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' . Abstract

.The peanut lectin (PNA ) has lrigh preferential binding afT; inity for oliéosaccharides containing

the termmal sequence BDgal( 1-»3)GalNAc This drsaccharrde is also the immunodominant -

structure on the Thomsen- Fnedenrerch (T) anugen which is present in a non- crypuc manner

on a number of human and animal adenocarcinomas but not on correspondmg normal or "~

bemgn tissues, Radrorodmated peanut lectm was mvestrgated asa potentral radropharmaceuucal ‘

) m the detectron of T anugen expressing solid tumors and metastatrc lesions using’ the T antrgen

| expressmg TA3/Ha mammary adenocarcmoma and its selected organ specrf ic metastatic

4

variants as the animal tumor- model
The peanut lectin was labeled with 1-125 using the 1odogen method resultmg in a radio-
' pharmaceutical that retained rtsrmmunologrcal activity and radiochemical stability for at least a

week when stored at 4 C. Radioiodinated peatut lectin was found to bind avidly and

specifically in vitro to various T antigen expressing animal tumor lines and neuraminidase

- treated red blood cells Tissue biodistributlon studies with '*’I-PNA in the TA3/Ha tamor

. bearing mrce revealed hrgh retention of 'PNA by the tumor mass  while =Other organs

Tdemonstrated a raprd clearance of the protein.  The tubules ol' the kidneys are suspected of

being mvolved in a unique mechanism of binding and excreting the peanut lectin when it was .

found that PNA was excreted in an active form in the urine. Clear scintigraphic delineation of

the tumor was seen by 24 and 48 hours post-injection without»the need for body background

" subtraction. Brodtstnbutron studtes revealed hrgh tumor blood ratios of 7:1 and 55:1 at 24 and .

48 hours with correspondmg tumor muscle ratios of 33:1 and 77:1 at the same trme penods
The tumor uptake of radroacuvrty_' due to metabolrcally released I from [-125 BNA was

minimal as there was Qonly 0.3% of the lnjectie\d Nal”l dose per gram of tumor tissue at 24

hours post-injectlon' Localization 'index values calculated for ¥]-PNA localization at the
 tumor site usmg B1.F(ab' ), fragments of IgG as the nonspecific protein 1ndrcated that the -

PNA locahzatron at the tumor site was htghly specrftc It was found that 1[-PNA.

administered in the dose range of .0.1 ug to 1.0 ug per 20 g mouse gave the highest. tumor

iv

"



localization index while uptake of PNA by the other organs were minimal.

Tissue biodistn"blilion studies of mice' bearing the organ specific TA3/Ha metastatic
mmor variants ré,vealeq that the lungs or liver containing the tumor lesions retained about 7 to
"8 times as much of an imravensus 151 PNA do;e as did the controls, thereby allowing for clear
delineation 6(’ the tumor infiltrated tungs or liver by gamma’ scintigraphy. Auloradic;grams of
|  the liver tissue sections containing the TA3/Ha metastatic variant lesions after '1-PNA
intravenous administration demonstrated avid uptake of PNA throughout the viable tumor
mass ‘;nd ,FI'I;C-JPNA staining of these tissue sections rqadily' identified the metastatic lesions
un’der fluorescence microscop‘)""lg

The data obtained from all these studies illustrate the potential usefulness of
radiolaﬁeled peanut lectin for the detection and delineation of T antigen expressing solid tumors
~and rﬁetastatic lesions. '

An IgM monoclonalﬁ antibody that has high affinity for the high molecular weight

3

glycoprotein, epiglycanin, present onl the surfaée of the TA3/Ha cells was investigated as é
potential tumor radioimmunoimaging agent. /n vitro studies demonstratedq the affinity of
anti-epiglycanin f or TA3/Ha iumor cells and neuraminidase treated red blood cells. T antigenic
 specificity was not demonstrated f .or anti-epiglycahin as the presence of PNA did not affect the
binding acti\;ity of anti-epiglycanin in vitro as well as in vivo. Garﬁma scintig;aphic ima}ing of
125] anii-épigl-yca’nin in TA3/Ha ;umpr bea‘ring mice demonstrated intense loéalization of
radioactivity at t.he §mor site but tissue"biodistribution studies found that anti-epiglycanin did
not accumulate much more than the nonspeci'f ic IgM p[roteins at ;he tumor sité. Fur,thér studies
with the 1gG class dr its F(ab'), fragments of the ami-epigl!f:anin moqoclon_al antibody may

reveal the potential utility of this line of monoclonal anliBoditj:s as tumor radioimmunoimaging

agents.
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oo 1. Introduction

!

The conccpt of tumor detecuon by uulmng a radrolabeled tracer that has somc, dcgrec ol' ’

specrf ic. localization in, mahgnanl neoplasms at concenlrauoncl suffi rcrcm to detect and delmealc

reliably and accurately the spread of both the primary- tumdr and drsram melaslases has bccr";

l

consrdered for a long time. An approach to this concept is to uulrze radiolabeled tracers such as

lectins and antrbodres that selecuvely bind to specrl‘rc anugens on tumor cell mcmbrane

o

surfaces Tumor associated anugens could arise when normal cells that undergo mahgnanr

transf ormauon m

therr surl’ace propemes such as altering therr membranc boundp
glycoproteins and glycolrprds due to mcomplete and/or abnormal synthesrs of- these molccules
The “Thomisen- Frredenrerch ('l‘) anugen which has been reporled to occur in’ a
non -cryptic form on many human adenocarcmomas but not on other dxseased or heallhy ussues
has been .commonly referred to as-a tumor assoclated antigen. This same T antigen has also

been mdrcated as havmg a role in the prpcess of. cancer, rnvasxon and metastasis. The peanul

lectin which has an avrd and specxfrc binding afl‘mrty for the rmmunodomlnanl carbohvdrale' v'

structure of the T amrgen is rnvesugated here as a potenual radrormagmg agent of T anugen

expressmg sohd and metastauc tumors usmg the TA3/Ha mammar) adenocarcinoma - and us

selccted organ specrf ic metastatic varrams

The TA3/Ha tumor model aspemaﬁeou\mammary,adenocarcmoma of strain A’ mrcc

resembles the human adenocarcmoma in xts spontaneous orrgm and us content of human/;

_ blood group like antrgen specrl'rc struc[ures These features along wrth the avarlabrhty of the

organ specrfrc melastatrc varrants provrdes an ammal tumor model for the evaluauon of vanous_ .

other macromoletules such -as monoclonal antrbodres for lhe radrormmunodetecuon of solrd* '

Lumors and: metastauc lesrons

An lgM monoclonal antrbody that has bmdmg affi mmes for the TA3/Ha tumdr cell_
: surface glycoprotem eprglycamn rs also mvesugated for its potenual as a radroxmmunormagmg‘

| agent. It is, therefore the aim of thrs prOJect to evaluate the: polenual of radrolabeled peanut |

lectin and anti- eplglycamn IgM monoclonal amrbody as dragnosuc radropharma’teutrcals in the

il



| |

<

detection of selected primary and. metastatic tumors, and also to evaluate the TA3/Ha

‘.

mammary adenocarcinoma and- its organ specific metastatic variants as appropriate'animal .

tumor models, - . - o



“A. Tunor detection - .

r

' ll. Survey of the literature

" The use of radiopharmaCeutlcals in the‘detection and diagnosis of tumors provides‘a
*non-invasive method that allows the chmcran to determine the locatton of neoplasms and any‘
dtstant metastases, thetr extent and the ‘evaluation and follow up of treatment‘ Radrodtaéhosw
and detection of tumor tissues is only possible when there is a preferenttal uptake ol‘ thc‘

e
admimstered radtopharmaceuttcal by the tumor cells in suf’ ftcrent concentrattons to enable a
clrmcally useful scan’?, It has been determmed that a ttrmor o background trssue 1rzauo of at
least 2 lis needed to detect tumor lesr}ms of about 2 centimeter in dtameter and hence‘ smallcr ; .
lesrons mrght be detected when there ts’greater copcentratton and a htgher tumor to background
trssue ratio of an- admrmstered radropharmaceuttcal ina tumor

Radtophan'naceutrcals used for the dragnostrc rmagmg of tumors can gcnerally be"

categortzed mto three groups t) labeled compounds and radronuchdes u) labeled - anttbnotrcs

: and m) labeled antrbodles and f‘urt‘hermore thé method of loch}iaationf,,glf __the

Indirect methods of tumor localization

) Indirect' methods of tumor imaging depend largely upon the 'alierations of normal tissue

Q

f unctron and structure caused by the presence of a tumor process in that trssue \whtch would

:, ‘
lead 1o an abnormal uptake of an admmrstered radnopharmaceuttcal resulttng in an abnormal -

sc:anl Most of the- labeled compounds and radlonuclrdes employed fall into thrs category of

¢

_ tumor localrzatton and these compounds are also often called "non- spectftc tumor localmng

a

agents Such agents are usually non specrfrc m thetr tumor localrzatton as they also l‘ocahze m
other non malrgnant and non- specrfrc processes such as mflammatron and certam phases ol‘ n
mfarcts’ Another drawback to thrs rnctﬁod 1s that usually onl’y one radropharmaceuucal is °

usef ul for one type of ttssue and thus, different radtopharmaceuucals nwd to be admrmstered-“",:"

-



W . ' \ o
for the evaluauon of different organ systems’ ‘)

\

_an area of mcreased permeabnhty of the blood brain barrier is presem i) radlolabeled collord
which gives a cold"-area in the liver due to lack .q_f uptake because of parenchymal destruction,
. and iii) Tc-99m phosphates which in increased osteoblastic activity in bone give a "hot” area’.
\

v . . ~ . ! 3 . ’
v e . ) ¥

Direct methods of tumor localization o
‘ Diréct methods of tugnur localizationh by radiopharmaceutical agents rely .upon the
* preferential uptake of the aéent by thé tumor. The radiophaﬁnaceuticals in this catgory are )
3 usually Aermed specxﬁc agents as the .mechanisin of locahzauon is rather specific for the
tumor resultmg in an increased uptake by the tumor such as
1) mcreased rnetabohsm wnh resultmg mcreased uptake of radiolabeled substrates such
as 1] - lodocholesterol and ”Se selenomethlonme‘ . .
"' 2) increased aff-xmty of .certain agents for tissues such as Gallium-67 _cxgtrat‘e in soft
ussue tumors”‘ " ”
3) anubloucs wnh selecuve uplake and action on lumors such as radnolabeled{ _
bleomycm or adnamycm‘ and | ; r
4) antxgen-anubody _reaction with radiolabeled\ antibodies raised against tumor
- associated antigens'. » |
Radnelabeled substrates' such as I 131 lodocholesterol Se-75 selenomethlonme and
. other’ radiolabeled’ amxno acid, sterglds or sugar analogs have been used to explou the mcreased
rates of protein ,syn;hes;s as-an ac_cumulaung factor in tumor pr;cessps‘. ,Detecuon .gf the
‘ t)um,or'deuends °upon:tnef ac&elerated int'ermediary‘ me.taboli‘srn 'of tumors aompared t(f the

’

»  normal parent tissue from which the tumor arose. Tumor imaging can hence be done with

s

‘tailored metaboh'tesv 10 particular tumors. Se-75 Selenomethionine, a labeled essential amino

acid"._ would be taken up. By tumors with ‘an increased rate of protein synthesis and this



combon'nd has been used in the diagnosis of hepatomas an(‘u;lrrtph'omas‘'..w lodine-131 labeled
: iodocholesterol has been used to accumulate in cortisol secretmg adenomas and iodine-131
sodrum rodrde solutron \‘vhrch is taken up avrdly by hyperactrve thvrord metastases results ina
"hot" area compared to nonnal parent tissue', However these agents “do, suffer from the
drawback that tbey are unable.to interact with a wide variety of tumors V‘and'. -as such their
routine use in diagnostic imaging has.diminished considerably giving tvay __'t_o_t-rrrnor imaging
agents with broader spectra of activity“ ‘
The potentral utility of Gallrum 67 citrate as a tumor 1magmg radllopharmaceutrcal was
first suggeSted in 1969 f ollowmg the serendrprtous drscovery of the locahzatron of this agent in
tumors by Edward and Hayes“ Smce then, Gallium-67 has been rnvesttgaged )n a. van__y of
tumors to evaluate 1ts potentral as a tumor localizing agent and it is probably th@‘r mostv
~ frequently used tumor imaging agent at present. lelrum767 citrate, a radropharmaceuucal
found to have increased affinity for»tumors. »has‘ been reported to beuseftr'l in the detection of
.spec'ific'tumors and many comprehensive reviews of these Teports bave been published in the ‘
literature. Galliurn.-67 scanning hascbeen found to be uSeftrl f or the entire brocess or evaluating
'patients witly lymphomas (Hodgkin's disease and malignant- lymphom'as) including the initial
‘staging and evaluation of the respOnse‘to therapy’". hGalliurn-6.7 r_adioloca_lization scintigraphy
is also bein'g increasingly used as.a means of def ining the extent of lting carcinomas a’lthought
differ'ences~in 6"Ga uptake exist for the v'arious- ttrmour tybeé"t;'ith anablastic small cell
_ carcmoma demonstratrné the overall hrghest uptake whrle adenocarcmoma and anaplast( large
cell carcmoma havmg the lowest’ Galhum 67 scrntrgraphy is used in the detectron oner\
metastases and hepatomas especrally in patt%nts wrth cirrhosis’®. Since a- large fractron of the
rnjected dose- is concentrated by the hepatocytes a. galhum -67 liver scan alone cannot be
adequately used to assess the liver wrthout an accompanymg lrver scan with radrolabeled sulfur
colloid®. The sensrtmty of the galhum scan in the detectron of gastromtestmal tract and related

organ mahgnancres gemtounnary tract tumors and xte metastases, and testicular malrgnancres

has been found to be rather low*. Gallium-67 c1trate has also been found not to be superior-
‘ : 1



over some other available radiopharmaceuticals or procedures for the d}ecu'on of some tunrors '
such as bone metastases®. Gallium-67 was also reported not useful for the diagnosric evaluation
of myeloma patients or in the early deteotion and staéing of carcinoma of th“e breast®. Other
indications for the use of Gallium-67 citrate are as listed below;

1) establishing the extent of primary tumors, especially for tumors that are situated in

?\e chest e \
) detecting any additional tumor foci, especiall& previously unknorvn métastases.
3) rherapy plannirrg such as in Hodgkin's disease and other malignant lymphomas,
‘ %) differentiating diagnost_icolly between cerebrovascular lesions and brain tumors,
S5) indicating any residual tumor Or recurrence o} tumor after therapy, and
>6) evaluating treatment eff’ r'cacy and tumor susceptibility to irradiation*™.
The diagnostic value of G;llium-67 citrate as a tumor \imaging agem'kras been limited
by the nonspecif’ io uptake of Gailium~67 rn | non.'-neoplastic tisSues as‘ well as in var;ous
mﬂammatory diseases meludmg abcesses and bemgn granulomas particularly sarcodosrs The

sensitivity of tumor imaging using Galhum 67 has been shown to depend on the percemage

uptake, the tumor to backgrp;ﬁrd tissue ratio, tumor size and type, and the vrabrhty of the

* <

tqur cellss*et,

The use of antibiotics with selective action on tumiors-as tumor irrxéginé ‘-agents has been.
demonstbrated with voﬁous radiolabelod antibiotics such as bleomycin adriamycin tetracycline,
and stréﬁtozotocrn‘ | The forerunner in the use of antibiotics as tumor detectrng agents was
bleomycin. Bleomyc_m consists of a group of antibiotics with demonstrated a/ntmeoplastrc ,
activities aéai_nst a variety of dif ferem tumors and may have a useful role in the detection of
tumors and stagmg and in the differential diagnosis of certain types of lesrons“ as well as
antrmrcrobral activity but was unf ortunately found to be toxic in therapeutrc doses Bleomycm
cagrvbe labeled with a variety of radionuclid&s such as technetium-99m, gallium-67, cobalt-57,
indh;m-lll., iodine-123, platinurrr-l%rrr and gold-198 withoutgloss-in activity“. However, the

label on the radiolabeled bleomycina ‘Was found to be unstable in vivo often resulting E'n the



s . s

release of the free radiglactive label’ into the circulation soon after administration'™?,

Furthermore, bleomyci J/%gs found not to be tumor specific as it was seen to localize. in

imaging has '.
hoped and r'

The use of rabrolabeled armxes for the dragnostrc detection of tumors \)Was first
demonstrated by Pressman in 1957V, Since then, there have been numerous reports by vanous

_ mvestrgators” of the use of radiolabeled antibodies for the detection of tumors and some of the

* .

potential clinical applications of radiolabeled antibodies in diagnostic tumor imaging are listed

as*

[

1) the detection.locau'on and determination of the extent of the tumor,
2) the characterizatioh of the neoplasm cell type,
_3) the follow uo of progreis of | residual lesions left after initial treatment,
\ 4) the early identification of pecurrence of metastasis and ‘

5) the assesment of treatment efficacy.

-

-The above mentioned potenlra] uses are what an investigator hopes to achieve w’lth radrolabeled

antibodies but unfortunately most. researchers have met wrlh drf fi rculues in the development of

specrfrc antibodies to tumor armgens and hence the ability to specifi 1cally detect tumors was not
generally available. In the deveIopmem of radiolabeled antibodies to tumors, there are. a -

number of f actors that have 1o be. consrdé‘red mcludmg“ te : - .

1) the isolation of tumor assocrated antigens that can offer the most specificity to the

tumot for the producnon of antibodies. Some clinical trials have demonstrated lhat
-even elaborate purification of antngens'—have not. resulled in an absolutely specrfrc
antibody as evrdenced by the cross reactivity wnh other tumors and normal tissues, -

2) the selectron of cellularly Iocahzed anugcns that permrt the greatest access to the

antibody interaction. The location of physical contact between antigen and anubody

should be extravascular. and fortunately, much of _the neoplasm vasculature does not



¥

. ,.,n‘} .
Tumor associated markers - . ) \

have com'pctent-walls such as those found in normal capillaries which then would

aliow the escape of cxrculanng amlbody into the interstitial fluid. There have been

reports of tissue antigens that are not readxly accessible to the mterstmal fluld and

antibody'¢. Cellular surface anugcns or, anugcn shed into the mtcrsunal space ol' the .

'L» N
tumor presents the most advamageous physxcal situation for effj 1c1ent anugen,_a.ntnbody

reaction whereas intracellular antigens of] l" er the least promising state as it is difficult
for antibodies to gain access into the cellular cytoplasm,

3) the selection of antigens that will give high titer antiquies.
4) the selection against cross- reacting anubodnes .
5) the: radmnuclnde labelmg of stable annbodles with hlgh enough specific radloacuvny
to allow useful studies of the anubody without loss of i 1mmunoreacuvuy, J

6) the ability to produce antibody fragments‘ without undue loss of immunoreactivity

and

7) the prdduction of amibbdies with suff lciqnt in vivo ‘stability.

In earlier studies, the lacl; of tumor spedl‘lcity associated with the .of radiolabeled

associated antigen'* and in obtaining well-defined and reproducible antibodies.

" With the advent of monoélonal antibodles’, many of the prdblclms such as anﬁgen

anug& feactivity. L \. .

IS
\

Neoplastic transformation of normal tissue is often accompanl‘qd by the acquisition of

o

antibodies was attributed to the difficulties in isolaﬁng and defining a tumor specific ‘or tumor

specificity and the reproduction and definition of antibodies encouhtered with the "use of
polyclonal antisera were eased. 'l‘lns techmque developed by Kohler and Mllstem’ made possible

the producuon of large quammes of* antibodies of pre- defmed sPecxflcxty with a monospecific

new and s;iécif ic antigenic moieties which are not-usually detected in nbrn\ial and untransformed

tissue'*"¢. Hence, antibodies can be raised against these tumor associated antigens found on



tunforscto produce potentially useful specific antibodies for tumor localization and othen nlinical
applica;ions”. Most tumor associated antigens that have been categorized bio&xeymi(:ally on the |
~ basis of their composition and structure are found’ to be glyconroteins althdugh there is
evidence ‘suggesting that other types of molecules could also be potential cell surface. tumor ‘
" -markers'¢, Ac{t;mulatmg evidence has shown that humantumor ussucs synthcsnzc express, and
‘sometimes even release into circulation tumor specific antigenic substances wnich are either
abs(ent; from or produced in very ulimited quan‘ii’ties by the oriéinal parent tissue!®. ldeally,
tumor associated an;igens should be expressed on the surface of the cancer cells and be
immunologically deiectable. thus making‘ them available for interac}ipn with rabiolabeled
antibodies in vivo'¢. It has been deemed highly desirable to have a tumor associated antigen that
is a §pegific and sensiotive indicator of malignancy with any shedding of the antigen intn' the
urine or serum in proportion to the degree ofJ the tumof burden. Other potentially'__i‘dﬁeal
cha;acteréitiés of tumor associated antigens-are tnat they should be expressed during all stages
‘of the cell cycle with relatively uniform distribution on primary lesions and metastases, and
upon binding with a radiolabeled anlibndy the complex jhould not be shed rapidly but_allnw a
" long enbngh residence time at the tumor site to enable detection®. There are seilernl cate.gories‘
of tnmnr aséociatcd antigens recogniied in human neoplasins such as'®:
1) oncofetal antigens including carcinoembryonic antigen and alphaf etoprotein\,

" __ - 2) placental antigens such as human chorionic gonadotropnin> and human placental
" antigen found n‘ormally in the serum of pregnant women,
| 3) protein and polypeptide hormones which have been found to be secreted by many

| human tumors even though tne normal parefit tissue may nnt synth'esize the particular

hormone, | —

4) exocrine products which are normally secreted only during pregnancy and lactation
that have been found in-some cases of breast cancer, and

- 5) products of altered cell surface glycosylation which may have resulted from the

altered activit); of one or more ﬂycosylumsferases that may lead to changes in the '
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biosynthesis of cell surface glycolipids and glycoproteiigt. Qt'e such example is the
expressien ef' the Thomseh-_Friedenreich antigeﬁ that normallr occurs in a cryptic

form in normal cells. ‘ \

B. Thomsen-Friedenreich antigeh ° .

The Thomsen Frtedenrexch anugen (T -antigen) was ongmally described as a rare
erythrocyte antigen in 1928 when it was dtscovered that the presence of bacterial contamination
uncovered a normally hidden receptor on erythrocytes which rendered the blood agglutinable by
all human sera including that of tﬁb donor’. The cause of the Thomsen-Freidenreich
pttenomena was found to bé due to an enzyme present in certaift bacteria and viruses'’. This
Reoept_or. Destroying Enzyme (RDE) or sialidase?, nowv called neuraminidase. causes the
reiease of terminal sialic acid, N-acetyl-tteuraminic acid (NAN), and unmasks a speci.};ic
haptenic structure pment'en all human and many animal erythrocytes with the exception of
human infant erythrocytes®® or on NAN depleted circulating senescent red blood cells!'. It has,”
been f urtiter derronstrated that the Thomsen - Friedenreich transformat’tibn not only occurs on
red blood cells from humans and several animal specxes but also on fliver, muscle and most

strpngly on brain tlssue" !

Physicalﬂ and chemical composition of the Thomsen-Friedenreich antigen
The ,physical and chemical at\:haraeteristics of the Thq/msen-Friedenreich antigen

(T- antxgen) are quite. welLdocumented Treatment of the MN erythrocyte glycoproteins on red

" blood cells with neuraminidase and mild acxd hydrolysis results in the exposure of the T antigen

with the ooncomitant release of nesraminic acid**"**. The T antigen then isolated from human

erythrocytes was found to be an aggregate of repeating apparently identical subunits**. The
pbysml chmctenstm of the Thomsen Fnedenrexch antigen on human red blood cells were
determined as?*: 7

Sedimentation constant 11.1s



s

A ]
. .

Diff usion c(;nstam - ' 1.62F * j
* Partial specific volume | 0.696 mL/g
Molecular weight | 555 000 daltons

i

The chemical compOsiuon of the T anugen was found o be approximately 40%
carbdhydra;e ~of which - galactose was 13.2%, N-acetylgalactosamine was 10.3%.

N-acetylglucosamine was 7.4%, mannose was ¢.4% and fucose was 0.83%. The remainder is-

" protein which was found to be rich in threonine, serine, leucine and glutamic. acid while there

o

% “

was no cysteine or tryptophan f ound"'"

The Thomsen- Fnedenrencb rcccptor molecule has been defined as belonging 1o the

~ glycophorin type of erythrocyte membrane glycoprotem focatcd near or on the - -NH, terminal

[

area’’,. thlwe 1mmun0dommam T specific structure BDgalactosido (1-»3)aNacetle

galactosamme linked a,_O_-egcosndxcaily to serine or, threonine on erythrocyte dcnved'
. o ~ rz ) .

glycoproteins®**. The n'ormally cryptie‘d“i structure is a protein bound and an alkali labile

disaccharide which upon desialylation represents-the carbohydratc part of the MN blood group-

,anuge\ns“ Accordmgly. the T receptor has been determined to consist of two parts; om;, is the
N

)
immunodominant carbohydrale structure chain in lhe form of the T dlsacchande “that is

‘ ‘common toall T reocptors and secondly, the ‘NH,- terminal- protein part of the glycophorin i'

type membrane glycoproteins that maé/ vafy from species to ‘species and even from M'_to N

specif icity?*. ? . .

M-; N-, T-, Tn-, blood group specificities

&

The blood group M-and’N antigens are the major antigens of the second human blood

[

group system Human red blood cel'M and N 'anugens are aggregates of sxaloglycoprotcms

cwdently composed of 1denuml suﬁmns” hang molecular wexghts rangmg from 3x10‘ to'at
: : ~

‘(

least '1 2x10’ dependmg upon th¢ method of 1solauon“ . The overall physxcal and chemxcal»

) .composmon of the M and N anngcns \’are baslcally sumlar" but differ in terminal

unmunodommam carbohydrage structures  which clearly dxstmgmsh thém from one

) -
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""',g anot‘ter"""" The pepudes that carry the M and N specrf ic structures on erythrocytes dtl‘fer ,1

Lo

.

- from ong another in two amino acxds serme betn,g the only NH, termmus for M and’ leucme

l : bemg the only one f or I\ and the amino acid flfth l‘rom the. Nl—l2 termmus is glyctne for M and ‘

9

glutamtc acrd f or N”" lt has been reported that nearl\ 85% ol‘ the carbohydrate chain of the ‘
MN glycoprotems are’ hnked vxa GalNAc to threonme or serine and are alkah labxle"

N- acetylneurammtc acnd wa< determmed to; be an essenttal component of both M and N

% "_ ! ' 4 R : &

‘SpG'lelGlllCS"'" B R b L

The tmmedtate btosynthetrc precursor of the Ml\ blood group system are the T antrgen
: and the Tn anugen”"""’ However it was reported that covered T and Tn specrf ic §tructures i

«

‘also do occur in carbohvdrates that do not terrm{tate in the M or. N 1mmunodetermmants"”
: such as the observanon ot‘ T specrf ic structures in eptthehal tissues mcludtng saltvar\ and breast N
o 'glands and lcdneys" The T anugen structure has fu.rther been reported o be present as core
| structl’rres in olrgosacchandes t.hat have other sugar resrdues substttuted f or sxaltc acrd”

Precursor T anttgen has been delgcnbed to“be present on cell surf aces of carcrnomata of
vdtlverse ongtn but not on healthy cells,\and clearly mteracts wrth the host 5 humoral and

' cell medtated tmmune system"'”’“ Hﬂl‘g:e the T anttgen lends 1tself untquely to the study of |
‘ carcmoma cell surface anugens and the host response 1o it.. T anugemc receptors -are not
B accessxble in healthy tissues 10 antt -T antrbodtes as they are shtelded by O- glycosrdtcally linked -
:»,carbohydrates"'” but can be cxposed upon desral\lation by neurarmntdase The followmgl

S schernerllustrates tge relattonshrp of the human blood -group M.to its precursors".,

B [ : - . . B
> . En . 2

M "N‘. - }>'T ‘ —=Tn Ochnne/Threomne
. -aNAN.  -aNAN = -fGal -aGalNA

A
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%‘l"he Thomsen Fnedenrelch antngen in cancer B
; \ ' Thegq Zl,dt%covery of Thomsen Frredenrerch specxf ic antrgens in carcmo\nata of brcast _
. colon anti éastromtestmal tract but not in bemgn tumors or in healthy trssues has eslabhshcd a :
chemt;all) reasonably well defmed antlgen apparentl) spemﬁcall) assocxatcd ‘with human"
-carcrnomata?"“. The appearance of precursor.T specifi 1c1ty in a reacuve ,form has been

attributed to the possible incomplete or‘-‘der’ange;i'abiosynthe'sis or accelerated degradation "of

normal cell surface components??, The T antig'en has'always"been f ound masked by sialic acid in- -

]

normal healthy persons but = * - the cases of patienits with br‘east, colon and gast‘rointcstinavll

’car'cino.mata‘ wnere the <= au rceactive T specific substance w’aslt‘ound assOCiateo.;Nith
malignancy??'#, Some”.of the - e:m;misms &f antivgenfalterati_ons in tur‘nors were; [ ound 10 be due
to:. | / : |
1) the apngrmalities associated Witn tumors- i.n" speeif ic’ glyc'os_yil_:l ‘t’,ransferases

blocking the incorporation of sugar residues at or near the non-reducing lerminus - '

of oligosaccharide.chains®, , - " ' A b

. 2) the inabilitgt 91; tumors.to‘synthe'size eertain classes of g.l:ycocbonjugaté_’s"such as‘v';
| glycoproteins because of . their inabi]it)' :to form - the ‘necessary precursor
substances”,'and , | | . |
3) the highly aetive enzymes found" in tumors or tumor stro‘ma;: sue'h.as‘vglyeosidascs
| oI protease acting along the tumor -cell surfaces causing abnormal degradation of -
cell surface glycoconjugates" | v ‘ | | '
‘lndxrect support for the theorres @ggestmg defecuve glycosyltransferase actmy or

excessive glycosrdase actrvrty has beﬁn‘provlded by numerous reports of increased .,amounts of

blood group antrgen precursor substances 1n tumors” T L L

A hrghly 51gmf 1cant correlatron has been descrlbed between the T antngen status and the '

' hxstologrc grade of tumors, where it was found that the maJorlty of low grade tumors are’

- _c;rypuc T antigen posmve while high grade tumors are gcnerally T antrgen‘posrtwe'or cry_p_tt_t; T -

¢

antigen negative, thereby reﬂecting a parallelism between the mor_phological: dif’ ferenti_ation'at N

o
+



"~ the hght rmcroscoprc level and brochemxca‘l dtfferenttation of the cell membrane" The.

‘abnormalmes of biochemical drfferentratron as reflected in the eXpressmn of the T antigen has

“been cons‘rdered asa srgmﬁcant predictor. of brologrcal behavrour of some "look ahke tumors B ’

- 'which are htstologrcally mdrstmgulshablc” Relatrvely low grade tumors whrch are cryptrc T
:‘antlgen posrtive show a srgml‘ rcantlv lower mcrdence of tumor mvasron and recurrence than low
Igrade T antrgen posrtrv‘e or non crypnc T antlgen tumors” F urthermore it has been postulated
l' -‘ that the T- specrf ic antrgens on celt surfaces ol" some cancers may be mvolved in. the in vivo
| mvasnon and metastasrs to healthy ttssues smce T- antrgen determmants have been reported to-
' be mvolved m the in vitro 'adhesro't of invasive and metastlc lymphoma cells to- syngenerc
hepatocytes_“’., |
| Relationship between the'T antigen uandvanimal tumors 3
The .’I‘-h,oms“en-::Ffriedenrei_ch antigen ' is not normally expressed on’ norm.al
h'ealthy mammalianb tissues "but' can bq fOund in a cryptic'form masked by ‘sialic acid -
resrdues in many common membrane mtegrated and soluble glycoprotems and
glycolrprds” However it has becn reported ﬁthat T antrgemc determmants appear in-an.
, exposed l” orm in a number of ammal carcmomata and can be detected by both chemlcal
* and serologrcal method_s. S |
TA3 spontaneous” mouse mammary adenomrcmoma '
| Intact TA3 cells and the ascttes f‘lurd from the TA3 tumor bearmg mice of both
the str;am specrfrc TA3/St and especxally non-strain specrf ic but much more mvasrve
TAl/Ha sublmes have been found 10 react with two agglutmms VlCla grammea and
: antl pneumococcus type XIV Both of these agglutmms have serologrcal specrl‘rcrty
closely related todthat of the anti- -T agglutmm peanut lectrn””7 It was’ further
reported that both the TA&/Ha and TA3/St cells adsorb both human and ammal anti- -T

antibodres“ and TA3/St cells are krlled by human antr T m the presenoe of

G
- I3

: complement whereas TA3/Ha cells whrch possess much’ more SIalrc acrd on therr surf ace R



were completely resrstant The neuramrmdase removal of termmal srallc actd whxeﬁ -

o apparently mterfered mth complement fixauon‘° l'rom the surface théI’TAJIHa" :

tumor cells resulted in the cells becommg f ull\ susceptrble to the cytolyuc ef fects of ." :

l ‘ human antf T m the presence of complement“ Treatment of both the TA3 sublmes

' TA3/Ha and TA3/St wrlh neurammtdase followed by B- D galactosrdase rendered both
.‘ sublmes resrstant to "the cytolyttc el~ f ects of human anu T plus complcment
'Apparently, neurammrdase exposed the Ccryplic T antrgen on the TA3/Ha and TA3/$t"' o :
. .cells and. B D galactosrdase remOved the: rmmtmodommant carbohydrates that were
»- reactrve with anti-T from the cel‘lsW The enzyme treatment wrth B D- galactosrdase o

© Was also seen o abollsh the brndmg capablluy of the aggluunms Vtc:a gramlnea and

»

Arachls hypogaea to the TA.a/l-la cells“’ A hrgh molecular werght glycoprotem f racuon_

called eprglycanm (glycoprotem 1)“ was l" ound to be present m hrgh concemrauons on .,.

the surface ol" the TA3/Ha tumor cels. lt was dctermmed thal eprglvcamn is. composed

' ,largely of N acetyl galactosamme galactose ‘sialic acnd serme and threonme whrch is

srmrlar in composmon to the MN anugens“ Eplglycamn was f urther f ound lo- haLve

blood group N- llke spec1f lcltv besxdes expressmg the 1mmunodelermmanl structure of

" the T antlgen on 1ts surface” .

o ‘}éy) ‘RI lymphoma
L ,_-J The Rl lymphoma tumor cell lme whrch is derrved from -a radrauon rnduced' L

o S leukemta in a stram CBA mouse“ has been reported to express the T antrgcn and have

brologxcal bmdmg affmrt) for the antl -T agglutmm Peanut lectm in vivo and in

vitro*"s. The RI lymphoma tumor model has been used as an expcnmcntal tumor»'i.

' :'model 10 study the in’ vivo' brologrcal dxstnbuuon of T antxgen' bmdmg'

‘radropharmaceuticals“' Usmg radnolabeled Peanut lectin " in . this tumor modelv

.1_,0

. > o
: ,scmuscans obtamed at varrous time penods resulted ‘in good tumor locahzatton at 24

. .hours post mjecuon and brodrsmbuuon studtes reported htgh tumor to non- tumor

|

 tissue ratios at almos_t all time penods""f‘. The, _locallzatxon index in this tumor__ model R

-
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wnth PNA usmg F(ab ), nonspectfrc rabbtt IgG as the nonSpectfrc btodtstrlbutton

‘ vcontrol was -in the order of 11 5 at 24 hours’ and 8.4 at 48 hours post 1n3ectron”

Hence, thls tumor model has been crted as a good biological model to study T anttgen

“.
)

. btndmg compounds o . ) e S

ASPG-1 (rat’) mammary adenocarcinoma

'I‘he Thomsen- Frredenretch antrgen detected by its. Cross reactrvrty\wnh peanut
“lectin has been found to.be presem on the ascrtes cell surfaces of the metastatxc 13762
rat mammary adenocarcmoma but not on the sohd tumor form from which. the ascues ,
form was derrved" “Peanut lectm receptors have ‘been reported to be present almost..‘
excluSrVely on the major sxaloglycoprotem (ASPG 1) on various ascxtes sublmes of thrsd |

: .tumor""' Thts s:aloglycoprotem determmed to have galactose N acetylgalactosamme

u

. and N acetylgluco~ mme as the major sugars has a composmon dtfferent f rom that of j". B

eptglycamn on the surface of the TA3/Ha mouse mammary adenoc:arcmoma‘l The-;f T

x‘.’,

antlgen bearing sraloglycoprOtem ASPG 1 has been 1ndtcated as. the contrrbutor to

tumor cell survrval in the ascrtes form and in the tumor cells ahtltty to metastasrze and S

o/
. _survrve”’“. ‘8

3
..

T antigen expression on human tumors -~ . . - ' ',r e

The Thomsen Frtedenretch anugen whtch is normally present tn a crypttc f orm"

' masked by sraltc actd resrdues in’ many common membrane mtergrated and soluble‘ '

: glycoprotems and glycoltptds” has been clatmed to occur in an exposed fo;m in many “ _ o

human tumors an]d thus has been commonly referred to as a tumor assoctated -
anttgen” 'A large vanety og mahgnant bentgn and healthy ussues as well as cell
cultures examtned by vanous 1mmunoreactrve methods for the presence of the T‘

: anugen resulted in the observ:tlmt of T anttgen express:on tn mahgnant tumors of the
.human breast".‘ urmary bladder carcrnomas" lung adenocarcmoma” colon and;

gastnc carcmomata"’”’"'" and in some T cell lymphomas and leukemtas" The

Y
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exposed T antrgen has not bee't $0 far found in sarcomas maltgnant tumors of the = *

central nervous system bemgn tumors thyrord carcmomas Or tissues with

n N 4

- ..non -,ca-ncerous' drsease“r.ﬂ .

‘Using an-. absorpﬁen—assay-to—examine the ‘presencc,, of the T antigen by

measurmg the decrease in antt -T titre after mcubatmg antt -T sera of ‘known

’ hemagglutmatron tttre to neuramtmdase treated red blood cells with various maltgnant

oo

and non-malignant isolated glandular and cellular membranes resulted m the I mdmg

that prrmary, metastatic and ttssue cultures of ductal breast carcmoma were BW
,(34/39) 100% (9/9) and 100% (4/4) T antrgen positive respectively, compared 10 9.5%
'(2/21) T- antrgen posttrve Wrth bemgn or healthy breast tissue samples“”’ T- -antigen

,posmve m thts assay was desrgnated when more than a  34% decrease in

_hemagglutmatron score m the antt T litre was seen’s. The T anttgen specrf tcrty in a

_areactrve form demonstrated tn metastattc breast carcinoma but not in hcalthy and
» ;generally not m benign breast trssues""’ has been proposed to be due 1o the accelerated
_degradatron or the decrease synthesrs of termtnal cell surface carbohydrate groups ;

;‘resultmg in the exposure of the T anttgen on breast carcmoma cells whrch are Jtormally 9

‘hrdden or ina cryptrc form.in bemgn or normal breast eprtheltum’7

Antt*T anttbodtes

Anu 'l‘ anttbodres reported to occur in the sera of all humans and most ammals””"”

are apparently formed predomtnantly from the contmuous antigenic strmulatton by an

mdtvtdual s own mtestmal ﬂora“ as it was found that numerous symbrotrc gram negatrve

\

' bacterta rsolated from tl{: stools of healthy mdtvrduals presented the T specrf ic anttgen The T
e specrftc antrgen was also found in typhord Corynebactermm parvum and Vrbno cholerae. .
o 'vacernes”’“ It tyas reported that urlder the prolonged oral admrmstratton of antrbrottcs the'

. gastrorntestmal flora dmnmshed wrth the subsequent decrease i m anti-T anttbody lcvels in many

‘

'u"mdtvrduals“ Wrth the orai\adrrnmstratton of E. colr 0,‘ whrch possess T actrvrty, an mcrease in’

N
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~ the levels of antr T anttbodles ‘was observed It was then f urther observed that E: coli O, :

\
~ induced the de novo production of antt T anttbodtes"

The majority of the antt-T«acttvnty in human sera was found. to be associated with the ;

- euglobulm fraction that contams the IgM rmmunoglobuhn (55%), while up 10 30% was with the. . .
IgA tmmunoglobulm fraction. Weak actwrty was found in the Fractron contammg the IgG -
rmmunoglobulm fraction®®, The rmmune system of most cancer patrents has been reported o

recognize the T specific structure on cancer cells as forergn" and these patrents have been
»
found to respond strongly, even i unsuccessfully as in the case of cltmcal cancer patients,

<

against the T antigen on their cancer cells®*"s™'",

Sar,

N /
Humoral immunity

Anti- T anttbodres predommantly sttmulated by an mdrvrdual s own mtestmal
' flora‘° are mamly I gM 1mmunoglobulms and can amount up to 14% of a person 's total |
IgM*, Anti-T trtre scores in human sera have: been found to be severly depressed m a

'hlghly significant number of breast lung and gastromtestmal tract carcinomata patrents

compared to normal and healthy individuals as well as to patients with frbrocysttc

A;:di_sease, fibroadenoma or sclerosis of the breast. It has been su‘ggested that the
depression of a.nti-T titre scores was due to the interaction of anti-T antibodies with T
specific antigens or closely related glycoprotems and possibly glycohptds which are
either attgched to the cancer cell surface. and/or released ‘into the crrculatron"
Followmg surgery and removal of the prrmary carcmoma there was a strong rebound
or overshoot of anti-T antibody trtre in the patrent ssera“”"’6 lnterestmgly, a seévere
depresssion of anti- T 1 gM levels as compared wrth normal total IgM was observed in . .
rhany cancer patrents whereas there was no change observed in non cancer patrents or
healthy mdrviduals A strong rebouﬁd of anti-T IgM levels was seen in most of the

h patrents following surgery of th imary carcrnoma whereas anti-T IgG levels of these
same pauents were found closely srmrlar to those of healthy people and non-cancer

-bearrng pattents before and af ter surgery""2 These occurrences of the strongly elevated

3



19

s

Igfé_i»lejvels in patients following removal of their primary carcinoma implies dynamie

carcinoma anti-T 1gM interaction®*. ) .

< .
“

Cellular immunity

Cell_' mediéd immune responses which are thought to play a role in the

* immune reactions against malignant tumors mvolve the direct role of lymphocyies and

- .., associated cells but are closely rmerdependem with the humoral system. Cell mediated

immune responses towards t%e Thomsen Friedenreich antigen have been de'monstraled

(«5\
in patients with various carcinoma in vivo and in some cases, in wtro""”’” as it was

observed that-adenocarcmoma patients do recogmze the carcinoma associated T antigen -

‘as being foreign“'. A cell-mediated delayed immune response such a’slhe delayed type

hypersensmvuy reaction to the T amrgen (DTHR-T). mvolvmg cellular immumty"
srmrlar to that of the classrcal tuberculm type reaction has been observed m patrenls
wrth varrous types of carcinoma*’. Breast carcinbma- patiems were seen ‘lo,._exl‘ribii a
positive delayed type hypersensitivity reaction to ihe T antigenl‘ ollowing an'intradernial
injection of human erythrocyte derived T antigen in the'arm. contralateral to the breasl
lesion®’. Positive DTHR-T was found in all patients with invasive brea-‘st

carcinoma®’*, in 88% of 101 patients with ductal carcinorrra and in 43% of 30 patients

~with lobular or tubular carcinoms* M-« than 90% of the paticms with histologically

" benign breast disease and all ¢ 1, .:ny ~rsons tested responded with a negative
reaction to the DTHR-T test: ° - & .... (131 the DTHR-T test was 78% accurate

in terms of true POSitiVC in brea. car. ow- patients tested, 100% accurate for healthy '

‘persons and 93%. wrth 7% bemg false pissiives for patients wrth bemgn brcast disease:

Further studies resulted in the observation that the ‘accuracy of the DTHR-T test varies

~_with the type of breast carcino‘ma. Patients with ductal breast. carcinoma had an 88%

positive responses compared to ‘a 43% posmve responses in pauents with lobular or
tubular carcmoma” The DTHR’-T test was reponed to be positive'in all the 25 pauems

with lung adenocarcmoma and m 9/9 of the patients with adenocarcmoma of the body

2
'

,
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cavities such“ atsvpancreas. esophagus, ovary, colon and ealivary_ gland;’.. Alt seven
patients diagnqsed with small cell lung carcinoma and'3 out of the § patients with
malignant melanoma also reacted positively .to the DTHR-T test". whereas none of the
17 patients with malignant,brain tumors, leukemia orvHodgkin's disease‘. sarcom'_a' or
thyroid carcinoma reacted”. All healthy persons and 48 out of 49 patients with other
diseases including 2&3/24 with non-cancer lung drsease reacted negatrvely to the

'DTHR-T test giving mdtcatlon that the delayed type hypersensxtnvnty reaction to'the T

antigen test is relatively acturate and a specific -test for T éntigen bearing cancers*’.

Using a 1eukocyte mhtbttton (LMI) test to determme cellular lmmumty to the

T anttgen in vitro, only 49% of the breast carcmoma patrents gave posmve readings

compared to the posmve reactions obtamed in 16% of the patients with bemgn diseases

and 1% of healthy persons tested, whrle not one of the 5 ma,,hgnant melanoma and 1

glioma patients reacted posmvely” Hence, -this method of testing for the presence of -

cellular immunity to'the T antigen is not as accurate and sensitive as‘compared to the

DTHR-T test mentioned.

