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* ABSTRACT
The use of fadiolabeled mono\clonal antibodies (MAbs) for in vivo ca.nccr,delcction has been
under invgsd]alion for over a decade. Pioneering studies involved the use of radioiodinc and
in particular, ''l. The many disadvantages of the radioiodine isolopes, such as in vive thyroid
accumulation of radioiodide and the, less than optimal imaging characteristics prompted.the

search for more suitable radioisotopes and methods to incorporate these radioisotopes into

MAbs. Development of bifunctional chelating agents, such as DTPA anhydride and

. derivatized benzyl-EDTA, allawed the usc of radioisotopes such as '"In, ’'Ga and "*T" .

For the studies presented here, two derivatives of  bensvl-EDTA,
p-bénzyldiazonium-EDTA and bromoacetamido-benzyl-EDTA, were investigated for their
ability to label proteily and in particular, MAbs. Preliminary studies with thin layer

chrbmatdgraphy analysis (TLC) demonstrated that the bifunctional chelate coulg bind ''In

-and *’Ga. Purity of ‘the radiometal solutions was assessed using TLC and instrumental neutron

activation analysis (INAA). The stability of the ''!In-bifunctional chelatc was determined in
the presence of transferrin in vitro using gel filtration techmiques.

The two, deﬁvative_é were investigated undervarying reaction conditions for their
ability to label _human serum albumin (HSA), polyclonal human 1gG (poly-H-1gG),
MAb-46D, MAb-MIA and \MAb-lSSH.?. The bromoacetamido derivative (BrAc-B-E[)TA).
was superior to the p-bcnz'yldiazonium derivative (N;-B-EDTA) and was used for
comparative studies between radioiodinated and radiochelated MAb-155H.7. Three different
iodinating reagents were aassessed for their effects on in vitro MADb function using
MAD-153H.7. Both conventional gel filtration techniques and a centrifuged mini-column gel
filtration technique g well as TLC were used for analysis of radioiodinated and radiochelated
MAb. '

In vitro assessment of radioiodinated and radiochelated MAb-155H.7 was conducted
using an enzyme-linked immunosorbent assay (ELISA), a whole cell ELISA, live ccll uptake
on murine tumour cells, a radioactive binding assay (RBA) and_histologi(':al screening on

human adenocarcinoma tissue sections. For MAb-155H.7, the ELISA using the immunizing



antigen gave the best indication of the effects of the various labeling techniques on the in vitro,

function of the MAD. -‘
In vivo asscssment included preliminary biodistributions of Na'’l and '''In-citrate,

1351 .p-aminobenzyl-EDTA-'"'In and '*l-poly-H-1gG and ''In-B-EDTA-poly-H-IgG in
M ' )

normal  Balb/C mice. As  well, the biodistributions ~of 13]-poly-H-1gG,

“'I'n-B-NE 5SH.7 and '1I- MAb 155H.7 were compared in TA3/Ha tumour
{ .
bearing sgudies sh&cd ''In-p-aminobenzyl-EDTA was very slable in

the presence of tran¥ferrin and TA-MAb-155H.7 was superior to
M]-MAb-155H.7 and '*’I-poly-H- lg({ for TA3/Ha tumour accumulation. Radionuclide scans .
of TA3}/Ha tumour bearing mice also demonstrated visually the superiority of the
11n-B-EDTA-MADb-155H.7 for tumoyr accumulation.

Bromoacetamido-benzyl-EDTA +$as proven to be a useful compound for the
incorporation. of radioisotopes othér than radioiodine into MAbs. Although in vitro testing
showed little difference between radioiodinated and radiochelated MAb, the in vivo

distributions in TA3/Ha tumour bearing mice demonstrated the superiorfty of the ''In

bifunctional chelate labe! for tumour accumulation.

S
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~ avidin-biotin HRPO (Vectastain)

- diaminobenzidine tetrahydrochloride

. Tﬁ-synsorb ( Chembiomcd)

- B-synsord (Chembiomedt". RN A N
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1. SURVEY OF THE LITERATURE '

\

1.1 INTRODUCTION

Tﬁc concept of using antibodies for the diagnosis and trpatment of cancer has .

intrigued scientists for decades. The first.reported use of anti-sera for theraby of cancer was
described by Hericourt and Richet in 1895.'"? In 1953 and 1954 Pressman and Korngold ’**
demonsiraled the ability of " radivlabeled polyclbnal antibodies against rodent tumours o
_localizc specir ically in transplanted animal tumours. A few years later, the same group proved
‘the diagnostic usefulness of 9] -labeled polyclonal antibodies by demonstrating their
localization in anin" tumours using external scintigraphy.¢ In 1960, Bale et al.” succeeded in
showmg ‘that polyclonal anti-tumour antibodies could carry toxnc doses of radionuclides to
animal tumours. The first human trial of radiolabeled polyclonal antibody was pertormed in
1974 using ].anti-carcinoembryonic antigen (”‘l-anli-CEA)." Since that first human study
the use of radiolabeled polyclonal and monoclonal antibodies for diagnosis and therapy of
cancer has éxpanded dramatically .!'"!*

In initial experiments polyclonal anti-sera were produced by immunizing the
appropriate animal with whole tumour cells or cell fragments. Tumour specific antigens had
not been identified and the resulting antibody preparation showe'd a high degree of reactivity
with normal tissues when used in vivo. Pgrif ication techniques such as-tissue absorption and
affinity chromatography improved the quality of these preparations but the final result was
still disappointing.

The scarc% for tumour specific antigens has not been successful since many of the
antigens that were once thought to be tumour specific are only tumour-associated as they
have also been discovered in some normal adult or fetal tissue. The presence of these antigens
is merely elevated in cancer or the antigens may be expressed as incomplete synthetic products
rof the cancer cells.*'!'* Among these are the oncofetal antigens, such as alphafetoprotein
(AFP) and carcinoembryonic antigen (CEA).’ Other tumour-associated antigens can be

normal constituents of cells, such as prostatic acid phosphatase, insulin, ferritin and human



chorionic “gonadotropin (BHCG).' More recently, tumour-associated antigens residing in
tumour cell membranes have been identfied and among these are the melanoma po7 antigen"'

-

and the Themsen-Friedcnreich antigen (T-antigen) cxpressed in carcinomas.'’
1.2 MONOCLONAL ANTIBODIES

The rapid expansion of both the identification of tumour -associated anliécn.s and the:
application of antibodies to in vivo diagnosis‘and therapy can bc aun’bu;d largely 1o the
development of monoclonal antibodies (MADb). ln4975, Kohler andv Milstein'® devcloped the .
hybridoma technology that allows the production of these highly specific MAbs. The original
technique has been refined and today a variety of mouse, r;t and’ human MAbs have been
generated. T};e basic hybridoma technique consists of the fusion of a sensitized B lymphocyte
with a stable, non immunoglobulin producing “murine myeloma cell line. Sensitization is
usually accomplished by immunizing a mouse with the abpropriate antigen apd, depending
upon the protocol, the animal is sacgificed from 4 weeks to 4 months after bpéinn'ﬁ\g‘)tbc
immunizing schedule. The spleen is a convenient source of large numbers of B lymphocytes
and a suspension of the sensi‘lized spleen cells is fused with the myeloma cells. The myeloma
cell line has been selected for a specific enzyme deficiency, usually hypoxanthine
phosphoribosyl transferase (HPRT), to expedite the selection of spleen-myeloma hybrids. Thé
cells are fused with polyethylene glycol (PEG) and the hybrids are selected in media
containing hypoxanthine, aminopterin  and thymidir;e (HAT). The unwanted
myeléma-m&eloma hybrids cannot utilize the hypoxanthine or thymidine supplied in the media
and aminopterin blocks de novo synthesis of purines and pyrimidines. Spleen-spleen fusions
cannot be maintained in culture and die off quickly. The fused hybrids, however, have the
immortality of the myeloma cell and the HPRT from the spleen cell and can survive in the

-

selection media. o
Once the hybridomas are established, recloning is essential to maintain the
monoclonality of the preparation. Several techniques are available and include limiting

dilution, cloning in soft agar, or cloning by electronic cell sorter.’* Screening of cell
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supernalants js carried oyt a; several stages in the whole procedure to isolate the hybridomas
producing the antibody of in;cres't. The most commonly used techniques are enzyme-linked
immunosorbent assay" (ELléA) and radioimmunoassay (RIA).

Although ll;c mouse is the most commonly used animal for hybridoma production, rat
mycloma cell lines have élso been established.!* Human MAbs are more difficult to produce
duc to the limited number of available, non-immunoglobulin secreting human myeloma cell
lines’ and the instability of human-mouse myeloma hybrids. Other immortalization
- techniques have been developed to improve the production of human MAbs and include
Epstein-Barr virus (EBV) transformation of sensitized human B lymphocytes, electrofusion
and construction of heteromyelomas.!*"The latle{ two are still experimental but initial results
are encouraging. The biggest obstacle' in producing human MAbs is obtaining the
sppropriately sensitized B lymphocytes. Research in this area is also producing promising
r'esults with {n vitro immunization of human B lymphocytes.?®
T Once the appropriate clones are isolated, stocks of the hybridoma can be deep-frozen
for future use. Large scale production of milligram quantities are available by mass culturing
or growth as ascites tumours in mfce or rats. Mass culturing is time consuming, does not
produce much MAb (1 to 10 yg/ml) and requires extensive manipulation prior to purification.
Ascitic flunid- is a concentrated sopurce and produces from 1 to S mg/ml of MAb. Production of
gram quantities of MAbD requires the .use of large scale, industrial fermenters where 100 ug/ml
of MAD can be produced in capacities exceeding 1000 litres.'

Purification of the MAb from cell supernatants or ascites fluid is generally
accomplished by both stardard and high perforrﬁance affinity chromatography. The type of
affinity column chosen is usually dependent upon MAb subclass. For example, Protein A
Sepharose and DEAE Cellulose can be used to purify IgG subclasses but are not effective for
IgM purification.!” Hydroxylapatite, in standard and high performance format, can purify
* both IgG and IgM with relative ease.!’!* Purification is not without problems, however, as
some MAbs can be inactivated by these methods and eaclMAb must be‘screcned individually

to chose the appropriate purification technique.

h\
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)



‘.y' \
1.3 BADIOLABELS FOR, IMMUNODIAGNOSIS

» rd The developmcnl},

employed for labeling antjbodies * *** but current research is aimed at labeling antibodies with

of indium, gallium and technetium."

with the availability of 'l 'rris were soon developed to label this radioisotope of iodine
into proteins.’’ The popularity of radioiodine was due to its availability in high specific
activity ('*l and ;“l). its rélative easc of incorporation into proteins and the accessibility of
detection in vivo by external processes such as scintigraphy. The-limiting factor for external
scintigraphy, however, was the availability of an appropriate radioisotope with optimal decay
characteristics anﬁ reasonable half-life (sec Table 1). lodine-lZS,‘with its low c-nc—rgy
y-ray (35 keV) and X-ray (Te X-rays, 27 and 31 keV) emission and long hz‘nlf-life (60 days).
makes it unsuitable for external imaging. It has found application in in vitro tests such as RIA
and has replaced '] for.this purpose. lodine-131 has a complex decay scheme involving
several y emissions (80 to 723 keV, 364 kev mgqst predominant) with h;gh energy B
~ components and is not the ideal radioisotope for sc_intigraphy. either. Its 8.1 day half -life and
associated B component result in a high radiation dose when injected in vivo. In spite of these
drawbacks, "'l is the most widely used of the iodine radioisotopes mainly due to its
availafbility. lodine-123 is by far the most useful radioisotope for. imaging with its 159 keV
y-ray but its short half-life (13 hours) and limited availability inhibit its widespread use in
nuclear medicine. The remaining radioisotopes of iodine do not possess adequatewphysical

' characteristics for use in radioimmunoimaging and will not be discussed here.?
There are a wide variety of reagents available to label radioiodine into proteins.’* In

order to make iodine reactive with proteins it must be converted to the +1 oxidatiostate and

this is generally achieved with the use of oxidizing agents. The compound first introduced for

-
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Table 1. Characteristics of Sb!adioiso\opcs Used for Radioimmunoimaging®

\

hdioi:olope

Half -life

Decay Mode

Major y-Ray
Energy in kev (%)

})!].0

llll

Cl(;a

lllln

“-‘ln"’

YTc™

13.2h

8.0d

33d

65.0 m

28d

99.5m

6.0h

E.C!

EC!

g-. E.C:

EC!

AT

[T

159 (82.8)
Te x-rays:
31 (16.0)

35 (6.7)

Te x-rays:

27 (114) /
31 (26)

80 (2.6)°
284 (6.1)
364 (81.2)
637 (1.3)

93 (38.3)
185 (20.9)
300 (16.8)
394 (4.7)

511 (178.2)
1077 (3.3)

172 (90.9)
247 (94.2)
Cd x-rays:

.23 (67.0)

26 (14.5)

392 (64.9)
In x-rays:
24 (18.7)
27 (4.3)

140 (39)
T x-raye
18 (p.1)

A
&

1. E.C. - electron capture.
2. I.T. - internal transition.
* Frog 'Table of Isotopes 7th ed.’, Lederer CM and Shirley VS, eds. John Wiley and Sons,

Torosdjo. 1978.

*® Used for experimenta] small animal scintigraphic studies.

i
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labeling proteins was iodine monochloride (IC1)!* in 1958. The main diudvmugc of this
technique is the incorporation of non-radioactive iodine into the protein, reducin;: the specific
activity omaimbk Chloro compounds, such as chlonmme T (C-T)."* gencrate
no-carrier- added ndnoacuve IC1 and produce high specific activity proteins. However, the
strong oxidizing capacity of CI-T and the need (or reducing agents to quench the reaction can
dversely affect the quality of the protein preparation. To overcome this, an insoluble
chloroamide, 1,3,4.6-tetrachloro- 3a.6a -diphenyliglycouril (lodo-gen, Pierce).’' was dcv,lopcd
that prod? lngh specific activitf labeled proteins with minimal exposure to the oxidizing
agent and no need for reducing agents to quench the reaction. Other tcchmqucs that have
been used but are not as popular as the abovementioned reagents are free or immobilized
enzyme mediated oxidation reagents using Wlactopcroxidasc.“ horseradish peroxidase’  and
myeloperoxidase;’ labeling by conjugation of radioiodinated aromatic structures such as the
N-hydroxysuccinimidyl ester of radioiodinated 3-(4-hydroxyphenol) proprionic .acid’® and
electrolytic radioiodination.’®

¢ .
“ In all cases. the radioiodination of the protein involves incorporation of radioiodine
into tyrosine residues and to some extent into histidine residues. The net result of this process
is the electrophilic substitution of hydrogen by the iodonium ion on tyrnsine and histidine
molecules. This reaction is stable and irreversible at pH 7.5 10 9.0.

Although ragioiodinated proteins have enjoyed wide use for many years, the main
disadvantage to in vivo use is the active accumulation of radioi(;dide by the thyroid gland.
High dosc§ of Na'’'l have been used therapeutically for thyroid tancer due to the efficient
extraction of iodide by this gland. The quality control of radioiodinated proteins is essential to
minimize the effect of unlabeled radioiodine on the thyroid gland. Techniques have aiso beeh
developed (pre-administration of KI, Na\l or perchiorale) to block thyroid uptake of

metabolically released radioiodine as well.



1.3.2 BIFUNCTIONAL CHELATING AGENTS
In the search for more appropriate radioisolopss (0 overcomg the many disadvantages
of radioiodine, techniques to incorporate the radioisotopes of gallium, indium and technetium
have beer investigated. Benisck and Richards'' were the first to report the incorporation /or a
metal chelating group into hen egg white lysozyms. Subsequent research has focused mainly
on the synthesis of derivatives of &ielhylenetmu;inepcnucelic acid (DTPA) and
cthylenediaminetetraacetic acid (EDTA3 (see Table 2) although ;6njuulion of other thetal )
chelating agents such as transferrin,***® D-penkﬂhmine’"m'de(mam;m” to protem\ﬂ‘a" )
glutaraldehyde’’ ** or carbodiimide’’ coupling has becn explored 10 a lesser extent. \
Two derivatives of DTPA have enjoyed considerable popularity for labeling MAbDs.
7T hc' bicyclic anhydride, first described by Eckelman ef al..’* has been adapted by Hnatowich et
al. for labgling alburhin’’ and MAbs'* with DTPA. The miqu arboxyurbonic’an;\ydﬁde of
DTPA wasA first desc:\bed by Krecj;reck and Tucker’® and has been adapied by -several
groups**-*’ for hixﬂling MAbs. Carboxylic anhydrides of the type. described here bi‘nd tb -
proteins through free amino group's_The delta amino group of lysine.is usually ‘the most
. ’re::iily.avali:ble for this reaction and forms a stable amide bond. Acylation of other residues,
such as the imidizole group of histidine, the sulfhydryl group of cysteine and the hydroxyl
group of tyrosine result in unstable bonds that are quickly hydrolyzed at neutral pl-i .Y Amide
bond formation is favoured by elevated reaction pH which helps 10 prevent these unwanted .
side reactions from taking place. ‘ \ ’ |
There are several advantages ‘a;d disadvanup with the us.e of these two reagents as
Wang et al.*’ pointed out in a compa;ativc labeling study using both derivatives to tonjugate
'"'In 10 an anti-melanoma MAi:. The in vitro stability testing showed that thé.éydic anhydride
was considerably .more sixble and more convenient ‘l,o synthesize than the carboxycarbonic
anhy'd;ideﬁ. Labeling vields, retained immundgeactivity and biodistribution in tumour 'bcaring
mice were identical for both compounds. The main advantage of the carboxycarbonic

anhydride is the activation of only one carboxyl group on- DTPA (under strictly coptrolled

conditions) whereas the format.iqn of the bicyclic anhydride ultimately involves the activation
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Table 2. Cusrently Available Bifunctional Chelating Agents for Radiolabeling with Cationic

Radioisotopes
Compound Structure . Protein
~ . e Reactive
~ Group
1. DTPAan'
-bicyclic
‘ ' o]
q P f
CCH, CH,CH, CH,CH, CH,C CH,C
/N \ \ 7 e
" I "ene” emn,c”
CH, , ,
. H
,COON \o ° ]
' Y
-carboxycarbonic
! o
. HQOCCH, CH,CH, CH cu, CH,CO COCH, CH(CH,), CH,COCOCH,CH(cH,),
, AP N/ N< p
HOOC cu,’ ' J:u.coon CH,COOH
2. phenyl-EDTA’ R - .
1 \ .
N, =
HOOCCH, CHCH, CH,COOH / s
- A4 A4
N N \. R '
£ =\
HOOC CH, CH,COO0H SCN-
3. benzyl-EDTA! R’ R = .
“ ' . s:cn,t':'nn -
o
CH, . . 0
' (cH,),cHen,0Cco-
HOOCCH, CHCH, CH,COOH :
/\N / \ N \/ _ ,
HOOCCH, CH,COOM

1. DTPAan - diethylenetriaminepentaacetic acid anhydride
2. EDTA - ethylenediaminetetraacetic acid



of two carboxyl groups with an increased chance for crosslinking and poi‘y?neriz.alion of
prgtcin molecules. Crosslinking can be a problem with-the carboxycarbonic anhydride if
synthetic reaction conditions are not strictly controlled to produce activation of only one
carboxyl group on DTPA .** Other methods to incorpoiatc DTPA into proteins include the use
of direct carbodiimide coupling to MAbs** and the preparation of the N-hydroxysuccinimide
ester of DTPA* ' both of which have met with limited success.

/ The derivatization of EDTA was first described by Goodwin e a/.** in }973 and was |
uscd 1o labe! albumin and fibrinogén.”'“ The original modification gf EDTA involved the
introduction of a nitrophenyl group onto one of the carbons of Lhe‘iiDTA backbone and
subsequent derivatization 6( the nitro group to a diazonium salt. Th‘g diazo functionality could
then react with terminal amino groups on proteins providing a method of introducing
radioactive .metal ions into the prolein. Meares et al.*? and Yeh et al.*’ demonstra.ted the
superior in vitro and in vivo stability of proteins labeled with '*'In via derivatized EDTA as
compared to derivatized DTPA. The major drawbacks to the use of the diazo-phenyl-EDTA
were ,the complicateq synthetic scheme and the fact that proteins labeled with the diazo
compound were cleared faster than equivalent radioiodinated proteins.** The aromatic nitro

Y
group can be modified by a numbg% of methods other than diazotization, such as acylation

and alk,\'lalion,’f to produce the rcactivjeb d:ie’c’if]e chain. A new synthelic scheme wés devised byq
Yeh er al.*® that allowed the préduction of nitro-phenyl- and nitro-benzyl-EDTA using amino
acid precursors by a much simpler route than that first described by Sundberg et al..*' As
well, the use of an alkylating reagent on (the reactive side chain produced a homogeneously
labeled producl‘lhal exhibited plasma cle;rance that was identical to eguivalent radioiodinated
proteins.’” The p-bromoacetamido- and. isothiocyanale-geriva{ives' of nitro-benzyl-EDTA
were adap'led by Mea;es et al.** and Goodwin er al* for the labeling of MAbs. The
haloacetamide re:agem was preferred although MADbs contain few free sulfhydryl groups and it
was speculated that reaction with free amino groups was the d'ominam site of auachmem.”The

derivatized EDTA compounds have also been used to label bleomycin with !''In and used in
Ir

clinical trials for diagnosis éf head, neck and lung cancers.®’ Other bifunctional chelating

[4
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a{&,{.ﬁagen‘ts have been described, for example, N';ﬁjy-dfazoniumbenzyl)-N.N.N".N"'-diclhylcnc-
* triaminetetraacetic acid (DTTA. a derivative of DTPA)*' and cryplate complexes such a
g(p-bromoacelamidobcm.yl )-1.4.8.11-tetraazacyclotetradecane- N, N' N'* N""'-tetraacctic acid
’gs 3 bifunctig)pal chelate to label copper o proteins.*? )
Tpc elements most commonly applied to the labeling of MAbs and other proteiny with
bifuncl_&)nal chelating agenis gre radioisotopes of indiu:}, gallium and technetium (see
Table 1).

By far the most widely used radioisotope is ''In. It possesses a 2.8 day half-lifc and

suitable y emissions (172 and 247 kev)' for imaging with chelate labeled MADbs. It is available

in high specific activity as .« and is most commonly produced by a (p.n) rcaction on
"MCd in cyclotrons. "In” . s lived radioisotope (1.7 hours) available from a gcncralér
source (’Sn->'"In™, t4 = .  dwys) that has not been widely applied to chelate labeled MAb

studies but has been used as the EDTA and DTPA chelates for brain imaging and rcnal

function studies.** .
—

The radioisotopes of gallium that hold interest for chelate labeled MAbs are *’Ga and
$Ga. *"Ga has a 3.3 day half-life and suitable y emissions for exlérnal séinl‘igra;‘)hy (93, 185,
300 and 394 kev). It has not been as widely used for chelate labeled MAbs as *''In but can be
produced in high specific activity from cydotron. sources by a (p.n) r;:acu'on on *'Zn."' **Ga
is a short-lived, generator produced, positron emitting radioisotope of gallium that has been’
used in tomographic studies of liver and brain.*’ **Ga has been coupled 10 albumin via the
carboxycarbonic anhydride of DTPA® "¢ and used to measure cerebral blood pool by positron
tomography. -

The short-lived radioisotopes of gallium and indium have limited usefulness fbr
scintigraphic cancer diagnosis with chelate labeled MAbs. However, both '!In and ¢'Ga
possess excelient characteristics for application 1o diagnosis with their intermediate half -lives
and suitable y emissions. ‘ .

