
blood and lymph nodes ! 12 :. The distribution of the
peanut lectin in various organs, as mostly examihea
by fluerescent PNA, is summarized in Table 5 (meuse)
and Table 6 (man) ”
The PNA—blndln cells from mouse bone marrow are

enriched ln spleen-colony forming units?®. A study

of PNA binding during ontogene51s,.revealed that cells

¥

~ which bind PNA ap ar very early during the development

" of liver, thymus nd spleen'’®, These cells are possibly

prothymothes or lymphoid etem'cellsiﬂ. A much larger
percentaée (15-25%) ef PNA reactive‘eells were found
in human umbicalcord lymphocytes than those found in .
adult peripheral blood and the cells‘&hich bound
H Ug, 121
These findings have all led to the suggestlon
that PNA blndl/g is a marker for 1mmqtur1ty among
cells of the TLcell and hemOtopoietic stem-cell
series. Since éerminal'centres in mice (Peyer's
patches) ahd man - (tonsils) contain a higher
percentage of PNA positive cells, the lectin may also;
be a marker for immature B ceils?m.w Monocytes have
aleo been found to bind PNA anﬁﬁe}eylargely responsible

for any peanut lectin.binding which occurs in the

Jperipheral blood lymphocytesng.



TABLE . 5

Distribution of Mouse Lymphoid Cells
Which Bind PNA in vitro

Tissue Percentage of tissue cells which bind PNA
Reference 86 115 . 116 117 118
. Thymus ‘ 90 85 82 . 'gs -
Periphéral lymph nodes - “16 3.5 - ) -
Spleen N 15 6 5.5 13 4
Bone mafrow 20 - 4.0 20 -, -
Peyer's patches - 36 24 - ‘ 29
Periphéral lyﬁﬁhééytes - _ - - 25 . -
'Foecai liver - - o= . 19 -

TABLE 6
Distribution of Human Lymphoid Cells

which bind PNA in vitro

§

Tissue % tissue cells which bind PNA
Reference 119 120 ' “vlg;

" Thymus 70 52 50
Spleep f— ' 5 - '
Tonsils ‘ - 14 o 13
Peripheral blood 1 ‘ v 1
“Cord blood 18 - 24
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8 tested the"binding of peanut lectin

Rose et él.“
to cryostat sections of the lymphoid tissue from man,
mouse, rat, hamster, guinea pig, rat, rabbit, shéep
' ané‘chicken; The results demonstrated Fhat-PNA binding
to lymphoid tissue is very species dependant. Mammals
which bound PNA strongly (man, mouse_aﬁd sheep) showed
a similar'patterﬁ of binding, namelf, PNA bound
predominantly to ‘the thymic c&rtex énd germinal
centres™. These two tissues'share other biological
features such as: mitotically active cells, common
"cell death and the cells are outside the‘pqol Qf
reciréulating lymphocyteé“ﬁ. The lymphoid tissue of
‘hamster, guinea pig and fabbit did not bind PNA and

the rat showed weak binding of peanut lectin-in the

; o~

thymic cortex and germinal centres. %ed#aminidase—_
treatment of tisgues'nOt initially binaing PNA,
resulted in exposuré of strongly PNA-reactive cells!'®,

PNA has‘also been ‘employed to distinguish
preleukemic cells from end stage leukemia cells in
mice®. . Preleukemi¢ bone marrow and spleen célls were
PNA reactive whereas end-stage leukemia cells did hot
vbind PNA!®. This agrees with other evidence of a
similarity between the sﬁrfaces ﬁarkers of preleukemic
cells and prothymocytes'#. |

_In humans,‘pathologic cells of different kinds Qf.
leukemig varied in their PNA-binding properties!®®,

P

Blast cells from most patients with acute lymphoblastic




.serve as an indication for poorer prognosis among

k
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leukemia, stem cell'leukemia, and myeloid leukenmia,
were PNA-stitive, along with severalncasés df Burkitt
tumours'®., In contrast, the lymphocytes of thév
majority of chronic lymphatig leukemia patients did
not bind PM&%&. The presence of PNA positive cells

in the peripheral blood of 13 out of 25 patients with
c~ildhood acute lyméhoblastic leukemia was also |

L4
reported by Levin et al.'. It was further suggested

that a high level of PNA positive lymphocytes, may

these patientsu“;

fhe peanut lectin has proven to be very useful‘
for thé fractionatidn_of both normal and leukemic
cells. The advent of separaﬁion-teéhnlques; aéplying
immobilized lectins, will greatly facilitate®research
concerning the functions and}properties of Varioﬁs

lymphoid cell populations? .

b) Embgyonél Carc}g9ma

Embryonal éarciﬁpma;(EC) célls,‘the'stem cells
of'teratocafcinoﬁa, have been useful fo} studyinéA ) 7
éertain'aspectsvof the early stage§ in mammalian

embryogenesis'®.  Immunological studies on mouse

EC cells have revealed several cell surface antigens

common to thié tumour type and to cells of the early |

embryole.M_Many of thesé surface antigens undergo

significant changes duride in vitro differentiation®.

Ooften the location, distribution and relative

-
£

e,
o

_—




4N—acetyl—galactosamine residues

~altered during the differentiation process

K

mobility of sugar reSidues;Kas revealed by lectin
bindihg) are differentvat d"ferent developmental
stages™ . ‘

The peanut lectin was found to bind to mouse .
embryonal'caréinoma cells and to detect spropulations
among muitipotent embryonal carcinoma cells'?.
Following in vitro differentiation, these cells no
longer bind PNA'Y and the glycopeptides, responsible
for PNA binding, diSagéear from ﬁhe EC cells™,
Isolation and biochemical;anaiysis of the PNA receptor
glycopeptides reveaied they contain galactose and
' 16,128 The progressive
disappearance of the PNA receptors and other surface

antigens from the cell membrane of differentiating EC

cells suggests that cell surface carbohydrates are

126, 127

However, when a neunsblastoma line was tested, it .

failhd to show any significant changes, in the number

of PNA binding sites, upon differentiation!®,

56
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D. THE THOMSEN-FRIEDENREICH ANTIGEN AND ANTIBODIES

1. Presence of T Anticen

¢

Over 50 years ago, Oluf Thomsen'®

described a
phenomenbn termed pan—aggiutination, in which a certain
"érOpagative agent" rendered red blood cells agglutinable
by one's own and all human sera. Friedenreich' discovered
that the "ageﬁt" in question was é bacterial enzyme. The
postulated enzyme was designated as "transforming", and ﬁhe

new receptor, accordingly, as "T receptor"'

. Subseqgquently,
the acquired property of the Thomsen-Friedenreich phenomenon
beéame known as T agglutination. ¢

The cause of the T phenbmenon is an enzvme present in
certain bacterié and viruses!™, now known to be neuramini-
dase. The enzyme, also called the Receptor Destroving
Enzyme (RDE) or sialidase, as well as acidic treatmenﬁ,
will release terminal sialic aCid‘(N—agetyl-neuraminic acid)
residues and unmask a concealed cryptantigen, T antigen'®.
Enzymatic T activation of human aﬁd blood cells may occur
transientlv_iﬁ vivo during hematogenous infections due to
in vivo unmasking by heuraminidaéely.:

\The,T antigen is present in the masked form on all
human erythrocvtes® so that unmasking by neuraminidase
.allows the red blobd cells to become agglutinated by anti-

T .present in all human sera'®. The T Specifiéity is S

apparently not demonstrable on healthy untreated

A
6

mammalian tissues'® except in trace amounts in a brain



ganglioside, GM,, whose T activityhamouﬂts to less than

0.5% of ordinary T antigen'®,

2. "Anti-T Antibodies

The naturally occuring antibody, reactive with the
T receptor, belongs mainly (55%) to the IgMm class.of globu-~
lins, up to.30% is IgA and significant quantities of IgG may
also exist!®P® | rThe origin of humoral anti-T is believed
to be predominantly due to continuous antigenic stimulaﬁion
by anwindiviaual's intestinal flora'¥, This speculation has
been based on.the finding of T specifici£§ expressed among |

mahy Enterobacteriaceae'”. Changes of gastrointestinal

flora, induced by oral‘éntiﬁiotics, haQe.been found to
alter anti-T sera.levels'®. 1In add{tion; oral adminis-
tration of E coli Oss , possessing T activity, has
recenﬁLf been found to induce de gézg production of

anti-7¥,

'

3. M-, N-, T-, Tn- Glycoproteins

Altﬂough T specific structures occur in the exposed
form in many migrobes, such antigenic determinants are
not available iﬁsthe reactive fbrm on most human‘healthy
or benign tissues'¥. They are uniformly shielded by
O-glycosidically-linked carbohydrates such as sialic acid!®,
The T antigen is the immediate precursor of the major

antigens of the second human blood group system, MN™ . The

determinant group of the T antigen was shown to be the



() " MN blood grdup
‘ active tetr$¥accharide:

NANA-a (2+3)-D-GalrB(1+3)-D-GalNAc---a---Serine or Threoniné
\ | .

a(2+6) '
| . :
NANA : ’
3
neuraminidase) %
or ; N
(acid treatment) !
: \ | E ™
i 1 : .
; . | : 2 NANA
: | ' '
i .
(B) T antigen 1 Cw
! i
; |
D—Gal—B(P+3)—D-GalNAc——-a—-—Serine4or Threonine
| , l
(B-D-Galactosidase) |
& ‘ R
g u
E D Gal
(C) Tn antigen v ;
D-GalNAc---a---Serine or Threonine

- . s
! | )

Figure 2:  Structure of MN blood group active tetrasaccharide
: and precursor T- and Tn- receptors.. '

Key: NANA = N-acetylneuraminic acid; D-Gal = G—galactose;_
D-GalNAc = N-acetyl-D-galactosamine; a/f = dnomeric
configuration. '

- After ref./43 and 155.



diéaccharide, f-D-galactosido(l 3)-N-acetyl- -D-galactosamine
(BDGal(1+3) aGalNAc) (4) (see Fig. 2).
T antigens prepared from N, M or NM antigens have the

same overall compbsition and react equally in hemagglutination

inhibition assays with anti-T from humans and animals or with

d4

peanut (Arachis hypogoea) lectin'% ! ' Both peanut lectin
and anti-T have been used in hemagglutination and precipita-

tion methods of screening for T antigenel. /

Further enzymatic degradation gf:the immunodeterminant
disaccharide, by d—D-galactosidase, inactivates the T anti-
gen, and reveals another precursor antigen, designated as |
the Tn antigen. Tn specific structures terminate in'N—acetyl~
D-galactosamine (GalNAc) which ;; a-glycosidically linked'to
the serine orbthreogine residues of the glycoproteiﬁlwfwz..

The relationship between these blood group antigens is shown

‘in Fig. 2.

4, In Vivo Glycoprotein Synthesis

Current views on the transmembrane assembly of membrane
‘and secretory glycoproteins have reéently been reviewed'™.
'Thé peptide core‘of both secretdry and membrane-assoc’ +ted
glycoproteins is synthesized in the‘rough endopﬁésmiq
reticﬁlum of the cell.

Synthesis of the'O—linked_oligosaccharidé chqins occurs
as a sequential addition of single glycosyl units‘to the
protein core. These addiéions are catalyzed at great
épeed by épeciﬁic saccharide glycosyl transferages,

located in the smooth endoplasmic reticulum and Golgi

o
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apparatus. Sequential capping, with N-acetyl galactosamigé,
galactose and then sialic acid, all occurs in the Golgi
apparatus before the Golgi-éerived vesicles transport the
finished glycoproteins to the plasma membrane'*. |
Only the final sialic acid-masked product is believed
to come in contact with the host's immune system!,
Biosynthetic intermediates, such as the T and Tn antigens,
upon exposure would be recognized as "foreign"‘and could
lead to immunological respbnseslw. In fact, neuraminidase
has been used clinically, in tumour immunothérapy, to
enhance a patient's own specific iﬁmunological-reéctivity

against the exposed uncovergd tumour antigens!%,

5. Composition and Structure of the T,Antigen

Compositional th structural aspects of the‘precursor.
T antigen, isolated from erythrocyte MN antigens, are
reasonably well known. Klehk and Uhlenbruck™ isolated
the mehbrane glycoprotein in 1958 from bo&ine erythrocytes;
Springer et gi;#e'isolated the 'T anﬁigen from the O, NN. = °
antigen of humah red blood cells. They found the T antigen
to bé an aggregate of repeating, apparently identical sub-~
units with a molecular weight of 550,000 daltons. It was
about 40 per cent carbohydrate, in which Gal and GalNAc
predominated. The protein portidn was>rich'in threonine,
serine and glutamic acid and contained few aromatic and

S—-containing amino acidslw. - The intact 0, NN antigen

glycoprotein contains about 17% neuraminic acid from the

‘"61:
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&
80% total carbohydrate and 2Q% protein composition“ﬂQ

. ! .
The immunodeterminants of the glycoproteins and glyco-

peptides resist autoclaving aﬁ;pH 7.0 and ﬂbrmaldehyde (pH7)

fixing. This indicates the lack of protein involvement in

the immunodeterminant agtivity.

The most active inhibitoré of human anti-T and peanut
lectin, found so far, are §-D-Gal(l+3)a=-D-GalNAc® 13714
and some desialized oligoséccharide fractions isolated from
blood group M- and N- specific glycoproteins . The ’
conclusion that this étructure was the determinant group of
the T antigen,was further supported by the fact that Thomas

and Winzler™ also found this dissacharide to be the basic

. o
structure of the major alkali-labile sugar chains of the
human MN blood group ac$ive glycoproteins.

T antigenic determinants also occur as part of

carbthdrate sf;Ucﬁures other than MN specific substances.

T as well as Tn, N and M structures .have been found linked

to lipid instead of protein in epiﬁhelial tissues such as

" salivary and‘bfedét glands and kidneys!'®,

a

6. Cells and Tissues Expressing the T Antigen

The immungdéterminant T disaccharide structure can be
carriéd by giycoproﬁeins, lipopoleacchafides and glyco-
lipids™, It,ié present in the masked form in a wide
range of membréne—integrated and éoluble glycoproteins, not
only from vertebrates, but also invertebrates. It hasjbeen

found ® serologically and chemically, as a cryptantigen on
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=

tnekmembrane of erythrocytes® , lymphocyteses,,thrombo-
cytes? , kidney glycolipid151 , .and serum glycgproteinses.
This antigen<has also been_demo%strated in aﬁ?eXposed
forn,:ie.'not covered by sialic acid, for instance in

"antifreeze" glycoprcteinsla, milk fat globule membranes'®

154

and in tumour cells'™ ', Further occurrences of the

T antigen on glycoproteins and glycolipids are illustrated
‘ ] 2 . ‘ - ) i
in Table 7 -and are discussed in current reviews!®™!%,

0

7. Relatlonshlp Between Cancer and ‘T Antlgen
S Exgre551on

a) T specificities in.animal carcinomata ooon
Although'most normal mammalian tisshesfdo not

express the T antigen in-an‘exposedrform, chemical
and/or serologlcal .studies have revealed its presence

“

in a number of anlmal carc1nomata.°

i) TA3-Ha (mouse mammary adenocarcinoma)
: &
TA3- Ha,(a spontaneous mammary adenocarc1onoma

,of strain A mlce, Las shown to contaln high concentra-,

tions of surface 51aloglycoprote1ns. Proteolytlc
dlgestlon of v1able cells by Codlngton et al.
'released a hlgh mplecnlar welght glycoproteln fraction
comécsed(largeLy of N—acetyl-galactosamine(7éalactose;
.sialic acid, ser;ne and'threonine. This fractionvwas.
called epiglgcanin (glycoprotein I)_and was found to -
‘ekpress‘tne Lmnunodeterminant struCtures of thae T and

NM antigens'®.
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The TA3-Ha epiglycanin is carcinoma-associated
and apparently does not occur in normal strain A
mice'™ ' |  Intact TA3 cells and the ascites fluid

from the TA3 tumour-beéring mice absorbed the anti-N

lectin, Vicia graminea, and human and animal anti-T'¥,

-

Purified human anti-T, in the presence of guinea pig-

'complément, killed TA3 cells and this effect could be

abolished by either T antigen inhibition or 8-D-

-

galactosidase pre-treatment!™,

ii) ASPG-1 (rat) mammary adenocarcinoma

‘The major sialoglycoprotein found on cell
sugfaces of*é§cite$ L8762 fat'mammary‘ddenOCarcinoma
is a mucin—tyée molecule, called ASPQ7im9. It contains
éalactose,'N-acetyi galactosamine and N-acetylglucosa- /
mine as~the major sugars but has-é composition
. o . v
differiné from epig;ycanin. Glycoprotein analysis, with
1%51_PNA, revealed that both the\éscites cells and
soluble ASGP-1, shed in the ascites fluid of tumour-
bearing fats, carried thejf-antigen'ﬂPNA receptor) !,
The solid form_of the tumour, from which the‘ascites
form was derived, was found'to be lacking ASPG-1

PNA receptors!”,

iii) Guinea Pig Hepatocarcinoma

T specific structures have also been found in the

lipid extracts of line 10 hepatocarcinoma of strain 2

.

guinea pigs'®. It was found that injections of gram

negative bacterial extracts (which possess T-specific



Structures) were able to cause regression of line 10
hepaﬁecarcinoma in guinea pigs'™. This prempted
investigation for the possession of MN and precursor~~
T and Tn specificities on Line 10 tumour cells. Humaa
antl—T sera showed that the immunoreactive T and Tn
specificities were expesed on the surface of these
cellsiw. ﬁormal glandular tissues ef strain 2 guinea
pigs were found to contain, M and N'but no T and Tn
activities. The specificities were'determined to be
associated with a glycolipid, rather than a glyco-
proteiq”fraction;since they were resistant te.boiling
and were extracted-gg%marilyfinto the‘organic phase of
an n-butanol—waterﬁ ol

‘iiactionlm.ﬁ‘The T activity was

I

found to be 5-10% of/fhat of human red blood cell-
derived T ‘antigen // The presence of T~ and Tn-

spec1f1c structureé/ln line 10 adenocarc1noma but not
/

in healthy guine plg glands agrees well with the &

situation' in mang'¥.

b) Tgspecifficities in human carcinomata

The Anitiall finding of T specificities in murine
mammary adenocareinoma prompted Springer et al.® to -
examine normal and cancerous human mammary tissue fdr
the presence of MN a;tigens and their precursors. They
showed with human antiseravthat} in contrast to healthy
tisngs, T and Tn—-antigenic specificities do occur inhn
the reactive unmasked fofm inkhuman‘breast adenocar—_L

cinoma'™. The T and Tn .antigens were therefore

66
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?ostulated‘to be carciﬁo?@faSSOCiated antigens'”,
Since Springer's initial discovery, a large array
of ﬁalignant, benign and healthy tissues and cell'
cultures.have been examined, by absorption assays for }
the presence or absence of T and Tn—specifiC'aﬁtigens‘m.
.The absorpfion.of the anti-T by the tissues is often
measured by the decrease in anti-T titre. The titre
expresses the»intensity of a sefological reaction,
such as hemagglutination, anduis often gquoted as the

o
"giving the

reciprocal of the last serum diluti

ibody-mediated reaction® . A decreased titre
N *

He -

itates less agglutinating units per volume sera..

 Anti—T séra (initi@l hemagglutination titre of

approkimately 14 to N'ﬁgé)iwere ébsof?ed with isolated
glandular and bellula%/membranes 4; Rbsorption of anti=-
T, as determined‘by a decrease inwégglﬁtinatioﬁiﬁcore,%‘,
resulted in ;he designatjon of the tissue as T-
positive if?a 34-100% (éverage 58%) decrease in scére
occurréd66 ..‘The results of some’ carcinoma and control
‘tissues is illustrated in Table 8. |

; The.T‘épeéificity was present in 47 of 52 (90%)

breast aaenocarcinomata_samples: Two of 21 benign

tissues were designated as T-positive but were

_considered to be histologically premalignant.

Carcinomata of the respiratory and gastrointéstinal »

tracts also had T specificity which was not confined

x
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By -a@ |
Table 8 /
Absorption of Human Anti- T /'

by Human Normal, Benign and Mallgnaﬁt Tissues**

1

. — 3§ . A
Tissue . | T-positive*| T-negative* ;

-

Breast Carcinoma  (ductal)

5
Metastases (late, distant) 9 0
Tissue culture . _ 4 0

t
g " Primary 34
(
|

Breast Carcinoma (lobular)

% Primary :' .9

N

{Benign or healthy breast tissue

. IA)
:Non-breast Carcinoma

Respiratory tract

. Gastroiptestinal %tract
cervix uteri squamous cell o
retromolar t;lgone‘squamou :

Melanoma

o O HRHOV.s
oS oo

v E
Benign Non-breast tumours

Glioglastoma

Parotld mixed tumour LR

cooco
=W

”Tendon sheath, giant tumour

fHealthy Tissues -

Fallopian tube

uterus; cervix uteri

lung

aorta; blood vessels

testis

stomach, one ulcer (autolytic .
changes?) : 2

Red Blood Cells ‘ o h 0 ’ 6

Red Blood Cells, neuraminidase treated

HRN N

(]

—
o

b e e o

* Determlned by a decrease 1n agglutination score (=anti-T
absorption).
Initial hemagglutlnatlon score = 14 to N'RBC.
T-positive = 34-100% décrease in hemagglutination score.
" T-negative = 0- 34% decrease in hemagglutlnat;on ‘'score.