Diagnostic utility :ofv/ anti-T sera
Human‘and animal anti-T sera have been utilized in various ways as diagnostic
.toois to detect “T‘an.tigen bearing tissues both clinically and in laboratory conditions in
vivo and in’.*vitro. Using an absorption assay, in yvhich the ebsorption of anti-T by the
tiesues expressing T antigenic specif icity is measured by the cdecrease' in anti-T score, a
large variety of malignant.‘ benign and henlthy' tiseues as well as cell-cultures have been
tested for the ,presence of eXposed T nntigen . Various immunological methods utilizing
. human anti-T sera as ‘lthe localizing .agent have - been, performed to determin‘e the
presence of non- crypt1c T antrgemc structures on a vanety of tumors such as breast
] carcmoma" With these methods of detecnon 1t has been reported that more than 90%

_of human adenocarcmoma tested was reacuve wrth human anu -T sera”
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The wuse of radiolabeled polyciom;l, anti-T  antibodies in | the
radioimmunodetection of T amigen beariﬁé iumors in anirhals has been investigated
without much success. The results' obtained in this study indicated a lack of specif icity
of the antibodies for the tumor cell antigens**. Some indication of tumor localization
was observed with gamma camera imaging only at 72 hours post injectibn- <;f the .
antibody in the T antigen tumér béarin,g mice. High background activity hampered any
clear resolution and biodistribution studies Vperformed reported prolonged blood -
backgroun'd activity, low tumor to blobod‘ énd low‘ tumor o muscle ratios. It was
concludpd that the use of radiolabeled polyclonal anti-T antibodies was -not . fully
; suitable f of ¢ clinicalfradidimmurioimaging of T antigen bearing cancers*:,
A plant lectin, peanut lectin (PNA). designatedv'as an "anti-T agglutinin” since
it gave similar immunological reactions as the ami-T amibody of mammalian sera*’ is
gaining widespread .use as a T armgen locahzmg agent. Several investigators have

reported the preferential localization of peanut leclm for the T antigen in tissue and

cells that exhlbn T specific carbohydrales”"”"”’. '
C . Lectins

Definition and classification
The term "lectin”, taken from the latin word fori "to cho'ovse, to sele'ct;', Was introduced
by Boyd and Shapleigh*’ iﬁ, 1954 when they thought that many of these ca;bohydrate-bit}ding
plant seed (glyco) proteins would be able to select human red blood cells according to their
- blood group. Unfortunately, oﬁly'a limited number of lectins proved tQ be blood group specific
and many ca-rbohydrate-binding -proteihs have also been identified in a diverse range of
organisrﬁs inéluding bacteria, molds and algae, sponges, fishes, snails, eels, crabs and even in
some mammals, - besides plants®®. Various proposals _hav'e' ‘been put forward by ‘many

investigators to define a lectin but up until now, the interpretation of the term has not been
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uniform. Most.investigators have agreed howevér that lecrins arre carbohydrate binding oroteins
(glycoproteins) whic’h are able to agglutinate red blood cells and that thgy are of a noh-immune
origin, A definition for the term lectin which is presemly adopted was that proposed by -
Goldstem et al* Whrch defines-a lectin as a sugar bmdmg protein of non-immune origin that
agglutmates cells and/or precipitates glycoconjugales -

There have been many attempts made to classify lecliirs immunologically. The use of
the term "amibocly-like substance™ introduced by Boyd ancl Shaploigh" to classify leotins‘;vas
deemed to be inappropriate‘* as the similarity of lectins to am_ibodk's’IWas Tound to be’ rather
superficial. A ourely déscripti_ve classif’ ioation term, "receptor speoif ic proteins" was introduced
to cover the wide range of reagents found in viruses, bacteria fungi, plants, sponges, Snarls
fi rshes and other lower mvertebrates“ and furthermore, this term was selected over the more
* limited sugar-specrfic term proposed by Sharon and Lis*’ since it had already been
demonstrated that a small number of the reagents were not inhibited in h'eamagglutinationf_tosts
by simple sugars or‘foligosaccharides";\ At present, it is considered to be rather difficult to
classify a lectin explicitly in unam_biguous terms with regérd§~to specificity.-‘ unless as sugar

binding proteins the lectins refegate to a section of a much larger group of recepfor specific

"“‘if)’rotcins which in turn could form part of the class of proteins referfed to as affinitins®®. The
N - . .

- tefm’ "affinitin® was proposed as a collecting name for proteins (glycoproteins) such as

antibodies, enzymes and lectins which contain combining sites and was based upon the
community of certain chemical structures (combining sites)*’. Since the introduction of the

oy : )
term "lectin" by Boyd*’, differcnt pames and classifications have been pﬁ‘ﬁsed by many

'investigatoré to label such reagents but as of yet, none of these names have been based on the

still speculative in vivo functional role of these reagents, lectins®.

Macromolecular properties
~ - Many of the lectins used presently have been affinity purified t0o homogeneity on

carbohydrate supported columns and many of these techniques of purification h:ive been well
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Teviewed’’. The purified lectins have revealed a diverse difference in physical and chemical
characteristics**. There were no structural features .that were common to the‘ lectins studied
"except that the lectins were protein in nature**. Most lectins were found to consist of subunits
which were identical or nearly identical in moléculér weight’®, and the number of su.bunits per
lectin molecule was found td vary. Most of the lectins were "rcporled to be telramerié in
structure with a typncal molecular weight of abou\b 120 000 daltons (4 x 30 000)°, although the
molecular wenght of lectms have been found to range from 36 000 to 335 000 daltons™. Some
: lectms were found to xequlre the presence of metal ions such as. Ca’ or Mn% to exert a
bxologlcal effect**. Many of the lectins are glycoprotem in nature but \there are several notable

lectin proteins such as the peanut lectin, c_oncanavalm A and wheat germ lcctin that lack any

covalently linked sugars’,

Physiological role of lectins in nature
Lectins derived from different sources have apparently been found to be involved in
A di}ferem physiological functions. Lectins, however, have been grouped together because they
have in common the ability to agglutinate red blood cells but this reaction is a totally 4
unphysiological reaction and hence This grouping of lectins may be considéred artificial™®. It is |
at present difficult to assign a function tb.leciins in plants and animals as even the localization
of the lectin within a plant is still not fully known"®, Some ipvestigatorslh_ave assumed that
-lectins afe assdciated with the protein bodies while others have found the lectins cvenly»
dlsmbuted in the cytoplasm™, In mat plants, the lectin cox?snsts of approximately 0. 1% of the
tgtal seed weight ranging up to about 3% of the total seed's weight in some plants. Since lectins
exist in such quantities in nature, it must be considéred that lectins do have an .impona,m role in..—
{)lant life’®. . | , | )
Lectins in plants have been suggested to be involved in the transport,- storage and
immobilization of sugar, and may aiso function as protéctive agents by interacting specifically

with tiic polysaccharfde of plant pathogens*¢’’. Plant lectins have also been speculated to
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facilitate the germination of sé%s and promote early cell division and differentiation®*, Other
proposalg put forward by investigators‘as to the function of plant lectins are Lhat they may be
mvolvcd in the extension growth of plants and they may act as enzymes in -their natu/ral
cnvxromcnt”’ |

” Animal lectins are found to bind to galactose residues \‘;hich usually constitute the
subtermmal sugar of serum gly;)protems" Some of these animal lectins are also involved m
the removal of glycoprotems from the circulation, while other ammal lectms are thought to be}
involved in the organization of cells into tissues durin'g the process of embryogenesis or may b‘e~
involved in cellular Eommunication and/or adhesion"_.

; . ‘ p

‘ Lectin specificity } - ’ L] .
Lectins, considered to be a small groub of protein agélutinins, possess the remarkable
characteristicé of having their agglutination activity inhibited by carbohydrates in a way 1that is
similar to the glycosida;es and other sugar bihding proteins. The. spécificity of the lectin is
considered rather relative as tpe lectin inhibitor referred tb is often the "bes}" one or with the
strongest inhibitory effect on ;he lecu'n-induced agglutination or precipitation rea‘ctién’s, hence -
implying that other inhibitors with different structures may be present alt_hbugh less eff icient“"’.' .
Stringent stmctuial requirements usually exist for lectins to obtain optimal biﬁding with
their carbohydrate counterpart and i£ was often m;ted that t_h_gS-3 apd-C-4 hydroxyl groups of
the sugars appeared to be involved in th; lectin biiiding process**. D-gala ose bindjn'g lectins
have been generally found not o intcract with any D-glucose-vor D-mann t;inding‘kc_tins and
vice-versa..henc'e demonstrating the critical involvement of the C-3 hydroxyl moexty in the A
determination of lectin specificity**. The saccharide bingjng sites of lectins ,were ‘originally
thought to accomodate only a smgle mono- or disaccharide, l}gt some lectins have
demonstrated exiended saccharide bindiffg sites which are composed of sevéral subsiafes_- with }
each subsite being complementary for simi{ar or different sugar moi‘elje;". 3othr the peanut
lectin (PNAS and concanavalin A are such examples of lectins having extended hinding sites, |

TS
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with PNA having a complimentary binding site for the heterosaccharide ADGal(1+3)DGal-

NAc and the activity of concanavalin A can be inhibited by a series of mannose mono-. di- and

trisaccharides comprised of al,2:mannopyranosy! units l’ha; cansbe increased with chain length
R N . . Na.

_ up_to mannotriose*?, .

The chemrstry of lectin bmdmg to complex ohgosacchandcs glycoproteins and cells is

cdnsxderably more complex than that of simple sugars as thcre are muluvalent and secohdar)

noen -specific mteracuons involved which have been reported to be supenmposed on the primary

carbohydratc specific binding** and hence, ‘the association conslants that are mvolved wnh the
binding of lectins oand the dnsac;hande are of a much higher order of magnitude than that
found in the binding between monosaccharides and lectms” It may be f urther noted that lherc
are reports of involvement -of mteracuons other than-the carbohydrate mediated ones whrch
may participale in the recognition of glchpréteins by lectins such as the insrcasihgly evident
phenomena of hydrophobic bonding™. .Many lectins with “similar specificity for
anOsaééharides have been demonsttated to have large varibabilily in the binding specificities to
éomplex rreterosaccharides". Furthérmore, some lectins have been shown to possess similar
oligo;actharide residue specificities in addition to having their own binding ability to dif ferent
sugars, thus making these lectins useful for inirestigating fine differences in carbohydrate

structure of glycocon jugates having the ohgosacchande residue that these lcc;;ns are specxi}c for

SRR 4

as the terminal non- reducmg ends™. The carbohydrate bmdmg specxf icity of many lectins and

their origin has been well reviewed by Zabel’s.
>

Relationship between lectins and antibodia

L4

Slmdamm have been drawn between lecuns and antibodies in many respects” such as

°

_the re/nrs:ble specific mteracuon of the lectins wrth the carbohydrate bearing structure that

mduces agglutmatxon or precipitation** which in some ways resembles the very specific and -

reversible antibody -antigen rmcuons Like antibodies, lectms possess a combmmg site and in

“most of the cases, the bmdmg can be specifically mhrbned by low molecular weight "haptens”

v I ‘
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Which could pr‘event the binding interaction. Most lectin“interactions have been foundv to be -

¥ -

inhibitable by srmple monosacchartdes but there are reports which have. shown that the smallest :

A
'molecular wctght compound thaHan ll'lhlbll -an anttgen anttbody precrpxtatton reactton is a

'drssachande” Major dtl” f erences do exist between antxbodtes and lectms with respect to their

n -

-charactenstlc properttes” Anttbodres are heterogeneous m property in that more than one class

*of tmmunoglobulms are produced upon anttgemc sttmulatton Anttbodles are essentral wrth

known physrologrcal f unctions to the immune’ system Furthermore anttbodtes possess the

" unigue propcrty of havmg tmmunologrcal memory antxgemc sttmulauon Lectms contrast the_

’\J

'anttbodtes tn that they are homogeneous and. presenr wrthout any known antlgemc sttmulatton

The exacl physrologlcal functtons of the lectms are sttll not lrnown77 Lectms are present as -

- cellular constrtuents and area not ehcrted by an 1mmune response as are antrbodres The

o

' ‘spectf icity range of lectths is usually conftned to srmple and complex carbohydrates” although

'protem and hprd reccptors may exrst whereas antrbodtes can be produced specrfrcally 10 react ,

o

agamst a varlety of orgamc compounds such as amtno acids, protems and nuclelc acrds” The-

R

' anubodres produced usually have srmllar structural features whereas strutural drversnty is seen

in all the punl‘ ied lecting 1solated f rom vartous sources” Desprte the drf ferences between lectms‘

o

and antrbodtes lectms have been replacmg antrbodtes in somie clmtcal pro;edures sueh as in ,

@’

| L blood group typmg"’” and in the mrtogenlc sttmulatton of lymphocyte transf ormauon” i

- Uses of lectins

-

»
ES

Lectms are f ound to b&’usef ul brologtcal 100ls ln varrous srtuatrons both in vitro and in .
‘wvo Many cellular phenomena can be studled with the use of lectms since these lectins will

mteract specrftcally wrth the glycoprotems or glycolrprds present on the surf ace of the cells that R ’

v

"contam the carbohydrate chams which ‘the lectms are specrfrc for. The hrgh af fi 1mty that lectmsl‘
“have for sugar resrdues and the possxbrhty of ,labelmg lectlns with fluorochrome ferrttm
' perorudase blotm or radtonuchdes make lectms a valuable tool m htstopathologlcal studres” g

Thus lectms have been used by many mvesttgators to not only rdentlfy and low.hze glucrdrc o

CoL
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: agglutmabthty for lectms is' markﬁlv and srgmf rcantly dif f erent between malxgnant and normal'

\ ‘ o ‘ . 2T
components of cells but also to follow any modrf ication m pathologtcal condrtrons Reports of r

work performed wrth labeled lectins on varrous ttssue secttons under drl‘fcrent condtttons'

mdrcated that lectins present themselves as meanmgl‘ ul tools in dragnostrc patholog\ e

Boyd and Shaplergh" proposed the orrgmal del“ rmtton of lectms when they thought that .

many of the lectins would be able to select hi

group Although it has been found that not-al ins are blood group speul‘ ic, many lectins

c—

wrth well establrshed blood group spectf 1crty have been f ound to be uselul in the chmcal typmg '
' and structural studres of blood group substances” |

Lecttns have the rmportant properttes of i) agglutrnatron and precrpttatron if) ‘_ ,’
characterrstrc hemagglutmatron patterns rn) mhrbrtton of hemagglutmatron lV) agglutmatron-'
of Ieucocvtes and trssue cells and v) non rdentrty with enzymes“ that make them mterestmg[
and characte}tstrc tools to work wrth The resultant agglutmatton and precrprtatron ol“ cclls that-“ o

the lectms Teact with ate easrly detectable as a posrtrve mteractron or- bmdmg to the cell surf ace

<

residues but there have been cases of posruve cell mteracuons wrth lectrns wrthout any resultant-‘ -
aggltﬁﬁauon or precrprtatton7l Studies have shown that the aggluttnatron phenomena that '

results from lectin. mteractrons rs complex and 1nvolves many factors” Agglutmatron was -

2

found to occur when the lectin- mvolved is able to. form multrple Cross- brrdgmg between - i

opposmg cells that rt mteracts ‘with™, thh the use of fluorescent mrcroscopy lectm receptor. '

.

sites Wer,e found aggregated mto clusters ‘not randomly drstrrbuted on cells followmg lectrn

K

mteractton hence facrlrtattng agglutmatron by allowmg the lecthto lorm multtplcf

cross brrdgmg between the cells" There‘.;are studies that have reported that the 'cellw

cells, embryonal cells and adult cells mrtouc and qurescent cells and between normal and’ |

enzyme transformep cells"’" The number of brndmg srtes on normal and transf ormed cells has :
been repQLted to be srmrlar by many mvestrgators and the mcreased agglutmabtlrty pf |
transformed cells has been postulated by varrous authors to be rearrangement or varratrons in

. the drstnbutron of exposed srtes"’" Lectms are bemg explorted ‘as, a means of localrzmg

uIan red blood cells accordmg o thetr blood‘-
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carbohydrate resndues cytochemtcally at both the hght and electron mrcroscope levels and- many '.
‘lectms have also been mvestrgated as potenttal hrstdch“emtcal reagents for localtzmg'.l )
macromolecules wuh ccrtam sugars on the basrs of thetr spectﬁc btndmg aff mtty for. these
' saccchartde resxdues”‘” Plant lectms have been used successfully t”or the detectton celll'
7 lsolatmn and charactenzatron of cell surface carbohydrates not found On normal cells but
mtensrvely cxpressed on cafcinoma cells“ o e o B
- Purtfxed and homogenous /lectms have been utrhzed as columnSo in afftmty ‘

chrortlatography for the purrftcatton of soluble and membrane glycoprotems and in the

' separauon ol” glycopmtems and cells"'" Many lectms and their 1mmob1hzed derivatives, many

“of whrch are commercrally avarlable re ‘being used extensxvely as an affmtty purtflcatron‘- ‘

‘process fand for “the .tsolation of cell- Zurf ace 'com"pon'ents f rom% both transformed and
untransf ormed cells in sufﬂcnent concentrat ons l‘or chemrcal analysrs” ‘
thh such in wrro demonstrated specifi ic mteracuon of some lectms toward cell surface_

carbohydrates prlmartly assocxated w1th maltgnancy. lectms have been mvesttgated as potentral

in vivo: loeahzmg agents “The lectin concanavalm A has.- been used as a potentral in vivo tumor

a o~

localtzmg agent where rt was: reported that concanavalm A was. seen to selecuvely localtze in L

l'l

certain tumors It was f urther shown that concanavalm A possessed antrtumor acuvrty when it

was shpwn to selecttvely agglutmate and kill certain tumor cells in vrtro Studres wrth
& :

concan“avalm A carrymg a chemotherapeuttc agent in tumor bearmg mtce revealed that the”

qgncanavalm A chemotherapeutrc agent c’omplex was far more ef fecttve in prolongmg survrval

ume than the use of ett,her concanavalm A or the chemotherapeutrc agent alone”"‘

Iy

Another documented in’ vivo study of lectms is the use’ of radtolabeled peanut lectm . . -

detect Thomseh Fnedenrerch anttgen bearmg tumors in mice**™¢. An ‘1mpressmgly v.hrgh
localrzatron mdex was obtamed in the T anugen tumors with the peanut lectin when compared

. wrth a F(ab ), fragment of a non specrfrc IgG molecule Htgh turhor to blood and tumor to‘ .

muscle rattos were also obtamed m the brodrstnbutton studtes ft)r the T anttgen tumor bearrng.‘ '

& -
mxce but not in control mtce bearmg a-non T antxgen tumor Scmtxgraphrc tmages obtained at

Loy : . . s - . . X . L
: K I . T B M N . : . - . L R
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; varrous trme mtervals showed excellent 1mages wrthout the need of background subtractron tn'
- ', the ammals"'“ Lectms have thus demonstrated some ol‘ therr p0tcntral usel ullness in in vivo

srtuauons Lectms for m vzvo applrcatrons should rdeall\ be non- touc 0. normal cells'

o _non mrtogemc and shonld mteract specrl'lcally wrth the carbohvdrate resrdues that are prlmanl\"’;, ;

B assocrated with the cell type in study such a3 nalrgnant cells. R “
\ [}

: , The peanut lectrn agglutmm (PNA) has been reported in the use for the detectron of T‘ R
antlgen bearmg tumors smce it has been fi ound to grve srmllar tmmunologrcal reactlons as sQe S
L amr T anubody of mammahan sera“ Several mvestlgators have reported the prel’erenual

affmrty of PNA for the lmmunodommant carbohydrate structure ol" the T antrgcn"‘"’"“'”

4
)4

Hence the potemral exists l”or radrolabeled peanut lectm to: be used for the k
o radrormmunodetectton of T- antrgen expressmg rumors by gamma somtrgraphy o S '
: D Peanut (Ara"l)ogaea) lectin e

Peanut lectm (PNA) has been desrgnated as an "anti- -T agglutmm"“ becausc it 'was

_—

found that to ‘give the same rmmunologrcal response as the anti- T antrbody of mammalran’“
| sera’*"s whrch ~iS responsrble for T polyagglutmatron occurrmg in several bacterlal and vrral_
,mfectrons ‘The peanut lectm is l'ound to be most specrﬁc for the carbohydrate structure-
BDGal(l->3)DGalNAc which happens to also be the lmmunodetermmant group of the ‘
Thomsen Frredenrerch anttgen“ that is normally l"ound present in a cyptrc form masked by
N acetylneuramrmc (sialic) acid reSrdues ona number of membranes and soluble glycoprotems
in healthy mdrvrduals Hence the T- antrgen occurrmg m/a crypttc l‘ orm on normal tqssues wrll
become avarlable for PNA bmdmg on]y aft ter pretreatment of these tissues by neuramrmdasc
" The T antrgen became clrmcally srgml”rcant when it was drscovered that lt was present in an
. A exposed or non- crypuc form on human carcinomata but not on correspondmg bemgn or
: healthy ttssues" This tumor assocrated anttgen has since been reported to’ be present in an

. unmasked and reactive form in varrous adenocarcmomas such as lung, gastrorntestmal tract and

'breast” 'I'he peanut lectm whrch is a readlly avarlable protem that bmds pref erentrally to the T,
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| anugen has thus gained consrderable mterest as a potentral tumor localrzmg agent and a possrble ’

" carrier: for chemotherapeutrc or radtoacttve nuclrdes to T- antrgen eXpressmg tumors. In vitro. .

tmmunochemrcal studres with PNA on vartous human tissue secttons have shown marked

‘

drfferenual bmdmg patterns of the lecnn in maltgnant bemgn and normal trssue samples"
These m vitro studtes strongly support the use of 1adrolabeled peanut lectrn for the in vivo -

- localization in T antigen beartng tumors

Maeromolecular properties

The molecular werght of affi rmty purified and homogeneous peanut lectm was measured

by varlous methods such as sedrmentatton velocrt) geJ f tltratron and sedrmentatron equrlrbrtum '

H

!centrrfugauon and was estrmated to be around 110 OOO"'" although some mvestrgators have
= reported a lower value of 98 OOO 3 000“' for the mtact molecule The drscrepancy found in
: the reported values has been attrrbuted to varrous possrble factors in the methods and materials
u\ed by the different mvestrgators such as methods of extractrng t/} peanut lectrn )

concentratrons of "the lectin used" and also. the possrbrlrty of isolectin vartauon’7 all of whrch

may contrtbute to the vartances in the molecular wetght determmatton of the peanut lecttn

!

~ Peanut lectin was found to bea relauvely acidic molecule Wrth a’pl of 5. 95"° ‘}rydrophrllc and
"a compactly f olded globular protem" composed of f our tdenucal monovalently lrnked subﬁuts '

each with molecular wetght of 27 500”’" This tetramerrc structure was found to be pH
nJ

dependent as it was observed that wrth the gradual decrease of pH to about 3. 0 the intact
molecule reversrbly drssocrates from a tetramer to a strl,l ‘globular 48 000 dalton drmertc spectesv .

- whrch lacks sugar bmdmg capacrty“ Furthermore the intrinsic sedrmentatron coefficient for

”

: ' the rntact PNA tetramerrc structure at pH 7 4 was found to be at 5.7 % 0.1s and decreasmg

LAY

L reversrbly to a value of 3.8 + 0.25 upon drssocrauon to the drmerrc structure at pH 3 0””‘

Under denatunng condtuons or in the presence of detergents the PNA molecule was. found to -
dissociate into 4 single. 1denttcal 27 500 dalton components wrth 1denucal sequencmg of the last

five NH:termlnal amino acrds"’”"‘ L
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. X ray drff ractton pattern s‘rudtes wrth crystalllzed PNA revealed the lectin molecule o .

be ar asymmetrtc orthorhombrc crystal wrth about 57%. of each PNA molecule occupred bv .

'solvent and the hydrod) namrc radtus of the molecule was estrmated to bc around 35 5 i 1.5
‘ Angstroms” Equrlrbnum dralysrs performed on PNA revealed the presence of f our bmdmg
' srtes per- mtact molecule A much larger enthalpv change was: mvolved when the PNA reacted

‘ wrth a dtsacchande than wrth a monosaccarrde” and the entrop) contrrbutlonewas reported to

: favor consrderably more towards the monosacchande than the drsacchande The -

L Bn

_ thermodynamrc parameterssmvolved m the bmdmg process of the PNA molecule 1o~ the :

structure BDGal(l-»3) D GalNAc has been determrned as bemg 78 :t 5kl mole ! l or the

°nthalphy AH" and 177 16 J mole K ! for the entropy S""’ Ultravtolet spectral analysrs ol"

) the peanut lectm revealed a small peak occurrmg at. 290nm and a double maxrma at 277nm and -

’ 283drn" In the presence of saccharrdes whtch PNA lS speclf' ic f or a near UV crrcular dtchrorc '

ey

-spectrum was observed that was due to a saccharrde mduced transrtron“ The extmctron

-_,coel‘ f tcrentﬁl’ or- PNA at 280nm was determmed 1o be 0 9696 whtle the absorptron coel‘ l’ 1c1ent A,.0 .

-was l‘ound" 10 be 7 7 cm a \ e

| The peanut lectm unltke most other 'ectms Wthh are glycoprotetns does not contaxn

o _A any covalentlv bound sugars The amino acrd cornposrtron revealed thé. PNA molecule to be rrch
in actdrc and hydroxyammo acrds low. m methronme hrstrdme and tryptophan and devord of

¥

g 'cysteme and cystrne” although other mvestrgators ‘have reported drf ferent results in- therr ammo

- acid composrtron determmatron of PNA” Metal analysrs of PNA by atomtc absorptton

analysrs mdrcated that each subumt t the PNA molecule contams one Ca’ and Mg’ /Zn’

atom (() 78 molc Mg” per subunit and O 11 mole Zn” per subunrt)’°° .

NEY

;.Isolatron and puriflcatron of the Peanut lecttn D

Most of the protem components in peanﬁts can be extracted wrth a 10% (w/v) sodrum

h 'chlorrde solutron ‘and. these extracts “are usually found to consrst of two major protem

g " components arachm and conarachrn" The antr T acttvrty was orrgrnally seen in- such crude

4



saline e'xtracttli"v- .With further extraction of the pro‘tein containin‘g salln‘e solution“ using an"
orgamc s"olvent s‘hch as petroleum ether ,most ltptd components that may have been carrted.'
- over m the salme extract are removed”"° The petroleum ether extract ns then usually drred
‘ vresuspended in normal saline, washed and the supernatant retamed" The protems found in the
\‘supernatant solution can be salted out using a salt such as ammonium sulfate. The resultmg -
insoluble fraction' collected is usually centrifuged before being “redissdlved' for dialysis or
ultracentrif ugatioh""° The clear supernatant solution will contain the peanut lectin prOtein )
. besrdes a number of other peanut protems" and the peanut lectm can then be separated from

l
the other proteins in_ solutron by affi nuty chromatography which explorts the capabthty of the' .

lectm $ sugar bmdmg spectf tcty" At present, there are vartous af finty absorbents avatlable- o- .

purtf y. PNA These affi mrty absorbents are usually a carbohydrate ltgand Wthh PNA is specrf ic .
‘ f or that are msolubtlzed in some manner such that upon. the applrcatron of the punf ied protem |

'soluuon it will reversrbly bind PNA and the boungl PNA can’ ‘then be eluted off the column by
' applymg a solution of sugar that will compete for the same" bmdmg srte as PNA and- hence will
dnsplace PNA f rom its bound posrtron 2 Other affinity purrfrcauon methods exist that do not
utilize a carbohydrate lrgand to purtf y PNA”'”’ and one such example is the use of Rrvanole

(2- ethoxy 69 -diamine acrrdme lactate) which “will precrprtate all the protems except

o rmmunoglobulm G in the serum. The use of Rtvanole on crude saline extracts of peanuts have

resulted in the selecttve precipitation of ‘most of the peanut protems while leavmg the anti-T
_ ,'M'r protem in solutton” This i 1s a raptd and simple method to perform and the PNA thus prepared
 was found to be serologically as acttve as the PNA that was punfted by some of the aff mrty |

_ chromatographlc processes"

* Isolectins : Multiple melecular forms of PNA
Afftmty purrfred peanut lectins that were consrdered to be homogeneous by most
' protem purif tcatron/separauon techmques were reported to consrst of several tsolectms with

very srmtlar 1soelectnc poxnts»g§ demonstrated by polyacrylamide gel electrophoresrs and
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isoeleetric point f musing”"". All of the isolectins obtained were reported to consist of subunits
.','of similar molecular wetght (28 000). .These rsolectms agglutinated neuramindase- treated
: erythrocytes equally well and were tmmunologrcallv cross-reactive to antibodies ratsed from any ’
genotyptc strains of Arachis hypogaea®’"*’. The protein peanut. lectm was reported to be
preSent in 4556 genotypes of the peanut Arachis hypogaea, and in* 65 genotypes of specres_
related to Arac/us”, Aﬂll but f our of the wrld»Arac}us‘ species tested hadseeds contammg PNA.
~and these four lines of seeds ‘that laclr thefpresence of PNA were reproducibly found not to
form any rmmunoprecrpttates with antt PNA lgG antrbody or agglutinate desralyzed human
-eTythrocytes. Further tests showed that- these four hnes were devoid of any hemagglutinating
'vvlectms as well” Peanut lectm preparatrons from the peanut variety Shulamit were observcd to

have mrtogemc propertres toward desialyzed lymphocytes”’ but this mttogemc actrvrty has not“» .

L been f ound in other unspecrf red genotypes of Aracius hypogaea and the diff erence observed was

-

: reported to be apparently due to the heterogenerty of PNA tsolectms a phenomenon whrch has D

been f ound to be dependent upon the varrety of the peanut used as the source of seed meal‘”

'.‘\Stebgility of the Peanut lectin < -
| Proteins have been known to denature and/or lose thetr ortgmal brologrcal propertres

’ under changes of pH and temperatures The protem properties of PNA have been found to
‘ hremam relatively. resrlrent &s certain changes in pH and temperattrre condrttons were reported
not tQ bear any effect on PNA?™ML, Usrg/rltravrolet spectral analysrs the structure and
" conformation of the peanut lectm protem was found to remam constant m the concentration
' ‘range of 0.5 - 2. O mg/ml in the temperature range of 0 8 -52.0°C and in the pH rartges of 3.0
- 10.75%1, Cryomsolubthty, however, has been observed for the peanut lectin and has beenA
reported to most hke]y occeur at higher concentrations of the protem at temperatures lower
than 4 C and m gte pH range of 5 - 9. This cryoinsolubility of PNA has been attrrbuted to
most likely be the individual solubility properties of the lectin itself as nerther conformational

changes of- PNA at low temperatures nor polymﬁ‘uatron of the PNA protein was observed”’.
. ’ &)
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' Cryomsolubihty of PNA was,found to be partially reversnble and this phenomena can be totally:
inhibited ~ by galactosrdes that are specrfic ligands of PNA wrth . the drsaccharide
‘BDGal(l-»3)aDGalNAc‘ bemg the best inhibitor of this low temperatiire precipitation!®!.
Resrdues localized in the region ‘of the sugar bindmg sxte or within close vrcmty to it are
consndered to be responsible for the aggregation and these residues in the binding of saccharrdes
‘become masked or locally reorganized. hence preventing aggregation““. o

A shelf life of over 6 rnonths'- Without any substantial los’s of hemagglutination activity
has been reported for crude saline extracts of peanuts stored at 20°-C*' and af fimty purified
PNA that has been reconstrtuted after lyophilization to a concentration oi‘ l mg/mi in the
presence of. bovrne serum aibumm was found to be stable for 2 years stored at 4 C’l Repeated

3

- i‘reezmg and thawing of 1solect1n PNA soluttons were found not to have any effect on the

* biological activity on the isolectin composition of the peanut lectin®’, Further stabihty studies .

p,e_liormed on PNA showed that the shelf -life of PN)\ at -20" C was at least six months with no |
resultant loss i m agglutmatron activity. of the protem“ ‘
Carbohydrate binding specmcity of the Peanut lectin . - -~ }

- Crude salme extracts of peanut (Arachrs hypogaea) are known to agglutinate hn“‘;
red blood cells that have been previously exposed to neuramimdase"’"’ .and these desnalyzed
erythrocytes of the human ABO blood group types were found equal]y well agglutmated" This
agglutmatmg activity of - the peanut extracts could be mhibited by sugars such as lactose and
galactose”’“. and amongst the monosaccharides that have been: tested for the inhibitiok.of
heamagglutination by PNA D—galactose and a and B-D'-galactomdes were actrve while high
inhibitory actrvrty was fi ound wrth the dtsacchande 2-acetoamido-2- deoxy -3-0B8-D- -galacto-
pyranosyl-D-galactose (BDGal(l->3)GalNAc) and with desialylated glycaproteins such as
@, -acid glycoprotein, fetum glycophorin and the buman blood group NN or MN antigen" all
of. which contarn the core structure 8DGal(1-»3)DGalNAc upon desralylatton Besrdes fi mdmg

the disaccharide structure which PNA is specific for in many soluble glycoprotems among'

a-
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‘ soluble: membrane glycocompounds, the structure has also been found ‘in glycosphingolipids
GM]! and asialo GM]"“‘. Direct bindin; \yas observed with the oligosaccharide structure of
- asialo GM1 but no direct interactron was found to occur with the GM1 strucrure'°‘. There has
: beenconsiderable overlap se‘e-n— in peanur' lectin receptor positi\;e cells and asialo GM1 positive |
.cells’“. The disaccharide BDGal(l-»3)DGalNAc" round lo be most specific for the peanut
lectin ,‘ has also been identified as the imnrunodomrnam carbohydrare structure of the
Thomsen Friedenreich anUgen and furthermore the peanut lectin was found to give the same

mrmunologrcal reaction as’ the anu -T anubody of mammahan sera, hence PNA has been

desrgnaled as anu -T agglutmm

J

The bmdmg actlvny of affinity purified PNA was reported not to be inhibited by
terminal N~acetyl'-D‘-galqclos'amine in contrast to most of the D-galactose specific lectins'”™,

- Also, the peanut lectin is one of the few lectins that are able to accomodate more than a single

.

glycosyl residue at its combining sites®*. An extende‘d"binding site has been"propjosed for PNA
»'vhen it was observed that. PNA- interacted specrflcally wnh the drsacchande
BDGal(l—»B)Ga]NAc with- an affmrty that was fifty umes greater than the galactosyl .

monosaéchande"’". The' structural requrrements of saccharldes for the interaction  with the

. \ . : N -
carbohydrate binding site -of PNA have been’ made on the assumpli‘o’n lhal the

Jheamagglurr ation mhnbnory acuvny of the saccharrdes reflect the affinity of the peanut lecun
f‘or the sac/vzandes”"“ The followmg are the’ conclusrons that have been drawn wnh respect lo
the rmportance of the confrgurauon of atoms neccssary for the bmdmg mteracuon of the
peanut lecun wrth the receptor site on the saccharrde o \
1 On C- 6 an extracychc cham was found necessary for lhe carbohydrate lectin
~ interaction and the orrentauon of .the hydroxyl group on C-6 1s essenual

hydroxymethyl group on C-6 is necessar) for bmdmg as any substnuuon was

found to decrease the strength of the assocrauon"'""“"

] Y2

2. A free hydroxyl or-a free am;nogroup at C-2 is requiréd for imeraction and

although a C-2 hydroxyl at an equatonal posmon is not esscntral for bm”amg. the
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axial position of this group was reported to decrease the binding® "%, -

3. A free axial hydrOxyl on C-4 has been found necessary for binding”‘ and the
conf’ igurution of the C-4 terminai tesidue should be similar to D,-galactose for
activity"?, |

4. A methyla"t,ed d(l) on the C-1 favors association, and among‘ ':t‘he
methyl-D-galactosides differing only in the conf’ iguration a‘bout the anomeric C-l;
only a slight preference was observed for the a anomer. The O(1) was reporred to |
be “involved in glycosidic bonding and the second residue in the oligosaccharides
studied appeared to be involved in the association. The ‘B(1-4) linkage appeared to
give better bmdmg than the a(1-6) linkage, hence- suggeslmg that the confi 1gurauon , B
on the C- loxs 1mportam for bmdmg"'“’6 ‘

Sugars in the pyranose form were found .more effective in blockrng the a,gglutin.ation N
' activity of PNA than the other forms'’ - The sequence C(4) -0(4), C(5), C(6)-O(F) of the -
‘ galactopyranosyl ring is poslulated to be involved wnh the mteracuons in the carbohydrate
'bmdmg sne of PNA” The actual lectin- glycoprotem ﬂteracuon is far more- comphcated than
Lthat elucrdated by precxpmn mh:bmon assays thh vanous carbohydrates as there are other
-factors involved in the interaction that are not only msnde gge(combmmg site itself but also at
other parts of the molecule”' Peanut lectm hke most orﬁer p%nt lectins, exhrbns a near UV
‘crrcular dxchrorc spectrurn that- undergoes a sacchande mduced transition in the presence of the
’ saccharrdes that PNA is specific for**. The two positive peaks of PNA observed on the
. ultravrolet spectral analysrs at 285nm and 279nm are in agreement with the assumed
involvement of the tyrosme residues in the lectin- sugar mleracuons”’ These peaks in the UV
absorpuon change upon interaCtion with the sugars Quanutauve dxfferences such as
\assocxauon constants and thermodynamics are found to exist in the binding betwe‘en the peanut
lectin and drfferenr sugars which can be “determined by the method of UV difference

" spectroscopy!®’.



Peanut Ieciin ve;sus anti-T antibody
Based on lhe similarity of the lmmunologncal reactivity of PNA and anu -T antibodies,
the peanut Iectin haq been termed as an "anti-T agglutmm"“ It soon became evident that the
1mmunologxcal actmty of the peanut lectin towards the Thomsen - Friedenreich antigen is due to
the Thomsen-Friedenreich immunodominant disaccharide BD-Gal(1-+3)GalNAc’". Peanut
lectin which is being widely used as a cell surface probe''! and ‘in routine clinical use in biood
banking for the detection of the T antigen'™ ﬁas some semblence to hﬁman anti-T antibody in
its reaction withﬁdésialylatved erythrocytes®® where BDGal(l;S)GaINAc is the prominent
terminal group“’"”; Although similarities have been drawn between the specificity of PNA andh
"naturally” occu‘rring human anti-T antibody, reports have shown tha} differences do exist in
the binding pattern of PNA and anti-T antibodies'®® both' in animal and human tissues
indicates that the specxf icity of these two, PNA and anti-T anubodnes are not identical. Several
dlstmcuons have been made between PNA and anti-T anubodxcs” and these dif fcrentxauons
have to be laken into consideration when interpreu%? histochemical and serological results’’™":
The' list below outlines the possible receplors that have sites for the peanut lectin whereas
anti-T sera has affinity for only the " true Thomsen - Fnedenre:ch receplors (gumber 1 or the
list): \ .
| : Co
1. The "true” Thomsen-Friedenreich receptors such as those found present on the
glycophorin of red blood cells th‘ch are detectable by both anti-T sera and ‘peanut
lectin. ? ‘
2. Pseudo Thomsen-Fricd-enréich receptors which are detectable oqu wgth the
peanut lectin becausc they have only the T disaccharide such as the asialo
gangliosfde of the GM1 type and other glydopfolein§ with such alkali-lab.ilve
chains®’. . . ” o R -
3. Cross-reacting receptors which under certain circumstances the peanut lec;i-n has

been seen to react with such as 8- galatt’bse(l 3)- galactos:do structures. found in

Helix pomatia galactan and Achazina ﬁdia galactoprotcm and N actyl lactosamme
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2 ’ L4 '
structures found in a,-acid glycoprotein, edible bird's nest glycoprotein and

normal rabbit and guinea pig erythrocytes’’. ’

The lmmu‘nochemicaf activity of PNA measures, in addition to the immunoreactive T,
' slructures that are not jnvolved in the T- anti-T immune response of carcinoma patients
qgainst their cancer and indeed. some of the PNA reactive structures.;ere unrelated to
cancer*"""**, The peanut lectin r'equislte for complementary structures' differ rather
profoundly l‘rom those of the human ann -T anubodxes”""""‘° where the latter has an
absolute requirement for termmal ﬁDGal residues preferably linked 1-3 to GalNAc Although
PNA has hng_h affinity for the structure, it al%o reacts with galactose and with methyl_va-Gal
betteg than the 8 anomer*"". In further contrast to human anti-T, PNA reacts with ordinary
‘D;g‘a‘lﬂei:o'pyranosec and with both the ¢;- and B-linked D-Jgalactopyranos‘e residues. The pee'm‘n
lectin has also been reported 10 react with D-galacwsanline. a-linked D-glucosamine and even
D-f ucose’f. There are reports of slight but definite,inhib‘itién of PN.A‘activity by substances
that are lacking‘ the PNA fecep;dr disaccharide 'BDGal(l-»3)6alNAc' such as the
- Pneumococcus type X1V polysaccharide ‘and the Helix nomatia'galactarr“f.‘Pl\lA was further

seen to be strongly precipitated by a-1 acid glycoprotein (oresomucoid) from serum, a mucus

glycoprotein from edible swall & ycocon;ugate f rom the albumm gland of the
snail Achatma fulica all of whnch have been found negative for . the PNA receptor
dnsacc V14 Red blood cells obtamed from gumea pxg rabbit and rat’ (pronase treated) were
: a;glutlnated by PNA wuhout any treatment by neuramlmdase and the glycoprolem fraction
llsolated by phenol- salme extraction of rabbit erythrocytes was found ser'ologxcally and by
'.means of GLC 10 have "free” PNA receptors only after neuramlmdase treatmem“‘ Hence the
peanut lecun has some -superficial resemblance to human anti-T in its acuons" but the
* requisites for complementary structures of PNA differs from the human anti-T anubody
population®s. The lectm PNA does appear to be qulte unspecnf ic in its acuonsf whxch is in sharp

. dxsuncuon to human anu -T annbodxes”’"'"’"s
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The peanut lectin has been shown to be substanually more tolerant to neuraminic acid

- during extensive desialylati &n in’ the immediate vxclmt) of the T antigen's :mmunodomina:}t

ot

B Avk

ot
"l

m e ‘-‘W

repeating structures BDGal(l-—J)GaINAc”"‘ Wxth gradual desialylation of hUman
erythrocytes, a significant inhibition in the agglutination of T-activated erythrocytes by PNA
’ was observed with the humar; erythrocyte M and N antigen whose neuraml_nic acid content has
been reduced by 20 : 25%”"1. Human‘erythrocytes whose M and N antigens have only 5 - 8%

o : , ]
of their_total neuraminic acid content, were fouhd to be as _active in inhibiting PNA

' agglutmauon as those¢ from which all removable neuramlmc acid has been clcavod”'"

lnhlbmon by human anti-T, however was not achreved when these erythrocytes had more than‘

12% total heuraminic acid present” Durmg a stage of desralylanon of e&mrocyle M and N

antigens, maximum mhtbuory activity toward PNA was reached whereas Sjy 10 - 20% of .

maxrmal activity . toward human anu -T was obtained with the partially destalylated'-»

erythrocytes” Famt actlvnty was first recogmzable with human anti-T when 50 - 55% of the

neuraminic ac;d was _released from NN and 65 - 70% was, released form MM”antigens“. At this

level of desialylation, the NN and MM antigen had about 50% of the maximal activity toward

- PNA*. Using the glycoprotein fraction 1, epiglycanin of the TA3/Ha murine mammary

adenocarcmoma which has 13% neuraminic agid as a comparison, a ‘thousand f old dif ference m'

mhrbxtory activity was found toward PNA rather than human anti-T*"%, Eprglycanm was also
5 trmes‘as active with PNA compared to the authenuc T antigen with less than 2% neuramml.
acid?® but the shative epxglycanm was found to have less than 0. 5% of the acuvrty of the T

antigen w1th human anu T*. Carcinomatous and to a lesser degrec benign and healthy breast

~ glands have been found to adsorb the peanut lectin whereas human anti-T was only seen 10

adsorb onto carcinomata provided no autolysfs had prevrously occurred"”'

It seems that the specific receptor for PNA is a 8- D Gaxresrdue which is revealod de

novo as a result of neuramrmdase treatment of erythrocytes and that the antigen revealed by
: 'thrs treatment is a Thomsen -Friedenreich 'antigen which also posscsses a termmal B-D-Gal

residue but involving as well the protein vicinal groups which distinguishes it from the B-D-Gal



resrdues present as T anttgens in glycolrprd morety of the ery throcyte su,rface and 1s rndependent

ol' B-D- GalNAc"’ Peanut lectm whrch prectprt'ates macromolecules that carry complementary .