The third radioisotope employed for chelate labeled MAbs is **Tc™. This is a ge})éralor

produced (**Mo-""Tc™, 1+ = 67 hours), short-lived (6 hours) radioisotope with a highly
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abundant y ray at 140 kev that is ideal for external scihligraphy. It is widely employed as
various complexes in nuclear mcdicine for blood pool imaging, brain scanning, liver, spleen,
bonc and bone marrow imaging.** The major dfawbacks for the usc of **Tc™ for labeling
MAbs relate to its half-life and the complic(ated carrier-free chemistry of the radioisdlopc.
With imalcl MAbs, the biood clgarance is such that optimum imagiﬁg times range from 310 5
davs post injection and this corresponds to a time frame when *°Tc™ Qould have long
disappeared duc to physical decay. More promising results might be obtained with MAb
ngems. where faster i)lood clearance allows tumour visualization at 24 hours, but again
physical decay limits the extent of imaging. The chemistry of **Tc™ is such that reduction of
the anionic pertechnetate speeies is required to complex it tgﬁ\proteins. either directly*” or
through chelating agents.** Although the direct method /(sEx \p\e énd eésy to perform, the
reduction is usually achie-ve’d by the addition of stannous chloriae and unless precautions are
observed the resulting °*"Tc™-MAb complex is unstable and possesses reduced
immunoreactivity. To label **Tc™ to chelate labeled MAbs also requires the presence of a
reducing agent and although this method should produce only‘chelated »Tc™, Paik el al.**
have demonstrated that DTPA labeled MAbs coupled with **Tc™ in the absence of free
DTPA, contain both dircct-l}abeled‘and chelated radioisotope. The direct labeled **Tc™ proved
to be unstable and was easily removed. T
Further research is ongoing to provide a stable **Tc™ labeled MAb for tumour imaging

but the chemistry involved has so far precluded its widespread use in this area and restricted

the choice to radioisotopes of gallium and indium.
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1.4 IN VIVO APPLICATIONS OF RADIOLABELED MAbs

The use of radiolabeled MAbs for tumour diagnosis has rapidly expanded in the last
five years, due mainly to the development of hybridoma technology (as previously described)
and the use of MAbs for identifying tumour-associated antigens. Animal M()dcls./"im'luding
human tumour xenografts in nude mice, have produced much of the data on the distribution
of radioiodinc- and radioindium-labeled MAbs and give insight into the expected resulis when
these radiolabeled MAbs are used in vivo in human studies. The identification of tumour
associated antigens has led to the investigation of a number of diffcrcnI cancer types. Table 3
sumrp_agizes the data for animal model systems for thc past five vears. Many of the MAbs
investigaléd in these animal models have been applied to human clinical lria.ls .bascd upon the
results obtained in these studies. Bv far the two cancers that have been the focus of rescarch
'in animal models are the colorectal carcinomas and the melanomas with human tumour
genografts in nude mice. To date, 18 MAbs have been generated that localize in colorectal
carcinomas in animals and 10 of these are directed against purified carcinoembryonic antigen
-(CEA). The remainder have been generated against a variety of human colon cancer cells and
two MADbs, 791T/36 and C/24/1/39/11/1 generated against an oslcogénic sarcoma, show
excellent binding to human colorectal cells. The majority of MAbs produced to CEA or
human colorectal cancer cells (HCC cells) are of £hc IgG, subclass. In a few cases,
comparative studies between' radioindium- and radioiodine-labeled MAbs have been made as
well as comparisons between intact IgG, F(ab'), and Fab fragments ol the 1gG. The general

@nd indicates that radioindium-labeled MAbs are accumulated by the tumour to a greater
extent than radioiodine-labeled MAbs, producing a higher tumour .: background ratio and
better quality images.**'s*" """ Ag well, background subtraction was not required for
radioindiurﬁ as it was cleared more rapidly from the blood than radioiodinc.f9 ' Liver uplake
was a recurrent problem with radioindium lat;cled MAbs and possibly reflects the different
metabolic fates of radioindium and radioiodine. Liver uptake did occur with one of the

radioiodinated MAbs'’ and this was attributed to immune complex formation with circulating

antigen. Overall, F(ab'), fragments were preferred to intact IgG**'** '™ '* due 1o their rapid
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blood clearance and early delineation of the tumour compared to intact 1gG.

The melanoma anlibodiés that have been studied involve-ghe distribution of various
polyclonal and monoclonal prcparalion{in human melanoma xenografts in nudc mice. Several
well defined melanoma associated antigens have been described. p97 - a 97000 kd membrane
antigen'’ and a membrane, high molecular weight antigen (HMWA).**"** *' The comparison
between radioindium- and radioiodine-labcled MAbs has not been as extensive as with the
colorectal MAbs but again high liver uptake was observed when '''In was used to label these
proteins'’ *' and is attributed to sequestration of circulating immune complexes. Fragment,
1gG studies were carried out in one case and Fab was superior Lo intact 1gG especially when
the' dose was serially increased.!” One study involved the use of a human anti-melanoma MAb
produced by EBV transformation of B lymphoblastoid cells sensitized to GD,* and showed
good tumour localization after 4 days. Two polyclonal IgG anti-scra, produced in monkey and
human, were con‘a’pared o an anti-meclanoma MADb® and in this particular case. the MAb
showed no better localization than the polyclonal I1gG preparations.

The remainder of the animai studics employ one of two MAbs in various tumour
systems (both human tumour xenografts and specific animal models). Again, the overall
comparison of radioindium- and radioiodine-labeled MAbs favours tumour accumulation of
g trreeteatsstioatioenion uitln.jabeled MAbs required no background subtraction compared to
radioiodine-labeled MAbs aithough studies with radioiodimated MAb LICR-L.ON/HTI13* *
indicated that no subtraction technique was required to visualize the tumour. In those studies
that included IgG fragments,*°''°*"'° one indicated that F(ab'), improved the imaging
results*® and the others did not.'® o MADb 791T/36, the anti-human osteogenic sarcoma
(HOS) antibedy, found application in both colorectal and osteogenic sarcoma xenografts in
nude mice.'''*?"**"** In experiments using MAb B6.2, an anti-human mammary tumour
(HMT) antibody,’* increased clearance of the specific radioigdinated MAb was observed
compared to non-specific MAb. This was attributed to specific metabolism of the
fadioiodinaled MAb‘ B6.2 by the tumour cells with release of radioiodine. In spitc of the

accelerated clearance, good imaging results were obtained. .
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Many of the MAbs described for the animal studies have been applied in human
clinical trials for the diagnosis and treatment of cancer. Tabl’c.4 summarizes data from the last
five years available for MADs tested in humans. With most ofhthc clinical trials, preliminary
data acquired in animals prompted the application of these MAbs to human trials.

The antibodies investigated In human trials are divided into six cancer types with
colorectab, gynecological and melanoma tumours ranking as the top three. For colorectal
carcinomas, 12 polyélonal and monoclonal preparations labeled with both rédioindium and
radioiodine have been studied for their ability to localize primary and metastatic cancer
although radioiodine predominates as the imaging label. Most MAbs have been generated
against whole human colorectal carcinoma (HCC) cells'* ' but several polycidnal
preparations against CEA'?"'"* and one MAb to CEA'"* have alsg been studied. The MADbs
are predaminantly of mouse origin and of a variety of subclasses with the exceptions being a
single rat MAb and the polyclonal preparations. Comparisons between radioindium- and
radioiodine-labeled preparations are few since most human studies were conducted using '*'l.
TwB studies with MADb 791T/36““"“ suggest that '''In generated superior images with no
subtraction as compared to ''I. Liver uptake of '''In-labeled MADbs is also apparent in the
human stu;!ies and this uptake obscures metastatic disease present in this organ. No
compgrison had been made between the polyclonal and monocional preparations to determine
if the MAbs were superior for image quality and success of detection of the disease. The use
of fragments for colorectal imaging is not as extensively documented as for the animal studies
but experiments with MAbs 19.9 and 17.1A1n3 1 have shown the superiority of F(ab'),
fragments for imaging colorectal carcinoma, especially when they are labeled with ''!In.

For breast carcinoma, ovarian and cesvical carcinoma as well as testicular carcinoma,
7 MADs raised against various tumour associated anugens have been used. All are of mouse
origin and whole human breast carcinoma (HBC) cells as well as membr& extracts have
been used as antigens. MAb 791T/36, the anti-HOS MADb described previously,'*!'!'? reacts
not only with colorectal carcinoma but also with primary and metastatic breast

carcinoma'’'® as well as a variety of bone malignancies,''! Comparison between
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radioindium- and radioiodine-labeled MAbs h‘as been investigated more thoroughly with this
group of MAbs!*"1¢"122 compared te the colorectal MADs and again, '''In is favoured over
radioiodine because there is no need for subtraction techniques and the tumour : background
ratio for '"In was higher than iradioiodine.”‘ ettt MAb-3E1.2, an 1gM. was njected
subcutaneously to facilitate imaging of affected iymph nodes in primary breast carcinoma.''
When ‘"'l was used as the radioiodinc label for MAb NDOG:, the best images for ovarian
carcinoma were obtained after micturition'*’gand other studies usSing “‘l‘.lubclcd MAbD
HFMG?2 eliminated bladder activity by the us‘ an indwelling catheter.!®' "' In both cases,
subtraction was not performed and successful localization of metastatic spread was achieved
Imaging time was limil.ed 1o 24 hours due to ph;sical decay of the radioiosotope and well
short of the recommended imqgipg ‘limes of 4 to 5 days for '*!I- or '"In-labeled F(ah'),
fragments and 6 to 7 days :for intact IgG labeled with these radioisotopes. Liver uptake for
"'In was also noted Wilh‘ these MAbs and varyving explanations for increased liver activity
have been put forth and range from the formation and sequestration of circulating immunc
complexes, binding of the MAbs ihrough.lheir carboh‘ydrale moieties 1o liver lectins or simply,
t‘ranschelalion of 'In to transferrin.'’? The latter explanation can apply only to '"!In but the
circulating immune ‘cor_vnplexes’ and liver 'lec:in binding are also applicable to
radioiodine-labeled MAbs. The liver is a mgpr site of protein catabolism and dehalogenation
takes place very rapidly in this organ.**'” Released radioiofine from thc MAb would be
cleared from the liver and this is consistent with the findings of the studies cited hcr_c. Hn
with its chélate label is more stable to degradation by the liver and remains attached 10 the
MADb for longer periods of time compared to radioiodine. So, although the radioiodinated
MAbs may also.- be accumulating in the liver, rapid dehalogenation and relcase of the
radioiodine from the liver reduces the back’ground observed in this organ compared to that for
“iln, .

The melanoma anligens have been extensively studied by lLarson er al.'™ '*" and

Buraggi er al.’*''** using only three mouse MAbs. Comparison of radioindium- and

radioiodine -labeled MAbs has not been extensively investigated and in two cases, '''In proved

3
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superior'**'1** whereas in another it was no betier than radioiodine.!** The melanoma MAbs
arc a good cxample of'l’hc superioﬁty of fragments of lgG, especially Fab. All studies
prcfcrréd the usc of Fab and l.arson er al.'* have successfully applied Fab 96.5 for targeting
large doses (3700 MBq or more) of 'l to melanoma in vivo. All radioiodinated MAbs
required bagkgrouhd subtraction and most imaging was obtained at 24 10 48 hours. Increased
scnsiliv\—y\was reported with '"'In-labeled Fab 96.5"* where lesions of 1 to 2 ¢m in diameter
could be detected compared to 2 1o 4 cm for '*'l-labeled Fab 96.5'* and 1.5 cm or greater for
~Fab 48.7."°* AL the present time, both Fab and F(ab'), fragments of fhelanoma MAbs are
routinely used in human clinical trials.

The remaining MAbs and polyclonal preparations are used for imaging of testicular
caycinoma, various ..bone malignancies and brain tumours. Two polyclonal 1gG preparations
have been used for imaging testicular cancer,''' and were produced in goats using either
human chorionic gonadotropin (HCG) or human cord blood alphafetoprotein (AFP). The
choice of which preparation to use was based on whether or not elevated levels of HCG or
AFP could be detected in the -patient’s serum. Although only 3/5 patients were imaged as
positive wi.th the anti-sera, the polyélonal IgG revealed sites undetected by other techniques.
MAb 791T/36 was used in assessing various bone malignanciesi‘’ and comparison. of
“’ln-labél‘ed MADb 791T/36 with "’l-lat;eled MAb 791T/36 produced equivalent results and
neither preparation was able to localize soft tissue metastatic disease. For imaging brain
tumours, the use of MAbs has been severely limited due to difficulties in defining brain
tumog?-associated—;migcns and the fact that most malignant brain tumours (especially
gliom§s5 are extremely helerogeneous.'** Many MAb preparations are used today primarily fof
+ fmmunohistochemical studi’es of malignant brain tumours to aid in defining brain
tumour -associated antigens. However, one Mf% produced by EBV transformation of B
Iymphocyies found in a patient's glioma, were used 10 successfully localize recurrent disease in
the same patient using '*'l, thus demonstrating the feasibility of using radiolabeled MAbs for

L]

localizing brain tumours.'*!



The use of radiolabeled MAbs for tumour diagnosis presents scvefal challénges ()
investigators in this ficld today. These are related 10 quality control of the radiolabeled MAb
preparation particularly with respect to the effect of the radiolabel on the immunorcacm;ily
of the MAb. "I as a~tadiolabel can induce reduced immunorcactivity not only through the
method of attachment but also can inflict radiation damage due to the 8 componen| of s

decay . Striet eontrol of the quality of radiolabeled MAb used in vivo cnsures the accumulation

of accurate data. Radiolabeling techniques must be standardized for cach MAb s the -

sensitivity of the MAD to the techniques used n;ay vary from one to the next.

The dosc of MAD is also of important consideration. Larson er al.'' found (hat
increasing the amount of Fab administered improved the image quality obtained and fh‘@,\
routinely use doses in excess of 20 mg for radioimmunoimaging. The induction of human
anti-mouse antibodies (HAMA) becothes significant with the use of large MAb doscs. In

£

some cases, sensilivily responses in patients who had received large amounts of MAb
necessitated J)e cessation of imaging studies. This patticular point supports the nced for
human MAbs ould reduce the risk of adverse rcactions to these preparations.”

The future éf radioimmunoimaging in nuclear medicine will depend upon the accurate
‘ékmificalion of tumour associated antigens, the use of radiolabels that do not affect the
integrity of the MAb and the development of non-immunogenic MAb preparations. These
parameters must all be addressed if this technique is 16 become a routine tool for cancer

diagnosis.

Lt
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2. MATERIALS AND METHODS

. =
2.1 PREPARATION OF BIFUNCTIONAL CHELATES

¢
2.1.1 SYNTHESIS OE p-NITROBENZYLETHYLENEDIAMINETETRAACETIC ACID

The starting compound, p-nitrobenzylethylenediaminetetraacetic acid (PNB:EDTA)
was synthesized by Dr. R. Gaudreault using the modified methodpr Yth et al.** and was used
without further characterization. All glassware used in the synthesfs of ' the bifunctional
chelates, and the subsequent protein coupling reactions, was acid washed in 50/50
nitric/sulfuric acid to remove extraneous metal jons.'** Buffers used were either extracted with
0.01% dithizone"“ or treated by passage over Chelex 100 (BioRad) to remove various

interfering cations.'*” Water was double disflled and deiohized to ensure high gmality, meta)

! 2

free solutions. ' ‘
2.1.2 SYNTHESIS OF p-AMINOBENZYLETHYLENEDIAMINETETRAACETIC ACID

The p-aminobenzylethylenediaminetetraacetic acid (PAB~EDTA) was synthesized
from PNB-EDTA as described by Leung '*' and is briefly outlined below.

One hundred mg of PNB-EDTA was ;iissolved in 5.0 ml of double dis‘tilled. deionized
water and the pH adjusted to 11 10 12 with IN NaOH. Thirty mg of 10% palladium on
carbon (Pd/C) was added and the solution equilibrated with atmospheric hydrogen. Stirring
was continued until uptake of hydrogen ceased, approxinfalely 1 to 2 hours. The‘:; solution was
filtered and the volume of filtrate reduced to approximately 2 to 3 ml by evaporating under
reduced pressure. This solution was again filtered, this time through a 0.22, Millipore f illter to

remove remaining catalyst. The solution was lyophilized and .stored at -20°C.

27



2.1.3 DERIVATIZATION OF PAB-EDTA

2.1.3.1 SYNTHESIS OF p-BENZYLDIAZONIUM-ETHY{.ENEDIAMINETETRA-
ACETIC ACID
The diazonium salt derivative of PAB-EDTA (N;-B-HSTA) was synthesized s
according to Sundberg er al..*! Fifty mg of PAB-EDTA was dissolved in > ml of doubic
distilled, deionized water to which was added 3 ml of ultrapure concentrated HClI (BDH)
and kept stirring on ice. Four hundred and fifty 4l of a metal free 05 M sodium nitrite
solution or a 20% t-buty! nitrite solution was added in SOA ul increments to the stisiing
solution and the reaction allowcd' to proceed for one hour. The solution was tested on
starch iodine paper and if excess nitric acid was present, a few grains of urca were added
to destroy it. The solution was aliquoted into 1 ml! batches and frozen at -80°C. The
diazonium salt concentration was determined by the resorcinol coupling method of
Koltun.!** The pr;)cedure involved mixing .a small aliqubl of the reaction mixturc from
above with § ml of 0.01 M resorcinol - 0.1 M sodium acetate, pH = .4.5. Color was
~allowed to develop for 30 minutes and the absorbance of a suitably diluted sample was
read at 385 nm. The concentration of the diazonium ions was determined from the
following equation:
Asgsom = € 3gsnm 0 €
u{here: Asgs nm = absorbance at 385-nm
g5 o = 2150 M em
¢ = concentration in M
b = cell length in cm

d = dilution factor

and the overall yield determined.
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2.1.3.2 SYNTHESIS OF p-BROMOACETAM!DO-BENZYLETHY;LENEDIAMINE-
TETRAACETIC ACID
The p-bromoacetapido-benzylethylenediaminetetraacetic acid (BrAc-B:EDTA)
was synthesized according to DeRcimer and Meares.'"" Approximately 240 mg of
PAB-EDTA was dissolved in 1.5 ml of double distilled, deionized water and neutralized
‘with 1 N NaOH. The solution was cooled on icc for one-half hour and 150 ul of
bromoacetyl bromidc was added with vigorous mixing’. The solution was extracted 6 to 7
- times with 6 r;ﬂ ali.&uots of ether to remove unreacted bromoacetyl bromide and
bromoacetic acid. The ‘pH was adjusted to 2.4 and the white precipitate that formed was
redissolved in water. The pH was adjusted to 2 to 3 to again form the précipitale and the
procedure repeated 3 times. The final solution, adjusted to pH 2 10 3, was kept overnight

at 4'C, lyophilized and stored dessicated at -20°C prior to use.

2.1.4 ANALYSIS OF BIFUNCTIONAL CHELATES . )

2.1.4.1 THIN LAYER CHROMATOGRAPHY (TLC) °
Several different solvent systems were tested to determine the quality o.f both the
unlabeled PAB-EDTA and radiometal chelated PAB-EDTA. Acetone, pH. = 2.0 and
10% ammonium acetate : methanol (1 : 1) on silica gel have been used to determine the
purily of the unlabeled compound.'** Along with theSe, 70% acetonitrile, pH = 2.0 on
silica gel and cellulose were used to assess purity in these studies.
In determining radiometal chelation by TLC, both silica gel and cellulose were
-used with the solvent systems described above as well as PEI cellulose devéloped in

IMLICl, pH = 1.0.

2.1.4.2 CHELATION WITH RADIOMETALS
‘The: chelation reaction was carried out by first dissolving the PAB-EDTA
(1.0 mg/m}) in metal free 0.1 N HCl (BDH), adding approximately 400 - 800 kBq of the
®

required radioisotope and incubating at room temperature for at least 15 minutes prior to
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TLC analysis. The radioisotopes used were injection grade ““PnC!‘,:‘(Mcdi-Physics) and
reaction grade '"'InCl, (AECL) an_(i‘"GaC], (Frosst). Radioiodinated PAB-EDTA was
also tested by TLC to determine the quality of this compound. lodination was kindly
performed by Dr. T.R. Sykes using the lodo-gen method. Approximately 500 mg of the
compound was reacted with 7.4 MBq of Na'**| in 200 ui of phosphate buffered saline in
the presence of § ug of lodo-gen for 1S minutes. The radioiodinated compound was
purified on prcpa.ralive silica gel thin layer chromatography (TLC) using 70% acctomitnile,

pH = 2.0. ‘
\

2.1.43 IN VITRO STABILITY OF RADIOMETAL CHELATED PAB-EDTA

Stability of the radiometal chelated PAB-EDTA was also determined in the
presence of transferrin and human serum albumin (HSA). A solution of-.apo-transferrin
(99% iron-free, Calbiochem) at a concentration of 3 mg/pl in 0.1 M sodium citrate,
pH=6.0 was mixed with 50 ug of PAB-EDTA chelated with 4 MBq of "'InCl,. A similar
solution containing 30 mg/ml HSA was also prepared and a solution of “‘ln-PAB-El')TA
with no p.otein served as the blank control. All solutions were incubated at 37°C and at
various time intervals, 50 ul was removed for analysis by gel filtration on Sephadex G -50
and TLC on cellulose developed in methanol : 0.1 N HCI (7:3).

L]

2.1.5 ANALYSIS OF RADIOMETALS 9
2.1.5.1 PURITY

THIN LAYER CHROMATOGRAPHY

TLC analysis of the *’Ga and '''In preparations was used (o délcrminc the
presence of unwanted chelate contaminants. TLC of '''In was performed on silica gel
and in the case *’Ga on cellulose with 10% ammonium acetate : methanol (1:1)
.or acetone, pH=2.0 as lhé solvents. The radioisotopes '~§$‘°d were those described

a7ove and injectable grade *’Ga-citrate (Frosst).
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The non-radioactive metal ion interference. with radiometal binding 1o
PAB-EDTA was assessed usi;g thé TIL.C systems descril;ed above. The radioisotopes
tested werc the reaction grade preparations of “‘lnCl_.“and *’GaCl,. Levels of
non-radioactive metal ions found by INAA (sec below) were mixed with either
‘InCl, or **Ga(l, and then incubated with 2.2 mM PAB-EDTA in 0.1 N HCI. After
a 15 minute room temperature incubation, small aliquots (1 1o 2 ul) were spotted on
the appropriate plates and developed in 10% ammonium acetate : methanol (1:1) so
that each plate contained an 8 cm strip between origin and solvent front. The
‘de'vcloped plates were dried, cut into 10 strips and counted using a multi sample
Nal(T1) v\‘/ell detector (Tracor 2200) coupled to a TN-1710 muiti channel analyzer.
The amouhl of radioactivity associated with each strip was used to calculate the R,

values and percent of the radioactivity bound to PAB-EDTA.