** PFrom reference 1¥/6.
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f
to adenocarcinoma but was also found in sgquamous cell

and undifferentiated carcinomata® ™. T-antigenic

specificity was not found in the four'melanomata,
} .

one glioblastoma and seven benign non-breast tumours

tested. All distant breast metastases examined,

retained the T-antigen-adenocarcinoma association even

. 66 176
5 years after removal of the primary tumour - .

Some investigators faiged to show sighificant
éhénges’in PNA or IgM antJ—T titres after absorption
with’vérious malignant and nonmalignant tissues'”.
This.may be due to the ihsensitivity;énd subjectivity

-of doubling dilution titres™ which Qere used for |

4N %

péhtibody assay in this'study.

By

® and, Anglin et al.” carried

Nordqﬁist et al.
out studies on the BOT-2 human mammarylsarcinomgﬁgell
line. They digcovered thatéwhen"these cells wé?ﬁﬁ
growﬁ in tissue cultures, tﬁgy normally releaéfd
glycoproteins of M-, N=-, T_aﬁd Tn specificities into

the culture medium!”®. Antigenically similar protejims
were found in the serum of ﬁemale nude mice bearing
BOT-2 tumours, but not in control-mice!”. Nordquist

- et al.'™ suggested that rapid'mémbranelﬁpfnover;
especially with increaéing tumouxr héss{ results in
the sheddihg of antigenic material and failure to.form
acbmpleﬁel synthésized/glycoproteins.

137

Springer et al.” suggest that the common

-OCcurrenc,_dfiT antigen on variouds malignant tissues,
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a4

and not on benign tissues, is due to either'incomplete
synthesis or accelerated degradatlon during mallgnancy.

c) Immunohlstologlcal Lgﬁallzatlon of the’
T Antigen g
AN .
Results of absorption studies have been supported

by histologieal examination of fixed tissue sections
with peanut lectin and/or anti-T.. Fischer et al.'®
initiated iﬁterest in this direction, when theyv
examined 8 histolegical\slices of ﬁuman mammary
385rCiﬁBma,with fluorescedh—isothiocyanate (FITC) -
labelledyleetins. All 8 hiStological slices of
b 'mammary carcinome were reactive'to FITC-PNA, while

g ~ surrounding normal tissue did.ncdt fluoresce’®

CRT
P

Preabsorption of the lectin'with neuraminidase—treated
red blood cells prevented fluorescence of the tissue..

" Later 1nvest1gatlons have demonstrated that

® peanut lectin shows some binding ‘in vitro to normal
and benign tissues, as well o malignant breast’

_tissues®r 7187 The desigr- on of the T antigen as

a tumour—associated antigen was therefore questioned'¥®..
| The pattern of distribution and degree of binding
was different thoﬁgh in the tissue slices’of malignant
andinon—malignant breast.l In normal and benign tissue,
free T antigenlsites tended to be confined to apical‘

o

regions of mammaryvglands, and to~the secretions” and

luminal surfaces of epithelial cellslﬂ 181, 162, 18

In vivo, these regions are usually immunologically

secluded, due to poor contact with blood and lymph'®
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Malignant tissue demonstrated a.more intense

and diffuse PNA distribution than found in normal and

benign tissuel!” ¥ 1n addition, the pattern of

peanut lectin'diStribution appeared to be relateé to
the degree of morphological differentiation'™. sStudies
on rat and human mammary tissue have reveaied there

may aiso be a'correlafion of PNA binding in mammary
carqinoma and the degree of hormone dependance of the
cancerous tissuel®.

1%[ 187

Howard et al.'® reported results of immuno- "~

peroxidase Stdaies on histological breast slices,

18,187 and peanut lectin'®,

utilizing kboth human antisera
He found gﬁag anti-T was bound to a less significant
extent than PNA in the luminal regions of malignant “

and nonmalignant breast glands . The luminal

184, 187
membrane localization, though, is essentially "outside"
the body ané is in an immunologiéélly;privileged site.
. On the other hénd, PNA-reactive sites found in thé
cytoplasm of mélignant tissue would be more accessible
for in vivo binding following the cell death which
usually accompanies neoplastic qrowfhl%}

Results of.immunohistological binding studies
with peanut lectin must be viewed with cautioﬁ when

used to predict the‘ig vivo localization of PNA. The

methodoloéy used in immunohistological binding, studies

1

should»Hg scrutinized for steps which may lead to

.

‘artifactual binding (false positives) or inhibit true
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binding (false negatives). Some factors and pre-

cautions to be considered are:

I.

a)

b)

d)

II.

c)

" with a much lower affinity’

Tissue or Cell Sample Treatment

trypsin treatment (to recover monolayer cell

cultures) cleaves off glycoproteins® .

formalin treatment (tissue fixation) formalin
is usually acidic and masking sialic residues

may be cleaved off by acid hydrolysis® .

- tissue sectioning - reveals intracellular

components where incompletely synthesized and
unmasked glycoproteins in the Golagi apparatus
are presentlm.

tissue sectioning - reveals immunologically

privilegéd sites to which blood and lymph may

have poor access.

Specific Localizing Reagent

lack of affinity purification - peanut extracts

contain anti-Gy. Gy 1s a blood group factor
inherited as a simple Mendelian trait with a
population frequency of about 23%'%,

reagent specificity - peanut lectin binds to

residues other than the T antigen, although

® and a binding

spectrum very similar to anti-T'®.

specific binding controls - inhibition by

galactose.



\

IT. Non specific binding of labelling reagent

a) controls - necessary to ensure localizatioh of
the labelled reagent 1is not due tolnonspecific
binding of the label (eg. FITC, ferritin,
immuﬁoperoxidase).

Many of these precautions should be considered

when examining the numerous studies utilizing'PNA to

examine histological breast sections. The relevance

of eéch of the preceding problems (as denoted by I a)

through III a)) for the various breast histhogical-

studiéé utilizing PNA,“Ls shown in Table 9. The

methodology of sample preparation, PNA detection and

the. sites of PNA reactivity are als :llustrated.
| ' : .
| .d) Immune Status Towards the T Antige ‘
|+« Carcinoma Patients

1) Humoral immunity L

|
\

| If serologically active T-specific structures are
‘available in human adenocarcinoma, it may be expected

ito change the anti-T titre scores of human sera. The

titr ‘sdores of 3 pooled control sera (36-1000>

different sera) averaged 22-24 and was found to be = .
depre sed.(to 12 or less) in a highly significant
nuﬁber of breast carcinoma patients!® (Table 10);
Simila ly, patients with gastrointestinal (Q.I,)

carcino]a had depressed anti-T levels more frequently

AR
than paﬁients with penic:. G.I. disease and noncarcino-

matous control persons'* (Table 10): Similar results

were obthined by other investigators!'®.
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Table 10

Anti T Agglutjnation Titre Scores*

in Carcinomatous and
Non-carcinomatous Qgtients

. ** (control titres 22-24)

Depressed anti-T Score = 12%*
Diagnosis 3 of Persons
Carcinoma I
! Breast 32.3 61/189
) GI 42.1 32/-76
’ Lung 47.4 9/ 19
| Total . 35.9 102/284
| e |
| Benign Disease :
‘ i
| Breast | 8.2 22/270
GI ; 16.7 6/ 36
Lung ? 12.5 1/ 8
Total , j 9.2 29/314
- All Non-carcinomatous
' -persons studied 8.3 39/470
i
*  (information taken from reference 190)

75



patients with moderate andemi

Anti-T titres may be valuable for serial
monitoring of breast carcinoma p;;ients‘”. When
patients were re-evaluated 2 Loiﬁ;months following
breast’surgéry; 21 of'32 (66%) of the mastectomy
patients shéWed an increase of >25-90% in anti-T
score (including patients with initially normal anti-
T levels at time of mastectomy. In contrasé" only
one of 32 (3%) of the patients with benign d&sease'had
an increased anti-T level!¥Y,

Although Springer and colléaéues190 could detect
a‘significant change in anti-T levels in the presence
of adenbcarcinoma[‘they could not find a signifi;ant
correlatibn with the extent of disease burden. Bray
and coworkers!® utilized a more sensitive (complement-
dependant cytotoxicity) assayfto measure anti-T ievels

) . |
in patients with metastatic géstrointestinal cancer
and did find-a correlation oﬁ anti-T levels to extent
of disease. Overall,; 40% of the patients Qith~
meﬁastatic gastrointestinal eahcer had lbwer than

normal levels of lytic anti-T in their serum. Low
: , s J

anti-T levels were found in 61% of‘patﬁentS‘with

z

extensive disease, as compared to 27%“ana 9% in B

nimal disease, respective-
{ .

12

ly*™. It is, therefore, possible that the low level of

serum anti-T, in some patients with extensive disease, .
3 K ;‘\ . . . .
is ,due to absorption of the antibody by the tumour

LY

itself or by antigens shed into the circulation.

.\‘
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‘ @
ii) Cellular Immunity

The‘majority of bacterial infections and immediate-
‘type hypersen51tiv1ty reactions rely upon antibody
production and humoral, defenses. Cell—mediated immuhe
responses are, at times, initiated by intracellular
paraSites,(eg.vmycobacteria, viruSes and some protozoa)
and are thought to play a rol% in immune reactions |
against malignant tumours. Cell-mediated immune
responses involve the»direct role°of lymphocytes and
~associated cells but,are intimateiy‘interdependant with
the humoral immune system?® . |

It has been found that cell—mediated reactivity

towards the T antigen of breast carcinoma patients is

demonstrable 1n v1vo as well as in Vitro

B cad

A delayed type hypersenSitiVity (DTH) reaction
involves cellular 1mmun1ty, and the prototype for it
lS the c1a551c tuberculin reaction® . Breast
carcinoma patients have been shoWn to exhibit cellular
immunity‘towards.the T antigen® '® a5 summarized in
Table 11. Following intradermal injection, in the_arm{
;contralateral to the breast lesion, these patients
exhibited DTH reactions to'human'erythrocyte-derived'
T-antigen® . The DTH response to T antigen was 78%
seng&tive (true positive) in all of the breast carCinoma
patients tested. A senSitiv1ty of lOO% (no false p051~

tives) and 93% (7% false positives)'was,found for

"healthy persons and patients with benign breaSt disease,

[
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' . . S .
carcinoma patients were separated into thoese with the

¢

respectively. Ve

) The sensitivity varied with cancer type, when ¢t

rarer and less omirous lobular and tubular carcinoma
and those with dactal carcinoma. Fifty-two of: 56

(93%)‘ductal breast carcinoma patients with Stage II-

v s

IV gave a positive response as compared to 13 of 28
"(46%) and 0 of 2 patients.with loBular and tubular
carcinoma respectively® .

The DTH reaction to T‘antigen'was positi®¥e in all

° 25 lung adenocarcinoma patients tested and in 9/9

pat;ents with adenocarcindma-oftdifferent origin
(pancreas (3/3),. esophagus (2/2), ovary (1/1),

colon (2/2), and salivary gland‘(l/l§ adenocarcinoma) .
All 7 patients with small cell (oat cell), carcinoma °
fand

3/5 with malignant melanoma gave a positive
response, whereas none of 17 patients with malignanf

brain tumours, leukemia or Hodkins's disease, .sarcoma
' /

a

or thyroid carcinoma reacted. The DTH reaction- to

T antigen appears to be a relatively,accurateAand

.. specific test for T-antigen-bearing cancers® .

. One of the methods ufilized to test cellular
immuntity in vitro involves measuring the inhibition
of leukécyﬁe migration (LMI) inlthe'bfesence of ;
specific antig’en's99 ,‘ Only lymphocytes specific ﬁo the
Rarficular antigen, upon contact withithe:antigen, wili
rélease cheﬁbstatic fééﬁors té‘inhigit migration of

d “‘I’v

n

o
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macrophages “and lympﬁocytes99 .i

The results of thls in XiEEQ ceilular 1mmunﬁty
test are shown in Table 11. 38 of 77 (49%) patlents
_with breast carcinoma,. Stages II, I£I or IV, showed
positive in ZiEEé teactions as compared to. 16% in
beniga disease ﬁatients,'and 1% in healthy persons'’
Positive responsés were not evideht in the 5 |
malignapt melanoma Patients and the 1 glioma patient
tested176 e ‘
Among 7 patients with adenogarc1noma of luﬁg,

* colon,’tectum, esophagus, kldney and ovary, 3 had a

‘pOSltlve reactlon towards the T- antlgen in the LMI

In conclusion, the skin test with T antigen

appeared to be more reliable than the in vitro test

¢ (which is carried out under very artificial conditions)

for .the detection of eell—mediated immunity to T-

8 . .
antigen in adenocarcinoma patients. - '

8. Galactose-Specific Tlssue - "Lectins" and
Metastases '

It has been observed that neuraminidase—treatment of
erythrocytes, lymphocytes, thrombocytes and serum leco—

}proteins 1eads‘to their rapid clearance from the circula-
s 1%-197 o ‘ : I &
tion . The desialylated galactose-expressing cells

are entrapped by D-galactose specific 1ectin-likevreceptors

‘on the surfaces of cells, such as hepatocytes , liver and -

19‘4»—199

spleen cells and perltoneal macrophages

»
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The binding can be inhibited in .vitro upon‘incubation
of’ the "lectin" cgllsA;ith g;l?ctose, oliéosaécharides andﬁ
vglycoproteins'(includihq\ﬁgsiarylated'glycopﬁor;n), all of
which_ébssesé términal‘galaétbSel”;”°. The términal
B-galactose residueé*bf ésialofétuin and(iaciose can also
block th; iﬁ vivo sequestrationICf desialylated erythro-
cytes!®, The iniéiél specifiq,bindiﬁg to'macrophagé lectins
is believed to be neces;afy before the Eubsequent*pﬁégd—
Cytosisnstep’”.. | ‘

It is possible that various body lectins could piay'é
role in.dete;pining,prefeyential locali:étion of‘métastatic
fgrdyth of carcinomagr 'The terminal sugar fesidues.on thé
heoplasticﬁcéll surfaces ‘could specificglly’interact with
organ—associated lectins.

;Metastaséé occur wheé a neoplasm reaqhes‘a cértain
criticaltsize and it begins to shed cells into the blood-
stream and lympﬂatic system?®”, ,Butseonsiderably»feyerfthan
0:01% ever give rise to any ﬁetastaﬁic lesions?®, Uéualiy
the new growth begins in-small capillafies where’tumour.
cells are caught and begin to invade through the cépillary'“
-endothélium. ,Cerﬁain tumoursfhave a predisposition,
usually due- to éhaéomic lpcation,'to metastasize to certain
organs®® . | J

The occurrence of specific lectins in vertébrates and
'in different orgﬁns of the human.body ledsUhlenbruck5° to

postulate a possible role in the mechanism of metastasis

as shown in Fig. 3. Shed tumour cells carrying-the- .
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Tiant;gen“wghld carrylterminaI galactose residues and could

preéeréntially localize in organs with B-galactose-bindinq‘w

1ect1ns to metasta31ze in those organs. If further
”

lnvestlgatlons are found to support this theory, it may be
pogsible to block organ—lectln receptors w1th B~ galact051do-

glycoconjugates and thereby prevent organotroplc locallza—
. - ‘4 . .
tion of metastases.

R=~galactose residues on
# metastasizing tumour cells’

3

+

anti-8 galactose. specificity
of organ-characteristic lectins

¢ R ¢

organotropic distribution
of metastases-

Fig. 3 Possible Role of Tissue
Lectins in Organ’ Dlstrlbutlon
" of Metastases

E. RADIOIODINATION.

Many parametefs\must.be'considered when choosing a
radionuClide‘with,whiCh'to label a radiopharmaceutical.

_The nuclear properties such.as emission spectra, physical

-

half-life ahd production factors must be considered, along

with the effective half-life of the labeiledlradio-
pharmaceutlcal and the 1mag1ng device which is avallable

It is desirable to "maximize the detectable photon yield

while minimizing the‘radiation;dose to the patient"?®,

Ideaily; the'gamma ray energy sﬁould”be between 100 and

“
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250 kev, in order to allow maximum detection efficiency\on
the commercially available scintillation cameras. Within
this‘energy;rdhge, the gamma r Ys will" have sufficient

. - '3 s

tissue penetration but stiik ‘ ?naﬁily collimated and have
: D T 1A AR

¥

good detection efficlgﬁéf&?gr_gﬁﬁékdei to minimize the

RS A« P Ty
,radiatibn dose to the patient, £R; radioisotope should lack
non—penetréting emissiong such as élpha and beté pa;ticles
“and lgw,energy electromégnetic rays*®. 1Ideally, the
phyéical and biological ﬁalf—lives‘of the radiophafmaceuti-
cal should_cqntribuﬁe to an effective average half-life
about és long ‘as the duration of the diagnostic proceduré.
Other factors such as thedcosf, specific activity, radiQ—

nuclidic impurities must also be considered?®?,

1) Isotopes of Iodine

Radioiodineé aré commonly uséd for lébellingi
ptOﬁeins. Theichemistry of iodinefis well developed
and the iodine_férms a cdvalen; chgmical bond with
the protein®®. Upon degrédatign of the labelléd

protein, .the radioiodine is not reincorporated into

i
H

any tissue except the thyroid and this uptake can be
blocked with potassium iodide®®. There are, 29 radio-

active isotopes of iodine®™’ of which three, M1, 57

and I, are in common clinical use?”.

N

a) Iodine - 131 o

. o
T is readily available, inexpensive and ‘emits:

364 keV photons with an abundance of 80%2%. This

energy is slightly higher than ideal and édditionai



\

\
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hiéh energy pho;ons, 637 and 722 keV, lead to septal
‘penetration of collimators which may decrease'the
image sensitivity and‘resolutionzm. Unfortunately
‘the radiation burden to the patient is relatively
‘high with "1, due to an 8 day half-life and the
’emission of beta particles dgriné its decay. Although

a specific a;tivity’of 4.6 GBg/ug is thedretically“

possible for'¥1, a relatively "low isotg
BT N

in most preparations, results in much;

R¥€, abundance

activities®®, The most cémmonly used producsion.
method involves thermal néutron activation of
tellurium (natural isotopic abﬁndaﬁce): This"progucés
a 1 préparation diluted with 21 %ﬂd ééntaminated by .
the long#lived I isotope?®. Uranium fission or tgz\\;j
use of enriched tellurium targets may produce an I#f

preparation which is less diluted by ¥1 2°,

3

- b) Iodine-125
' Iodine-125 is available in a high specific

activity but is not used frequently for in-vivo

- diagnostic procedures in humans. The low energy

thotdns (28-35 keV) emitted by‘this isotope are
readily attenuated by dverlying tissue and contribute,
along with a iong thsicafvhalf;life (60 days), to a |
high‘ig”zizg radiation dose?®., Iodine-125 ha$ been
used ‘much more extensively in in vitro studies; due. to
é long shelf—life and the excellent detection |

efficiency for it in NaI well crystals?®,



o

¢) Iodine-123
Iodine~123 has recently attracted much attention
{ )
in the field of nuclear medicine. 1221 has a short

. )
half-life of 13.3 hours and lacks primary particulate

L) .
emissions?®, The monoenergetic gamma emission at 159

3

keV is ideal for detection with modern gamma cameras
and relatively large doses can be utilized in patients
to ensure good resolution while minimizing the

radiation dose absorbed by the patient?’, Long lived

21, which decrease

radionuclidic impurities,'such as
image resolution and incfease the radiation dose to

the patient, make it necessary to limit the useful iﬁ-
shelf-life to 24 hours?!. Unfortunately, this nuclide
is generally produced by means of an accelerator,

which makes it expensive and limited in availability??.

In some instances, the physical half-life may be too

short for imaging with radiopharmaceuticals which are

not quickly localized in target tissues?®.

2. Protein Radiolabelling-

a) Direct Methods of Iodination‘

The most common methods of radioiodinating
proteins are electrophilic substitution reactioné
in which the radiocactive iodide is oxidized
in the presence of a tyrosine containing
proﬁeihZ@.  The radioiodine is primarily incorporated

into the tyrosine moiety of the protein, although - o

s
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other amino acids such as: histidine, phenylalanine,
tryptophan or sulfhydryl groups are sometimes
iodinated as well® ™ | phe jodination of tyrosine

1

moieties is illustrated in Fig. 4.

; 3
CH,— (I:H—-C——/ I CHz—({H—-C-—/
" NH - | NH
HO R HO L

N
Fig. 4 TJTodination of tyrosine moieties in proteins

1

Certain tyrosine residues may be more reéctive than
others in the iodination reaction,Jdepending on the
accessibility aﬂd microen&ironment of the residues?®®,
Séveral methods of radioiodination ére available.
Each method has ceftain édvantages and may ge=more
’ applicable for.particular molecules; although
limitatiqgs exist for each method. It is essential

to estabf@sh the various parameters with eacﬁ method
Bin order that the optimum conditions can be. attained
for a particular radioiodination process. The
foliowing section.contains a brief general description

of several commonly employed radioiodination techniques,

i) Chloramine-T

'ChldramiheaT, the sodium salt of Nrchloro—p¥

toluenesulfonamide, was used as a radioiodinating



activity to be rapidly prepatred?®®.

reagent by Greenwood agpd Hunter i£ l963*”, Excess
chioramine—T in the presence of water, will form
hypochlorous acid,,HOCI, which then oxidizes iodide
to cationic iodine, I+2m.‘ Preferential substitution
of the I' occurs at the ortho podition of the
phenolic ring of tyrosine. The optimum pH for the
chlogamine—T reaction is around 7.5, so that the

NaOH in the stock Na*I radiociodine should be buffered
before use and the reaction should be carried out in
the presence of an approbriate buffer, pH 7.5%®,
Sodium metabisulfite ig added to stop the reaction by
reducing iodine back to iodide and reducing the.excess
chloramine-T?®. Because the oxidizing and reducing
steps may damage the protein! concentratiohs and
durations of exposure shpuld be kept to a minimum®*.