‘ .
haptens in contrast to human antr T antrbodres”‘”’" has been substrtuted in many rmpo;tant .

rmmunohrstochemrcal studres for the human antj- T antrbodres because of its readrlv

. v

: r_ecognrzavble ,_and,avrd-reactrvrty. Some investigators have suggested that‘,any;_ struct’ure rthat

w4

e
-

reacts with the peanut lectin'may be designated the Thomsen-Friedenreich antigen® "%,
. . . ) ' . v N . ,

Biological binding affinity of the Peanut lectin
Smce the mrtral drscovery of the heamagglutmauon propertres of PNA on desralylated i
ervthrocytes and its. reported srmllar rmmunologrca response to the anti~T. antrbody of

mamma.ran serato’sasens, PNA has gamed wrdespread use as cell. surface probes‘“ and various

rnvesugators have reported the numerous 1mmunologrcal uses ol" the lectrn on a varrety ofi

T antrger;rc drsaccharrde" BDGal(l-»3)DGalNAca1 lmked whrch -is’ the mucm 'type

g
‘carbohydrate sequence normallv found in-a: cryptrc form on human erythrocyte

perrpheral blood was found to be about 5.0% of whrch most appears o be rnonocytes

but this drstrrbutron has been found to be lower rnflt'lr 'munne system®!¢, Purrfred PNA o

g has been reported to a /&glutmate neurammrdase treated r'ed blood cells rrrespectrve of

‘ therr ABO bloﬁgroup .The Thomsen Frredenrerch antrgen can/he demonstrated ooth
. a,? . . o
serologrcally and chemrcally to be a cryptantrgen on the membrane Qf erythrocytes“ It

-

oy

- has beqn deterrnmed that human erythrocyte membrane glycoprotem contarns about
-+ 20. 8umol of N- acetyl galactosamme and about 48 7umol of sralrc acid per mrllrgram of
_erythrocyte glycoprotem””_.--Strongv mhrbrtron of PIjA agglutrnauon of /desralyzed

‘o Ty . - . h L . o e
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does ‘Aot unmask ﬁ acetyl D galactosamme resrdue's2 .;

/

erythrocyte were observed with human anti-T sera whrle no actrvrtv was seen atall wrth e

‘the natrve form of the erythrocyte glvcoprotem“’ Upon the reductrve cleavage of the :

glycoprotem f rom human ervthroeyte membranes a. tetrasacchartde structure N- acetvl

neurammyl (2-»3),6 -D-galactosyl- (1->3) -[N- acetvlneurammyl(Z-»G)]N acetyl-

- D-galactosaminitol was released" This structure is the major alkalme labrle ohgo

' saccharrde found on- human erythrocyfe membrane“' and is also the requrred structure

for the act1v1ty of the blood" group M and N”" The 1mmunodommant T anttgemc

_structure BD- Galactosyl(l-»3) N- acetlegalactosamme was shown wrth subsequent

» studres“" to be the alkali- labrle dtsaccharrde asralo form of the tetrasacchande 1solated-

by szler“' from the human erythrocyte membrane Further Sllldl.CS wrth thc..
glvcoprotem of erythrocyte membrane” tsolated from ammals such as the prg and the -

cow showed that the C-6 posmon of the’ N acetyl galactosamine xmthe alkali labile

'ohgosacchartde is substttuted by sialic acrd“’“'

.. Some investigators have suggested that there are.two types of T antigens _

. . c . ! ) E v - . ‘. . . ' - . . N M
exposed on red blood cells upon the removal of terminal sialic acid; those wrth termmal

<

D qalactose and those wnh termmal N acetyl D galactosamme of whrch only the. :

former lS recogmzable by PNA”"’ Human senescent red blood cells that have about

70% the sialic acid content of young cells or those cells that have an extruded nucler

. which contam less than 50% of the amomc groups of newly f ormed rettculocytes are not N
‘ agglutmated or bound by PNA after the removal of surf ace sialic acrd“ The cause of
this -phenomena in ‘aged red blood cells in c1rculatlon rs probably due o thc in vivo .

s bcleavage by glycosrdases such. as B galactosrdase of exposed D- galactose restdues tj‘or ,

whrch PNA and antr T'sera are specrf ic f or“ Agmg om red blood cells f{l vivo, however

J o :
from human MM erythrocytes were f ound to have as much as, 10 times the ctrvrty ;of
K \ 2

J
‘NN derrved ones in terms of T actrvrty Yhts dtfference m actrvrty was attrtbuted

v

: largely to the presence of O glycosrdrcally hnked carbthdrate substttutron on the NH, N

4

R )



‘terminal amiﬂno?acids on MM glycopeptides in which NN glycopeptides afe lacking!®,

'Lymphocytes I

Lymphocy‘tes are a type of white: blood cells that are normall\ found in the

| ‘ thymtc denved and are found in”the crrculauon and th gerrnmal centres of. lymphoid
| ttssue while large lymphocytes are gut- assoctated 1ymphoxd stem cells whxch can further‘ :
dtf ferenttate mto the tmmunoglobulm producmg plasmacyte The basxs for, the
development and mamtenance of humoral and cellular immune mechamsms result f rom-

'the mteractton of TandBlymphocytes . S o g - ¢

Pertpheral blood lymphocytes of humans rats, mtce and gumea DIk
been found not to bmd PNA unless they have prevrously
i 'neuramrmdase“’"”“ PNA has also been seen to sttmulate g

s neuramtmdase treated human and rat lymphocytes“” However 1 npho d;'_ce_ll

y

‘populatnon exposed PNA membrane redeptors are seen to _occur on immtature

' ‘thymocytes and‘ some ° neop_lasttc ‘lymphocytes’w“. In the murme “system, P\NA
3 receptors were found in an exposed form on:the. cell sur'faces”o"lr cortisone sensitive’
' thymocytes and- suppréssor T cells'?® and this - discovery ‘has been’ exploited in the.

‘separation of suppressor T cells from the cell population”’. Peanut lectin positive cells

T

e B . ; appear to be present durmg the very early stages ol‘ mouse ontogenesrs* of the thymus

| ~and spleen and some of these PNA posmve fetal cells have been tdentlf ied as T cells“‘
The potenttal thus exists for the use of PNA as. a marker in the studles of T cells in
thetr early development and dif ferentxatlon“f Most of the thymus generated cytotoxxc

AN

T cells were réported to be PNA receptor posmve and further. mvesugatlons revealed

'

, ')e ‘majority of the cytotoxtc T cells that had been denved from PNA receptor

negauve thymocytes or- lymph node cells were PNA receptor positive!*, Hence

. ,‘perlpheral crrculauon and are formed tn the lymphord ttssue Small lymphocytes are o

conclusxons that had been drawn from these studres were that acuvated ’l‘ cells acquired B

PNA receptors upon;enla'rgement and. these same reeeptors were lost upon reversal to
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-the small srzed lymphocytes“‘ Wl[h these observattons PNA receptors can, no longcr '

: be considered . as unambrguous markers of T cell tmmaturm outsxde the normal

o

,thymus“‘ The peanut lectin thus provrdes a means of studvmg the human thy mocyte, ﬂ

subpopulattons as well'as T cell drf f erentratton among the various organs‘“ Thc rosettc

fractronatton by PNA is a method that is srmple and useful m 1solatmg human

'suppressor T cellsm Approxrmately S% of the cells in human perrpheral crrculauon are
PNA posmve of these less than 1% are lymphocytes while monocytes haVC becn found .

to be responsrble for TROSL of the populatton of PNA posrttve cells“" These figures -

obtamed are in contrast wrth the results f rom mice studres where it Was determmed that
. \‘\{ .
' about 24% of murme pertpheral blood wuclearkcells h'ave PNA receptors,ar_td most

of them are T ..ells“‘

Analysrs by means. 6f gas chro’mato‘g_ra"phy revealed that-..platc_let plasma"_»‘

membranes. release’d"the disaccharide ﬂ-D-galactosyl(‘l-J)~N'-acetyl" D-galactosamine

L

““after the platelets had been treated wrth alkalme borohvdndc after desralylauon“’

lmmunologrcal detectton wrth both the peanut lectm and anti-T serum l"urthcr

conftrmed the presence ol” the drsaccharrde whtch is- also the tmmunodommant
carbohydrate structure of the Thomsen Frtedenretch antlgen only on platelets that had

been treated wrth neurammrdase”’

Peanut lectin bmdmg sites have been found on cell membranes in vanous

lymphoblastord lines that have erther T- or B- cell cQaraytensttcs”‘ A largc vanety ot'

lymphoblastord cell lmes have been mvesttgated for the presence of bmdmg sites f or

* PNA on their membranes”6 Among the cell lines tested tt Was noted that the cell lmes -
W '
from Burkttt s lymphoma on the average had more PNA bmdmg sites ori thetr cell

' '-membranes than the other lines studled f ollowed by the T cell lines f rom leukemtas T

oy
was f urther seen that normal penpheral blood B lymphocytesothat had been mfected by

. 'the Epstem Barr vrrus have the lowest number of bmdmg srtes \and some of -the cell

lines ir thrs category were found devoid of any available PNA bmdmg srtes“‘ The :

qf p\ . .
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' results thus obtarned wrth the studres on the various ammal and human cell lmes grves
- an mdrcatton of the potentxal and practtcal use of the peanut. lecun in the detectron

- rsolatxon and characterrzatron of lymphord cell subsetsm

1 ’

Bmdmg af f1mty of the Peanut. lectm to tumor cells -

4

The peanut lectm based- on its. srmrlar 1mmunologtcal reactlvny to the anti-T

,anttbodres in mammahan sera,has been used’ m a number of studles to. detect the
presence of the T anttgen in various tissue' secttons and also m vztro ceil cultures usmgla :

va%etv ol’ 1mmunolog1cal methods

E Mammary carcmoma
The T antigen has been rather well documented 10 be present on breast'.;

carcmoma m a reactrve form but not on correspondmg healthy and bemgn breastf

ttssues"’""“’” The T antrgen has been found in- large amounts in the cytoplasm and .

13 .
ceﬂ membranes in most br?t carcmoma whereas the lummal membrane of the ducts "

and lobules wrth the occasronal mtralummal secretlons in bemgn breast ttssues also’
showed some posmve T antrgen presence”’”’ _ S |

o The dtfference in’ thc binding pattern of PNA observed wrth beriign and_
maltgnant cells has been postulated to be due 1o the dependence on cellular locahzatron

"'of the rmmune response to the T antigen or T antrgen hke substance”” In- trssue

: sectlons varrous bemgn breast tumors revealed free as well as cryptrc T antrgens upon

. 'mcubatmn wrth labeled PNA with Lhe aplcal regron of the eprthehal cell membranes

grvmg the hxgheSt reactrvrty“’ There were some reported observatrons ol‘ masked and
,,unmasked T antigen in the cytoplasm in some bemgn tumors Peanut lecttn locahzatron .
i‘was seen .most pronounced on the epttllehal membrane of the mtraductal paptllomas.
whrle the fibrous stroma of both f 1broadenoma and cystosarcoma phylioides were PNA “
»‘_,'_.receptor negauve even after neuramrmdase treatmentm A small ‘amount of PNA

E reacuon was.seen tn the celI membrane of mvasrve and in sztu breast carcmoma and rt '

«

L
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C.owas f urther observed that the majorrt) of PNA receptors in this’ condttron were covmed :
‘_ wrrh neurammrc acrd"’“’ The presence of the Thomsen Frredenrerch anttgen in
_carcmoma lobulare in srtu Wthh rs regarded as bemg derrved from mvoepuhehal cells

has been consrdered assocrated wrth a secretory condmon“*’.' In normal breast

‘ parenchyma posrtrve reactrons wrth labeled PNA have been noted along the lummal ‘_ S

: surface Jof the breast eprthelrum in the lobula as well as in the ducts Furthirmore the :
' " secreta f ound lying wrthm the ducts were also rrch in f ree T antrgen receptors without
: neuramrmdase treatment and upon mcubatton of these trssue sectrons ‘with”

"neuramtmdase more T anttgen receptor srtes were revealed“"“9 The numbcr of free
receptors present were found 10 be dependent upon the secretory condmon of -the , |

: eprthellumm and, chemtcal as well as serologrcal analvsrs done on’ the milk T at globule
-membrane glycoprotems complemented the hrstologrcal demonstratton of the presence ,
.

" of f ree T anttgemc receptors on the secretion of the lactatrng gland“’ Slmrlar f mdmgs .
.have been reported in f rbrous and frbrocystrc drseases in comparrson to normal breast

- parenchvma wrth regards to PNA receptors Free T antrgens were seen rn the aprcal
regron of the epttheltum whrle a great range of PNA posrttve reaction were notlced in
cystrcally enlarged ducts. Although the secretron of some of the cysts were f ound to
have f ew PNA receptors enlarged ducts were seen 10 give strong positive reactrons with
CPNAML
‘_ Most undrfferentrated breast carcinoma have been reported to be completely-‘
negatrve f or the T antrgen both w:th and withou? neurammrdase treatment””"”"”’ but
some mvestrgators have observed some slight amount of binding of PNA %
B undrfferentrated carcrnomas of the breast'”. Neurammrdase treatment of bemgn and. :1
,_malrgnant breast tissue have however; been found to increase the mtensrty of PNA':
brndmg Wtdespread membrane and cytoplasmrc brndmg of PNA ‘has also been seen :
wtth neuramtnrdase treated benign breast ussue“” thh human mammary carcrnomas‘

. F

of diff erent hrstologrcal grade such as adenocarcmoma xnf tltratmg lobular carcmoma.
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inf rltratmg ductal - carcmoma carcmoma sordum and medullary carcmoma\

unsuccessful attempt was made to correlate the presence ol‘ PNA receptors to the

PNA PNA reactron was observed not only with all the tumor cells but also in parts ol‘

the stroma in all of the various carcmomas mentroned above Agam an unsuccessful

'attempt was made to correlate thegdegree of PNA reactrvrty m the stroma with the

hnstologrcal type of tumor**!, Presently. the brologrcal srgmf icance of the absence and

presence of P A receptors in $H’ch structures is still unlmownm although some
: .mvesttgators have proposed that the T antrgen that can be detected by PNA reactrvrty

may be mvolved in the modulation of the host ‘immune response to breast carcmoma

’

- and have consrdered that the T antrgen located on the lummal membrane m benrgn

| . -htstologrcal grade of - the tumors'™, Usmg lrght mrcroscopy and peroxrdase labeled

P .

breast trssues and in well drfl"erentrated areas ol’ neoplastrc trssue is "outside” the body

or rn an 1mmunologrcally prrveleged srte”l Most of the PNA studres crted in the -
‘ . "’lrterature have been performed on ttssue sections and/or cells. Whrle many of tliese in
'_vuro studres have turned up PNA receptor posrtrve reactrons these same trssues may

- not bind PNA under m vivo condmons as these sites may not be accessible to PNA in
vivo. The process of trssue sectronmg may also reveal PNA receptor srtes that are poorly

vascularrzed or rmmunologrcally priveleged*!"'**, Furthermore, the processmg of tissues -

with reagents such as f ormalm may cause autolysrs of the tissue resultmg in the possrble

- exposure of normally cryptrc T- antrgemc structures”"

In animal studies’ to determme the involvement of hormone recep{ors and PNA

receptors, it was found that in the' presence of oestrogen, progesterone

‘ drhydrotesterone or cortrcal receptors in the concentratron greater than.25f mol/mg cell

protein, a 68% postuve PNA reaction was noted in pnmary tumors and a 60% posrtrve

PNA reaction rn metastic tumors” In companson to tumors with lrttle or no hormone

reoeptors (less than 25f mol/mg cell protem) only. 23% of the primary tumors tested had

PNA reactivity wrth no activity noted m metastatrc tumors” In the presence ol'
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oestrogen receptors alone on primary breast tumors there was a 45% positive reacuon
observed and a 25% positive reaction with the metastatic b’:mst tumors. With
ovariectom) of the animals; an abolition of PNA bmdrng site expressron resulted but
upon the admmrstrauon of 178-oestradiol to these ammals large amounts ol” free as
well as neuraminic acrd covered PNA bmdmg sites were restored®’"*, thus indicaung.
that the ovarian hormones are 1mportant for the expression ol' PNA receptors in -
hormone dependent neoplasttc ‘mammary ttssue“" Further studtes 1mpltcated the
nvolvement of oestrogen receptors in Pl;lA receptor synthesrs when. it was
' demonstrated that tamoxifen, an oestrogen antagonist, could suppress the production
of PNA receptors in animal mammary tissues ‘even in the presence. of
17/3 oesrradrol"’”’ An 85% response to hormone therapy was observed in PNA
TECEptor positivé mammary carcinoma compared to a 24% response to PNA"receptor_ |
negative _turnors”’“”. Oestrogen - treatments which resulted in the inhibition of |
neoplastic growth were found to be associated with marked_. secretory changes a_nd
oestrogens have been seen to'induce the biosynthesis and secretion of large amounts of
PNA receptors. Thus, the synthesis of large amounts of PNA receptors could indicate
- that ‘neoplastic  tissues a‘rc. undergoing transformation from a functionally
'undifferen‘tiated' state"vvith high proliferative activity to _a highly dif ferentiated s:tate
\ with inhibition of mijtotic activity which at times resernbled a lactating mammary
gland*®, With these’ observations and results. PNA could be used to make ' the
~ distinction @veen hormone sensitive and non-sensitive tumors and thereby giving the
advantage over hormone receptor analysrs in that the procedure could be performed on

: i'ixed tissue and on very small amounts of tumor matenals especrally r‘netastases”"“

" Carcinomas of the gastrointestinal tract :
" Tissue sections of - ‘carcinomas of the gastromtestmal tract usually show the.
» expressron of peanut lectm bmdmg sites while normal mucosal surfaoes have been

' found to bear very little if any PNA binding sites??¥13¢, At the cellular level, a variéty

’
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of cells‘isolated f r0m the gastric mucosa and the intestinal mucdsa'demonstrated PNA
reactive sites'*’, The Isthmus cells of the gastrie mucosd and the epithélta‘] cells of the |
intestinal ntucosa revealed high amounts of PNA binding sites which were almost
“always localized at ti::e region of the golgi apparatus and this binding reaction has been
| proposed to be possibly due to the early phase of élyc‘oprotein synthesis which wds most
apparent in surface epithelial cells'*. The cells of the cardiac; antral (gastric mucosa)
and Brunner glands (mtestmal mucosa) although shdwmg strong PNA brgdmg sntesk
locahzed to the golgi region in some of the tubules .also demonstrated PNA binding
activity in the‘ cytgplasmrc granules in some of the other tubufes \thus giving- a
mosiac-like binding “pattern with ‘PNA”’. This observation of binding pa..ttern was
prdbably due to differences in the functional and secretional stages of the gland cellsi”. .
The invaginated. membrane systems of the parietal cells showed only selective binding to
the peanut lectin while the luminal membrane surfaces of the chief cells were reported
to exhibit a very intense positive rea]gtion with PNA. Goblet cells of the small intestine
revealed PNA binding sites t{)at were both exposed and partiy covered with neuraminic
acid whlle the goblet cells of the large bowel were negative for PNA receptors”’
Surface mucus cells of the normal colon were Tound to be devoid of PNA A
.receptors pre- and post-treatment of the tissue sections with neuraminidase‘?{’_‘". Some
PNA bindiné activity was observed with the glandular eptthelial of the antral mucosa .of
the stomach while wealr bindirig with PNA was noted on the glanduiar epithelial of the
tody mucosa of the stomach only after neuraminidase treatment. Other tissue sections
of the human gastromtestmal mucosa such as those isolated from the various parts of
the colon, ileum, stomach were found to be PNA receptor negative even after
neuraminidase treatment“’”‘.'However, mucinous cells as well as the mucus within
glandular structures have been reported to react pogitively with PNA,
- ‘In conditions- of cancer or inflammdtion of the gdstric.' mucdsa and the

: trarrsitional_zones' near. the ulcu's."hyperpla‘stic alterations of the gastric mucosa Such as
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in surface mucus cells and isthmus cells are often seen. An irtcreased vblndiné.- acit‘vity‘of
PNA in the perinuclear or the golgi region of the cells in the isthmuusvwas always ;een 1o
accompany the elongauon of the parts of the glands due to the hyperplastic
conditions'*. In processes of gastrig adenocarcmoma the extracellular mucus and the
cell border of the mucus had high binding al’ finity for PNA after the tissue sections
were pretreated with neuraminidase and app_roxi,mately' 50% of: these tissuc sections were
PNA receptor positive with no- enzymatic pretreatment cotnpared to the absence of |
PNA receptors found in the normal” mucosa tisslue .sections with and without-
neuramrmdase treatment'*?, In large bowel carcmoma PNA binding sites were localized
to the region of the glycocal)x and mtracy toplasmtcall) in the aptcal pomon of the cell
while’in normal cases PNA bmdmg was only seen on thc supranuclear -portion of the" |
cells”’ ln patients whose tumors were found to express. the T- antlgen the’ bcmgn
epithelium in the non transmonal zone did not express PNA bmdmg sites in 66% ol' the
cases studied'**. A possible explanation for thts observatlon of the’ mcreased amounts of |
T antigen in cancer patients compared to normal subjects is the reduced amounts of .
glycosyltransferases in tumors which results ln the incomplete biosynthesis of ‘the MN
blood group system thus resultmg in the exposure of the precursor structure, the T

antigen, Although 9% of the rectos:gmond adenocarcinoma cases were f- ound 1o express

the T antigen compared to the 40% found in normal epithelium, a difference of pattern

distribution of PNA bmdmg sites were” seen'’* and this same differefice of cellular
localization of PNA binding sites have. also been reported to occur in breast cancer
where it was seen that breast carcinomas had PNA binding sites localized to the

,

glycocalyx regions as well as intracytoplasmically while hormal breast epithelium were
found to express PNA binding sites only in the glycocalyx region®*’3°, In both cases the
more pooly differentiated . cancers were often found to be cryptic T -antigen

positive""”""’ .
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v Tissue sections of diagnosed colonic hyperplastie polyps have been reporté to

give a peculiar binding.p‘attern" with PNA that was not affecred by neuraminidas'e
treatment. It was shown that the golgi region in the cytoplasrn of the epithelial cells
have granules with high binding affinity for PNA while lne intracelluiar mucns located
-in the apical~portidn of the cells and the goblet cells were always PNA receptor
negative®’, ln view of all the drfferences found between normal and abnormal
conditions -of the gastromtestmal tract with regards to PNA affinity, it would appear

that PNA would have a potential role in the differential diagnosis of certain

gastrointestinal tract disorders.

Peanut lectin in kidneys

| Recently, the specific binding affinity of the peanut lectin was employed to investigate
the potential utility of PNA in studying liidney anatomy and physioldgy with,ihopes of using the °
lectin in diagnosing kidney disqrders. Histochemical studies with the peanut lectin on frozen
kidney sections of various animal species reSulted in the obsérvation that the PNA binding
pattern was species-specific and not strain specific!®*, '-

In ten different strains of mice studied, the Bowmann's capsule, proximal tubules and o

distal tubules were P.‘NA receptor poshive’“‘ and with f urrher investigations, receptors for PNA .
wére aleo found in the membrane dnd c&toplasm of the cc')llecting ducts’®. In rats, the
convoluted proximal and distal tubules dnd the collecting ducts were f ound to be PNA receptor
positive while the glgmerulus, proximal .straightvtu'bnle cortex and theprdximal straight tubule:
| medulla were unreactive with PNA'"32_ The proximal tubuies in the rat wére found to react
with PNA stronger in lhe brush border than in the cytoplasm or in the basement membrane In
rats, the peanut lecun bmdmg intensity was observed to decrease from the begmnmg to the end .
of the tubule wnh the end of the proximal convolutron havmg hardly any PNA bmdmgb
acuvrty‘" PNA bindmg was seef? #ong the luminal membrane of the thrck ascendrng lxmb
medulla and cortex with the binding activity localizing at the apxcal rim of the. cells. This
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binding of PNA was ‘s'een to continue to thisfistal d
“and some acuvuy was also seen m the cytoplasm in the later segments of the tubule Both cell
types, principal and the- intercalated cells, in the collec’&ng ducts were PNA' receptor posruve”’
© With rabbrts, no PNA receptor sites were | found in the glomerulus and in the .proximal
tubules'®*. PNA bindin‘gl sites in the rabbits were seen localize‘d to the luminal m'embrzrne of the
. intercalated cells in the connecung tubules and collectmg ducts and some recptor sites were also

‘

found in the thin descendmg limb of the loop of Henle found.in the inner strrpe and the inner
]

.'o .

zone of the medulla”‘f. o -

“In normal human kidney tissue sections, PNA Je epLorS were seen (0 ,occur‘in.the thin

limbs, distal convoluted tubules, collecting ducts
found in_the proximal tubules!**"?7, These binding-sites occ d in a free as well as in a cryptic
manner coveréd wrth neurammrc acid and the srtes were found mamly locahzed to the Iummal

* -surface of the eprthelral cells!?™ ™ It was found that wrth neuraminidase’ trcatmcnt of the

- normal human kidney tissue sections an increase m the nymber of PNA receptors were obtamed -

but this was not so wrth the eplthehal cells of the proxrmal convoluted tubules as these cells
were still found devoid of PNA receptor sites even after neuramlmdase treatmenl”’ ‘In cases of
hvpernephromas a’wide range of drstrtbuuon and number of PNA receptor sites occurred

within the cytoplasm and especially on the tumor s cell membrane. Some hypernephromas

resulted in the normally PNA receptor negauve proximal convoluted tubules binding PNA”’

Y

In haemolytrc uraemic syndrome caused by neuraminidase from pneumococcal inf ectrons the
krdney tissue sectrons examined were found to bind PNA along the capillary loops of the
glomerula whrle in pauents with haemolytrc~uraemic svndrome but without pneumococcal
mfecuons these areas showed no PNA binding sites at all'’*. The glomerulus of the pauents

4

. with haemolytic- uraemrc syndrome from pneumococca«l infections exhibited hrgh PNA bmdmg

‘ actxvrty on the podocytes and to a lesser extent on the endothelral cells‘“’“' dus to the in vivo

/ﬂ

exposure of these srtes to the neuraminidase frOm the pneurnococcal pneumonra whrle the .

B s

dnstnbuuon of these receptors in the normal _glomeruli was only seen after treatment of the

d tubule on the iu'minal' membrane

1e glomeruli while no receptors were -

.’b{ ~
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tissue secuofgs with neura‘minida'se in vitro“’.» ﬁe hislochemical use of lectins hds thﬁs been
* reported 1o be a valuable tool in the dif' t:::renuauon of glomerular and tubular structures durmg

cmbryomc dcvclopmcm as well as in dystogenetlc kldney tumors“’

‘Treatment of all the. kxdney lxssue seclions of all the different animal _species and strams
with neuramlmdasc resulted in the fmdmg of PNA binding sites in the glomerulus of all the
ammals tested thus 1mplymg the importance to the ammals glomerulus the presence of a sugar

conr xgurauon in whnch the subterminal galatose comammg PNA bmdmg sites are covered with

; vneuramnmc acxd”' The glycosylauon of the ncphrons is reported as species. specxf:c but not

ks

strain specxfxc. thus mdgcgtmg tha-t the results obtained in _the use of lectins in tissue studies
cannot be directly applied-from’ one anithal species to another, even with closely ‘related




»
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- reported that with the use of ll-125 labeled PNA in animals bearing a T antigen tumor, good

tumor localizatiun with rapid blood background clearance was obtained thus resulting in clt:ar‘

yl

serial scintigraphic images of the tumors by 24 hours post injection of the radiolabeled

PNA*$™"¢ No background subtraction was f ound to be necessary to obtain a clear dclmeauon

“of the tumor. Blodxstnbuuon studies with the, labeled PNA in the tumor ‘bearing animals

tsup'ported scintigraphic obseyvation that PNA was indeed a tumor localizing agent with T

P
antigen bearing tumors and that the aff inity of the lectin towards the tumor in vivo was specific

in natures™e"e

In a r,écent humqn trial, “peanut lectm radlolabe wnh.‘ f&ime 131 has been

",
. §

mtravenously admimstered o pauents with known metastatic s"of the colon, breast or

lungs. Out of the 8 pauents tested 6 were. found to have s:gmﬁcamly higher amounts of

n
cn‘éﬂaung T-antigen ‘in the sérum®’, However only two out of the etght patients showed

positive scintigraphic i 1mages at certain known anatomical metastatic sites. Another two patiems .

with mahgnant pleural effusnons that were adjacent to the carcmoma were found to_take up

PNA at the tumor sxte” None of the patients showed any evidence of toxicity or reactions to

1311 -Jabeled PNA. Rapid blood clearance of '*![-PNA was observed with 82.3 + 5.3% (S.D) of

. the administered radioactivity recovered in the urine 24 houx post-injection®?.

E. Monoclonal antibodies -

Introduction . . y

~ The use of antibodies raised against a normal tissue dnd labeled with a radioisotc}pe for

&)

subsequent scmugraphlc imaging of the tissue localization of such a radiolabeied agent was first -

mtroduced in’ 1948 by Pressman and Keighley!?¢, ThlS approach was apphed to the

@

radtmmmunodetecuon of tumors and in 1957 saw the use of ‘radioiodinated anubodtcs that had
been.,raxsed agamst certam animal tumors m the external imaging of the tumors”’”’ Balc elal

»in 1960 demonstrated that such tumor locahung antibodies coul¢ be used to carry therapcutic

3.

7
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doses of radldact. uty Lo trradtate the tumors”’ Smce then mvestrgatton of anttbodres for the
radlormmunodetecuon or l'or the radtotmmunotherapy ol” tumors has been of contmual
mterest"’“o 2 such as the use of radtolabeled antlbodles in’ the radrormmunodetecuon of

tumors contammg the alphfetoprotem‘u and’ int human colon tumors expressmg the

o
)

' ;carcmoembryomc anttgens“’ l't was soon drscovered that the productton of antlbogtes is

A

always plagued by the uncertamtres that resulted from. the uipredrctabrhty an/d heterogenetty of -

?l“

_the immune Tesponse of an 1mmumzed anlmal and it was further shown that the af frmty and

qualtty ol' the anttbody produced often varres from ammal to ammal and from the dtfferentu_'
. times the ammal was . bled post 1mmumzatton”""”“ Even the most potent and specrftc,
” anusera avatlable have often been found to contain antrbodres of drfferent classes and .'
subclasses with dif ferent affi mrt.es for the same determmant and wnh”dtf ferent subspecrfrcrttes
-and. cross reactmtres whrch have of ten resulted in problems when trymg to compare results
obtamed wrth drfferent serologrc reagents and also makes some anttsera rather lrmtted m' ‘

s

avallabrlttv and makes caref ul qualtty control essenttal even tn Toutine serologrc te5ts””"’“‘
Renewed tnterest in the use of anttbodres in the radrormmunodtagnosrs and therapy of
cancer has been generated by the hybrrdtzatton techmque reported m A975 by Kohler and‘?“f g

Mtlstem’ which makes 1t posstble to obtain a monoclonaJ antrbody wrth a specrfrc af frmty that 5

s

- recognizes a specific’ anttgemc determnﬁnt and hence mmtmtzes and in some cases elrmmates
the need to evoke such often used terms such as mterference “heterogenetty .\
cross-rectwrty and non SpelelC bmdmg when dtscusstng antrbody t‘unctronalrty“"“7
Monoclonal antrbodtes recogmze only oné determmant and are of one class bemg derrved from " -

a single cell‘“’“'. and wrth this exqursne specrftcrty and current avarlabrhty. monoclonal

antnbodles are contrrbutmg sxgmfrcantly to advances in many research and dtagnostrc fields.

Monoclonal anubodtes are begmmng to drsplace the use of polyclonal antrsera m many facets of
; scrence""""" such as radtormmunoassays enzyme rmmunom Tic, assays precrprtm assays
rmmunoﬂuprescence and unmunohrstochemrcal stamrng Monoclonal antrbodtes have the added

?.
advantage over polyclonal antrserum in that the rmmunogen used to 1mrhumze theamrnal nwd




Yo i

by selectmg" agarnst the annbodres responsrble durmg the screemng phase hence impure
1mmunogens may also be used to" immunize ammals .in the produtton ol" monoclonal

antrbodres“”“’ In general, a monoclonal antrbodv can be expected . 10 present most of . the? i
Y
desrrable characterlstrcs of a polyclonal mlxture wrth few if any ol”» the undesrrable trarts Thc

,\,.

llmlt'ng factor to obtarnmg the peIfect" ‘anubody would most ltkely be the abrltty to. devnse

screemng methods‘” 152 wrthout sacrrf icing speed or ef f 1c1ency

i A .
v //‘ ' | ’ ) /’ : | “ ‘ .» | -
" Theory in the - prodution of monocional antibodies ‘ Z T
The rmmune response to an 1mmunogentc strm/ lus cons:sts ol" many smgle anubody :

: produemg cells“’ each seeretmg antrbody mdependent of the others resullhjg in a total o

humoral response whlch is one of the many cells ecretrng drfl‘erent rmmunoglobulms atv

)
different trrnes and rates“6 Antibody producmg cel s from tmmumzed antmals havc »a vers
%5
short life as they cannot grow in vuro“"”‘ but thts problem was overcome by the techmque

'(

developed by Kohler and Milstein® that 1mmortalrzes antlbody seeretmg cells by f usmg them 10
myeloma cells malignant cells that secret(e rmrr/r/unoglobulm protem in. an lrregular -and
| uncontrolled manner“"‘“ Gene cornplementattorl ex1sts when fusnon is made wrth anubodv,.“
| producmg B cells, whtch are eapable of producmg tmmunoglobulms of def med specrl" tcrty and"
myeloma cells Wthh are‘capable of ‘indefinite growth in culture resulting'in hybrrd Cells Wthh

by rnherrtance from both parental lines now have the capacrt) for unllmrted growth and thc |

o
abrltty to ‘secrete large amounts ‘of specrflc 1mmunoglobulms'“"”’”’ Non- rmmunoglobulm

secretmg myelomas are also avarlable for fusion which yrelds a hybrtd that secretes no myeloma°

protem but Oﬂl)‘ that coded for by the spleen (B lymphocytes) cells matenal“"”’

ol e
A »" oo . : H . R 4
e !

Teshnology of hybndlzauon
\

£

.&3 The techmque of cell hybrldlzatlon was . l§rst demonsuated in 1965“tbut

J modern hybrldoma work began m only m 1970m by Penman Schwader ﬁd Cohen”’

| in 1973 - managed to rsolate a hybnd that secreted both- humatl "and - “mouse

LI @ Lo
. \; '2:“'1‘.

o

Mg



i . L . Y 56

'tmmunoglobulms “when they l‘used mouse myeloma celIs to human perrpheral

vlymphocytes whilst Cotton and Mrlstem“" around the same time reported a smtlar

phenomenon in the productton of rat and mouse 1mmunoglobulm from a mouse-rat

myeloma hybrtd lt was, however Kohler and Mtlstem" who developed the techmque :

- of tmmortaltzmg mdtvrdual clones of anttbody secreting. cells by fusmg these ceils to

cultured mouse myeloma cells. -The myeloma cell ‘lme P3-X63-Ag-8 first used’ for the

dertvatton of antr sheep red blood cells is an 8 azaguamne resrsltant ltnwluch lacks |

" the enzyme hypbxanthtne guanine rtbosyl transferase (HGPRT) and also are unable o

propagate under certain cond;ttons Most of t-he commonly used myeloma lmes that are

J

selected accordmg to the method, devrsed b) Ltttlel’leld”’o are mutants which are lackmg

8
the enzymes HGPRT or thymrdme kmase but are able to grow in the presence of

_azaguanme or bromodeoxyurrdme““”‘ : o o
The spleen cells that are used for f u‘.ton are obtamed by aseptrcally dtssectmg_ o

_ the spleen f Tom an tmmumzed ammal and 1§olatmg the cells f rom the cortex of the ,.

spleen ~The" rmmumzatton protocol is very much tlie same as that for polyclonal'

@ Entrbodtes wuﬁ most prtmmg schedules consrstmg of subcutaneous or. mtraperttoneal

| mjecttdns l‘ollowed by a secondary booster, shot mtravenously a few weeks later T he

: ammopterrn and thy

prepared spleex&cells are then fused wrth the mutant myeloma cells and the probabrlrty

- of f usron was found tl) increase. greatly wher* the’ two cell types were eprsed to l‘usmg
agents such as ultr%-vrolet inactivated Sendai . vrrus ~lysolecithin or polyethylene

’,glycol"’ After fusr[on the cells are placed in a’ medtum contammg hypoxanthme '

1dme (HAT) Here the cells« that are deftcrent in HGPRT cannot

trltze hypoxanthrne and since ammopterrn a folic acid antagomst is present the de

-nove pathway by which cells effectrvely synthesrze nueleotrdes ts blocked Hence these

- cells that are deftcrent in HGPRT wrll not survive in. the HAT medtum As well, all the 4 |

s ’_¢

.{selected myeloma mutants and myeloma X myeloma hybrrds whgh all have their de_,

novo p‘_athw‘ay bl ked by the presence of ammopterm wrll not survive, Hybnds -that are' o



formed between the tmmumzed spleen cclls whtch contam the wild type lsalvage
'pathway enzymes and the mutant myeloma cells wrll be the onl\ type of cells that can
- be found acttvel) growmg tn ‘the’ selectton medium., Normal spleen cells that remain
: unl‘used have a limited: ltfe span in vttro and af ter'a short period in culture it could be

safely assumed that any unfused spleen cells.are absent.

}

Several techmques exist for. the productton of monoclonal antibodies although ‘

‘ the ortgmal method used by Kohler and Mrlstem as descrtbed briefly above is the most

w1delv used’et, Other fusron :methods have been developed and used such as the f usron -

between human B lymphocytes and murme or other ammal myeloma ccll lmcs""“’ s .

3

human X human hybrtds“"_"“ and the Epstem Barr virus transformation of B
’ lymphocytes'“"e’ In most monoclonal anttbody productton usmg murme myeloma ccll
~ lines, the myeloma cells are usually developed f rom- BALB/c plasmacftoma MOPC 21
whtch had been adapted o in wtro culture growth and this ltne as been renamcd P3K‘°'
“The original lme used by Kohler and Mtlstetn’ was f ound 10 secrete both the hcavy and’
ltght chams of the ortgmal MOPC- ?l tumor but a vanant of this lme cP3 NSl Ag4
T S

s whtch is currently the most eﬁtensrvely used murme myeloma ltne for hybrtdoma

produetton synthesrzes but does not Secrete the hght cham and does not synthcsrzc thc

. a

heavy cham at all169 Other myeloma lmes that are presently m usq Whlch do not

synthesrze any. tmmunoglobulms are the 2(63 Ag8 653”° and the Sp2/0 Ag 14‘” r :

@ .

%Selectton of successf ul hybrids

= f.’” ~The immune response of an ammal 1o an 1mmunogen usually results in the -

sttmulatton of a wrdely heterogeneous populatton ol” cells, each secretmg dtl“l"erentf

tﬁtttbody molecules"’“’”“ Wlm the hybrtd myelomas ’representmg a cross section of

""thrs heterogeneous pOpulatton"‘"“’“’ "Among the hybrtd myelomas produced only !

some wrll be secrettng the antrbodtes exhtbmng the desrred properttes The f usion

process of the unmune spleen cells to the myeloma cells isa random event and there lS.

" 1o certatnty that a deStred hybndorna secretmg anttbody of the spectl‘ tcny sought wrll ‘
g

. >
'-o S0

;'O‘_a;‘,\., 2 R




be obtamed although it has been noted that on the average ane hybrtd is. generated per ‘
2X10¢ spleen cells and hence one can expect apprommately five- hybndomas producmg .
the anubodxes of interest from an average single mouse spleen“”“""‘ Although only
' about 3% of the spleen cells acuvely secrete 1mmunoglobulms of any ‘description,
successf ul hybrrd clones have been seen to be much ennched in anubody producuon It .
’ has been sugges‘ted thas the enrrchmem actor may' come from several possrble causes
such as the preferentral recovery of hybrrds mvolvmg actrvely drvrdmg cells or an
ennchment factor brought about by phenotyprc complementauon”‘ lt has alsq been

further observed that B cells that do not secrete but express the anubody have started
secreung af ter fusion wrth the acuvely secretmg myeloma cells which confer the highly
secreuve phenotype to. the B cells!'™. This, then results in hypenmmune spleens which
have non-actively secretmg anttbody cells whxch start secreung anubodtes with the '
| hvbrrd derivatives proclucedm After f’uswn and-selection m HAT medrum successiul
bhybrrds are usually screened for 'xfr‘imunoglobulm producuon”" ‘” When hybndomas o
‘are found whrch produce the anttbody against the rmmunogen or antrgen selected the |
' hybndoma is then cloned and the posmve clones fo;}hd 10 produce the desrred

monoclonal antibody ‘may then be further propagatcd in culture. in approprtately.

~pnmed ammals or kept f rozen in storage”’

Uses of inonoclonal antibodies : v L .
The use of monoclonal anubodtes in the frely( science is very broad and even within .
the confines ol‘ clinical appllcatrons their uses can only be consrdered under the broad headmgs A
,ol' diagnasis, treatment and prophylaxrs“‘ Monoclonal antrbodtes are fast. replacmg polyclonal A
anusera in many in vitro uses such as radrormmunoassays, enzyme 1mmunometr1e assays,
'precrpturt assays tmmunofluorescence and 1mmunohrstochemrcal stammg“""’“‘"‘” -1spen
A.There are numerous reports also on the in 'vlvo uses of monoclonal anubodres Jin- the radro-

lmmunodetecuon of tumors 1mmunotherapy of tumors by drrect mteracuon or wtth either a-

L 4
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'_ radionuclide or toxin conyugate‘"’”’ 1 The f ollowmg drscussron on’the sub& or hronoclonal

'antrbodres here rwrll be conl'med to some: ol the dragnostrc and therapeutrc 1PPh.catror\s GJ

[

monoclonal antrbodres in cancer

The avarlabrhty of monoclonal anllbodies 'of xboth' Human and non-human origin thali '

o are drrected agamst cell membrane antrgens whrch are phenoryprcally drsuncnve l‘or various

.

specrfrc types of human neoplasms would be hrghly advamageous to rmmunodragnosuc and

. 1mmunorherapeutlc applications, and may further have prognosue srgnrfrcance in. ‘cancer :

managemenr There are, however mherent problems in drstmgurshmg phenotyprcally drstmcuve

J

neoplasm anugens or tumot assocrated antrgens Surl”ace anugens may be anomalouslv

[ B 2

expressed on tumor cell suface whrch are not found 'on the normal celt from whrch it was
orrgmally derived but these same antrgens may also be produeed and expressed by other normal :
‘cells"'”6 Tumors that resulr from the clonal expansron of single cells may magml’y the‘ o
expressron of drf f erentrarron markers Lhat are characterrsuc of the normal cells from which they

are. derrved and many of the tumor cell surface assocraled anlrgens are found to be actually

\

normal molecules that are mapproprrately expressed"’”" l-lowever once tumor. markers are
rdentrfred these umque markers would have consrderable srgmfrcance for the dragnosrs

localrzauon momtormg and trealmem of tumors in pauems“’m '

Radrolabeled monoclonal anubodres in cancer management presenrly ol‘ fer the potential
’for 1) the detectron locauon and determmauon of the exrenl of drsease upon . the  initial ’
Adrscovery of the cancer, 2) the charactenzauon of the cell type of the neoplasm 3) the:

follow up of the progress of the resrduﬁsron after rmual rreatmenl 4) rhe earlyﬂ-_‘, )

1denuf1cauon of any. recurrence or metastasrs '5) the assessment of the ef fects of treatment 6).
/

Jhe: lreatmem of the tumor by means of systemrc radratron therapy. 7) the prophylaxrs agamst-‘

Lt
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 Diagnostic uses of monoclonal antibodies -
There are presently th:ree basic .diagnostic approaches to the detectlon of cancer
with the use of monoclonal anubodres and they are in Vitro serologxc test m vitro ussue
analysrs and in vivo radlolmmunormagmg studres The use or mono‘clohal antrbodres in
the serologrc d'lagnosls of malrgnam neoplasms has been found ‘to be promrsmg and a
. growing interest in- thrs area of 1mmunologrc detectron is seen but unforrunately. Ehe
dlagnosnc use of lhlS method is lrmned to tumor antigens that are shed or released into
the cnrculatlon However there are many surf ace. mémbrane glycoprotems and glyco-
) .hpnds whu:h are tumor assocrated that are hrghly anngemc and shed mto the crrculauon ;1,'
A .
" Thus, many of the monoclonal anubodres whrch are ransed agamst such anngens may ‘
‘offer utility for thrs in the method of serodiagnosis. There are, at presem monoclonal
anubodres bemg used to monitor gertam types of mahgnam neoplasms such as colo-
.reclal gastric and pancreauc earcmoma‘”"" in human panenls by methods of
..serodlagnosns The ln wtro 1mmunocytochermcal analysxs ;3 tissue secuons by mono-
clo.nal amrbodres has by l"ar the wndest apphcauon in the diagnosis of cancer. Mono-
clonaloanubodles ar¢ now bemg used l"er certaxn apphcauons of unmunoparhologxc
' techmques 10 cancer dlagnosrs where once. heteroanusera were used Monoclonal
| _antibodiés allow the 1denuf rcamon of new prognosucally srgmfrcant disease sub- -groups.

* F

- This wou'ld allow lmmunopathologrc drssecuon of closely related antigen ?‘amnhes using

°,

monoclonal anubodles toward shghtly differe’nt amlgens“”‘" Monoclonal anubodles '

that are elicited to surface antlgens on a wrde vanety of normal and neoplasue cell

-,

types are bemg unlrzed wuh mcr at eqiency in’the dxagnosrs and classrfrcauon of -
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bemg used extensively with monoclonal antibodes i in the study of lymphomas and solid

tumors"' ", ,

The single most i.mporlam.‘ application of T monoclonal anLibodlesvin the clinical
diagnosis of cancer« is'perhaps in the radioimmunoimaging of tumors with radiolabeled
lannbodres'“ A basic prereqursue for this appllcauon is that the’ monoclonal antibodies -
used should be of* hrgh yield in productlon and ideally react specrl‘ ically with tumor
assocrated anugens' In realny most of the monoclonal anubodres produced S0 far ‘
have only reacted preferenually with neoplasuc cells but even this has been consrdered |
acceptable provrdmg that the brndmg td normal cells does not in" itself mduce any ‘
adverse reacuons Potentral antigenic sites on tumor cells have been observed to. be
abundant but many ol" these sites may not be fully avarlable to the mJected anlrbody
. and hence the accessrbrlrty of anubody to. the anugemc sites on the cancer cell
- membrane may be a lrmmng factor to successf ul radioimmunoimaging. The delivery of
‘the antrbody 1o the antrgen of interest in vivo has been f ound 10 reQurrc 1) adequate and

homogeneous blood supply to the tumor 2) movemem of anubody from the intra-

‘ vascular space through caprllary pores mlo the mlersmlal f luld and 3) movement of lhe

antibody through the mtersuual fluid in search of ,the antrgen"”"”'". Other features - -

of lhe tumor such as 'de'nsity; vascularity“v‘ascular permealeity,'size and presence of
-shed antigens in the circularion will also influence the optake of the antlbody by the
tumor. It has been demons_trated' that Tadiolabeled monoclonal anfibodies o tumor
associated antigens do  clearly localize within solid tumors in animals -and
humans“”“,”“‘. The radlormmunodetecnon of 1umors wrth labeled monoclonal

antibodies would be most useful in -the detecuon of occull metastases after the
- induction ol‘ a clmlcal Temission, detection of potentrally resectable lesions at an early
stage and to detect clmrcally undetectable tumors or metastases which are not
1dent1frable with current techmquesm The use of labeled monoclonal anubodles have

been found in some. cases to be superror to conventlonal polyclonal anusera in Lhe
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_ radioimmunodetection of tumors'*® but there are some investigators who have found

-

_otherwise!’!,

" r.