INSTRUMEN".FAL NEUTRON ACTIVATION ANALYSIS (INAA)

Instrumental neutron activation analysis was used to determine the extent of
contaminating non-radioactive metal ions in the various commercial preparations of
*’Ga and '"'In.'*? Samples whose yngmal radioactivify was allowed to dcca$ were
spotted and dried oh filter paper discs (Whatman #1) then sealed in polyethylene
envelopes. In the case of *’Ga, 2, 10 and 100 ug standards of iron, zinc, copper and
titanium were prepared in a similar manner. Five, 10, 50, 75 and 100 ug standards of
zinc, iron and cadmium were prepared in a identical manner for '"In. Back nd
filter discs as well as filter discs spotted with 0.1 N HCl and double distilled,
deionized water were also irradiatéd. Irradiations were carried out at full flux (10"
ncm’sec') for S minutes and, after a 14 day de-excitation period, a second
irradiation for 4 hours was performed. The 5 minute irradiation included only the
copper and titanium standards and the *°Ga samples. After the .short irradiation,
samples and standards were allowed to de-excite for 1 minute and then counted for |
minute in a 6 cm lead cave using a WIN-15 Ge(Li) Spectrometer coupled to an ND

]
*660 multi channel analyzer. The *’Ga samples were aliowed to cool for 14 days then
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re-irradiated for 4 hours along with the iron, zinc and cadmium standards and she
"n samples. The cadmium standards and the '''In samples were allowed to
de-excite for 72 hours prior to counting for l!tminulcs on the WIN- 15 system. After
a funhcr 11 day decay period, all samples and the iron and sinc standards were
counted for 10 hours on the WlN-iS system and for 2 hours on the Tracor 220
system. The irradiations were performed at the University of Alberta SLOWPOK b
Reactor Facility. Spectra anal)';is consisted of comparing *'Ga samples o the iron,
zinc, copper and titanium standards using the characteristic y rays of *Cu, “be. ' Th
-and **Zn and comparing '''In samples to the iron, zinc and cadmiﬁm standards using
the characteristic y rays of"”Fe. *sZn and '"*Cd. Detection limits ol cach clcmcﬁl

were determined using the method of Currie'*! for paired observations.
2.1.5.2 RADIOMETAL PURIFICATION METHODS

+ ION EXCHANGE CHROMATOGRAPHY

. Both *’Ga and '''In can be obtained in the trichloride form by using ion
exchange chromatography. Usiné strictly controlled conditions, both isotopes can be
produced without non-radioactive metal ion contamination. The procedure is based
on that used by Nelson et al.'*’ and involves the use of AG 1 x 4 or AG | x §
(BioRad) ion exchange resin. The desired amount of resin, in this case approximately
2.5 ml (4g), is made into a slurry in double distilled, deionized water and pourcd into
an acid washed column (0.5 x 13 ¢cm). The resin is allowed to settie and the column
equilibrated with the starting molarity of HCl. The isotope solution is made
equivalent to the starting molarity of HCl (2 N or greater) and applied to the resir.
All effluent is collected and monitored for radioactivity. Three S ml washes with
staning HCl a;'e used 10 remove non-absorbed impurities and the purified isotbpc 15
eluted with 0.1 N HCl. The first 3 ml collected after the start of elution with
0.1 N HCI represents the void volume of the column and 90 to 95% of the activity

applied is collected in the next S ml. The column is washed with a further 20 m! of
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0.1 N HCl 10 remove all remaining activity. The 5 ml fraction of purified isotope is
cor_\ccmralcd by evaporating the 0.1 N HCl under a heat lamp and a stream of
filtered air or nitrogen. The purified isotope is stored dry until needed, then dissolved
in a small amount of 0.1 N HCl (50 10 100 ul). TLC is used to check for the

presence Of chelate impurities.

FTHER EXTRACTION OF RADIOGALLIUM

“'Ga can also be purified using a simpie extraction method with di-isopropyl
ether from a reducing-gplution.’** The ¢’Ga solution is dried or reduced in volume
and then made 6 N with respect to HCl t 4 volume of 1 ml. Approx;malel)’ 300 mg
of silver wool is left in contact with the solution for 3 to S minutes at 80°C. The “’Ga
is extracted with 2 one ml batches of ether and washed with 1 ml of 6 N HCI. The
ether is evaporated and the purified *’Ga stored dry until needed, then dissolved in a

small volume (50 to 100 ul) of 0.1 N HCI.
2.2 PREPARATION OF LABELED PROTEINS

2.2.1 PROTEINS ANALYZED
.
2.2.1.1 POLYCLONAL HUMAN IgG

Lyophilized polyclimal human IgG (poly-H-:gG)\ used in the labeling studies
(prepared by fractionating pooled human serum (ga.ipfa.;e the IgG componem)' was
obtained commercially (Sigma). Prior 1o use,\ge;"poly-H-IgG was dissolved in
0.15 M NaCl and extensively dialyzed against 0.05 M EDTA then double distilled

deionized water and lyophilized. No evidence of denaturation was observed. The

lyophilized poly-H-1gG was stored at -20°C.
N »
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2.2.1.2 MURINE MONOCLONAL ANTIBODIES - MAb-MIA AND MAb-46D

MAb-46D and MAb-MI1A were kindly supp‘icd by Dr. Julia Levy (Depariment
of Microbiology, University of British Columbia). MAb-46D) is an IgG, gencrated against
the CAMAL (leukemia associated) antigen. MAb-MIA is an IgG, gencrated against a
methylcholanthrene induced myosarcoma of DBA-2 mice. Both MAbs were supphed in
purified form, in concentrations ranging from 3 - 11 mg/ml in PBS wilh.(),nl"‘b sodium
azde as prescrvau've..

2.2.1.3 MURINE MONOCLONAL ANTIBODY - MAb-155H.7

-

MADb-155H.7 is an lgG2b generated  against the  svnthcuc  hapien

' B8-D-Gal(1-3)8-D-GalNAc coupled to human serum albumin (TB8-HSA). Ascites arce

1

produced in pristane primed irradiated Balb/c mice and harvested over a period of onc to

two weeks.

PURIFICATION OF MAb-155H.7

MAb-155H.7 was purified from ascites according to the following schcrpc on
Protein-A Sepharose CL-4B (Pharmacia) (see Figure 1).

Pfotein-A Sepharose was prepared by swelling and washing the gel on a
sintered glass filter in 0.1 M phosphate buffer, pH.=7.0. A short (lcm x 9¢m)
column was prepared and equilibrated with starting buffer ((G.05 M Tris,
0.15 M NaCl, pH=8.5). K

The ascites was first centrffuged for 30 minutes at 10,000 x g and then
treated in one of the following two v;'ays prior to ailpplicalion to the Protein-A
column: |
‘1. A simple dilution (1:1) with starting buffer was made and the entire solution

was applied with a low flow rate to the Protein-A column.
2. The ascites was first treated with a 50% then a 33% ammonium sulfate
precipitation, to remove contaminating proteins such as albumin and transferrin,

by diluting the ascites (1:1) with PBS and adding dropwise, with stirring, an
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Figure 1. Purification scheme of MAb-155H.7 on Pfotein A Sepharose.

*starting buffer = 0.05M Tris, 0.1SM NaCl, pH
acetate = CH,COONH,; tBuffer A = 0.1M Tri
CH,COONa, 0:5SM NaCl, pH=4.5.

=8.5, **Am. sulfate = (NH,),SO., Am.
s. 0.5M NaCl, pH=8.5; tBuffer B = 0.I1M
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equal volume of saturated ammonium sulfaje. pH=17.0. After 2 hours at 4C,
the solution was centrifuged at 10,000 x g for 20 minutes. The precipitates were
dissolved' in a minimal volume of double distilied deionized water (15 1020 ml)

and extensively dialyzed against starting bufTer.
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The elution of the Protein-A columg was monitored by a flow lhrowb""i ,7

280 nm UV detector and dua! pen chart recorder.

L4

The processed ascites was applied 10 the column which was washed with
starting buffer until the absorbance of the eluat';. mor'mored by a ﬂow-lhmugﬁ Uy
detector (280 nm), had feturned to baseline parémclcrs. Elution of the MAb was
accomplished by a sxep-;vise gradient with 0.1 M sodium clrate, starting at pH - $.5

" then changing to pH=4.0 and finally to pH=3.0. Each p;olcin peak collected at the

three pH levels was immedialcly dfalyzcd agaipst 0.01 M ammonium acetate, pH 6.0. ,

Until this point, particular care was not taken to kecp the MAb prcparauon‘

metal-free. However, dialysis media were treated wuh Ch 100 (as previously
described) and the resultant mc.tal free dialysate was lyophul:zed?acnd washed vials
to minimize meLal ion contlmmauon

After elution, the Protein-A column was regenerated using 100 mi of
0.1 M.Tris /7 0.5 M NaCl, pH=8.5 and 100 ml of 0.1 M sodium acetate
/ 0.5 M NaCl, pH=4.5 consecutively. The column was then re-equilibrated with
starting buffer containing 0.02% sodium azide and stored at 4°C until use.

After  dialysis, cach‘ protein fraction was lyophilized, weighed

and stored at -20°C. :‘A
ANALYSIS OF MAbs

PROTEIN CONCENTRATION
The protein concentration for the purified fractions of MAb-155H.7 afd
all subsequent protein solutions was determined using the BioRad Protein Assay

kit. This procedure utilizes the wavelerigth shift from 465 nm t0 595 nm of the
oy,

O
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dyc Coomassie Blue as it binds protein. A further modification of this assav, as
described by BioRad Laboratories (Builetin 1177), allows aulomaied sample
analysis with an ELISA plate regder equipped with a 395 nm filter. For each
assayv, a protein standard of IgG at concentrations of 0.05 mg/ml to 0.5 mg/ml
was uscd 1o Eonstrucl the standard curve. Linear regression analysis was ap;;lied
1o the standard curve and the unknown’concentralions calculated using the linear

Tegression parameters.

ENZYME-LINKED IMMUNOSORBENT ASSAYS (ELISA)
\Mc MAbs were tested againsz their respective synthetic or natural
r—— e
antigens in a standard enzyme-linked mmunosorbent assay (ELISA). For
MAb-46D, the S;AMAL antigen was used as the solid phase and for’
P MAb-155H.7, the synthctic TA-HSA used for the immunization protocol and
containing a high hapten : HSA ratio (30 to 35) was used for initial- screening.
Other antigens used for MAb-—;SSH 7 screening ir{cluaed the TB-hapteg coupled~
to HSA (al a lower ratio thah above (10 to 15)), bovme sernm albumm (BSA)
and Kevhole’ hmpet\hemocyamn (KLH) as well as native HSA.
All antigens were coated on 96 well microtitgr plates (Dyhatecﬁ) ata
concentration of 1 ug / well. For CAMAL, c,oatin'é was done in carbo'mﬁe
buffer, pH=9.6 and for‘TB-an‘{igens in PBS, pH=7.0. All plates were

incubated overnight at 4'C and if not used wuhm 1- Zdays were frozen at -20°C

unul ﬁéeded Plates were prepared prlor o use by washing once wuhé\,,'l"' )

ey
200 ul /7 well of 0.05% Tyween 20 / PBS and bloékmg for 30 to 60 mmutes with

1% BSA 7/ PBS. Dilutions of MAb-46D werg made from 1710 to 1/10‘ (4 ug to
0.4 ng) in PBS and of MADb-155H.7 from 1/10’ jp 1/10‘ 2 xg 10 2 ng) with
serial ¢ ions‘,hereaﬂer ) 1/0.33 x 10! (0.06 ng) ig.;, 1% BSA / PBS. One
hundred"ul of the diluted MADbs were pipettéd inio t{{e ;ppropriate wells of the
microtiter plate in duplicate or tﬁplicale. Cdnjugaté and sﬁbstrate baclgground

controls were inc{xded on each plate. : i
#

e
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After a 1 to 1 4 hour room temperature incubation with the test MAbs,

the plates were washed 4 times with 0.05% Tween 20 / PBS (200 4l '/ well) and

blotted dry. To test.and conjugate control wells was added 100 ul of a 1/200
dilution of either rat anti-mouse I1gG-AP conjugate (for MAb-46D)).0r goat
anti-mouse lgG-HRPO c¢onjugate (for MAb-155H.7). Onc hundred ul of
1% BSA / PBS was added to each substrate control well and a further onc hour
room temperature incubation was carried out. The wash cycle was repeated and
100 ul of p-nitrophenylphos'phale (in 10% ethanolamine, pH=9.% (pNPI’);
substrate was added. to all wells in the case of MAb-46D or 2,2'-azinodi(3-cthvl-
benzthiazoline sulﬁhonale) (ABTS) substrate (KPL) was added to all wells for
MADb-155H.7. After a 20 to 30 minute incubation at room tcfhpcraturc 10 allow
color development, the absorbance was mcasured on a Dynatech MR600 ELISA
plate reader cou‘pled 16 an Apple lic computer. The computer program
Immunosoft (Dynatech) was used to calculate means of.r.epli‘calcs and 1o
subtract substrate controls from test and conjugale control wells. Based on the
protein concentration and absorbance reading at 405 nm, the antigen binding
.activity for each MAb was calculated and expressed as pg of MAbL per

absorbance Unit.

SUBCLASS ISOTYPING OF MAb-155H.7

Subclass isotyping of MAb-155H.7 was determined using the Mousc
Typer Sub-Isotyping kit (BioRad). This is an ELISA based technique that uses a
panel of ultrapure rabbit anti-mouse reagents to determine the ~murinc MAD class
and isotype. Briefly, the MAb (o be tested is incubated with its‘app;oprialc
antigen agrkld then appropriate wells are incubated with each of l!]c-*f‘ollowing
rabbit anti-mouse (RAM) reagents: RA'M'-lgGl, RAMJé?h. l;\AM-léGZb,
RAM-1IgG,., Rf?M-'l%M‘ and RAM'-lgA.vA-}'Lic:.{ a. 1 hour rgim lemperature’
incubalio;l, diluu;,d goai a&ti:rahbit_(GAR)'-I.gG-HRPO sonjujg‘a%?ﬁ 'add;d to

the test welis. After a further 1 hov? incubat'}ln, ABTS substratesis added and

9
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,
the absorbance determined. Positive wells show absorbance readings of 2 to 3
times the negative wells.. Appropriate conjugate and_ substrate background

)
controls are included.

2.2.2 LABELING TECHNIQUES

2.2.2.1 METHODS OF ANALYSIS

GEL FILTRATION TECHNIQUES

. —  Two methods of gel filtration werc used in analyzing labeled proteins,
(4]

conventional gel filtration and a centrifuged mini-column filtration. The gels used

were BioGel P-6DG and P-100 (BioRad) and Sephadex G-50 fine (Pharmacia).

CONVENTIONAL GEL FILTRATION

t

2.5 gcbf P-100 for 38 ml of gel) to 100 ml of 0.05 M EDTA, .
| Thékgel slurry is allowed to cool and hydrate for 1 hour. Sephadex G-50 fine was
| swollen by adding the dry gel (3 g for 30 mI. of gel) to the EDTA buffer, boiling
on a water bath for 1 hour and cooling to room temperdture.

' After the swelling procedure was completed, the gel slurry was washed
several timeg with fresh EDTA buffer. The buffer was aspirated under vacuum
between washings to facilitate removal of gel 'fines' that could impede column
flow if left in the slurry, "

Once the column was poureq it was equilibrated with 100 ml of starting
buffe‘L(O.l M sodiu‘m citrate, pH=6.0 for BioGel P-100 and Sephadex G-50_
fine and PBS, pH=17.0 for BioGel P-6DG). )
@ The column effluent was monitored by a flow through 280 nm UV

fetector (LDC) and a shielded Nal(Tl) crystal with associated electronics
. \
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coupled to a dual pen chart recorder to detect protein and radioactivity content
simultaneously. For preparative runs of chelate labeled protcin, only the UY
detector was used. Protein pcaks and other peaks were coliccted manually as

single fractions.

CENTRIFUGED MINI-COLUMN FILTRATION

This procedure, based on that described by Penefsky!™', emplovs a
disposable 0.8 x 10 cm column (Pierce) filled with 2.5 ml of the appropriatc ;C-l
(see section above). The gel is allowed to settle to'a height of 5.5 ¢m and is
cquilibrated with 0.1 M sodium citratc, pH=6.0 or PBS, pH=7.0. The bulter is
drained to the top of the gel bed and the whole column inscrted into a 15 ml
disposable polystyrene cenlrif‘ug:e{l tube (Falcon) (see Figure 2a). This unil is
then placed in a fixed angle rotd il top cenlri‘fugc (Dynac) and centrifuged
al approximately one quarter spced. (20 out of 100, approximately 100 x g) for 2
minutes. One ml of buffer is removed from the gel bed and the gel height is
redixced to approximately 3.5 cm. The gel itéclf looks shrunken and dehydrated.
The column is then transferred to a new 15 ml centrifuge tube containing a 1.5
ml polypropylene micro-centrifuge tube (‘iippendorf) with the cap removed
(see Figure 2b). One hundred to 300 u! of the protein solution to be analyzed is
pipetted onto the gel bed. The apparatus is re-centrifuged as described above and
the purif iqd protein collected in the micro-centrifuge tube. The columns can then
be washed with 100 ul of starting buffer 2 to § times with new micro-centrifuge
tubes used to collect each wash. Protein content is assessed by the Bi®Rad
protein assay (described previously) or recov:ry of radioactively labeled standa.rd
proteins. Initial testing of this procedure assessed time and centrifuge speed on
- protein recovery and breakthrough of unreacted “bifunctional chelate, radiometal .

and radioiodine.
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<————disposable polystyrene column

15 ml centrifuge tube
/ \
/ gel filtration media \
. .
1.5 ml microcentrifuge tube to
collect eluate from sample spin\
. . N,
" l - eluate from pre-spin . } 5 B ™
A) APPARATUS FOR PRE-SPIN " B) APPARATUS FOR

SAMPLE COLLECTION

Figure 2. Mini-column apparatus used for centrifuged gel filtration procedure.
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THIN LAYER CHROMATOGRAPHY (TLC)

Thin laver chromalography (TL.C) was uscd as the major analytical
technique to determinc:

1. the number of chelate molecules attached per protein molecule and as a quick
analytical method for radiometal binding to purified chelatc labeled protein and

2. as a method for assessing non-radioa(xlcuvc' metal ion interference with '''in
chelation by labeled proteins,

For determining labeled chelate ratios in r}ea‘clion mixtures, the following
procedure was used. A slandardized. 20.17 mM InCl, solution was prepared from
crystals of ultrapure InCl, (Aldrich) accurately weighed and dissolved in ultrapure
0.1 N HClI (BDH). From this solution, further dilutions were made in ultrapure
0.1 N HCI so that a 2 : 1 ratio of ﬁlnCl, to chelate present in 5 ul of the reaction
mixture was produced in 5 ul. All d;lﬁtions of the standard InCl, wc‘re madc based
upon actual reaction parameters and were performed just prior to the assay. To this
diluted standard InCl, was added 37 to 74 *“MBq of ro-carrier-added “'l:lCl\
(AECL). The number of radioactive atoms present in this amount of "'InCl, was
not enough to alter the calculations for the ratios. This 5 u! aliquot of étandard InCl,
was mixed with § ul of 0.1 M sodium citrate, pH=6.0, 15 minutes prior to the assay.
At the time of assay, 5 ul of the reaction mixture was removed and diluted with 5 ul
" of 0.1 M sodium citrate pH=6.0 and incubated for 15 minutes with the 10 ul of
diluted standard InCl, solution.  a

After incubation, 1 to 2 gl of this mixture was spotied on cellulose or silica
gel TLC plates and developed in the appropriate solvent system as described above.
The radioactivity of each plaie was quantified by either a TLC Linear Analyzer
(Berthold) coupled to Canberra Series 80 multi channel analyzer and a singlg, pen
_chart recorder or by cutting each plate into 10 strips and counting the str;ps in a
multi sample Nal(Tl) detector (Beckman). Rf values and percent radioactivity bound

to the protein were calculated to determine the yield of the bifunctional chelate
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reaction. o

For dclermining\ binding of no-carrier-added radiometal to purified,
chelate-labeled ﬁrotein a procedure similar to lhal described above was used. A 100 nl.
ahquol of chelate-labeled protein in 0.}] M sodiuth citrate, pH=6.0, was mxxed'
directly with the no-carrier-added '"'InCl, or *’GaCl, in 0.1 N HCl The amount of
radioactivity rangcd from 1.85 MBq 1o 74 MBq depending upon the specific activity
required. The volume of acidic radiometal added did not affect the pH of the 100 ul
aliquot of protein in 0.1 M sodi::m citrate, pH=6.0. Alternatively, the radiometal
was lirst mixed with an equal vc:;lume of 0.1 M sodium citrate, pH=6.0 and then
incubated with the chelate-labeled protein prior to the TLC assay. For this particular
assay, only uu.Iulose plates de‘::'lbped in methanol : 0.1 N HCI (7:3) were used.
Determination of R, values and percent radioactivity bound to the protein was
identical to that described above.

For determining non-radioactive metal ion interference with no-carrier-added
radiometal chelation to chelate-labeled poly-H-IgG, the following procedure was
used.

App;‘opriate molar ratios of ZnCl, or FeCl, to chelate-labeled poly-H-1gG
ranging from 0.1:1 to 100:1, were mixed with ''InCl, or ¢’GaCl, in 6.1 N HCI. Each
radiometal solution was then dilutdd with an equal ‘Q'olume of 0.1 M sodium citrate
buffer, pH=6.0 and incubate_q _wigh‘ 65 uM poly-H-IgG-B-EDTA in the same citrate

buffer at room temperature for 15 minutes. TLC was performed .on cellffose with
methanol : 0.1 N HCl (7:3) as the solvent and developed plates analyzed for

radioactivity as described above.

IN VITRO RADIOMETAL CHELATE-LABELED PROTEIN STABILITY

The in vitro stability of rﬁdio'rnetal chelate labeled protein in solution was
testyed over a period of three weeks at three temperatures. Three 50 ul solutions of
chelate labeled poly-H-1gG containing approximately S chelate groups / molecule

were' labeled with 5.5 MBq of '''InCl,. The initial incubation period was 20 minutes
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at room temperature for all mixtures to determine baseline parameters. TL.C was
performed in duplicate on cellulose plates developed in methanol : 0.1 N HCH (7:3).
The solutions were incubated at 4¢. 25°C (room temperature) and 37°C respectively

and analyzed daily for 3 davs, cvery 2 days to 1 weck and once at 3 wecks.