The chloramine-T reaction is technically simple and

the reactivity allows products of high-specific-

ii). Iodine Monochloride

The metho& of iodination by iodine monochloride
was initially developed by McFarlane?® and later
modifiedbfor labelling micro quahtities of proteins?®,
Iodine‘monochloride is mixed with radioiodine in order

N .

that the exchange reaction can occur to form *ICl.

- The *ICl then acts as an electrophile, upon the

addition of the protein solution?’. The radioiodina-
\

tion reaction is terminated by the addition of excess

N \

B7
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sodium metabisulfite, td reduce free radicactive iodine
to iodide. ' | ' -

The 71 carrier, added in the form of Y 1-Cl, is
substituted to a certain degree into the protein.
Thefefore, the maximum specific activity whiéh can be
attained with lodine monochloride is lower thap with
tﬂe Chloramine T method?®. A recoil/meth?d of pre- 7
paring no=-carrier added radioiodinated ICl, 'using
chlorlne was proposed by Lambrecht et al.” bput the

co\ékitated techniques involved have negated common
usage of this techniquezé

The ICl, commercially available; often contains
I, which will decrease the labelling yield?®, There-
fbré.the ICl=szt often be synthesized by the
investigator®’. The iodine monochloride method has the
advantages of excellent control over the degree of
iodine substitution rgsulting in generally gégd
retention‘of biologiéal activity in the radiolabglled

protein.

iii) Enzymatic iodination

Lactoperoxidase 1s an oxidizing enzyme first used

2! for the enzymatic oxidation of iodide

by Marchalonis
to iodine in the presence of hydrogen peroxide. Later,
:moaifications by Thorell and Johanssen®® 'increased the
specific activities attained by enzZmatic iodination.
This method minimizes protein damage and loss of

biological activity, because the‘protein 1s not exposed

-



40 strong oxidizing and reducing agaents?®. The
reaction L; initiated by the addition of a small
amount of hydrogoﬁ peroxide to a mixture of lacto- -
peroxiddse, radioiodine ahd protein. Further aliquod&
of hydrogen peroxide are added at 10 minute intervals
until the reaction.is terminated by either dilution or
enzyme quenching with cysteine’®. The pH, reaction
duration and conditiona must all be optimized for each
protein and the purity and ehzymatic activity of the
lactoperoxidése must pe determined . Removal gf the
enzyme from the radiolabelled protein has been
‘greatly simplified by coupling the enzyme to an

_inscluble bead to facilitate(separationzn. The large
size of the enzyme tends to favor radioiodination of
peripheryl tyrosine residues rather than central
residues . The yields are not usually very

high, even though no-carrier added iodide can be used.

iv) Electrolytic Iodination

One of the gentlest iodination methods is
electrolysis at a constant low current™® and the
method\has been modified for iodinations at the micro
level® ., The constant current electrolysis oxidizes
the iodide at the anode to provide the iodine
electrophile®®. The reaction is mild and produces
) homogeneohs iodination with virtuallf no protein damage.
Various types of electrolytic cells have been deveioped'

and used at different currents and voltages. The

A
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labelling yield ihcrease%.with'timez at a _rate
dependant upoh the reactant concehtrations and. &
operatihg ourrent. Although labelllng eff1c1enc1es
of 80-90% can be attained, this method is not greatly
Aﬁsed. _Reactlon volumes usually need to be larger
than those required for other reactlons and the
_complex electrolytlc 1od1natlon technlque‘riqulres a

sophlstlcated mlcro-electrolytlc cellzm.

b) Conjugatlon Labelllng

o In most of the direct 1od1natlon methods the
’oxidlzlng_agents may damage the proteln .‘ Bolton and
Hunter® developed a method in which ah ester'is
.in%tially labelled and purified from all oxidizihg and
reducing agent;_beﬁore it is coupled to the proteinzﬁ.
It can be used for proteins‘which lack tyrosine
reSLdues or whose biological. act1v1ty is damaged by .
1od1natlon of tyr051ne re51dues “The phenollc
group ofg3—(4—h§droxyphenyl)fprOprlonlc acid
N—hydromy sucéinamidevester (Fig. 5) 1is iodinated by
the Chloramine—T method and then sepafated'fromvfhe
oxidizihg'agentszm. The iodinated ester is ooupled;
by amide -bonds, to epsilon amiho groups of lysine or
terminal amino acids of a protein molecule.
‘ AdditionalrdetaiiS’and dataoon reaction cohditions

have been presented by Bolton?®r 5, -
} .

Y
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O‘ .
I C~en,
CH7CH;~C—0—N [
HO | 0
..l

Fig., 5 Iodinated Bolton-Hunter reagent

The complexity, involved in the numerous steps of

the'conjugation labelling method, generally results in

iodination vields and specific activities which are

"lower than direct iddination'techniques; The protein

is not‘exposed fo radioiodine solutio?s, oxidizing or
reducipg agents during conjugation, so that the
biélogical activity‘is usually maintained. Qccaéion4
ally, the s;ze of the‘conjugate or mddification of
amino residues may alter the biological aétivity?w.
Some othe? conjugates, besides the Bolton-Hunter

reagent, which have been used are methyl p-

hydroxybenzimidate hydrochloride and diazotized

aniline®’ .

3. Protein Démage From Radiociodination Procedures

For a radiolabelled protein to be useful for tumour

" imaging purposes, ‘it should be labelled to a high enough )

91



‘specific.activity,to allow detection but still maintain)the
. substrate specificity®®. Chemical.damage-may occur during
the iodination procedure because of the use of strong
oxidizing and reducing agents. The radioiodine solution
itself'may oxidize sulfhydryl,groups\Qrucleave disulfide
bonds in the protein?*. ; ;

The degree of iodine substitution is alsc important.
When a large number of iodine atoms are incorporated-into_a
protein, it may alter the biological activity of the
protein. It ‘is often most de51rable to have an average

incorporation of one iodine atom per protein molecule

At low iodine 1ncorporatlon levels, the probability of

distribution of- several atoms per protein molecule decreases,

¢ »

Usually the'damage that occurs during 1odination is due
to minor structural changes in the protein structure® The
biologically dctive site of a protein makes up only a small
proportion of the large macromolecular structure, s that
alterations in protein'structure do not always result in
loss.cf biclogical activity Therefore, it may not be an
absolute requirement that all properties of the labelled
proteins are identical to those of the unlabelled product;'
The slow blood clearance of proteins often makes the
detection of target radioactiVity difficultzm If the
- damage to the labelled protein results in very little loss
of biological activity but leads to an accelerated blood

clearance, earlier and more sensitive imaging may be

possible?”. -This was demonstrated with heavily ‘iodinated

92



fibrinoggn, used to detect thrombi.',When iddinated with
25 atoms/molecule; there was some loss in giologiéal
activity but there was also an accelérated,rateﬂof blood
clearance. ,Thé end result was a largerAthrombus:blqod

ratio of radioactivity and thus better imaging

%
’

characteristics®. .

v

Therefore ‘all the factors, such as specific agtivity

. for localization, rate of blood clearance and retention of

s

biological aétivity,'must be ékamined when choosing an

iodination method and the degree of iodine incorporatidn.‘
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A.  PREPARATION OF PROTEIN SOLUTION - - \

1. Anti-T IgG (rabbit)

. .8 '
The anti—T immunoglobulins used in these studies were

klgdly provided by ChemBlomed Unlver51tv of Alberta.
They used an art1f1c1al T antigen, produced by: coupllng the
synthetic T dlsaccharldeasto BSA, for the 1mmunlzat10n of

rabbits 2% 230, Follow1ng production of the high titre sera_

in the animals,\anti—T IgG was affinity purified on an

immunoadsorbent, also prepared from the synthetic T hapten89

The rabbit antl-T solutlon was prov1ded at a concen-
tratlon of 1.34 mg/ml in PBS ( phosphate buffered saline),
(Gibco 0.01 M phosphate_buffer in 0.15 M sodium chlorlde,~

'PH 7.4).

, :

2. Nonspecific Rabbit I9G:intact and F(ab”), Fragment

-

Lhromatographlcally purlfled rabbit IgG (Cappell Lab.,
CochranVLlle, PA) was obtalned in a lyophlllzed form w1th

0.1% azide préservatlve and was reconstltuted with glass

distilled water to a concentratibn of 25 mé/ml.' The azide '’

preservative was removed by 3 successive concentrations on

an”AmiconR B-l; macrosolute'concentrator (Amicon Corp.)

Fl

Mass.). Dilution with 0. 4 M borate buffer, PH 7.4, was
carrled out: between each concent;atlon step. '~ The protein
and one wash solutlon were removed from the concentratdr,
added to 25 mg T 1mmunoadsorbent (ChemBlomed Unlver51ty

of Alberta) and mixed by rotation gently. for 2 houE/ddt

4°C. The supernatant protein, and a 0.4 M borate buffer

(3
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wash of the T-sorb, were aseptically passe thrghgh a

4

0.22 uM Millex—GS“filter (Millipore Corp., Bedford, MA)
into a sterile vial. The sterile IgG soluti n'wgs aliquoted
‘into sterile autoclayéd ampoules and then sea}ed on a~
Cozzoli® sealer before being stored at -15°C. |

nThe rabbit F(ab”), IgG (Cappell Lab) was gurified in
a similar manner as the intact IgG althodgh in!l to 6 mg
lots. THe millipore filtered protein was aliquoted in?o
sterile Falc;ng_tupes (CanLab), .stored at 4°C and #sgd

wiéhin 2-4 weeks.

3. Peanut Agglutinin

The”peanut lectin was obtéined from E.Y. Lab TSan}Mateé,
Ca.)\in salt; and sugar—f;ee.lyophiiized'form.’ The protein
had been affinity purified }lacto;e-séphérose 4B-cbluﬁn)vto
a pure éingle band on polyécrylaﬁidevdi%c gel elegtro-'
jphoreéis.i |

| The PNA was reconstituted with sterile PBS in arétegile
' Falcon tube to 1 mg/ml and passaged numerous times through
a 26 gaugé needle to break up thg agg;egates. The protéin

solution was _then passed through a 0.22 u millipore filter

p
i

before being placed in a previdﬁsly autoclaved‘(121°c X
.20 minutes) 1 cm UV cell (Thermal syndicate Ltd., EnglandB.
Optical de;sityfwas'meésﬁred at 280 nm in comparison to a
PBS blank and the proéein coneentration was,determined as

described later. The‘solution was stored at 4°C, for no
. "

longer than two months.
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B. QUANTITATIVE PROTEIN ANALYSIS

1. Rabbit IgG: Intact and F(ab'); Fragmént

i

The protein\cdnéentratidn of the ini%ially reconsti- -

tuted antibody preparations was determined by a modification

£y

of the Folin-Phenol procedure® *?_, p standard curve of

- absorbance versus antibody concentration was prepared using

.

A

N

nonspecific IgG immunoglobulin (Cappell Lab.).
The’copper rgagent was prepared freshly and consisted
of: '1 part 1% W/V copper sulphate (CuS0, < 5H,0) 1 part 2%

W/V aqueous sodium potassium tartrate and 2 parts 10% W/V

sodiﬁm carbonate in 0.5 N sodium hydroxidf£. .One ml of the
fcdpper réagent was édded to one ml of the} protein sample
and following thofdugh mixing, it was ifecUbated at room
temperature for 10 mifutes. Three ml of a 1:11 distilled
water dilution of the FOlin-Pheﬁol reaéent (Fischer Sci.Co.,
Fair Lawn, NJ) was then added, thordughly mixed and

)inéubated at 50°C f;f 10 minutes. The qbsorbanceoof_the
solutions was reéd at 640 nm on a. Unicam SP1800
.Spectrophotometer (Canlab) usiﬁg a blank preparéd in the

same manner, but subséitutiﬁg PBS for the protein solution. .
A standara curve of increasing'prqteiﬁ concentrations, from

l ug/ml to 200 ug/ml, against optical density was then used

vﬁo determine ﬁhe samblemconcéﬁ%ration. |
Seéarate standard curves were prepared for both the

intact andvF(éb')z ffégméntvof 19G proteins using the same
respective im%unoglogulins”(butanon—specific‘igG) as |

standards.
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The protein concentration of the antibody solutions
was al$o determined by ultraviolet»absorptibn at 280 nm.
The absorbance of the solutions,. against a saline blank,
was deﬁérmiﬁed on a Unicam SP 1800 UV Spectrophotometer.
The cohcentrati&n of the immuhoglébulin solutions was
calculated by means of the absorbance coefficien;s of
1% 1%

E = 14.6 for intact fabbit’IgG and El
, . cm

1 cm = 14.8 fo?

F(ab”), fragment IgGZ”.

"2. Peanut Lectin

Optical density, at 280 nm, was also used for
determination of‘peanut‘lectin concerftrations, using the

. method described for antibody preparations. An absorbance -

1%
1l cm
C Y

readings to a concentration value.

%

coefficient of E = 9.6F9was used to convert ébsofbance

]

cC. RADIOLABELLING OF PROTEINS )

T

1. ‘Quality Control of Radioiodine Soliutions

) The rédionUclidic purity of Na'®1 solutiohs T
(iodinaﬁion grade,‘AECL) was confirmed usiné a SO kBqgq
alfquogiin a NaI(Tl) well chstal and a multichannel
ana}fzer (Canberra, Series 40 MCA) and comparing the- gamma -
spectfa‘obtained to that of a published standard® . )
The radiochemical purity of the Na1%I—wa§ confirmed
using instanﬁ thin layef’chromatography. TWeﬁty kBq was

spotted on Gelman® silica gel,. instant thin layer 20 cm

strips, air dried and developed in an 85% methanol in water -



solvent system. A chromatogram scanner was used to analy:ze

the strips for distribution of radioactivity.

2. Radio#®dination Procedures

a) Protected Anti-T IgG Immunoglobulin .

Antiéi rabbit IgG immunoglobulin was prepared by |
ChemBiocmed, Universiﬁy of Alberta and graciously |
supplied for research purposes. Anti-T IgG (180 ug)
was placed in a 3 ml ReactiR vial (Pierce Chemical Co.,
Rockford, Ill.) with 60 mg. T-sorb (ChemBiomed). and .1 ml
0.5 M phosphate:buffer, pH 7.2. ‘This.mixture Wa§ |
gently rotated for 2 hours at 4°C.. The T-sorb wéé_

‘washed. (3x) with 1 ml aliquots of 0.5M phosphatea(POJf)
buffer. ‘Féllowing removal qf the final wash, the
T-sorb-bound anti¥T was labelled, in 1 ml of Poif

" buffer, by a modified iodine . monochloride method2,

125 I |

(iodination grade, AECL) was

Three to six ul of Na
added and the migture was. gently aéitated for 30
seconds béfore tgé\addition of‘25 yl of a 1:50 dilution
‘of stock iodine monoéhloride solution (3.4 x 1073 M),
The iodination of the T-sorb-bound antibody was stopped
-3 mihutesllater. Is initial labelling experiménts,

25 ul of fixing solution (0.16 M Na;S:03and 0.012 M KI)
-was added to stopvthé reactio%A This step was
meliminated in later labelling experiments. The

supernatant was removed'and 4'wéshes of the labelled

antibody-T-sorb complex were carried out with PBS.
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The anti-T was eluted off thé T-sorb with 400 ul of

2% NH,OH andtﬁen returned to physiological pH B
(7.2-7.4) with saturated KH;PO,. The labelled anti-

body was then eiﬁhe: concenﬁrated on an AmiconX
concentrator or purified on a Sephadex G-25M prepackéd
PD~10 column (PHarmacia, Sweden) ; Soth of‘thch were
pre-equilibrated with 1.5% bovine serum albumin

(Sigma, St. Louis).

b) Nonspecific IgG Immunéglobulin

.

100 ug gi.purified rabbit IgG immunoglobulin was
labelled witﬁ“lnx_(iodination grade, AECL) also by
the iodine monochloride method. The protein was mixed
with 3 pl Na ™1 and 1 ml 0.5 phosphate buffer for 30
seconds. The reaction was initiated upon the addition
of 25 pl of a 1:50 dilution of the stock IC1 solution
and terminated 3 minutéé later with 25 pl fixing
solutidn.. The labelled brotein_was separated by gel
filtration on a'Séphade# PD-10 column eluted with PBS.

c) Peanut Lectin and F(ab” )2 Nonspec1flc IgG '_v

300 ul of PNA (0.3 mg/ml in PBS) was buffered with
29'ul of 0.5M phosphate buffer, pH 7.4, in a 3 ml
Reacti~-Vial. Following the addition of 3-6 ﬂl Na'®1
(3.7 MBq/ui, iodination grade; AECL) the reaction was
initiated by adding 30 ul of Chloramine T (1 mg/ml in
0.05M phosphate buffer, pH 7.4). The reacﬁion was
-termlnated 30 seconds later, by the addition of 60 ul

‘sodlum metablsulflte solution (1.2 mg/ml in 0.0SM

7
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phosphate buffer). 1In biodistribution studies

utilizing F(ab”), simultaneously with PNA, 100 ul

(1 mg/ml) of each protein solution was placed in 0.3 ml
reacti vials. The F(ab'), fragment and PNA were then
labelled with I-131 ana i—125, respectively, as outlined

~above. A Bio-Gel P-6DG co;hmn was ‘used to remove free

. - .
iodide. , // .

3. Separation of Unreacted Free Iodide

a) Gel Filtration Media

i) Sephadex G-25 in PD=10 columns
Disposable prepacked PD—lOR columns of Sephadex
G-25 medium werée obtained from Pharmacia (Canada) Ltd.

and used for purification of radiolabelled proteins

[y

in anti-T studies. These columns have a bed volume

&

of about 9 ml and a void volume for proteins of about

2.5 ml, .

ii) Bio;Gel f-6DG » y

Bio-Gel PsGDGR (BidQRad Lab, Miésissauga, Ont.) is
a desalting polyacrylamide gél with én exclusion limit.
of abdut 6000 daltoﬁg. The gel was hyqrated py
incubating it overnight at room temperature in PBS.
Twice as much PBS was used as the expected packed
volume of 8 ml/gram Bio-Gel P-6DG. The columngused in’
initial PNAlexperiments was a PD-10. column from which
the Sephadex was removed. To improve resolution, a
longer column, of about‘ll mltpaéked bed volume, was

prepared in a PharmaciaR_9 mm x 300 mm column.



b) The Separation Procedures

To prevent non-specific adherence, 0.5 ml of
1% BSA in PBS was passed through the columns before
application of radiolabelled proteins. The proteéin
mixture (antibody or lectin) was layered on top of the
bed surface and allowed to drain in, before PBS was
added to wash the sample into the bed. The eluting
PBS was added at a flow rate of about 0.4 - 0.5 ml per
minute. The eluate was monitored for both protein and
radioactivity. A flow-through ultraviolet photometér
(LDC Duo Monitor) waswset at 280 nm to detect protein
absorbence in comparison to the PBS buffer in a paired
UV cell. The thin polyethylene cannula} carrying the
eluaée, also passed across the face of a shi;lded
3" x 3“ NaI(Tl) crystal detector attached to a single
channel analyzer. A dual-pen Fisher Recordall 5000

recorder was used to record the simultaneous detection

of radioactivity and protein optical density.

.~

4. Determinations of Labelling Yield and Radlo—
chemical Purity

a) Trichloroacetic Acid (TCA) Precipitation

Aliquots of reaction mixtures were taken before
and after purification procedures and diluted to 1 ml
with 1% BSA in PBS. Following the addition of 1 ml of
20% TCA, the denatured protein mixture wés mixed on a
vortex mixer and then.centfifuged at SOO‘rpmifor 10

minutes. After removal of the supernatant, the
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precipitate was redispersed in 20% TCA before a second
centrifugation (500 rpm x ie minutes) was performed.
The initial amount of radiocactivity added had been
assayed and following separations the activity in the
supernatants and the precipitate was determined in an

automatic gamma well-counter,

b) Instant Thin Layer Chromatography (ITLC)

Ten or twenty micro-litre aliquots from the
reaction mixtures and purified protein were spotted on
silica gel instant thin layer strips (Gelman,

Ann Arbour, Michigan) and dried. The Chromgtoqnihs
were developed to approximately 15 cm in 85% methanol
in water “‘and then cut into 1 cm strips and assayed

for radiocactivity on a Beckman 8000 gamma spectrometer.

c) Gel Filtration Fractionation

A radiocactivity elution profile was obtained
during Ehe gel filtration separation'of unreacted
radiciodide from radioclabelled protein. This provided
information on the relative distribution of radio-
activity in the reaction mixture. Analysis was
carried out by either determiﬁing the area under the
elution profile curves or by totalling the radio-
activity of the fractions composing the salt or pﬁ@iein
peaks. Nonspecific losses of radiocactivity on the
column were assumed to be lo;s ofmlabelled protein,
rather than free iodide. Earlier experiments had

verified that free iodide is quantitatively



e

4 recovered from the column.
o

3. Radlochemlcal Stability" of Iodinated Peanut Lectln

The rate of hydrolysis of I-125 from radlolabelled
peanut lectin was determined. Fifteen pug of PNA proteln

was labelled by the iodine monochloride method utilized for

- the radioiodination of IgG (as described in section C2b) and

15 ug was la?elled by>the Chloramine-T method (sectien.¢ZE).:
Free unreacted iodide was‘renoved from both labelled
products by gel filtration with aopolyachlamide BiqgelR
P-6DG (Bio-Rad Lab, Riehmond, Calif.)-packeqi9 mm x‘300 mm
ceiumn which had been pre-equilibrated Witn.lJS% BSA.
Protein fractions were colleéted in BSA precoated falcon
tubes and then sto:gd at 4° C | |

" Three 100 ul samples of each labelled proteln were
taken O l,z2, 3, 4, 5, 6, 7, 10, 14 and 17 days follow1ng
radioiodination and mlxed with 900 ul 1.5% BSA in PBS
One ml-of 20% trlchloracetlc ac1d (TCA) was added to f
precipitate the protein,,followed by centrifugation-
(500 rpm’g 10 min.).