There are potential problems associatéd with the use of monoclonal antibodies
in vivo and one of their main limitations is that monoclonal antlbodies have been found
to'mddulate surf ace membrane antigens of the:tumor cells and- hence, wrth this possible
antigenic modulation occurring the tumor may then be rendered _resrstant to f urther use

.of the same _antibody in diagnosis, therapy or monitorin,g the efficacy of treatment of

- the tumor'*°. Other problems that may arise are that these monoclonal antibodies may

induce serum ‘sickness or any unwanted side effects in the patient as they are forei%n“ 'to,

1.

the patient. False negauve results have been reported to octur with the use of

monoclonal antrbodies in the detectlon of cancer as these antibodies tend to bind more

- avidly to.viable tissue than areas of necrosis or fibrosis'*, and poorly to areas of low

: .grade malignancy!??. False positives have also been seen with the use of these antibodies

in lymphoscintigraphy in a variety of solid tumors®®’.

"Therapeutic applications ’ 4; @Q‘ N o

$

_The basic concept in the role of anubodies in immunology is the destrucuon of

path‘ogemc cells and it has long been the hope that anubodie’s directed against tumor ..

_cell surfaces could be exploited for therapy"‘ as antibodies provnde an appealing -

.in cell. destrucuon in vivo with regards to their specificity and
fi' L

’;!??t The primary limitation on the use of antibodies as therapeutic
\l hd

agents -has beenﬁhexr 1mpur1ty and heterogeneity but renewed mterest has since been

~ cytotoxic eff: ects,

generated due to the advent of monoclonal antibodies whnch are homogeneous react
@

with const‘antaurd‘lty to\smgle antigenic determinants and can be isolated in quantities
previously_ not .obtainable by conventiow.methods””"‘. ‘Monoclonal antibodies of
‘defined-\specifi'city which 'can be continuously produced by permanent cell lines using
: the bybndoma techmques provrde an appealmg interest in cancer unmunotherapy

'because ol’ their specrficty and also because they could be conJugated to rad:onuchdes

-‘al .
) s -

‘d_f’ﬂl

<)
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’

drugs and toxms to treat the condmon There are potentral problems associated with the

use of monoclonal antibodies in therapy that have been demonstrated in both animal

and in clinical triais such as:
1) the specificty of :the antibody for tumor cells as monoclonal antibodies which havc

affinity for antigenic determinants.that may be.common to both benign and neopﬁstic

-~ cells would cause lysis of normal cells as well as the putative target cells upon -

; admrmstranon"’ but, in animal studies using a monoclonal antibody agamst an antigen

that was determined to be snmultaneously expressed by both normal and leukemic cells

it was found that the antibody used did prolong survival time and cured a significant

proportion of the treated animals!®®,

2). the presence of phenorypic heterogencity-of tumor cell surf ace antigen since studies

have shown that phenotype heterogeneuy occurs not only within a tumor of a g:ven

)

. patient but may also be found in tumors at dif ferent srtes in that same patient and in

the samg tumor type in different patients. Therefore the use of a single monoclonal
antibody would seem insufficient but a mixture or a 'cocktail’ of monoclonal antibodies
which recognizes different anugemc determmants may thus provide an armamentarlum
agamst mdlvrdua] subsets of the entire tumor cell populauon”"'m 197,

3) the admmrstratron of a foreign protem i.e. monoclonal anubody could result in the

sumulatnon of an immune response from the host whxch in turn may complex. and

'deacuv.ate the,_ admlmslered annbody or may even result in serum sickness and/or

anaphylaxis'**'**¢, This has been the case in most of the murine monoclonal antibodies

. used. The use of human X human hybndomas or. the admrmstrauon of a smgle bolus of

the antrbody and possrbly the use of an xmmunosuppresxve agent prror to the
administration of the antibody may alleviate the problem””"‘ ’

4). the presence of free circulating blockmg factors or shed surface antlgens of .
neoplasuc?cells in sufficient concentration in_the peripheral blood could .bind to most of

the infused monocl_onal antibody and hence prevent the antibody from binding to; the



neoplastic cells‘.""’_’"‘. |

5) the phenomena dr antigenic modulatioh as first described by Boyse and Old"' which '
pose as an 1mportant mechamsm of cell escape Many of the monoclonal antrbodres
used have been reported to induce antigenic modularm’ﬂ ‘but this phenomenon was'
found to be reversible. The p;ocess of cell .surface anugemc modulation may come
about by the mtcrnahzatron of the antigen- antrbody complex sheddmg of the complex
into the externa] mileu’ or the steric rearrangement of the complex wrthm the cell-
membrane!9¢"199°200 | |

6) the process of ‘immunoselection t,hat.results in the'outgro‘wth of tumor cells which
-express the antigen during therapy with monoclorfal antibodie's.:'l‘his has been found to
be irreversible and is a problem that is common to both rmmunOtherapy as well as
chemotherapy The occufrence of this problem was found to depend upon the
frequency of antigen- negatlve cells m the orrgmal cell populauon and also on the
efficacy of the treatment on. the sensitive (antrgen -positive) populatlonm

f .") the discovery of the continued growth of antlgen posntrve cells even though the cells

were coated with the antibody. Thrs problem has been attributed toa failure in host’
'/mechamsm to eradicate more than a certain number of antrbody coated cells which is
- most probably due to a shortage of eff ector cells in that area”"”‘.‘ .
| The therapy of sohd tumors would be less than- rdeal compared to lepkemia as it
is questronable as to. whether the monoclonal antibody infused would be able to.'
'penetrate all of the‘tumor mass. lmmunotherapy would be 'enhanced if used on a
y smaller tumor load or on a reduced tumor kload,_via,;prior radiotherapy, chemdtherapy.
and/or surgery'. It might well be that adjuvant thera'py ol' micro-.metastasis ‘with
" monoclonal antrbody would be' their- most s.gmfrcant cllmcal apphcatron and 1f

successf ul would prevent many relapses and may even convert complete remissions into »
true cures‘“. It rs, the obvious goal of many investigators to use an.antibody» that
* recognizes a tumor speclfic an_tiéen ‘which can ‘distinguish ‘absolutely‘ bletween tumor

®
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‘.cells and normal cells but it has been found increasingly doubtl‘ul that such anugens

. existloenany Instead most ol” the defi med tumor related anttgens appear to be embryonic -

or dlfferenmtron anttgcns whtch are ' expressed srmultaneousl) on 'certain

subpopulatrons ol' normal cells, erther during embryomc development or ata spectfrc
| stage in the drfferentratton pathways of ‘the cells of origin of the tumor Hence, any

monoclonal antibodies that are suf fi 1crently cytotoxic to cells bearing the antrgens would

also kill many of the antrgemcally related normal embryonic or dtl'ferenttatmg
cellgteartrertse, Most of the reported monoclonal antrbodres whrch show specificity l"or
human malrgnant cells such- as melanoma“"’“, colorectal carcmomas“” and
lymphomas”” have also been shown to react wrth normal celt types”‘ Most of the:
rmmunotherap) performed with some success is in the treatmerit of leukemlas as the
. majorrty of these neoplastic cells are in the penpheral circulation!?*"#°3; Thcrc have been '
. att°mpts made 1o treat soltd tumors such as gastromtestrnal tumors’:" and mahgnant
tumors”" but with rather limited success. The use of munne monoclonal antlbodres as
) 1mmunotherapeutr' agents m humans ha,s resulted in more than hall” ol’ the patrents
‘ ‘exhibiting srgmflcant antrbody responses agamst the: murmc rmmunoglobuhn but thcre
were’ l‘ew if any mcrdences of ’anttbody responses that resulted in allergy, serum
~ sickness, immune- complex disease or other evrdent toxlcrty even though the murme
rmmunoglobulm materral was prepared from the ascites flurd by mice bearrng the

hybrrdoma and the resultant f inal product f ound/containing' other serum proteins'** and
‘doses;,a-s high as 1500 mg have been adminlstered"’ .:l'her'e were .a few llmitatlons
» obserjedgwhen using murine monoclonal antrbody for rmmunotherpy in humans such
as ‘f, )a finite capacrty to elrmmate antrbody coated cells with. antrbody dependent. ‘
cellular cytotoxrcnty or the retrculoendothehal system and 2)immunogenecity of mouse :
"antrbody resulting in antrmouse antrbody”""‘ Other treatment fallures are such as

descrrbed earlier. L . I ’

PR A
] .
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“Other methods of using monoclonal antibodies for the therapy of tumors which

appear rather promtsmg mclude the conjugation of anti-tumor monoclpnal antibodxes

st

toa- parttcle emitting radlonuchdes such as Radxum 224 or Astatiné ﬁ'l’“. 1o chemo- |
.therapeuuc agents such as alkylatmg agents cyclophosﬁxamldc and adnamycrn or to
the A chains of toxins such as ricin and dtphthena toxin!?¢"203, Antrbodtes specific for
tumor antigens have long been consxdered as possrble carriers for antltumor agents -and
_ greater mterest in -this has been generated. wrth the mtroductlon of monoclonal
' antnbodles with predefined specrfrcmes’ Conjugation of monoclonal antrbodtes with .
, chemotherapeutrc agents and bacierial plant toxins have been performed rn rrl‘any - .
,laboratones and these conjugates have been f ound to have preferenual cytotoxtcxty’ to %" @
the target cells whrch react with the antibody component of the 1mmunotoxm' lt 1s
: '_ Sll" however, not estabhshed whether there exist human antigens that are sufl' 1cxentl) o
‘tumor -specific to provrde a target for therapy with anttbody toxin conJugate“" as the. -

T ,
i ; ¢

antxbody conJugate should localizey in sufficient concentratlons in the iarget tls‘sue to A
provide an adequate concentratnork the attached therapeunc agent'. There are a fe'w ’ !
cons:derauons to be determmed such as the percentage of the injected dose taken up by ,ﬁ o
* the tumor because any excess antxbody conjugate strll remammg ih circulation mrght : .
result in non-specific interactions and subsequent damage to normal tissues. Therexact" .' ﬂ )
. ' ’ Al ’ ) ’ .
" location and means by which the antibody-conjugate are localized within the tumors
~should also be determined as the' therapeutic-conjugate’ a‘gents may need to be
a mternahzed by the tumor cells to elicit a cytotoxic response"“” The treatment of solid
. ‘tumors may pose more problems as the penetration of anubody into the tumor tissue is

s

_ restricted by the extent of vascularization and extravasation within the tumor mass""’.
'l-lence srnaller antlbodtes such as rmmunoglobulm G or their fragments r?nay be
( preferable for the dehvery of drugs to targets outsrde the bloodstream as ‘they should
'have opumal dif' fusron propemes. La.rger monoclonal anubodres such lgM which tend -

T be retame&l&h‘m the bloodstream due to thetr large molecular srze may be the most
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suttable class of tmmunoglobultns,for attaclung mtravascular targets’, Cltmcal problems
© . that could anse in the use of an anttbody toxm conjugate aré that neutralmng‘

antibodies could develop agmst the lnjected anttbody and anttgen shcddmg from of

o

_ certam types of® tumor cells may neutraltze the anttgertrecogmtton of the conJugate

before it reaches the target?® «

Human monoclonal itntihodies |

. For the diagnostic and therapeutic appli‘c‘:ations of antibodies in a human system,. it
would be htghly desrrable to use human rather than mouse or any other rodent derived
anubodtes The clinical application of xenoanttbodtes would be severly ltmtted by the fact that ‘-
they are foretgn .proteins’**1¢, Before a potenttal human monoclonal anttbody could be used

clmtcally. there are two major problems that must be solved’*. The first is to obtain stable

lines that mll conttnue 10 ‘secrete the desrred human aqlboﬂy over long penods of lime!4?nes

-

and the second is 10 be able. to select and predetermme the 'specd' icity of the selected antibody

This poses a greater problem in the human than in the mouse as it is ethically impossible to

—

b

\

rmmumze human donors agamst the vast ma jority of anttgens“""‘
There are, presently three basrc approaches to obtammg stable human anttbody .
secreting cell lines, which. are, 1) the productton of mouse- human hybrtds"”‘m 2)
" o

i Epstem -Barr vrrus (EBV) transformauon of human lymphocytes“’ﬂ“““_"'“‘"”.and 3) the

producuon ol‘shuman human hybrtds“'”“"”””’"“

" Mouse-human hyb_ridé

Early attempts of producmg hgman monoclonal anttbodtes made_use of the -
h) bndxzatton techmque developed by Kohler and Mrlstem’ fusing human lymphocytes
>w1th mouse myeloma lmes used for: the productton of mouse monoclonal artttbodtes”z

. Tlus techmt;ue has been quesuoned as a vrable means of productng human monoclona%'
anttbodres as it has been observed that the fusion product of mouse myeloma and

2,

\ human lymphocytes is geneucally unstable resulting in the loss of human’ chromosor'nes
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,,clmlcall useful.
 clincally usefuly

)

Infec‘uon of blood lymphocytes by EBV Was found to mduie polyclonal secreuon of o

/\@ﬁqulvfa‘s modulators'\_ '{hxs response’“ "‘_ o ” ot Foe ";_

i SRV

| transf orr'hanon (o B’ lymphoc}tles Epstem Ba\rr vr.

However severa. rnvesugators hqye report& to be able to obtain stable

hevcrohybnds secretmg specific human monoclonal anubodres to antrgens such as B -cell

Iymphomas'“ human mammary carcmoma“’ and lung tumor anugen212 wrth some

laboratones reportmg the contmued producuon of mouse- human hybrxd monoclonal

P

anubody cell lines. over long perlods of time!s, Even though the resultmg tmmuno- ‘

globulm produced from the mouse human hybrrd would be of human origin, the ’

product would stxll have to be purrfled to remove any contﬂnanng mouse protem

cells resultmg in the release of cytoplasmrc contents“’ before the product could be -

'

Epstem -Barr virus transformatlon S

The Epstem Barr vrral transformauon of human lymph0cytes has been

A
.

descrrbed”‘\ns a promrsmg techmque_ o xmm rtahze specific amxbodv producmg

lymphocytes and thrs 1mmortahzatron techmque has beemshown to. retam certam :

u‘ R4

charaeterrsucs of the B cell mtactly SO that the transformed plasma cell wrll contmue to _

produce anubodres“' However there have been cases repomng that EBV transformed 4

o

cell lmes have often been found tp stOp produemg anubodres af ter a vrable perrod“9

4

mononucleosrs’“ is also found to be assocrated wnh -two human mahgnant drseases :

-
.

" which’ are the Afrrcan xBurkm s 1ymphorm”7 and nasopharyngeal carcmoma”'

et

‘

rmmunog‘lobuhn"‘ The xmmunoglobulm producuonffn EBV mf ected B*lymphocytes s

shown to, be T lymphoqyte mdependent although acuvated T lymphocytes could be
f

N N -

7"?',» Lo

s, the etrologrcal agent of mfecnous .

- i Yo i . ) v
» ) O . . : - 6 ,
+ - . . . . .
. . . e < . L
. s . . . :
, ‘ . C ) .

from 'the mtérspecnes hybrrd“” over a short perlod of ume“’

e

c"

- whrch mxght be present enther through speerflc secretxon or through the bmkdown_ol Jo

’I‘he EBV lS fqund to mfect only EBV r'ecepto posmve.cells“l, and thus restrrcts

R
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There are two Ways in utllrzrng thts ‘transf or‘matton techmque Wthh are l) to ¢
‘ > .'
1solate pertpheral blood. lymphocvtes and culture them in vuro with the Fpstem -Barr .
© virus and the anttgen of mterest“’, and 2) to rsolate and select penphcral blood

' lymphocytes for their response to an antrgen‘“ Thmasecond method ma\ be usef ulin - |

. I S g
‘ 'rarsmg antrbodtes to anggens wh hape reactrve cells oceurrtng ttaturally in thc blood‘ I
o l oo o !
o have been mducedc W»prrofﬁfectrgrr gr dehberate' 1mmumzatron"' Anott\er
_ N |
approach usmg the EBV transf ormatton techmque is 1o tombme this method wrth thc
"¢ ' ¥

' hybrtdoma techmque ln thrs combmatton procedure EBV transformed lymphocytes‘

[

,that are already prodltcmg arttrbodtes are fused wrth a lymphoblastord cell lme”‘ .This

s . kS

.I\EBV hybrtdoma technrque has been f ound to produce a 4-fold to 8- fold more specnf ic
antrbody than the EBV parent The initial - rnvesttgauon of this method has repol‘ted a )
.htgher clomng effxcrency with a stable productton of anttbodres at a htgher rate than'

that ol‘ the EBV transf ormed l\ymphocytes“‘

Al

.

e Anttlgdtes produced in thrs Hanner may be. of use as- research tools but thetr :

L clmrcal use may be rather lrmrted because of the potentral danger to the patient. of

e

E human contamed virus as50crated wrth mfectrous mononucleosrs and such neoplasras as R 4
: RS , . '
Burkrtt S lymphomas“"“" because studres have shown that some of the FBV_

1mmortahzed cell lmeé/as well as . lymppoblastord cell Tinés derived” from normal ’

=

.seroposmve donors could grow as maltgnant tumors upon heterbtransplantatron in nude -

S

L

_mxce“9 Although the: general gse of VLhH method is- lrmtted contmuous cell lines A

‘A i ‘A,Wn
1secretmg anttbodtes agamst g p ‘A , treptococcal car%oh@y.grate“',\anttmtrophendﬁ ‘3«'
. Lo X » X "‘ o R :
p,avttrbodtes7;”7 and rheumattod l’agt' 1o are m current use Lyl ' bl

Human human hybrrds B e

K

N

: There isa consrderable amount ov dterest ‘i'n generatlrg,mqnoclonal anubodres
from human cells“’ f usmg hu%!an lymphocyt%th human lym-phord cells‘“”“’ 'usmg
the method descrtbed by Kohler and Mrlstem’ Such reagents s%?ul‘d be. better tolerated

in the human system than are, antrbodres ratsed tn otﬁr specres such /as)rats or. mtcc/ ‘

.
° At : L
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. smcc complrcatrons such as’ serum srckness -or raprd elrmmatron of forergn
&

rmmunoglobulms would be mrnrmlzed“’ Lymphocytes obtarned from cancer pauents. '
i :[-can be used to prepare, the human- human hybrrdoma offenng opportunrtres to study

Ly )

the rmmunology of relevant tumor assocrated antrgens agarn5t whrch the lymphocyte

<

donor has responded‘” However B cells in penpheral ‘blood (the only reliable and
, easily obtamable source ol’ human lymphocytes) comprrses only about 309@/01” -

R 'mononuclear cells and the maJortty of these are in restmg non- actrvated state“/ and~ 5

’

'there is evrdence shown that actrvated“ cells (those cells havrng undergone blast

'_transformatron) prcferentrally fuse to myeloma cells???, There are advanced trssue
ﬁculture techmqt.es now : developed whrch make it possrble to strmulate the B‘ﬂ

. lymphocytes «Wwith an approprtatev antrgen in’vit.ro and then fuse them to myeloma‘
cells“’ rm.plymg th.rt it Sray now be possrble to-obtain human' monoclonal anttbodres by ‘_

. in vitro p,rimmg wrth an anugen that cannot be used to mnoculate a human“' A

b sparsrty of potentral myeloma fusron partners do exrst as it has been found to be

dif’ frcult to grow human my%lomas in tissue culture“9 but there are reports of human ‘

/.

A
lymplrocyte fusions wrth various myeloma lrnesﬁ””’ and two human myeloma ‘bell lines
that have been" found surtable for hybridoma pfoductron are drawmg consrderable

k]
‘ % attentton“’. o
. . : - F E o T -
F. TA3/Ha murine mammary adenocarcinom'a ‘ " : f\/

o , . . V . - >‘

s

r Origi?o‘f the tumor r’ine |
g The TA3 turno?’ had orrgmated as a spontaneous mammary adenocaranoma m a female

A/HeHa mouse in 1949 and had been contmudusly tﬁnsplanted 1n the stram of orrgm“’ It was -

i
g converted 10 the ascrtes form on two separate oecasrons The TA3YSt ascrtes sublme am}e from o

A the srxteenth solrd passage“‘ and the gﬁ%’)ﬁa\ ascrtes was derrved from the 34th solrd transl‘er'
.generatron“’ The TAS/St ascites subhn%getamed its transplantauon specrﬁcrty for strarn A-‘ J

s e : B e A VR S .
i . . B 3 R AT . LW
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mrce but acqutred a hvpotetraplord karyotype with two metacentrrc markers and a model
'chromosome number of sixty. nme“6 The TA3/Ha ascites sublme whtch in 1953 killed only
,stram A mice and had a drplord chromosome mode of [ ort)”’ acqurred onc additional small
acr0centr1c chromoso'me before 1956 it then became 100% allotransplantable and dcveloped
1mmunoresrsrtance “without any known selectron pressure“'. 10 @cc and was Iethal lor

- uncondmoned rats?* even at/ low tumor rnocula’ *

1 . Y

-Morphology SRR . r

'I‘he TA3/l—la and TA3/St ascites cells are g’enerally spherrcal whcn f 1xed m suspenston“"

- wrth the surface area of the TAJ/Ha cell approxrmately 1.4 umes smallcr than the TA3/St

cellm The general mternal morphology of both the TA3/Ha and TA3/St cells were found to-be.

o su_mlar”°. Both cell sublines were f ound to,-contam abundant virus partrcles-whxch"appeared o .

~ be concentraied in the region of the t:yggplaSm imme'diately surroUnding the golg‘i membrane”0

*

' ,The TA3/Ha cell ‘was seen to- possess a regular topography with long and rrgld mlcrovrlh'
distributed at regular mtervals over the surface The mrcrovrllr rarely, branched and lairly -

- strarght were observed 10 be extended “outward a drstance equal 1o the cell dlamercr“0 ‘

lntermlcrovlllous space on the TA3/Ha cells. were generally smooth and the surfacc)lacks the

;nembrane folds whlch are characterrstrcd'f the TA3/St cell”" A morphologrcally dlstmc\ an‘d .

: extensrve cell surface coat rernmtscent of the fuzz coat of the intestinal brush border was found

on the TA3/Ha cell»e,. Thrs coat most of ten appears asa network of fine elements aboul 5 nm
: m wrdth extendlng 30 50 nm wrth individual frlaments that may e¢xtend 200 400 nm from thc

outer membrane“”"“ The surface coat of the TA3/Ha cell generally appears to be morc

, #
extenswe m tWaf hrgh concemratron of mtcrovrllous f ragments’“’“’ which

e
. .-‘,\ .

v 'appears to stabhze these structuresm ‘l‘hrs heavrly sralrc

‘ numerous rmcrovrlh chargctertzmg the TA3/Ha cell”°‘ was shi wn t ycoprotem in

1Y

\ "r]:h covers the -

naturem There is an estlmated 5 mg of thrs glycoprotem -NOwW known as eprglyc;amn“‘r per l -

| o x 10° TA3/Ha@ls extendmg outward fror’n the TA3/Ha oell membr,ane”‘ T 4'
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.

' TA3/Ha cells have a mean elecrroohoretic mobility of 1.56 + 0.010 usec™! volt™! cm% |
compared to 1.27 £ 0.012 gsec™! voli*! cm. for lhe TA3/St cells indicating a hrgher net negatrve _
charge for the TA3/Ha cells“' This hrgher net anionic charge of the’ TA3/Ha cell can be

L attributed to the presence of neuramrmdasc sensmve sralrc acid?°, There is approxrmatelv 580
% 40 ug per 1 x 10° cells ol” the neuramrmdase sensrtrve sialic acid‘ on the TA3/Ha cell. surface
‘ com‘l ‘10 approxrmately 270 £ 30 ug per 1 x 10’- cells on the TA3/St cell surface?”.

Trearmenl ol‘ both cell sublrnes wrth neuramrnrdase wrll remove more than 50% of “their cell R

?

. surface sialic acid?*°.” o . o - Ca '\'
‘ _ ﬁ . "
e SRS - o o
Brological chayactenstrcs ‘ . A . ' o
:gf G?owth characeristics T “ B e “ A

’

’ The TA3%a cells ﬂlltrply eamer after expl{n(auwr than the TA3/St ascrles

cells and wrll grow and remam as a SUSpensronf culture of srngle,.cells or small cell
\

‘ complexes”’ Both ‘these ascrtes s‘ﬁblmes g“‘rov?’m vive predommamly as smgle cell = |
. .t

| 2 suspensron with a rendency 10 f orm tomplexes of ay cellsm The’ TAB/Ha ascites cell’
“will grow progressrvely rn foreign specres such as the rat and the hamster as well as in
allogenerc mrce“' Allotransplantabllrty of the TA3/Ha ascrtes cells was found, with: ’_’iﬁa
very fe‘w excepuons to be restrrcted to’ the perltoneal cavrty and not operatrve ‘s\ub\‘ -%
cutaneously or mtrﬁenousl)"" Sequenual passage of the TA3/Ha ascrtes cells* o >w
subcutaneously in syngenerc mrce has resulted in Lhe adaptauon of these cells Q
’ subcutaneous allogenerc growth“6 It is belreved that eprglycanm has a major role m.. o

r‘l‘- id

permrm{ this allogenerc growth?. TA3/Ha cells whlch have been grown m wtro oo
more tha ten weeks-were unable to grow in wvo ‘ln allogenerc mice®’, These cells were

v .«

« \ then found to have: lost about 90% of theu' surface eénglyeanm“’ After repassage of .

. /7
3 L t.hese cells into syngenerc mrce they were Eound allotransplantable agam and had also
. regained therr surfaoe eprglycamn”’ R S .y
\‘ . ;‘ BN . } . a i @ '.»“v w@l . . .

' v N ) : ' B L RN . . : MO
) e s LTy : Lo -~ o~ B e



. . : sy : . ’ .
: : ' Lo 4 L ?~ X
_‘Immunogenicity ' o e

The TA3/Ha ascites cells»\e%:und ‘10 possess approumatel\ the _same

s *
concentrations of hlStocompatabrlrty ahtiens (H 2) on thelr '

- bmdrng capacrty”’ TA3/Ha cells, whwt'oduce both

¥ 2. sensitize lymphord cells in allogenerc mice, v}ere found lo

TA3/Ha tumor c'ells are consrdered poor 1mmunogens as u was found that even

1rrad1ated TAB/Ha cells are less unmunogemc than the TA3/St cells in evokmg either

then humoral and/or cell mediated rmmumt)“”””“'o TA3/Ha' cell resrsrtance was

S found not to. be an absolute phenomenon since the cells ¢an be krlled by heterologous

antrbodres such as rabbrt antr mouse anusera in the presence of cithet gumea pl/ serum

- P

. o #ﬂm serum as the source of complement but not wrthqﬂsanﬁﬁra”’ The TA3/Ha |

-

cells were also observed not to possess‘mtrmsrc rmmunoresrstance" - N
w» Transplanﬁ!ﬁilit)" e \ L
The TAB/Ha cells. have been found 10 synthesrze H-2 a@trgens in amounts

/7

similar to the TA3/St cells and these antrgens resrde in.the membrane with only a small

k l f ractton exposed on the outer surface of the lrvmé TAS/Ha cells whereas all or most: of

. these antrgens are exposcd on the surface of the -TA3/St cells”’ ' Ineffecuve.v

. ‘ rrmnunogeuecrty rather than rmmune resrsrtance on the part -of the TAB/Ha cells has
s

been demonstrated as the major factor in the permrssrve growm of thesc tumor cells in
Y

hrstocompatrble ammals”'. It _has been suggested that a hrgh mole&ﬁl&@lght?

face as the. strain

glycoprotern eprglyeanm found only on the surface of the TA3/Ha cell .masked - the |

hrstocompatrbrhty antigen of the TA3/Ha cell and physrgally protected the antrgemc |

srtes from the bmdmg of antrbody thus perrﬁrttmg the w:despread allotransplantabtlrty

and xenotransplantabxltry of the "TA3/Ha tutnpu Q:ells”"“""" aJt has also been

: suggested that the brgher net negatrve"charge of the TAB/Ha oells due to the srahc aerd ,
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contqnt may facrhtate the outg'r}wth of these cells m allogenenc millP and it was

‘1‘
éneurammrdase treatment reduc’ed the trans %abrhty of the tumor in allogenerc
e

H

g further demonstrated rhat rmgval of gafrc acxd from‘ these c’* by process of

B o mlCC“o at low tumor mocula”’ The removal‘of sraltc aﬂ%‘%om the TA3/Ha cell» i

' B .4
- surface was found to expose new galactose termmated amrgemc determmants on the *“’9‘“L

~cell surface which, in the presence of a factor in serunr and compleme‘ t?w%cywmxrc

& ﬁlthe neurammrdase treated TA3/Ha cellsm Srahc acrd was found not to mask the.

,‘,' ‘étsurface hrstocompatabrhty H-2 antrgens on the TAB/Ha cell surl‘alcem as the'
e abs@rptron of - antl H-2 arltrbody by the TA3/Ha cell was not affected by the'

=4

" neuraminidase treat'ment which retnoved the surface. sralrc acrd but not eplglycanm’“

. L&

‘ Allotransplantz’ in experiments with Aigher tumor inocula of TA3/Ha~cells were
i o A , ‘

. found td*be uniafTected: by the removal of sialic acid~vf1‘om4;the“ ceJl surface*®3. -

B

“such as skin gral‘ ting™$%, injection of either lyophilized of formaldehyde treated TA3/Ha

ascites cells"’. pre- n‘tmn of TA3/St cells allone”' or Mam mof‘rﬁable .

.TA3/St and TA3/Ha cells“"

) % , | ‘ 3
u fe: . Lectin bmdmg specrfrtres y . AW e
' TA3/Ha munne mammary adenocarcinoma tumor have been found o

Q

possess receptors for the lectins Phaseorus vulgarls concanavalm A and VlCla

-gramlnea“ but were not agglutmated bmexther one of these lectrns"’m Agglutmatron\

2

of the tumor cells by the lec’tms was determmed to be umnhrbrted by the presence of ’

sialic acrd“”l%;l TA3/Ha tumor cells that have been treated with proteases however were
aggluu‘gable by concanavalm A\and Phaseorus vulgarrs The strain specrfrc TA3/St
-tumdr cells have the same number of reoeptors for the lectms Phaseorus vulgarrs and
concanaValrn Aas the TA3/Ha tumor oells but. were found to be agglutmated by these

oy lectms wrthout any prior treatmem of the oells with enzymes™*. Henoe drfferenoes do

‘_ exrst in the earbohydrate contmmng macromolecules on the cell. surfaoe of the n{“ TA3

Tt

% .+ Allogeneic mice can be protected against the growth of the '_l'A3/Ha cell with methods

Aa



‘sublines.,_ so‘m?e E{r which are in a'cryptic form on the surfacc.of lhe immunoresistant
'TA3/Ha cells’“ .Both lhe TA3/Ha anda TA3/St Lumor cells can be agglutmal.cd b) the'
peanut lectm" and trmcum vulgarls lecéln’" but the number of receptors for the
’ peanut leetm on the TA3/St cells were cons:derably less than that found on the TA3/Ha

cells*s. The TAB/Ha tumor cells have also been found 10 absorb both human and

HR " . . \ i .
LT - . . .
\ i et 5 . Y 75
o W‘(}, PR . . . R , ° . ) "

e

ammal amh'l‘ agtrbodres s well as anti-N lectins such as. thc Vrcm grammea’° {‘ ;
e\ o RgY e
: ' e S . . wiw -

) ) - . .-
TA3/Ha organ specrflc metastatic vanants T ’

v

Strain A/HeJ mice that had been mJected wnh vrab]e TA3/Ha tumor cells mtravenously -
”

were found to result in distant tumor growths forming mosllv to the lungs and to some

perrpheral or subcutaneous growth whereas with TA3/St tumor cells tumor growth was f ound

mainly localized to the lungs“6 Massive wrdespread tumor 1mplantauon in muluple okns

rncludmg the liver, spleen krdney lymph nodes and perrloneum can be achieved followrng the . "~

mtravenous mJecuon of TA3/Ha tumor cells into the stram A/HeJ mrce”‘ Eprglycamn has

y )'5'

been hypothesrzed as the cause for the enhanced TQAS/Ha metastau,c spread of lhe tumor cell

1mp\amauon beyond the lungsm This high molecular v«ferght glycoprotem that is present on the'

TAS/Ha adenocarunoma tumor line has been deten'hmed to be present on the selected TA3/Ha o

' metaitatic tumor vanam lines??*¢ and the TAB/Ha metastatic lung and lrver variants have also

- been found to mamtam a*high expressron of the Thomsen - Frredenrerch anugen as well”

Selected TAB/Ha metastauc lung and liver vanant tumor cells have been obtamed with the in

. vivo and in vztro selecuon method descrrbed by Frdler“’ by Dr ‘B.M. Longenecker al the

’

Departmentmf Immunology, Umversrty of AlberLa and the TA3 tumor cell lines used in the

research prOJect has been kindly provrded by Dr. Longenecker.. Further descnptron of the
[ ] ) .

. TA3/Ha tumor- cells is provided in the latter poruon of the thesis.



‘ Epiglycanin

- _approximately 500 800 daltons*® is found to €xist in an extend

.76

w

* The high ,mollecular weight glycoprotein epiglycanin whicy a molecular weight of ,
po

i -

lypepude confrgurauon
often longer than 400 nm in length anw'bout 2.5nmin wrdth“’ ‘gly@mn whrch is heavily

sralylated is present in large amounts on the TA3/Ha tumor cells lt has been approxrmated

-wthat there is about 4 mg of the glycoprotem per 1 X 10’ tumor cellsﬁ' 'about 5 X 10‘ molecules

£

of eprglycanm per TA3/Ha cell**s. Epiglycanin can be readrly removed f rom the tumor cell

t surface by the action of trypsm or papam cleavage whrch has been found to yreld fragments of

Q
the glycoprotem wrth ari average molecular werght of approxrmately 200 000 daltons“’
]

The composmon of epnglycamn was found to be about 23%protein?* and over 75%
carbohydrates in !he f orm of numerous ‘short and longer srde chains that are attached to serine

and threonine resrdues ol‘ ~the protein backbone by O-glycosidic linkages t6 the reductng

B ) -

termmal sugar o- NAcGal”"" In other words, there are more than 500 carbohydrate chains -

that are attached to a single polypeptrde cham of 5bout 1 3Q0 amino acrds" Approxrmatel) 60%

of the carbohydrate content in eprglycamn has been found to be present as the structure ‘

B- D Gal(l->3)a D GalNAc bound by an O glycosyl lmkage to serine and threomne“" Cell

surface eprglycamn is found to exist in two hrgh molecular wetght forms; a long cham and a

-

short cham“’ and the drstmctron made between the long chains and the short charns rests solely

- upon the presence of'a 2'acetammdo-2-deoxy;D glucose resrdue that is present in the long

chains**, - - o .

"
i

el 4

A

The drssacharrde descnbed as B-D- Gal(l»B)GalNAc whrch is a structure srmrlar to

’ that proposed’*f or 60% of ‘the carbohydrate content of eprglycamn has been reported to occur in

\

many glycoproteins and many. of these glycoprotems as well as the relation of the dissacharide -

. 1o° them has béen very well rev1ewed m the literature by Varth and-Whlenbruck’’. This same. o

drssachande structure is ‘also present on human erythrocyte glycoprotem that contains the M :

and N blood group actrvrues"'“’ and has been also consrdered as the rmmunodetermrnant
L g

structure of the Thomsen-}j‘nedenretch antigen?’. Epigluganin was found to be as ‘effective as

. e
R

b
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the tost highly active N ant‘igenu;preparations in specil‘lcall)"inhiblting the agglutination of
o . .

" human blood group-NN ﬁy'thfocytes by the antl-human blood group N specil' ic extracts from

the legummous plﬂnt Vicia grammea" Excellent mhrbmon ol" NN specrf ic human erythrocvtes :

by Arachrs hypogaea in the hemagglutmatron by both neurammrdasc treated and untreated
,.v’il

epiglycanin was also observed*:. Eprglycamn has also ‘been reported 1o lnhlbll aggluunauon of
‘the TA3/Ha and TA3/St cells by lecuns“' such as potato lectln.. eel seru:l aggl;ttnrn and -
thmia communis agglutinin, | S o - ]
Viable TA3/Ha tumor cells have been found to shed the glyeoprotem eprglycantn f:()m

. the cell membrane into the ascites fluid and serum in vlvo ln wtro analysis of the TA3/Ha

-

tumor cells have found that epxglvcanm is onlv shed by viable tumor- cws as dead cells do not

LI

release eprglycanm“’ There 1s a decrease in eprglycamn shed% from 'the surface of the
Q

VTA3/Ha cells durmg growth ’ﬁf the tumor cells in’ suspensron culture and a subsequent increase

. after repassage -of the cells in Syngeneic mice®’ TA3/Ha cells whrch had lost therr surface

S

.

eprglycamn due to in wtro culture have been f ound to be unable to propagate in allogeneic mice

but repassage of these - cultured cells mto syngenerc made them allogcnerc agam”’ Hence

L *

]

allogeneic mice. Eprglycamn is also beheved 1o be responsrble for the abllrt§\of ¢ TA3/Ha

‘e{,rglycanm rs 1mportant- for the-survival and growth of TA3/l-la tumor cells’ r?m into

tR
tumor sublme to gro&w in allogenerc and xenogenerc hosts?* by the process of physically

maskmg or sterrcally hmdermg the H-2 hrstocompatabrlrty antrgens hence rendermg these

v
antrgens relatrvely inaccesible for mteractlon“S An alternate explanatlon proposed was that

epiglycanin molecules that are shed in vivo have a suppressive of blocking effect on alloantigen
.vt‘ . ?

reactivity by the hosts™*’.. N
l Epiglycanin present on t_he'TAS/Ha tumor cell surface and also shed into the serum has
been indicated NUMETOUS  times?2"37'4 a5 the‘ l:act‘ér responsible for the ”allotransplantahil.tly
" and xenotransplantabilty of the TA3/Ha tumor- cells. It fas also begh irnplicated as the cause
for‘ the enhanced metas_tatic spread of the T-AB/Ha tumor beyond the lungsj". - '|
e B R

.
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G. Radioiodination Ny .

There are basically two‘major considerations 'when selecting a radionuclide for labeling |

4

a pharmaceutrcal for use in radrotmagmg‘rocedures They are a) the necessity of mrmmxzrng

-

the radtatron dose to the pattent and b) the detection characterrsucs of present day nuclear

' medtcme mstruhrentatron”’ “The radronucltde of choice should ideally, emit a monoenergetrc

' gamma ray with energy between 100 - 300 keV to allow for sul‘frcrent trssue penetration with
» [y o

.mrmmum scatter and maxtmurn detectron effrcrency on avarlable mstruments“"m The

radionuclide slhould not emit any particulate radrauon such as alpha and bet‘a particles“’ and it

should’ give a

of undesrrable radiation such as those artsmg from® Auger electrons

.
-

, %conversmn electrops and ,,low energy electrom,agnetrc radratron l‘ellowmg electron capture or
&

o & *
mternal conversion?s?, The radronuclrde should have as’ shprt a rp{rysrcal half -life that is.
e, L M Biiegen # Ay, «1** k

Bt

compatrble 1o -the physrol;gjal lralf life of the phenomenon under study“"m as a lesser

half -life may not allow sufficient clearance of the labeled product from the crrcuf’atton wrth.‘

: /
enouth.umor accumulatton at time- of imaging and a longer physical half - lrf 3 would result in
; unwanted radrauon dose to other organs af ter peak tumor rrradratron has been achre‘ﬁd“’ )The .

radtonuclrde should also be available easrly economrcally and in as pure a radionuclidic foim- as

]
>

‘posmble. - :
. ’ 4 -

Isotopes of Iodine _ o o | -~ ) ' S

The radtorsotopes of iodine are consrdéred to have the greatest synthetrc virsatrlrty ,
among~the readrly avatlable gamma emrttmg radronuclrdes as they have been observed to label
~ both hydrophlic and lrpophrlrc compounds by a number of drrect and tndrrect methods"\‘rhere
| are presently more than two dozen radtOtsotopes of rodrne avarlable”l of whtch three lz’I 135]
and 1] are in common clrnrcal use. Iodrnated compounds have been found to detodrnate qurte
rapidly in vrvo”‘ and the free rodrde is observed 0 be taken up ushallx by the thyrord stomach
and intestine, salrvary glands and chorord plexus wrth a large fractron f rltered mto ‘the urine by

the krdneys”’ Iodtnauons have sometimes beer observed to alter the ommal charactenstrcs of
'g o s

4
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o effmency and scanmng resolu?

molecules and occasionally denature a macromolecule®®!,

,lodine-IBL‘ ~ el L e |

o R Y

lodine?13'1" diseovered in 193823756 xs avaxlablc in larsc QUanuues Quue

' mexpens:vely in the chemxcal form of sodmm mdnde or as’ "‘l labeled compounds

~lodine-131 which has a phvs:cal half -life of 8. 04 days decays by beta “emxssxon and has

a prmcxp]e gamma ray emission of 364.6 keV wnh@"% abundance which is consndercdv

v&

slxghtly higher- than ideal®* for sangraphy lodme'131 also has two hxgh cner?

photons of 637 keV and 722 keV emmed in 12% of the dxsmtcrgrauons”’ whxch will - ,

further - decrease the resoluuon “and unage scnsmvny of a scan lodmt-.},31

commercxally produced b) either the thermal neutron acuvanon of wﬁv.ﬁum 130 130Te

(n 7) mTe & 1] (Radiochemical Cenue Amersham Bucks England) or the

irradiation of a **U- alumxmum target in a neutron flux of 2x 10“meutrons/cm’/sec ,

» 335y (m, f) 31 (Qak Ridge Nauona,l ‘Lab, Oak Rldge Tenn. ). Iodme 131 is currently

j used in mangk medxcal msutuuons for thyroid function dlagnosm 1magmgh and

&

therapy“' o ' L

Todine-125 T R

1 . g -~ . P »

Todine-125, discovergd in 1946, is available economicaily™ in plmogt/100% -
isotopic abundanoe"‘ and’ has.a physxcal half - hf e\o: 60 days whxch promdes 2 s'helf bfe - S

' capture with the emxssnon of &“

_,"fmcreased tolerable isotope dosage™”. Todine- 125
: 'studm -due 10 its excelle tecndn efficiency’s but not s fr_, it i in:vivo stud?es
as the 28 - 35 keV pho’ionmre readﬂy attenuaued by overlymg ’ﬁslues"' HoWever
‘many mvesngators hav t er.ed 1-12§ to be advap‘i,ageous over 1-131 in nume_rops

| selected in vivo studies?¢1:2¢3,




1

’“.w&}

0

&

and this is the p?ése_m com@

‘Canada'Lt‘d Chalk River; G da whereby xenon-124-is madxated at a peutron f’lux

“of 24 x 10" neutrons/cm’/sec f'or 60 days whxch produccs 0 32 Curnes of iodine- 125

-

per gram of xcnon ‘ 124180088

lodine-123 -~ ot IR

 Todine-123 has been «commer'cially 'available since 1972 and is - gaining

i wxdespread use“' lodme 123 has a half hfe of 13 }hours and decays sole) b) electron

8

i it shelf - lifer,

!

capture"’ wnh a pnnc:ple enussxon of 159 keV photons at 82% abundance"“ .