N

2.2.2.2 CHELATE LABELING REACTION CONDITIONS

N;-B-EDTA COUPLING REACTION

® Murine MAb-46D and MAb-MI]A, 3 1o 11 mg/ml in PBS containmg 0 02%
sodium azide, were dialyzed extensivelv against 0.15 M NaCl (Chelex 100-treated).
Poly-i-l-lgG was dissolved directly in the 0.15 M NaCl (Chelex 100-treated) at a
concentration of 20 mg/m!. Protein concendrations were determined before and after
the addition of the diazonium salt of PAB-EDTA (N;-B-EDTA) using the BioR‘ad
assay. The diazonium sall concentration ‘was determined prior (o the coupling
reactions using the resorcinol assay and N;-B-EDTA was added at concentrations
that ranged from 10:1 to 50:1 N;-B-EDTA : protein.

Typically, 1 ml of the protein solution was transferred to a 5 ml acid washed
glass vial containing a micro spin bar. Fifty to 200 uxl of N;-B-EDTA was ddded 10
the protein solution with stirring in 10 to 20 x! aliquots. The pH was monitored and
re-adjusted between chelate additions with metal-free 5 N NaOH to pH=9.0. The
final solution was transferred to an acid washed polypropylene micro centrifruge tube
(Eppendorf) and centrifuged at 15,000 x g for 1 minute to remove precipitated
protein.

The reaction was allowed to proceed with stirring at 4'C obernight. The
standardized '"'InCl, TLC assay was performed on a 5 ul aliquot of the reaction
mixture &{ieterminc percent chelate labeling and unreacted chelate was removed by
gel filtration on BioGel P-100 equilibrated with 0.1 M sodium citratc, pH=6.0 as
described previously. Purified, chelate-labeled protein was aliquoted into

100 to 200 ul batches and stored at -80°C.
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BrAc-B-EDTA COUPLING REACTION |

Poly-H-IgG or MAb-155H.7, purified and lyophilized, was dissolved at a
conccnlral:)n of 15 10 20 mg/ml in 0.2 M phosphate buffer, pH=8§.5. Initial testing
of various strengths of phosphate buffer at pH=8.5 was carried out 10 choose %he
strongest bufféring capacity with the least damage to the protein. Three solutions of
poly-H-1gG were made in 0.01 M phosphate buffer, pH=8.5 and enough 2.0 M
p.ahosphate, pH=8.5 was added to produce 0.2, 0.5 and 1.0 M phosphate solutions at
1.5.v 5 and 23 mg/ml of poly-H-IgG. Stock protein solutions w;re 'made to the same
concentrations as above by adding 0.01 M phosphate, pH=8.5 instead of the
concentrated phosphate solutions to serve as controls. The solutions were well mixed
ﬁnd then centrifuged for 1 minute at 15,000 x g to remove precipitated protein.
Protein concentration was determined using the BioRad protein assay. .

Coupling reactions were based on 2.0 mg (1.25 x 10-* moles) of protein and
these were usually contained in 100 to 150 ul of 0.2 M phosphate buffer, pH=8.5.
The BrAc-B-EDTA was weighed directly into the reaction tube or dissolved in metal
free 0.1 N NaOH. The dissolved BrAc-B-EDTA' was pipetted into the reaction vial
and lyophilized before use. This procedure was used for those reactions requiring less
than 1 mg of _BrAc-B-EDTA as these amounts were difficult to weigh accurately.
Ratios of 1:1, 10:1, 50:1 and 100:1 of BrAc-B-EDTA : protein were tested. To
start the reaction, the protein solution was added to the required BrAc-B-EDTA and
the reaction proceeded for 2 hours at 37°C. N6 adjustment of pH was necessary.

In the case of MAb-155H.7, identical reactions omitted the BrAc-B-EDTA to
determine the effect of the reaction conditions (0.2 M phosphate, pH=8.5 and 37°C)
onx the in vitro binding of the MAb to its synthetic antigen. ‘

At the end of reaction time, a 5 ul aliquot was tested by the standard InCl,
TLC assay to determine ‘Lhe percent bifunctional chelate binding to the protein. The
reaction f;rlixture was purified by gel filtration on BioGel P-100 in 0.1 M sodium

citrate, pH=6.0 and the purified protein stored at -80°C in 100 to 200 ul aliquots.
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For both bifunctional chelate derivative labeling techniques. final protein
concentrations were determined and the standard TL.C assay on ccllulosc only was

used to periodically check the number of chelate groups per protein molccule.

IODINATION REACTION CONDITIONS

Three methods of iodination were tested for their effccts on poly -H-1gG
MADb-46D and MAb-155H.7. For all methods uscd, proteins were dissolved .or
dialyzed into 0.01 M PBS, pH=7.0. One hundred ug of protein contained in 20 1o
100 ul of PBS was used for each technique. All experiments were performed in
duplicate. Removal of unbound radioiodine utilized conventional gel filtration on
BioGel P-6DG in PBS or centrifuged mini column chromatography on BioGel P- 100,
P-6DG or Sephadex G-50 fine in PBS. Assay for unreacted radioiodine in purified
protein fractions was determined by a standard trichloroacetic acid (TCA)
precipitation. The procedure is based on thc premise that only covaiently bound
radioiodine will precipitate with the protein.?' Typical assay conditions involvcd the
use of a carrier protein (0.5 ml of 1% BSA / PBS) and carrier Nal (5 to 10 ul of
1 M Nal). To this was added 2 to 5 ul of the purified iodinated protcin.‘ the solution
r;mixed well and 0.5 ml of 20% TCA in water added as the final step. After vigourous
vortexing, the sampie is cemrif.uged for 1 minute at 15,000 x g to pellet the
precipitated protein. The supernatant is removed and both pellet and supernatant are
assayed for radioactivity in a multi sample Nal(Tl) detector (Beckman) equipped
with an automatic program to calculate '**I dpm. Percent radioacitivity precipitated is

then calculated.

IODINE MONOCHLORIDE LABELING

To minimize protein damage and non-radioactive iodine incorporation, a
1:1 ratio of iodine monochloride (ICl) : protein was chosen. A working solution
of 10 ug/ml of ICl was prepared by diluting a stock solution of ICl (4 mg/al,

Aldrich) with 2 N NaCl. To 100 ug of MAb-155H.7 in 60 ul of PBS was added
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50 'ul of a stock solution of Na'*l (40 MBg/ml) in 0.5 M phosphate buffer,
pH=7.0. The reaction was started by adding 10 ul of diluted ICl and continued
for 30 seconds with gentle agitation. The reaction was stopped by adding 60 ;;I of
0.1 M Na,S,(’, and total radioactivity was measured prior to removal of
unreacted '**l by gel filtration on BioGel P-6DG. The column was monitored by
the flow through UV detector and the Nal(Tl) crystal as previously described
and the iodinated protein and unreacied '**l were collected as single peal{s. TCA
precipitation of the protein peak ﬁ'ld the total recovered '**lI were usea 10

calculate purity and the percent '*’l incorporation.

CHI.ORAh‘AlNE-T LABELING

A significant excess of chloramine-T (CL-T) to protein was used in this
cxperin;em (73:1 on a molar basis of CL-T : protein). A 2 mg/ml solution of
CL-T in PBS was freshly prepared just prior to iodination. The stock solutions
of MADb-155H.7 and Na'*’l were identical to those used for ICl labeling (100 ug
of MAb-155H.7 and 50 ul of the 40 MBq/ml Na'*!l solution). The reaction was
started by the addition of S ul (10 ug) of the CL-T solution and continued fgr
30 seconds with gentle agitation. The reaction was terminated with 60 ul of
0.1 M Na;§,0, and purified as described above. All calculations were as

described.

10DO-GEN LABELING

For this set of experiments, 1, 3 and 5 ng of lodo-gen per 100 ug of
MAb-155H.7 were tested in duplicate for reaction times of 5, 10 and 30 minutes.
For 125 ug of MAb-46D, 8 ug of lodo-gen was used for a reaction time of 30
minutes only. The required amount of lodo-gen was plated onto the bottom of
12 x 75 mm disposable glass culture tubes (Fisher) from a 1 mg/ml solution of

lodo-gen in chloroform. The chloroform was evaporated with a gentle stream of

filtered air or nitrogen. The reaction was initiated by adding the protein (100 ng
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of MAb-155H.7 (s described above) Opg$ ug of MAD-461)) to the rcaction
tube folk;wcd immedialely"!!y $0 .l of the stock Na'’*l solution (as above). At

the end of reaction, the solution wa%sfcrred toa 1.5 ml polypropylene micro

\, z .1\,'

centrifuge tube containing®0 ! o‘\l M Ral. After a 1S minute incubation with
the cold Nal, the entire mixture was assayed for radioactivity and unreacted 'l
removed as described above. Purity was checked by TCA and percent bound to

protein calculated as described above.

123 /N VITRO TESTING OF LABELED PROTEINS

2.2.3.1 ENZYMF -LINKED lMMUNOSORpENT ASSAYS
Labelec Maps were tested before and after radiolabeling for retention of in vitro

immunoreactivity in a standard enzy ed immunosorbent assay (FLISA).

Bifunctional chelate labeled MAbs were ¢ fore and after labeling with '"'In as well.

The standard ELISA described previously wal- employed for all labeled MAbs.
Comparison of the labeled MAbs to unlabeled MAb was ihcluded in cvery test and the

percent of retained binding for these MAbs was determined from the unlabeled MAb

binding.

2.2.3.2 WHOLE CELL ELISA ‘ o
A standard ELISA using cells grown in or attached to 96 well microtiter plates
was used 1o screen unlabeled and radioiodine- or bifuhclional chelate-labeled
MADb-155H.7 for binding to both murine and human cancer cell lines. The test cell lines
included the following murine lines:
1. EMT-6, a murine mammary sarcoma of Balb/c mice.'**
2. __RI, a radiation induced lymbhoma of CBA mice.v”’
3. EL4, a 9:10-dimethyl-1:2-benzanthracene induced lymphoma of A strain mice.'*!
and the following human cell lines:

1. LoVo, a CEA secreting colorectal adenocarcinoma.'**
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13
2. SWilllé, %other CEA secreting colorectal adenocarcinoma.'*?

. MIA PACA, a pancreatic tumour lec mamumed in Dr. Lons,:necker's lab

(Dcpanmcm of Immunology Umvc\rsn) of Alberta). .

y For the adherent cell lmes (EMT-6, LoVo, MIA-PACA and SW1116), cells were
innoculated at 1 x 10 cells per well in sterile 96 well microtiter plates (Nunc) and allowed
to grow for 1 .lo 2 days to .produce a | monolayer in the bottom of each well
(approximately S x 10* to 1 x 10 cells per well). For the suspension cell lines (Elt4 and
j RI), an allomatc technigue was used lo{ix the cells to the microtiter plate. In this case,

100 ul per well of a 50 ug/ml solution of poly-L -lysine in PBS is incubated on the 96 well
plate overnight at 4°C. The plate is washed once with 200 ul per well with PBS and 100 .l
per well of 0.1% glutaraldehyde in 0.1 M NaHCO, is added to the plate for a further 3
hour incubation at room tempesature. After another wash .cycle with PBS,
approximalely 1 x 10° cells per well are added 10 the plate, the plate is centrifuged at 1§00
rpm for 4 mmules and mcubated at 37°C for 1 hour. At this point, the adherent and
non- adhercnt cells are W nden;ucally The supe;flan% removed and replaced with
200 ul per well of O'OSW’hutargd'eskde i P&for a3 xg%mulg ,?om temperature
incubation. 'l‘m phmaldehyd; is °  rcpiaccéfuq 7({1 ol ﬁu~well or%% fetal
bovine.serum (FBS iﬁlmcnvatd((}x%co)}r d mﬁ‘ e ;
use, & plaugs are. wasm gncc: thh &;95% MWO % wﬁmf *st MAbs are added 10
the appropna wcns ’Ffbm this. poml ;hc assarzs satichl

nd ’!nock mdxumwhbeled MAb ISSH 7 'Mock’' iodination was
performed lp‘ag' , lodo-gen techmquc ‘with replaccment of the Na’**l solution with 10
ul of 0.1 NzNﬁéf-lvm 1oo= ul of 0 5 M phosphate buffcr pH=17.0 with treatment of the

.
t, «
"
.
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. described and ng of protein per absorbance unit for MAb-155H.7 andoly-H-1gG were

calculated for each cell line for labeled and uniabeled protein.

i

2.2.33 LIVE CELL UPTAKE .

‘“I- and '"In-labcled MADb-155H.7 was also screened against !ivc vell
preparations of the murine cell lines used in the fixed cell ELISA including the murnine
mammary adenocarcinoma, TA3/Ha '*! h

Uptake was performed on 1 x 10* cells in suspension in RPMI 1640 celi culture
media (Gibco) both with and without 10% FBS. The adherent cell line, FMT-6, was
trypsinized just prior to the assay to produce a cell suspension. Cells were tested by
trypan blue exclusion to determine viability. MAb-155H.7 and poly -H-1gG were iodinated
with lodo-gen and the chelate labcled MAb-155H.7 coman“ Q2. 0.6 and 7 chelate
groups per molecule was labeled with '"'InCl,. Quality control “%clcd preparations was
performed prior to the uplake study and included TC; ation, TLC and a standard
ELISA. Labcled proteins were d;luted in 1% BSA in PBS or in PBS alone. '"'InCl, and‘
Nal(TI]) were included as uptake con?rols for chelated and iodinated proteins respectively .

One hundred 4! (3 or’30 ng) of the labeled protein was added to 0.5 m! of RPMI
1640 media conta}ning 1 x 10¢ cells. The cells were incubated for one hour in a 37C
shaking water bath. The cells were centrifuged at 1100 rpm for S minutes and the ‘ccll
pellets washed twice with RPMI 1640 media. Radioactivity was assayed in both pellets and
supernatants in a multi sample Nal(Tl) detector (Beckman) and percent uptake per 10*
cells calculated. Uptake conditions using incubation media with and without FBS and BSA
was determined using TA3/Ha cells only. 9
' %

!
Radioiodine- and radiocpelale-labeled MADb-155H.7 were assessed for their ability

2.2.3.4 RADIOACTIVE BINDING ASSAY (RBA)

to bind to various forms of the T-antigen in a radioactive binding assay (RBA) using
TB-HSA and commercially available forms of the synthetic T-antigen, Ta-synsorb

(Ta-S) and Tﬂ-synsofb (TB-S) (Chembiomed). Synsorb is an inert, insoluble matrix to
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: ..
which is coupled cither the Ta or T8 complex. As a nonspecific control for the T-synsorb

experiments. B-synsorb, the insoluble matrix without any attached a“migen, was used.
Immulon R‘emova-wcll strips (Dynatech) were coated overnight with 1 ug per
well of TH-HSA in PBS. Prior 1o addition of the radiolabeled MAb-15SH.7 and
radiolakcicd poly-H-IgG, all wells‘ were ‘'blocked’ with 1% BSA/PBS to prevent
non-specific adharence of radiolabeled proteins to thé weils. Approximately 0.5 to 1.0 mg
of Ta-$ (0.27 umoles of Ta per g of synsorb), T8-S (0.58 umoles of TR per g of
synsorb), Qr B-S';wgrc weighed into microcentrifuge tubes (Eppendorf) and 'blocked’
with 0.5 ml of 1% BSA/PBS. The amount of T8 and Ta was determined for each tupg
fram the amount stated on the label and the results expressed in terms of this amoh‘m.
Radiolabeled -protein solulions‘%sed for the live cell uptake were .also used here with
experiments conducted in duplicate or triplicate ahd a standafd ELISA run in parallel for
comparative purposes. Ail incubations were for one hour at room temperature. TB8-HSA
—~

coated wells and all synsorbs were washed twice with PBS prior to analysis for

radioactivity. Rad¥oactive counting was performed using a multi-sample Nal(TI) deteglor

" (Beckman) and the amount of MAb-155H.7 or poly-H-1gG bound to TB-HSA and the

varinus synsorbs calculated.

-

2.2.3.5 HISTOLOGICAL SCREENING v
Histological screening  of uglabele)d and both 'mock’' iodine- and 'mock’
indium-labeled MAb wa¢® performed in Dr. Willan's laboratory (Department of
Pathology, Edmontonh General Hospitai). The{MAbs were screened against a panel of
human adenocarcinoma tissue sections. The frozen ;issue sections were mounl;zd on glass
slides and incubated wi}h the primary- antibody (i.c. labeled or uniabeled MAb-155H.7)
for 30 minutes. Afte; washing, the slides wefe fixed in 0.05% glutaraldehyde in PBS,
washed again and incubated with the second antibody (biotinylated horse anti-mouse
IgG) for 30 minutes. The wa;h cycle~was repeated, the slides were incubated with

premixed ABC reagent (Avidin-Biotin HRPO, Vectastain) for 60 minutes, washed again

and incubated 5 minutes with the substrate (diaminobenzidine tetrahydrochloride
»
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(DAMY). T)he slides were then counterstained with hemaldxylin.
. ' . "

2.2, /0 TESTING OF LABELED PROTEINS

V4

2.2.4.1 BIODISTRIBUTION STUDIES

-

-

Biodistribution studies werc performed in 2 o 3 month old normal Balb/c mice
and CAF, (first generation cross -of Balb/c and. A stfain mouse) mice carrving the
TA3/Ha adenocarcinoma as a subcutaneous tumour. Mice were maintained on standard
laboratory rodent chow and water ad libitum. Tl;méurs were implanted by injection of 10
TA3/Ha cells into the right flank of the appropriate strain of mousc. Approximately 7
days were required for appearance of the TA3/Ha tumour. Rapid growth of the tumour
was observed thereafter. Biodistribution was performed at 6, 24, 48 and 72 hours post
injection for labelcd proteins and at 15 min,-l. 6 and 24 hours post injection for labeled
PNB:-EDTA. The following preparations were screened in normaI,;Balb/c mice: Na'!'],
Mn-citrate, ‘”ln-PNB-EDTJAa”’I.‘ n-poly-H-1gG  and ”’l-pély-H-lgG.
11]-MAb-155H.7 and '"'In-MAb-155H.7 were compared to '**I-poly-H-1gG in TA3/Ha
tumour-bearing mice. All iodinations were performed using lodo-gen as previously
describéd. Poly-H-1gG and MADb-155H.7 were labeled using BrAc-B-EDTA.. Quality
control was performed on all MAbs prior (o injection.

Dual-labeled counting was used for most experiments to expediblc results and in

_ the case of the comparison’of 1] and '"'In-MAb-155H.7 with ”’l-boly-H-Ig,G, triple
label counting on the Tracor 2200 multi sample Nal(Tl) detector with an automatic
’crossover correction program for three isotopes (C. Ediss, Faculty of Pharmacy, sce
Appendix 2) used to identify the Qarious components. Labeled preparations were
administered by 1.V. injection through a tail vein and the animals were sacrificed by CO,
eutf)'anasia at the approp&te time intervals. Blood was collected by heart puncture and
« -all ~i)rgans were dissected, blotied and weighed prior to counting. In the case of 'the
‘ tbyrmd a section of esophagus, trachea and associated tissue was removed agong with the

¥

thyroxd due to the extemely small size of this organ in mice.

-

”.
4. %"
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“» Dual-labeled samples were counted on the Beckmen multi sample Nal(Tl)

detector and automatic crossover correction of the high and low energy spillover of '!In
into ‘I, The triple label crossover program automatically corrected the high energy

( 5\ \§pillovcr of "In into the 'l channel, of '] into the *'In channel and of the spillover of
, )

N

both high and low encrgy spillover of '''In and '’ into the '**I channel by using
appropriate standards of cach isotope. Details of this program are given in Appendix 2.
‘Thc injected dose w.as calculated from an accuratweighl":’of the material irijeclted
and an accurate weight of a 1 / 20 or 1 / 50 dilution of the injccti?n mixture assayed in
the Nal(T1) dectector systems described above. . &8
“For all distribution studies, percént dose per organ, percent dose per gram (except. \
for 1hyroid‘and carcass) and tissue : blood ratios were calculated for each orgén. As well,

the percent dose remaining was calculated for each animal. An average of 4-5 animals

was used per time period. ¢
g : -
2.2.4.2 GAMMA CAMERA SCINTIGRAPHIC STUDIES
Imaging was performed on TA3/Ha tumour-bearing mice ‘_injgcted with
'"'In-MAb-155H.7, *'I-MAb-155H.7, 11]-poly-H-IgG or '!In-citrate (1.85 MBq of
Min or 4 MBq of '*'l). Images were taken at 24, ;18, 72%and 96 hours with a Pho-Gamma
% gamma camera (Séarle) interfaced to an ADA(‘Z computer énd the animals were
) dissected at the‘end of scannihg to delermine~actual percent dose per orgam, percent dose
per gram and l,if»sue : blood ratios of the respective compounds. Image counts were
computer normalized to the same count rate for all time periods in order to provide

»

comparative data between '''In and '



3. RESULTS AND DISCUSSION
3.1 PREPARATION OF BIFUNCTIONAL CHELATES

3.1.1 SYNTHESIS OF PNB-EDTA ANb PAB-EDTA
The synthetic scheme for PNB-EDTA and PAB-EDTA as supplied by Dr. R.
Gaudreault is shown in Figure 3. This method represents a simplified procedure compared to
that first published by Sundberg et al..* The preparation of the bifunctional chelating agents
) req.uires specific attention to the treatment of glassware énd buffers 1o cnsure that cxtrancous

S

metal ion contamination does not occur, especially after the final purification step to isolate

PNB-EDTA. The ion cxchange system used to purify PNB-EDTA utilizes a formic acid

gradient which is suff icien} to dissociate most metal ion chelate complexes that may be formed
during symhesfs. Removal of éxlrancous metal ions is gcnerally accomplished by a mixed acid
wash in 50:50 nitric:sulfuric acid fo} all glassware and acid resistant plastiicware. Non-acid
resistant plasticware can be treated ina 0.01 M Na,EDTA bath followed by thorough rinsing
with double distilled deionized water. All buffeérs should be treated by extraction with a 0.01%
dithizone solution or by passage through a Chelex 100 column.

From practical experience obtained during these cxpcriments, the preliminary steps
mentjoned above proved to be inva}uable‘ in obtaining high '*'In labeling yields to chelated
proteins.

;
3.1,2 DERIVATIZATION OF PAB-EDTA
e » " Two derivativ‘es of PAB-EDTA (N;-B-EDTA and BrAc-B-EDTA) were successfully
! })répared and characterized. The reaction scheme for both compounds is outlined in Figure 3.