The initiai mixtufe,‘and the eeparated precipitate and

<4 . o

supernatant. were analyzed for rad}oactivity on the Beckman

8000 gamma counter employing the I-125 dpm program.  The

v , . ) .
percentage of radicactivity which was TCA prﬁcipitated was

calculated by dividing the‘counts in the precipitate by the

sum of activity in the precipitate and supernatant.
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D.  TUMOUR CELL CULTURING

1. Preparation of Tissue Culture Media

Five hundred ml of sterile fetal bovine serum (Gibco,
Grand Island, N.Y.) was heat—inactivated, by a one hour
water bath incubation at 57°C, and then aseptically ‘
aliquotea_into 50 ml samples before storage at -20°C. 7
RPM1 1640 medium (500 ml) with L-glutamine and 25 mM HEPES
buffer (Gibco) was aseptically supplemented with a 50 ml
aliquot of heat inactivated fetal calf serum and 5 ml of .

200 mM L-glutamine (Gibco) . The tissue culture media were

stQ;ed-at 4°C and used within 3 months.

2. Tumour Cell Culturing Procedures

All tumour culture prcceaures were carried out in a
laminar flow ﬁooa (Baker Co., Sanford, Maine) which had been
,pFeviouslyuéxposed»to germiciéal U.V. light and scrubbed
wiﬁh 70% isopropyl alcthl.t
‘ Suspehsion_éultures of the mouse éumbur cell }ines
RI lymphoma, EL4 lymphoSarcoma and BW5 lymphoma wé;é
maintained in a carbon dioxide incubator (HotpackR, Waterloo,
Ont.) at.37°C and a CO, concentration of 4 - 5%.‘>To “
determine cell concentrations, aliqﬁots were aseptically
withdrawn from-the céli suspensions and spotted onto a )
preparea hemocytaometer (American Opfical Co., Buffalo, &.Y.)
and cells were couﬁted at 150 X microscopic magnificatibn.

In viability determinations, trypan blue was added to the

culture aliquot before microscopic examination and the
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percentage of célls which excluded dye WQé calculated.

. The mouse tumour cell lines<§ere subcultured every 2 or
‘v3kdays. Tissue culture media was preheated to 37°C in a
serological water bath (Fisher Scientific Co; Ltd., Fair
Lawh, New Jersey). Cells (ledes) wére ihbculaﬁed into
lO.ml of preheated;culturelmedia qontained in 25 cm? sterile
tissue culture fiasks (CorningR, New York). The ;élls'were
recultured before a maximum cell concentration of 10°% cells/
ml wa; reached, in order <to enSgré log phase growth. |
Disposable serologigal,bdrosilicate pipettes kCanLab),
which were utilizéd fé? subculturing, were immersed in a
bleach solution following use and culture flasks and tubes
were autoclaved before disposal. | |

E. IN VITRO TESTS OF THE BIOLOGICAL ACTIVITY OF
RADTOLABELLED PROTEINS '

D . . .
To prevent nonspecific -adherence and protein losses in

.in vitro studigé} tubes were pre—coatea_with bovine serum
~ albumin (BSA). Three ml aliquts of 3% BSA in PBS
SOlﬁtion were added tg eéch 12 x 75 hm FalconR plasticr
tube, followed by incubation fgr one hour at 37°C and then
for an additional 24 ﬁdurs at 4°C. The BSA solution was
removed and the tubes rinsed once, with 3 ml PBS. Tubes

were cépped and stored at 4°C until use. All binding

studies were done in tubes precoated with BSA.
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1. Studies with Neuraminidase-Treated Red Blood Cells
N'RBC . : a9 u . r :

a) Neuraminidase treatment

’

The T antigen in‘human‘red'blood cellskwas eprsed‘
by ﬁeuraminidase treatment. Red blood éeliéywere .
coilected‘from the defribinated blood of a group O,
rhesus negative ddnor and_used within 2 days of
collectioﬁ. A 2% (V/V) suspension of packed red biood

cells in PBS was incubated for 45 minutes at 37°C with -

Vibrio cholerae neuraminidase (Gibco Ltd.), at a final

3

concéntratioh of 5 qnits/ml; Saline replaced neuramini-
‘dase for theApreparation‘of,conﬁrol RBC. Following
neUraminidase treatment, cellF werehwashed by centri-
fugation (4x) with PBS and resuspended to-a concen--
tration of 28 (V/V).

b) Hemagglutination titre to.N'RBq

Serial’dilutions; of radiolabelied and unlabelled
lectin, werg carried out witp PBS in BSATpreCOaﬁed
tubes. Equal volumes (100 ul) of diTu£ed;lectin and
N'RBC were mixed and'inéubatedlgt 4?C for 30 minutes.

" The m}xtu:es were then centrifuged {500 r?m x 5
minutes), gently resuspenced and,éxaminegvvisually

for hemagglutination. . l . &

c) Binding studies to N'RBC

One ml of 2% N'RBC, or serial dilutions of a 2%
suspension, and one ml of control RBC were placed
in separate BSA—precoa;ed tubes. The cells were

incubated for 10 minutes at room temperature with 1%
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BSA in PBS. Following centrifugationi(SOO rpm x 5

minutes) the supernatant was removed and 100 ul of J—

diluted radiolabelled antibody or peanut lectin was
'added to the cell pellets.‘ 'The mixtures were
resuspended, counted for total radioactiVity and
incubated-on ice for 30 minutes. " Three washes'were
performed With 1% BSA in PBS hefore the finai pellet
was recounted for bound radioact1v1ty.

) The spec1fic1ty of binding was assured by inhi-
bition of binding in the presence of galactose. ' For
"these'controls, both'the;l% BSA preincubation step and

the added radiolaberled protein contained 0.1 M
;- galacydse. The 1% BSA used for washing (post- 151

PNA incubation) contained 0. 02 M galactose.

2. Studies with Synthet§c°Carbohydrate Immunoadsorbents

Lemieux, Ratcliffe and colleagues of ChemBiomedbLtd.v
University of Alberta,'synthesized a number of'synthetic
carbohydrate immunoadsorbents®r 2% 29 | 'ppase "eynsorbs"
are composed of various mono-, di- or tfisaccharides which
'ere coﬁalently linked,by'a 9 carbon'branching chain to
silylaminated, calcined,’diatoméceous earth. ‘ChemBioned .
kindly supplied us with a selection of these immuno- . v -
adsorbentsifor'research;purpoees. v o | _ o

a) The T hapten (8 methyoxy carbonyl oot&l-z—n
acetamido~2-deoxy-3-0—(B-D—galaotopyranosyl)—a-b—

'galacto pyranosideﬂ immunoadsorbent was synthesized



by Ratclfffe et‘al.eg. The SOlld support of ‘the
‘1mmunoadsorbent was used as a control ?5 mg of both
the T-sorb,and synsorb blank(%erevdncubated wf;h“ _
0.5 ml 1.5% BSA for 10 minutes in BSA precoated tubes.
Following'removal of the BSA solution, 100 ui of
fdiloted"radiolabelled antibodyﬁor,peanut‘lectin was

2

added and the total content of radicactivity was
i

determlned The synsorb mixtures were incubated, with

gentle rotatioh, at 4°C for one hour. Three washes
were performed with 1.5% BSA in PBS before the immuno-

adsorbents were counted for bound radloact1v1ty
(I-125 dpm program Beckman 8000)

b) Study of Carbohydrate Spec1f1c1ty of PNﬁ

‘To determlne the spec1f1c1ty of binding, immuno--

adsorbents prepared from other carbohydrates were

" incubated with I- 125 PNA. Twenty mg of the various
1mmunoadsorbents were weighéd out into BSA precoated
Falcon tubes. The synsorbs were incubated With 0.5 ml
1.5% BSA for 10 minutes, before 100 yl of I-pya

(30 kBg/0.6 ug PNA°in 100 pl PBS) was added.

The mixtures were incubated for 45 minutes at 4°C

with continuous gentle agitation. The supernatant was .

‘removed and 3 washes of the synorbs were oerformed,
using a 0.15% solution of BSA in PBS. Each synsorb

was tested in triplicate. The bound radiocactivity was

109

determined on the Beckman 8000 gamma counter using the

I-125 dpm program.



4, Binding to Tumour Cells

RI, EL4 or BWS5 cells, which excluded trypan blue in
excess of 95% and were in the log phase of growth, were
‘used to test the blndlng of the radlolabelled antlbodles or
lectin. Aliquots containing 2 - 10 x 10° cells were added
to BSA-precoated tubes along with 0.5 hl_l.S% BSA. The
supetnatantvselutien was remoﬁed;fo;lowind eentrifugatioﬁ
(560 rpm x 5 min.) and 100 ul of radiolabelledbantibody or
lectin'was edded to the pellet.vahe tumour cell pellets
were reeuspended in the radiolabelled’ptotein‘selutions end
the total added radioaetivity was determined beforedthe |
mixtures were incubated on ice fof'one hour.  Cells were
wéehed (3x) with tlssue culture media before the final
supernatant was removed and the pellet recounted for bound
radloactlylty.’ The specificity of blndlng was assured by
inhibition“of binding in the presence of galactose in a
manner similar‘tO'the.N'RBC'cell studies.

F. = METHODS OF DETERMINING THE IN VIVO BIODISTRIBUTION OF
" RADIOLABELLED ANTIBODIES ' AND PEANUT LECTIN

1. Mouse Tumour Models

S;x to eightIWeek 0old male mice of the CBA/CAJ and

. C57-black strains, weighting generally between 20 and 25
grams, were purchased from the Small Anlmal Program,
University of Alberta. They were housed in groups of 5 or

.6 animals per,éage and maintained on standard laboratony

110

chow (WayneR Lab-Blox, Chicago, Il.)mand'tap water (§§‘lfbitum).
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Tumour cells used~for:ihoculation were determine?hto
be greater than 95% viablé by the trypan blue exclusion
test. Following detefmination of the cell concentraﬁion;
the suspension was ceﬁtrifﬁgéd at 500 rpm for 5 minutgs_and
reéuspended in culture media,.to the required concentration.
The desired number of cells, generally 2 - 5 x 10° cells,

>

wasldrawn‘up in syfinges(‘in an asepﬁic environment, in thé
laminar flow hood. The mice wefe inoculated with a 0.1 .
or 0.2 ml subpannicular injectign,-in the dorsal region.
'RI lymphoma cells were used in CBA/CAJ mice and EL4
v»lymphosarcoma cells were used in C57/Black mice.
Tumours were allowed to grow for 10-14 days, before
the animals were utilized for biodistfibutionxor,imaging'
studies of the radlolabelled proteln. Lugol's solution (5
drops per 200 ml) was added to the drlnking watér'COmmencing

_2 days prior to injection of the radiolabelled product and

continued until termination of the studies.

2, Biodistribution‘Studies in Tumour Bearing Mice

Tuﬁour bearing mice were injectedhi.v., via the tail
vein, with 0.1 or 0.2 ml of the radioiodinated antibodies
(anti-T specific or nonspecific IgG, inta&@‘or F(ab”),
frégment) aﬁd/éi peanut lectin. In dual label experime:n
the nonspecific protein (IgG; intact or F(ab;)z)_was‘~
labelled, with I-131 and the specific protein (anti—TﬂI
or peanut lectin) was labelleé with I—i25). In single"

experiments the I-125 iéotope,was_used.

- . = .
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The relative amount of radioactivity injectéd into
each animal was determined by counting the syringes before
and after injectioh, on a whole body counter. Three extra
dosos were prepared in syringes and counted on a whole body
counter before and after béing-used/to'prepare 1:50 |
dilutions. Aliquots of 0.5 ml of these dilutions served

as’ injection standards to correlate injected dose to the

i [
‘radioactivity determined for tissue samples.

The mice were etherized and then sacrificed by cordiac
pundturé/exsanguinatioﬁ at t;me periods such as 3, 8, 24
and 48 hours'following fhjeotion.‘ Tholtiséues of interest
were excised in their entirety, blotoed free of blood and

/ :

were weighed directly ithared olastic oounting tubes
(Amersham SpeCtréR‘vials). Tbe :emaioinglcarcass, tail
(injection‘site), a portion -of the trachea with the thyroid;
were also placéed in counting.tUbes but not weighed.
uSaméles; along with the diluted injection standardé, i
were assayed for radicactivity on a programmable‘autométed
Nal gammé well counter (Beckman 8000>gamma counter). In |

125

studies involving only an I-labelled protein, the

coincidence method was used for‘abéolute determination of
1 radioactivity. In dual label‘experiménts, a spillover
correction was employed to correct for counts occurrlng . e
in the I window due to»lnl radloact1v1ty.‘

' The percentage of radioactivity per qram tissue or
entire_organ‘wos calculated on the bosis of thé injected

activity and as a percentage of the activity remaining in

#
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the body at time of dissection. Tissue ratios such as

tumour:blood and tumour:muscle were calculated on a per

weight basis.

a) 'I-PNA in CBA/CAJ Mice with RI Tumours

Male CBA/CAJ mice of about 25 g weight were
inoculated s.p. in the right flank with 5 x 10° RT
lymphoma cells. Eleven to fifteen days Eéllowing
in0culation, the tumour-bearing mice received a 0.2 ml
caudal i.v. injéctioﬁ of 50 kBq 1251-PNA’ (185 kBq/ug).
Between 6 and 8 mice were s;?rificed at each time
period of 3, 8,;24 and 48 hours‘following injection
and analyzed for I-125 radibactivity as déScribed
earlier. | ,

b).Paired-label Studies

i) Anti-T vs. IgG in CBA/CAJ mice with RI tumours

CBA/CAJ mice were inoculated s.p. with 6 x 10°

RI cells. over the right flank, 9 days prior to use in

 biodistribution studies. Anti-T antibodies were

labelled, as described, to a specific activity of

2 MBg/ug with I-125 and concentrated on an Amicon

Concentrator. TCA precipitation of the protein

solution revealed that 91.5 #* 1.3% of-the radicactivity

 was protein bound. Nonspecific IgG antibodies were

labelled to a specific éctivity of 7.5 MBg/ug with

I-131 and purified on a Sephadex PD~10 column.

'99.11 % 0.06% of an aliguot of:the desalted prepara-

tion was preéipitated during TCA analysis. Mice were
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injected i.v. Qith a simultaneous injection of 10 MBq
anti-T and 8 MBg IgG. Animals were dissected at
2, 4, 8, 24 and'48 hours following injectioh. Tissue
samples were analyzed for '®I and "I radiocactivity,
using a spillover correction program on the Beckman
8000.‘

ii) PNA vs F(ab”)2 in CBA/CAJ mice with RI tumours
and C57-BL mice with EL4 tumours

CBA/CAJ mice were inoculated with 5 x 10° RI cells

and C57 black mice were 1noculated with 6 x 105.

EL4 cells, 10 - 12 days prlorvto blodlstrlbutlon
studies. A 0.2 ml i.v. tail injection containing

3 MBq '®I-PNA (165 kBq/ug) and 3.5 MBq "'I-F(ab”’), IqG
fragment (150 kBq/ug),was.giVen to the‘ﬁumour bearing -
mice. TCA precipitation and ITLC (85% methanol in
water) analysis revealed that 96.12 * 1.32% and
- 95.92 + 1.49% of the I-131 and I-125, respectively,

was protein bound. Four‘to sik mice were dissected at
each of the time perlods of 24 and 48 hours for the
bloalstrlbutlon studies in CBA/CAJ - RI bearlng and
C57/Bl—EL4 bearlng mice. Addltlonal CBA/CAJ mice were
dissected at 8 and 72 hours. The samples and standards
were analyzed for I-131 and I-125 radiocactivity as.
described earlier. |

3. Analy51s of Plasma Samples from Blodlstrlbutlon
Studies

-

. When tHe biodistribution study blood samples were taken

by cardiac puncture, an aliquot was also placed in 1.5 ml
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EppendorfR centrifﬁge tubes. Following centrifugagion
(12,800 rpm x 2 min.) é 200 ul aliquot‘of plasma was trans-
ferred to anoﬁher Eppendorf centrifuge tgbe and 200 pl of

20% trichloroacetic acid (TCA), was added,kmixed on a vortex-
vortex-mixer and centrifuged. The radioactivity in the
precipitated protein and supernatant was determined with a

Beckman 8000 gamma counter.

4. . wWhole Body Gamma Camera Imaging

CBA/CAJ mice were injected with 330 kBq I anti-T
"intact IgG or 350 kBq I-PNA and anaesthetizéd with
Nembutalg 10 minutéslprior to iﬁagi%?. A PhoGamma IV
(Searle) with a_pinhble collimator was calibrated wiﬁh an
n2s g standard. ﬁach mouse was secured with masking tape to
; pésitiOning_board and serial image§4;fﬁthe ﬁosterior view
(15,000 - 20,000 counts) were obtained at time periods
.between 3 and 72 hours post-injectioh of the radiolabelled .

~

proteins.
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AL TUMOUR CELIL LTINES AND ANIMAIL TUMOUR MODEIL

T antigen-avid proteins, it was desirable to have an
appropriate animal tumour model. Reproducible moderate size
tumours, which are rapidly produced with a vascular supply
similar to naturally occurring tumours, would provide an
ideal tumour model, if the cells expressed the T antigen’®.

A.A number of mouse tumour cell lines were tested by
Dr. J. Bray, WW Cross Cancgr Institute, by dire¢t and
indirect immunofluorescence, for thg binding of T antigen-
avid reagents. An RI lymphoma mouse cell line was shown to

v
bind T-affinity purified human and rabbit antibody and
peanut lectin.
The RI radiation-induced lymphatic leukemia was

initially isolated from CBA (H-2") mice by Dr. H.B. Hewitt

in 1959%* and has been passaged in mice as the ascitic form

and grown in vitro as a tissue culture cell line by several

5

workers®® ™% This cell line grows as a suspension in vitro,

thereby facilitating cell gquantitation, animal inoculation
and cell viability determinations. Since the cells grow
singly in suspenéion (although with a slight tendency to
clump) trypsin treatqent of the cells‘qu"nét required” prior
to micéainoqylatioﬁ. This was an imporﬁant parameter for
the animal tumour model, since trypsin is knvwn to cleave

3

off cell surface glycoproteins, such as the T antigen® and

. . L
is cell toxic®?.

11
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_As a radiation-induced tumour, thiS'lymphoma may'
provide a more suitabie animal model for‘sp6n£aneously
T antlgen bearlng cancers in humans ‘than a chemically or
v1rally induced tumpur. _Those animal tumours which are
lnduced by carcinogens or viruses, often express many
néo-antigens and this resulté iﬁ an artifactual immuno;
genicity and antigeniéity, not ﬁsually seen in spontaneoﬁs
and most radiation-induced tumdurs?! =22,

The tumour cell line had beeﬁ passaged fér an éxtended
period-of time as an in vitro Eissue-gulture and this may
possibly allow seleCtién of cells gdapted for in vitro
-grbwth, rathér than gréwth in animéls. To determiné Ef the
RI leukemic cells would grow in vivo, as a solid subpannlcular
_tumour which coqld be readily imaged and dissected, CBA/CAJ .
mice were inoculated with 1 x 10°, 2 x 168°, 5 x 10° and
10 x 10° viésle tumour cells. _ Solid, palpable tumours were
ev1dent, for all doses, 5 to 8 days follOW1ng 1n]ectlon,‘
_wlth the largest doses generally resulting in. tumours of
larger masses. After 9-13 days‘ig vivo growth, tumdu;
masses ranged from 150 mg to lSOé‘mg. _Lafger tumours tended
tolhave‘necrotic centres and showed widegfanges of degree of

vascularization. In further experiments, the CBA/CAJ mouse-

RI tumour model was used 9-12 davs follow1no the s.p. innocu-

lation of 2 x 10° to 6 x 10° viable tumour cells. . ‘

Another murine mouse tumour line, utilized -for

“«

in wvivo and' in vitro studies, was the EL4 lymph01d

tumour. Gorer isolated it in 1945 from C§7 black (H—Zb)
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mlce following treatment Wlth 9:10 dimethyl 1:2 benzanthrene
and it has been méﬁntalned by tissue culture and serlaf i.p.
and s.p. transmissions. The EL4 cells were found to not’
bind T antigen—auid antibodies and lectins (Bray, unpub-
lished) and this cell line was used as a control for both
in vivo and in wvitro studiee with the.RIbcells. Mice, of
the strain C57/Bl,-were innoculated with 5 x‘lQS'cells,

4

"and tumours, with gross appearances similar to RI tumou

b4

were ready forAbiodistribution studies 10-12 days later;w
The BW-5147 is a lymuhocytic~leukemia, which spontan-
eously originated in an AKR mouse (H-2) in 1954 in the
Jeckson Laboratofy”*. This tumour cell line, which has been
maintained bysi.p.iand S.p. passages and in iiggg culturing,
zﬂwas‘used-asra non-T antigen expressing control (Bray,

uupubiished) for the RI cells. Attempts to grow this

- tumour in CBA mice (w1th the same major hlstocompallblllty

cla551f1catlon as AKR) were unsuccessful, probably due to

minor histocompatibility differences.