Iodme 123 has becn cons1dercd 1o be an ideal radxoxmagmg agent’” as it gives excellem
scmugraphxc xma;es thh good goluuon whxle mmmuz.mg Lhe radiation dose 1o the
pauent“‘ but its phys:cal half -hfe may\bg too short for some studnes”’ Avaﬂable “’I

" ‘been usually found to be contammated w:th a longer hved radxonuchde 1odme 124

wluch increases Lhe radxation dose to the pauem decreases image resolution and hmns '

3
*

There are at pgsem man) routine methods of producing nodme 123 unlu.mg
#

dxrect s, well as mdu'ect nuclear reactions and the various methods are wel] rev:ewed in -

"'the lite ‘ une"‘ The ""1‘ ¢ (p 2n) “’1 direct nuclear reaction usmg a small cyclotron

| xenon 123 by the generator method "’f(eg-f“”l“"’“ These mdu'ect methods offer |

S

Ty

R oozt .

x

ed tellunum 124 m'gets hmits the avaxlabxht)* and mcreases the cost of

v.'ofe

producuon""’" The mdxrect methods of obuimng nodme 123 are from the decay of

some ndvantages such as being able to obtain.a higher radxonuchdnc punty of

nodme 123 due to. the separauon of xenon- -123 and the use’ of inexpensive naturallyh'

.f ! : de;ed,gsone o{ the more proxmsmg methods of "’l producuon ‘b% the ,; -

occumng target matenals (xodxne lanthanium or cesmm) for Lhe producuon of

i : ‘ . \
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Protein radtoiodination . - S o \ : \
" © Diectmethods ..t T ~f I

The radxoxodmauon of protein involves the incorporation of - iodme aloms
/‘—
ainly mtonyrosme and occasnonally into hxsudme tryptophan or sulphydryl groups of.
b the protem and the degree of iodination depends onthe mxcroemnropem of ‘thege side

thams in the' grotem”“"" Radxolodme has to be in its activé or oxidized form to-be.
i >\

acme for labellmg O:udmng agenits oxidize the nodxde to jodine which'in’ wurn reacts

N

with water to form the active species of jodine, H,O*1, known ag t,he hygrated iodinium

ionis, + | , [ B

< |

Figure 1:.Iodin<|'tibn of tyrosine m;iie_iiesi“

‘ ¢ . ' . T 4 ) .
o | Many methods are avaxlable for 1od1natmg proteins éech having Lheu

' advantages and disadvantages. ‘Hence, dependxng on the charactensucs of the protein
and the nature of the enviroment, & pemduhr hbeling method my be more suiuble

. A over the others in maxumung the mamtenance of charactensbes and properues orf

P

protem Below is a short and general descnpu’on of several oommonl) used duect
methodsofradxonodmuon o R T P B

t . ‘.
¢



lodine monbchloride

Iodme monochioride which is highly stable in aqucous soluuons Qc-a,

R

theoretical hrgh a\arlabrln) of 1odme for iodifiation of protems and this method has

becn used extensively for prdtein radioiodination resulting in high specific activity!™
and a higyh labeling efficiency of ap'pr‘pximately 50% - 60%?**. lodinc monochloride that
has been equilibrated with fadioiodide is reacted with the protein and mixed well for

about-one minute after wijgh the reaction is terminated by the addition of excess

i

sodium metabrsulfu@to reduce the frec unreacted radiorodme o) radrorodldc The ’

- radrorodrdc is then remoxed from the reaction vessel b\ conventional melhods""““

lodination of tyrosine resrdues is prcferrcd at lower pH values as 10dﬂ;auon of histidine

resrdues will result at a pH of 7”‘

‘This method hgs the advantage in that electrophilic substitution of iodinc into

the prétein can be precisely controlled, but suf'fersy"thc disadvantages in that the protein
is exposed to potentially harmful radioi\d‘ai\de solulion\s" and stable iodide is giso
incorporated into the protein resulting in lower specific activity?*4'7e0¢s

T LT
Chloramins-T

The chloram‘ine-T method®** is-a widely used mcthod for radioiodinating a

*

a

variety of proteins‘to high specific radioactivities’****, Chloramine-T, the sodium salt

~ '

of N-monochloro-p-toluene sulf,onamide‘. is a-mild oxidizing ageni—\that siqwly liberates

hypochlorous acid "n aqueous solution and oxidizes radioiodide to active ra'dioiodi'nium'

whrch is mcorporated into the tyrosine residue of protems’ 4’163 The reaction is stoppcd/

/

by tne addition of sodxum metabrsulf ite- whrch reduces radloxodmc back to radrorodrcfe -

/

and also stops the oxrdauon“"“’ Free radrorodrde can then be removed f rorrr lhe "

iodinated prorem The chloramme T method has.an. optimal labclmg cfﬁcre/ncy at’ .

, approxrmately pH 7 as the labelmg ef fxcrency rs reduced at hrgher or lower pH AbOVC"

pH 8.5, iodine. subsmuuon into the 1mrdazole rmg of hrstxdmc resrdue is prefcrred”"’“

This method of labelmg is techmcally srmple and raprd to perf orm wnh a hlgh degree of ‘

N
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iodine incorporation into the proteins ‘usually obtained but loss of activity and

aggregation of proteins have been reported to occur with the use of this method?**"¢°.
) L] ' ) , N

5 . \
i Hypochlorite oxidation

-

) \.\\ . . . L . ' » .
An aqueous solurron of sodium hypochlome is substituted for chloramine-T in

>

thrs radioiodination method whnch s sometimes been found to be better than using

the chloramine-T method in preservmg the rmmunoreactrvrty and brologrcal ac%xvm of

pinl60 . . ’ :
rheﬁrotem . . ‘_ .

Chlorme oxidation ' , o e

Chlorrne gas which s - prepared m a- cTosed vessel b\ the addiyition of

e chloramme Ttoa soluuon of sodrum chloride is allowed to drffuse into-a separate
3 * chamber that conta’ins the solution mixture of protein and radrorodme”““?“. The
chlorine gas thus produced oxidizes the radrorodme and prorem labelmg occ:rs in about

ten mmutcs”‘ The reactron is termmated by the addmon of sodrum metabrsulf rte”" 160,

This method mrnim'g‘es the expogure of the protern to harmful reagents and satisfactory

— w—

T labelirrg of proteins has been reported’**.

ew

Todogen or Chloramrdc (1.3, 4 6- Tetrachloro 3a 6a drphenvlglycourrl)

Films of 1odogen convememly plated in reaction vegsels from chloroform or
methylene chloride sélution have been found to react rapidly. in rhe solrd phase with an
aqueous mixture of iodine and proteirr to yield'iqdinated proteins?¢”'?¢* with 1a6elihg
ef fvicieneies reported in the range of 70% to‘ 80%*¢*. No further reduction is needed to

" step the reaction and the free raﬁ%iqdide can be separe_lted from }rc labeled protein by‘
method; of gel filtration chromatography or dialysis?$*"?¢5. Dena.urratiorr of the protein

by this labeling method has been found to be minimal?¢"¢3,
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.'Electrolyticiodination_ ,‘ k K

Oxidation by means of electrolysis at a constant .cur'rent evel has ‘been
_emploved to convert jodide to iodine in the place. of - chemical oxidantsb‘f:o"r the
radrorodmation of protems“” The electrolytic cell has a platmum crucible as thc anode
which contains the protem solutton and the radtonumde and a platmum cathodc :
surronded by dialysis membrane immersed in the protein - radioiodine solution?s4"es A
slow and *controlled rate of electrolysis results in a steady liberation of radtmodme
Wthh labels the protem The free unreacted radnoxodide can then be removed f rom the _
labeled protem by conventional procedures. ) |

The labelmg procedure is mild and the protcms that have been radtol-abeled wrth
thts teéhmque ha/ve been found to retain - high levels of lmmunologtc and btologic T
actlva”‘ The p%otem is not exposed to chemical oxidants and reductants and labelmg o
cffi lClCl‘lCleS of aporoximatel) 80% has been reportcd“""""" The labeling proeedurc
can. also be controlled by the amount of current o carrier iodide?**. This tec.hmque o
however, is complex to perform and specialized equtpment is also required. Denaturing

of unstable proteins have been found to occur due to prolonged exposurc of protetn to

>~

.

\radrorodide the dilution and the temperature of the electrolysts”"““

\\\

‘Eniymatic iodination A
The enzyme Lactoperoxrdase was f irst used by Marchaloms”" to catalyze the

\
oxidation of iodide in the presence of very small amounts of hydrogen peroxidase

lodination lS initiated by the addmon of hydrogen peroxide to a mixture of protein .
radroxodme and lactoperoxidase”"“"’“’ The reaction is stopped by the addtuon of
cysteine or by dilutton and the free unreacted radrorodtde can then be separated f rom‘, '
the labeled protein by- methods of gel f rltratio_n or dtalysx#“'“". A pH of 5.6 has been
. found optimal for this- proeess of lebeling”"’”. Denaturation of the pr_otein is minimal
with this method of labeling as t-he protein is n6t.being‘ exposed to strong oiidizing or

| reducing agents and the biological and .i?ﬁmnnological properties of the original protein



* : their acuvrty“" These methods are
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'~ has also been repdrted to.be maintained?5260ms Labeling efficiency has heen fou‘n'd‘to
be lower than some other methods but lhlS method allows hrgher specrf ic activity to be
obtained as no carrier iodine is needed for the procedure"’ Lactoperoxidase itself

\

undergoes partial iodination, hence increasing .iodine ‘loss?5#'2¢5, Glucose_oxldase and
) " \ - "

) A
lactoperoxidase have been used simultari€éously. to increase labeling efficiency2s*.

| Conjugation labelin% bmethods |
These methods were developed specif iqally to overcome the problems of direct
', ra’dioiodination”""° These methods offer the advantage of not having to exoose the
protem drrectly to oxrdrzmg and reducmg agents or to the radrotodme solutions?**"¢°, [t
E '1s possrble 10 label drfferent amino acids of the protem with these methods and hence

is ,especxally usef ul when the protem lacks suttable tyrosme,resrdues for direct iodination

or when substitution of iodine &% ctly into the tyrosyl residue of the protein destrogs

ore complex to ‘perform and have a two stage

/

reaction which usual]y results in ]ower iodination ytelds when compared to the drrect

" methods?*°,

N:= Succrmtdyl h)droxyphenyl propionate (N- SHPP) )

The N hydroxysuccmrmtde ester of iodinated P- hydroxyphenyl proptomc acid,

* first proposed by Rudinger and Ruegg’“ for protem labelmg, has been used extenswely
for the radtotodmauon of vanous protems by Bolton and Hunter”’ "N-SHPP is first _

radrotodmat_ed by the chloramme-T _method and extracted from the reaction mixture. .

- This labeled ester is then used direCtly to react with-primary amino grodps of oroteins

0 convert them to acyl derivatives at a. pH of 8.4. The reaction is terminated by the
addmon of excess amino ::tcrd“"'“s Protem denaturatron due 10 oxrdmng or reducmg
agents is vrrtually elrmmated in this procedure ‘This technique is trme consummg and

: has. been reported to have an overall labeling efficiency of 10% to 30%.
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“Radioiodosulfanilic acid conjugation
Labeled diazotized iodosulfanilic acid has been f oﬁnd to react actively and form
stable covalent bond; with functional groups of various amino adid re§idues in whorc_
protein mblecules“‘;’Neutralized labeled diazonium salt is coupled to the protein v\lrhcn'
they are mixed tog’ether for abbut 1010 15 minuteé in aﬁ ice bath?*. fhe reaction is
terminated by the removal qf free radidiodide“‘. Labeling .eff iciency of 80% has bee;u .
reported with this ‘'method. This method is a substitute to the N-SHPP

(Bolton-Hunter) technique?’® when it is especially undesirable to label terminal amino -

0

Protein damage from radioiodination procedures - . =

groups of a protein molecule?**,

| For the¢ p’rocedure of radioimaging, 'é: pro’tein Shduld be labeled to a high eno‘ugh
speclf' ic actwny to allow for-good delectxon and still retam its orlgmal bxologlcal and
xmmunologlcal characteristics. Protein damage due to radxoxodma'mon procedures occurs when
the degree of radioiodine subsmuuon 1s hxgh”‘ and resulls in the loss of mologncal and
immunological activity: of the labeled protein w1th consequent a rapxd clearance of the protéin
‘fjtom fhé circulation usually by the liver. after intravfenous’ admgniétration"““’°’“’. Protein
damage may' occur from ) the ‘alteration in the physiochemical prdperties by the introduction
of . radlolodme atoms into the protein moleculesbxn “which the labeled protcm may undergo
consnderable stru\,tural changes resultmg in the alteration of blologlcal activity, b) storage and
labelmg, in that structural alt;ratnons may result f rom the high levels of radlauor_l which cause
ionization.and excitation of the protein moleculés -directl'y and indirgctly f‘ﬁhdﬂ‘ c)v(-:‘hg}fiica;
damage due to the radioiodide, éeagents and impurities in radioiodide sqiutions. and also from
the expdsure of the protein molecule to reagents, oxidizing and reduc‘i;lg agents, used in direct
radioiodination methods?5¢'2¢3, Radioiodine labeled proteiri molecules havev-been\c;bscrvbd 0

form- macroaggregates during labeling and storage hence leading to loss in immunoreactivity

and increased absorption to test-tubes and other containers’**. Aggregated protein molé'cules'

L. . . . <
B . . .
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| ‘ -
have been shown to Tocalize in the lungs and m the rcticnlﬁ‘é;dothelial system of .the §ver,
_spleen ah’d bone marrow““.‘ It has been recommended that an ;averag.e';incdfporation of a
maximum v'o‘f one rqdiofodine éiom per protein mole;:ule be attai'ned ais‘ ahy more iodine.

incorporation m'a,ylalter the biological and immunological-activity of the protein’*®.



I11. Materials and Methods

A. Preparation of protein solutions

Peanut Agglutinin

Affinity purified peanut agglutinin (PNA) was obtained from ChemBioMed,
University of Alberta, in a salt; and sugar- free lyophilized form. The PNA was reconstituted
with 0.0IM phosphale'buffer saline (PBS) }0 give a concentration of lmg'/'ran. The
reconstitdted protein solution -was then passed ihmugh a 0.22u Millex-GS millipore filter
(Millipore Corp., Bedford, MA.) into a sterilc Falcone tube (Canlab. Canada). The PNA
solution was always used freshly prepared.
Ann-eplglycamn murine lng monoclional antibody - '

. Anti- cpxglycamn is a murine 1gM monoclonal antit *y found to haee ‘high binding
affinity to epiglycanin, a high molecular weight glycoprotein (500 000 daltons) found on the
surface of the TA3/ﬁa murine mammary adenocarcinoma cells. Affinity purified
.anti-epiglycanin wa‘s kindly provided vb_v Dr. B.M. Longenecker, Department of Immunology, .
University of Alberta, as a sterile solution: The protein solution was stored at 4' C and‘ used
within two weeks after obtaining it.

#
Bovine serum albumin
Powdered bovine eerum albumin (BSA), prepared from pasteurized bovine serum
albumm and low temperature solvent precxpmnon was obtained from Sigma Chemical
Company St, Louis, Mo. The BSA was reconsmuled with PBS to a concentration of lmg/mL

apd passed through a 0.22, millipdre filter into a sterile Falcone tube. The protein solution was

used freshly prepared.’ I -

88
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Nonspecific Rahblt 1gG F(ab ), Fragments
Chromatographically purified nonspecific rabbit IgG F(ab' ), fragments (Cappell Lab.,

anile. PA.) was obtained in a lyophilized form with 0. 1% azide .preservative. The

L

p;otcfn solution was- pla' *'! . ' I(».- dlalys:s membrane tubing (Spectrum Medncal =
Industries Inc., Los Angeles.) and dlalyzed ove;nléhl at 4 C against 0.01M P\BS (1'litre) to \
remove the azide preservative. _The dialyzed'protein solution was then ‘millipore f ilte:ed into a
sterile Falcone tube and used freshly prepared. |
.Nons:ecif ic mouse IgM

Chromatographicglly purified mouse myeloma IgM (Miles Scientific, IL.) was obtained ‘
without any preservatives in the concentration of 1 mg/mL in 0.02M Tris buffered saline. The

IgM was a combmauon of equal amounts of myeloma IgM isolated from ascites fluid generated.

by the tumor line TEPC 183 and MOPC 104E, both lines ongmatmg in BALB/c mice. The

¥,

protein solutiorwas storeu at -80" C and used within two months after, openmg the sterile .

package.

49H. 24 murine IgM monoclonal antibody -

49H.24 is an lgM monoclonal antibody that was produced after the immunization of
BALB/c mice with neuraminidase treated human red blood cells and was found to have high
affinity for the synthetic Thomsen-Ffis.denreich (T) hapten BGal(1+3)aGalNAc but ﬂo
reactivity for the TA3/Ha tumor cells?’* in vitro. The 49H.24 .monoclonal antibody was kindly
provided by Dr. B.M. Longenecker Pepartment of Immunology, Umversny of Alberta, in an

affinity purified solution. )



B. Selection of organ specific TA3/Ha metastatic varianr_s "

- ) ‘ane seloclion"of organ spé“cif ic TA3/Ha rnet.astalic tumor variants was performed_in the
labora‘tory of Dr. BM. Longenecker, Department of Immunology, University of Alberta
according to the method described by Fidler"’,using the in vivo and in vitro selection system.
Grouos of -strain A/J mice were injected imravenously‘via the caudal vein with 10* viable
TA3/Ha tumor cells. Thcse animals were then sacnf iced between 14 and 18 days posl mJecuon
of the cells and the various organs exammed for gross tumor. nodules. Any individual lung ana '
liver metastauc focr-(ero drssected:out, passed thrc:ugh a f ine mesh stainless steel screen and
cultiva"ted in)vitro (RPMI 1640 medium (Gibco) + 10‘73 fetal calf sorum + 5 rnM 2-mercaplo
ethanol + gentamycin 50 ug/mL) for about a week. Cells obtained from different organ turnor
lesions were cultured in different flaské.'Af ter the 1 week in vitro growtn, 10¢ viable cells from
each organ tumor growth culruré were injected intravenously into A/J mice. This whole

selection procedure was repeated for up to 8 times. -

C. Quantitative protein analysis . oo
. The protein concentration of freshly reconstituted protein éolnlions were “determined
with the use of the Irio-liad f‘@tein Assay Kit (Bio-Rad Lab., Miss., Ont.) which is a dye ]
binding assay based on the differential color change of a dye in response to various
concentratjons of protein”’. A standard curve. of 1 ug/mL to 1 000" ug/mL ’orotein |
concentranon versus absorbance was generated using the supplied bovine gamma globulm as the
.standard protem and Coomassie Brilliant Blue G 250 as the dye. The absorbance maximum for
an acidic solution of Coomassie Brilliant Blue G-250 shifts from 465nm to 595nm when binding
to protein occurs?’. The absorbance of the solutions were read at 595nm on a Unicam SP1800
uv Spectrophotorneter (CanLab, Canada) with a blank Yeference made up of 0.01M PBS in
place of the protein.
- A standard curve using PNA was compared to that usrng‘the supplied bovine gamma

globulin standard and both the absorbance curves gefierated were found to be very similar. This
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was also the case when usigg the non-specific-mouse 1gM protein as the standard for IgM
protein 'quami't'alions'. Hence, all further protein quantitations were performed using the
suppligd bovine gammh globulin as the standard protein. A standard curve was always

generated cach time a protein quantitation was needed.
¢ -~

-

D. Radioibdination of proteins

Quality control of radioiodine solutions

The radiom'nclid‘ic purity of the radioiodine solutions, Na'?*l and Na'*l, (Ilodination
gtade.'Aiomic Energy Canada) was determined by obtaining the g:amma spectra of eaéh
solution in a calibrated multichannel analyzer (Canberma, Series 40 MCA) and comparing the
spectra obtained to that of published spectias”‘. ' L.

The radiochemical purity of each the radipiodine solutions was detgrfnined with the use
of instant thin layer chromatography. Gelmane (Geﬁnén. Ann Arbour, Michigan) silica_ gel
instant thin’layer 20 cm strips were ;pot\ted with approximately 20 kBq of each solution, air
dried ;nd allowed to~develop for about 15 cm in 85% rethanol : water before being cut into 1 cm
strips and counted in a Beckman 8000 gamma counter for the éreas of radioactivity.
Radioiodination prbéédure i

2 ug (1 mg in 5 mL chioroform) of iodogen‘(1,3,4'6-tetrachloro3¢;6adipher'1ylglycouril, '
Pierce FChemic‘als, Rockford, IL.) was coatedonto the bottom of a 12x75 mm culture tube,
. using a gentle stream of nitrogen to evaporate the chloroform. 50 ug (1 mg/mL' in 0.0IM PBS),
of PNA was added to the tgquued am'ount‘of iodination grade Na!*I (4 000 MBg/mL in 0.1N
NaOH. Atomic énergy Canada) which had been neutralized with 50 xL 0.5M PBS. Routinely,

12 MBq’ was usievdvj radioiodination of doses for biodistribution studies and 70 MBq for

iy ¥

. radioimaging stu This mim;re was transferred to the iodogen coated culture tube and

- incubated for 45 minutes at 23'C with: occasional gentle agitation. The reaction mixture was

© .
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- then transferred to another empty eulture tube, 20 uL'of IM Nal was addee and thig"mixture
- was incubated for 20 minutes at 23’ C. The free unreacted iodide was separated from the labeled

protein by gel filtration chrdmatography on a Biogel (Bio-Rad Lab., Mississauga, Ont.)

P6-DG column pre-equilibrated with PBS. | | ¢

In biodistribution studies where PNA 'was used simulla-n’éously with eigher BSA or the

nonspecific rabbit 1gG F(ab'), fragments, 50 ug of each protein used was radioiodinated. PNA. _

was always labeled with 1-125 and the other protein was labeled with' 1-131 using the iodogen

method of labeling. In biodistribution stﬁdies with anti-epiglycanin and 49H.24 or the

nonspecnf ic mouse myeloma IgM, anti- epnglycanm was always labeled with I- 125 and g‘c other

proteins with 1-131 using the same method of labeling as f or PNA: - ‘“
Sebaratidn{o( unreacted radioiodide

Biogel P6DG is a sphencal desaltmg “polyacrylamide gel with a molecular wetght
exclusion limit of approxnmately 6 000 Daltons and has a hydrated particle size range of 90 180

um. “The gel was prepared by@llowmg the supplied dry gel to hydrate overmght in 0.0I_M PBS,

in a volume which was twice as much as the expected packed bed volume (1 gram of dry gel will

form about 8 mL of packed volume). About 15 mL of the packed bed volume of the hydrated
gel was poured into'a 1.0x30cm Econo Column (Bio-Rad Lab., Mississauga. Ont.) and this was
found to give a good separation and resolution of free unreacted iodide from the labeled protein

when eluted with 0.0IM PBS.

The elution’ profiles of unlabeled and labeled PD(Q and the other proteins used were

determined using the prepared column by monitoring the eluate for levels of .both protein and

radioactivity. A flow-through ultraviolet photomejer (LliC Duo Moniier) set at 280 nm was

used to detect protein absorbance in comparison to a PBS ref erence in a paired UV cell, and the

eluate was also allowed to pass across the face of a shielded 3"x3" Nal(T1) crystal detector

attached to a single channel.analyzer. The elution pfbfiles were i'ecorded’ on 4 dual pen Fisher

Recordall 5000 recorder,” with both the radioactivity and optical density profiles of the protein

bid

Lt
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- and free unreacted lodide recorded. |
. 0.5mL of 1% BSA in PBS was passed thtough the column and the column washed with

&

| about 10 mL of PBS before the aophcatxon of the radioxodmatxon mlxture The mixture was

-

applied onto the column bed and allowed to drain in before washing the mixture into the bed
with PBS. The column’was then eluted with PBS. Just before the pre-determlned void valume
“of tlle column was fully collected, 18 eight drop fractions were collected“into Eppendorfe tubes,

and after the last fraction was collected. the column was washed extensively with PBS.

§

” The fractions collected from the separation procedure were measured for radioactivity
’ »

in a Pickero lso(iope'JDose Calibrator and the fractions with the bulk of the éradioactivity were
pooled, m:xed well and used The free unreacted iodide has been determined to elute off the

column aFter all the 18 fractions have been collected

§ 'Quallty;c’ontg.ol of the labeled proteins

x

'l‘richlorodcetic acid (TCA) precipitation
. Small aliquots 'ol' about 2 uL‘to S5ul of' the pooled fractions werediluted*to 0.6
mL with 1% BSA in PBS ir in an Eppendorfo tube and counted for radxoactmty Thcn
0.4 mL of 25% TCA was added to the mmure and the denatured pro(tem was mlxed

" wellon a vortex, mixer, centrifuged in an Eppendorfe centrifuge for 5 minutes, washed
twice with PBS and the pellet, as well as the corobioed supernatant washings were . -

recounted for radioactivity.

““Instant thin layer chromatography (ITLC)
Small aliquots of she punfled radxo:odmated protem were spotted onto 20 cm
Gelmano ITLC stnps. air dried and allowed to develop to about 15 cm in 85% methanol
-

in water solvent system. The strips were then cut into 1 cm segments which were

counted for rgdioactivity.
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E. Peanut agglutinin (PNA) studies

’

3

In vitro studies

" Radiochemical stability of iodinated PNA & .

| The rate of"d‘eiodinaiibn‘ ofv 'radioiéglinated PNA dufing‘ storage at 4 C was

~ determined by methods of TCA precipitation ‘and ITLC analysis. A small aliquot of the
radioiodinated PNA solution was diluted to § mL with PBS and stored at 4' C. Samples

 viere then taken from the dilution preparation and used for the study.

| Trichloroacetic a‘cid précipitatic;ﬁ - o ' "; ’
On days O 1,2,3,5, 7 14 and 30 after rad:onod.mauon of PNA, 100 4L of the
‘dlluted PNA solution was mxxed well with 500 4L of l% BSA in PBS in an Eppendorf ®
tub:. 400 ul of 25% FCA .was added to the mixture end the denatured protein was
mixed well on a vortex mixer and counted for-radioactivity. The denatured protein was
‘then cemn"f uged in an -E;pendorfc centrifuge for 5 minutes, washed twice with 0.0IM
_ vPBS aﬁ'd ;Ecouq;ed fér radioactﬁvity. |

”\ .
. ' Instant thin-layet chromatography

On days 0, 1,2, 3, 5, 7, 14 and 30 after radioiodinatiion, 20 uL of the diluted
. PNA solution was spotted onto 20 cm Gelmane silica gel ITLC strips.- air dried and
“allowed toﬁ‘d?evelop to about 15 cm in 85% methanol in water solvent system. The

developed strips were then cut into 1 cm segments and counted for radioactivity.

<«



Biological activity of radioiod‘inate_dlfpeanut‘ agelutinin : J )
- Studies wit»hrlneuraminidas/e't-r’eatedhumanred blood cells .
Neuraminidase treaiment - - S B L t '

Blood f rom- group types A B.. AB and O f reshly collected from: r'ormal healthy
donors were kmdly donated by the Canadtan Red Croﬁs Socrety Blood Transfusron
Servrce The T antrgen in the human Ted blood cells (RBC) was exposed by
neurammtdase treatmem Two mtlltlttres of whole blood was washed twrce wrth 10 mL
of 5% fetal calf serum (FCS) in PBS 100 uL of packed RBC f rom each of the blood

_nroup types was mcubated wrth 1 mL Clostrtdtum perfrmgens neuramrmdase (Stgma

i+l

o Chemtcal Co. ) ata concentratron of l umt/mL and 2 mL PBS for 45 mmutes at 3T C.

vControl RBC were treated with normal saline. Af ter’ treatment wrth neuramlmdase the

_' 'RBCs were wash our times With lO mL volumes of 5% FCSin PBS and resuspended

.”

i PBS toaf mal concentration of O 3% (v/v)

“In wtro bmdtng study ‘ : _
Radtorodmated PNA (O S-ug) was placed in Eppendorfe tubes and counted for

. radroacttvrty To° the counted tubes, 0.5 mL of 0. 3% N' RBC or control RBC was added

| :and the mrxture incubated for 50 minutes on tce wrth occasignal agttatton The mtxture

- 'was then centnl" uged for, 5 mmutes at 16 000 X G inan Eppendorfo centrrf uge washed

| three times with PBS and the pellet counted for radroacttvrty Galactose (O & M) ‘was

! added to some of the tubes pl’lOI to mcubauon to determme the specrf 1c1ty of btndmg

Binding:'to tumor cells and asialt; Gh:l-l synsorh

Vanous tumor cell lmes were' mcubated with lz’l PNA to determme the bmdmg o'
actrvrty of this: protem o the tumor cells The Rl lymphoma tumor cell line Whlch has
been demonstrated 0 bmd PNA in vivo and zh Vitro*™, the murine TA3/Ha mammary

adenocarcmoma;t_umor eel_Is, the selected lung and ltver.spec1ftc metastatte v_anant of
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the TA3/Ha mammar) adenocarcmoma cel/llne the TA3/St tumor cclls anid the non-T
. anugen expressmg EL4 tumor cell line* \fere used in this study The vanous eells used B
were maintained in cullure in RPMl/‘{64O medium-. (GleO) supplememcd with heal :

denatured fetal calf serum at a con}/mrauon of 10% and 2 mM L-glutamm_c. The cells
of : T ‘

‘were harvested in the log phasc of growth and 'gfeaté'r than 95% ol' the cells cxcludcd

/
trypan blue. One mllllon cells from the tumor lines Rl l»mphoma TA3/Ha mammar)

/

'adenocarcmoma }TA3/SL arld EL4 were mcubated vulh approxxmatcl) 1 8 ug. PNA on

ice for 30 minutes’ wnh occas1onal agnauon while- lOw cells from the selectcd lung ahd ‘

liver specific melastauc variants of the TA3/Ha mammar\ adenocarunoma cell lmc
. \.

‘were incubated »y/h approxlmatel\ 0 2 ug PNA undcr the same condmons Pollowmg \\-.',\ o
-/

Lhe penod of (ncubauon the- eells were cemnf uged for 5 minutes in thc hppendorfm

cenmfuge, Awashed twice with 1 mL 0.01M PBS an_d the pellel coumed lor rad‘ioacuvny.\’

Ten - milligrams of asialo GM-1. ‘sorb, - : synlhelld immuhoadsdrhcm
: ,(Che biomed Ltd. ) comammg the lmmunodommam structure ﬁDgalactosyl (1-»3)[3
N cetyl li'S galactosamme was mcubaLed wuh 002 ug ”’l PNA in1 ‘mL_ PBS and

/ ' tumhl.eu o"vermght followed by centrif ugatlon two washmgs wnh l mI PBS and theh

. was counted for radloacuvm The specmcny of the bmdmg wa's dclermmcd b} thc

mhlbmon of bmdmg in the presence of: galactose

In vivo studies

" Animal tumor ‘models‘

Slx to eight week old'male A/] mice weighlng ahoul 20 'g were used for

blodlstrlbuuon and imaging studles Solid tumor bearmg mlce used for studles had becn B

o

moculated in the rlght flank wnh 10" wabl; TAB/Ha tumor cells The tumors were -
allowed to grow in the mice for 7: 10 days resulung m well vasculanzed well def med

solid tumors In the lung and hver metastatlc tumor studles [he mlce were. moculated

e 3

,mtravenously v1a the caudal vem with 10‘ vxable TA3/Ha tumor cells of elther the -; -

~

i
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specific lung or liver variant selection. Control mice in these studies were treated With-

‘normal saline. Mice bearmg the TA3/Ha specific lung variant selectron tumor cells were

St

used 10 days post-moculatron of cells and groups of mice ‘\"L‘rmg the liver varrant
) selection tumor cells were usec. after 12 davs and 18 days followmg the‘mtravenous‘

lnoculatron of the tumor cells for the detection. of macrometastasis. Mice that were

mJected mtraperrtonealyg\\wth 10¢ TA‘3/Ha cells were used\7, days 'post-m jectton of cells

All the rmce used in the varrous studres were mamtamed on standard laborator)
od (Wayneo Lab Blox,, Chicago, IL.) and ordmary tap water. However three days ‘

f oré any study the mu.e were put on 0. 01% Kl drmkmg water

( Brodrstnbuuon studxes

I ntravenous injections of the radtopharmaceuucal were made usmg Monojecte

, ~.,|nsulxn syrmges to minimize the amount int of residual’ radtotracer in the needle and

syringe. The total volume of radtorodmated protem/s aneCICd per mouse was 0.2 mL
CIn smgle Tabel experrments 1-125 was used as the label, and in dual label experrments

1-131 was?*‘ed as the other label. All the syrmg'es used were counted for radtoacttvtty ‘
/ i

" in a whole body counter before and after injection to determme the relative amount of

P

radioactivity injected into the animal. Three extra doses were drawn up in syringes and .
the cbntents'.of each sfringe were diluted fifty fold. From these dilutions, 0.2 mL‘
ahquots were used as in Jectron standards to ‘correlate the radloactlwty determmed m the

excrsed ttssue samples to the mJected dose

'l'he mice were sacrtftccd by cardiac puncture exsangumatron under light ether‘ -

anesthesra Varrous trssues of mterest and the remamtng carcass were collected and
werghed in tared Flshero counting vrals The welghed samples were then counted for
radroactrvrty along wrth the mJectton standards in a programmable automated Nal'
gamma well. counter Beckman 8000 Gamma Counter., In smgle label studres with

——r——

1-125, the comcrdence method of countmg was used as the absolute determmauon of ,

1125 radloactmty._ In. dual label ,studtes.» the I-125 radtoactmty was correeted_ for the
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_spiliover counts gccmin'g in.the I-125 channel due to 1-131 counts. The amount of
radnoacuvuy injected per animal was about 150 kBq for cach protein for blodlsmbuuon

studies and about 2 MBq for 13[.PNA for i 1magmg sludles ' ' 4

Whole body retention of peanul. agglutinin in TA3/Ha tumor bearing mice .
Groups of mice were injected with - 10* viable TA3/Ha tumor cells either
subcutaneously or i'ntr'aperitonéaly Comrol mice were treat‘ed with normal saline.

wk""en days post moculauon of the cells the mxce were mjected wnh l”l PNA .

_ mtravenously ( 1.0 ug PNA 150 kBq) and cach’ mouse was lhen housed separatcl\ At -
umes 0, 3. 8, 24 and 48 hour post-mjecuon of 1) PNA,; the mice were coumcd for

radioactivity in a whole body counter. cabdt

Dosage delerminétion of the peanul Ieciin L o
Groups of male A/J mice bearmg a solid TA3/Ha tumor were mjectcd with
 either ‘“I -PNA (0.1 ug) and ”’I BSA (0.1 ug) “’I “PNA (1.0 ug) and ' - BSA (1.0

ug), *I- PNA (10.0 ug) and "'1 BSA (10.0 ug), or 60 0 ug ”’I PNA alone —‘chm\_

/

fQur hours post mJecuon of the radxoxodmated protems the mlce were sacnf iced and

/

the ussucs ‘of mterest e\cnsed and. coumed f or radloactlvny ' . S/

. - . . } . ‘/.l
[ ’ . /
R . : //

 Biodistribution of 1 125 peanut l'ettiri aLvario‘uS time in'terv’als g

Mlce bcarmg the TA3/Ha sohd tumor m Lhe nghl ﬂank were mjected.

o mtravenously with “’] PNA (1 0 ug) and nonspecnf:c rabbnt lgG “’I F(ab ), (1.0

ug). Groupe of 8 to 10 mice were sacrxf xced at 3 6 24 48 and 72 hours posl mjecuon‘ '
of the radxoxodmated protems and lhe Lissues of mtcrcst were removcd and coumed f or'

radioactivity,

Blodlsmbunon of I 125 peanut lectin.in mice bearmg the selecuve TA3/Ha lung, ~

specxflc metastatic tumor varxant N DR ¥
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Male A/) mtce were inoculated mtravenously w1th 10¢ TAS/Ha tumor cells’ of :

§

the specxftc lung vartant selecuon Lung VIlI Control mice were treated thh normal' .

e
saline. Ten days post moculatton of the cells the mice were’ mJected mtravenously with

18] . PNA Exght hours post- 1n1ecuonnf the prOtem the mice were sacnftced'and the

"tissues of interest were removed and counted for radroactrvuy.

Brodlstnbuuon of I- 125 peanut lectm m mtce bearmg the selecttve TAB/Ha liver

o spacnf ic metastauc tumor vanaﬁt\ .
v N~
10‘ viable, TA3/Ha -tumor cells\ol" the specmc liver vartant selecuon Liver V -

) ,were nijected mtravenously vxa ‘the tarl vein mte\ale A/.l mice. Controls WeTe trcated‘ '

0

- with salme Twelve days post mJectlon of‘ the tth'n&lls a group of ten tumor‘

- bearmg mtce and ten control mice -were mJeeted mtravenous\wzth 'SI-PNA (1 pg

: \
PNA; 150 kBq) Twenty four hours post mjectton of the radlorodmated\prw the .

mlce were sacrtl‘tced and the tissues of mterest excised and counted for radroactwit‘y\

Another group of ten tumor beartng mice. and ten control mice were mJected wrth the

e radxotodmated PNA etghteen days post injection of the tumor cells These mice were .-

sacnfrccd twenty four ‘hours post. mJecuon of the. radrotodmated PNA and the tissues

. of xnterest were removed and counted

Whole body gamma scmugraphrc rmagmg

Male A/J mice bearmg solrd TA3/Ha turﬁors in' the right flank were mjected
with_ 2 MBq (4 ug) '1- PNA a d senal scmugraphrc images of_the mice, hghtly
anesthesrzed thh 1L3 mg ketantme and 0. 13 mg xylazine mtrapentonealy 10 mmutes
. prior to 1magmg.\ were collected on a‘JSearle PhO/Gamma IV camera (50000 counts.
pinhdle collimator, § mm tiaperture') and stored on an ADAC CAM II 4 clinlcal
'a'cquisition processing unit. Each’ mouse was. held'down to a prone position on a
' 'posmomng board by means of a maskmg tape and tmages were taken of the postenclr

view at ume penods of 6 24, 48 and 72 hours post-injection of ¥] - PNA. The same

-
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procedure was repeated for mice bearing either 'lhe‘specr_'fic lung or liver variant
selection of the TA'B/Ha'tumors.‘ but the images were taken at 8 hours and 24 hours°
post-injection of '?*I-PNA for the specific lung variant selection and the specific liver

variant selection respectively.

~Autoradiography R - R

: Lung and liver samples found with rnetatastauc mf rltratrons in the mlce bearmg
euher the TA3/Ha Lrver or i_ung speclf ic varlant selecuon were excised at 24 hours and

S days post mJectron of ”’I PNA (4 ug; 2 MBq) The ussug samples obLamed were |

| embedded in emgeddmg fiiedium (Trssue Tek 11, Miles Laboratorres Napervrlle IL.)

-

. at -25° Cc and sqctrons of the trssues ol‘ 4 uto 6 u thrck were cut out wrth a cryostat

mrcrotome and placed onto microscopic shdes. Alternate sections were stained (with

o hematoxylin and eosin while sections intended for»autoradiography were ‘air dried and

o7

‘ FITC PNA Fluorescence Stud‘es

placed in apposmon 10 ultrofllm *H film (LKB Rockvrlle MD ) under darkroom‘

‘ condmons The a'nto‘radrograms were expésed in dark cassenes,{or 510 7 days then .

developed for 4 mmutes in 10% drluuon of Q.odak‘D 19 dmlorig;.‘f ixed for 8 mmulcsk.

ina 10% drlunon of Kodak frxercand rmsed th 1bughly in drs‘ulldd‘ waler

-

Fixed cvotsat sections were senally rehydra

by 2 mmute washes in xylene

_ 100% 95%. 80% and 70% ethanol series, f ollowed by 2 mlnutg washes in PBS pH 7.4.

The rehydrated secuons were washed once wrth 10% FCS in PBS then covered wrth ‘

. FITC PNA (100 ug/mL, E.Y. Laboratorres San, Mateo Ca ) in PBS conlammg 10%» o

FCS and mcubated for 20 mmutes The shde were then placed m slrde drshes washed

wnh two changes oLPBS whrle bemg gently surred f or 20 mmutes at 4 C The secuons :
< were’ then mounted wrth glycerol medra (50% glycerol m PBS) and exammed erh a

Nrkon OpUphat eplfluorescent mrcroscope o \

,_4.____;.‘,._._.... -

A
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' Blodlstrlbutlon»of Nal”l in TA3/Ha tumor bearing mice

5’ , sacrlflced for blodasmbuuon studies at 6 24 and 48 hours post-injection of the‘

radioiodide. The mice had been on 0.01% KI drinking water 3 days prior to and throughout the

[

study. The tissues excised Wex_'e the same as the ones taken from all the other biodistribution

——

studies and were examined for uptake of radioiodine.

a . . - . - ) ‘l‘-v -

F. Anti-epiglycnnin studies

In-vitro studies

Ee

~ Binding to N'RBC and TA3/Ha tumor cells _
0 5 u‘g of 1251 Anti-Eoiglycgnin was placed into Eppendorfe tubes and coumed
" f or radloactw:t) To the counted tubes 0. 5 mL of a suspension of 0.3% neuramlmdase

treated human red blood cells (N RBC) or control red blood cells was added and

: lncubated on ice with occasmnal agitation l" or.30- minutes. The incubation fixture was

ccntrxfuged washed twice with PBS and the resulting pellet coumed l”or radloactmty
Vlable TA3/Ha cells '(5‘ x 10¢) were incubated in the pre-counted tubes

vcon»tei‘ning 125] ehpi-epiglycanin for 30 ;Tlinutes on ice with occasional agitation, fl'he !

'mixtorc was eenfrifuﬂged, lvaohed fwi'ce wibth“' PBS and the pellet courlted lor

radloacuvny S S

The specmcxg of the bmdmg of '*I anti- eplgly;anm to N' RBC and TA3/Ha

).

cells was determmed by the presence of galactose in the mcubanon mlxture-

- Eff ect' of anti-epiglyegxiin binding to N'RBC in the presence of °peahut lectin .
' lf‘l-PNK“(O.ZS ug) was mixed with 1251 ‘anti-epiglycanin in Epperidoifo tubes

~and counted for radioactivity’ in the Beckman 8000 gamma counter using a dual label

—

’counting program designed to correct for 5pilloyer of 3 counts occurring in the ] -

i _ Mice bearing solid TA3/Ha tumors were injected mtra‘l(enously with 150 kBq Na»|



A

; PBS and the-pellet counted for radioactivity. _ T

In vivo studies
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; window. To these pre-counted tubes, 0.5 mL of elther 0.3% N'RBC or conttol RBC

")as added and the tubes were incubated on ice for 30 minutes with occasional agitation,

'l:he incubation mixture was centrifuged T or 5 minutes, washed twice with 1 mL PBS

and the _result'ing pellet was counted for radioactivity using the dual label program,

. Effect of émi-epi‘glycanin binding 1o TA3/Ha tumor cells in the preserce of the peanut

lectin

1251 amli~epiglycanin‘ (0.5 ug) was put into Eppendorfe tubes and the ’ '
ragioactivity content was detérmined. To .these pre-coumed tubes, 0.0 ug.'O.S ug. 50 '
ug, 120 ug. 250 ug and 500 ug of PNA was addt\. gnd’ mixed well Viable TA3/Ha

-tumor cells which excluded more than 95% Lrypan blue and g’rowg m cullure for two

. weeks were added to the protem mlxture and incubated on ice for, 30 minutes wuh

occasional agitation, The mlxture was cemnfuged for 5 minutes, washed twice with 1
mL PBS and then counted for radioactivity.

< )

’Effec-t of peanut lectin binding to TA3/Ha tumor cells in Llle r‘presence of
anti -»_epiglycanin . o ‘ o

0.5 ug of x"‘l PNA was counted for radloacuvuy and mixed with 0.0 ug, 6. O}
ug, 12.5 g, 25 ug and 50 ug antveplglycanm in Eppendorl'o tubes. Viable TA3/Ha

\tumorv'cells were mcubated with the protein mixture for 30 minutes on ice with

. occasional aguanon The mixture was cenlnfuged for § mmute{ wdshed twice with.

\‘,/
~
.

)

Biodistribution of ***I anti-'eépiglycanin monoclonal 1gM antibody in TA3/Ha tumor

bearing mice
Male A/J mice were inoculated subcutaneously with 10* v1ablc TA3/Ha tumor

(
~cells in the right flank. The tumors were allowed to grow for 10 days producmg solid, |

. -
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well defined palpable tumors. The mice were then injected intravenously with ¥

anti-epiglycanin (1.0 xg) and '*'I 49H.24 (1.0 ng). The monoclonal IgM antibody,

49H.24, was used here as the nonspecific IgM antibody localizing control. Both the

radioiodinated lgM . mo'noclonal antibody  solutions  were Ysubjected to
ultracenmf ugation at 100000 x G in a Beckman Air-fuge for 24 hours'and only the top
layers of the centrifuged solutions were used. The mice were put on 0. 01% Kl dnnkmg
waler-3 days prior 16 and throughout the study. Groups of 8 mice were sacnflced at 6,
24, 48 and 72 hours? post-in jcétion of the radiotracers and the tissues of interest were
excised and counted for radioactivity ifv the Beckman 8000 gamma counter using the

dual label program.

24 hour biodistribution ef anti-epiglycanin in TA3/Ha tumor bearing mice

Mice | bearing soIid‘ TA3/Ha tumors in the righ’t.; flank were injected
iptravenously with ] anti-epiglycanin (1.0 ug) and '*!l1 non-specific mouse IgM (1.0
ug). The§e proieins radioiodinated proteins had been centrif uged for 24 hours x 100 000

G in a Beckman Air-fuge and only the top layer wés used for injeciion. 24 hours post

injection of the radioiodinated proteins, the mice were sacrificed and thectiSEues of

interest excised and counted for radioactivity using the dual label program.