The diazotization reaction was accomplished by using two di/‘ffercnl rcagents,

t-butyk-nitrite and so?iium nitrite. Sodium gitrite is the reagent of choice both in Sundberg's

2 : .
studigd® ¥ well as Yeh's studies.’’ Fwo réactions With sodium nitrite produced overall yields

of 36.5 and 37.4%, whereas two reactions pesformed with t-butyl-nitrite produced overall
. N
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H,SO,
CH, cncoou o,N CH,CHCOOH
" HNO, NH,

-40°
¢ l‘ ‘HCl(g)
\ CH,0H
NH:Q)
O,N CH,CHCONH, O,N CH,CHCOCH,
NH, . CH,OH 4°C NH,
4 -5 days
BH;
THF

BrCH,COOH - v
o,~©cn CHCH,NH, —— o,~@cu,cucr4,~(cu,coon),
N(CH,COOH),

10% M
1 atm.
H;N@CH,WCH,N(CH,COOH),
_N[cH,cooH),

, BrCM,COBr
(©) N, CH,CHCH,N(CH,COOH),
N(CH,coou)

0.5M NaNoO,
conc HCl

BrCH com@cu CHCH,N(CH,COOH),
N(CH coon)

' Figure 3. Synthetic scheme for the preparation and derivatization of PNB-EDTA.
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yields of 16.7 and 32.5%. The two reagents gave comparable viclds aha?'the variability seen
with the t-butyl-nitrite can be attnbuled to the instability of t -butyl: n‘m::‘soluuons upon
prolonged storage. For this reason, fresh solutions should be used when poss)tnc

A standard method of determining the concentration of dmomu.m eaTl prcscm ipfthe
bifunctional chelating solution was used, namely, coupling 1o resorcinol.'** This technique was
initially applied to determination of the concentration of p-éarbox_\'phcnylazoinsuIins in
solution. As the diazonium compound reacts with resocinol. it forms a highly colored complex
with an absorption maximum at 385 nm. The molecular extinction coefficient of this colored
compound has been dete}mined to be 21,500'*" and the conccntrahlion cap be calculated from

the equation:

ODyg nm = €3g5pm € b

where:

OD‘385 am 1S the optical density at the maximum wavelength éf absbrption, 385 nm;
€385 nm 1S the molecular extinction coefficicn{. 21,500; ¢ is the molar concentration; b is
the optical path length; and d is the dilution factor.c
The N;-B-ED:I'A solution is highly acidic and 10 maintain stability should be stored at
-80°C. Short term stab’ility studies of the N;-B-EDTA at room t?berature for time intervals
of 10, 30, 60 and 90 minutes indicated no breakdown of the compound over the lirﬁe period
studied. As well, long term stability was monitored over several months at -20°C and -80°C.
The compound had lost 4% and 12% of its diazo functionality at -20" af ter two aﬁd three
months, respectively. However, analysis of the compound stored at -80°C showed the
compound had lost only 5% of its diazo functionality after 10 months.
The BrAc-B-EDTA was prepared by the method of DeReimer and Mecares.!** The
overall yield was 29% and produced a “ly yellow colored, fluffy powder that was stable

for several months when stored dessicated at -20°C.



3.1.3 ANALYSIS OF BIFUNCTIONAL CHELATES

" the silica gel system;,with"%it,h A

o3 . o . 3 )
. However, when the cellulose syst
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3.1.3.1 THIN LAYER CHROMATOGRAPHY (TLC)

A variety of TLC systems were used to assess the purity of the non-radioactive

" compounds synthesized and the radiometal chelated compound$. The N;-B-EDTA was

not tested on TLC due to the instability of the diazo group‘ in the solvent systems used
herc. This co;npqund éave consistently erratic results and the sﬁots olgtrved on TLC were
kprobably due o brc;kdown products of the N;-B-EDTA as well as the unreacted
PAB-EdTA that remained in solution. At the end of the dervatization reaction, no
atlempt was made Lo remove the unreacted PAB-EDTA because of the instability of the
diazo group.

When PNB-EDTA, PAB-EDTA and BrAc-B-EDTA were chromatographed on
silica gel, develobed in 10% ammonium acetate : methanol ('1:1),' Rf values of 0.85, 0.9
and 0.9 respectively, were obtained. These correspond well with the values reported by
Leung'** for these compounds using this systhm.c Visualization of the compounds was
accomplished by sprayix}g the plates with ninhydrin reagent for PNB-EDTA and
PAB:EDTA or with p-nitrophenyipyridine reagent for BrAc-B-EDTA. Other systems
were also developed and these results are shown in’ Table 5. The ac:idic aéetoyle solvent
used by Leung'*' and the acidic acetonitrile developed here both showed Rr values less
than 0.5 while all other systems had R, values between 0.7 and 0.9 for PAB-EDTA.

These systems were also used to determine the extent of radiometal chelation to

PAR-EDTA and those that generated R, values greater than 0.5 were more useful for

(&

discriminating between radiometa] chelate and unreacted radiometal. All results obtained

are summarized in Table 5.
. From -the data in Table 5, it is apparent that two different stationary phases

(silica gel and cellulose) are requizgy B ding ppon the isotope being used. For 'In,

! w’ice‘ta'_ye» . methanol (1:1) or 0%
acetanitré®, pH=2.0 solven! sag FRYes unreacted 'In from chelated ™'In.
s . “\&L,,' '
Bsed with the same solvents, good resoiution is not

AR
'F . .
. ) . ) N
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TABLE §. Rl‘ Values of Radiometals and their PAB-EDTA Complexes in Variaus TLC Systems.

Compound TLC System®
’
70% AcCN, 0% AcCN, 10% 105 AmAc:MeOH IM LiCl, pH=1
pH=2 pH=2 AmAc:MeOH (1:1)
(1:1)
. Silica Gel Cellclose Silica Gel Cellulose PEl Cellulose
'GaCl, 0 .29 0 0.13 0.08
‘nCl, 0 011 0.17 0.70 0.04
PAB-EDTA** 0.40 ) 0.65 0.90 0.70 070 *
"Ga-PAB’EDTA\ 0.03 0.52 \ 0.06 0.74 0.76
1in-PAB-EDTA 0.42 _ 0.24 0.77 0.70 070"
“Ga-EDTA L 0.70 . . 0.70 C0.98
”’l-PAB-EDTA - 0.40 - 0n 0.60
3 4 - .
4
* AcCN = acetonitrile; AmAc = ammonium acetate; MeOH = methanol; PEl = polyethyhmine

-

** visualized with minhydrin reagent
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obtained and these two species cannot be differentiated. In the case of *'Ga the exact
opposite is true, where cellulose separates the chelated species from the unreacted species
but silica gel does not. This might be explained by the fact that the silica gel has binding
sites for the unreacted indium and effectively holds this species at therorigin. This
attraction is greatly imensified for gallium and is strong enough to dissociate the gallium
from the chelate complex. In the cellulose system no such force exists and thi’s allows the
chelated gallium to remain with the chelate. As well, unreacted gallium is not as soluble
as the unreacted indium in the solvents used, especially‘in the 10% ammonium acetate :
methanol (1:1) system, and this allows the unreacted gallium to remain at the origir: on
the cellulose system but mm'/es the unreacted indium to the same Rf as the chelated form.
As stated before, systems that gave R; values less than 0.5 for the chelate compound did
not give well def ined separation of the unreacted radiometal and chelated radiorﬁelal. A
good example of this is 11'In-PAB-EDTA and MInCl, on the cellulose system developed
in 70% acetonitrile, pH=2.0. The PEI cellulose system developed here is the only one that
can be used to separate both unreacted '''In and *’Ga from their chelated forms.

As well, these systems can only be applied to highly acidic solutions of the
radiometals and PAB-EDTA. Experiments using buffers such as citrate or acetate show
that unreacted radiometal no longer regnain.s at or near the origin and moves with Rr
values similar to that of the PABgE’f/:‘“in the cellulose and PEI cellolose systems. Of
course, the exception to this is the silica gel system where even with the presence of
weakly chelating buffers, ¢°Ga does not move with Qn R, greater than 0.1 but '"'In can be
resolved into unreacted ''In and chelated *'In.

EDTA cq@}cxed with ’Ga and radioiodinated PAB-EDTA were also tested on
three of the systé&f‘or comparison. The EDTA complex had R, values of 0.7 to 0.95.
This increased @ could be related to the difference in structure between PAB-EDTA and
EDTA. thehlack of the derivatized benzyl ring might allow the complex to partition more
easily into’ the solvent and move farther up the stationary phase. The radioiodinated

compound had virtually the same Rr,,-g{ge as the radiometal chelated compound
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' indicating' that the presence of the radioiodine molecule on the benzy! ring did not

significantly alter the chromalographi.c properties of the compound.

3.1.3.2 CHELATE STABl'LlTY

The stability of ”‘ln-PA};-El)TA in the presence of apo-transferrin and HSA
was tested over a 72 hour period. '"'In, when injected 1.V, as '''In-chloride. is known to
bind very rapidly to transferrin. It is important therefore to determince the stability of the

chelate complex in the presence of transferrin if the chelate is going to be apglied to

"in vivo diagnostic use. The results of the stability study arc summarized in Table 6 and

-indicate that the chelate complex is very stable in the presence of transferrin. The

"'n-citrate was tested with albumin as a control for non-specific binding of the chelate

" complex to albumin. Values less than 100% can be attributed to *''In loss from the chelate

or non-specific adsorption of the chelate to transferrin or albumin. In view of the high
stability in the presence of transferrin, it is more likely that the small changes seen with
the complex in the presence of albumin are due to non-specific adsorption of 1 to 2% of

the chelate.

3.1.4 ANALYSIS OF RADIOMETALS

3.1.4.1 THIN LAYER CHROMATOGRAPY
Initial testing of the Adioisotope solutions used for chelation studies was
performed on TLC. For '"'InCl,, an R, of 0.0 on silica gel in either 10% ammonium

acetate : methanol (1:1) or acetone, pH=2, should be obtained if no chelate

. contaminants are present.'** When injection grade grade '''InCl, (Medi-Physics) was

chromatographed on these systems and on PEI cellulose in 1 M LiCl, pH=1.0, 98% of
the radioactivity moved with Rf values of greater than 0.75, 0.40 and 0.70, respectively,
indicating the presence of contaminants. Chromatography of reaction grade '“'InCl,’
(AECL) showed R[ values of 0.1 and 0.0, respectively, for the silica gel systems

indicating no contamination present. Injectable grade *'Ga-citrate (Frosst) showed the



TABLE 6. Stability of *!In"PAB-EDTA i the Preseﬁce of Apotransferrin and HSA.

. i e
Complex/Proten Percent of the Activiy Retained on the Complex® after Incubation with the
Protein®® for the Following Times

24 hr 48 hr . 2 hr
\ N |
v i
In-PAB-EDTA/T! 9.6 1997 | 9.6
11n-PAB-EDTA/HSA - o » 964
iln-citrate /T 0.30 021 - 0.32
Win-cutrate/HSA 98.8 99.7

* analysis by gel chromatography; .
** incubated at 37C (
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cxpected R, values of 0.7 and 0.5 when chrom.alomphed on cellulose in -10% ammonium
acetate : methanol (1:1) and acetone, pH=2.0 and reaction grade *’GaCl, (Frosst)
showed Rr values of 0.1 and 0.2, respectively, in the same system. The *"Ga-citrate
preparation was qxpcclcd to produce Rr values that corresponded to the chelate Rf values
due to the presence of citrate. Co?aminams in the injectable '"'InCl, were not identified
but presentcd problems when trying to label chelated proteins. Although the “'Gall,
chromatographed .as a purc compound, i.e. it did not have chelate contaminants, the
presence of non-radioactive metal ions that could not be easily detected by T1.C produced
interference and reduced labeling yields with chelated proteins.

Figure 4 summarizes the effects of two non-radioactive metal ions, iron (Fe¢) and
zinc (Zn), on the chelation of '"'InCl, and *’GaCl, to PAB-EDTA in 0.] N HCl. The
presence of non-radioactive metals in the radioisotope solutions was first suspected when
problems were encountered when trying to label the "no-carrier - added" *’Ga(l, to small
amounts of PAB-EDTA. Further evidence was obtained from the supplier that indicated
the ﬁossible presence of sigfificant amounts of copper (Cu), titanium (Ti), Zn and Fe,
which could possibly compéle with the *"Ga for chelation with ?AB-EDTA. Based on the
instrumental neutron activation analysis (INAA) (see below), Zn and Fe were used in
va‘rious molar ratios to determine their effect on the chelation of both 'InCl, and
*’GaCl, to PAB-EOTA. The lralios of Zn or Fe : PAB-EDTA'rénged from 0.1:1 1o
100:1. As seen in Figure 4, FeCl, dramatically reduces the chelui;m of both radioisolopes
to PAB-EDTA with increasing FeCl, : PAB-EDTA ratios. 'Ris is not unexpected, since
iron has a slightly higher binding constant for underivatized EDTA than indium or
gallium.'** At a ratio of 1:1, FeCl, has almost completely gliminatcd the binding of both
radioisotopes, indicating that PAB-EDTA also exhibits the same preferential chelation of
Fe oxg ‘gallium or indium/ as underivatized EDTA. ZnCl, requires higher ratios to
producé vinterferencc with radiometal chelation and has more effect on *’Ga than on ''In.

- At ratios of 100:1 Zn : PAB-EDTA, 50% of the ’Ga is displaced whereas only 30% of.

- the ''In is displaced. At ratios of as little as S:1 Zn : PAB-EDTA, the amount of
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displaced “'Ga is 30% with the ''In unaffected. Any Zn salready present in the
radiogallium preparation would not be having an addiliv§ cfect as both radionotope

”» -

solutions were diluted 1 in 100"beforc use in this study.

3.1.4.2 INSTRUMENTAL NELﬁ:RON ACTIVATION ANALYSIS

Instrumental neutron, activation analysis (INAA).is a lc&hmqu& that \mlnhk
for multi elemental, non- éstrucuve analysis and is applicable to small sample volumes.
The radioisotope solution, once decayed. is easily assessed by this technique which
involves the bombardment of the sample with thermal ricuuons in a reactor. Specific
elements present in "a sample will capture thermal neutrons (ncu(\ran activation) and
become radioactive. The detcction of these radioactive elements using sensitive detectors
and the comparison to standard amounts of the elements activated under identical
conditions, allows both identification and quantification of these elements.

/The irradiation schedule chosen \?Vas based on:
1. an estimate of the elements that may be present in the solutions prior to irradiation.
2. selection of thé appropriate radioisotope produce'd from these clements by neutron
. ]

activation and .

3. the effect of background radioisotopes that are generated by other elentents in the

sample. '

L 3

For example, sodium and ‘chlorine are commonly found in both radiogallium and
y_]
radiaindium preparations, they can be easily activated, can contribute significantly to the

background and can interfere with the detection of the radioisotopes of interest. Table 7

summarizes the relevant INAA data for detection of gthe elements used in this
‘ y

investigation.*!

To reduce the effect of sodium and chlorine, ty'irradiations were chosen. A
short irradiation of 5 minutes at maximum flux was uscd‘lo éctivaié'thc short half -hfe
radioisotopes, .Cu and Ti. A lohg-irradiation of 4 hours at maximum fTux was/l:;ed to
activate the longer lived isotopes, Zn, Fe and Cd. For the long irradiation, a 96 ‘_ﬁt cool

period for Cd and a two week cool penod for Zn and Fe, was necessary before analysis t0 ;

-~
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4

_TABLE 7. Neutron Activation, Data f or Selected Elements
1

Ewem Relevant Isotope Half -life - Major y-Ray* Calculated®®
. , Engrgy in keV Detection Limit
. | 3 (%) (ug/sample)

N ' —~

Cu “Cy 5.10 min 1039 (8) 10

Ti ST 5.80 min 320 (93) 2.0

Zn . ¢Zn T~ 244.1 days 1116 (51) 0.5

Fe ®  sFe " . 44.6days 1099 (56) 10

Cd 115Cq 58.4 min- © 336 (50) 2.0
. . L % 5%8 (34) .
_ : s, \ 49%(11) .

Na  MNa 15.0 hours 1369, 2754 (100)

Cl el 37.3 min 2168 #42)

. N ‘ ~ a

I
AJ

* From 'Table of lsotopes, 7th ed.' Lederer CM and S‘hirley VS. eds. John Wiley and Sons,
Toronto. 1978. "

** From Currie LA, Quantitative determination - application to radiochemistry.

Anal. Chemx 40,586 1968. N

i
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allow the activated sodium and chlorine to decay to acceptabie level$. Detection limits
(summarized in Teble 7), base on irradiated standard and background activities, were
calculated according to the method of Currie'*® and are nctessary to estimate the
mmlmum amount of an clement which can be detefmined in a samplc under the
condmons chosen Initial counting was performed on the Ge(li) spectrometer system 1o

assess lhe elemgnts present.

.

Cu, Ti and, .Cd wesnot dct*d?h an) of the radwusotope samples irradiated.

».

Ty
Trace amounts of Fe werd %ctec’ &H\w 10,1 27- mg/ml of Zn were found if the

radiogallium samples assayed. Zn and Fe were not dctccled, in the radioindium sampics
analyzed. Figure 5 shows the Ge(Li) spectrum of a 100 ug Zn and Fe standard compared

with a typical sample of decayed *’GaCl,’

Samples from the long xrrad.xauon were also coumed in a Nal(Tl) mulu sample
well counter. Although the Ge(l.i) system has a higher resolution than lhe Nal(TI1)
system, the latter was used to quantitate morg accurately the amount of Zn and Fe
present in thé radiogallium, samgples due to its higi'\er counting efficiency. Table 8
summarjzes the thems fou;ld in the \'/d'qus batches of Mdiogallium and radioindium. |

The analysis of these samples for long lived isotopes that result from neutrop

- g

. . . . . ‘ . ~ . )
activation present a special problem. Suitable radioactive elements are not always

. . . i . . y &
available due to the inherent characle;nstlcs of these elements such as small neutron cross

sections.and very lbné half lives. These drawbacks are outweighed in this case by the gase
. B " . ° L4

y,

. .
of multi element anaf}sis of the samples as compared 10 ‘a technique such as atomic

absogtion and provide an elegant method to ~qu.‘1milaté the Jnetal ion impuriﬁés in thése
' A

M v : .
samples. - . » .
. ¥ "‘ . - - 4 , ’ - . P

s
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TABLE 8. Newgran Activation Analysis of Decayed Radiogallium and Radioindium Chloride
®
Radiogallium? - . . Radioindium'
Batch Zn? Fe  *  Batch Zn! Fe

A. 10.66 N.D.! A N.D. N.D.
B 0.25 trace' B N.D. N.D.
C 1.27 N.D. C N.D. N.D.
D 0.23 * N.D. D .. ND. N.D.
E 0.40 N.D. E Y N.D. N.D.
F 0.54 trace F N.D. N.D.
G 0.92 N.D. -G . N.D. N.D.

not detected - <2.0 ug/sampte in radioindfil,’ :
* mg/ml . B

* N'D. = not detected - <10 ug/sample for Fe; <0.5 ug/sample for Zn
* trace = 10-20 ug/sample

' Cu and Ti wete not detected &<1.0 an%O ug/sample respectively in radiogallium; Cd’

¥

- a
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3.1.5 PURIFICATION OF RADIOMETALS

3.1.5.1 ION EXCHANGE CHROMATOGRAPHY ' ' o
lon exchange chromalograph;' and, in particular, anion exchange chfomalography
has been used successfully for purification of both '*'In and *'Ga. The procgdure is based
on the premise that in very high concentrations of HCI (2 to 3 N or greater) thé neutral
trichloride salt of indium or galliun; becomes negatively cha”;ed due to the association of
Qounh chloride ion.*’ This allows the birting of the ;:;atively charged tetrachloride

; éics to the anion exchange media, in this case AG 1 x 8 (BioRad), that is also
cquilibrated with a high concentration of HCl. The binding of the the tetrachloride

species depends bgraally upon the molarity of the HCI used*** and the chloride complexes

. ) .
of Zn, Fe, In and Ga car& separated due to their differential binding under the
[ ]

c§dilicm used. This-.method has been used to separate radioisotopes produced by

v spallation reactions on an industrial scale'** and i¥ the basis for many radipiso
- : : ¢ e
generor systemSM¢ ''*’ Since Zn and Fg&seem to be the ﬁlajor contaminants in *’Ga*and
P ’ ~ . "“‘) .
to a smaller degree in **'In this method should $roduce high' purity '*'In and *’Ga. Care

Bl

must be taken not to re-introduce contamination with the eluting HCl and ultrapure HCI
IR . & N .

> (BDH) was used for this purpoge. . [ . .

)

The purified !''In énd “'Ga is usually el in dilute form but &n easily be
~ concentrated by evaporating the 0.1 N HCI and. storing the isotope dry until needed.
Rcdissolutioh in a small quanu‘ty_of 0.1 N HCl is then easily acccomplished anp the

R 4

isotope is ready for use. . . Ch o~

The results with '*!In, shown in\Table 9, indicate that :he 2N _HCI use} ‘by
. Leung'** and Meares** does not adequately retain the_ InCl; complex. The m;%nr/
bindini‘bf indjum should occur in 4 N HCI'* and»t.h“e_ bést results were obtained wh
this molarity of HC was used. Labe‘}ingi efficiencies 6\(@p 130% were obtaingd with the |
purified '"InCl, on chelate {abefcd MADbs ;indiciting that the purification process h}i ¥
improved the chelation of the '*'In since the unpﬁﬁfigd 1HnCl, (injection grade) could

-

’ natgive labeling efficiencies greater than 5%. Pu'i-ification results . were not available for



) .
TABLE 9. Purification of ")Cl,‘ By Anion Exchange.

1
Conc. of HCI for Percent Recovered L Radiochemical Purity®*®
. Wn ‘

Binding to Columjy 0.1 N HCI Elytion of Stock . after ~lution
90 100 -
83 ., 100 -
83 100

4 obtaiied from Mcdi-Ph??ics Inc. - . *

% anglysed by silica gel TLC with 10% ammonium acetete: methanol (1 ) solvent

“»
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“'GaCl,, but based oir the fact that zinc is the major contaminant in these solutions and
that zinc has a diflfer‘e;i'l' binding molarity than gallium, this method would appear to be

an cxccllent way to purify the 'GaCl, sqlutien prior to use with chelalvroteins.

o
1152 ETHER EXTRACTION OF mr;ugcm.uum WNEER REDUCING
. 9 v 4 .
CONDITIONS N - ,‘!b‘

o, o

This technique is used specifically for 3aﬂ|um and nmﬁcularlor "Ga obtamed

1

from gencralors ‘ther as the EDTA complex or in fonie l'orm in1N HGL The usge oﬁ.aﬂ' '

’ *3

redu&lg agent ensures that metalhc impurities such as F€ and Zn' até pmrﬁxmed ‘in the f :

',‘stalé which is. non-ether extractable. According to Maziere,'** silvet metal produced

%ﬁc best results diie to its virtual insolubility in hydrochloric a.x_cid solutions, They reported

l;:ss man 5 x 10*% of the mktallic réducing agent (<10 ng of Ag) anq approximately 4

. N8 of Fe and 6 ng of Sn were presant in a 7 mCi (260 MBq) batch of “Ga eluted from a
»

SnO,/HCl ionic,'s generator. When ¢’GaCl, (Frosst) was purified by™this methed,

TLC of thc punf “Ga(Cl, on\cellulose in 10% ammonium acetate : methanol (1:1)

. rd
e . showed only one spot near the origin. However, when used in labelmg Chelated proteins,

- * the results were not sausf actory as still less than 20% of the *’Ga was chelated.

The TLC me’d of analysns only shows that*e W xmpurmes

present and does not sNdw non- radloacuve metal ion contamination. Agam strict control:'

w of non-radioactive metal ion cbntamination is important and with tlﬁs method, not as
easily controlled. Metal ions of the +3 valence ingthe chlondw Are easily exuacted
into the ether solution and may already be presem in the ether . Further analysls was
not attempted to detegnine the impun'ties that may have been p eSent. The ion exchange

« method for pwifying ¢ °GaCl, may yield b;uef results.