B. PRELIMINARY STUDIES WITH ANTI- T AND NONSPECIFIC
IgG ANTIBODIES

1. Modifications of the Rad’®2iodination Procedures.

It was‘desirable to develop an efficient labelling
procedure for »I-anti-T which ;roduced a radioiodinated
entibody'that retained a high affinity for T antigen-

containing substances. Bray and coworkers®® reported that

% I-anti-T, labelled with a protected.binding site, showed:
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a greater biological T—oindiﬁg affinrty than if labelled
drrectly. A labelling method, in which the antibody was
rbound to the synthetic T* immunoadsorbent (ChemBioﬁed,‘Ltd.)
pr;or”toriodination, wes therefore chosed. N\
| The initial labelllng procedure, involred preincubation
of 100 ug of. anti- T antlbody w1th 10 mg T sorb in order to
_protect the binding: site. The reactlon mixture, in 500 pl
borate buffer, was gently agitated for'ébhours at 4°C within
- a 3 ml_Reecti—Vial. A centrifugation'step (5 min. at 800 rpm)
was followed'hy'G washes (2 ml borate buffer, pH 7.2) in
order to remove aotibodyiﬁﬁiéh was‘not T;sorbfbound. The
protected antibody‘was mixed with 15-20 MBg Na'®I in 1 ml
borate buffer for 30 seconds, foliowed by the addition of
6.86 ng ICl 1n 100 ul 2N NaCl The vial was egitated‘on e
vortex mixer for 2~m1nutes and the reaction was stopped bp
the addition of 100 p} fixing solution (&9016 ¥ Na,S$,0; and
'0;015 M”KI).l Unreacted\iodine was removed by withdrawal of

. , \ -

the supernatant and 4 subsequentvz ml washes of the T-sorb

3

with PBS. The radioiodinated. protein was elflited from the
T-sorb w1th 500 ul of 1% NH,OH and then adjusted to pH 7.2

with KH,PO, (16.5% solutlon). s »
This procedure was systematically'modified in eubsequent

wer” 4

experiments to optimize the retention of biologioal activity
of the radioiodinated product; Most of the modifications
were made to decrease mechanical or chemioal damaqe to the
protein during‘the T-sorb incuoation'and iodination steps.

~

Mechanical or chemical damage may alter the quarternary or

P
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tertiary structure of the proteln, whlch may ler to changes
in the blndlng afflnlty of the protein for T antigen-
cohtalnlng substances.

| Centrifugarion of the reaction mixture to iscléte the
T-sorb=-protein complex was found to be unnecessary. The
immuncadscrbent matrix.(sily}aminated, celcined,‘dighoma-
ceous earthi was of sufficiently high density to sepérate
efficiently by-gravity alone. six washes were_iniﬁiaiiy
performed cn the antibody-T eorb complexkprior to;iabe;i}ng.
The”number of washes was reduced to three, éince_the
rabbit antief.had already been purified on T-sorb. The
Vigorcus vortexing, initdially carried out during iodina-
tion proce@ures['was changed to gentlevhand egitation.

The borate buffer was replaced by a  phosphate buffer

because it was-suspected thatrﬁhe”bOp_

® ion may interact

with elther the antlbody or the T- antiu-n immuno-

determlnant disaccharide. Complexes of the type in Fig. 6

can be formed with the 4- and 6- hydroxyls and all vicinal

cis—hydroxyis of pyranoside hexosides®®. The borate ion has

'S ' : ’
. been- shown to prevent specific binding between some-anti-

carbohydrate antibodies or iectins and various polysaccha-
rides® . Antibodies also contain avsﬁall percentage of
I
HO, ,0—C-—

HO” YMo—.C—

Figure 6 . Carbohydrate?Borate Ion Complex
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cagbqhydrate (3-13%) ¥ , which may interact with the borate
buffer. Parallel synﬁhesis of 125I-ahti;T, using either
borate or phosphate buffer, resulted in similar labelllng
eff1c1enc1es (40-43%) and desorption capablllt1e§ of the
anti-T (47-51%). Thus subsequent iodinations were conducted
in phosphate buffer. | | o !

The rela%ively High'Iéi/protein ratios, used initielly
to ensure high iabelling efficiencie®, exposed the prdteih
+ to higher cencentrations.of the’okidizing agent than We;e
necessary. The possible sgbsequeﬁt chemical'daqage and/or
a‘high incorpqgation of iodine atoms intovthe protein, may
change the biolpgical‘ectivity of the antibedyzm; The molar
.rétio of ICl‘was decreased four-fold, so that the'maximumi
iodine incorporation would be about 1.5 atoms per eﬁtibody %
molecule, based . on 100% chemical'yield.

The chemical exposure of the protein‘was also reduced
by elimination of the reducing agent (sodium metebisulfite).
Since the antibody is‘immobolized'on the T-sorb particles,
the o#idizing reagent and'free I+ and were simply removed with
the supernatant and four washes of the T- sorb proteln
complex.' Duplicate reactlons, in which the redu01ng step was
omitted‘in one of the reactions, revealed that a higher
hemagglutination titre to N'RBC was obtained for the“‘
antibodies labelled without reduction. The binainé of the
nonfixed antibody preparation was 4;7% to N'RBC <and enly

0.3% to control RBC.



. Once the‘-antibody is radioiodinated on the T-sorb,

a desorption agent is required to elute the labelled anti-

body from the 1mmunoadsorbent | A number of desorption>
agents were considered.' Although specific desorption could
be achieved with galactose, the galactose would then occupy
the combining site on the anti-T molecules and preempt
subsequent binding.d Extensive manipulation, to remove
galactose from the radioactively labelled protein in
procedures‘such as dialysis may be undesirable. Such
techniques may result in an increase in the radiation dose
to the handler and lead to greater nonspec1fic losses of |
the protein by surface adherance. Antibody-antigen complexes
can also be dissociated nonspecifically by'conditions which
lead to rever51ble conformational changes of the antibody |
molecules. NonspeCific desorption has been initiated by
ektreme pPH changes, or high concentrations of_chaotropic
ions, or urea, or quanidine hydrochlorideéwg

| In the methodology developed by ChemBioﬂed,
increased pH, with the use of 1% NH,OH, wa{uti‘lizedag to

elute antibody from the T-sorb. To e&aluate the effects of .

«

‘various concentrations of NHQOH for antibody desorption, fwo

N,

labelling experiments were carried out in which aliquots

of the labelled antibody—T‘sorb complexes were desorbed with
either_O.S%,/l%,'or 2%YNHQOH.' The’desorption capability

was found to bhe highest'for the 2% NHuOH,which eluted 79-85%
of the T- sorb assoc1ated radioactiVitx as compared to

2

70-74% and 54- 57% Wlth the 1% and 0. S% concentrations,

~



respectively. The-radioiOdinated‘antibody preparations,

eluted by all three NH“OH‘c6ncentrations, showea similar' /2//
binding ﬁo T-sorb (v70%) and N'RBC (V5%). A 2% NH,OH t:i;’
'concentraﬁioh.was therefore selected, due to its greater
desorption capabilit;es. Other methods of desorption,
including 0;l M Kgl‘pH°é.2 for 30 seconds or 3 minutes,

-

0.4 M borate buffér for l‘minute;.or 1% acetic acid for 1
hinute, were all found td be less efféctive\tﬁaﬁ 2% NH4OH
in ‘eluting the labelled antibody from the'T—sorb(\
B Ndnspecific adsqrption of thepantibody to contact
surfaces was a'very significant‘proglem throughout'any of
its manipulatiéns. Losses asiﬁigh as 25% on Ealconthﬁbes,
85% in an AmiconFCB-lS coﬂcéntrator, and 50% oh a |
SéPhédgx‘Pb—Lolcblumn, were obse:véd. It was therefore
absplutely nécessary to precoat every surface, that would
come‘iq_contaCt witb the antibody, with a 1% BSA sqlutiop
 tQ decrease the ndnspecific adsorption losses.

. Various methods of concentfat%hg,the protein'éolutionu
and removing-freé iodide were evaluatea using an unpuri-
. fied fadiolabelled IgG prepération, containing 50% free
iodide and 50% labelled protein (baséd on‘ITLC analysié
with 85% adﬁeous methanol); LyphogelR, which excludes
macromolecuies larger than 20,000 MW and'ébsorbs fivé‘
times its weight in water and Sélts; was found to be
unsatisfactory. Altho&gh the’protein became congéntratgd,

only 54% of the added fédioactivity was recovered and ITLC .

analysis of this solution revealed that 50% of the
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recovered radioactivity Qas still in the form of free iodide;
A BSA preincuEE£E§nAstep was necessary to‘preuent protein
absorption losses (which were as high as 65%)1and a wash

of the pellets‘was necessary to allow retrieval of the
protein solution. Selective removal of water, but not free
1, was also found to be a problem with the Amicon B-15
macrosolute concentrator. Following 4 to.6 fold concentra-
tion on an AmiconR concentrator, free iodide_levels
generally remained at 70-95% of the initial levels. When
an 1ion exchange resin coluﬁn (C1™ form of Dowex-AG, Type
21K, Mesh 50-100) was used to purify am IgG preparation,
the free iodide was redubed from 32% to 4%,but'only 21%

~of the protein was recovered from_the;BSA precoated column.
The most efficient way of removing free iodide from the
antibody, without significant loss¢of_protein,’uas
~desalting using gel filtration chromatography.

A small percentage (6-10%) of free iodide was usually
observed in the desorbed protein, even though immobilization
on T sorb should theoretlcally allow total removal of free
iodide and reactants, before desorptlon. Analy81s of the
total radloact1v1ty in the supernatant and 4 subsequent
PBS washes of the antlbody T sorb complex 1nd1cated that only
2.5% of the total recovered radioacthlty was present in the'
final two washes. Therefore insufficient washings of the
T-sorb was unlikely to be the source of/freeliodide,

Avblank labelling experiment, in whichfphosphate

‘

buffer replaced the protein, indicated that 25% of the -total
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radioactivit§ used in the reaction remained associated with
the f—sorb and féacti—Vial aftef‘wéshing the T-sérb. The
NHuOH desorption process then eluted 28% of the radibactivity
on the T-sorb and reacti-vial. The source of free iodide

“in the antibody pfepafdtions, ﬁheréfore appeared to be
'nonspecific adsdrption‘and desorption of I~ fromqthe reacti-
vial and T-sorb. A purification technique, such_aé Qel
filtration was therefore needéd_to remove the 6-10% free
iodide from the anti-T preparations fbllowiné‘desorption.

The final modified- labelling brocedurelfor the Anti-T
rabbithgG agd nons?ecific fabbit IgG is described'in |
sections C2a aﬁd é2b, respectively, in the Methodoloéy,

‘The protectéd T-sorb iodine monochloride iodinations of
anti-T resulted in ;abelling.efficiencies which ranéed from
25-50% and the direqt iodination of IgG gé;e iodinatidn

efficiencies of 50-80%.

v '

2. 'Biodistribution Studies aﬁd,ln_vitro Bindiﬁg

Preliminary biodistribution studies Qere carried out
with P I-anti-T in RI lymphoma. bearing CBA/CAJ mice, It
was found that the 157 _labelled anti-T localiged in the
tumours to some exXxtent but that prolonged; elevated blood
I%Qéls maintained a high béckground-tissue radioactivity.
Th;;;bg}eliminary biodistribution studies indicated thét
average tumour:muécle and tumoui:blood rétios of radio-

Cactivity at 24 hours (total of 10 mice) were 5.9 % 0.5:1

~and 0.57 % 0.04:1, respéctively; Preliminary gamma camera- -
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imaging a

with 300

was evident 4'days post-injection.

‘A complication, when.determining the tumour ibcalizing
capabilities of an antibody of any protein preparetion, is
the nonspecific accumulation of macromolecules in tumours??,
Tumours often have a larger extravascular-extraqellular
" space, greater blood vessel permeability and lees effieient
lymphatic drainage than .found in normal tissue' . Therefore,
most fadielabelled proteins iocalize_tovsome extent in
tumours. The use of double isotdpic labels, a technique
first introduced by Pressmaﬁ eE,gL,”°, is helpfﬁl in
distingu%ehing between specific and nonspecific antibody
localization in tumour and other tissues. Specific anti-
tumeur antibodies are'labelled with one isotope ef»iodinej
eg. 1, and normal control globulins are labelled.with
another, such as "™I. Simultaneous ‘injection of the two
preéarations allows evaluation of the tumour for localiza-
tion of specificeantibody.and control nonspecific protein?®?,

This paifed—label tecﬁnique Was therefore utilized to
determine the specificity of ehti—T tumour localization.
Mice bearing RI tﬁﬁours,we;e simultaneously injected with
10 MBg ®I- an{ileand 8 MBq B¥1_19G.. The localization of
the antibodies in tissue samples was subseqﬁently determined
by differential redioacfive analysie of the two isotopes
present. Six mice were dissected at each time period of Ce

2, 4, 8, 24 and 48 hours. The radioactivity, determined
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for B I-anti-T, was corrected for the spillover of 1Bl
_counts occurring in the *I window. Biodistribution data
was calculated as a percentage of the injected dose per gram
of wet tissue o}"pe; intact organ and are presented in Table
12 and Table 13 for the‘8, 24 ana 48 hour time periods.
Althougﬁ not assayed in- this particular biodistribution
study,‘preliminafy studies indicated less than 1% of the
injected dose was contained En the lung at 24 hours.

The ratio of radioéctivity fon“tissue;blbod and tissues
mﬁscie, are also presehted invAppendix 1 énd were calcualted

\ on a grém to gram basié. These ratios show the relatiye
concentrations in the various tissues'éndvmay give an indi-
cation of the potential'usefulness iﬁ iﬁaging studies.

The best imaging‘results, in most antibody ﬁumdﬁf
localizing studies, have usually occurred several days post-
ihjection, when the baékground blood éctivity has diminished
chsiderqblyz“.i Otherwise, computerized subtraction of
blood-pool background activity is often employedza'y.'

A high blood background radicactivity was also found to
complicatg this study. From thke organs'disaected; and
~analyzed for 125I-—anti-DT, éhly the kidneys‘and tumour were
foqnd to have tissue:blood ratios of_radioacti&ity larger
than 0;30:1 at any of the‘time periods evaluated. - The
"®I-anti-T tumour:muscle ratio was 7.451 at 8 hours, 5.4:1
at 24 hours and 4.9:1 at 48 houré. The tumour:blood ratio
remained at 0.5:l fdr both the 24 and 48 hour time periods.

-

 mPreliminary biodistribution studies revealed tumour:blood
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ratios at 24 hours of 0.4:1 and 0.15:1 for lymph nodes and
thymus respectively. .
The I4G preparatlon was found to have a greater whole
body and tissue retention than the specific anti-T. The
percentage of injected dose of ' I-IgG,\per gram of tissue,wl
was found to be 1.5-2 fold higher in most tissueéwas compared
to énti—T. Similar findings were observed by Searle and
coworkers *? wizn they compared the biodistribution of non-
specific rabbit IgG and anti~HCG (antibodies to human
chorionic gonadotréphin)} in nude mice bearing human
chériocarcinoﬁa xenogréfts. At }ive days post-injection,
blood levels were an average of 4 fold higher for the non-
speéific antibody thanvfor specific anti-HCG, These
differences were.not observed in nonixumgur bearing miceé .
Althouéh the absolute tissue retehtion of the IgG was
elevated relatlve tissue ratios such as tumour muscle
and tumour: blood were very similar to those observed for
anti-T. At 24 hours the tumour:muscle ratio was 5.1:1 and
the tumour:blood ratio was 0.45:1 for the 1‘311—.I‘gG. Similar

3
tumour:blood ratios have been observed when radiolabelled non-

specific IgG was injected in tumour bearing rats251

k An_informative manner for the analysis of the
speéificity'of antibody localization, is to calculate the
specificity or localization indexZB'ZQ{‘“. The ratios of
relétive concentrations such as tissue;blood, obtained’ for
the specific antibody are.divided'byaghe~corresponding

faétor,,calculated ihdependently for the control prbtein28 .
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The specific:nonspecific ratio can be standardized by ratios
in the blood® , injected doses®®, liver®:® | 1ung® or
muscleh .

In this study, the blood was chosen to analyze the data,
siﬁce 1) poor blood clearance is one of the major complica-
tions in antibody studies? and 2) nonspecific macromolecﬁlar
tumour localization is primarily due to a changed vasculature
in the tumour tissue! . The ratios were therefore calculated
using the percentage of injected dose per gram of blood or
tissue in the following eguation. o

:blood anti-T-I1gG

specificity _ tissy
© index tissuel
t : C
; 5 L) ¥
When this ratio is mud reater than one for the tumour
‘but not other tissues,

ood nonspecific IgG

’7fndicates,that the increased anti™
body radioactivity in the tumour is probably due to specific
tumour:£issue binding in addition to hypervascularization
and interstitial fluid accﬁmulation in the tumour. The
ks?ecificity indices calculated for various tissues are.
shown in the'histogram, Fig. 7. The specificity index of
the radioiodinated anti-T for the tumour was 1.11 to 1.13 at
the time periods of 8 to 4% hours and was not found to be
significantly different frdﬁ‘the remaining carcass or other
tissues. Primus et 35.3 uﬁdertook studies Qith affinity
purified anti-CEA, in hamsters bearing GW-39 tumours and
. ~analyzed the'datavwith a séecificity index, standardized by
-the injected dose,. instead of blood. Although most other

tissues had a épecificity index of 0.96 to 1.14 at 48 hours

2
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the value from the tumour data was 2.34%° ., This indicated
localizatioﬁ'in ﬁhe tumouf,.in which nonspecific adcumula—
tion could only account for about 43% of the tumour
retention. In £he’anti—T/Ingstudy, approxima;ely 90% of
the 1ocalizatioﬁ in the tumour, and most oﬁher‘tissues,'is
probaﬁly due to.nonspecific localization. This seems to
indicate that the’anti-T is not specifically retained by
 interaction with the T antigen on the RI cells. Metabolism&
of the antibody may be occurring before it is fixed on the |
cell surface, since the tumour receives such a shall pfopbr—.
tion 6f the cafdiac output® |
Thé‘rabbit'anti—T immunoglobulins used in these studies
pérhaps4did not have a high enough specificity for fhe Ri-.
tumour cell antigens.,. HeterogenéqusVahtibodies, even
following éffinity purification, generally ohly contain a
maximum of 15% specific antibody molecules® . Perhaps the
~binding affinity was not sufficientvenough, so that'any o
specific localization was masked by.nonSpecific macro-
molecular ;ocalizationf Results of thé in vitrovbiﬁding

are displayed in Table 14 and indicate the anti-T bound

—

relatively avidly to the T immunoadsorbent, but the binding

was not extremely high to N'RBC (which by definition of the N

~ T antigen, contains a large number of T antigen receptors)®.

The in vitro tumour-cell binding did not indicate a high
specificity of the radiolabelled anti-T for antigens o

expressed on the RI cells. y s o
p r} . ) 0‘433;,.1,;, . v ‘;ﬁ’.{,» : b‘

LN
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Table 14

In VitrO»Bindiﬁg of Anti-T and Normal IgG*

'@

: " Anti-T Normal IgG
‘Blndlng to T-sorb 45 - 85% (n=8) 0.8 - 0.9% (n=4)
; (spec1f1c)
| .
:Blndlng to Synsorb 2.5 - 10% (n=4) | 2.1 - 2.2% (n=4)
‘ (control) ﬁ ‘
Binding to N'RBC - 3 - 8.2% (n=4) i 0,20 - 0.22% (n=2)
(specific) : : =
Binding to RBC 0.3 - 3.3% (n=4) | 0.28 - 0.3% (n=2)
“(control) _— :
— ) — ——

Blndlng to RI ‘1%** (n=1) | 0.9%** (n=1)
: (spec1f1c) 3 :

'Binding to EL4 0.6%** (n=1), ©0.8%** (n=1)
l (control) ' L i .
!

o

* - Anti-T and.lgG were radiolabelled with I-125 and
I-131, respectively.

- Values are expressed as percentage of added radio-
~activity bound to ligands following 1ncubatlon and

- subgsequent washings. <

- The number of 1ndepen ent determinations is given‘in‘

parenthesis.

2

* - ‘Determined by Dr. J. Bray, WW C{OSS Cancer Institute.

P-ges)

134



The anti-T was prepared byvinjecting rabbits with
'the synthetic B—D—Cal(l+3)a—D—GalN§c conjugated by an 8 g
| carbon linkinglchain to ca;rier BSA molecules. Antibodies,
thch were specific‘for the linking arm or any of the many
antigenic siteevpresent on a BSA molecule, couid be
.produced along with the antibodies specific for the T
- disaccharide, »Affinity pqrification on the T immunocadsor-.

IFES

bent should remggs:

£i1-BSA antibodies but antibodies

specific for the linking carbon chain would still be
. a . .

present }n the "purified" .antibody preparation., Therefore,

’cniy a proportion of these "anti-T" antibodies would also

have a high affinity for the natural antigen, exposed on

the cell surface.

It was desirable to carry on these studies with a
homogepeops monoclonal antibody preparation with a very high
specificity for the T antigen. ‘Howeyer, due to thel |
eophisticated techniques invalved in preparing a monoclonal
,antibocy with a highly avid and specific binding ability., a

- source of monoclonal anti-T was not available to contihce
the antibody 'studies at the time.

Another T antigen—avid protein, the peanut lectin, was
available'gs a homogeneous, affinity—purified protein. .

‘ Inicial in vitro binding studies indicated high binding N
affinities for not only the T immunoadsorbent but also
membrane—boﬁnd T specificities in N'RBC and Ri tumour c¢ells.