Bibdistr);butibn of anti-epiglycanin and the peanut lectin in TAB/H; tumor bearing
mice ' -

Groups of mice bearing the :rA3/Ha solid tumor were injecteél intravenuosly
with either '** anti-epiglycanin (1.0 ug), **'I PNA (1.0 ug) </)r a combination of ¥
anti-epiglycanin (1.0 ng) and *!1 PNA‘ 1.0 ug). The ***I anti-epiglycanin used was
obthined f'rom the top layer of the protein solution that had been centrifugéd for 24‘
hours at 100 000 x G in the Beckman Air-fuge. The mice were sacrificed 24 hours

post-injection of the radioiodinated protems by cardiac puncture exsangumauon under

Ay

light ether anes,the’sm and the tissues of interest were removed and counted for
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~ before the siudy_ was started, these mice were put on 0.01% KI drinking water. These

mice were then injected with 2 MBq I-125 labeled anti-epiglycanin (4 ug) intravppously
and at 24, 48 and 72 hours pésl-injection of the radibtracer. each mouge was lightly
anesthesized (1.3 mg. ketamine and 0.13 mg. xylazine imraperilon'eally) and held down
t§ a ﬁrbne pc;sition onto a board by means of masking. tape. Scintigraphic images were
then takén from -the posterior view usinvg a Searle Pho/Gamma IV camera with a

pinhole collimator. The data was acquired onto a floppy disk with the aid of the ADAC

CAM II clinicajacquisition processing unit.

a o



\ IV. Results and.discussion

A. TA3/Ha animal tumor meglel
The investigation of the petential utility of peanut ( Arachis hypogaea) lectin (PNA) as
a diagnostic radnopharmaceuucal for the radrormmunodetecuon of tumors requires an
appropriate animal tumor model The ammal tumor model selected should preferably resemble,
as close as possible, a clrmcal situation in which PNA is mvesugated f or. The peanut lecrrn has
been rer)orted to have high b‘indingvef finity for glycopr_o}eins containing the terminal sequence
BDgalactosyl( 1-»3)a-’D-GalNAc’°"”" which is the immunodeterminant carbohydrate .
structure of the Thomsen-Friedenreiclr (T) antige;x”. The T-antigen which has Been\reported
!obe a tumor associated entigen in man*° has been feund to be present in a Aumber of normal
glycoproteins in a cryptic form masked by N-acetylneuram;nic acid but .in an unsubstituted
form on several carcinomata especially in the breast"””". lung** "and gastroimestina]
tract’i”"” T- antrgen has also been postulated as having a possrble role i m the process of cancer
mvasrqn a.nd metastasis’*. In vitro bmdmg studies have been well documented on' PNA
mteracuon:wrth T-anugen type regeptors on various human tumor srtes such as human

- mammary carcinoma®®’*¢’*’** and tdrcinomas of the gastrointestinal tract!**"*** and animal

tumor cell lines such as the RI lymphoma, TA3/St mammary carcihoma and. the TA3/Ha
o .
-

The TA3/Ha spont'aneous murine mammary adenocarcinoma cells have been

mammary carcinoma®*s,

demonstrated to bind the peanut lectin avndly" This tumor model resembles human
adenocarcinoma in its spontaneous origin and its corxtem of human blood group N-like antigen
" specific structures” Furthermor intact TA3/Ha tumor cells have also been reported to absorb
the amr\N lectin Vicia grammea and humanc;a?d au\\mal anti-T anubodles“. “The TAS/Ha
tumor cells shed a‘ﬁigh molecular weight (500 000 daltoris) glycoprotein molecule, epiglycanin,
into the serum and ascitee flu'id}uring rl;e in vivo grawth in animals®¥?"»7"4° The shed

epiglycanin molecule -expresses the immunodeteérminant strueture BDgalactosyl(1-+3)DGalNAc

105
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of the Thomsen -Friedenreich antigen***** and60% of the oligosaccharides found on the surface
" of the epiglycanin°moleculhe‘ have been found to be T-antigenic in structure’**, Epiglycanin has

also been found 10 possess immunodeterminant strucmresf for the MN antigens as well as

-

N — . N . . o
reccptor sites for several other lectins*!'***'*** The TA3/Ha tumor cells have been found to be
allotransplantable as well as xenotransplantable in the various animals studied, and this

y - . , - .

(:iirenomena which has been extensively documented has been ascribed largely' to the presence. of

—

the TA3/Ha wumor cell surface epiglycanin?3:'37'°, "

Metastatic variants of the TA3/Ha tumor which selectively grow in the liver or lungs

upon the intravenous injection of the tumor cells imo strairr A mice have been isolated and
were. obtained from Dr. B.M. Longenecker, Departmem of. lmmunology, Universny of
’ Alberta Epiglycanin was fuund to be present on the tumor cell surface of these metastatic
“TA3/Ha variants and a correlation has been observed lo exist between lhe metastatic potential
of the TA3/Ha tumor cells and,its.epig‘lycéni’n coniem_”‘. Seleered 'i'A3/Ha melastatic lung and .-
liver variants have also been found to maintain a high expression of the :l'homscn-Friedenreich

i

almigen'sas well*s. The TA3/Ha animal tumor model is thus used for the study of radioiodinated

0

- peanut lectin as a potential tumor radiolocah'zing agent as this tumor line bears some similarity

-

to human adenocarcinomas” This ammal tumor model with its avanlabxlxty of selected . -

metastatic variants also allows the study of radrolabeled peanut lectin as a potential 1magmg
. and detectron agent of organ specrfrc metastases wnth scmugraphlc procedures Furthermore,
the TA3/Ha tumor which sheds epiglycanin into the serum?®*'*”**** would be a good model to
determine whether shed tumor antigens':whieh bind rcadily to the radiolocalizing agerlt would

* cause any interference in the radioimmunodetection of the tumor with radioiodinated peanut

lectin and monoclonal antibodies.
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B. Peanut Lectin

[

o ; ' ‘ }
Radiolodination of proteins o ]

The radioiodine solutions, Na'*’l and Na“fl_ (lodina}ion gradc. Atomic Energy,
Canada) were obtained from the Edmonton Radiopharr;xaceutical Centre and checked for

radionuclidic and radiochemical purity. ’I‘he radionuclidic purity was determined using a

cahbrated multichannel .- analyzer (MCA series 40 Canbcrra) with a sodlum iodide crystal

’ dctector Using a small aliquot of the radnowdxne solutions, -the gamma spectra obtained f rom

) the muluchannel analyzer for each of the radxonuclides was compared to that of published 1

spectra in the merature"’;" end found to be sumlar. Radlochemlcal ‘purity of the radioiodine

. ‘ J
solutions were pe;formed by applyiug approximately 20 kBq spots onto silica coated instant

: thin layer chromatography paper strips, air dried and developed by the method of ascending A

chromatography in 85% methanol:water. lt was found that almost all of the radioactivity

(>97%) was concentrated at the solvent front. Sodxum 1od1de migrates with the solvent frpnt

‘with an Rf valuc of 1.0 whtle other oxidized forms of xodme such ?x sodmm fodate remam at |

L the ongrrf with the 85% methanol water solvent system. On the ! basxs of these two quality

- conu_'ol tests, it, ‘Y’as assumed that the radioiodine solutions used were pure both in a .

. . ‘ .
~ radionuclidic and radioehemical form. The proteins used in the studies, peanut lectin and the _

non-specific contiol proteins such as bovine serum albumin(BSA) and F(ab'), lgG f ragrnents
were reconsmuted from their various supplied form with 0.01 mfalar phosphate buffer-saline to
a final cdﬁcentrauon of 1 mg/mL. Radioiodination of these proteins were carried out using the
iodogen method?¢""**, lodogen (1,3.4,6- Tetrachloro-3a,6a,diphenylglycouril), a mild oxidizing

agent which is stable and insoluble in water can be plated out onto reaction vessels to permit a

solid phase reaction with aqueous soluuons of I- and proteins’*’. This simple method of -

iodination has been found to result .in mmunal damage to the protems but- can give higher

iodine labeling efficiencies compared ‘to the more common methods of chloramine-T and -

" lactoperoxidase™™* . The need of a reducing agent to terminate the labeling process in this

o
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method is also climnateo thereby further reducing the exposure of thc protein to potentially
'““denaturing and damaging agents'. Various protelns that.havc been labeled with the iodogett
‘method to high specific activities” with iodine-125 has been found to be sable forup o 3
‘months‘“. The varidus proteins used in the Studiesfhere :were routloely radioiodinated, using the
iodogen method Jesuldng in labelmg efficiencies of at least .50% to give specific activities of
approximately 150 kBq/ug (appro;umate'y 0.2 atoms of iodine per molecule) for animal
biodistributlon studies and about 740 kBq/ g (approximately 1 iodine atom per molecule) for
rad:oxmagmg studles usmg 2 ug of iodogen for every 50 ug of protein to be todmned
Separation of free unreacted iodide. from the labeled protem was acht:ved with good separation
resolution using aboyt 15 mL of a packed bed volume‘ of a desalting gel, Biogel P6DG
(Bio-Rad Lab., Miss., Ont.)".'"which has a molecular :eight exclusion limit of approximately 6

000 daltons Using phosphate buffer saline as the zutmg solutton in this column, it was
estxmated that free unreacted iodide was eluted off the column about 5 mL after the labeled
protem,, thus resultmg in a\ood separatlon of the protem. The percentage of the radloacuvuy.

in the final product as labeled protein was“"routi‘nely found to 'be greater than 98% by the

* .
‘method of trichloroacetic acid precipitatlon with ice-cold 25% TCA.

N o
Radiocllemlcal stalulity
The rate of clelodmauon of labeled _peanut lectm that was stored at 4°.C was dctcrmmed )

usmg the methods of T(ﬁ\ prec:pntauon and mstant thin layer chromatography w:th 85%

methanol water solvent system Ahquot samples of the rad:&odmated peanut lectin were takcn.
| ‘at various time intervals after radlonodmauon and tested by both methods for up to 30 days.
Each test was done in tnpltcates to rea:ce any possnble errors. It'was found that radioiodinated
PNA stored ath4 C was still greater than t95‘lr precxpxtable with 25%- TCA _seven days °
- post -iodination and about 90% mtpxtable thtrty days post |odlnat|on Usmg instant thm layer
chromatography with 85% methanol water as, the “solvent system, the results obtained

:_complemented that of the TCA precxphauon tests fairly well. In a 7 day old sample K

o ‘ ' . \
E : ) .
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'radtmodmated 'peanut lectin, it ‘was r‘o'tlnd that 'there'{vgs sl about 90% of the total
“ radtoacttvny at the ongm of the developed chromatography strrp Free iodide wrll mtgrate with |
:-,—,the solvent f ront wrth a Rl’ value of about lO whtle labeled PNA wrll remam “close to the
j-ongm Hence rt appears thal the radrochemrcal purtty of radrorodmated peanut lecttn remains

relaltvely stable l‘ or at least a week post todmatron when stored at 4 C at pH 74. i
) Cell bmdmg studtes o N S o o ’,
The btologtcal actrvrty of peanut lecttn af ter radtorodrnatton was determmed m order 1o

l,

: assess whether any damage or changes m tlte 1mmunolog1cal propertres of PNA were cauSed by .

‘the radrorodmatron process or by the présence: of radtoactrve todtne atoms on the protem

: structure Thts can be rea%ly achteved by a number ot’ in vztro bmdmg studies and the more

common and srmple test ts to vrsually check the hemagglutmauon actrvrty of PNA on -

| .'neuramtmdase treated red. blood cells (N RBC) A srmple but yet quantrtattve method is to

CeaEy
determine the percentage bmdmg of a known amount of radrolabeled PNA to a known rtumber -

-
o

o of neurammtdase treated red blood cells Table 1 grves the result of such a study The blood
“@ .

. t" romyvartous group types A B AB and O were kmdly donated by the Canadran Red Cross
socrety blood transfus;on service af tér the blood had been freshly collected and the T- antrgen '
! on the red bloodacells was exposed ‘by treatmg the cells w1th 1.unit of neurammdase O S ug of
radtotodmated PNA was used in each of the determrnattons to 0 5 mL ot” a 0. 3%(v/v) of
'n_ neurammdase treated red blood cells The untreated red blood cells of each blood group type ]
served as controls Each determmatron was performed in' trtphcate ‘

B Peanut lectm is shown to have htgh avrdrty for the T- antrgen present on the. exposed 1 e

g

‘ red blood cells regardless of blood group type Whereas th“ere was an 1nsrgmf1cant amount of

‘ PNA bmdlhg observed wuh the normal untreated red blood cells Vrsrble hemagglutmatron Was
x'observed upon mcubatron ol‘ the peanut lecttn wrth ‘the neurammdase treated red blood cells
"-whrch was ot seen Wlth the normal red blood cells 'l'he Sllght vanatron in, bmdmg observed.
N with the various blood group types of neuramtmdase treated red hlood cells is most probably‘
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~ Table 1:In vitro binding cf' rad'ipiodinatec} PNA to hyman erythrocytes'.

+ Blood group type -

Huma: ~r$m g;_vlels : o A . . B R ABk » , 0
N'meated cells . 2600£127  24:80%1.79  31.00£3.00  28.80=1.59
+ 0.01M galactose 940050 10054240 121954095  9.50%130

' (approximately 0.75x1Q7 .

cevlls)‘ -

¢
Controlcelis -~ .~ "220%0.05° 3.50%£0.75  3.40%0.10  3.30£0.65
-+ 0.01M galactose o 203400 = 3.20%0.20 290+0.22 290004

‘ (éppréxi_inately 1.0x107 cells)

'Values are cxprcssed as the pcrcemage + standard dcvxauon of the added “’1 PNA (20
kBq/O S ug) after mcubanon and-3 washcs with PBS.. ‘
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- due tothe difference in the total number- of cells used in each blood group type. The bindis

PNA to N RBC was seen 1o decrease srgmf 1cantl\ in the presence of galactose hence
demonstraung the sugar specrf’ icty of the peanut lectm The control red blood cells did not show
o any. apprecxable bmdmg to the peanut lectm and the presence of galactose in the mixture caused |
’ltttlc if any, mhlbmon of PNA RBC mteracttons therby 1mplymg that the observed (3. O%) :
bmdmg of PNA to the red blood cells was_probably ot due to PNA T anttgen mteractlon It
i could be possrble that some of - the radloactmty seen in the control red blood cells af ter washmg.
'was due to the entrapment of some PNA solutlon between the packed red blood cells. |
Another test to determine the 1mmunolog1cal bmdmg actmty of radrolodtnated ‘peanut . .
lectm is 1o mcubate the protem wrth the asxalo GM 1 synsorb a synthetxc 1mmunoadsorbent-
Wthh bears’the B confrguratton of the T anttgemc drsacchartde Upon mcubanon of, the
R | -PNA (0.02 ug) wrtha theé tmmunoadsor'bent, it was found that 79.9 + 1.5% of the added |
‘radioactivity remained lbou’ndto the synsorh after tvyo "Washings with 1 mL l’BS Thr‘s level of

'bmdmg was seen to decrease to 13 9 :t 6.2% in the presence of Q. 05 molar galactose Thrs :

bmdmg assay’ and the. one done wrth the N' RBC demonstrates the retention of the

_ _trnmunologtcal binding activity of the peanut lectin after'the radtotodmatron procedure.
o . . p o . . . é . .~ [

»

s

" Turior cell binding |

I b

The avidity of the ‘pe:an"u”t "lectin for various tumor Z;cells in' vitro was ‘studied
-Table 2 1llustrates the results of such a study. The RI lymphoma tumor cell line has 1
"jfbeen shown to express PNA bmdmg sites in vitro and also take up radrolabeled PNA i m_ ._ |
“the .Rl lymphoma ammal tumor model”"".‘ The “TA3/Ha: -murme, -mamma_ryv,
’ _".'adenocarct_nomao tumor cells haye been ‘know"n 1o _ahsorb'hurnan.and ambmal anti;Tu
-a_ntihodles"°'/as well as PNAY. This sarne tumor li'ne also sheds a high molecular'weight :

, . K - R ,

'glytoprotein 'epiglycanin "which 'expresses— the imrnunodeterminant carbohydrate

structure of the T antxgen in 60% of <its olrgosaccharldes chams’“ The metastattc

_variants: of th TA3/Ha tumor cell lme have been selected tor produce lrver or lung’

: "metastatm i ors upon the mtravenous mJecuon of the cells mto the ammals and the

~



. '..112

Table 2: Binding of radiojodinated peanut lectin to various murine tumor lines"

Tumor line . - R 7 Peiceniage bound*

L
canr

ORI lflﬁphp_ma’. L f'1.'3‘5."iq{20';_
ELai T | o - L_,o.'40:":0.0_2'
YTAB/Ha’ ST - . SR 57.5'3:*.0'.}41')'
4 00Mgdactos? U llood
+010M gali&tos‘e’ T o R S é:dm‘ple;’c.‘lly in,hibi‘ted"'
,T_A-'3/Ha.liv'c_r'\;ari.ant"" . o “ o '1§.§9i'2.39

'I'A3/Ha lung vatiant* i LT 21.0010.46

3 E all stud:cs were perf ormed in mplxcatcs and lhe cells were washed thcc with 0 01M PBS
beforecoummg o e : A

S values prcscmed as thc mean sxandard dcv1auon ST e e e

3 percent. bmdmg of 1291 PNA (3 7 kBq/l 8 ug)to 10‘ tumor cclls after 1 hour mcubanon on
Cice, : .

- percent binding of “’1 PNA (3 7 kBq/O 2 ug) to 10’ tumor cclls after 1 h0ur mcubauon on
Axce - :



metastatic potential of the TA3/Ha tumor cells has beeﬁ’f o‘u'nd to"be' dependem upon

ar

Iy L

the tﬁmor cells’ surface eprglycamn content“" The non- eprglycamn secretmg ’I‘A\B/St L s

, subllne is a non- allotranplamable t __mor.cellee that exhibits some_ PNA recep;or sites. .-

A non-T anugen expréséjng lumor cell lme EL4 1s used here asa ~control The results in
, _lable 2 mdrcate that PNA has hrgh bmdmg avrdrty for rhe TA3/Ha tumor cells and that

this bmdmg aff mrty can-be blocked by the presence of galactose. 'l'he selected lung and |

9

lwer specrl‘ ic metastauc tumor vanants of the‘TA3/Ha mammary adenocarcmoma.also._ o

',dlsplaved acnve PNA bmdmg and hence it appears that the. metastatrc tumor varlant‘

"cells of the TAS/Ha retamed the T anugemc specrl‘rcrty on therr surface. Thrs would =

| 1mply that eprglycahm is sull presem on the surface of the metastauc tumor cells af ter §

: the seles upn of these cells for ns metastatic’ growth from the parent TA3/Ha solrd e

tumor e, ThlS then mdlcates that radronodmated PNA may be potennally usef ul m :
' .lhe localization and external rmagmg detecuon of metaslalrc lesrons of a pnmary tumdr L

“ which PNA has hrgh avrdny for in vtvo

j
/

* Tissue biodistribution $tudies

.Preliminary findings - o '. Dl o

Prelmunary blOdlS[I'lbl.lthrl studres were performed on. male sr.rarn. A/J mrce o
| bearmg subcutaneously moculated TAS/Ha tumors in the nght l"lank and TAi3/St -
tumors in.the left flank Approxrmately 1 X 106 tumor cells of each line Was ll’l]CC[Cd_"""
‘mto the respecuwe sites in the mice and the tumor was allowed to grow l’ or seven’ days"' :
| "resultmg in well olasculamed sohd tumor masses of about 175 275 mg. A dual 1sotope' E
label was performed where 157 . PNA (1 (i)ug) and 18] - nonspecrl‘rc rabbrt IgG F(ab )2 'vi
f ragments‘l(l Ong) were mjected mtravenously via the caudal .vein 1nto the mice seven :
- . days post-mjecuon ol‘ ‘the tumor cells. At time mtervals of 24 48 and 72 ‘hours '

posl mjecuon of the radrotracer groups of Lluee mice were sacnf 1ced and the organs |

kof mterest were drssected out whole Blood samples were drawn and the radroacuvrty in '
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'the blood 'was extrapolated to the entrre “blood pool where entrre blood ‘pool- was
‘ ‘estrmated 0 be 6 5% of the total bod) wetght The tissue samples and the excised tumbr

masses were counted for radroactwrtv along/ wrth the rnJecuon “standards usmg the: d{:l) v
12

rsotope countmg program whrch accounts f or sprllover counts due o I- 131 in the |

- l'countmg channel (Beckman 8000 gamma counter);

“The results of . this 'study are presented in table 3 as the’percent uptakerof thcv

&

. xmjected dose per gram of trssue A hrgh TA3/Ha tumor uptake of '**]-PNA is seen in

: ‘ comparison to most of the other trssues including the TA3/St tumor. A raprd blood

,‘ clearance of ”’l PNA was evident (table 3). Blood concentrauon of the labeled PNA

. was taken asa nontargettrssue and the TA3/Ha tumor to blood ratio is given in f igure
k2 for the varrous time' mtervals The hrgh TA3/Ha tumor uptake of PNA combrned '

.'- wrth the raprd blood clearance of the radrotracer seen in this study makes radrolabeled

PNA a potentxal radrormagmg agent i thrs ammal tumor mode] and hence warrants

'further mvesttgatron of radrolabeled PNA as a tumor locahzmg agent A more

nformatlve manner to determme the specrl‘ rcrty of the tracer localization and also to

A

h _ drs_tmgursh between specifi icand nonspecrf ic uptake of the_radtotra;cer is to calculate the

‘v

radronuclrdes one labeled to the agent of rntereSt and the other attached o a
i -;'nonspecrf ic localrzmg agent was mtroduced by Press'nan and- coworkers”7 to determrne

the localtzatron mdex of the radtotracer i study Localrzatron rndex is calculated as:

Trssue:blood ratio | -125 PNA .
- Tissue: blood ratio I -131-nonspecific 'fpro"tein

|
o

f el

- The \alues obtamed for the” localtzatton index calculated for uptake of

L “’1 PNA in" the TA3/Ha tumor Was 1. 19 792 and 120 at 24 48 and 72 hours
lpost mJecuon of the tracer respectrvely as seen in table 4 These values obtamed for the
' tumor were f ound to be srgmf rcantly htgher than most of/ the other tissues studred after .

. 48 hours post mjecuon The TAB/St tumor did not take up '”l PNA apprectably and

'm‘.

n

' ‘Specr‘ficity or localization index. The dual isotope label study utilizing two dif" ferent
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Table 3: Biodistribution of '*I-PNA in A/] mice’ bearing subcutaneous TA3/Ha ah_d TA3/St

tumors’. i

- 1\ ) . : . - ’ R . ‘ a
Tissues - -« 24hours 48 hours - 72hours

.
/ N
Blood © 0.59£0.22 . 0102005 ¢ 0.05£0.02
Suvaryglands  180229.64  357£370 L1034
Spleen ~ . 0.92£0.40 0258043 - o 0.16%0.04.
Stomach® ‘ - 5.02£1.78 0.67:£0.58 0.270.08
GIT* 0461013 0.08:0.04 .0.05£0.01 s
- Kidneys 11.89+2.78 3661149 1.78+0.02
 Muscle | 0.33£0.25 0.05£0.02 0.03+0.01
Lungs 1.15£0.37 0281002 . 0.10£0.03
Liver 101£044 - 0432001 . 0.31£0.03
Y - . : .
TA3/Ha wmor | 1922017, - 1.16£0.24 0631028 -
TA3/St mm{X 0532030  0.24£010 0133006
« . ‘. -” »
)
L

n=3
Values are expressed as mean percent injected dose per gram of tissue  standard deviation

* including contents



N o - e
_Table 4: Localization:index Qf 151.PNA in A/) n;ice’gbéaring Subcutaheoﬁﬁ.TAilHa Qnd
| ég.TAB/Sl tumors?. ’ . o : | SR
Tissues [ 2v4 hours ‘ 48 hours ' 72 hours"
o )
Salivary glands B % R s 16.67
/Splecn . 397 Co6.62 1.52
Stomach® R X T 41868
GIT* = 2.87 306 4.14
Kidneys : 5.0 BT N X!
Musce 263 - 2.0 R
Lungs:_;/ 48 s.a% ’3,41 
Liver Y TR 5.45 C s
TAHiwmor 119 1.92 12,00
TA3/S{ tumor 186 a3 a
. * e

~

Walues were calculated acco-tip *n the formula. introduced by Pressman and coworkers?™
using !!1-F(ab'); as the » === 7. ~ralizing agent. ~
; ; \

[

. *including contents

a = tumor tissue not suiccratiy defliey
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Figure 2 TA3/Ha tumor to blood ratio with '**I-PNA in A/J mice bearing subcutaneous

TA3/Ha and TA3/St tumors.
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at times had localization index values that iver't_lower than most other tissues. The

o

results of this preliminary study and those of the in vitro studies prompted the further -

investigation of radiolabeled peanut lectin as a potential radioin’fafing agent for
= ‘ :
T-antigen-bearing tumors. The TA3/Ha presents itself as a good animal tumor model as

well as offering the possivility to study metastatic variants arising from _a“primary

tumor,

Dosage determination of PNA
The results from the preliminary tissue blodnsmbuuon studies gave indication

that I- 125 labeled peanut lectin would be a. poten(nal radioimaging agcnt of tumors

bearing T-antigenic specificities. To further investigate the potential utility as a

radioimaging agent, the specificity of the radiopharmaceutical towards the target organ

has to be determined as well as the amount of the injected dose taken up by other

tissues. It would be useful to obtain enough accumulation of the radiotracer by the

tumor to perfb'rm radioimaginé, studies. Ho“'/ever. ovérsaturation of thé tumor with the
radiotracer could result -in ;he excess radiotracer circulating in the blood, providing
unnecessary radiation 10 the other organs as well as possibly decreasing the resolution
of a scan ‘due tb increased background radioactivity. Theréfore, it would be of practical
use to determine a desage of the radiotracer to administer to the patient which would
result in maximum uptake of the radioimaging ageﬁt by the tumor wiﬁh minimal uptake
by other orgars. It was found in the preliminary biodistribution study that PNA was
rapidly cleared from the circulation and that few tiscsues; retained PNA in such
quamities as the TA3/Ha tumor. |

In thls study a varymg amount of radioiodinated PNA rangmg from ‘1.1 g to
60,0 ug was mjected into TA3/Ha tumor bearmg mice. Groups of thesc mice were
m)ected mtravenously with *I-PNA (0.1ug) and **'I-BSA (0.1xg), '**1-PNA (l uug)
and "I1-BSA (1.0ug), '*I-PNA (10.0ug) and 111 -BSA (10.0ug) and 151 -PNA

(60.0ug) with all injectibh doses in a total volume of 0.2 mL. Bovine serum albumin

o



-
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was used {n {his study as a nonspcci”f 1c tissue blo'caliz'ation control. All the syringes were
| .Counted fo'f radioactivity before and after inj'ection' to determine the acmal injection
dose. Tl!f:"ﬁ\ice were sacrficed twenty-four hours post-injection and the entire tissues
of interest were excised from the animals‘. Samples of blooﬁ were withdrawn and the
"blood voﬂlﬁume was extrapolated as 6.5% of th'e' total body weight. A sample of the
- skeletal muscle was obtained from the hind thigh that was contralateral 1o the tumor
site. The results of the study are presented in f igure 3 showing the percentage of the
injccted dose taken up per gram of wet tissué,‘f igure 4 ‘whicﬁ shows the TA3/Ha tumor
to blood ratios for the various concentration of \PNA a&ministe;ed and, figure § which
illlustrat‘es the tumor to muscle ratios. From the results obtained as shown in thé figures
3 tg S, it can be vseen that there is an increase in tissue uptake of PNA with inéréasing o
doses for all the organs investigated including the tumor. However, when using the
muscie and b;ood as non-larget organs f or comparison of target to non-target ratios of
PNA localization (figures 4 and 5) in the tumor, an increase in the ratio is observed ‘
“with decreasing do§;. This implies that at lower doses there is a relatively higher tumor
uptake of PNA in comparison with the other orga{ns. This may be due to the saturation ¢
of available PNA receptor sites on the tumor cells by the higher doses of PNA ind
administered thus allowi;xg an excess of PNA to circulate around.to the other organs.
Using '*'I-BSA as the nonspecific localization cbmx;ol, it can be seen (table 5) that
| specific localization of PNA in the. tumor decreases with increasihg doses of protein
administcre&. This implies }hat at higher doses of PNA ac}. inistered, localization of the
~ peanut lectin at the tumor site due to specific bindi.hg’ affinity of PNA for' the
T;antigenic receptors decreases, that is, qg_nspecific localization increases. An increase
of PNA con;:énuation in the blood with iﬁére&sing dosage may be a cohtributing factor
to the higher amounts of radioactivity observed in the other organs as well as at the
tumor site. Figure 6 graphically shows the specific localization index that had been

plotted from the data obtained for PNA at various administered doses.
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Table 5: Localization index of varying amounts of 'MI-PNA in A/) mice’ bearing

subcutaneous TA3/Ha tumors at 24 hours post-injection’.

Tissues . 0.1ug ) 1 1.0ug-. 10.0ug

Salivary glands ' © 2021 13.07 13.25.

Spleen i 6.55 . 7.04 17.01

Stomach® ' 1196 6.39 8.82
GIT* “ 581 T am 489
~ Kidneys R - 41.51 112.17. 286.50
CMusce s 241 421

Lungs o 4.95 10.21 Tl 142

Liver 5.12 335 3.26
) TA3/Ha tumor 14.25 . | 8.73 ) 9.74
n=35

"Values were calculated using **!I-BSA as the nonspecific localizing agent.

* including contents . |

P
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Figure 4 Effect of PNA dose on the tumor 1o blood ratios
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-in vrvo breakdown of the radlotracer w1th the various groups of mlce at the dtfferent

4

N o C A . . A - . B -

. [ A . ¢ . . Ca e .

' . . . . ' T Kl . . Ll . . .
D o S o : 125
v } . T PRI L .

" o “ . .

. K "
T ' ta PRI L vt N

'.m' . C.on

Appnoxrmatel) 200 uL blood samples were ebtamed £ rom the mrce counted f oF

radloactxvtty precrpltated wnth 100 uL 25% TCA Washed twrce wrth l mL PBS and the

fi mal precrpttate and supernatant wrth the cornbmed washes counted for radroactmty to

t

determme the amount of free rodme in the crrculatron due to’ the process of

L derodmatron in vrvo The results obtamed f or the amount of f Tee TalelOdldC due to the

-1

. was found thh mcreasmg doses of pro.etn admrmstered whrle the level of derqdmatlon

~

' uptake w1th mmrmal nontarget organ accumulanon of the radnorodmated PNA should

)

of ”’l BSA remamed about the same for all the dtf f erent admmstered amounts

From all the results obtamed tt xs surmxsed that the recommended amount of

peanut lectm that should be admtmstered toa 20 g mouse o obtam maximal tumor

be i in; the Tange of 0. 1 ugto 1.0 ug. Thts dose range should nge good tumor localrzatton

- as seen f rom the hrgh tumor 10 blobd and tumor to muscle rattos whrle resultlng in low

: bacl(ground activity and also low radxatxon dose to the other organs The Tate of _

N

]
I3

‘ '-admmstered doses are presented in frgure 7. An increase m-' delodmatton of »“’I -PNA

‘ —derodmatlon ol' the I-125 labeled peanut lectm is slower w1th the lower admmstered .

. 'dOSe.

- BlelStl‘lbullon of- PNA at vartous trme 1ntervals '

.

F

The brodrstrrbutton of I- 125 labeled peanut lectm ‘was exammed in mice bearmg

‘ .subcutaneous solrd TA3/Ha tumors 10 determme the extent of localtzatron of PNAsin -

: - the vanous organs and tumor at- vartous trme mtervals post mJectton of PNA ThlS

stud\ would help determme the Optrmum time post mjectron o perf orm scmtrgraphtc

¢

1magmg In thls study, ml PNA and BT nonspecrfnc rabbxt IgG F(ab )2 fragments

».were mJected mtravenously into tumor bearing .mice. The results of this study are

- presented m table 6 as the percentage of the 1n_1ected dose per gram of trssue and table 7
B as: the percentage of the mjected dose per whole organ From the results%t was

: f‘*tlated that tliere was a- raprd total body clearance of radlotodmated PN wtth

[}

.
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13, 9%. 69. l% 9. 7% 2 %% and 2. 5% of the m Jected dose rematnmg in the body at 3,6,

24, 48 and 72 hours post -injection of PNA respecttvely ‘The data obtamed from this

T |

study also shows that there is a relattvely raptd clearance of the peanut lectrn from the’ .

r

various ttssues except for the ktdneys and the tumor Blood levels of the radlolabeled

peanut Jectin was also seen to decrease rather rapidly wrth 74 % 1. 7, 8. 1 +2 6 0. 83 :l:.'_

0.4, .0.04 + 0 01, and 0.03 = 0. 01 percent of thé mjected dose standard devratton in

the blood remammg at 3, 6, 24 48 and 72 hours post- mJectton A bonsrderable amount '

of background actrvrty in the varrous organs was still apparent at6 hours post - myectron

‘with “’I-PNA concentragon in some organs higher’ than that of the tumor on a per‘: S

- Q

gram as well as on the whole organ. basrs Thts changed however after 24 hours |
.post tnjecytton and the ktdneys were the only organs that had htgher concentrattons of
radroactnvrty than the tumor All the other organs exammed except for the stomach and:' ;
saltvary glands had very low amounts of '“l PNA at 24 hours post mjectton Organ o

blood ratios were f ound 'to be relatlvely insignificant f or most of the tissues at -24,hours ',

post mJectton except for the tumor, krdheys stomach and saltvary glands The raptd

o blood clearence ol‘ 135 PNA and the prolonged retentton of the peanut lectin by the

0

‘tumor résulted in tumor to blood rauos of 2 3 }-7 1 and 55 l'at6, 24 and 48 hours.

post myectton respecttvely as shown in fi igure 8. Another non- target tissue taken was

the muscle :and the plot of tumor to muscle ratro in fi tgure 9 gtves values of 6:1, 33 1

and 77 1 at the time pertods 6 24 and 48 hours post-injection respecttvely With these -

v,

’ results it would appear that radtormagmg of the TA3/Ha solid ‘tumors in the mice
2

would ‘provide a relattvely good delmeatmn asa result of the high tumor to blood and
;tumor 10 muscle ratios combmed with the low background activity contrtbuted' by most '

" of the other organs except for the kidneys. Analysts of the plasma samples obtamed;

»

from thc mice at vanous ttme perrods post myecuon to determme the rate of

detodmatton of 1341 - PNA resulted in the observatton of a rapid breakdown of the label‘:

in vivo thus leading to pr()ductxon of free radtorodrde in the crrculatton The amount of

L%

i
PN
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Table 6: Bnodxsmbuuon of “’l PNA m A/J mxce‘ beanng subcutaneous TA3/Ha lumors at

. vanous ume mten als"‘

- Tissues

" 3hours -

6 hours.

24 ‘houts

| "'48'hours,v e

" 72hours

. W
Y

“Bldod

" Salivary
- glands

'?'_Splee‘n‘d T

: St_drnach'

- GIT

Kidneys -
Muscle. . .
. Lungs © .
e

" Liver

‘TA3/Ha ’

tumor

- 21.73%6.93..
“ 15 67+3.30
;136 69+35 sq

 1007+151

o 13.0_1 :“4.‘97 |

5742127

4640, 63
4“04*0 541‘
224*0 69

3 34"'0 29

5.75+1.34

L 29:01%1.22

- asitos0 -
21.42&.4‘;3'7‘

T99;62”":F,.'"2‘{.61.1 :
1982063
11174368

smen osskoa

13252469

0.67:£0.44 :

sisE1E

0.55_10.310-.

4472194
C0dsz021
977 i-S'.48"
0.1420.09
2062094

4.39£1.72°

0032001
'._'2.25&30.3_8 |
_ ollfs"ib.ols o
0208003 -
- o'.b}s;o.ds_--
s
| f'o,.__'ovz: 0.00
015008

©0.41£0:05

154052

0.02£0,01

1 422050
o. 22+010
0 z7-.to 15 -

-0.06:0‘.03 L

Camlgs
._d.oi.%n.oo -
0122006
© pds012

vu - '
1.52+0.53 -

.’Values are exprcssed as the mean percent injected: dosc pcr gram of ussuc T standard

» d~vmuon

A’150 kBq**’1- PNA (1 Oug) ijCled mtravenously '

_* including contenits -

—

v
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Table 7: Percent injéctcd “"l -PNA dose per wh‘olé organ m A/l r_riice' bea;ing sub;uténeous ‘

TA3/Ha tumor’.

,,v')

“

"'I"issues‘.w 3 hours 6 hours 24 hdur; a8 hours -, T2hours ‘_
~ Blood 7452165 8.08%255  0.83£0.41 0042001  0.0320.01
 salivary - | . - SR
_glands 2.50£047  4.71£0.50  0.74£0.16  0.35£0.04 - -0.180:09
* Spleen | 0.59%0.11 0.45‘"10.-12” 0.08£0.04  0.03%0.0L - 0.0220.01
Stomach® 67720.62 943397 1923072 023001 0.0.9-_‘:.0..06
GIT* RESE ] 7173-_#_1‘;‘1;; 0753032 0152009 0.12%0.06. °
Kidneys - 30.6823.56 30662320 263081 0852011  0.6420.22
Lungs 1572026 1533049  0.2620.11 0032001 0.02£0,01 -
Liver 4.05%0.64 - 4.4830.12- 1.02:‘:8.20 0622002  0.46£0.10
| TA3/Ha- : TS e o
©tumor - 3.0422.00 © 1582018 1432066 . 0332014  0.91*0.76
“-n =8

Values are expressed as mean percent injected dose * standard deviation per entire organ at
various time intervals following intravenous 150 kBq ***1-PNA (1.0uxg).

- * including contents’

~
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A b
free radioiodide found in the crrculamon as determined by the TC,A precipitation of the
"plasma samples were 39 2 1 10.7%, 52 5 t 9.9%., 59.7 = 17.3%, 65 2 + 6.4% and 74.5
t 8.6% of the total’ amount of radroacuvny in the plasma samples at 3, 6, 24. 48 and
72 hours post-injectiorl respectively. The high amount of circula.t?ng free iodide could
be a contributing factor to the high lerrels of 'radioacliyit); observed in the kidneys,
| stomach and salivary glands all of which are known routes for iodide excretion,
Theupt'ake of PNA by the stomach-could also be partly due to some specific
PNA b:inding as histochemical studies have demonstrated the presence of l’N_A binding -
sites in the tissue 'sectiorrs of the stomach and esophagus in the mouse"’”. It could also
be possible that the presence of - galactosyl containing glycoproteins found in the
salivgry mucins bound the peanut lectin rqus leadlng to the high amounts ol"
rad;oactivity observed in the salivary glands The large ernounls of radioactivity seen in
the kidneys could not be totally’duc to the presence of free radrorodlde alone. ll was
found that the urine samples obtained- from these ammals comamed the radioactivity
bolrrrd to a protein since a S|%n1frcant amount of Uradroacuvny in the urine could be
precipitated by 25% TCA. ‘Urine samples obtained and precipitated by TCA -revealed
~ that there was about 86% of-’tlle total radioacti\rity in the urine proteln_ bound at 30v
- rninotes post“::injecntion. 46% bodnrl at 6 hours and 22% at 24 hours post-injeetion ol"
LLPNA. Incubating the urlne. samples with asialo GM-1 syrrsorb revealed that a
- significant amount ol the”radioacii\)it); oouhd to the imrriunoadsorbem implying‘ that
the actrr/e mLacl form of PNA 1s excreled out mto the urine by the krdneys -It rs :
’ ‘therefore possrble that the krd‘neys possess avarlable binding sites for PNA in vivo.
To determme the specrf icity of the PNA bmdmg to the tumor, the dual isotope
d experrmem utrhzmg 133]-. PNA and mI -nonspecific rabbit 1gG F(ab'), fragmcms was |

 used based on the idea proposed by Pressman and coworkers”’ Nonspecxf ic rabbit 1gG

F(ab' )z fragments of molecular weight about a 100 000 daltons were used as an -

mdrcator of nonspecrf ic localrzauon on the basis of its srmrlar molecular werght to the

&/

a2
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peanﬁt lectin and also due to a lack of a suitable inactive peanut lectin for comparison.
The results of the localization index calculated for the various time intervals of the
biodistribution study are presented in table 8. At 24 hours post}injection, the calculated
localilation index was 6.06 for the salivary glands, 33 for the stomach 8.8 for the
kidneys and 8.5 for the tumor. At 48 hours only the tumor and the kidneys had
significant locahzauon index values with 37.2 for the kidneys and 49 5 for the tumor.
Hence, only the tumor and the krdneys could be said to demonstrate high amounts of
peanut lectin specific localization. The amount of radioactivity remaining in the whole
body of the animals was determined at the vario\us times of sacrifice. This then made it
possnble to determine the percenlage of the total remaining injected dose whrch was
contamed per gram of tissue at the different time perrods post-injection. This
information would relate the relative rate of the clearance/retenuon of the radiolabgled
‘peanut lectin by the various llSSues Figure 10 iltustrates the data of the percent of the
,Lolal body remainmg m)ected dlyse found per gram of the trssue at-the various time
'mtervals It can be seen from f‘gure 10 that the retention of the radiolabeled peanut

' lectm was srgmhcanl by the krdneys and the tumor. Most of the other tisSues did not

show any significant retenuon of the la led ‘protein. The hrgh amounts of radxoacuvxty
N
&

u)Re penods is probably due to the excretion of

observed in the kidneys at: the earli€t
the labeled PNA 1nto the urin€ as e‘(&:gsn}éd by the precxpnable amount of radroacuvrty
. ,

“in the urine samples and the absoption of a significant amount of radioacu'vi‘ty to Lheﬂ
' asialo GMl sorb Also, the levels of free crrculatrng radrorodrde at the earlier tirhe
periods were low hence conmbuuon of radroac{rvrty seen in the kidneys by free
radioiodide at this mne was low. At later time perlods ‘however, there were hlgher
‘amounts of free circulating radrorodrde which probably contributed to the increased
“accumulation of radioactivity in the kidneys. TCA precipitation of the urine at 24 hours

revealed that only about 22% of the total radioactivity was protein bound and asialo

GMI-sorb absorption found that about 13% of the total radioactiviry bound to tlxe



134

e

. Table 8: Localization'index of '*1-PNA in A/J mice' bearing subcutaneous TA3/Ha tumors at

various time intervals?,

Tfssucs 3 hours 6hours 24 hours - 48 hourls T2hours
~Salivary
glands 7.12 3.45 . 6.06 13.79 35.42
Cspleen 413 " 2.80 0.27 11.18 7.29
‘Stomach® 0.71 3.24 235 11.62 670
GIT® 5.16 3.00 2.37 853 . 446
" Kidneys 1300 1107 8.80 37.16 20.24
Muscle . 420 239 146 4.18 1,52
Lungs - - 3.46 4.07 5.82 8.34 350 -
Liver | 219 1.73 3.79 ii.74 13.52 .
TAY/Ha &5, \
tumor 4.36 3.68 < 8.59 49.50 . 25.29
'n=28 "

Values were calculated using **'1-F(ab'), as the nonspecific localiiing agént.'

* including-contents
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synthetic T-hapten. The tumor, however, cxhnbnted a retention charactenslu‘gf M ,?' !
S

‘*»~, ;,& o

radnorodmated peanut lectm continually throughout the biodlstnbuuon }ﬁn&y r '{

percentage of the rcmaining in )ected dose per gram of tumor ussue was c;lm

......

“’I PNA respecwvely. Based on all lhese resulrs oblamcd in this time interval

. brodlsmbuuon study, it appears that the potemral exists for radiolabeled peanut lectin ;

to provide a high localization.index and good delineation of the tumor by gamma
- : ’ . N S : Ve
scintigraphy 24 hours post-injection of radioiodinaﬁd ptanut lectin,

Whole body scmtlgraphie imaging L . ' o ‘ | g
To illustrate the polenual usefulness of radxolabelep anut lectin as a rah!agmg “
agent of T-antigen bearing tumors mice with solid TAJ/Ha u?ors in their nghl ﬂan,k were " ‘%*’{
injected with ”’I PNA and scmugraphrc images were laken The tumors in the mrce were
allowed 10 grow to about 150 mg in size befofe the study was mmated. Ar vanotrs ume mtervals
of 6, 24, 48 and 72 hours post-injection of, the radiolabeled peanut lectin; the mice were lightly
* anesthesized and rcstrained in a prone position while images were collected from lhle'posu:rior
vrew using a Searle Pho/Gamma IV camera with a pinhole collimator. The aqursmon data was ) .

:stored on a floppy disk wnh the aid of the ADAC CAM IT clinical aquisition processing unit.
Results of the study are shown in’ the following figurés 11 to 14. Each of the rmages obtained
wer® accumulated to a total of ‘50. OQO.coums. Inf ig,rrre 11, a rather diffuse yhole body image is
seen with t;e image taken at 6 hours post-irrjection of PNA. This image was quite expected as _
the biodistribution §,t,ud‘y‘performed indicated that at this time period after injection, about 69%
of the injected dose was still in the body, and most'of the orgarls had high aceomulatrons of
"‘radioactivity. A clearer image is obta‘ined, figure 12, at 24 hours .post_-injection wﬁere there is
“ only about 9.6% of the injected dose remammg m the whole body and most of the radioactivity
has cleared from the organs except for the tumor, ku;‘leys and sahvary glands. There were some '

- areas of radioactivity seen in the area above the right kidney which could be accumulation of

‘e
-



Tt

_ hours,pdst-iﬂjecﬁohbf 2‘»m‘,,,l 'PNA

E T . NE S rws

N W«

o0
&

Figure 12 Whole body scintigraphic image of ;a mous bearing TA3/Ha subcutaneous tumor; 24
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Mours post-injection of 2MBq *I-PNA_ . -
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Fxgure 13 Whole body scmngraphxc nmage of a mousc bcanng TA3/Ha subcutaneous tumor 48

9

o hours post mjecuon of 2 MBq “’l PNA

XY

Fxgure 14 Wholc body scmugraphxc unage of a mouse burmg TA3/Ha subcutaneous lumor 7

_ hours post mjecuon of 2 MBq “’l PNA
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PI\A in the stomach 24 hours post mjecuon ondtstnbuuon data mdxcated a hlgh blood'
: clearance of the radrolabeled peanut lectin wrth 0. 67% and 0 03% ol' the 1n3ected dose per gram '

of blood at 24 and 48 hours post mJecuon respectrvelv Furthermore after 34 hours

N~

post mJectxon only the kidneys and the tumor showed anv srgmf rcant retentron of radroaeuvrtv’ ‘

: e
- (fi 1gure 12) As evrdenced by the fi gures 13 and 14 very lmle background actrvrt) could be

. vrsualrzed at later ume perrods A clear delmeauon of. the tumor could be seen at 48 and 72 ;

' v\hours post- m_]eC[IOl’l lol‘ -the peanut lectm as demonstrated by the mtense radroactrvrty

a

localrzatron at the known anatomrcal site of the tumor Hence the scmtlgraphrc 1mages of the

. tumor bearmg mice complements the brodrsmbuuon data obtamed for the pice al various u'me

perrods o" PNA localrzatron -in vivo. The hrgh tumor o blood
) obtamed wrth the radrorodrna-ted“pea‘nut leetm and the clea; Sq

B

ih the mrce further potentrates the usefumess of the 4§ a T-antigen tumor

‘localrzmg and 1magmg agent These clear rmagﬁ with goqd delm '.' of the’«tu’mor in 't'he mice

welle obtamed without the need of any background subtractron or computbr mampulatron of _

A

the acqutsruon data/rmage

Many PNA brndmg sites have been 1denttf1ed rn various murine tissue sectrons usmg |

v

.lmmuno-l'rsto{.hemrcal methods wrth labeled PNA"’“ Most of the positive PNA bmdmg sites

were identified especrally in secre_tory bodies, golgi zones and aprcal cell surfaces of the vafious

-

cell ‘types”'.“. ‘However, most of these: sites.'are organelles 'within a cell and a’re not readily .