3.1.6 PURIFICAT@I\; OF MAb-155H.7

The® use of Protein A coupled to a solid support is a standard method for the

purificatio;; of IgG-type tnt'ibodies."’. otein A, a bacterial lectin consisting of a single -

polypeptide chain with a appno;imat molecu'lar.weight of ‘2000 and u'sually isolated from a

E o
A v
- 6
' .
N
s -
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strain of S. aureus that does not mcorporale the protein into its cell wall, has Whown 10
bind to Mmtkm of lgG molecules and very weakly, if at all, to IgA, 1gM or Igk

antibodigs of ny mammalian species.'™ As well, certain subclass specificity has been shown ¥

are uAknow_ but the resulls can be remarkable. It has also been reported lhal \cparanon of
sub(.lasscs of Murine IgG can be effected using immobilized Protein A.'"

1 wﬁ” he
MAb 155 ‘7 was dele'mned b) mmal and subsequenl screemng us&; the M

¥ e,

. 2
Typef kit ?BioRad) to be of the lngb subclass whlch made punfncatnon by the Protein A
method a logncarchonce. Other methods can t;e used $uccessfully for the purification of IgG
antibodies, such as DEAE-cellulose (DES2 - W'halmayr}) or HPLC but Protein A was chos“gn

for the ease in handling and manipulation offered by this particular gel. ‘ )

The ascites fluid was clarified by  centrifugation prior 1o t
Y >
particulate matter and lipids. These materials, if left in tlle ascites

9’

5-20uld then be diluted 1:1_ <

cQlumn flow and impe:de the elution process. The clarifi
with starting buf fér or ammonium sulfate precipitated.(The latter ’proccdure was employcd
when very large amounts of ascntes requnre@ punﬁcaud\ Ammomum ‘sulfate ‘not only
conccmrates'the protein of interest it also removes a lagge portion of the unwantcd
non-specific proteins such ag albumin f rom the preparation. Thi .ty three percent ammomum
sulfate should precipitate essenually all the immunoglobulins and ehmmalQpproxnmalcl) 15%
of the irrelevant proteins in the ascités ‘fluid.’” The most soluble protein, albumi.n. only
completely precipitates in the presence of 100% salurated_ammo;\ium sulf ate. In this case two
 precipitations were performed to ensure a high recovery of MAb-155H.7. Initial screening of
the supgrnatant and redissolved 33% ammonium sulphate precipitate indicated that a
substantial amount (30%) of MAb-155H.7 remained dnprecipitated'. Therefo}e‘. a 50%
‘ a.mmo'niu‘x’n sul‘hate precipitation _followed by a 33% precipitation was adopted to produce

high' recoveries o\\the MAD of interest.

> ‘
h

\
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Salting oftt of proteins in this manner is an essentially mildjorm of precipitation and -

causes little protein denaturation. The major drawback is !‘ime consuming dialysis needed

to remove the large amounts of salt still remaining in the r&@¥ssolved precipitate.

The elutioh of the antibody from the column was performed by a step-wise gradient ‘

of 0.1 M spdium citrate from pH=5.5 to 3.0. Each fractionfcollected was screened by ELISA
\

»

for.bQAb-lSSH.? activity to TB and by protein assay (Bio;}) for protein concentrat{on. .

3 l}'
vmn’ly no loss of in vux (

|
antigen binding activity. NEAAR L

Table 10 summarizes the in vitro binding activity of the“%i’ods peaks collected from

ELISA of the ascites before and Wer purification indicat

the Protein A column expressed in terms of the amount of protein present equated 0
absorption units at 405 nm in the standard ELISA desgribed 2cvnously This |:1&x was used
to -obtain a standardized method of comparing different batches of purified MAb and to
compare the ef fects of subsequent manipulations.

Altbmfeh the peak at pH=3.0 contains similar activity to that obtained at pH=4. O -
the total amount of protein suggests that this is a small fraction of the active anubody thal is
retained by Protein A K only elutes at pH=3.Q, Ey e aI.”’ have suégested that lgG
anubodxes clute between pH S and 6, lgG " antibodies elute betweeen pH 4 and 5 and that
lgG2b antibpdies elute between pH 3 and 4. ‘Since this antibody has been well cha.racterized as

an lgG it would appear et ‘ follow this pattern. Stephensen et al.'™ descrj

iy

purification of a large number of murine monoclonals of IgG subclasses and: showed That not

e . - ',
one of the lngb antibodies purified ¢completely followed the scheme described by Ey.
Although there seems to be a relationghip to the pH used and antibody subclass, a

gencrahuuon cannot be applied to all antibodies.

The screening of purified MAb-155H.7 was performed not-only on .ltTe hapten-protein
complex u§ed for immunization but also on\other conjugate forms of the TB-hapten and
native HSA. Table 11 compares these results \with those obtained when the immunizingr

complex is used in the'standard ELISA.



TABLE 10\. Analysis of Protein A Purifiecd MAb-155H.7 From Mduse Asciles.
o i \

Protein A
*Elution pH

)

Ascitc‘s from 0-3
Month Oid Clones

Acites from 3-6
Month Old Clones

P8/ Aos® mg/mi P8/ Aes® mg/ml
' Ascites . Ascites
¥ | ‘ .
5.5 35304 - . 31300 5,001
4.0 82 04 0.49 "
3.0 206 1e2 .4 001
B ®
' \
* see text, pg 73 ‘ : ‘ N
Note: each value is the mean of 3-6 determinations, s.d. < 15% . N
A .
‘ !
=,

’

TABLE 11. Binding of MAb-155H.7 to Various T8 Conjugates by ELISA.

o -
~ ‘ ‘ — .

RN *e
ELlSA' TB-HSA TB-HSA TBR-KLH TB- BSA,___‘ HSA

units (Batwch 1) (Batch 2) - ‘ p)

4 ) . PO
pg/A.og. ‘xz . 270
(l).‘
v '

(2)° 2024 16483 0.0 X 10390

-

* see text, pg 73

** (1) Ascites from 0-3 month old clones; (2) Ascites from 3-6 month old clones

Note: each value is the mean of 3-6 determinations, s.d. < 15%

4

\_
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The non-reactivity of MAb-155H.7 to the KLH and BSA conjugated forms of the
.TB-haptcn is unexpected and the reduced binding to TA-HSA of a lower hapten : protein
ratio is also surprising. The binding to HSA is relatively strong compared to the immunizing
conjugate and would suggest that MAb-155H.7 contains as part of its antigen binding sitc a
. region that strongly recognizes HSA. '

- The reasons for the variabilitm' bindiné by MADb-155H.7 to the various synthetic
haptens coulg_ be explained in a number of ways. One reason could be that-the conf iquration
of the T8-hapten on t};e various protein carriers as comparcd to the immunizing complex does
not sufficiently mimic the struatnre of thé onginal highly conjugated complex and therefore

does not ‘fit’ lhc antigen bmdmg site of MAb-155H.7. The relalwcly high affinity of
MAb-155H.7

A could also play a role in the reduced binding seen lo the BSA and KLH

conjugates. is important for antigen recognition, the structures of BSA and KLH
. [} - .
could be sufficiently different to cause the MADb to not recognitze the TB-hapten and not bind
4 L S

specifically to these conjugales MAb- ISSH 7 does not L1088, xcacl with BSA and this is

. S Beippen ¥ Ay
demonstrated by the fact that addmon of BS\ to the dnlulmg buffer does not inhibit the

bmdmg of Méb-lSSH.? in the standard ELISA. This data was supponed by a lack of

differential binding betweenldiluling the MAb in 1% BSA / PBS and in PBS al .\Thesc
’

studies suggest that the binding of MAb-155H.7 to the synthetic antigeqs isqore complex

Lhan just recognizing the TB -hapten on the conjugate and that the MAb rk]u\r;s the prescnoe‘

of HSA as ‘the -carrier prou:m for the hapten to bind specmcally to the synthetic

hapten-conjugate.
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3.1.7 LABELING TECHNIQUES
3.1.7.1 METHODS OF ANALYSIS I
4
| GEL FILTRATION O 3
- The separation of labcled protein from unreacted chelate or unreacted

. ' b -
radiometal or radioiodin¢ us“ng gel exclusion chromatography is based on molecular

weight size differences. Thé three gcls_ tested had a range of molccular weight
exclusion limits that could ef }eclively separate the labeled protein from the unreacted
products. BioGel P-100 (Bi§Rad) has a‘rracfiona'lion range of 5.000 1o 100,000°
a.m.u. Sephadex G-50 fine (Pharmatia) has a raﬁge of 1,500 1o 30.000 a.m.u. #nd~
BioGel P-6DG (BioRad), a desalting gel, has a range of P.OOO.lo 6,000 a.m.u.

The standard method of purifying radiolabeled ggotein by convcn\i:)n!l gel,
filtration was compared with a centrifuged column gel filira-ﬁb;;i’-‘lechniquc. The .
conventional method is relatively simple and prpduc;s high yields of recovered\
protein and is highly reproducible.!’*''”* The major drawback is the time r;:qpircd 10
complete the separation with a typical fractionation run using gels that fractionate in
the 150,000¥alton range or‘greater being anywhere [ rom 1 hour to several days. The
desalling ge'ls are considerably faster dui lo“their‘slru;lure Qnd separations on these ‘
gels can be completed iln as little as 30 minutes. Another disadvantage is the

considerdblé sample dilution that takes Place especially, in fracti;malion runs. For

.

radiolabeled proteins of Yow specific acu'é'ily this could be a maj(')rw i

L

subsequcm use requires a hlgh speclfnc activity in small, volumcs (1.: blodutnbmlon- ;

. UV momtors and fracuo ' :

-

necessar) and expensive. ‘ ‘
Q

3,

centrifuged column techmque 1s employed. This lechmquc is ‘d‘so simple, prbduocs

good protcm recovenes aRd is highly reproducible. The major advanugcs are the

e

~
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saving in time as it reduces & 1q less lhan 15 mmu}zs as compared to

hours for conventional gel filtra; recovend ‘sample lsvi\ighly concemrated
A.cccssory cquipment is usuaﬂy to a table top,centrifuge and the column
appafius can be readily manu from avglablc laboratory equipment.

In the experiments "d here. conventional gel filtration was used to
cstablish bascline parameters'®hd then the centrifuged column technique was _a_gapwd' ’
1o thesc conditions. The centrifuged column lechnique. was assessed for protein
recovery, unlabeled‘ chelate breakthrough and unlabeled radioiodin¢ and radiometal
brcaklhrougr:wnder various conditiops. Table 12 summarizes this data.

The best conditions for maximum protein recovery utilize the table’ top
céntrifuge with a maximum speed of 100 x g for 2 minutes with subsequent washes
after the ini}ial centrifugation. Protein assay using the 'Bi'oR:_id kit wasused irL one
experiment and supports the data generatea 'by‘“’HgG. The 80 to 85% protein
" recovery reported here is somew ;t lower than that reported by Penefsky'* (-98_to

100%), for a simflar centrifuged column\system using Sephadex G-50 fine as the gel
material but correlates well with thg percent protein recovery reported by Saul and
Don'"* and M;ares et al.** for similar centr}f uged ‘colamn systems using Sephadex
G-2; (Pharmaciz; ) and Sephadex G-50-80 (Sigma) rcspectivély. |
.ln the case 'of Bi'o(_}el P-100, protein recovery is the sum of the first 3 -

fractions, collected frof the celumn a;\d for Sephadex G-50 fine is the sum of the
fh:st 2 rraclions.,The‘ addition of 5 100 ul\wash after the iritial oemrifug‘alion
imp:dved ‘prolcin recovery in alI cases. In the case of no wash being added, further

ey

~motg¢9 is_not recoyored due to loss of buffer in the gel beads. If buffcr is addegii the

-gel is rehydrated ana the trapped protcm can bc reoovered According to Pcnef sk;r.‘”
after the initial pre- oe‘nmfugauon before sample addition, the gel beads - are
dehydrated cons:derably especially in tMe top one- -third of the column Wuh addmon
_ of the protein sample. the gel absorbs the buffer in the sample along’ with-most
unbound ions and causes the protein to dehydrate. The protein can then be recovered

.

.mm
»il>
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, TABLE 12. Percent Protewnn Recovery from”Spun Mimi-columns.

¢ ry -

Ccnmru‘i Spin Time in mun, Column ‘ iRecovery of '"'l-1gG .
L}
Type RPM (x g) Gel *  with wash* without wash®

}

- >
s
— - .
e

Dynac 15 BioGel s1.1¢ ‘ 59.0210.0
Lable top 2755 (1240) P-100

: s BioGel . 17345 )
2755 (1240) P-100 ‘

. 2 BioGel 45.0£0.8 20t
830 (140) P-6DG , N

Sephadex 0.0 : 1.2¢
G-% '

D

2 Bi10Gel 76.826.0
670 (100) P-100 79.1324 4%
BroGel 72322 4
P-6DG ,

Sephadex 85.6£1. v
. G'SO

IEC 2 . BioGel -22.2¢1 8 R 04
floor model 500 (45) P-6DG '

: Sephadex 0o ' 0.0
) . .G-50 ’

2 BioGel §3049.5 XY
' « 750 (100)" P-100 v

5 ’ Bi0Gel 3 9+4.4 09402
750 (100) P-100 '
- B , /
, o " Sephadex 00 {.420.1
: G-50 ‘ > ,
.. ¢ — *

s BioGel 69.8%7.5 68.614.8
i000 (180) ‘ P-100

5 BioGel o 733216
. 2000 (420) P-100

00 u) of bqffer added to column after sample centnifugation followed by a second spin N
by protein assay ' .

t Single degermination, all others x t s.d. of 3 to 7 values

-
. - .
-
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" in a highly concentrated form in a volume ‘of buffer that is held within the lower

. portion.of the column. For polv-H-IgG, the best condili;ns turned out to be similar
to thoge selected by Mcares e al.*' and il was found that increasing the g-force ()}
changigg the centrifuge had si‘gnifi‘cam effects on) protein recovery.

The choice of gel syslem to use was bz?sed not only on protein recovery but
also on radioiodine, radiomctal and chelate breakthrough in' the presence ol protcin
in thcse various systems. Thesc parametcrs are summarized in Table 13:

Although breakthrough of unwanted compounds is less when no wash is
applied to the column, the .protein. recovery is less (sec Table 12). Chclalc.
rad'iomet'al and radioiodine breakthrough were all less than 1.5% and this small
amount of b}eakthrough could be allr.ibuled to non-Specific adsorption to the protein
used. When these colurﬁns were tested in the absence of protein, chcialc. radiometal
and radioiodine bregkthrough was consistently less than 0.5%.

Protein recovefy on the gels tested is virtually the san;e in all cases ranging
from 70 to 80%’. with BioGel P-100 and Sephadex G-S50 fine slightly better. Chelate,
fadiometal ard radioiod{:aI breakthrough was reduced on BioGel P-100 as comparcd
to Sephadex G-50 fine dnd this could be a funq(ion of the exclusion size of gel.
When.‘: compared in conventional gel- chromatography, retention times for small

—molecular weight molecules is less on Sephadex G-50 fine than BioGel P-100 and the
Sephadex gel ha$ a smaller fractionation range than BioGel P-100. Total protein‘
recovered on the BioGel P-100 ;ystem was achieved only after two additional washés
of lhé mini-column whereas on Sephadex G-50 fine, total protein was recovered in
the first centrifugation after sample application: In some cases, an aqdilioﬁal wash
had to be useq to achieve the desired result. This can also be “explained by the
fractionation range with the BioGel P-100%exclusion limit being closer to the’
molecular weight of IgG than Sephadex G-50 fine. In spite of thé fact that total
protein recovery on BioGel P-100 required twa washes after sample application, less

contaminant breakthrough made this the system of choice.
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TABLE 13. Radiometa! and Radioiodine Breakthrough on Spun Mim-columns.

Centrifuge Spin Time Column $Ga-B-EDTA *w=? “'GaCl, -
Type in minutes Gel with wash®  without wash®  with wash* with wash®
RPM (x g)
o
Dynac B BioGel 0.77%
table top + 2755 (1240)  P-100
. ‘
5 BioGel - . : g 7.719%
2155 (1240) P-100 -
2 BioGel 1.0420.01 . 1.2240.05 0.18%
670 (100) P-100 »
. Sephadex 1.2110.06 - 1.48+0.27 l‘m;0.28
G-50
< 1IEC 2 BioGel 1.0630.74 1.181£0.63
floor model 750 (100) P-100
) \
} . :
$ BioGel 1.34£0.67 0.6240.04"
1000 (180) P-100 L
S BioGel - 0.82+0.2
2000 (740) P-100
! e
.

*Wash = 100 ul of buffer added to column afier sample centrifugation followed by a second spin
t Single determination, all others x * s.d. of 3 to 5 determinations
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THIN LAYER CHROMATOGRAPHY

Thé TLC systems used to assess reaction mixtures for eff i‘cicncy of chelate
labéling. rely‘ on separating protein labeled chelate groups from unlabeled chelate
groups. For !*'In, the silica gel and 10% ammonium acetate : methanol (1:1) vsystcm
keep the protein at the origin (Rr = 0.0) and move unlabeled chciatc t0 an R of
0.8. For *’Ga, the cellulose and.IO% ammonium acetate : methanol (1:1) system .
produces results similar to those of U;e silica gél system with protein remaining near
the origin and t\he unlabeled chelate moving w'ilh an R, of -0.75. Both of these
systems must have an excess of chelate pfesem to move non-protein bound *'Ga or
'1In from the origin and cannot‘ be used 10 analyze purified protein unless an 'EDTA
challenge' is first made to scaven\ge any unlabeled radiom'exal. This method is not
satisfactory since a minor miscalculation can add excessive EDTA 1o the protein
mixture and turn the equilibrium in faveur of EDTA thereby removing bound
radiometal from the labeled protein. To overcome this, a third system was developed
that could move unlabeléd In and *’Ga from the origin in the presence or absence
of free chelate. The rcs’hlts of the cellulose with methanol : 0.1 N HCI (7:3) solvent

aré presented in Table' 14. In this system iny chelated radiometal remained at the
origin. ,

- The use of standardized “flnCl, to assess the number of chelate groups
labeled to protein is similar to the *’CoCl, assay developed by Mcares et al.** The
major drawback is that this is only an est‘imale and does not give an exacl chelate :
protein ratio’. The assaywds upon the accurate prepa;atiop of Lhé ,'s-tandardized
solutions and is hampered by contaminating metal ions such as Fe and Zn that can
compete with the radiometal for chelation to the protein bound chelate groups.
Meares et al.*® have suggested that the minimum conccntr‘ation of chelating groups
bound to protein that can be accurately assessed is 10 uM. Anything less than this is

reportedly below the background concentration of contaminating metg) ions. This

limit was calculated based on the precautions needed to avoid extraneous metal ion
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TABLE 14. TLC® R, Values for Radiometals and Radiochclated poly-H-I
f . !

S v
Compound R, Compound R,
, —F— ;
“GaCl, 0.75 - ___ 'mC, 0.71
“Ga-citrate 0.75 - ‘ 1i]n.-citrate 0.7
“'Ga-poly-H-1gG | 0.15 Win-poly-H-1gG - '0.20
-

*TLC system used: Methanol : 0.IN HCI (7 : 3) on-Cellulose
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comamithtion such as acid washing glassware and tregling buffers 10" reduce this -
background. In these studies, \;lhen concentrations of purified prm‘ein that contained
less than 10 uM chelate were re-assessed by the standard TLC for number of chelate
groups present, consistent results were never oStained and always indicated a chclalé

ratio far less the first estimaie from the reaction mixture. When the conc¢entration

was above 10 uM, consistent results were always obtained.

' More accurate mea@arements can be obtained if a radioactive label such as
“C or °H s incorporated directly into the chelating agent as it is synthesized. This
techniqp'c was ‘not available for these studies and repeated analysis by the TI.C
systems or conventional gel chromdtogfaphy had to be relied upon to determine the |
labeling efficiency of the chelale reactions.

The effect of non-radioactive contaminants on the chelation of “’Ga and
fln 1o chelate labeled proteins was also assessed using ‘TLC on celiulose with
methanol ;: 0.1 N HCL (7:3) as the solvent as described above. From the INAA
experiments, it was determined th;n the significant amount of ZnCl, present in the
“'GaCl, preparation had deleterious effects on the chelation of "Ga to unconjugated
chelate under acidic conditioné. The attempt was made to study these ef fpcts using
" chelate labeled pqu-H-lgG as a model and the radiémetals "I and *"Ga. The
cgmcentration of chelate was képl above the 10 uM limit and was performed in 0.1 M
citrate buffer at pH=6.0 to keep *’Ga and }''In soluble at the mc;re neutral pH. Thc’
results are presented iﬁ Table 15 and indicate there are significant problems in trying
to chelate “’Ga 1o the labeled protein. When the interference stud; with Zn and Fe
was attempted with the “’Ga-B-EDTA-poly-H-IgG system, the baseline chelation
waﬂ% and any added Zn or Fe reducéd this completely to 0. The ef fect of added Zn
and Fe was successfully studied using !''In" and these results"arc shown in Figure 6.
In this case, Fe-citrate had a similar effect to that of FeCl, in reducing ‘the amount
of MIn chelated.“Surprisingly enough, zinc-citrate had a significantly, higher effect

on the chelation of ''In by PAB-EDTA than ZnCl,. When Zn- and Fe-citrate

~
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' TABLE 1S. Binding of *'Ga and ""'In to B-EDTA-poly-H-IgG

.
Amount of€Chelate _ % of Radioisotope Bound®
on Protein (nmoles) 'Ga - n
0.066 . 0 92
0.663 - t 4 93
6.63 - 6.6 98
66.3 8.9 98
663 13.3 98
"}-«\ ‘
* 1 ul of stock radioisotope solution
‘1001 . 100 ~
' ' A | rA\<Q B
A\
: \
;(‘5’ Legend
I ‘ D\ Fe
S ol , 50 - O zn  _
- C\ A
L]
S .
; \ \
j ' c\\
0- x}ﬁ e rrrr—— rre—r—ry -~
0.1 1 10 ' 100 o1 1 10 |oo
Metal lon : PAB-EDTA Metal lon - IgG-EDTA

Figure 6. Effect of iron (Fe) and zinc (Zn) on the .chelation of '''In by A) PAB-EDTA and
.B) B-EDTA-poly-H-1gG in 0.1 M sodium citrate, pH= 6 ‘
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interference studies were conducted with Bv-EDTA-poly-H;lgG. both metals followed
. . L

a similar pattern and reduced the binding of '*'In to less than 40% at a ratio of 10:1

metal ion :\B-EDTA-pon-H-IgG. This could cxpiain the pfoblcms encountered with

“'Ga chelation from “'Ga-citrate 10 B-EDTA-poly-H-1gG. The -amount of Zn

2@

already present in the undiluted’ stock when transformed into Zn-citrate woplg_be
enough 10 prevent,the chelation of “'Ga 1o the labeled protein. The ;wcragc a:r;ounl
of Zn préscm in the *'GaCl, prcpafqlions is Q.(fmg/ml and the amouni present in |
ul of new stock +'GaCl, is 5,000 to 12.\000 rimes that of the 4'Ga. The results of the
11]n experiment indicate that levels of 100 times the amount of Zn to chelate reduce
the chelation to 0. It is not surprisin'g'*lhén that the ’Ga failed to bind to thé

B-EDTA-poly-H-1gG when relatively small amounts of chelated protcin were used

and only 13% of the "\Ga cbuld be chelated by high‘ levels of labeled protein.
IN VITRO STABILITY OF CHELATE LABELED POLY-H-1GG

- The stability of the radiometal chélated protein in solution is impostant when
determining the shelf life of the labeled product. Table 16 sumimarizes the results of
an extended élability study using chelate lai)eled poly-HA-IgG. Baseline parameters
indicate that virtuall-y. 100% of the ‘”!ln is chefa;ed to the protein. The lpw result for
the product later incubated at 37°C may be due many things. Incomplete mixing prior

to TLC would reduce the amount that appeared to be chelated or contaminants on

the TLC plate ‘may have gompeted with the small amount of protein for the '"'In. It

4

»

should be noted that '!In was virtually 100% chelated when tested at 18 hours for |

. this solution!