'Therefore, furtheristudies were‘carried out on the

peanut lectin as a radiolabelled T-avid protein for the

b
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radioimmuhodgtection of tumours bearing the T specific
determinant.

‘These studies form the major portion of the

expérimental inVestigations-reported in this thesis.
~. i : '
N

h)
) N
C.  PEANUT AECTIN

o)

1. “Reconstitution and UV Spectroscopic Analxsis of

Thevpeanut lectin; utilized in in XEEEE and in wi¥o
studies, was obtained from EY Laboratories (San Mateo,
Califo  ia) and the product.séecificatiohs indicated a
single band.by polyacrylamide-discg gel electrophoresi&.

The hemagglutination titre, of ﬁhe PNA lot ogtained,'Qag
1:2048 to neuraminidase-treated red blood.cells. Thév '

prqtein/was kept frozen in the lyophilized form until N
portions-of 3 to 5'mg were reconstituted with phosphate |
buffered saline, éﬁ 7.4 (PBS). The reconstituted protein
was:passed through a sFerile 0.22 uym filter and mainﬁained ‘
under aseptic conditions at 4°C. = |

_ \

{
The reconstituted protein was analyzed by UV‘spectro—

a

scopy at 280 nm for both qualitative and quantitative
. »
analysis.

The near UV spectral propertieé of PNA are shown
in Fig. 8. The absorption spectra revealed a double maxima

at 277 nm and 283 nm and also a small shoulder peak at
290 nm.

These peaks-aré believed to be due to aromatic
amino acid side chains such ‘as tyrosine®

and the UV
spectrum‘obtained on the EY Lab PNA preparation was

essentially identical to that published to other investi-
gator‘s 69 -, 112, 2S5

. Quantitative increases of the peaks, in

H)
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‘the 270-300 nm range, occur during interactionsbof PNA with
specific sacchariaes and glycoproteins®r 12 1t has
therefore been pbstulated thatlcertain aromatie amino,acid
residues of PNA, “such as tyresine, are involved in‘the
, _ :
binding site of PNA® 2y 1L, 102

Several PNA‘preperationé were accurately reconstituted
to 1 mg/ml and the optical density was measnred at 280 nm.

Six'separate determinations of the extinction coefficient

at 280 nm resulted in a value of 8;45 f 1.26 for the

1 mg/ml
280 nm

for both the molecular weignt and E

E ~of PNA. Two investigators-have published values

1 mg/ml
280

at variance with one another. Lotan® et al. reported a

1 mg/ml
280 nm

other hand, Fiéh et al.® claimed that the observed

of PNA,'which are

molecular weight of 110,000 and a E of 7.7. On the
extinction coefficient corresponded toAthe tryptonhan and t
tyrosine content that they observed in PNA, althongh tne

amino acid cdmposition was not actualiy reported. If the
molecular weight determination of PNA by Fish et al.®® of
98;000, is used to adjust the extinction_coefficient of

Lotan et il.” (initially based on a molecular weight of

1 mg/ml
280

110,000), an adjusted E
i1f the extinction coefficient of Fish et gi.eais adjusted

of 8.8 1is obtainedt Likewise,

accoraing to the molecular weight of Lotan ‘et 3&.“

‘the extinction coefficient omes El mg/ml 8.4, These
: 280 nm e ‘ A
two values of 8.4 and 8.8 .- Yy close to ‘the extinction

/ coefficient value of 8.45 which was Observed experimentally

J _ : ‘ o -



for the PNA obtained from EY laboratories. Quantitative

determinations of the peanut lectin concentration were

El mg/ml

calculated using the equation A = Ej o

c-l1 (where A =

absorbance, ¢ = concentration in mg/ml and 1 = path length

in centimeters). The'Ei mg,/ml
' : cm

~in these determinations was the published value at 280 nm

extinction coefficient used

of 9.6% . The reconstituted .peanut lectin solutions were

-

stored at 4° at concentrations of 1 mg/ml and used within

2 months or discarded. : : ' \

2. Quality Control of Radioiodine (Na'®I) Solution

_a) Radionuclidic purity of Na'®I

The reagent grade, no-carrier added radioiodine

e
¥

(Na'®1), used for labelling procedureé, was tested for

both radio-chemical and radionuclidié purity. A NaI(Tl)

well crystal and multichannel analyzer were used to

determine the. energy spectrum of Na'®I. Two photopeaks

_were‘observed, which‘bccurred at about 28 keV ahd

55 keV and ﬁhé‘gamma'spectrumﬁpbgerved correlated well
with a published spectra of I-125°*. The photopeaks
are due,to‘the\single emissions at 27.4 keV and

35<5 keV, and the coincidence peaks which occur atk
'35 and 63 kéV; No peaks were observed at,higﬁef
energie;.

b) Radiochemical purity of Na'®I

A A ' . .
Instant thin 1ayer chromatogrgb%y (ITLC) was used

" to analyze the radiochemical purity of the radioiodine.

139
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Aliquots of the Na'®I were epotted on silica gel ITLC
strips and developed by ascending chromatography (85%
methapoi in water), to determine the presenge of any
iodate. A chromatogxam scan of the developed ITLC
strip is shown_in Fig. 9. 1In this system, the I-
migretee with the solvent front, with typical Rf
values of 0.9, while the radioipdate (IO37) remains
-close to the origin with an Rf value about 0.2%%
Analysié ef the strips revealed that the radioiodide

peak accounted for 97.6% of the total radioactivity,

Thus this product was acceptable for radioiodination

purposes.
3. Rad101odination and Radiochemical Purification
of PHA -

The ehloramine—T methed wae utilized for the radio-
iqdination of peanut lectin baSed_on}publishea procedures
for the pfoduction of radioiodinéted ;eanut lectin® . fhe
Nal!®I was bufferedvinitially to pH 7.4 with phosphate buffer‘
to prevent protein damage from the alkaline pH of the |
radiOiodine soclution and to optimize the pH for the radio-
iodination. The ratio, on a weight basis, of‘chloramineaT
to protein, 0.3:1, was chosen to provide a consistent
labelling efficiency while minimizing exposure of‘the
protein_to extensive'oxidiéing conditions. The sodium
metabisulfite was added in excess (twice‘the molar quantity
of chloramine-~T) in order to iermihate the reaction and»

. reduce unreacted IV to I~.
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The radioiedination efficiency was assessed by three
different methods; TCA precipitation, silica gel ITLC and
gel filtration chromatographfl Radiolabelling efficiencies
were routinely determined by TCA prec1p1tatlon and generally
'correlated well_with the values determlned by ITLC and for
analysis of therelutlon proflles. The labelllng eff1c1en01es
of 9 separate radioiodinations are presented in Table 15. Aan
average labelling efficiency of 58.2 = 6.5% was attalned w1th
a range of 50-74% based on TCA prec1p1tatlon analySLS. In
the silica gel'ITLC (85% methanol in water) analysis of the
labelled protein, the unbound '®I migrated at the solvent
rront’(typicalij values of 0.90 to 0.95) while the protein
fractren remained essentially at the oriéin"(Rf values of
-6.05 to 0.15). 1If the samples, which were'analyzed,
épntained a very large ahountrof free iodide, the estimated
value of unbound radiocactivity was generally higher when

o

determined by ITLC analysisC than by TCA precipitation. For
example, analyfis of one radielabeiled protein/radioiodide
mixture revealed 83% free iodide by ITLC and 76% free iodide
- by TCA precipitation. This is p0551bly due to non-specific
trapplng of the free 1ed1de in precipitated carrler BSA
proteln. Addition of carrier KI during TCA precipitation
ﬁay possibly help rectify this problem?®¥.

Separation of unreacted radioiodine was carried out by 
gel filtration chromatography. Initial triale, with Sephadex

25 M in PD-10 columns, resulted in significant losses of the

radiolabellednlectin on the cplumn. This was possibly due to

142
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s

Table l5 : 1

Analysis of Labelling Efficiency in
Chloramine~T Radioiodination Procedures of Peanut Lectin

!

Percent Labelling Efficiency a
determined by: * ’

Experiment : s
' | ‘ . Silica Gel
TCA Gel filtration ITCL
Precipitation Elution Profile 85% MeOH/H,0
1 50.1 % 0.3  48.8% | -
‘ (né2) : .
2 64.5 X 4.9 59.8% -
‘ ~ (n=2)
3 58.2 * 0.8 56.2% -
(n=2) : _ .
"4 60.0 * 0.5 57.9% -
(n=4)-
5 65.1 % 0.3 | 64.9% -
(n=2) o : .
6 66.8 £ 0.9 - 67.2% -
(n=2)
7 51.8 .2 50.3% - 49.2 + 1.3
(n=3) . (n=3)
8 49.8- % 1.6 52.2% 49.4 £ 2.2
(n=3) 7 ' (n=3)
9 57.1 % 1 ’ 56.1% 55.2 & 0.8%
‘ . (n=2) ‘ s s - . (n=3) . .
! . J

* n = number of determinations, all gel filtration _
calculations are based on one determination from the
desalting procedure.



‘and 99.5% of the protein-associated radioag“
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lectin interaction with the carbdhydrate matrix of the
Sephadex. Therefore a polyacrylamide gel, BioGel P4BDG,

was chosen, since the media is designed for desalting
procedures and exhibits low nonspecific adsorption of macro-
molecules. Initially, the BioGel P-6DG media was packed

into 5 ml syringe barrels or emptied PD-10 columns (Pharmacia),
and did not quite provide base;ine resolution between the void
volume (protein peak) and the sa%t peak (iodide). Therefore

longer columns were packed (9 mm x 300 mm (Pharmacia)), with
- : W

bed volumes of about 11 ml. These longer columns provided

exc’llent baselinéhresolution between protein and salt
peaks. A typical elution profile is illustrated in Fig. 10.

The column eluate was analyzed, in sequence, for both

"protein optical density (at 280 nm) and radiocactivity.

The protein absor@&pce peak was usually noted to appear at
an elution volume of 2.5 ml. and fractions containing the
complete absorption peak were collected'ln about a 3 ml.,ﬂ

volume. Generally, the first 1.5 ml of proteln collected

was utilized for further in vivo and in vitro studlesJandv.
this fraction generally contained in excess of 80 beflcent‘fz
of the protein radiocactivity. A further_l?tq_l.S:Miﬁwae ;75

£

eluted at baseline radiocactivity before the fed;oiodide salt -

peak occurred. Analysis of the radioaCtiviE§
profile prov1ded additional lnformatlon on the fabelllng

eff1c1ency of the radioiodination, whlch correlated well ' ,
IS 1 * .

with analysis by TCA and/or ITLC techniques, Between 92

;ty added to-
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(
the ,olhmn, was recovered in the prdtein’peak fractions.
TCA precipitation analysis of the two major radioactivity
elution peaks‘revealed that 96-97% of the radioactiQity was
precipitated in tbe protein‘peak wbile only 5-7% of then
radioactivity precipitated in the iodide peak. Therefore,
the BioGel P-6DG column provided an efficient means of
removing.free iodide from the, radiolabelled leotin and

sample dilutions of the protein fractions, as a result of

this desalting procedure were usually only 3 to 5 fold. .

'\q
Y

4. Radiochemical Stability of 125I—Peanut‘LeCtin

THe radiochemical stability of radioiodinated PNA was

determined for 125I PNA prepared by two different, rad101odina—

tion techniques: the'routinely ‘used Chloramine—T method, and
also the iodiﬁe‘monocthride method. Both preparations
were‘desalted separately on'the eeme P-6DG column and the
purified protein mixtures were stored-ata49c, pH 7.4 in
BSA—precoated Falcon tubes. h
These radioiodinated protein solutions werebanalyzed

by TCA precipitation to determine the percedtage‘of protein-
bound radioactivity " The results of the triplicate deter-
: minations are plotted in Fig -11 for the radioiodlnated
lectin solutions, labelled by the 1Qdine-monochloride and
" chloramine-T methods* rs i1llustrated in‘Fig. 11, the 1-125

A, labelled by the Chloramine-T method,.was somewhat;more
stable than that produced by the ICl technique. Duribg the
initial first few days following radioiodinationCAthe daily:
loss of radioiodine was more rapid than that observed after

A
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the first week. At two weeks W@ 2 and 3.3%, of the radio-
~ iodide had hydrolyzed from the Ch%oramlne—T— and ICl—
radlolodlnated PNA, respectively’ an@ about 65% of this
.hydrolysis‘had alreedy occurred in éhe‘initial~4 days.
Overall,'the rate of h§drolysis of radioiodine from

®I-PNA appears to be relafively slow, when the radio-

labelled PNA is stored at 4°C, and a pH of 7.4.

Vi

5. In Vitro Binding Studies of %I-pNA - o

The bibloéical binding affinity of radiolabelled
peanut lectin wé&s determined by varleus in vitro studies.
The presenée'Of a large number of Thomsen—Friedenreieh
receptors on'neuraminidase—treated red blood cells,7N'RBC,
makes these cells extremely usefil llgands to test the
blndlng afflnlty of PNA " It has been estimated that there

‘are 1.8 X lO6 PNA receptor siteS‘ber neuraminidase-~treated

L

red blood cell and both binding and hemagglutlnatlon inter-

A

actions of PNA and N'RBC have been 1nvest1gated110

One‘ofnthgamost common methfifs for estimating the

“ft

~ biological ECtivity'B?‘a\lectin is to compare the end point

hemagglutination (the largest dilution of cells showing

macroscopic evidence of_agglutlnated cells). Serial '

- . i . .
dilutions of N'RBC/were carried out and the hemagglutination

{
{

titre of both theflabelled.and unlabelled lectin were
carriéd out in patallel. The end point titre occurred at

a concentration ofeO.S ug/ml for both‘the labelled and
. ] . :
unlabelled producﬁ. Although thefsubjectiveness‘of the

i

y
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Qemégglutination only allows this method té'provide a rough
estimate of biolégical activity,'lt appears as if Fhe radio- '
labelling proéedure does not seriously affect the biological
_affinity of PNA. ’
The :outine method of te§ting ;he biélogical activity
of radioiodinated peanut lectin, was to ﬁest the percentgge
blnding to one ml‘of a‘2% suspehsion of neufaminidase;
treated red blood cells (approximately 1.5 x 10° cells).
The results'of the experiments, .measuring the binding of
I-PNA to N'RBC are presented in Table 16 and represent
ten separate radioiodinations of PNA and twelve subsequent
bindihg studies. Nérmal untreg£ed,red bldod cells served as,.
controls, for they.havé_been shown:to contain lesé than 3% o
bof the numﬁgr of receptors found in N'RBC!!?,

The radioiodinated peaﬁut lgctin'wag found to be very
avid fof binding'to;NuRBC Qith an average binding affiniﬁy o
of 66%. Althoth'prelimihary studies with anti—Twantlbodies,
had indicaﬁed maximum pérceﬁtages of binding to N'RBC of
8.2%, the peanut lectiﬁ showed binding capabilities‘as,high
as 84% in some cases. Since almost every N'RBC bindihg
détermlnation was carried out with é newly prepared '*I-PNA -
and a freshly neuraminidase-treated lot of red blood cells,

v

there was some degree of variation in the N'RBC binding.

The specificity of the PN@%N“RBC interaction was assured by
the relative lack of PNA binding to N'RBC (2.1%) in the
presence of galactose. Control red blood‘cglls also failed

to show any significant binding, with an average value of 1.2%.
. \ .

)
)
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The binding curve, of the affinity of PNA for N'RBC,

was also determined, Serial dilutions of the N'RBC were

257_PNA was added to each dilution of

| . .
cells.  These binding studies were carried out in triplicate

prepared andnlo hg of

at each cell‘concentration. The binding curve obtained is
illustrated in Fig. 12 and indicates that maximum binding has
not yet been attained with the 1.5 x 10°® cells contained in'

one ml of a 2% suspension of N'RBC.
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Fig. 12 Binding of YI-PNA to serial dilutions of neura-
minidase~-treated human erythrocytes.

B

The in vitro binding of 125 T_pNA was tested with another
membrane-associated glycoprotein ligand, the RI tumour cells.

As indicated in Table 16,:the peanut lectin waéﬂéhOWn to have,

';‘/«:x
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a very high binding affinity for RI cells, with an average
20 percent bound. In another binding determination,

utilizing 1'x 10’ ‘cells rather than 5 x 10° tumour cells,
pellet following 4 FBS .washes. The sbecificiﬁy of binding
was ,indicated by a 90 percve‘ne inh‘ib'ition of binding in the .
presence of galactose. The EL4 tumour cell line was used as
'a control for tumour cell binding'in both in vivo and .
égxzigrgbexperimeqts. A very low biodlyg; averaging 0.5%,
was observed for EL4Acells as illustrated in Table 16. This
Confirmed\thedlack.of PNAQEL4 interaction, when determined
by immunofluorescenoe studies (Bray, unpubllshed data)
Another control tumour cell line, BWS5-147, was also found
to have a very low blndlng afflnlty for’PNA. Four separate
radiolabelled peandt lectin preparations revealed an average
percentage binding of only 0.27 ;‘0.15%.to the BWS5-147
murine tﬁmour cell line. | |

" The last llgaod testeo for peanut lecrln\binding.was
the synthetic T immuqoadsoroenr,/agoaslevidenced in -
Table 16, PNA bound to thle T<sorb to a mucﬁ greater extent
(22%) than it did'to,a!blankvsyhsorbv(l.6%) Once again,
galactOSe was able to +inhibit the binding between PNA and
the T ?ntigen,bearlng llgand, so as to result ln only  3.1%
'binding. | g

| . % O " |
The variouS'ianitro~binding results of PNA indicated

a Speclflc and preférentlal blndlng of this lectln for

¢ + Y
and.ammunoadsorbents bearlng T- llke antlgens.

3



6. Carbohydrat§1i}nding §pécificit§ of '®1-pNA

Traditional methods of anaLyzing‘specific reactions of
lectin and antibodies usually involve a comparisen of the
inhibitory ability of various mono- and‘oligosaecharides for
either hemagglutination or glycoprotein precipitation37,
Erythrocyte membrane glycoproteins, and many soluble glyco-
proteins, appear to be Very complex and are capable of
binding a w1de range of lectlns w1th various saccharide-
blndlng spec1f1c;t1es . Synthetlc immunoadsorbents,
prepared by covalently linkinq vdrious mono-, di- and
trisaccharides, via a 9-carbon‘linking arm to silylaminated,
calcined, diatomaceous}earth particles (ChemBioMed, U of
A), would contain only the particular carbohydrateAdesired.
By studying the binding of I-125 labelled peanut lectin to
various synthetic‘immunoadsorbents, it is possible .to
delineate a few of the earbohydrate binding specificitres‘
of this lectin. The final percentage of I lectin tound
jto'each syhsorb, was determinéd following the 45 minute
incubation and the subseqﬁent PBS washes to remove any
lapbound’lectin. The carbohydrate immunoadsorbents which
were tested, their specific activities (uM -carbohydrate
per gram immunoadsorbent), and the 125I—PNA binding results
are all summarized in Table 17.  The bindihg data are |
presented ih 3 forms. The percentage or added 125I—PNA
which was bound to the'carbohydrate-synsorbs was determined
in triplicate and corrected for non—specific binding by

subtracting the binding which occurred with a blank

153
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immunoadsorbent (no qttadhed sugar resjidues). Sinéeiall of
the synsbrbs exhibited various degrees of sugar incorpora«-
tion, all of the bi;ding data was standardized for speci-
ficity inter-comparisons, by calculating the pércentage
bOUnd per 0.1 uM carbohydrate. Finally, galactose was
assigned a binding ability of 1.0 and the binding abilities
of all other sugars were calculated relative to’galactbse
on a per uM basis;

The bindiég of 125.I-PNA to the immunoadsorbents, when

compared to the galactose-synsorb, was found to be similar

to relative inhibition potencies towards precipitation or

59, '60, 109, 258

hemagglutination, found by other investigators and

presented in Table'4_of the literature survey sectioh.

The immunodeterminant disacchari@e of the T antigen was
reported by previous worké;s to have an ihhibitory potency,
relative to galactose, of 50°® and 54.5% . 1In . this study)
the binding abiiitf to. the synthetic Tfimmunoadsorbent, wés
found to be 49.4 relative to,galactose; ' This relative
binding: occurred when the diSaccharidé B—D—C;l(l%3)—GalNAc
was cOvaléntly linked in the‘a position tb the bridgingrarm
of the/SYnsorb; A lower binding ability of»38.5 Jéé found
when“the disaccharide wés covalently bound by a g linkage
to the bridging arm. This agrees with the findings of Kaifu
and Osawa’® when they studiéd the inhibition of PNA binding
fé N'RBC.. A better inhibitory ability was found for ﬁhe

synthetic carbohydrateichains when thé T determinant was

attached via an a, rather than B8, linkage to the 3-0-

4
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- position of N-tosyl-L-serine’®.

Of the other carbohydrates tested, none showed a
.ubinding ability exceeding 10% of that foﬁnd between PNA and
the T determinant. For weakly bound carbohydrateé,where
nonspecific interactions may contribute significantly to
binding, wider fluctuations in the affinity are often found
between one»specifiéity study and another. While Pereira
et al.” determined a relative inhibition of <1.5 for
a—GaiNAc(l+3)—B—Gal,the peanﬁt lectin was found to bind less
to this specific immunoadsorbent than to a blank synsorb,
so that Ehe corrected percentage bound was actually found
to be less than zero, in this Stﬁdy.' The o anomeric con-
figuration of the terminal galactoée moiety and the blocked
hydrogen-binding Q—2,substituent may both have contributed
T ) .
to the very low binding -of PNA to this disaccharide.