A

accessnble to PNA m in vivo crrculatron The process of ussue sectronmg may reveal srtes that

- are poorl y vasculanzed or rmmunologrcally prevrleged“”°° and it has also been found that the

7

proccssgng of trssue sectlons wrth certain. chemrcals such as formalm may cause some process of

@autolysrs resultmg in the exposure of normally cryptlc T antrgeruc structures“" resultmg in a

posmv? PNA binding reacuon Brodrstnbuuon data and whole body gamma scrntigraphrc v

|mages of a mouse would not reveal such PNA bmdmg srtes but only PNA Teactive srtes that

are accessible in vivo such as the krdneys and the subcutaneously transplanted TA3/Ha tum

139

to,r‘nuscle ratios

ages of the tumor
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_ mdrcaung that the mice bearmg r_ :

- associated cell surf ace eprglycamn does not comnbure sigh

1
».

Whole body clearance of the peanut Iectm

The whole bod) clearance of 123]. PNA from the ammal was delermmed Lo ch?ék ,
whether the TA3/J—_1a tumor and 1rs shed ‘eprglycanm molecules would have any cffect on rhc

retention of -the peanut lectin in-the animal. Whole body clearance was measured at various

- rlme periods posl-injec(lfm‘ of the radioiodir‘rated PNA. Three groups of. mice were studied; one

group was bearmg a small solid f orm of the ’I‘A3/l—la rumor in théir rrghl flank, one group was

o bearmg large amounts of the TA3/Ha tumor mtrapenroneally m the ascrtes form and the lasl

‘ group of mrce were normal comrol ammals Frgure 15 rllustrales the resulls of rhxs srudy

Ak,
PAT or m the ascrtes f orm had a much longer relcnuon time

‘ rhan erther the comrols or the mrc b armg the solrd Lumor The cause of thrs large drf ference
“in retenrron rrme of radrorodmared peanur lecun is mOsr probably due 10. rhe presence of largc

_ quanuues of rhe rumor cell surface eprglycamn Eprglycamn has been found' to express"

L4

anrrgemc carbohydrate structures in 60% “of .its total oligosaccharide chains™¢. The high '

. ~a«}'

' molecular welght eprglycamn is shed mto the circulation and ascrles f lurd by the tumor cells.
.Purrfred eprglycamn fractions, obtamed from the. ascrtes f lurd of the mrce bearmg rhc TAS/Ha
. tumor in rhe ascites form has been found to bmd avidly- to 'the peanut lectin. The eprglycanm,
' molecule has a hrgh molecular werghr of appronmarel) 500 000 dallons -and bemg SI)Ch a large .

| structure, -will have restricted m0vemenl from the pemoneal cavrty to the crrculauon Thrs_

could account for the hrgh retenuon of. radroacuyy seen f or the ascrres TA3/Ha tumor beanng: ;
mice as the ”’I PNA bound eprglycanm complex in the ascites fluid would tend to remain in
the peritoneal cavity. The sohd tumor bearmg mrce shr;m a retemron of the radrolabcled peanut

lectin similar to the control mice. The solrd TA3/Ha tumor has been seen 10 be very well :

;,vascularrzed and eprglycanm molecules have been ‘known to be shed into the crrcularron

.\ o .
However rhe retenuon of radroacrvrry followmg mtrﬁvenous mJecuon of '*]-PNA was not

’ srgnrfrcantly different in the mrce bearmg subcuraneous TA3/Ha rumors as compared ro the

controls It appears rhen that the small (150- 200 mg) sohd formof the TA3/Ha rumor and jts .

; ‘“r&ntl’y to rhe\ whole body rerenuon' 5
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: of the.radiolabeled peanut lectin except in the tumor itself.

| BiodistributionvOf'Na”’l ' o
The raptd detodmatron of radlolabeled peanut lectm in vivo relcasmg free radnonodtdc 1 '_
- into the crrculanon may have contrtbuted to the htgh uptake of radtoactmty in somie of the
organs ThlS htgh level of free radioiodide in the crrculatton also le’d to the concern . that the
hrghl) vascularxzed tumor may in f act be takmg up l‘ Tee radnoxodtde ‘and: that the hrgh amounts
of radtoactmty locallzed in the tumor may be _]US[ a large concentratton of f ree l‘adIOIOdldC
“Therefore, to determme the extent of radtmodtde concentrauon m the tumor and the other
tlssues due to the rapid breakdown of the label in wvo radrolodtde in the form of Na“’l (150
kBq) was thected 1ntravenously mto TA3/Ha tumor bearmg mice. As. prev:ously Kl was _f
: added to the drmkmg water commencifg 3 daYS prror to the study At 6,24 and 48 hours
post - anectton of the radtotodtde solutron the mice -were sacnl 1ced and the vartous ttssues u
dtssected wetghed and counted f or radtoacttvrty The results of’ the study are: gtven in table 9 m -
Wthh the values are gtven "as the percentage of the mJected dose per gram of trssue The organs
. of interest here are-the krdneys saltvary glands, stomach and tumor as these are the organs that
showed hlgh amounts of radroacttvrt\ localtzatlon ‘with the radxorodmated peanut lectin. The
results (table 9) indicate . htgh amounts of . radtoactmty concentrauon in the stomach and
saltvary glands whrle the ktdneys tumor and the rest of the’ ttssues showed less accumulatlon ,
| Uptake of radtoactrvrty by the stomach mcludmg contents was measured at 43 6, 0.7 and |
0 075 percent ol' the in Jected dose per gram of tissue at 6, 24 and 48 hours post in jCCl.lOl’l and
’ the saltvary glands were: found to have 35.0, 0 48 and 0.054 percent of theQ m]ected dose per.‘
gram of ttssue at the same ttme pertods To determme the amount of radtoacttvnty in the tissue
that 1s due to the levels of I‘adIOIOdlde in the blood tissue to blood ratros for the various tissues :
were calculated (table 10) and the results obtamed showed that the sahvary glands and stomach'
‘ awere the only organs to have srgnxf.tcantly high ratios. The rest of the ttssues had rauos of less‘

than onc for most of: the time penods studted In comparmg the results obtatned in thts study
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“Table 9: Biodistribution of Na'I in A/

i
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J mice* bearixig subcuhneous, TAB/Ha' tumor’; X

in

Tissues 6 hours . 24 hours -~ 48 hours .
: * _ -
‘Blood 8472169 0072002 | . 0.01£0.00°
 Salivary glands - 35.05:£9.34 0482023 6..06?:0.62;.'
Cspleen 3.7840.60 o 0045001 0.01£0.00 -
. Stomach®. 43.60£9.29 om0 0.08£0.03
GIT* . sar085 0052001 0012000
 Kidneys | '6L11»¢i.12. - 00s£001 . ¢ 0013000
_'Musclé | vllso:'o.ss‘ 0.020.00 001000
Lungs | 6.02£106° 006£001 - 0.02£001
‘Liver 3.940.87 0052002 . 0.01£0.00
TA3/Ha tamor 5.69+1.23 0062001 0.04£0.03 |
=8

‘ ’Valués are expressed as the mean peroém injected dose + sgpd_ard.dcviation pef"’gram of

. tissue at various times after intravenous Na'**l (150 kBq).

* including contents
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Table 10: Tissue to Blood ratio of Na“’l’ in mice! bearing subchtanco.us TA3/Ha tumor’,

Tissues - - ~ 6hours - 24 hours 48 hoﬁrs _'
Blood . 1002000 100%0.00 - 10020.00
Salivary glands 4342160 7.5623.34 5.36%1.63
Spleen  © -  0.4520.06 0.71%0.28 0.95£0.19
Stomach 539206 12433656 - 7.53%2.29
GIT | 0.54£0.11 0.7710.14 1.16£0.31
Kidneys 073012 0862021 1.230.14
. Muscle 7 0.21£0.03 030£009 095%0.41
Lungs - 0.72%0.08 098031 2.11£0.53
Liver 0472006 0.80%0.36 1372033
TAYHawmor - 0683013 092 3026 3.9622.48
.
In=8 _
M:du expressed as the mean ratio * standard deviation of (;adfoa“cﬁvity per-gram of lissué

to ] gram of whole blood at various time periods following intravenous injection of
150 kBq Na'*1. k :

4
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to that.of the biociisﬁribulion study with '*I-PNA, a disii’nct difference of accumulated
radioactivity s observed for the kidneys and the tumot. In this study, the uptake by these two
tissues are low whereas there is a significant uptake of radioactivity with the’ radiolapeled
peanut lectin. B - | _ .

A piot of the percentage of the injected Na!**] dose per gram of tissue bas:d on the

total remaining radioactivity in the body is illustrated in figure 16 for the kidneys, stomach,

" salivary glands and tumor. The salivary glands and the stomach qgmonstrate a much higher

amount of radioactivity retention than the kidneys and the tumor. This observation may helpto

explain the high levels of radioactivity observed in the stémach ard salivary glands _wi‘th '

radioiodinated PNA. A§°éan be scen f rb_m the results obtained , the large proportion of the free
radioiodide taken up by the stomach and ‘saliva'ry glands may help contribute to the high levels,
of radioactivity observéd in thevbiodisiribution_sfudy with PNA. More importantly, the results
\vof this .-study demonstrate‘ that the accumulation of radioactivity in the tumor seen iri the
biodistribution §t/udy with PNA has very little, if any, contribution from the free radioiodide
generated by the ra;;id deiodin‘fgation of the‘radiolabejl/in vivo. The tumor to b}ood ratio of
radioiodide following injcctionvof Na!#5] showed that most of the radioactivity obserfredyin the
tumor was due to the blooé borne r‘adioiodide in the highly vascularized iurrior. The plots of
. percentage of tpe rémaining dosé per gram of tumor for the two different. biodiéuibution'

»

. studies (figures 10 and 16) illustrate the difference in retention characteristics of the peanut

lectin and radioiodide in the iumdr. As for the kidneys, the results obtained in bthis stu&y' diffgr

significantly f rom‘ those in the P.NA biodistribution study. It is known that a large fraction of -
the free circulating iodide is filtered through the kidneys**!. This is the case seen in this Illa‘”l
sthdy but not with the 1-125 labeled peaniit lectin. A high level of radioactivity is initially
observed in the kidneys but this is cleared very rapidly with the Na'*I bitt not with 151 .PNA.

, The plots of percentage of the remaining injected dose per gram of kidney tissue for the two

- .

i‘

studies demonstrate the difference in retention characteristics of the kidneys for the two

- radiotracers. The results of these two different biodistribution studies mﬁicate that the kidneys

*

!

Y
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-do retain PNA. The poésibilty also exists that the epiglycanin shed from the surface of the
TA3/Ha tumor into ‘the circulation may complex with the radioiodinated peanut lectin and
subsequently be deposited in the kidneys resulting in the high‘ kidney accumulation of
Iradioact‘ivity;however‘ it has b‘ce_n found that high kidney accumul;tioﬁ of radiolébeled‘peénut
lectin also occurs in non-tumor beatm mice. Histochemical studitles performed \;/ith FITC- and
horse radish peroxidase-PNA on f rozen kidney sections of mice revealed that the Bowmann's
capsule, proximal tubules, distal iupulgs and the membrane and cytoplasm of the ,collecli‘ng
dl;CtS have PNA receplbr sites”"" % Urine samples obtaiﬁed from normal and tumor beariﬁg
mice that had been injected with the peanut lectin were found to contain the intact peanuf
lectin in 5n active forrn that binds to asialo GM1 synsorb. Thus, the kidney tubules may be
involved in a unjque mechanism for binding and excreting the peanut lectin.
p

" Detection of TA3/Ha metastatic tumor variants

The availability 6!‘ metastatic ‘tumor variants that grow in specif 1c organs ;vhen injected
intravenously into the animals allows the stud& and evaluation of tumor localizing agents as
potential radioimaging égents for metastatic tumor spread.' The use of ' solid and
well-vascularized transplanted tumors mtramuscularly or subculaneuosly has been found not 10
provide a suff |c1ently demanding lunior model to evaluate the: potential of a radlolocalmng
agent in detecting metastases”'. It may be possible tHat with tumors which have been
traﬁsplanted intramuscularl& or subcutaneously a vascular supply exists that";s different thari
that ‘of the metastatic tumors arising from them?*”, Vgrious conditions such as the anatomic
location of\the tumor, the blood'sgpply to( the tumor, the bél;aviour of the agent in the
systenﬁc circulation, and the structure and pemeébility of the tumor vasculature’™ influence
- e localization and retention of an ageri‘t administered. ihtraven-ouslly to animals bearing

metastatic tumors. The presence of antigen- posmve tumor cells and the propemes of the target _

anugen will further af fect the retention of. the antigen-binding agents?’*.
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Selecuon of the TA H.a» lung amd-diver metastatic tumor vanan;s

The process f sel

variants was performed in the laboram{y of Dr. B.M. Longenecker, Dcparune_nt of

Immunology, University of Alberta according to the method described by Fidler'*'.

M

Strain A/} mice which had been injected intravenously with about 10¢ viable TA3/Ha

+

tumor cells were dissected 2 to 3 weeks.post-injection at which time some metastatic

lesions were macroscopically visible in the lungs and liver of,_the mice. These lesions

were then dissécted out of the respective organs and growh in culture for-about a week
a . .

befare an aliquot of lhe selected tumor cells were remJected mtravenousl) into: healthy

ction procedure repeatcd In the process of. selccung

strain A/) mice ‘and the wh

.

specnf ic lung metastauc tu iants, it was ound that the first passage of the tumor
cells in vivo resulted in about 10 lungrand 3 liver tumor lesions per animal. The second

passage saw fewer liver lesions but about the same number of lung lesions per mouse.

Passage 3 through 8 resulted in vei‘y few visible liver lesions but an overabundance of' -

_ lung lesions. o ’ .

In the selection of liver specific metastatic tumor variants, the ‘t; irst passage of

- th;: cells in vivo tesulted in about 16 liver lesions and between 100-200 iung lesions per
moﬁse. The second animal paésage gé’ve more than 50 livér lésions and very few lung
foci. It was found that from the fifth in vivo passage on, no lung nodules were visible
while the liver had extensive metastatic lesions. Based on the metastatic characteristics
‘of the speci‘f ic metastatic.lung and liver tumor variants, tumor cells that were cultﬁ?ed
from the“animal passage number S for the TA3/Ha liver specific metastatic tun;or'

- variants and passage number 8 for the lung specific metastatic variants were used for

the in vivo biodistribution studies. .

Biodistribution studies

The avaﬂabxhty of ‘the TA3/Ha liver and lung spec:f ic metastanc tumor variants

allows the study, by scintigraphic xmagmg and biodistribiition studlcs of‘:thg ln vivo .

)

TA3/Ha lung and liver spec:f ic metastauc tumor -
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. avidity of the peanul rectin for these metastatic tumors based on the known high PNA
oy | . avidity of the solid tumor form from which these metastatrc tumor variants arose. A
correlation of the \metastauc potemlal of the-TA3/Ha tumor cells has been found wrth
. the tumor cellsf surface epiglycanin content®*, of which 60% of theh surface
oligosaccharide .ch_ains presentare T-a'nrigenic_in structure’**, Radipiodinated peanut
lectin was used nere"to determine whether the selected lung and bliver metastatic tumor
. variants still retained their_ cell surface T-antigenic epiglycanin structures, and also to
- examine the potential utility of PNA as a radioirnaging agenr in the detection of lung
and liver rnelastau'_c tumor variants in vivo. The results of the in vitro eell }binding ‘study‘
_(table 2). perf Orme(i' with the cells of the TA3/Ha metastatic lung and ‘kiver variant
tumots  and radrorodmated peanut lectin  have shown that these cells do possess

w\‘v :

nurnerou.s iNA receptors lt appears l(@at he TA3/Ha merastanc tumor cells did not

res in the s%fuon rocess
9 2 '@- p

on study perf ormed on mrce

 ped ftr’lectm and 8 hours post-injection, the

&

e were rhen iﬁ’jected with the

w
) "g.)

were sacrlfrqed andﬁthe vanous organs of mteresr drssected out. A group of

o
: #wgﬁr?al healthy mfce -were used as* controls These control mrce were of the same age as
¥ad ’

‘n mpr Bearmg rmce and were mjected wrth norrnal saline mstead of the tumor cells.

.‘ .

ﬁ

!u

g’ ‘
tass anatomrcal exammauon of the varrous organs showed that the tumor infiltrated
(3 v

g

s from: the TAJ/Ha metastanc lung vanant tumor bearmg ammals were about twice
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(0.96-1.81)

Table 11: Biodistribution of '**1-PNA in A/J mict bedring TA3/Ha lung metastatic variant.
tumors'”?
" Tissues Control * Tumor bearing
' mice ’ mice
Blood Co2.21 5.53¢
(1.41-3.04) (4.40-6.24)
Salivary glands ‘ ‘ ,13.75 23.97(NS)
-’ _ (7 67 20.31) (10,75-31.66)
Spleen - S o153 5.67°
' ’ (1.06-2 30) (3.57-7.11)
Stomacht - ‘ : v 13.27 -y 12.95(NS) A
. : " (8.60-20, sﬁj ; (3.81-19.62) :
Kidneys L C 1363 51.19° 4
' ) . (%O.kﬁjfm \ (16.39-77.08) N v
‘Muscle & ! ( SO 1.28¢
‘ ¢ ' (0.33 (0.96-1.77)
Lungs B ) ' . 3200 . 12.33¢°
N R (2.48-4.23) (8.54-19.25) ,
Liver " 1.36 3540 -
. (2.65-5.711) -

of 1]-PNA.

™
: »

v

" 'Values expressed as the mean pcrcent injected dose per gram of tissue 8 hours post-injection

The values jnﬂthe parcnthescs give the range obtained from the 5 mice in each group.

*Statistically significant from controls p< 0.05 (Student paired t-test)

**Statistically significant from controls p< 0.0l

o

NS = not significantly different from controls

:
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Table 12 Upta'ke of ”’l PNA by whole organs of A/J mice bearmg TA3/Ha 1ung metastanc

variant lumors"’

T
- . R ,
Tissues - - . . . Control *  Tumor bearing
B s omice .« " mice
Salivary glands. " 26 . 3SHNS) |
o i assey (2 98677) o
Cspleen e o "
L (009-018) 0 0.75)
Stomacht A 408(NS)
(246-7.58) . | .-(2;08-8.42) .
Kidneys - as . s
Co - (3%0-696) 7 (6.01-15.88)
Lungs = S 0.48 T & 2N
- | CL eaom o e2so.
Liver - -, . . xm 300 ,
[(138233) ¢ (206:5.00)

'Values expressed as Lhe mean percent 1ojccled dose‘ per whole organ 8 hours post mjecuon oF B
15]-PNA. v '

The values in_ ;hc parentheses glve the fange obtained from the 5 roiée; in ea;:h group.

5 ‘Siatisticélly signif icant f fom c’ontrols ‘p< 0.05 (Student paired t;tes‘t).‘ R
..staustxcally sxgmfncaqt from conuols p< 0.01 . / o |

NS = not sngmf m.ntly dlf f erent f rom controls o ‘

@ .
' ‘{ mcludmg comems
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blood of the tumor bearrng mtoe was calculated to be about 2.5 times that of thc
controls ‘Thrs hrgh level of radroactrvrty in the blood of the. tumor beanng mice most. -
.probablyxcontr_rbut_ed to th_e hrgh lev.el_s- of ,radloacuvny vaee‘grm&lanon rnﬂr"the ‘otnher_j
organs (tables' lll"and' 12). Llptak.e" or-'--radioiodinated peanutﬁectine&'as found 10 be -
about 3. 8 times as much in the tumor mf 1ltrated lungs compared to the controls on a o :
per gram basis. Qn the whole or‘gan level the lungs frc rom the tumor bearmg mice, were
: calculated 1o have 8 times ag much radroactrvrty as the controls The TA3/Ha tumor
mfr.trated lungs had the most srgmfrcar)/t uptake of radrolabeled pcanut lectm among all
of the various - organs mvestrgated in comparrson to the organs l‘rom the control
: ammals The spleens of these tumor, bearmg mrce %ad on the average an uptake of
1257 - PNA that was 3.7 times that of the controls when compared at both the per gr;m ‘
: basrs as well as the whole organ /There were some macroscoprcally obvrous tumo; i
'nodules seen. m some of the hvers ol‘ the tumor bearmg mice. and these nodulcs werc
especrally vrsrble\m the ammals that had extensrve lung metastatrc lesnons The
accumulation of 18] PNA 1n the/ liver of the tumor bearmg mrce was’ found to be, on’ }
the average, 2.6 times that ‘of th- contrOls in comparrson at the per gram of t’t'ssue basrs

*

and about about 1.8 trmes at th whole organ ‘basis. Thrs rncreasom uptake of PNA b)

Se

" the lrver of the tumor bearing mrce could be due to the binding of the peanut leclm to

‘ mrcrometastauc liver lesrons It is also possrble that eprglycamn shed romthe TA3/Ha
tumor in the lung f ormed a complex wrth the peanut lectm and was ber\g filtered l" rom -
the crrculatron by ‘the liver, thus contnbutrng to the mcreased radroactrvrty

accumulatron The amount of radroactmty found in the krdneys of the tumor bearrng

PR

. ‘,mrce was found to vary greatly but thé uptake was f ound to be srgmf 1cantly hrgher than
that of the control anunals although no visible abnormalme*ar change in wetght and

_ size of the krdneys were evident. The other organs examined: as given m tables 11 and 12
were calculated 10-be-not statrstrcall) srgmfrcantlvj 'gfferent from those of the tumor

’ Ibeanng mice: and the controls

L4
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The results of 'a 24 hour" biodistribution Studv.. with radiolabeled peanut lectin
perf ormed on A/J mice bearmg the specific TA3/Ha llVCl’ varlant metastatlc tumor are
presented in tables 13 and 14 These lwer tumor bearmg ‘mice were found ~upon ,'
dlssectlon to have enlarged spleens hvers and lungs The liver in the tumor bearing

mlce were found covered wrth tumor nodules and in some. of the livers, the number of

tumor lesrons were 100 numerous 1o count Although enlar@ent of the vartous organs

' were found in the tumor bearmg mice, the mean whole body welght of these ammals

was found 1o be. 88 '+ 5.6% that of the same age control ammals In comparing the ‘

3

accumulation of radioactivity in the various organs between ‘the control ammals and the ,

é
TA3/Ha liver specrflc metaStatrc vanant tumor bearmg mxce it was found that the

-

~blaod, hver and spleen were the organs that had stat,tstrcally srgnrf icant differences in o

radtorodmated peamIt lectin uptake 12’l -PNA concentratrons in the blood Etreu,latlon is

.

usually low at 24 hours post m]ectlon of the radtotodmated peanut lectin as seen in

N

prev:ous studtes Thls was not the ca!e in ‘the metastatrt hver vartant tumor’ bearmg :

’

" mice whtch were fopnd to have blood concentrattons levels of - PNA twrce that

found in’ the blood crrculatron of the: Sontrol mtce The splemc mass in the tumor

bearmg mice was found to be about twrce as much as the spleen m t.he control ammals

The uptake of ralhoactrvrty, however,.in the enlarged spleens was found to be. 4’8 times -
as much as the/ controls when compared on "the per gram- of tissue basxs The entrre.
spleen of the ttxmor bearmg mice* on - the average accumulated 6. 2 trmes that .of the.

normal spleen n the control ammals The lungs in the metastattc hver varlant tumor

bearmg mice were slrghtly enlarged and some occasional small lesrons were seen, The\

o uptake of tad modmated peanut lectln in the lungs, however ‘was not found to be :

Slgmf 1cantly drfferent from that of the control ammals The tumor inf’ 1ltrated ltver was, |

on the averaée 1. 3 times the mass of the controls but these tumor beanng lwers had a

e °s

mean ml PNA concentratton that was about 5.8 times that of the controls on a- per .-

gram baSlS/ companson Some mdwrdual ltvers with extensive metastatrc tumor l
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of *I-PNA. .
| ’The values in th? parcntheses gwe thc rangc obtamed from thc 5 xmce m each gmup
' ‘Smumcally sngmf icant f rom controls p< 0. 05 (Student paued t- wst) |
NS = not significantly dxffercm from controls

T mcludmg contents
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-, . Table 13: Biodistribution of **I-PNA in A/'J,nliicc bearing. TA3/Ha liver mel’astaigi\q variant
tumors** - . . . E ' , e
‘ , , . ) . ‘ : Y \ ', &
Tissues R © Control . - Tumor bearmg
- : - ‘ mice ; S mice
’ / S
- . . ’ N ' . ) N ' ., *" .
~ Blood ... . 063 | 124*
S o ' : (0)54 -0.76) - (0.92-2.09) ™
Salivary glands S  9.05(NS). -
e S S (3.18: 937). ‘(a.38-1832) '
- . .Spleen - . oo 092 . _ o2 5
oL (0.65-1.04) = - (2.06-9.18) o
"~ Stomacht- . - S 450 . . . S5.08(NS) . "
CoL RS , i (1.43-8.10) - ) (2.21-8.76) . . ‘“
Kidneys - - o . 1324 0 2 16.56(NS) - -
E i o (11.03-16.71) ' o (10.25-26.47)
Muscle , I 0.28 . 0.72* = - ,}' .
| R (023:035)  © - (029-130)
Lungs ' Lo 2.85 : o 3.7(NS)
| o (2483577 T (1.55-4.97)
Liver R _ 115 . 0 % o 6760
v ' . g - £092-129) 0 L (4.00-14.35)
k - eyl

. lValues expr-ssed as tbe mcan percent aneC[Cd dose per gram of ussuc 24 hours post chcuoq

iy,
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Table 14: Uptake of 11-PNA by-whole organs of A/J mice bearing TA3/Ha liver metastatic

‘variant tumors'"

*The values in the paxemheSes’give‘Lhe Iange obtziineg from lh; 5 mice in'each group. |

————

*Statistically significant from controls p< 0.05 (S;udent paired t-test).

NS = not significantly different from controls

L B

*t including contents.

1

R

+

SO

1

bTis.s",ues o "Cor!trol Tﬁmor bearing
: mlc¢ :/ mice
*Salivary glands 0.98 W LOANS)
) (0:50-1.43) 7 (0.45-2.09)
- Spleen: T 017 1.06°
(0.15-0.18) (0.42-231) -
Stomach? . 236 18%NS)
| = C L (0.88-401) (0.85-3.50)
Kidneys ,;r, ©  am 4.57(NS)
o " (213-5.20) L (3.11-6.73)
- Lungs (')?42‘ " 0.73(NS)
o (0.36-0.54) (0.25-1.24)
Liver 144 133
) (1.35-169) (5.36:14.35).
:X?l\;’e; ;xpressed as tﬁe méén Anjected dose per whole 6igan 24 ¢hours ';;ost-injeciitl)'n‘ of .
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inf 1ltrat|ons were found to have ]-PNA concentrdttbns that were htgh as 14%. of

the mJected dose per gram of ttssue compared to the range of 0 9 i 1.3% pcrcent of :

. N
- the tn_tected dose obtam d for the normal lrver in the control ammals The whole liver"

mdrcate that aagood dehgeation,.of the tumor infiltrated organ could be obtamed by the
ES “
o process of scmttgraphlc unagmg usmg radrolabeled peanut lectm as the tumor localtzmg

. :/‘

bearing and control. The accumulation’ of radioactivity in the’salivary glands, stomach

mass of the tumor bearing’ ammals was l'ound to have a mean accumulatton or "

i B PNA that was 78 times that of the normal hver Even “though the blood

. concentration’ of 1281 . PNA was about twice that of the controls, it could not l‘ully

account for the observed greater increased concentrattdn of peanut lectm seen m the

livers and spleens of the tumor bearmg ammals where radtotracer uptake was f ound 10

“be- stausttcally sngntf 1cantly different from the controls By f ar, the uptake of PNA by g

the liver was f ound to have the greatest diff erence among- the’ vanous_prgans studted in

¢

compa-rtson to. the control animals as seen in tables 13 and 14. Splenomegaly was quite ‘

obvtous in the ammals béarmg the ltver metastatic variant tumor but no vrstble lesrons

-

_ were ound in the spleen of thc mice. The Teason for the observed tncreascd uptake of o

151 - PNA by the spleen 0£,the tumor bearmg animals has not yet been elucrdated. It is
possible that the presence of the tumor in the animal may cause a proliferation of
splenic macrophaées and experiments perf ormed . have found that the splenic

macrophag“es do bind the peanut lectin in vitro. High levels of ..”’l~l,’,NA up:tak‘e’were

~also 'seen in the salivary glands, stomach and kidneys of both sets of mice, -tumor .-

0

and kidneys in the iﬁ trol and tumor bearmg mice were not found to be stattsucally E

drfferent (tables 13 and 14) ot .

. 2

From ‘the two sets of blOdlS[l‘Ibullon studtes performedi on ‘the selected v

metastattc lung and liver tumor variants, the rcsults indicate that the radrotodmated

: 1 t leetm does locallze in the organs that bear the metastattc tumors Ttssue to-

™

] blooﬂ rattos calculated f or th(mxce bearmg the lung and ltver metastauc tumor vanants

-

S
R
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agent As seen in the results, normal lungs and liver do not take up as much of. the '

125 PNA as the tumor bearing organs Hence, intense localrzatron of the radtoldhe‘leg

peanut lectin in the lungs and liver would ‘probably mdtcate the presence of exposed

!

: B * T-antigenic bmdmg sites, a condition not normally scen under healthy condrtrons.
Whole body scintlgraphy

‘The results obtamed from the brodxstrrbutron studres with the metaStauc tumor varrant
bearmg mice indicate the potentral uttlrty of the radrorodmated peanut lectm as K radrormagmg
Tye"v:"‘.ba‘gent in ‘the detec-tion of T vantigen,' metastatic tumors, Whole_-body gamma scmtrg,raphnc
, imaging*w.a's- then performed on mice bearing the'specif ic TA3/Ha metastatic lung and liver
. tumor variants to determrne whether the results obtarned from the brodrstrrbutton studres can
be extrapolated to extema.l non mvasrve rmagmg techmques The wh_ole body gamma

P

scmtrgraphrc tmages obtamed f rom the tumor bearmg mrce are presented as fi igures. 17 and 18.

i

Although the brodrstnbutlon data indicated ahat son‘l’e background actrvrty would be present in

3 the whole body the scans obtamed gave, good delrneatron of the tumor bearing organs Flgure ’

,19 isa whole body scmtrgraphrc 1mage of a mouse bearmg a solrd subcutaneous TA3/Ha tumor

taken 24 hour post mjectron of n’I PNA and is used here for companson ‘The whole body

v

' scan of the solid tumor bearmg mouse shown in figure I9"rllustra_tes increased areas of

“’l-P'NA uptake in the kidneys tumes an'd-.some in the'stomach. Only a small amount of
. / »,
. background acuvrty is seen in the lungs and lrver Frgure 17 represents the whole body 1mage

RS B

o taken of a mouse bearrng the TA3ﬁ.Ha metastatrc lung tumor vanant 10 hours post in Jecuon of

o fdntam multrplo lp:\fe

.15, :

B

radrolabeled peanut lectm Thrs scan clearly showg the lryer. as a n:gmn of concentrated

2%
S

/
!

\ %rmg the specrfrc TA t metastauc tumor vanant 24 hours post-mjecuon of the* 3

"

~

ek )
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_ Figure 17 Whole body nﬁmn ncmumphic umge of an A/) mouse burin; the TAJ/Ha lung
: ‘metastauc tumor vamnt 10 hours post mjecuon of “’1 -PNA (ZMBq 4,.; PNA) '

'

Figure 18 Whole body: gamma scintigraphic image of an A/} mouse bearing the TA3/Ha liver

metastatic liver tumor variant 24 hours post-injection of '**1-PNA (2MBq;4ug PNA)

¥



Figure 19 Whole body pmrm sdnti;nphic image of an A/J mouse bearing a subcuuneous

TASWd tumor 24 hours post-injection of '¥I-PNA (2MBq; 4ug PNA)
Jﬁ\% @}
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occasionally in the urinary bladder. When sacrificed and d_issected for gross tissue examination,

~ this liver tumor bearing mouse was found to have large and many tumor nodules throughout

the liver. It was further noted that some mice that had heen injected with the specific liver
metastatic tumor variapt cells did not préduce'a really pbsili\(e scan upon the whole body
écintigraphic imaging with radiolabeled pea?ut lectin. These micé were fqu%d. uﬁan'dilsscclion.
to have only a few small (1-2 mm) tunior lesions in the liver. Ho@ever. when the livers from
these mice '\’,vere disse(;ted and the organ placed directly undgr.the cameré, an iné;eas'ed amount
of radioactivity was seen at the areaé of the tumor/ lesions. It is probably thé limitj‘ng resolution

of the gamma camera as well as dealing with small animals such as mice that small and few
A S

.tumor lesions could not be detected well enough by the camera to produce a positive scan. In

cdmparing the two scans of ‘the animailéf Vbéaring ther specific TA3/Ha inetaslau’c lung and liver
tumor variants with the mouse bearing‘ ;he TA3/Ha solid tur.nor‘(figures 17, 18 and 19),
radioilodinat’éd peanut “'le;tin 'appears' to be a useful .ra'diolocalizii_ng and radioimaging agent in
these metastatic lﬁmor models. In normal cases, .the peanut lectin has been found not 1o

localize in significant amounts in any of the organs except in the kidneys, stomach and

_océasionally' in the blédder. In tumor bearing mice, however, as evidenced by the whole body

- images presented in figures 17, 18 and 19, and from the data obtained from the various

biodistribution data, there is significant PNA uptake by the solid tumor or by the organs that
are infiltrated with metastatic tumor lesions. Other organs not inf iltrated with tumor lesions in

the tumor bearing mice do not exﬁibitvincreasec_l PNA uptake in comparison to the same organs

in normal mice. Thus, PNA localization is evident in the TA3/Ha adenocarcinoma and its

selected tumor variants in vivo and the radiolabéled peahu"t lectin is concentrated enough by the
tumor to ﬁermit a-non-invasive external imaging of the tumor site. The radiolabeled peanut
lectin, therefore, does lend itself as a potential clinical radioimaging-agent of T-antigen bearing

tumors and their possible metastatic lesions.

'
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z\uto‘radiography and FITC-_PNA staining
“The presence of the Thomsen-Friedénreich antigen can be detected tn lissue sections"
with the use ot‘ labeled PNA by a variety of imm’unohistologica1 methods. Autbradiog.raphy_
w;th 15F.PNA ‘and staining with FITC-PNA are two sggh__methods in detectmg the/T anugen
in lissue sections. Flgure 20 shows the gross autoradxography of a cryostat hssue section taken
from a liver -lobe that ¥as found to be infiltrated with tumgr nqdulcs in a mouse bearmg the
specific'TAS/Ha' metastatic tumor'variant Figure 21'is the tissue section of a liver lobe“
inf 1ltrated with specnf ic TAB/Ha metastatic tumor variant lesxons that is stained wnth
'hcmatoxvhn and eosin. Thts same mouse had been mjected w:th IB[.PNA (2 MBq 4 pug PNA)
24 hours before the removal of the tumor inf 11trated ltver The autoradtograph presented shows
mtense locahmuon of the peanut lectmthqt)ougnout the viable tumor masses. A, htgher mtensnt)
of PNA localization is seen especxally_ in the smalfer dense metastatic nodules as well as in the'
outer edges of the larger tumor masses. Micrometastatic le.siens in the tumor bearing liver could
be ﬁtif ied in the autoradiograms of the tissue _sections that had been superimposed onto
histological processed tissue sections. These micrometastattic lesione were found to appear as
small and dark pinpoints that had darkened the autoradibgrnphic film with uie localization of
"”‘.l'-‘PNA:'. A;lthough the te‘chnitme of autoradiography v_vith 1357 .PNA’ does not allow a high |
enough resolution to exactly determine the level of PNA binding at the cellular levet the gross
‘autf/)radtogram presented in flgure 20 does give a clear mdtcauon of the avid PNA bmdmg by
th:: metastatic tumor masses in the tlssue section of the liver. This is deptcted by the areas of
increased tntensnty of radioactivity. It was also further obseryed that the smaller metastatic
tumor‘"le'sions‘ in the liy'er had-a umf orm cfistribution of intense radioactivity nence, implying‘
that these smaller lesions expressed the. T antigen thro_ugtxout the tumor mass and that thé
intravenousty administeted “’IQPNA wats readily accessible. to hall areas of the tuxnor In 'tTle
larger tumor masses that had necrotic areas the binding of the peanut lectin was ltrmted mamly

to the viable areas of the tumor tissue. The autoradtograph of a cryostat tnssue sectton taken

from the liver lobe of a mouse bearing the SpOlelC TA3/Ha metastatic hver vanant tumor
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Flgure 20 Autondxogmn of a ljver lissue section taken from an A/] mouse bearing the .

TA3/Ha liver memuuc tumor vamm 24 hours post mjection of I- 125 PNA (xzs)

Figure 21 Hemlwxvhn and eosin suin of a liver tissue_section uken from an A/J mouse

beanng the TA3/Ha liver meusumc tumor tumor (X250)

) 4_. . . Y . : é

T . ' o Co.
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which had been injected with ”’l'-PNA Tive days before is shown in figure 22. A clearly

9

dlf ferent pattern of PNA locahzatton is seen here in comparison o the autoradrograph of the

-

tissue section taken 24 hours post- chctron of the peanut lectm Thts autoradtogram figure 22,
]

reveals a highly intensive accumulauon of the '*¥]- PNA hﬂ‘he c@ntral necrottc -areas of the
“tumor masses whrle very lrttle localtzatron was, ound in the outer viable areas of the rapidly

growing tumor mass. This observattomclearly rmphes that PNA is mdeed retamed by the tumor.

. mass. “This retention of '*'| -PNA five days after injection in the area of necrosis in the tumor £

g

" mass is probably due 1o the bmdmg of PNA to epiglycanin and forming. a complex Thrs .

PNA: eprglycamn complex was ptobably shed from the surface of the viable tumor cells mto ‘
S x» i
the necrotic area, thus entrapprng the complex in the central necrotrc a.reamf the tumor mas‘s

- which is lackmg of a vascular supply. The outer viable areas of the timor mass is sé'én to U;
rather cleared of ‘”l PNA localization ( frgure 22) after 5 days Thrs is most probably due to

'_the tumor cells sheddmg off their surface epiglycanin and the PNA bound to th&e 'in.olecules
| A

would also be shed along from the tumor surface. This is conerterlt wrth reports thzttqthe' "‘
WA
TA3/Ha tumor line has a high turnover rate of epjglycanin from the tumor cell surfaee""“’ It |
4 ~

has been found that the overall release of labeled epiglycanin from the cell sur(aoe Bi: the ‘

TA3/Ha tumor followed a brphasrc kmetrcs in which 20% of the label was shed wrth a gzlf 'lrfé '

R :
,x p
Lo

of 45 minutéseand the- remaining 80% with a half-life of 40 hoursm 'I‘he autoradtograms:

_presented frgures 20 and 22, support the the concept of PNA bmdrng to cell surface‘

w .
epiglycanin and the rapid rate of epiglycanin tumovcr Thrs data, when extrapolated to

radrormmunormagmg procedures indicate that it is necessary to determine the tumover 'rate or
amount of antigen shedding- from a tumor cell surface prior to esulblrshtng radrormagrng
_ procedure as a. delayed scan r( ay result in low concentrations of the radroloealrzrng agent at the '

4

tumor site due to shedding of the localizing agent -antigen complex.
. M ’ . g —_— J— -
.An immunohistologiCal techni’que'that provides a high resolution of the binding activity
in tissue secuons is the use of FlTC PNA to stam the trssue sections. Identrfrcatron of

T antrgen expressing tumor lesrons hawe been performed on ‘various human trssue sectrons wrth

.



&

!

’

Fxgure 2 Autoradxogram of a liver tissue section taken from an A/} mouse bunng thc

TA3/Ha lwer mctasmuc mmor ‘variant § da'ys post injection of "’l PNA (X40)

Y
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e L hc ﬂuoroehrome P\IA nssue stal’lrrng techmque suchsas in human breast trssue'"’”’ colon”‘ :

.

ktdrfeys”‘. and at rectosrgmo:d srtesm Frgure 23 1llustrates the - fluorescence mlCIOSCOpy

.0,

photograph of a ttssue sectton ol‘ tumor mftltrated ltyer lobe taken from a mouse bearmg the

TAJ/Ha, hver metastatte tumor varxant Bmdrng of the peanut lectm ‘can be -seen 1o occur

' . hfoughout the tumor' mass The Outer v1able prolrferatmg ayas of the tumor mass found to
S bmd PNA was, under hrgher mrcroseoptc magmftcatton observed to btnd the peanut lect;n at |

>the cell membrane Indwrdual mrcrometastatrc lesr&ns ha've also., been found ~to bmd the -¢

¥ R

‘FITC PNA and these lesrons can. be readtly tdentrfted frorﬁ‘§ thetjrStrong emlssron of

f luoresence The 1dentrl" tcatton of mrcrometastatrc lesrons wrth such ‘avid bmdmg with PNA

. /, : 'may ﬁblp explam the observatroﬂ in btodtstnbutton studres where mcreased 1evels of L PNAx
- -~ - 4

b localrzauon was observed m the lungs’ and liver of the metastattc tumor beanng mice that were

' macroscoprcally devord of any tumor lesrons J* :

o From 1he results obtamed with the two if munohtstologrcal techmques FITC PNA"'
. : \ : o N v .

o - staxmng and autoradrograms of the tissue. secttons it can be seen that PNA bmdmg srtes are
) avarlable throughout the vrable TA3/Ha tumor mass The autoradtograms demonstrate that the -

mtra en ous mjeCted radtorodmated peanut lectm is able to penetrate throughout the tumor
‘ A.jstructure Thg permeabtlity of the TAS/Ha metastattc tumor . vasculature is. such that the ‘

N S radrotracer is drstrrbuted um@rm.ly and raprdly throughout the tumor rnass The hrgh ‘turnover .

,”

that were sacrtf teed 24 hours post ut_tectton\ and 5 days post mjectton of ”’l PNA The
localtzatron of the peanut lecttn wrthm ‘the central necrotu areas of the tumor mass seen 5 days
post lﬂECtlon ‘bf the “’x PNA is most proba’oly due to. the PNA complexmg wrth the
,,eptglycanm ot" 'the tumor cell surf ace and wbsequent sheddmg into the cent.ral neorotrc area of

the tumor rnass whrle raprd growth contmued on the outsrde of the turnor The FITC PNA

T

’ ', _ o) g central necrotrc areas that brnd the FiTC PNA is probably due to the
gt presence of shed eptglycamn entrapped wrtlun thenecrotrc sp‘hce R e '.

b
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Thc various studres mcludmg the in vitro PNA binding wnth the selected TA3/Ha lung L
,'Fand hver metastauc tumor vartant cells biodistribution’ studres hrstochemtcal S[udles wrth’
FlTC PNA stammg. autoradtograms and the scmttgraphrc 1mag1ng of the selected TA3/Ha

© metastatic lung and hver tumor varrants 1llustrate that the selected T. A3/Ha metastatic urors

do retain the bmdmg af fi mrty and. tumor cell surface anttgen expressron of the paren TA3/Ha

adenocarcinoma tumor cell lme Thrs tumor cell line and its metastatic varran}.s provides a
ugeful ammal tumor model to evaluate radlopharmaceutrcals in the field of dragnosttc oncology

. as ‘it allows the determmatron of whether the probe in question retams the same avrdrty for the

4 L]

metastat'ic varrants as the prrmary tumor.v The TA3/Ha tumot cell. lme‘-_tsalso, of great research' .
" interest due to the similarity of the surfa.ce rmmunodommant structures to those that are f ound '
.lon some hum;t: tumors"’""”' such as the Thomsen Frredenrerch anttgen The T an i en as

' been referred toasa human tumor assomated anttgen and has also been proposed as one qf Lheaz C

f actors mvolved in the mvasron and metastattc spread of c:smcer’6 Furthermore the TA3/Ha
- A -

: ammal tumor model presents the propertles of antrgen maskmg by the presence of endogenous

glycoprotems whrch have been f ouncl to be related to the allotransplaﬂtabrlrty of thrs turhor lme_ .
‘ and thts propertv has also been found to“ be poss;bly related also to the metastatrc spread of v
' hiiman cancers’” The radrolabeled peanut lectm has demonstrated avid bmdmg gor the selected ‘
&2~ .

TAB/Ha metastatic lung and ltver tumor varrants both in vitro. and in wvo as seen from the

results of the vartous studres done. Ra lorodmated peanut lectm has been establrshed as a
* potenttal radrotmugmg agent based on the data provrded by the TA3/Ha murine mammary i
adenocarcmoma amrnal model There wa§ suffrcrent concentratton of 4 the peanut lectin rpl(hef ‘
tumo?ﬁsrte wrth rtymmal background actlvny to pe,rf orm scmugrapluc tmagmg wrthout.the ;need

of any data mampulatron 10 obtaﬂtaclear delmeatron of solrd subcutaneous tumors 4s well as .