The maximum ioss of 'In was 12.0 + 0.9% at 25°C after 3 weeks. The !"'In

‘l was very stable at 37°C, losing only 3.4 + 0.5% of the '''In after 3 weeks. The

‘high stabilify of the '"In label in solution would allow preparation of the

radio-chelated protein several days prior to use or storage of the radio-chelated

protein for subsequent use without significant loss of the radiolabel.
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TABLE 16. In Kitro6tability of “'ln-B-EDTA-l‘)oly-H-.igﬁ' :

Time
in hours

Percent Bound to B-EDTA-poly-H-IgG (x % s.d., n=3)
4cC

3I1C

25C

138.5
503

79.91 £ 0.64
98.66 + 0.06

91,43

96.55 £ 0.49

0.37

\

" 98.82 + 0.45

98.86 + 0.04
97.96 + 0.01

97.86 + 0.01 _ _

97.56 £ 0.16

88.0 £ 0.92

95.63 £ 0.11

 98.08 + 0.08

96.38 £ 0.09
9%.62 + 0.13
96.64 £ 0.30
95.55 +0.16

* All solutions were incubated at 25°C for 20 minutes to assess baseline parameters prior L0

temperature study.

»
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3.1.7.2 CHELATE LABELING TECHNIQUES .

N;-B-EDTA COUPLING REACTION .
" This derivative of PAB-EDTA was the first reported wl'Ooodwin etal'’ an

a simple, mild chemical modification to introduce the beniyl-EDTA chelate into
proteins. Diazotization has been used in the past for affinity labeling of amibodics.“"
for selective modif-ication of enzymes'’™'"** and for labcling BSA ir;
immunochemistry.'** Diazonium salts couplc readily with lysyl, tyrosyl and histidyl
residues of proteins to yield colored derivatives.''’ With ihis in mind, this compound
was tested to determine the usefulness of diazonium coupling to introduce the chelate
label. )

Initial labeling studies py Leung'*' with HSA utilized a 10 fold molar excess
of N;-B-EDTA to HSA. A variety of conditions were investigated aﬂd he concluded
that high lapcling yields were favoured by low ionic strength and a concentrated HSA
soluliox; . Bbund chelate to albumin ratios ranged from 1.3 to 5.4:1 and the
differences in labeling yield were due mainly to the dependence of the rcacl'ion on
pH, time, ionic strengih and protein concentration. The ideal conditions included an
HSA concentration of 50 to 100 mg/ml in 0.15 M NaCl with pH adjusted to 9 after
addition of the N;-B-EDTA. In other experiments, Leung ef a/.** determined that the
labcled residues obtained with a reaction pH of 8.0 were mainly derivatized lysirie
although the exact site of attachment c'ould ‘not be determined by amino acid
analysis.

‘ The ;}rotcin solutions Wtilized in these experiments ranged f’rdm 1 mg/ml to
20 mg/ml and variable labeling yields were obtained. The reaction conditions used
were equivalent to those described above.'** Table 17 lists the labeling yields as
determined by standard '"'InCl, assay and therefore only represent the available
chelate in contrast 1o total chelate labeled on the protein.

Unlike Leung's results,'** there seems to be no trend to correlate the amount

of chelate reagent with protein concentration. The difference between the



TABLE 17. Diazotization Resction Yields.

Chelate to Protein Used for Cougling
Protein Ratio poly-H-1gG BSA MAD-46D MADb-MI1A
20 mg/ml 1 mg/ml ‘1] mg/ml 3 mynml
initial 10:1 . 3:1. . 10:1 22:1
final 0.76 + 0.33 0.241 . 2.1 0.6 60 ¢ 1.2

t Single determination. all Gthers the x £ s.d of 3 to 4 values

h ]

‘\A‘
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poly-H-1g0 and MAD-46D at 10:1 chetate : protein {s.the concentratiog of protein
and oonversely to what Leun; found, the lower protein concentration produced
higher yields (2.7 available chelates per prolein molecule s LOII'\PIM with 0.76).
Since dmomum compounds couple 10 rree amino groups on lysyl, tyrosyl and
histidy! residues an explanation [9: the difference observed may simply be amino acid’
compoﬁuon and conformational structure of the two immunoglobulins. MADB-46D
may also have more available residues for labeling. The highest labeling yields were
obtained with MAb-MI1A at relatively low protein concentration but high chelate :
protein .mio. The effect on in varo MAb reactivity was studied using MAb-46D and
this is discussed in section 3.1.8. MAb-MIA could not be studied in this manne? duc
10 a lack of a suitable antigen preparation for the ELISA. ‘

As well, since ttesc labeling yields represent only the available chelate for»
"'In binding, the total c/helate content could be much higher and there may be
"hidden' chelate molecules on the protein that cannot bind ‘”ln..Lcung" refers to.
this when comparing the total chelate present as calculated by '‘C labeled
N;-B-EDTA to that calculated by the standard '"InCl, assay. Since the available
chelate is of greater importance, the labeling yield calculated by the TLC assay is
sufficient for the purposes of these studies. .

A ma{or dis;dvantage ‘of using-N;-?-EDTA i the significant amount of
protein precipi@on that ‘octurs upon addition of the chelate reagent. Up to 10% of
the protein' is preci‘pitated with chelate : protein ratios of 10:1, remo'ving. a
significant amount of protein from active participation iqe reaction.

d L.
Re-measuremeni of the protein concentration is also necessary tg/ determine the

labeling yield.

The final labeling yield with '*'InCl, ranged from lessfthan 3% to 30% for
1nCl, obtained from Medi-Physics and up to 80% usjn
AECL.

HInCl, obtained from



Brac-B*EDTA COUPLING REACTION ' - ;

Wit the prodlems of precipitation encoustered with the ' N;-B: F.D?A
reaction, the first considerstion was the use of a strong buffer for BrAc-B-EDTA
reaction. Meares o al.’* employed a 0.15 M phosphate bafet at pH=80 with
readjusiment 10°pH=9.0 after additiop of the BrAc-B-EDTA. With this in mind,
various strengths of pboﬂute‘ buffer at pH=8.5 were tested to detemim which
molarity would maintain the protein in solution and,not undéuo ;Ulificanl pH
changes upon addition of the acidic’BrAc-B-EDTA ‘nuent (sce Table 18). The
0.01 M phosphate buffer easily maintajns the p;otm in solution but is readily
wbj;ct&g PH change upon addition of acid. Al other molarities tested maintained
pl-l but were variablé in their ability to keep the protein in solution. The buffer of
‘choice is 0.2 M phosphate since it does not cause protein precipitation over a wide
concentration - range and adequately -mainuins the pH bafm addition of
BrAc-B-EDTA up to 100: 1 chelate : protein for the highest conceitration of protein
tested. )

With increasing molarity and inémsigg protein.conunmtion, less protein
remains in soluticn. The absolute amount of protein in solut’n for the lowest
concentration tested is much less than that for- the highest concentration. This
dnfrereooz is due to the fact that three dﬂm stoch solutions were used and at each’
mohnty tested the percentage of protein precipjtation depended upon the initial
proteir.s concentration. With lower protein conqentrati\ons. less is pretfipitated and the
mullsishould be analyzed on the percent chmqu rather than on ab;olute amounts.
Since precipitateg protein represents denatured protein and is highly undesirable for
these reactions. 0.2 M 'phosphate buffer at pH=8.5 was chosen for the
BrAc-B-EDTA mcuons ) ’ \

The typical ynelds for the BrAc-B- EDTA reactions are given in Table 19. The

‘major difference to_be noted from these results is the minimym percent yield for the

~

1:1 and 10:1 reactions for MAb-1SSH.7 compared with these reactions for
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) "TABLE 18. Solubllity of Poly-H-1g0 in Phosphate Bulfer. i
' - @ L B T Do . »
“ Strength of Phosphate Buffer. pH = 8.3 .
Stock Proteia® 001 M . 02 M . 0SM - 10M
* ‘ ’
L
A) 23 2.6 2.1 10.4 6.2
.
B) S 49 46 : 43 38 :
- .
o1s X .14 1.3 1.2 ‘09 L
[ L .
v‘! M
* Concentration in mg/ml - .7
- 9
~
t‘( 4
TABLE 19. Reaction Yields of BrAc-B-E on jgation \
. , .
Nr—— ¢
‘\ BrAc-8-EDTA : Piote:n Reaction Rito
"~ poly-H-1gG Ab.1SSH.7
1:1 10:1 50:1 100:1 1:1 0:) 1001
Availsble ~
Molate ¢
pet proein’ o
1) by TLC! ND* 0.2 £ 0.02 §5+10 " 122431 022004 061006 72206
by GF',  ND' 03100 $3112 10.3¢ \
Average \D? 1901 10.0 1‘2.5 10917 N41232 61206 12206
% yield :
bJ
' -
1. Available chelate per protein measured on punified protein 7
2. TLC - thin layer chromstography
3. ND - not detected v R

4. GF - gel Nitration »
t Single determination, all others the x £ sd of J o 8 duetyuuam

d /
! \

/
/
/
7
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poly-H-IgG. In the case of the 1:1 ratio, no detectable yield could be determined for
poly-H-IgG whereas the best labeling yield of 21.4% was obtained for MAb-155H.7
for the same ralig. Haloacetamides of the type used";lere arc known to ’kcact readily
with free sulfhydryl groups on proteins but can also react with free amino goups ahd
other nucleophnles s This can be controlled to some extent with pH and when the
chch. : protem ratio is kept low, sulf hydryl goups are the pnmary sne of
attachment.'*'- These results éuggesl tEf MAD-155H.7 contains a higher free
sulfhydryl content than p()'lny-lgG. When the chelate ratio is increased, the
dif fer;nce is less notable although at 10:1 the minimuim per:em yield is still ﬂigher
for MAb-155H.7 than for the poly-H-IgG preparation. “
The minimum percent yield and available chelate ratio refer to the fact that
the sltandar‘d TLC assay used here is only measuriﬁg chelates prééem on the proteinv
that can bind '“In (see section 3.1.7.1). By using a I?TNB assay, Yeh“’ was abiel/o\
determine the number of free sulfhydryl groups present on the HSA preparation he
used for labeling studies with BrAc-B-EDTA. The total availgble chelate : protein
ratio was calculated tq'be ina3 fold excess to the number of sulfhydryl groups
pr'esent. As well, at the end of reaction, no free sulfhydryl groups were detectable by
the DTNB assay. This e;/idence suggests that the BrAc-B-EDTA first attacks the
available sulfhydryl groups‘and then reacts with other nucleophiles present. JV
| When the ratio is kept' at 10:1 or less, the total available chelate present on
the protein is less than 1:1 for both MAb-155H.7 and poly-H-IgG. This is in
contrast to the work of Meares et al.** where an gverage ratib of 3:1 was obtained
with a chelate : protein reaction ratio of 10:1. Only when the chelate : protein ratio
is increased to 50:1 or 100:1 is there a signifjcant increase in the total available
chelate on the protein. ‘ . |
Labeling yields of \no carrier added '“'InCl, for the BrAc-B-EDTA labeled
protems ranged from’ 30% or less for proteins labeled at less than 1:1 available

chelate protein and greater than 95% for proteins comaxmng 1:1 or more available
Je
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chelates per protein molecule.. Purification of ''In labeled proteins was carried out

, /
using the mini-column procedure described in seclio;v"f‘.l .1,

r £ .-

//'/

/
¢

IODINATION REACTIONS

~

Standard iodinating  techniques /ﬁsing iodine rﬁonochloridc (1C1),

chloramine-T. (CI-T)'** and lodo-gen wcrc‘/‘comparcd 1o determine labeling vield and

purity of labeled product. / ,

Both I&kand CI-T are well kf&wn‘melhods for incorporating radioiodine inte
proleins.““‘ln the ICI melhod; !ta_/:iioacl.ive Nal (Na®l) is equilibrated with ICl 1o
produce *ICI with ICl carricr'/":Undcr these conditions, thé ’l-ACl bond is shightly
polarized such that the *I po;sesses a net positive charge. At neutral pH, this allows
incorporation of *I* into tyrosine residues and some histidine residues in proteins (sce
Figure 7). The major drawback is the incorporation of 2 certain amount of
non -radioactive 1 from the ICl Brrier reducing the specific activity that can be
obtained.

Cl-T i’s a very popular method of iodination because” very high specific
activity proiein can be produced by this method.™ él-T is the sodium salt of the
N-monochloro derivative of p-toluene sulfonamide and in aqueous solution at
neutral pH is capable of oxidizing Na*l to form *I-. This incorporates into tyrosine
and histidine residues on proteins in the sarﬁe manner as *I° from °*I-Cl. (Figure 7)
Although high specific activity proteins can be produced by this mé'lhod, proteins are _
reportedly more easily damaged b;/ CI-T than lCl. l

s To overcome the oxidation damage produced by CI-T and the incorporation
of non-radioactive I by ICl, an insoluble oxidizing agent was developed known as
lodo-gen (1,3,4,6-tetrachloro-3a,6a-diphen§lglycouril).” This compound is insoluble
in aqueous media and reacts sitnilarly to CI-T to oxidize Na*I to *I" (Figure 7). The
advantaées of this compound are the production of high specific activity prolciﬁs

with minimal contact with the oxidizing agent and the fact that no reducing agent is-

requ'rred'to stop the reaction. The labeling yields obtained by these three methods for
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MADb-155H.7 are presented in Table 20.

The best labeling vield was produced b-\" Cl-T ailhm;gh this was onlv 10%
hiéhcr than cither IC! or the best lodo-gen vield. The #ime nceded to produce this
yicid for both ICI and CI-T was 30 sicconds and is representative of the rate of
radioiodinc‘incorporalion for both of these strong oxidizing reagents. lodo-gen, on
the other hand, requires significantly more time to_producc comparable vields. This is
duc to the fact that it is insoluble in the solution being iodinated and is a nnld
oxidizing agent. The yields were assessed by conventional gel filtration on BioGci
P-6DG and although they appcar to be less than 30% on the avcerage for all
techniques, there were isolated instances of higher yiclds cspecially in the lodo-gen
group. The labeling yield is largely dependent upon mixing the solution to maximize
contact between the 6xidizing agen.l, the Na®l and the protein. Fach reaction tube
was hand shaken and the reproducibility from b_alch to batch for .lhis ;;aramclcr was
hard to maintain. ﬁfcréasing the vield for ICl or CI-T could be achieved with longer
reaction times but this also increases the risk of protein damage as evidenced by
decreased immunoreactivity of the MAb. When lodo-gen Qas used with .incrcased
amounts of radioiodine, the yield for 1 g at S minutes was on the average 30 to
40%. In the experiments performed here, relatively small tracer amounts of '*’l were
used and this could also contribute to the low yields obtained.

Since gel filtration was the primary mode of purification, a second method o
check the purified proteins for the presence of unbound radioiodine was employéd.
Trichloroacetic acid (TCA) precipitation is also a well known technique for analysis
-of iodinated proteins. It is based on the premise that dnly covalently bound
radioiodine will precipitate with the protein. When this technique was applied to the
proteins iodinated here, the best resuits were obtained with the proteins- labeled by
lodo-gen. On the average, 98.1 + 0.7% of the radioiodine was associated with the
precipitated protein. This compares very favourably to the results for ICl and Ci-T,

96 and 93% respectively.

o



TABLE 20. Radioiodination La

A
L

beling Yields for MAb-15SH.7 Using Three Different
Jodination Methods

96

BIt11

[
v Time Method
‘.
lodo-gen a-T ICl
1 ug 3ug S ug
30 sec. 3.7+ 23 209%1.5
S min. 97118 39¢ 20.4 + 0.2
L |
10 min. 21+01 153 %01 21.7+059
30 min. 128 £ 0.1 21.9° . .

* Single determintudn. all others are x + sd., n = 3.
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Although CI-T ‘produced the “best Iabelmg yields in this set of cxbcnmem,s
protems Yodinated with lodo-gen produced better preparauons with rcgard to quality -
control o

For routine iodination, lodo-gen was used in a ratio of "1°,.g of |od6~gcr{ per
100 g of MAb-135H.7 and 5 ug per 100 ug of poly-H-lgG. The cet;ttifﬁgcd column
procedure was successfully adapted and used routinely to obtain iodinaied proteins in
concentrated f orm (100 to 200 ul) wilh‘ good purity and ‘protein recovery.

N

3.1.8 IN VITRO TESTING OF LABELED PROTEINS

3.1.8.1 ENZYME-LINKED IMMUNOSORBENT ASSAYS (ELISA)

The effects <;f iodinaiion and the chelate recactions wcfe tested in’ ELISA against
Il—w appropriate antigens to determine how these 'procedures altergl the binding of the
labeled MAb.ahd how chelalioﬁ ‘dr iodination compafed in their effects on lhé MADs. The
effect of the-N;-‘B~EI§TA chelate was compared te iodination on MAb-46D only and the
ELISA was carried 6ul at the end of reaction time. Reaction time versus- MAb in vitro
reactivity was more extensively studied for MAb-155H.7 witrg the BrAc-B-EDTA chelate
L..\ compared to the iod-inati_oh/techniques examined here. The results for MAb-46D are
" “presented in Table 21. © ‘ ' - "'_ e " ,

In this case, both the chelauon and toddﬂdn r&dp.nsm s@ﬂ'icam effects on
the in vitro binding reactmty of MAb-46D. Reductﬂm of reac;ﬁ'uy was about 50% for
both reactions and although the chelate reaction appears to have'less damagmg eff ecl the
difference between these numbers is not significantly diffcren't to support one method
over l/l}e other. In Table 22, the effects of the BrAc-B-EDTA chelate reaction are
summarjzed for MAb-155H.7 with respect to time of reaction.

The control data for this experiment was MAb-155H.7, at the same concentration
as fof the 10:1 and 100:1 chelate reactions, but without addition of the chelate reagent.
This was to test the reaction conditions for effect on the MAb in the absence of the

chelating agent. These results do indicate that the. MAb is sensitive to the reaction,

~
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TABLE 21. ELISA Activity of Radioiodinated and Rad,iochekled MAb-46D

3

}

Unlabeled  "'in-B-EDTA- B-EDTA-\\ s
MAB-46D MAb-46D MAD-46D MAS-46D
% Activity 100 $7.5 + 29.3 53.5 + 11.5 46.3 + 13.6
Retained e o
(x £sd., ;
n=3) ‘
}
>
'y

TABLE 22. Effect of BrAc-B-EDTA Reaction Conditions on /n Vitro Binding Activity of MADb-155H.7

Time Stock® Conirol* t 10: 1 100 : 1°
(minutes) MAb-155H.7 @ MADb-155H7 Chel.:MAD Chel.:MAb
P8/ Awr  Boof stock  pg / Aus % of stock pg 4 Ay % of stock  pg/ Aws % of stock

,
.

r

’
0 593, 100 .
15 . . 690 85.9 505 117 “1m 16.8
'.
30 . . M 83.3° 610 859 926 64.0
60 : . 716 82.8 1009 $8.7 1133 523
e .
120 . . 757 18.3 1340 ) 1240 47.8

* mean of 4 1o 9 replicates
t control consists of MAb-155H.7 in 0.2 M phophate buffer, pH=8.5 without chelauing agent

—
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conditions employed and lbses approxiniatcly 20% of its l;l ‘mro binding reactivity. Other
reaction conditions eiplored by Leung'*' showed that no reaction occutred at 4C and
both Leung'** and Yeh™® favoured elevated lempératures for the BrAc-B-EDTA rcaction.
When the chelating agent is present a [ urther 20 o 25% reduction of n witro binding
reactivity is observed after a 60 minute reaction time with the maximum reduction being
3_0 10 35% after 2 hours. The net reduction of binding rcactivity is 44% for the l():'l
reaction and 48% for the 100:1 reaction. This is comparable to the $3% rctained for the
10:1 N;-B-EDTA reaction with MAb-46D. Both chelate reactions reduced considerably
the in vitro binding reactivity of gge MAbs tested but the BrAc-B-EDTA meaction ‘was
preferred due to its ease of execution. The effect of the vafious iodination rcactions on
MADb-155H.7 binding reactivity is shown in Table 23.

MAb-lSSH.? has pn;vcn}o be very sensitive to all three iodination techniques but
especially to ICl and ClI-T. Thirty second exposure to either one of these reagents reduces
in vitro binding reactivity by 80%. lodo-gen was more &sil); controlled by manipulating
both exposﬁre time aryi the concentration of lodo-gen. The bcst'&_aﬁ%um‘and time was |
ug of lodo-gen and 5 minutes of exposure. From an'alysis of the yield, however, the
percent incorporation of radioiodine varied from 10% for tracer quantities of '*’l
(2 MBq) ‘to only 30 to 40% for higher quantities of '**I (20 to 40 MBq). When '"] (20 to
40 MBq) was used for iodinating MAb-155H.7 for the scintigraphic studiés, it was found
that the n vitro binding reactivity was completely lost after 3 days. This is mqst probably
related to radiation induced damage sgenerated by the B8 component of 1. For "''In, the
retained in vitro binding reactivity remained stable for several days both at tracer
(2 MBq) quantities and at higher levels (37 to 74 MBQ). MAb-46D was more resistant to
both iodination reaction conditions and radiation induced damége. The percent retained
binding activity for this MAb was 46% after a 30 minute exposure to 8 ug of lodo-gen.
These two MAbs demonstgate the need to individualize reaction conditions for both

jodination and chelation reactions.



TABLE 23. Percent /n Vitro Binding Activity Retained After Radiotodination for

100

MAb-155H.7
lodo-gen IC1. C-T
Amount Reaction Time Reaction Time
of lodo-gen S min. 10 min. 30 min. 30 sec. 30 sec.
1 ug 61.3 36.4 40.4 20.0 18.4
3ug 41.6 22.7 28.3
5 ug. 24.2 © 245 4.8

All values the mean of 3 determinations.