The importance of the configuration of the C-4
hydroxyl in.the’penultimate pyranose is evident when
comparing the relative binding of PNA to B—Galzl*3)D—GlcNAc
andGB-Gal(l+3)D—GalﬁAc., By substituting'glucoée'for
galactoée as the penultimateISUgar,vthe binding decreased’
from 49.4 to 0.74. Pereira et §£;59 found a similar decrease
of 54.5 to 0.6 in their inhibifion'studieé. The last
compound listed in Table 17, B—GlcNAc(l+3)B—Gal(l+4)B-éch
was not tested by other investigators®” “ﬁmg although a
relative potehcy of 3.30 determined in’this study is close

to the value of <3.1 found for a-GlcNAc (1+4)B-Gal (1+3)GlcNAC®.
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The study of binding specificity of a lectin by simply
measuring the percentage binding to synthetic immuno-
adsorbents appears to49f%er an efficient rapid means of
ahalysis_tégt prodqué results similar to those seén with

S
-

the acceptéd inhibition studies.

A very specific interaction of PNA with the-T-immﬁno—
determinant disaccharide was evident in this study and ‘
supports.the in vitro tuﬁour and N'RBC cell binding studiesf
Hmm_iheﬁgjg;glwfurther studies were wafranted to test the
in vivo localiéihg'ability_df radioiodinated peanut lectin
in fumours expressing T-like antigens on their cell surfaces..
Therefore, CBA/CAJ mice with RI tumours were utilized to
test #he poﬁential of radioiodinated peénut lectin for the
radioimmunodetection of cancer.

7. Biodistribution of I-PNA in CBA/CAJ Mice Bearing
RI Tumours

The peanut leétin, used,in t@iélbiodistribution study,
was radioioéinated’with'an efficiency of 60% to provideva
specific activity of 185 kBg/ug (%6.26'at0ms iodine/
molecule). 1In vitro analysis of this partifular preparation
of 'I-PNA revealed that 66.6 * 1.2% bound to a one ml
'2% suspen51on of N'RBC and 39% of the radloact1v1ty was
bound to 1 x 107 RI tumour cells. Retention-of biological
activity following radioiodination was demonstrated gy a’
preserved hemagglutination tiégéytO'N'RBC. Over 98 per cent
of the radiocactivity in the 1njected Droduct could be"

precipitated by»trlchloroacetlc ac1d. The CBA/CAJ male mice
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had received a subpannicular inoculation of 5 x 10°% RI B

vy

W
Ccells, in the right flank. This resulted in well defined %

solid tumours, averaging 250 mg, at 11 to 15 days post— .
inoculation. Luéol's solution was added to the aﬁimals'i
drinking water, commencing twd days prior to i.v. injectien%
‘The tumour-bearing mice received a 0.2 ml caudal i.v.
injection of 50 kBg l-ZSI--PNA. At 3, 8, 24 andA48 hours
following injection, the mice were sacrificed by cardiac
puncture/eksanguination undei light ether anaeethesia. The
liver, spleen, kidneys, pancreas and tumour were dissected
as entire organs. The stomach, duodenum (first 2 cm of GIT)

and remaining GiT were assayed with their contents. The

blood sample content of radloact1v1ty was extrapolated to

T

the entlre blood pool on the basis of animal body weight
(entlre blood pool ; 6.5% body weight) ®, and the skeletal
muscle saméle was taken ffom the hind thigh contralateral to
the tumour site. The tissue samples,'alpng with injection
standards, were assayed for radioactivity in an automaped
gamma spectrometer (Beckman 8000 gamma countex) utlllzing
the coincidence method for absolute determihetion:of 1251
radiocactivity. |

| The results of the biodistribution study are presented
84S a percentage of inje;tea 1257-pNA per gram wet tissue and
on the basis of entire organ accumulatlon in Tables 18 and
19, respectively. The values are glven as the mean and
standard deviation of the 6 to 8 mice sacrificed per time

-~

period.
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i The blodlstrlbutlon data reveal that most tissues

'.‘.

exhlblted a relatlvely rapid ellmlnatlon of ¥1 6PNA

“although the tumour retentlon was greater than most other

tissues. - One gram of blood contalned only O Ol% of the
1njected actlvrty at 48 hours and this was less Ehan one

per cent of the radloact1v1ty 1n1t1ally present at 3 hours.

_%he tumour, on the other hand, retalned at 48 hours, almost

5 per cent. of the radloact1V1ty 1n1t1ally present at 3

hours, so that one gram ‘of tumour tissue contalned 0 62% and

Can

0.18% of the injected ‘%1- -PNA at 24 and 48- hours, respec=

’tlvely On a gram ba51s, the only tlssues which exhlbltgd

a consrstently greater uptake of 12572 radloact1v1ty than the
tumour, were the kldney and spleen. An 1n1trally hlgh
stomach uptake of 125I decreased: rapldly with time, so that
only 0.8% of the 3 hour stomach: radloact;ylty was retalned-

at 48 hours. The liver, pancreas and muscle were found to

u‘

S

have a relatlvely low uptake of | sy —PNA.
The : peanut lectln demonstrated a very rapld whole-

body ellmlnatlon : The percentage of 1njected radloactlyity
. / ’ -

remaanlng'ln the mouse, at time of: sacrifice, was only .

42 + 133,729 = 15%. 4.4 * 1.6% and 1.3 * 0.4% at 3, 8, 24

and 48 hours, respectivel&. The blood clearance was also

very rapid, as indicated by the blOdlStrlbuthn data. At

v

8 hours only 5,4 + 0.7% of the radloactlv1ty remaining in
the body was contalned ‘in the entlre blood pool and by

48" hours thls had fallen to 1. 8 + 0.4%.
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The\rabid blood clearance, when combinéd with a tumoﬁr
retention greater than that of most chér-orgéhs, résulted
in very favofable tumour—to—Background rétioé. .The time
course of ‘both tumour:muscie and tumouL:blood ratids‘of
:adioactivity are shown iﬁ Fig. 13. Additiénal,tiSsue:blood

and tissue:muscle ratios are presented in Appendix II.

v Y “ (%? . 4‘1‘
";g/‘?‘e pw’ 5
- 40r ‘
¢ @)
E tumour : muscle
 30r raho .
uJ *
8 1
g?O- tumour :blood
. ' rato
%~
2o
b
2 e
. 4 P~
D ' L L [ I 1 Il 1 11 f 3
S . . 24 48
o HOURS
‘Fig. 13 ‘Tumour :Muscle and Tumour:Blood Ratios:

of Radioactivity following ¥ I-PNa
Injection into Mice begring RI Lymphoma
Tumours ' ‘

.o¥ ;

Average tumour:blood ratios of'radioactivity increased
steadily as a function of time. A much more significant
retention of radiocactivity in the tumour than in the blood o+

resulted in an average‘tumour:blo@d ratio of 17:1 at 48 ‘
hours. The tissue:blood ratios of '®I-PNA are compared for

“ ‘ ’ . ? . T '. ' . z:%‘c‘l’ ;< FaAs ::‘\?;‘
the tumour ahd various other organs as a function of time in T

it
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RI lymphoma bearing CBA/CAJ mice in Fig. 14; As 1is evident
from the gra?h a steadlly 1ncrea51ng tumour:blood ratio
occurred as a functlon of time. Metabol;sm of ‘the radlo-
iodihated peanut lectin resulted in production of free |
iodide and the in vivo biological breakdown of '*°I-PNA was
found to be very rapid. Trichloroaeetic acid precipitation
of the.plasma samples revealed the‘presence ofﬁ70%‘free'
iodiae in the plasma at 3 hours and 80% after 8 hours;

This was reflectedhin the organ disttibﬁtion, ih that the
stomach had maximum .relative uptakelat 8 hours. The 1mpor-

tant role that the kldney pldys in the ellmlnatlon of free

1od1de proba&}“@ieads to the high kIdney:blood ratio, also

(o

illustrated 1n “Q. 14. Musgle:blood ratios were very low

'throughout th tudy perioa.

Another/zackground tlssue,vused for comparison of
tlssue radlbéct1v1ty, was the skeletal muscle, &nd as
ev1denced in Fig. 13, the tumour:muscle ratio also increased
steadily %S time progressed. ' Average tumour:muscle raties
that were \already 13:1 at 3 hours, reached‘ah averaée‘value
of 40:1 at\48 hburs'with individual ratios as high as 6%:1.
The tissue:muscle tatio of various tissues is illustrated
in Fig. 15. The contribution of metabolized 2°I-PNA to’
tissfle radiocactivity is once again evident in‘the stomach
and kidneys. The liverﬁmuscle ratio 1is generally'pnly
wyéO% of the radioaci}vity ratio shown by tumour :muscle.

Since the: radiocactivity was determined for the

remaining carcass and for the tissues-of-interest, it was

163
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™

pdsSible to calculate,the pe;ceq%age’of tadieactivity in
various tissues; based on the radiocactivity remaining tn‘the
'body,at the time‘of_sacrifice, »The'pe;centage of remglhing'-’
dose ﬁer gram of tissue, is illustratedain Fig. l6é for the |
tumour, blood and muscle. . At 3 and 8 hdurs, the tumodr )
contalned about 10% of the remalnlng body radloact1v1ty, per'
gram of tumour tissue. By 24 hours,” the overall'ellmlnatlon

of radloact1v1ty from the whole bodyy Was gk‘iter than that_
j\,' ’%?‘#A Y .

from the tumour. Such selectlve : gentlonﬁiesulted

\,l

in 16% of the remalnlng body radlcﬂ R ’ #heing contalnedl'

per‘&ram SF - tumou! at 24 and 48" hours post-'®I-PNA-

injection. The wvs ¥ muscle retention of »I-PNA and a

blood clearance of 1oact1v1ty which was faster than whole

body ellmlnatlon is also 1llustrated in Fig. 16.
" The amount ofiradioactivity contained in various entire

. _ \
~organs at 24 hours, .expressed as a percentage of the‘¥sI—PNA

remaining in the body, was af ollows: tumou:v(Z.G + 1.6%7,
liver (4.7 + 1.4%), spleen (2.6 * 0.7%), both kidneys (8.5 *
2.5%), stomach (8.0 + 3.8%), pancreas (0.26 * 0.12%), small

and large intestine (4 7.+ 1.4%). Prellmlnary biodistribu-

ﬁ'"tloh studies had revealed that the thYmusl brain, fat and

bone showed very- low uptake of radlolodtnated peanut lectln.
‘The serial gamma camera images reflected the tissue

biodistributiohﬁdata; ‘Posteribr'vieﬁs of 20,000 counts,

collectéé with.a PhovGamma,IV camera.(ptnhole collimator)

at 6, 24, 48 and 72 hours are shown in Plate I: A diffuse

whole body distribution was seen on the initial day with
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some localization evident in the tumour. The stomach, left
kidney and spleen, which all lie in closE:Proximity and in
fact overlie one another in the posterio¥ view, combine to
produce a "hot spotk on the lefg.sidé of thevahimal. Rapid
clearance from the blood stomach and muscle and a rela-
tively sloder clearance in the ‘tumour, allowed an even
clearer dellneatlon of the tumour by 24 and 48 hours. The
tumour shows the most intense localization in the body at
Jﬁ28'ahd‘72 hours. No blood pool subtraction was necessary
for successful imaging. |

Dissection of an animal imaged,at 72 hours (Plate I)
revealed that 37% of the tdtal radioactivity remaining in
the body was contained within the tumour. The tumour:
muscle ratio in this particular mouse was 45:1 ‘and the 3
tumour:blood ratio was 7.5:1. The "hot sbot" in the
region of the neck corresponds to the salivary glands,
which contained 5.6% c e total activity remaining in
the body. Levels ofbrav .activity in other organs at this
time were: thyroid 1%; stomach 2.7%; kidneys 3.5%;
lungs~l 6% and testes plus'seminal vesicles 1.2%.

Although localization of the radloact1v1ty in the
kldney, stomach and sallvary gland was probably due to l
the’;adlolodlde from the metabolized 125I—PNA, there may
also be some '*I-PNA speciflc binding in these tissues.

- The peanut lectin has been used in vitro for'the histo-
chemical stalnlng of mouse organ sectlons and PNA reactive

glycoprotelns have been found in the stomach, sallvary

167
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Plate 1I. ‘Serial Gamma Camera Images of an
RI Lymphoma Tumour-Bearing Mouse Injected i.v.
with 350 kBg '*I-PNA. (Pinhole collimator;
20,000 counts per image) . ‘ -
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glands, GIT, kidney, lung, pancreas and sex organslwleZE'ﬁo.
However,kas mentioned in the literature survey section,
results of in vitro binding to tissue sections are not
easily extrapolated to in vivo localization studies.
Tissue sections.reveal sites not normally available to a °
&%;' macromolecule. The intracellular cytoplasm and Golgi zones:
are readily available inﬂtissue slices, for interaction with
a protein molecule. The final sialic acid-capping reaction,
in the sequenﬁial synthesis of normal cell surface glyco-
proteins, occurs within the Golgi apparatus'™. The T
antigen is believed to be a precursor of normal cellular
glycoproteiﬁs”s, and as such would be expected to be fouﬁd,
in the unmasked form, within the sec¢retory quies and Golgi
apparatus ofvnormal cells. These sites are not normally
available for-madfomolecular interaction in intact cells,
but are exposed in tissue sections. Indeed, Qne»of the.
-major siteé of PNA interaction in hlstocheﬁical studies of

mouse tisSues was found to be the Golgi zones and stored
secretory bodies %/ 167, 25, 260 |
Peanut léctin reactive sites have élso been found, in
in vitro studies, at extracellular locations. The mucous
sécretions and luminal surface of epithelial linings in the
- GIT, pancreatic‘énd genitourlnary traéts héve been found to
- bind PNA when mouse tissue sectibnsywere examined
in vitro'® ¥ 2 --when tissue sections of human breast

tissue were examined for in vitro binding of PNA, they also

. demonstrated a PNA-binding pattern which tehded to be
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confined to luminal surfaces of epithelial cells and their

secretions s ¥, %, ¥

. The finding of PNA,reactiye sites 1in
normal, as well as malignant tissue, has resulted in some
investigators questioning the designation of the T antigen,
and the PNA receptor, as a tumour-associated antigen38.
Although these sites are readily available for peanut
lectin interaction when tissue sections are tested in vitro,
the luminal surfaces are essentially "outside" the bo%; and
are usually immunologically privileged and poorly vascu-
slarized; The poor contact with blood4énd lyméh in these
*igcations may ndg)allow the in vivo localization and binding
of a mécromolecule, such as radioiodinated peanut lectin,
before the pfotein is metabolz.ad.
. The importance of the vasculari’ﬂacromolecular
“accessibility of a tissue isjydemonstrated in the present
investigatiOn; by the failure of in Zixg'lécalization of
radioiodinated PNA in the thymus of CBA/CAJLmice; Aithough
65 to 90 pér cent of mouse thymdcytes_have been  found to
bind PNA when tested histologically or in cell suspen-
siong !5~ 17, 20 onlyIO.OOB% of the injected dose of '®I-pNA
- was fgund in the thymus, .24 hours post-injection. The
thymus possessés'a specialized vaséulature, with. an
espécially thick basement membrane and epithelialycell

#1 . The epithelial membrane acts as a barrier to

layer ®
impede passau: of acromolecules, such as the peanut lectin,

to the PNA reactive cells in the parenchymal interior.

*
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The vascularity of the tumour also plaYs an important
role in ﬁﬁe accessibility of tumour cell surface antige s
for interaction with radiolabelled lectins and other proteln,
macromolecules. Anlmal tumour models, w1th solid sub-
cutaneous tumours, provide tumour antigens which are
located outside the host's normalbvascular bed and do not
allow“fof éxtremely fapid antiyen-lectin interaction?®$ 1
When this is borne in mind, the clear tumour images
obtained at 24 and 48 hours and tissue biodistribution
data indicate:a localization and retention of the radio-

. lodinated peanut lectin which is 00551b1y only limited by

the tumour vascularity.

The selective tdmour retention and fast blood clearance |
‘ . |
of radioiodinated PNA, combine to produce tumour:blood \

1

bratiOS'such as 17:1 and these results appear very

promising when compared to other proteins and aﬁtibodies
used ﬁor thé radioimmunodetection of cancer. ‘Thg localiza-
tion of tumours using'affinity purified anti~CEA (carcino-
embryonic antigen) has been compllcated 5; low tumour:
blood . ratios éf, for example, 1. 3 l at 24 hours® and

2.4:1 at 48 hours' . The absolute requirement of computer-
ized blood pool subtraction for successful imaging with
anti-CEA has led some workers to exéress doubts for its

routine clinical usefulness? | A high blood background may

also compllcate studies ut11121ng human antl T 1mmunQ«% %%J*

<

i

.“globullns. " These antlbodles are prlmarlly of the IgM clasé““

and therefore are largaly'confined to the bloodstream2

7
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found to lose the antigen to some>extent. When grown

The solid subpannicular RI tumours, used in studying
the biodistribution of 'I-PNA, were analyzed for presence

of the T antigen following in vivo growth and they were ™

in vitro in tissue culture media as a cell suspension,

to 90 percent of the RI tumour cells were found tOvbin&%

- peanut lectin, as well as a human and rabbit preparation

of anti-T (as determined by direct and indirect immdno-
fluoreédent studies of Dr. J. Bray). The bindingwgﬁ—anffi&
antibodies to RI tumours cells was detected by indirect
immunofluoreséence'and is illustrated in Plate II.

‘Following 11 to 17 days growth in vivo as a solid sub-
panniéular tumour, only between 14 and 18% of the celis
expressed the T antigen, independant éf_the tumour mass.
Therefore the éxpression of £he PNA Binding receptors on
the tumour cells appears to be $ensitive to the eﬁvirqnment
in whiéh ége cells grow. ! ) |

| Changés in cell surface giycoproteins have been. docu-
mented for other tumour cell lines®» %% | The TA3-Ha
ascites mammar§ édenocarcinpmaﬁéells have been shown to
sﬁed T—'aﬁd MN antigens from the cell surfaces and during
transfer of the ascites form, to either suspension culture
or a solid form'of in vivo tuﬁOur,'the tumour cells were
found to lose cell surface glycoproteinsfarxé. The glycg—
p;otein content of the 13762 rat mammarf’édénocarcinoma also

appears to depend on the environment or on- -the condition of

growth®, The major sialoglycog;otein, ASPG-1, of the

172



Plate II. Binding of fluorescein-
labelled rabbit anti-T antibodies to RI
tumour cells (courtesy of pr. J. Bray,
unpublished results.) !
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ascites form of 13762 rat- tumour cells has been shown to
contain PNA receptors . The SOlld 13762 tumour, from
which all the asc1tes Sublines were derlved , does not
contain ASPG-l as detected by PNA When this tumour celi
line is grown-ln the ascites form, the ASPG=1 glycoproteln
‘appears to be shed from the cell surface and_ solublé ASPG 1
glycoprotein is found in' the ascites fluid and plasma of
.asoites—tumdur—bearihg rats® . Cooper et al.®" has
,postulated»that‘changes in celr,surface.glfcoproteihs may
be related to the metastatic potehtial‘of the tumour cells.
The‘decre?sed expression of PNA receptors'on RI cells,
when grown as a'eolid subpannicular’tumour rather than a

cell suspen51on, may be.a result of clonal selection from a

o

heterogeneous populatlon of tumour cells® . Perhaps the

10 to 30% RI cells, which do not bind % 71-PNA when grown as\
a cell suspenSLOn, are the cells best. adapted to grow in

the enVLronmental condltlons of a solid subpannlcular
tumour. Another p0551b111ty is that the expreSSLOn of the
PNA reoeptor glycoprote1n is altered_follow1ng the.change
in’tumour'cell environment. Continued sequehtial“passage

of the RI cells as'a soiid subpannicular'(s.p.) tumour may’
possibly‘reverse'the loss of PNA%receptor ekpression. It
was‘found:that‘further S.p. traneplantat;on of the TA3-Ha
oell line as a solid'tumour, led eventually to'increases.

of sialoglngprotein"to the same level observed under

ascitic conditions® ® | ‘Further studies of the charac-

r

teristic behavior of the PNA receptor on the cell surface of

n’};*
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X Cbns;derlng the locallzatlon of 'PI-pPNA &as relatﬂvely

~high in an anlmal tumour model in which only 14 to 18% bf‘

.

the cells of the tumour cell. mass express ‘PNA receptors,

'S

1

radlolabelled peanut lectln appears to present great

jotentlal as an agent for the radioimmunodetection of

>

ancer. . ) ) s BN

~
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8. The In Vivo Spec1f1c1ty of’ Tumour Locallzatlon
" of FI- ~PNA ' . :

In order to galn a better lnSlght into. the mechanlsm

S i}

of in vivo PNA localization in RI tumours, it was. de51rable

to determine the relative contribution of specific and non-

specifrc uptake in animal tumour models. Ihe,specificity

~of in vitro binding to RI tumourhcells was-demonstrated by

the fact that addition of.galactose produced an inhibition
of '*I1-PNA blndlng to RI tumour cells in culture and by the
absence of- blndlng when tumour cells, EL4, not expres51ng
the T antlgen were tested The palred—label technique ofa
Pressman250 was utlllzed to dlstlngulsh spec1f1c and non-

spe01f1c proteln logallzatlon in tumours ‘and other tissues.