. ) i”" .
.me[asmtlc ‘]QS)OHS_: - '\." o ~.i . PR ;7 . }
. < R fa \‘ St P
Wes A e )
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C. Antr-eplglycanm murine lgM monoclonal antlbod)

Radrormmunodlagnosrs of tumors by means of radxolabeled antibodies was first
‘ reperted in 1957177137, However the use of antisera has always: been burdcned wnh numcrous -
problems such as heterogenerty of anubodres cross-reactivity and non- specrl‘ ic bmdmg“"‘“’ lt

has been hoped that wrlh the developmem of the hvbrldoma 1echmque’ monoclonal anubodlcs

“

would allevrale such problems faced wrth lhe use of antrsera Monoclonal anubodres reco “mzt

. only one determ;.nanl and are of one class bemg derived l‘rom a single cell“"‘" The |

o]

R

-‘.appropnately 'abeled monoclona? anubodres would thus be of potentral use in the delecuon and |
possrbly therapy of cancers if monoclonal anubodres could be oblamed lhal are spcul‘ ic for.,

tumor assocrated antrgens only T ‘ *
-

Anu eprglycanm 1s a murme monoclonal anubody thal is active agamst the eplglycamn :

structures Lhat are Rresem at the surface and shed by the T A3/Ha lumor cells .The

;amx-eprglycanm monoclonal'anubody is of experimental mler‘est as 11'15 specrf 1c f or certain.

k)

anugens present on the rA3/Ha murme adenocarcmoma cells and thrs well studred u'fmor lrne1 l
N o w

' has been found to bear some srmrlarmcs to the human adenocarcmoma in some of its sﬁrface
anugens””o It is {hus hoped that - anu eprglycanm would yield additional data on thc

-application of technigies involving the use of radiolabeled monqclor{ral anubodles‘;fo_r

radioimmunodiagnosis. - K

Fd

In virro studies with ar‘r_ti“-epiglycanin :
. o - . . .
Radioiodination A S L Lo ’ 7

- Affrmty purified anti- eprglycanm I gM monoclonal anubody was oblamed from : u

Dr BM Longenecker Deparr

0

1§ vof _protein per mL of PBS.

.Arm eprglycamn was routinely labeled wrth ”‘1 usmg the rodogen melhod"”m wrth

‘soluuon -ln concentratrolrs of ‘0'7' i

. 7 labehng effrcrencnes of up to 65% to yleld specrl'lc acuvmes ol‘ approxrmately 150

o kBq/ug of proteui for ammal brodlsmbuuon studres and about 700 kBqlug for '

o
< : E . R L !

- L.

i
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. radioimmunoimaging studies. l’reclpita_t;'on fof an aliquot of mé final radiolabeled.

nroduct ‘with 25% TCA usually resultéd in gireate'r than 98% of the total radioactivity

( belng preeipitated. The final radioiodinated .anti-epiglyvcanin IgM product was: always _

subjected 1o ultracenmf ugatron before use, lt was ound that centrifuging the solution
of radiolabeled anti- eplglyc?l‘lm at 100 000 X G for 24 hours resulted in about 80% of

the total radroacuvrty settlige at the bottom.of the tube most probably due to the N

presence of some protein aggregation, The formauon of mrcroaggregates is most likely %

due o the wcess o‘ the radrorodmatron“’ Hence all the IgM monoclonal antrbodres '

used were sybjeet 10 ultracentrrf ugation before use and onl) the supernatant of the

'

©y
R 4

* centrif uged.solutxons were used Quantrtatron “of the protems m. the s tant af the
S
rbance curve

ksoluhon was performed using the Bro Rad Il.rotem assay’ krt The i
é%erated Mh the stand’ard sugphedﬂqa t@e&anufacturer was found to be srmrlar toa
curve generated with the use bf an IgM solutront.standard made Hence all further ;.

'protem quanmauor’r&of the l'gM %’nubodres was compared to that of tHe manufacturer s
,} : L i T en. :

supplled standard AR - ; g’

Trlchloroacetrc acrd precrprtatron of the radrolabeled antr eptglvcanm

LY
monoclonal antlbody showed radrochemrcal purity greater than 95% after imree dﬁm

and greater than 90% af ter seven days f ollowmg radrorodmatron when stored ar 4 C and

al‘aPHof7.4.q o e v -

’Cell bmdmgstudres . DL 4 ‘ a

»

To examine the actlva% of antl eplglycamn agamst the T antrgen K

radlolodmated anti- eplglycamn was»“mcubated wrth varrous huroﬁ/ Wlood group type

o eryth?ocytes that had been treated' wrth neurarmmdase to ‘expose the 'l‘.-anugen It was ‘

found that’ upon mcubauon ,of the neurammrdase ;reated red blood cells - with

'anu ep:glycamn hemagglutmatron ol' the cells occured whereas t'Ius phenor‘nena was.
L]

. not observed with normal redvblooc; cells. The results of the blpod cell bmdrng assay of

v ; PUTE.
i
RN L ’
e

(XY

anu epnglycamn Wlth thep vanous human erythrocytes and TAB/Ha cells are given in. . -
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-

-

- TA3/Ha tumor cells -TAS/Ha lumor cells were mcubated with a-fmxiure of PNA and

-~ little to the anti-ep canin-N'RBC'or anti-e

' Dot
] - .\*‘\.1; .

. table 15. lt was seen lhal the preseace of D- galaclose in the reaction mmure dld vcry

",ycanm TA# Ha cell inlcracuom at

s

all. This phenomena is of consxderable interesi as the presence of D galactosc in lhcj‘ .

ectin-N' RBC reactxon mrxture resulted in a strong mhlbmon of the PNA?V

'xposed 1‘ anugen on ihe N’ RBC as %Vin iable 1. The bmdxng ol‘

" e

[

affected by the presence of galactose A small amoum of bmding was seen’ wilth

normal human®red blood cells which could be dug to some entrapment af the an!%ﬁ'dy

‘between the cells. Hence. ann-epiglycamn is somewhat similar to the peanut lectm Jn

that both agglutinate neuraminidase treated red vblood’icells and have high affinity: for |

the TA3/Ha adenocarcinoma tumor cells but have an insignificant amount of binding

\'i ) ) A / '

10 normal’ red blood cells, The difference found in _the binding activity of the lwoq

. : : R 4
difierent‘ _proteins is ‘that the peanul lecu bmdmg acuvny could be mhibiled by lhe

L]

presence of talactose whe?eAs the acuvuy o] a‘hti epiglycanm was foUnd o be )

v

sglycanin to N RBC and to the TA3/Ha tumor cells was found o be. virlually '

vt "

" unaffected by th& presence of that sugar This then 1mplies lhat the peanut lectm and

]

anti- epiglycamn may have affinities for the samej:ells but have different bmdmg sues ,

«/
- I

To further mvesugate this dil‘ference m bmdmg of the two proteins for the same

¥

anti- epiglycanm This srudy showed thal both pfmems bound to the tumor cells in the

" same propornons as if the other protein was, not in the mixture Hence the presence of

the peanut lectin in’ lhe reaction mixture of anti- epiglycanm and TAB/Ha tumor cells o

* »
didwnot have any ef fect on the b_mdmg of ihe morroclosael-dyody';a,nd vige;yersg as

- seen ‘in table 16 This further substanuates the finding that the. pcanul leclm and

anuveprglycanm monoclonal anubody have d;fterem bmdmg sxteg on the same cell

This obsprvangn sumulared in;erest in determmmg the effect of the - srmultaneous‘

; a:lé \v;

aclmuustranon of PNA and anti- epiglyuﬁmn in the TA3/Ha a.mmal tumor model as the

P g e

Qa
Y ',

' 0, . “, . / . :.-q.,’ L N ) .

megoclonal axfubody may be a'ble o enhance the ls\cmugraphic imagc obtained wnh, ‘
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Table 15: Ccll bindmg studnes with “’l -anti- cpnglycamn"’ . - ‘ L ' o
sl oy, . o ST N
. P i F \* L ‘s,":_" AT Vo
g vy Bﬁlood\grogm tyPt; R o
R T b B’. s UAB L 0.
. . ) . S ,\g’e“ . }‘1'-"', .. q; ; ‘*, 0 g ‘,‘; . _:. . E: .
. N'treated RBC? 22 56+3.57 . “";24 40: N 24,3312 79 | 24 4311 16
. . . g " 2 SoatA b ' e
+ PNA(0.5u8) 19. 4s+2 31 19 os:z 67 ﬂ%@ 36:b1 12 m ;695“0
o +0.IM 19.85#0?15 18431, 10 2595%2 75 19 54¢1 35

. *
M ¥
I3 Lo
T, ‘ A L
. .
& s :

- TA3/Ha cells® 14314037 v .

galacfosc -
‘ ) ) #
. ) - B
. i&?mal RBC* } bll.‘94:t2'.53 10.52£1.12 ,-'11.3.7“ik1".41 i 12.30+1.62
, s a. S o , o - : ' ‘
"~ +9PNA(0.548) _IO.SOiI.QS 10.05+1.01 : 10,70:!:0.96 . 11.93+0.05 e

+ PNA(D.Su)  14.05£0.03
+ 0.1M# 13.70£1.20 | R

n T e
ga'lactose,vlg.- . : e TR

me=so B L v - 2

. ‘approxxmately 1. 20 X 10’ cgls used

‘approxxmately 5 00 x 10’ cells uséd

"’\‘g( . N e . . . . ‘
° [ ' . : N . §

_

10.5 ug of anti-epiglycanin was used in each detem_' w B,
" ‘ v.“ . . ATV
’approxxmatelyo 75 x 107 cells used. . i oL T . °

°
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Ma&:le 16: Bmdmg of the pcanut lecun and anti- cpxglycamn to TA3/Ha tumor bells‘

Amount of PNA . | Q%bmding of - ‘Amount of " %binding of PNA o

aadcd’ g anti-epiglycanin to  anti-epiglycanin added“ ‘TA3/Ha cells’ o

q S TAEB/Ha cells® ‘ - . .'.:
. 004 13.3241.85" o COug 34001131 4

, s'o . 13.70£1.20 5.0" 3. 62153 ’

50 %» © 13053031 12. 43@.54.&&;5&

1500 = 4 &4 St 1 78%0; 9P w250 S U 3mely

w00 - o 500 34124033 .

000 - - 1007095 c

‘ - o N . - - . . ‘. . ‘. b .

« . L o : . ) . ‘v‘)
In=5 : : IR ST
] . ‘-z{ . . . ) . .;‘(_. ,\%.;\- j,
: : o ‘~ : -q*f'"" L AV
*The amount of anti-epiglycanin in each dctermmauon was 0 5 ug with mcreasfng amoym i

" (ug) of PNAadded. . S I %, g &.‘,
TGS ~ MRS o3

uapproxxmately 5.0 x 10° viable TA3/Ha tumor cells used in cach determmamn e ?‘

; ST e
‘The amount of PNA in®ach d @ermmauon was 0 5 ug "with increasing amoums (,‘g-) of ST
anu‘eplglycamn anubodxes add . , s
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’

radiolabcled PNA or vice-versa. a Iso, the in vitro_cell = binding results of "‘

. . »
anti-epiglycanin appear promising enough to further investigate the poter& of &his

»*

monoclonal antibody as a possible radioinr k noimaging agent.

e -

In vivo studies with anti- eplglycanm 1gM monoclonal antgodres !

£

Prehmmar) studies on the in vivo brodtstrt utron ol‘ radtotodmated anti-epiglycanin

'monoclonal antibody were performed ‘on A/Jm mice bearmg subcutaneous TA3/Ha

adenoearcmoma Another lgM monoclonal antrbody 49H 24 whrch has been reported not to

have any bnndmg affinity for the TAS/Ha tuM.cells“‘ in vitro was used as the non specrfrc

\

' lissue locahzatron control. The results of the study ‘are presented in table 17 as the percent

. yptake of '¥]- -anti- eprglyimn ‘perxgram of trssue and in table 18 as the percent uptake of the

L9,

' injected anti-epiglycanin

per Qrgan at ‘the different time penods studred,, The data

‘o_btain.ed_ indicate a high whole body r‘etentionﬁ of the anti-epilecanin monoclonal 1gM antibody

at 6 hours post-injection with most of the radioactivity in the circulation. The anti-epiglycanin
. b :

~ does not seem to be retained in the whole ony'for prolonged periods as the percent of t‘he total '

‘ dose in jCCth that is fdund remammg in the whole body dropped to 12 7% at 24 hours and a low

3 5% at 48 hours post injection. MoSt of the radioactivity at all the time —pertods studred was

l”ound to be in the blood circulation as expected of a molecule with such a high molecular '

- weight (900 000 daltons) The non-specrf ic control 49H. 24 monoclonal antrbody was found to

behave in a somewhat similar manner to that of anti- eprgfycamn in the brodrstrtbutron of the

" »
lgM in the various tissues but 49H 24 was retamed longer in the body Most of- the 49H.24

/
activity was seen in the blood wrth a farr amount of radroactrvrty also seen in the liver, Blood

plasma samples obtamed from the mice and analyzed for the amount of free, radioiodide in

~ circulation due to the breakdown of thre label in vivo revealed that there was only about 10-20%

= 2

_ - . , ,
~ of the fotal radioactivity in circulation due tdfree radioiodide at all the time periods studied for

both the anti-epiglycanin and the non-specif ic 49H.24 control. Thus, the radioactivity seen in

most of the tissues would have littie c‘o,nt.ribution from the free radloiodide." Calculating tissue

. . .
P X . . . . ¢
’ &
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to blood ratios l"or anti- eprglycamn tabl§l9 found that at 6 hours post: mJectton only the
salrvarv glands and stomach had a higher ratros than 1.0. At 24 hours post- mJectron the tumor
waNhe tisSue found 10 have the htghem lrssue to blood ratio. Thc tumor to ‘blood ratio
“calculated for 49H.24 was also found to be the htghest at 24 hours post-mjectton but the rauo
ot

obtained was not as hrgh as that calculated for antr eprglvcamn Thts could be due to the. htgh

. .
M

concentration of 49H 24 levels in the blood.
Previous workers‘&have addressed }some‘ ot” the‘problems associated wit'h using highl
molecular we:ght protems asttrﬁ)cers for tumor detectton The plasma half Gltfo of an lgM
antrbody in a mouse after i.v admtmstrattt*t has been"round to be between 0 2 1o 0 6 days and ‘
-an IgM molecule with its large molecular werght ot' approxrmately 900 008 daltons tends to
. remain largely in the circulation and not diffuse out mto thehe;t?' avascular space’” . The blood
<+ supply of transplanted tumors have been l"ound o be establrshed by the l'ormatton-ol' new
caprllartes{rom the surroundmg ttssue s blood vessels in the host?’*. These tumor captllartes
- have been f ound to be hrghly permeable and would allow almost unltmrted passage of matertals
mcludmg blood ervthrocytes“'.and also 1 gM molecules"" into the extravascular space of the
tumorwlt ‘was further reported that in some ammal tumors that high molecular wcrght
molecules such as IgM antrbodtes had greater c@{llary permeabthty in tumor trssues (han in |
most other normal organ tissues*°, The extravascular space of. the tumors have been found to

‘ £ -
be markedly larger than tbe those round in the nol\mal nssues"‘ arrd mqst arge molacular:

' . ¥ '..‘ ¢ B -.k .‘“t : - : ,\_- ' .;: .; ke ’. '

Return of mos df thes 12D Bet . i il s S JJ?' '
place only by foute of t? ' frs have begn -
reported to contrrbute to h artrfrcral etention of'.hr '

tumor srte resultr many of the false posmves that hdy, u—P n’crted""”" } :
The large**molecular weight of the anti ;prglyc’ tﬂ and the non- specrfrc 49H 24

" probably account r the prolonged retention of radtoactmty seen in the blood. lt is possrble
that the hr ly vascularrzed TAB/Ha tumor, with its probable mcreased tumor caprlhry wall

€
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permeabxhu would alfow the admxmstered.;nonoclonal antibodies into- the‘cxlravascular spacc

v of the tumor for anubody anugen mteracuons h -is also possible u;}n» sugh mcrehscd

B permeabllm may be conmbutmg 1o the mcreased levels of radnoacnvuy acc,umulauon at Lhe

3

tumor sue as bgoth the amn epxglycamn and the non- specn' ic 49H 24 had mcreascd tumor

.

a

determine the retention characteristic of lhe administered monqqlonal athbbdles in the various

-

ost of the ussues including the
v L3
hl mcreasc in Lgdney,

per gram of tissue was calculated at thc various time mlerval

;blood demonsuated a clearance of both the rad:otraccrs wi h ti

’ retenuon of ‘both radiotracers-could be due-to the renal luarance OQ\ ’f ree radioiodide which

became avallable as the protein was metabolized. The tumor (ﬁgure 24 fwas the only usv.uc lhat

Tt *

showed relauvely marked retention charactensucs in compans,on'g )
both the administered monoclonal .,antibodies. To ‘determin :

anti-epiglycanin bmdmg to the vanous tlssues and the tumor

=

th

_higher than the tumor Even at 48 hours lhe specificity index calculaled for the t
- .h” ‘

w

‘sxgmﬂcaml) mgher than some of the other nss)ys It could .3 possnble that he on-specific

o m

Y .
accumulauon of radxoacnvny which was hagher than smost of the other tissues. ln order 1o,

.Lissues studied (1able 20) the pertent uptake of the in jected dose. remaiﬁing in the whole body

e rest of the tissues /for

o’
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.. Table 21: Specificity index caiculated for ahi-\epiglycanin“’. ‘
; - 1‘7‘;.1‘_;'&\'% '.)' " o R
I B . B ~ .’ ) An N IS . v B ‘
Tissues .. 6hours - 24hours - ™48 hours "72 hours
livary glands - 139 S 7 IR V7 T 181
,S; ivary g‘ands ‘ 39 - . - 8 .
Spleen '. 23, 23 . 158 B )
Stomach . 1377 ' 1 18 2.06
GIT w10 140 RV, N 1.19
Kidneys 091 085 0w 08
 Muscle 1.15 SED % T N 78 o3,
Lungs - % 110 1.15 I T B ‘
Liver  « - 12 099 0.58 . - 039
TA3/Ha Tumor . 138 s 229 7 32
. »\‘ e e . ! .
. \} ‘ L4 ‘ o \‘
1{, =8 1

*The values obtained were calculated using 49H .24 antibodies as the non-specif ic localization |
control antibody. < e ‘ , :
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Percent remaining onﬂ—épigfyc'ahin dose per gram of tumor

W . “ ] . B ‘ | " | 181 B

» Legend
‘ . 4 1-125 Anti—epiglyconin
o L COm A2
. i 60 80
Time in hours post—injection

/

RN
pa

" Figure 24 Percent of the remaining whole body radioactivity per gram of tumor tissue.

~
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Biodistribution of I-125 anti'-epiglyCanin ‘and 1-131 nonspecific murine'myeloma’%!gM
, 8nllb0df€9~/‘\ | ' | v |
A chromaleg7hlcally purif ted mouse myeloma IgM (Mrles Scientific, IL. ) that '
was ‘a combination of equal amounts of myeloma lgM tsolated from ascites fluid
generated by the tumor line. TEPC 183 and MOPC 104E was used as another |
-nonspecu' ic lgM antibody control to cofnpare the localtza\tton of anti- epiglycanin
monoclonal antibody in the TA3/Ha murine anxmal tumor model The results of this 24
hour btodtstributlon study are presented in table 22 where the uptake of
anti- epxglycamn monoclonal antrbody is compared w1th the non -specific IgM antibody
at the per gram tissuc and at the ,whole‘ organ basis. The results indicate a low overall
uptake of anti-epiglyca,nin_ by tlte!tissues except" for the blood and tumor. Whole body "
retention ol’ the.radiolabeled anti-,epiglycanin.at 24 hours post-iujectionl was calculated
. to be about"8b.0%.'Tis'sue to blood ratios calculated for both the proteins, adrnlnlstered »l
are given in table 23. Due to the high.‘blood ]retention of ”’I-anti-epiglycaniu; the
tissue to blood ra.tios calculated were found to be lovtr’ for most organs. Tumor to blood
- ratio for the "I anti;epiglycanih was calculated to be 1.58 + ‘0.58 at time ot’ sacrif’ ice.
The uon;specific IgM was found to have most Of its remaining radioactivity in the
blood, liver and tumor. There was about 16.0% of the injected non-specifi ic 1gM dose‘
' remammg in the ammal at the time of sacrtf ice, 24 hou;'s post- mjecuog In companson
with the, tissue uptake of anti- epngLycamn the tissue levels of the nonspecrftc control
IgM antrbody were observed to be hrgher probably as a result of the prolonged
retention ‘of the control IgM in the blood. Tissie to blood ratios calculated for the |
non-specific 1gM (table 23) vras fouud.to give almost similar figures as that of the
. anti-epiglycanin in most of the tissues aithough the tumor to blood ratio rvas ,som\ewhat‘
higher for af?ti-epiglycartin than for the IgM coutrol. The specificity index was then
calculated to determine ‘the spexific, localrzauon of the anti- epiglycanin in the various

ttssues especxally t{e tumor Results of thts ealculatron are also gtven in table 23 .' |
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Table 22: Biodistribution .of '*1 ahti-cbigl_vcanin in strain A mite! subéutaneous TA3/Ha solid

\ ’ .

tumors? at 24 hours post-injection. -

)
- Anti-epiglycanin - - . 1gM control
Tissues : %do'sc/gra‘m' N %dos;/organ - %cjosc/grim . %dose/organ
. Blood * ~0.90%0.11 0.960.12 2.524045  2.80+0.60
Salivary * L . L o |
glands. : 0.2840.07  0.04%0.01 - 082005 ~  0.13£0.01
Spleen 0662030 7‘0,17:t0..07  0.56£0.09  0.15+0.06
Stomach®  ~ 053%0Js  0.22+0.05 L3208 0.5420.17
GIT® . 0.27£0.08 0.69%0.19 0461020  '¥15£0.49 -
Kidneys - - 0.4620.06 0.1520.02 ©2.40£037 - 0.75£005 . -
Musce 0153009 \> 0.7920.36 |
Lungs ©0.4420.06 0.07£0.01 1102+0.25 "~ 0.18+0.04
Liver 047007  062:009 0.93£0.09 1.2240.12
TA3/Ha tumor 1.4&0.50 1.02+1.55 &.20:1:0.5{ 1454183
= 6. | ’} :

*Values are expressed as the mean percent uptake * standard deviation. )
*including contents ‘



“Table 23: Tissue to blood ratios calculated at 24 hours post-injection’ .

»

T

vTissues ’ ' . Anti-epiglycanin - Y. _lgM}ﬁ'j_control * Specificity index’
| ’Salivaf_v glands 0314006 633:0-.07 : 0.92
Spleen 0114036 03007, a2
Stomach® . 0.60£0.20 " 0.5240.14 1.14
GIT* . o 0.30£0.08 0.18+0.06 166
Kidneys .~ 0522009 0972006 - -0
Muscle 0161007 0.32%0.16 - : ‘o(.49
Lungs 0.49:£0.08 0.45:0.08 BEEEUN
Liver 0.53%0:09 . 0.3740.05 14

' TAY/Ha tumor 1582078 0.8820.19 1.91

Walues are expressed as the mean ratio (n = 6) * standard deviation for the tissue:blood
ratios. ’

. s ’ ’ . :
1The specificity index was calculated using the 1gM control as the non-specific localization
agent. : : : .

* including contents

184
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showing that anti-epiglycanin was not hjg.hly' specific in its tumor localization. The
‘ vaiue obtained for the tumor was found not to be significantly higher than for mos£ of
- the other ussu.cs. | | . ‘ﬁ{"f
‘]n gomparison to the pl(evious biodistribution study, the two non-specific 1gM
proteins used were found to behave similarly in most of the tissue uptake at 24 hours
‘_ post-injec‘tion. Both proteins were found to exhibit prolonged relcntioh‘limcs that were
about twice that of anti-epiglycanin, and both Were taken up more by the liver, blood
and tumor in the TA3/Ha animal tumor model. From both the biodistribution studies
done, it was seen that both of the non-specific IgM antibodies used gavé almost similar
results and both of these IgM antibodies are nogspecif ic for the TA3/Ha tumor. Hence,
both the localiz®ion indices caléixla_ted using 49H.24 and the non-specific 1gM
antibodies as the non-specific localization contr_ols should be valid and not artifacts due
10 possible‘selective uptake of either of the control IgM antibodies u:sed. Both the
values of the specificity indicés' calculated for anti-epiglycanin using the two dif f::rem
1gM controls were found to be som,eb/lhal similar for most of the tissues including the -
tumor. As seen from both the biodistribution studies, the nb'n-specif ic controls behaved
almost similarly to the énti-epiglycanin monoclonal antibod)? in terms of tissue uptake.
Bbth of the nbn-specific IgM antibodies had high blood concentrations and higher
. tumor uptake than the other tissues which was simi‘lar"~ to the behaviour of
anti-epiglycanin. Although there was a higher specificity index »'caiculaled fof t}1e tumor
than the rest of the ti:ssues. it could not be f ully ascertained that the accumulation of
the anti’-’%iglycanin_ at the tﬁmo; site was totally due to the specific
anti-epiglycanin-TA3/Ha tumor bi.ndih\g.‘The percent of the remaiﬁing injected dose _
coniained per- gram of tissue calculéled for,ami-epiglycgnin and 49H.24 showed that
‘both the proteins administered_\}'ere n.:tained tc}‘aﬁ cxtém by the tumor (figure 24)

while the rest-of the organs were found not to retain much of cither proteins except for

the kidneyé (table 20). Tumor to ’biood ratios and tumor to liver ratios for

[ 4
>
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anti- cpnglycanm at 24 hours post m]ectwn was calculated to be 1.58 and 2.37 "

respectively, whllc the same ratlos calculated for the non-specific IgM anubody was

1.91 and 2.37. Reports have_mdncatedﬁuiht with the present’ convennonal imaging

techniques, a minimum tumor to non-tumor concentration ratio of §:1 is required for
[ ! .

results that have been ge e LT ground subtracted imaging procedures_have
; - VAR ’

N,
N

been cited in the literature'**. | N7

The exact mechanism of localization of anti-epiglycanin at thev tumor site has
yet to be determined althqugh:in vitro studies-showed that the anti-epiglycanin bound to
the TA3/Ha tumor cells. Unfortunately, the biodistribution results obtained inélicated’

that the localization of anti-epiglycanin at the tumor site could not be totally due to -

specific antibody-antigen interaction. There is some indication, by virtue of the

retention of the non-specific 49H.24 at the tumor site and the higher tumor uptake of

both the non-specific IgM antibodies in comparison to the other tissues, that

accumulation of anti-epiglycanin at the tumor site could parlially be due to entrapment

of the Jugh molecular weight antibody in the extravascular space of the tumor, "sticky

cells” and non-specific binding of the antibody with its Fc poruon to F¢ receptors that -

could be present at the tumor site.

Whole body gamma scintigraphy

Whole body gamma scinu'graphic imaging was performed on A/J mice bearing
the TA3/Ha solid tumor in the right flank at 6, 24 and 48 hours post-injei:tion of
125 -anti-epiglycanin. Figures 25 to 27 illustrate the scintigraphic images .acquired ona

floppy disk with the aid of the ADAC CAM I1 clinical acquisition processing miit. The

\

scans show the uptake of radioiodinated anti-epiglycanin at the different periods

post-injection of the radiotracer. At 6 houfs post-injection (figure 25), lsjgh levels of

radioactivity were seen throughout the whole body with higher accumulation of activity



Figure 25 Whole body gamma u:mtimphsc image of an A/J mouse buring the T A3/Ha solid

tumor 6 hours post- mjecuon of 2 MBq 135] . anti- epiglycanin.

4

.

Figure 26 Whole body gamma scintigraphic image of an A/J mouse bearing the TA3/Ha solid

. tumor 24 hours post-injectim{ of 2 MBq '**] -ami-ppigl)"mnin.
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*Figure 27 Whole body gamma scintigraphic image of an A/J mouse bearing the TA3/Ha solid

tuknor_48 hours post-injection of 2 MBq '*'l -anti::pi_glyunin.

e e et
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nqted in the salivary glands, kidneys, bladder,[ liver and tum'or. At 24 hours
post-injection, there was st.lll some background activity seen in the whole body which
was probably due to the "’l -anti- epxglycamn cxrculatlns in the blood Radloacumy

accumuhuan in the kxdneys bladder and sahva'y glands' was not seen at this time

period (figure 26). It would seem that the areas of increased- radioactivity seen in the

kidneys, bladder and salivary glands scen at 6 hours post- m_:ecnowkvas most probably
due to free radxonodide f rom the in vivo breakdowg of the label with rapid excretion,
The 24 hour scan showed intense localization of radioactivity at the tunﬁor site with

radioactivity in the liver still .apparent at 24 hours post-injection. The scmngraphu;

image obtainegd at 48 hours post-injection (figure 27) showed intense localization of the

radioiodinated anti-epiglycanin at the tumor site. The-liver showed less accumulation of -

- R K
the radiotracer at this time period in comparison to the scan obtained at 24 hqurs

post-injection. Uptake of the radioiodinated anti-epiglycanin s¢en in the liver at the
: . < a
various time periods post-injection could possibly be due to the immune complexes

formed by the interaction of shed epiglycanin fronithe_tumor with the administered

anti-epiglycanin mdno¢lonal antibody with the resultant uptake of the complexes by the

reticuloehdothelial system. There could also be lsome' non-specific binding of the Fc

portion of the IQM antibody to »the hepatocytes and monocytes resulting in increased
liver uptake. The presence of circulating epiglycanin molecules shed from the tumor did
not appear to interfere with the localization of the anti- epiglycanin anubody at the
tumor site. There was intense localxzauon of radloactmty at the tumor site at all the
time periods studied (figures 25 to 27) while the background radioactivity‘l‘n the

circulation and the other organs including the ®iver was seen to clear with time.

-

Scintigraphic imaging, however, of the animals at 24 hours and 48 kours p(;st-injection_

. took a very long time due to the low levels of radioactivity remaining in the mouse.
< R R : R
Accumulation of a total of 25 000 counts at 24 hours post-injection took more than 30

minutes while accumulation of 10 000 counts at 48 hours post-injection took close to an
. ' ]

—

A

4
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hour even though more thm 2 MBq of. radioactivnty was administered. As\seen in the
biodistribuuon studies, there was a rapid body clearancc of 135] .anti- epnglycanin with
~~abous 8- 12% of the injected dose remaining at 24 hours post lnjection. Most of the
radioactivity seen in the scans was localized at the tumor sne at 24 and 48 hours
post-injection. The apparently short biologxcal half -life of ‘anti-epiglycanin combined
_ with {he intense. localiiation at the tumor site and low uptake of* ’i;ldioacz_tivity by the
othd organs except the liver, indicates that anti- epxglycamn may be a useful
radxoimmunonmagmg agent for this ammal tumor model. The whole body rad:auon
dose would also be low due to the low retention of anti-epiglycanin by non-tumor
Jgreans and the whole body.

-In spite of the positive scanS obtained with the radioitlinated anti-epiglycanin
monoclonal 1 gM antibody, much more work has tc; be done to determiné the potential
of this agent as a radioi@noimaging ?agent. Biodistribution studies done with tt‘le,

- anti-epiglycanin and the two different non-specific' controls indicate that thiere v)as
some degree of non-specific }p'calization of the anti-epiglycanin at the tumqr site. The
extent of the non-speciﬂ! localization has yei to be determined for the anti-epiglycanin

" as data indicate that the_re was rather low absolute»uptake of this agen‘t by the tumor

"« and also ithe tumor to non-tumor organ ratios were low. Thus, it; the degree of
non- speclflc locah:anon is h1gh then further studies should be attcmpted to mcrease
the specificity such as the use of smaller antibody fragmcnts thhout the presence of

’ “the Fc portions. Retcnugn of :adxoacuaty at the TA3/Ha tumor site was not unique to )

":;nti-epiglycanin‘ as the control 49H.24 amibod); was also seen ‘to bc retained -by the °
" tumor. It appears that the biodistriﬁxtion*data obtained for the anti -épiglycanin' does
not lopk very favqurablc even though-the in vitro cell binding studies 'Andgthe gaxﬁ“ma ‘
scintigraphic imagés appear ‘_p.roni'ising., Fu;tliermgre: radioiodination of ° :tt.xé
anti-epiglycanin mohoclonal 'IgM, antibody was found to cause the antibody to form °
" microaggregates with more than 80% of the total fi;dioaciivity setﬂixfg/ out under

v -
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prolonged ultracenu‘l"fugauon The lgG class,\{nd sts F(ab' ), fragments of the -

\ann epiglycanin monoclonal anfibodies may give a more promising view on the

) po tial of ant ‘epiglyclnin as, A tumor localizing agent. Tissue permeability of I|G

amibodies is greater than that of I1gM antibodies’™. Furtherthore, F(ab'), ruamcms of
the IgG antibodies, devoid of th::‘ Fo portion, havc been found to be more efficient in
pepetrating t;mor tis‘sues than the ihtaot 1gG antibody, and in combination with the
fragments' accelerated clearance fromp the blood may make the F(ab'), f ragmems more-
preférable over the intact antibody for tumor locahzauon”’

Anti-epiglycanin being a murine antibody may aiso suffer some of the clinical

limitations of murine antibodies that have been used'**"'**. Murine" antibodies will be

i 4

foreign to a human body if administered and this could result in the stimulation of an

immune response from ‘the host which may complex and deactivatc'lhc"antibody.
N = > N

@

Another more severe possibility is that the murine antibody may cause sefim sickness

) . . Yo T ’ .
and/or an anaphylactic shock upon the administration to a human body'**"*. A major

~ problem that -is faced with mdst monoclonal antibodies is the phenomena of antigenic

. modulation'*¢"**-°, This poses a problem in- that using an antibody or the detection

of a tumor-which may induce antigenic modula.tion could result in the tumor becoming

" resistant should the same antibody be later used fot tréatment and may also impaff any

furthefMronitorifig of the tumor state!*.
4

* {

Biodistribution of a mixture of anti-epiglycanin and peanut lectin
| 4Rosi;lts of individual studies performed on egch of the prolei‘ns. anti-epiglycanin and

the p@rwt leg;in. showed that tliey eath exhibited some binding to the TA3/Ha tumor both in

*

“vivo and in vitro. In vitro studies showed that cach of the proteins bound 40 the TA3/Ha oclls
and the presence of both protems with the TA3/Ha tumor cells did not affect the bindmg of
) .each of the proteins to the tumor oells Hence, it was posmlated that the peanut lectin and

anu-epxglyoamn_ may possess different binding sites on the TA3/Ha cells and neither protein

9 ) Vi

% 3 . —

~
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. mvesttgated ,m the TA3/Ha ammal tumor model to determme whether the srmultaneous i

192 -

"bore any hmderance to the bmdmg acttvrty of the other, Thrs phenomena was further |

o

»admmtstratton of both protems would haVe any ef fect on the tumor uptake of these agents (

@ i 4 |

| Table 24 grves the results of the study on, the peanut lectm and table 25 gtves the results “/
obtamed for antr eptglycamn Both tables 24 and 25 gtve the results” comparmg the uptake of
"the’ agent admrmstered alone to that admmrstered m the mtxture The table 26 grves the
;'comparattve ttssue to blood ‘ratios. obtamed from the study for the peanut lectm and thet

antr cptglycanm The results obtamed for the peanut lectm showed no apparent d1f f erence m

~

o | PNA ttssue Uptake between PNA admmtstered alone or m the. PNA antr eprglyeanm mtxture l -

: e
-No srgmf tcant changes in uptake of the peanut lectm was seen Stmtlarl) the srmultaneous
B mJectton of the peanut lectin and antr eptglycanm dtd not appear to af fect the localtzatron of
the peanut lectin m the tumOr at all nor dld it affect the localrzattqn of PNA at all the vartous

' trsSues studted Tissue to blood ratros were calculated not 1t be srgmf 1cant between the uptake

. of PNA admmtstered alone or m the mrxture The same observatron was made for the :

[

o f antt eprglycanm as seen from the results obtained. Thus it appears that the peanut lectm and

©

antr eprglycamn possess drf ferent bmdmg srtes on the same tumor as evrdenced by the in vitro

.‘ cell btndmg studtes and from thrs btodrstr'button study. Antr~eprglycanm may not be specific ,

: for the rmmunodommant structure of the T anttgén as nerther the the presence of the peanut

&

lectm nor galactose seem 0 aff ect the bmdmg actrvrty of antr eptglycamn to the TA3/Ha tumor .
cells The presence of galac:tose was also found not to mhrbtt the binding of anu eprglycanm to
’ neurammtdase treated red blood cells From the results of this study, the concept of using a

cocktatl or mtxture of tumor localrzmg agents that have binding aff mttres for the same tumor

R

but have dtff erent bmdmg sites to possrbly further potenttate the: defmatton and dehneatron of

a tumor is potenttally another approach to tumor detectron especrally if the tumor exhrbrts low

~

expressron of smgle antigens. The use of radtotodmated peanut lectin alone in this ammal tumor

c o

i model ‘has beenfound to give hlgh enough tumor resolution w1thout the need of any data

mampulauon of background subtracuon The use of trus PNA .and antr eprglycanm mrxture
2 , .

s ) . . « . . . . : .

EA‘A
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Table 24: Tissue uptake of .}**l -PNA administered alonc'énd in the PNA-gr;l/i-epigl_vca‘hin"
mixure”. . o //. S
5 B 2 T aone' . -/‘PNAm mixture with K
C o : : anli-cpig)ycanin‘

Tissués‘ \ ' - %dos'e’/grain- | %dose/bigén - /doéc/gra’m ‘ %dosélorgan‘ ‘;
 Blood © . 0.75:041 0593:0.46 / 1mzom 1502105
 Salivary | B - ‘ / - » “ e

glands 9.94+4.93 1613:080 91296 1862064
"Sple“en_ 1.68£023 054+004 L 27034 - _07671:0;14'
Stomach® 3654218 ) 11040 s 3.21&;.;8 - 0.9920.59
GIT*  0.82+0.43 204+osz L ‘.0.9210._6@/ = 2.5641.49 S

© Kidneys 1s7Eas2 STl 0 1925558 108186
Musce 0.27£0.06  /‘/ o amiors .
Lungs ’329+14/ 0612023 2.81£0.72 "0.4'7i_0.1jo o
Liver - 2394043 3152069 3174074 4194059

* TA3/Ha tumor 3,.80/4_‘0.‘63' : 1.75‘:0'.86_ 5212204 xi.$1¢1.11 |

// »  —

n==6. o/
Walues arg;xpre“ss:As ;h;,_inean -pércem uplﬁke e standard Qe\ri;tion...
0,4 PNA (150 kBq 1 PNA) S
© *1.0 ug PNA with 1.0 4g (150 kBq **!1 )'-ami-cpigiycanm. | |

~ *including contents’



“T‘ab'lc 25 :,Ti§suc uptake of ***] -aniti-epiglycanin administered alone and} inthe
: f’?;lA-anti-cpiglycanin mixture'”. B
Anti-epiglycanin alone’ : Anti-epiglycanin in
mixture with PNA*
“Ti_ssues : %dose/gram - %dose/organ %dose/gram o
© . Blood . 221208 22012 0 2.92£0.53 4.1120.83
Sal,ivﬁr)' ' ’ R . N L |
glands. . 38731.24 f0.552015  2.52%1.46 0.47+0.28
Spleen v'hi'.,;v"?{_b.86¢0.35 R IET BTN 1015004, 0272007
Swomach® . 2152088 0672034 1962133 0632042
oIt .64 1533029 0.68£0.32 1.93%0.85
L3 O.#io.i6  1.1‘4:"0.30 0432011
us 0311017 » | B 0.31:1:6.10" ',
. Lumgs Gt agzoss 02009 - 1284044 023£0.10
Liverg‘:'%::@ 1044039 126£0.40 O 120£019 1.45£0.15

" TA3/Ha wmor  2.76%0.84 S17721.00 | 2.53’1-0‘.83 T~ 0.90%0.27

o , ' 2py | - ¥
zvalue‘s' are expressed as the mean percent uptake i»standard deviation.
1.0 ug (150 kBq *'1) anti-epiglycanin

41.0 4g ™1 anti-epiglycanin with 1.0 ug 71 PNA (150 kBq)

* including contents -
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.

Table 26: Comparative tissue to blood ratios f or '] -PNA and ] -anti-epiglycanin mixture',

Tissues ‘ PN.A | PNA in mixture Ami'-epig‘ly‘canin Am.i-cp?glyvcanin |
I ) B . : 1n mixuure
Salivary : i = L h
glands . 14.7824.92 11.915.09 1.490.23 0.8320.34
Spleen 291145 4.05&2.8,&' 0424026 036%007
Stomach - 4.710.99 2.90:0.8‘3‘ 0012052 0.63£0.35
. GIT 11.09+0.06  0.89%0.04 02714012 ~ 10.2320.07
" Kidneys 28.8349.04 - 24.40%8.09 0.56%0.15 0.390.04
- Muscle | T & 0.45+0.20 “ 038012  0.4%007 0102002
Lungs ¢ 572208 4243123 0552016 0452016
Liver 4.21%2.26 432+2.74 0.48%0.10 ~ 0.33+0.04
TAVHatmor  649£320  7.04%2.83  134%0.52  0.87%025

" 'Values are expressed as the mean tissue:blood ratio * standard deviation.

a
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would be of poténtial use in the detection of tumors that have low expressions of the T-antigen

o possibly enhance the tumbr i‘mage without ihe need of data mahipu_lation such as bgckground

su'bt'r’action.as both the peanut lectin and anti-epiglycanin have short biological half - lives

resulting in a fast clearance of background activity. o




1.

v

Summary and conclusions
, Affinity purified peanut lectin was routinely labeled with efficiencies of about 50%
using the iodogen method and the radiochemical stabrllty of the final product was

greater than 95% for at “least a week post- rodmatron when stored adcC.

In vitro protein binding studnes resujted in the radroxodmated peanut lectin exhibiting

- specific  binding ~ affinity for the immunodominant disaccharide, B-D-Gal ;

(l»S)GalNAc. of the asialo GM l synsorb, ncuraminidase treated red Vblood }ells and
the TAS/Ha mammary adenocarcinoma cells as well as their selected organ specific
metastatic variants, but not normal red blood cells or the non T antigen expressmg EL4
tumor cells The bmdmg actlvrty of 1-125 labeled PNA could be readily mlybrted by the i

i

presence of galactose /

Lo

Brodrstnbuuon studies ou((d that ¥} -PNA administered in the range of 0.1 ug to 1.0

<

ug per 20 g mouse gave the hrghest locahzatron rndex for the tumor with lower uplakc

_of the radrotracer by the other organs
- "Whole body gamma scmugrapluc rmagmg wrth 129] . PNA m strain- A mice bcarmg a |

‘ksohd TA3/Ha tumor revealed good tumor delmeatron by 24 hour.s pogt n{wcuon

wnhout the need for blood background subtracuon % “: L{f ,i; i "”‘; ,;.jj ,
‘, .~"'-‘%; D ~.“.< -
Brodrstnbunon studies wrth “’l PNA in° mic¢ armg the TAS/Ha tumor at various

time periods revealed hrgh tumor uptake of the drotracer and tumor to non-tumor

tissue ratios were high. Specific tr.imorlocalizati mdlces of ”’l -BNA were 8.6 at 24

hours and 49.5 at 48 hours poSt-inj‘ection using an--F(ab'), prdteinlgG fragment as.a

R}

- non-specific control The kidneys were the only other organs \16 dcmonstrate
preferential uptake of 2] - _PNAand it is suspected that the tubules of the kidneys may e

‘be involved in a umque mechamsn‘l of bmdmg and excretlng the peanut lectm when. = )

- a

urine analysxs fi ound that PNA was excreted in an acuve fi orm

) Organ specrfrc metastanc vanants of the TA3/Ha mammary adenocarcmoma have been

: o selected and made avaxlable by Dr B. M Longénecker Department of Immunology, '

197
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Univetsity of Alberta. High preferential .uptake of \!*I-PNA by the tumor infiltrated .
organs was seen in vivo. There was about-7 to 8 time\s\las_.much uptake of A31-PNA in

these organs compared to those of the controls and the difference in uptake was
' { o :

calculated to be statlsucally s:gmfxcant , { .

‘VA was able to penetrate and distribute throughout the tumor mass of the

‘TAB/»Ha‘ metastatic liver variant in vivo and is retained by the tumor mass as evidenced

by the autoradiograms taken of a liver tissue section of a mouse bearing the TA3/Ha

“metastatic liver variant . PNA receptors were evident throughout the TA3/Ha liver

metas(yic tumor mass as seen in .thé.tumor inflirrated liver section' stained by
FITC-PNA RS | SIS |

Based on all the in vitro and in vivo studles done radioiodinated PNA has been
established as a potennal radloxmagmg agent of T antngen expressmg solid subcuLaneous

tiimors as well as metastanc lesions.

- Angi-e’piglycanin 1 gM monoclonal antibody demonstrated high binding affinity for the

TA3/Ha mammary adenocarcinoma tumor cells and neur:.é\ininidase treated red blood
cells put not normal red blood cells in vitro. The binding activity of anti-epiglycanin -
was not affected by the presence of galactose or PNA. Ultracentrifugation of the

anti-epiglycanin 1gM_ antibody for prolon.g'ed: periods after radioiodination resulted in

"~ about 80% of the total r_adiogctivity settling out.. Prellirninary biodistribution studie,s'

-

found ‘the anti-epiglycanin monoclonal antibody not to accumulate significantly more
than the nonspecific 1gM protein “contr'_ols at the tumor site nlthough gamma

scintigraphic_imaging demonstrated intense localization of rradioactivity at the tumor

" site. Further studies with the IgG class or its F(ab'), fragments of the ami-epigiyéangn

&

monoclonal anubody lme may be more promising.

7 In vitro and in vivo studles mdlcated that PNA .and anti- epnglycamn do not share the_

same bmdmg sites. on neurammxdase treated red blood cells and the TA3/Ha tumor

cells. Bnodastnbuuon studies demonstrated that the presence of either anti-epiglycanin



or PNA- did not affect the binding affinity each had for the TA3/Ha tumor cells. _
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