Although antibodies w1thrn a certain class, eg. lgG, of

different bindlﬁg specificities, are structurally 51m11ar r %

a non-specific lectin is not readily avallable to act as a

i

control for studies‘of peanut lectin binding. Therefore,

a protein molecule of 51mllar molecular welght, F(ab”)y

non—spec1f1c rabbit IgG fragment, was c?ﬁ’ey. Thls fragment-'

-
» s F

A
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has a molecular weight of 100,000 to 1§5,000 and is prepared.

from IgG molecules, by cleavage of the fc portion of IgG,

with pépsin'treatment”%. The Fc fragment is involvedwin.the
binding of complement, tissues and macrophages”r267 . so” that

its removal in the preparation of F(ab )2 fragments will

_hopefully decrease nonspec1fic accumulation in both normal .

- tissues_(lack of Fc binding) and ‘tumours (lower moledular

.-

weight)
The F(ab Y2 nonspeCific rabbit IgG fragment therefore
was chosen as a control proteln to be. labelled with I- 131

“
and then in]ected simultaneously with 125I—PNA. Differenf

. . 3 e, .. , E ' . ) )
tial radiocactive counting of tlssue~samples for the two

-

different iodine radioisdtopes then allows for analYSlS of

'the speCifiCity of PNA localization.

Two animal tumour models were used to analyze the

speCifiCity “of tumour localization. ’The EL4 mouse lymphbid

tumour cell_line does not express,receptors”for the péanut

lectin and when tested insvitro, radioiodinated peanut

" lectin had~Very low affinity for this tnmour cell tine- -

(Table 16). Therefore, 6 x lO5 v1able EL4 cells were

injected s.p. in C57 black mice,»to prOVide a solid

'Subpannicular tumour lOﬂlZ days later. The C57/Black

mice, bearin _EL4 tumOurs, then served as a control animal—
g )

¥

tumour mod 21l £Or the CBA/CAJ mice, bearing RI cells.
In‘separate biodistribution studies, both sets of

tumour- bearing animals were 1njected Simultaneously w1th

3 MBgq #1I- FNA (165 KBq/ug and 3.5 MBq 131I-F(ab ) 2. .Between

176
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; 4“€nd 6 anlmals in both groups of fumour bearlng mice were
l‘ _Lﬂ. . »>
- dlssegted at the tlme perlods of 24 and 48 hgurs.;

. ' S
—~ Addlthnal CBA/CAJ mice: were sacrlflced at 8 and 72 hours.

-

The tlssue samples and 1njectlon standards wpre analyzed

,"_ N

for.I—l3l and E%Riz radloact1v1ty, as descrlbed earller.
The spec1f1c1 y- of the proteln locallzatlon in the two

: dlfferent tumour anlmal models was analyZed by calculatlng
v
the spec1f1c1ty indices. The\ratlo of relatlve tlssue

RN

blood radloact1v1ty concentratlon obtalned for. radlo-

~

labelled peanut lectln was d1v1ded by the corresp0nd1ng

o

) tlssue blood rat%s forédthe control proteln, as outllned in-

g

the follow;ng equatlon .

. specificity _ tissue:blood .(‘*I-PNA)_
- index f'tissue:bloodp(1HT—E(ab’)z) . X

Figures 17 and 18 illustrate“the specificity inderes found

for both tumour animal models at 24 hours,’whlle fidures
19 and 20 1llustrate those observed at. 48 hours., The
'numerlcal spec1flclty 1nd1ces,.of flgures 17 to 20, are

listed in Appendlx ITI. The percentage'lnjected dose per”

gram of tissue (utlllzed in calculatlng these ratlos) and .
i

> the-~ percentage 1njected dose lncorporated per entlre organ:
are outllned 1n\Append1x v and V,,respectlvely.

The spec1f1c1ty index was compared for the CBA/CAJ

o

. mice (w1th the T antlgen bearlng RI tumours) and C57/

Black mice (with the non—T-antlgen expre551ﬁ§1EL4 tumours%‘
" using an unpaired t—test. Statistically (p < 0.0l)lhigher

specificityhindices were found in the tumour and spleen,of

the RI tumour bearing mice, as compared. to the EL4 tumour .

o
- , . >
o .
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bearing mice at 24 and 48 hours and the salivary glands
at 48 hours. None of the other tissue specificity indices
were found to be significantly diffprent (p < 0.01) between

R : : A
the two animal tumour models..

Aé seeh in Fig. 17, at 24 hours the tumour exhibited
a specificity index of 11.46 + 1.14 in CBA/CAVJImice with RI
tumours. ’Theréfore, the F(ab”), fragment, which has a
similar molécular wéight to PNA but_not theﬂspecific glyco-
protein binaingtability of'PNA; could only account for.
about 8.5%‘ofwthe‘PNA localization (expressed as a tumour
.to blood ratio of radioactivity) that occurred in the RI
‘tumour . However; when an animal tumour modsg was used in
which the tumour did not express the T-like épecificities,
this preferentiél tumour locaiization'of PNA was né longer
evident. Therefore a specifiéity index of only 1l.34 was
observed in the C57 biack mice;.bearing EL4 tumours, and
75% of the PNA uptake in this tumoﬁr is possibly due to
non—-specific localization. | .

These resulté point £0‘a"preferential localization énd
retention of radiolabelled'péanut lectin only within tumours -,
presenting cell surface receptors with which the PNA may 5
specifically interact. A specificity index df 11.5 at
24Ahours.post—injection; appears very_promisigé when
compared with other rédioimmunodetection étudies in animal
‘tumour models.’ Moshakis et al.”® examined the localization

of radiolabelled anti-CEA antibodies in mice bearing

xenografts of human breast tumours and a specificity index
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of 3.7 was achieved at 24 hours, using normal IgG as the ’
control protein. Monoclonal antibodies prepared to human
teratoma xenografts, resulted in specificity indices of

localization of 2.9 at 24 hours and 5.1 at 48 hours®®.

Human colonic xenografts in mice? and hamsters®® were used

.as animal tumour models for anti-CEA radiol&calization /////
studies and 3 days were required befofe average speqifici.y
'indiceé of 2.8 and 7.7, respectively, were achieved. ThJ%
peanﬁt lectin therefo;e appearé to achieve a specific tﬁmour
localization at 24 hours, 3 to 4 fold highér than that
’obtéined by some commonly used arnitibodies such as'anti—CEA;
' The specificity index of '®I-PNA versus 'I-F(ab”),was
actually found to‘decreasé from 11.5 * 1.1 at 24 hours to
8.4 + 1.2 at 48 hours. A decrease of this localization
index has been observed 'in many‘radioan;ibody investiga-
tions as the tumour mass becomes larger s 52, 253, 266, 268, 270
Larger tumours may contain necrotic tissue, which will no
longer retain the specifiéally-binding protein® . 1In
adéition, if tumours above'é certain critical size are rich
in'extravascular bibod, they may show a much larger
.~ contribution of nonspecific macromolecular localization to
the overall‘;ﬁtibody localization mechanism?’. The
avefage_mass of the RI tumours used in the present studies
at 48 hours (l1.47 grams), was about 50% higher than those
tumburs dissected atr24 hoﬁrs (0.97 grams). Changes in ;
(1) ﬁbe'rei&tive ratios of;yiable'tovnegrgtic tissﬁé, or

.

'(2)_thmour vasculature, may have resulted in the lower



specificity iﬁdices observed at 48 hours.

" Two other tissues examinég'in these biodistribution
studies revealed significantly different specificity
indices when comparing thé two different animal tumour
models. ‘The high specificity index (19 * 1.6) observed
'in the submaxillary glands of CBA/CAJ mice at 48 hours
could either be due to locglization of radioiédidé or
‘radiolabelled peanut lectin.  The in vivo hydrolysié of
the radioiodide from the proteins was found to be much more
extensive for'the radiolabelled peanut lectin than for the
F(ab')gbffagment. .Analysis of plasma samples at 48 hours
revealed that only 44 per cent of the peanut lectin
}adiolabel,’?ﬁl, was precipitated by TCA while 75 per cent
of the ™1 radioéctivity was found to be protein bound in
fﬁe plasma; Since it has been observed that large'strain
differences exist amongst mice in the ability of the th?roid
to concentrate free iodide from the bloodzé perhaps this is
also true of the uptaké of free iodide in salivary glands.
The selective locaiization of I in the salivary glands
may'pave also been due to PNA binding-receptors in the
saliva}y glands. SubmaxiL{gry gland mucin has been shown

182,18 | Stoward et al.

chemically to contain the T antigen
detécted PNA reactive sites in mouse submandjibular glanésr
when théy applied peanut lectin-horseradish peroxidase for
histochemical staining of tissue sections. Perhaps some

species variation accounted for the degree of unmasking of

salivary gland glycoproteins, reactive with PNA, which

184
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resulted in the high salivary gland specificgity index.

The last tissue examined, Which appeared to exhibBit
differentialamouse tumour model distribution of bNA, was
éhe spleen. The multiple functions of the spiean, and the
presence of both lymphoid and reticuloendothelial cells??
allow. several alternative postulations for the specific PNA
localizatiqn in the spleens of CBA/CAJ mice. TQe peanut
lectin may be interacting with cél}s within theﬁnormal
spleen of CBA/CAJ which have receptors for this lectin.
Watanabe et al.*’ demonstrated in vitro binding of PNA to
intercellu}ar fibri}s at the per;pheral‘réqion Qf the white
pulp. Howard and Batsaklsznrhave recently éroposed the
potential usefulness of PNA as a marker of tissue histio-
cytgs (macrophages). The major lymphoid mass of the spleen
(white pulp) has easy access to the bloodstream, as it is
concentrated around the a;terioles of the spleen, in the
form of periar;é?ial‘shqaths£l. Several investigators have
reporfed that between 5 and 6 per cen£ of spleen cells in
CBA mice will bind PNA'S~!® and there may be strain to strain
variation in the extent of PNA receptor expression since it
"has been reportéd that 12 to 16% of the spleen cells of
Balb/c mice bind PNA', London et éi.us tested the distri-
butibn of PNA reactive cells in lymphoid organs of 3
different mouse strain; and although only 2.7 ; 1.2% of the
spleen cells in A/J stréin bound the lectin, a very similar
cell PNA~reactivity wds found in spleens of CBA/J and

'C57BL/6 mice (5.6 * 2.6% and 6.5 * 3.1%, respectively),

-



N 186

It therefore seems unlikely that there would be preferential
localization of PNA in the normal iblnonn of CBA/CAJ mice
and not in the spleens of C57/BL mice.

since one of the functions of the spleen is to remove
particulates from the bloodst:eam’n, perhaps the éeunut
"lectin protein was aggregated slightly. in the one bio-
distribution study and not the other. The storage of PNA
at 4°C may have resulted in aggregation of the lectin since

 have found that peanut lectin is insoluble

Decastel et gl.’
at low temperature and high concentrations (crybinsoluble),
Storage at a concentration less than 0.8 mg/ml and in the
presence of the saccharides, for which PNA has binding
affinity, may‘help prevent cryoinsolubility® . Although

the possibility of some PNA aggregation may have contribut

to sqme splenic uptake, the selective spieen uptake was n&id
parallelled by a selective accumulation in the liver. There
was no significant difference in th specificity indices of

the livers of CBA/CAJ mice and CS7BL mice.

~It is interesting to note that the animal tumour model,

\in which the selective spleen‘uptake occurred, was the one
bearing a tumour with PNA receptors. The presence of the
tumour may have played an important role in the spleen local-
ization. A number of other investigators have observed a much
enhanced uptake of tumour-specific antibodies, as compared

to non-specific antibodies, in the spleens of the tumour
bearing mice”™ “* | Witz and coworkers®™ found that an anti-

3

body, produced against a‘syngeneic mouse lymphoma, was
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preferentially‘localized in the spleen and not in solid
“tumoure. TherF.was no suth spleen fixation in normal mice.
Pressman and Watanabe?” simultaheously injected ™I labelled
‘entihodiee’(specific for a mouse plasma cell tumour),_and
125I-lébellednorma‘l globulin,'into plaemacytoma-beariné
‘mice. Calculation of the specificity indicee'frpm the data
'presented'in their‘results reveals that while the specifi-
c1ty 1ndex was only 1.09 in the tumour, the corresponding
valuealn the " spleeh was 8.6. Further in v1vo purlflcatlon
of the entibody preparation actually resulted in less of the
~spec1f1c antibody preparatlon locallzlng in the tumour than
“the normal globulin and an lncreased value of 14.8 for the
spec;f1c1ty 1ndex in the‘spleen

In the two above studiee.and'the present PNA’investi— '
gatlon, a p0551ble explanation of the specific spleen
ﬂlocallzatlon, is the ‘Presence of tumour cells or antlgens
w1th1n‘the'spleens of tumour-bearing mice. Lymphomas, such
as;the RI‘mouseJtumour celi‘line, are,known te metastasize
readily ‘to tissues such as the spleenzm;ﬂg. One of the
functions of the spleen;as a lymphoid organ, is the removal
of foreign.antigehs end celle present in the bloodstream}
thus, the spleeh has excellent contact with the blood—
sstreamml.' Tumour cells lodging.withih the spleen of the
lymphoma bearing mice may'therefore have better acces-
sibiiity«to tumour specific antibodies, and lectins, than -
to the tumour itse;fzﬁ._ The tumour cells may have been |

selectively lodged in the spleen, in a manner similar to

AN



the organotropic distribution of metastases which was
described byﬁUhlenbrucks°. Both the liver aﬁd‘spleeﬁ.are
known to trap de51alylated galactose-expre551ng cells such
as N' RBC by the action of tissue~- and macrophage lectlns,
spec1flc for galactosel% 12 on a per gram bas;s, the
spleen has been-found_to be three times as efficient as

C¥?, Therefore, tumour cells

the liver in trappihg N'RB
with.peanut lectin-receptors and galactose on their surface
may also be selectlvely sequestered in the spleen, thereby
:resultlng in the type of locallzatlon of radiolabelled ~
peanut lectlnfwhlch was ev1dent,1n the~present'investi-
gation.. | | ‘ |

‘Another hypothesis of thelSpecific spleen’localization
of radiolabelled PNA rS'basedﬁupon,the in vivo loss of T
antigen which waé observed in the solid RI tumour of .CBA/
CAJ,ﬁice,usedbin these etudiee. - Many other tumoor cell
lines whioh~have differehtial'glycoprotein expression on
-their cell surfaces (depending on their growth env1ronment)
are known to shed soluble glycoprotelns into serumzm'xs.
If the RI losses surfaces glycoprotelns during 1ts growth
in mice, 1ntravenous 1njectlon of PNA may result in 1n vivo

L4
agglutination and/or*prec1p1tatlon and a subsequent spec1f1c

localization in the spleen.4

Further stodies would be necessary to delineate the
relationship between the in vivo growth of RI tumour cells
and the'associated tumour and eplenic uptake of radio- .

4]
labelled peaﬁUt lectih. The possibility of metastatic

188
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‘localization and detection with radiolabelled peanut lectin

B

appears particularly exciting since-Springer et al.® 18

found metastlc human .cancer le510ns per31sted in the

o
x

expre551on of T antlgen receptors. ' ' &

@



CSUMMARY AND CONCLUSIONS

3



191

'l) “An RI mouse lymphoma cell llne, shown to express T llke

'antlgen receptors, was successfully grown 1n v1vo

producing an animal tumour model for the 1nvest1gatlon
f

of the in vivo locallzlng capablllty of T antigen- -avid
proteins.
“In preliminaryvexperiments, anti-T antibodiestWere-

\ radlolabelled in a protected form to prov1de a radlo-

\1od1nated proteln whlch bound av1dly to a synthetlc
T 1mmunoadsorbent A hlgh blndlng afflnlty and |
spec1f1c1ty of radlolabelled anti~T for neuramlnldase-:
fytreated red blood cells or RI tumour cells was not
demonstrable; In XiXQ blOdlStrlbuthn studlés of 1257 .
: antl-T antlbodles 1ndlcated that the extent of antl =T
tumour locallzatlon could be matched by that of a V "

nonspec1f1c gamma globulln.

‘ 35 ,An afflnlty purlfled peanut lectln preparatlon was
- radlolodlnated and desalted by gel filtratlon to
: prov1de a radlolabelled proteln whlch malntained in .
. excess of 95% of its 1n1t1al radlochemlcal purlty, when
stored- at 4 c for two weeks., |
4) Radiolabelled.peanut lectin exhibited a.very specif;c
and'avid in YEEEE binding for. T—like cell.surface glyco- !
proteins in both RI tumour cells and neuramlnldase- , 'x\xg
treated red blood cells (N'RBC) . Radlolodlnated
preparatlonsm\f PNA bound on average,,66%'to a one

‘ml suspension of 2% N RBC and 20% to .5 x lO6 RI tumour

cells. The blndlng_was_readllyslnhlblted in thel



syf

6)

192

presence of galactose and could not be demonstrated

~ [

‘with control cells, lacking the T antigen..

The carbohydfate—binding specificity of 125I—PNA was

investigated 1%51ng synthetlc carbohydrate 1mmuno—

adsorbents. The lectln was found to have an av1d1ty | !
for the T dlsaccharlde,'B D Gal(l+3) GalNAc whlch was -

about SO—fold (a= llnked), and 40-fold (B-llnked) hlgher

'.than for galactose and at least 10-fold hlgher than

that seen for all other carbohydrates tested

‘”I Peanut lectln was found to have good tumour |

locallzatlon and rapld blood clearance, upon i. V.. R

1njectlon ln CBA/CAJ mlce, bearlng RT . tumours.’ Cleare

images of . tumours were obtalned ln serial sc1ntlgraph1C'

2
o imaging by 24 and 48 hours post 1njectlon. .No‘blood

subtractlon technlques were necessary for tumour

dellneatlon.'

Blodlstrlbutlon studles of 125I -~PNA in RI tumour—bearlng

'CBA/CAJ mrce, revealed tumour background tlssue ratios

.:;\

of radloact1v1ty Whlch 1ncreased steadlly w1th tlme.

‘The tumour blood and tumour muscle ratlos were l7 1
and 40:1, respectively, at,48 hours,

- The in vivo specificity of retention of radioiodinated

B

peanut lectin in RI tumours was verified when '*I-~PNA

- tumour retention'was eleven fold’higher than that .

found with a nonspec1f1c proteln F(ab )z fragment of

IgG. Such preferentlal tumour uptake was not ev1dent

f
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in an-®L4 mousé'tumourl odel,'in*which the:tumbur did

not express PNA receptors.

A significant spleen uptake of radiolabelled peahuf

lectin occurred in mice, ésarlng RI tumours, but was )
not ev1dent in mice bearlnq EL4 tumours.

Based on the data from;ln Vltro blndlng 1nvestlgatlons

' and 1n vivo blodlstrlbutlon Ftudles in tumour- bearlng

m1c¢$.radlolod1nated peanut lectin appears to offer a

.potential_utility in the‘radioimmunédeteétign_of

-

tumours expressing the. T antigen. L .
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" APPENDIX I: COMPARATIVE. TISSUE RATIOS OF RADIOGACTIVITY. OF ~ .
T I-125 ANTI-T ANTIBODY AND I-131 NORMAL GAMMA GLGEULIN'
: IN RI LYMPHOMA BEARING CBA/CAJ MICE

«

8HR(N=6)  24HR(N=6) - 48HR(N=6)

T-AB IGG - T-AB IGG T-AB  1GG . '
> 3 '
- 1 . * ) - N i P
8LoOD . QRGAN/BLOOé\ 1.00 1.00 1.00. 1.00 1.00 1.00
' STAN_DEV. 0.0 .0.0 0.0{0.0 0.0 0.0
: ORGAN/MUSCLE 18.47 20.60 10.64 11.87 ‘9.65 10.34 . *
-~ STAN.DEV. 3.42 '3.05° ,1.70 2.17  3.05 3.36 .
LIVER ~ ORGAN/BLOOD 0.28 0.21 0.31 0.23 0.30 ©0.32
. STAN.DEV. 0.02 0.01. ©0.01 0.02 0.03 0.02
ORGAN/MUSCLE 5.14 4.24 3.28 2.76 2.78 2.20 )
STAN.DEV. 1.12 0.64 0.56 0.48 0.70 0.63 :
SPLEEN  ORGAN/BLOOD  0.26 0.22 0.27 0.24 0.30 0.26 L
- -STAN.DEV. 0.06 0.04 ~0.04 0.03 0.06 0.04
/ ‘ : ; : . ,
ORGAN/MUSCLE 4.86 4.6 '2.89 2.85 2.84 2.69
" STAN.DEV. 1.78 1.35 0.71 0.71 .0.93 0.88
KIDNEY ORGAN/BLOOD. 0.39 0.30 0.49 0.36 .0.45 0.34
. STAN.DEV. ©0.04 0.02 0.08 0.06 0.07 0.04
ORGAN/MUSCLE  7.24 6.22 5.28 4.35 “4.21 3.38
STAN.DEV. 1.24 0.93 1.5 1.30 0.92. 0.86
TUMOUR®  ORGAN/BLOOD 0.40 0.36  0.50 0.45 .0.49 .0.44
'STAN.DEV. 0.08 0.07 0.08 0.07 0.07 0.09 .
ORGAN/MUSCLE 7.44 7.51 5.43 5.41 4.87 4.73 .
STAN.DEV. 2.38 2.42 151 1.72 1.88 2.09
"MUSCLE ORGAN/BLOOD 0.06 0.05 0.10 0.09 0.12 O.11
STAN.DEV. 0.0t 0.0t 0.02 0.02 0.05 0.05
'ORGAN/MUSCLE ' 1.00 1.00 1.00 1.00 1.00 1.00
STAN.DEV. ° 0.0 0.0 ' 0.0 0.0 0.0 0.0
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