- a
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The major advantage of the chelation reaction over the iodination reaction is the
~ ' .
preparation of the chelate-protein complex in gdvance of the actual radiometal labeling.
!
In this')‘ ay, a stock solution of the protein can be labeled with the chelate and stored at

-80°C " til needed. Compared to iodination, the technique is more convenicnt and reduces
the raBftion exposure of the operator. A second distinct advantage is the availability of
; adioisotopes for radiolabeling which possess more suitable physical decay

viz. *Ga and '"'In. Therefore, although iodination and chclation dactions

Two types of cellular assays, the whole cell ELISA and live cell uptake, were uscd
for further in vitro characterization of the labeled proteins.

In the‘ whole cell ELISA, used only for MAb-lSSI_*iJ, murine and hur.nan tumour
cell lines were grown in 96 well micro-titre plates and fixed using gluataraldchyde. The
r:st of thé ELISA procedure was carried out comparing unlabeled MAb-155H.7 to the

\'arious labeled forms of MADb-155H.7. Figure 8 graphically demonstrates the results
obtained expressed in terms of unlabeled MAb binding.

All cell lines leste: showed some association of MAb-155H.7 in the unlabeled and
chelate labeled forms. Unfortunately, for this particular assay, the iodinated
MAD-155H.7 had retained only 5% of its in vitro binding activity when tested in the
standard ELISA using TB-HSA. This could account for the low binding shown in the
cellular ELISA. The effect of incf®asing amounts of chelate on the MAD is clearly seen by
a c'lecrease in association of the MAb with the cells. This is particularly true for the
human cell lines, LoVo and SW1116. The other human cell line, MIA-PACA, as well as
the murine cell lines, EMT-6 and RI, show moderate decreases with ncreasing chelate.

For LoVo and SW1116, the 'binding site’ o.n MAb-lSSHl.7 for the cell may be

very close to or in the same site as the chelate label thus explaining the decrease in

binding as the increasing chelate bound alters this binding site. "fhe murine cell lines and
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Figure 8. Whole cell ELISA of 1]n-B-EDTA-MAb-155H.7 on murine uimour cells, Rl and
EMT-6. and human tumour cells, MIA-PACA. LoVo and ,§W1116.
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the third human cell line, MIA-PACA, may have o 's00epior’ for MABISSH.7 that
requires a different part of the MAb which is not affected as severely by imcreasing the
chelate label. Since MADb-155H.7 was generated against the _T-amigcn it might be
tempting to say that lheﬁe cell lines possess this antigen and this is what the MADb is
binding to. However, EMT-6Yells do not posess Lhis structure and thc status of
MIA-PACA with regard to the T-antigen is unknown. RI cells have demonstraied the
’\:n,tigcn on their surface and as both LoVo and SWI1116 are derived from colorccial
carcinomas it is possible for these cell lines to have the T-antigen. The evidence prescnted
by this data however is not conclusive for the presence or absence of the T»amigén o
C these cells. .As we\f. gluuraldeh,vdie fixation is know to affect the expression ol cell
membrane antigens. It can unmask previously hidden antigens or clecave exposed antigens
from the cell surface thereby altering the interaction of the MAb with the cell.

The live cell uptake studies were performed on murin.e tumour cell lines only, due
to their ease of handling and reduced biological hazard as compared to the human «cell
lines. Figure 9 répresems the percent uptake of each labeled protein per 10% cells with
Nip-citrate and Na'?*l as radiolabel controls. The cells were suspended in . serum-freef
‘media (RPMI 1640) after being washed 3 timc_s in RPMI-1640. The labeled protcins were
diluted in PBS without the addition of 1% BSA. From these results, a general trend of
decreasing uptake with increasing amount of chelate on MAb-155H.7 is evident for
EMT-6 and EL4 cells. For Rl and TA3/Ha cells, the uptake remains the same or
increases slightly for in.creasing chelate labeled 10 MAb-l§5H.7. In all cascs. u,c uptake of
In:B-EDTA-MAb-1§5H.7 is greater than “"vln-cilrale. As well, iodinated MAb-155H. %
shows Sixt;ilar or slightly better uptake when compared to '''In-B-EDTA-MAb-155H.7
with uptake of Na'*l by all cell lines negligible. The upmké of poly-H-IgG is somewhat
surprising since this is a non :specific immunoglobulin preparation and in some ccll lines,
such as TA3/Ha, is almost identical to that of the labeled MAb. The whole cell ELISA
and standard ELISA with TB-HSA showed no binding of poly-H-IgG relative 1o
MADb-155H.7. This would suggest that the binding observed- on these cell lines is
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Figure 9. Murine tumour cell uptake of radiolabeied MAb-155H.7 expressed as percent uplake

per 10* celis.
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(6:1 chelate:MAb), C = “'ln-g’uate. D = 'M-MAb-155H.7, E = '»l-poly-H-IgG.

F = Na'l. .
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.- nonspecific since the uptake was performed in the absence of carrier proteins (FBS or
BSA) or that the poly-H-1gG contained significant athounts of ami-f antibodies. The
presence of anti-T in a polyclonal preparation of human IgG is virlusll)“ imignif icant as
Springer"'i\ndi;am that most of the ht;r;un anti-T present in serum is IgM and not 1gG.
The second point against this uptake being due 10 anti-T in the polyclonal pteparation is
that if the amount of anti-T 1gG is calculased and then the amoun(l‘of iodinated anti-T is
calculated, the fesulting concentration is insignificant relative 10 the other non-anti-T IgG
in the pnpanuon. Another poﬁibility is the presence of imm‘uno;lobulm of undefined
origin in the poly-H-lgG preparation lhal’ are binding to other receptors on the, cell
surface and are tberefore taken P (0 the same exient as the labeled MAbs. The most
| likely explanation is the non-specific association of the labeled proteins (o the cells due to
the absence of carrier proteins and the binding of the 1gG's to Fc receptors on the cells.
The effect of the presence or absence of BSA and ‘FBS in the prel ra;ion_s used
for the cell uptake was studied using the T%3;Ha tumour cells. These results are
presented in Yable 24 for the iodinated MAb-155H.7 and chelate labeled MAb'-ISSHJ
with 6 ehelates per protein molecule. The presence of both BSA and FBS severely inhibits
the binding of MAb-155H.7 to TA3/Ha cells. When one or‘lhc other is present the
inhibition is less than when bo‘lh are present' but still represents a signif icam_rcducuon in
“the binding oi‘ the labeled MAbs. BSA and FBY do not cross-react with 'h.AAb-ISSHJ S0
the inbition of binding must be through another mechanism or could be just due to the
fact lhatulhesc Jabeled proteins are associatinydnspetiﬁally to the ce’lls in the absence
of BSA or FBS. This nonspecific association \c\ould be ‘ﬂked by the presence of BSA or
Ovcrail. the results do not support the specific association of MAb-155H.7 1o any
of the cells tested in either the whole cell ELISA or the live cell uptake. Tumour cells

growr{ in vitro are in artificially controlied media and as such cannot be expected to mimic

“the three dimensional response that would be observed in vivo. /
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TABLE 24. Percent Uptake of 3 hg of '»1-MADb-155H.7 and '''In-B-EDTA-MAb-155H.7
(6:1) per 10* TA3/Ha Cells in the.Presence and Absence of FBS and BSA

Cells
Incubated in:

“ PBS

PBS +

10% FBS

RPMI

RPMI +
10% FBS

MAb'155H.7 Diluted in:
PBS 1% BSA/PBS
#11n-MAb-]SSH.7 #1-MAb-155H.7 11'In-MAb-155H.7 "1-MAb-15SH.7

9.1 £ 11 126414 25202 ., 08006
S 16£01 29 08 0.4 % 0.1 0.5 £ 0.06
7410 126 +04 ., 09£006 1002

13+008 2004 0.3 £ 0.06 0.3 £ 0.06

[N

All values the x §.d. of 3 determinations.
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3.1.8.3 RBA AND HISTOLOGICAL SCRE@?&ING
Along with the testing in in vitro cell sysiems, a radioacitive binding assay (RBA)
using TB-HSA and T-synsorb was in'vesligaled.. Immulon Remova - well strips (Dynatech)

were coated with 1 ug per well with TB-HSA. Approximately 0.5 10 1.0 mg of TB- and

-

Ta-synsorb (S) (ChemBioMed) were weighed into micro centrifuge tubes. The amount of

' TB and Ta was calculated from the stated concentration on the label. To each of these

. was added the labeled proteins used in the live cell uptake with a standard ELISA being

conducted in parallel for comparison purposes. All incubations were for onc hour at room

temperature Results for all assays are presented in Table 25.

A¢  data indicates no difference in the amount bound with different labeling
techniqu Ag . this is contradictory to what was obtained with the corresponding
ELISA. Two possibilities present themselves to cxplain this data.‘ On the onc hand, the
labcliﬂng technique may not be inlerferi?g with the binding of the MAb to its antigen, bul
.\;nay. alter some part of the rest of the MAb and reduce the binding of the cnzyme
conjugated antibody used in the standard ELISA. On the other hand, the spccific acuivity
of the MAbs tested was relatively low to accomodate the cell yptake study. This results in
a low ac[ivity" bound to the antigen on the solid phase for the RBA. Wilil low activity,
the confidence level in detérmining the amount bgund to each well or synsorb is reduced
and significant errors can be introduced in this calculation.

In this case, although the chelate labeled MAb-lSSHJ rel?ined practically 100%
of its bindiné to TB by ELISA as compared to only 24% for thc radioigdinaied
MAb-155H.7, the percent bound by RBA was equivalent for all three proteins. The
pefcem bound reported here has been corrected for '''In-citrate and Na'*’l binding to the
wells in the absence of protein. As well, the poly-H-1gG shows no binding to TB-HSA in
either the RBA or the ELISA, another indication that there arc no aﬁli-T anliquics in
this preparation. The results obtained with TB-S and Ia-S represent binding of
MAb-155H.7 to a commercial source of the synthetic T-antigen. Again, no correlation to

the type of labe! can be seen in the binding to TB-S. The radioiodinated preparation of

P
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TABLE 25. RBA and ELISA Data of Radioiodinated and Radiochelated MAb- 155H.7 and Radioiodinated
Poly-H-1gG on Vanous Forms of the T-antigen

Protein ELISA RBA on T8-HSA RBA on TB8-S* RBA on Ta-S**
% Bound of % Bound ng bound ng MAb - ng MAb ng MAb ng MAb
MADb-155H.7¢ /nmole T8 7 mgTB-S /nmoleTa /mgT

MAb-155H.7¢ 100

Wn-MAb-155H.7 97.5 ' 31 0.5 0.15 0.09 0.58 0.16 l
(0.6:1)

wAb-ISSH.ISl.O 2.2 0.4 0.15 0.09 0.14 0.04
(6:1) ‘

WW-MAb-155H.7 239 3.8 0.6 0.47 0.27 3.28 0.89

L.Poly-H-1gG 1.3 0 0.0 . . 00 0.0 0.0 0.0

L

* TB-Synsorb - 0.58 umoies of TB per g of Synsorb, 1 mg = 0.58 nmoles
** Ta-Synsorb - 0.27 umoles of Ta per g of Synsorb, 1 mg = 0.27 nmoles

t+ MAb-155H.7 = Uniabeled MAb-155H.7
All values the mean of 2 determinations
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MAb-155H.7 shows higher binding to TB-S than to the TB-HSA used in the standard
ELISA. The chela'{cd preparation of MAb-155H.7 shows significaml)" reduced binding to
T8-S when compared to l-hc radioiodinated prepafalion which is exactly opposite Lo that
obtained with the standard ELISA. Some correlation for the chelatg labeled MAb- 158SH .7
 can be seen in the binding to T8-S where the higher chelate substituted MAb-lSOSH.?
shows reduced binding. However, the radioiodinated preparation shows’a 7 fold incrcﬁsc ’
in binding 10 Ta-S than to TB-S and is significantly higher in binding 10 Ta-S than the
chelated MAb-155H.7. The dil’l‘erence observed in the binding indicates that the TA-HSA
antigen is different from the commercially available T-synsorbs and in this case the
MAb-155H.7 binds. better to the Ta-S than to the TA-S. It should bc n()l.cd here that
MADb-155H.7 does cross react with Ta-HSA as observed in ELISA data not included here.
For this antibody, then, the standard ELISA utilizing TB-HSA gives the most
useful information for determining the percent in vitro binding retained b\ the labeled
antibodies. RBA using TB-HSA or the commercial'T;synsorbs do not give a truc
indication of the quality of labeled MAb obtained with these labeling techniques.
Histological studies of the various labeled MAb-155H.7 preparations cdmparcd o)
unl.abeled MAb were conducted using human adenocarcinoma lissue scclions.
MADb-155H.7 shows strong binding to human adenocaréinoma tissue in this assay. Figures
10 to 12 illustrate the binding of the various labeled MAp-lSSHJ preparations to these
sections. There. was no difference seen in the binding of the various preparations
compared to unlabeled MAb-155H.7, as judged by an independent pathologist, Dr. D.
Willans (Department of, Pathology, General Hospital). These preparations were identical
to those used in the whole cell ELISA, where the radioiodinated MAb-155H.7 had very
low reactivity by the standard ELISA.
The various results pr\esenled here for the in vitro assavs of MAb-155H.7 suggesl
that there is verv little correlation between all the techniques used for quality control of
the antigen binding-activity of the MAb. The RBA using various forms of the T-antigen

showed no reproducible pattern of MAb l’)inding. RBA on . TB-HSA did not differentiate
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Figure 10. Staining of adenocarcinoma sections with mock radiolabeled MAb-155H.7.
A = unlabeled-MAb-155H.7 control, B = unlabeled poly-H-1gG control:
DAB (MAD associated stain) is brown; hematoxylin counterstain for nuclei is purple.
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Figure 11. Staimng of adenocarcinoma sections with mock radiolabeled MAb-155H 7.

C = B-EDTA-MAb-155H.7 (0.1:1 chelate:MAb), D = B-EDTA-MADb-155H.7

(0.6:1 chelate:MAb). DAB (MADb associaled stain) is brown; ‘hematoaylin counterstain for
>nuclei is purple. ‘
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Figure 12. Staining of adenocarcinoma sections with mock radiolabeled MAb-155H.7.
E = B-EDTA-MAb-155H.7 (6:1 chelate:MAb). F = mock radioiodinated MAb-155H.7:
DAB (MAD associated stain) is brown; hematoxylin counterstain for nuclei is purple.
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%, between radioiodine and radiochelate labeling. The RBA on the synthetic T-synsorbs was
confusing, as the MAb bound more strongly to Te-S and the radioiodinated MAb bound
better than the radiochelated MAb. The histology results also showed no dilference
between radioiodine and radiochelate labeling‘ on the binding of the MAb 10 the
adenocarcinoma sections. The cell uptake studies were inconclusive as well, due to the
nonspecific nature of the association of the radiolabeled MAbs and the poly-H-1gG to the
cells.” The whole cell ELISA did show some decrcasing trend of binding for the
radiochelapd‘MAb preparations but conclusi\lre results of specific binding under the
conditions used were not produced. For this particular MAb, the standard ELISA on the
antigen used for immunization appears 10 give the best indication of the effects of the

labeling techniquegon the ability of the MAbD to bind to its antigen.

3.1.9 /N VIVO TESTING OF LABELED PROTEINS

3.1.9.1 BIODISTRIBUTION STUDIES IN NORMAL MICE

,r

DISTRIBUTION OF Na'*’l AN,D ""1n-CITRATE

The distribution of both Na'*'l and '''In-citrate was studied in normal Balb/c
mice in order to illustrate the distribution of these tracers in unbound form to
compare to the labeled protein distribution. Metabolism of the labeled proteins may
release the radio_a_ctive label and return it to the circulation. The relcased rad{pysacer
is then important in determining the distribution observed. ldealJy'. no mctabolié

release of the radiotracer is desired as this then leaves the injected protein with no

tracer to determir < ¢~ fate.,

The rte« - « +ibution of Na'?*l and '''In-citrate are summarized
graphically in a2, "> a: 1ssue 1o blood ratios. Percent of injected dose per
gram of tissue ..a¢ i~ re+ i injected dose per organ dala aré summarized in

Appendix 1. The blooa uicarance of both tracers is very rapid but Na'*'l is removed

more rapidly than '"'In-citrate. This is probably due to specific uptake of the '**I in
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Figure 13. A) Percent of injected dose per gram of blood for Na'*’l and '''In-citrate and
selected tissue to blood ratios for B) Na'”*l and C) '''In-citrate in normal Balb/c mice. All
points the mean of S animals with s.d. less than 15%.
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the thyroid. salivary glands, stomach and liver all of which are known to concentrate
iodine ‘by specific methods. The tissue to blood ratio for the thyroid clearly
demonstrates the avidity of this organ for iodine. The level of iodine in the thyrtid
increases until 48 hours and then declines indic’aling release of the radioiodine back 10
the circulation either as free iodine or bound to thyroid hormoncs. '''In-citrate
remains in the blood longer than Na'’'l and is most likcly bound 1o transferrin.

The kidney, liver and bone are major sites of '''In accumulation with the
liver and Qone contributing to the lransfcn;in mediated sequestration of '''In and the
kidney the site of excretion of the citrate chelate of '*'In.

Analysis of the percent of the injected dose remaining (see Abpcndix 1) at
the various time intervals shows a marked difference in the amount of ***I and *"'in
in these animals. At 6 houts, 87% of the '*’l has been excreted and remains relatively
constant thereafter to 72 hours wye\only 50% of the ''In has been excreted at 6

hours and inereases to 65% at 72 hours.

DISTRIBUTION OF '#*- AND ""In-PAB-EDTA

Distribution of the dual labeled PAB-EDTA was performed in normal Balb/c
mice to establish a m:;ns of comparison to the distribution of labeled proteins
similar to that for Na'*’[ and '"'In-citrate. It was hoped that the iodinc label on the
V phenyl ring of the derivatized EDTA would give a second tracer for the chelating
agent in addition to the '"'In. The results are presented graphically in Figures 14a and
14b for selected organs over the time periods studied. The percent of injecléd dose
per gram of tissue and percent of injected dose per organ data are summarized in
Appendix 2.

Both tracers are cleared very rapidly from the blood and by 24 hours are less
than 0.05% of the injected dose per gram of blood. High levels of both isotopes are
present in the kidney and liver, the major organs of accumulation. DTPA chelates of

Uln and **Tc™ are known to clear rapidly from the circulation by renal excretion.

The increased levels of '**] as compared to ''!In in the liver, stomach and thyroid are



. 116

TR S

11 - ‘

B
[
i ¥
l, F?Em: B
S ‘
. \s |
[ ] A A e
] [ .ﬂ“” 10 "
c‘ g6

’/

i
—M-PA-CBTA
e -3 PAD-CDTA

. "
L 4

s
[N} A A " N
. . 12 19 [
HOURS

Figure 14a. Percent of injected dose -per gram of A) blood B) liver and C) percent of
injected dose per total thyroid for '*'In and '*'l from dual-la PAB-EDTA. All points the

mean of 4 animals with s.d. less than 15%.



17

'
A
.
K
e O E-PA-EDTA
— - 8-P20-2D%a J
=.
' N\
5 - ™
[] & " r—— -
[T
] LN . 18 '
. "
8.
L] . ‘
I S
. = TPALRTA
l - 139-PA—EDTA
< ¢
. & ‘
[} l " i S i A i
[} L] " 1" "
HOWRS | §
+
2.0
C.
N
o0
—— —-T-PAO-EDTA
i - 23-PAD-EDTA
:l..
IO.!
oo Lo s y p—— ——
’ . ks " "

Figure 14b. Percent of injected dose «per gram of A) stomach, B) kidney and C) bone for
""'In and '*’l from dual-labeled PAB-EDTA. All points the mean of 4 animals with s.d. less
than 15%.



118

indicative of the rapid dehalogemuoh of t;\e’cqmpound. The amount of metabolism
shows that ' labeled to the phenyl ring of derivatized benzyl-EDTA is not a good
marker to trace the fate of the chelate itself. The high levels in ch“e liver at 15
minutes probably n;prcscms a combined pool of unmetabolized chela;c and r;ee
radioiodine not yet released to the blood. The uptake in the thyroid and stemach
would suggest that the metabolized '** is in th; form of free radioiodide. By 6 hours, -
the dehalogenation process has reached equilibrium and the pattern of distribution of
the two radioisotopes is vinunlly‘ identical except for the radioiodide sequestered in
the thyroid. The amount of '"'In present in the liver is much lower at 24 hours
compared to ‘'In-citrate indicating the higher stability of lhe- derivati.zed
benzyl- EDTA chelate and its resistance to transchclaliongto transferrin in vivo. This
stability of the PAB-EDTA-'"'In complex is also su@r{ed by the in vitro studies

AN

Bone uptake of '"In is low and both radioisoto x are cleared in parallel

with transferrin (see section 3.1.3.2).

f rom this organ providing more evidence for the in vivo stability of the
PAB-EDTA-'"'In complex. The percent dose remaining (see Appendix 1) calculations
show a rapid decrease over 24 hours with '''In being excreted ai a slightly faster rate
than '#*[. The retention of '*! is probably due to its metabolism from the chelate and
uptake in organs such as the thyroid and stomach. This compound has a unique
distribution and can easily be distinguished from the distribution of !*'In-citrate. The
parallel excretion of both ''!In and 'l indicate the stability of the chelate in thev
presence of transferrin and although there is some release of '*I, the dual label

technique used Bere shows that '!'In remains with the chelate when injected in vivo.

DISTRIBUTION OF ''!In- AND '**I-B-EDTA-POLY -H-1GG

A prc‘liminary distribution of the chelate labeled poly-H-lgG. was compared
to iodinated poly-H-IgG in Balb/c mice. Figures iSa and 15b illustrate resaits for
selected tissues over the time period studied with percent of injected dose per gram of

tissue and per organ data summarized in Appendix 1.
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Figure 15a. A) Percent of injected dose per gram of blood, B) percent of injected dose per
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All points the mean of 5 animals with s.d. less than 20%.
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Figure 15b. Tissue to blood ratios for A) stomach; B) kidney #0d C) bone for
'"'In-B-EDTA-poly-H-1gG and 135].poly-H-1gG. All points the mean of $ animals with s.d.
less than 20%.
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Overali, the blood clearance of both isotopes is similar with '**I being slightly
higher thar; "In. The two organs that show major differences are the hver and
kidney. High levels of '''In in the liver from chelate labeled proteins have been
reported by others®®'** and range from 10 to.21% of the injc;‘tcd dose per gram of
liver. The '"'In accumulation seen here could be duc to the natural distribution of
this preparation to the mouse liver or could be duc to aggregates. formed cither
in vitro from the'l | g preces{,'br in vivo by complexation to circulating mouse

| -
proteins. This activily remair;s rela]ively constant over 72 hours. Kidney activity
. : .
could be due,to metabolism of the chelate complex off the protein by the liver and
excretion through the kidneys or due to uptake of immune complexes by the kidney.
The presence of ipdine ify the thyroid and stomach indicates that the iodinaled. protcin
is metabolized .and the\jodine released to the cifculation. Bone activity shows
accumulation of a small amount of '''In over 72 hours also indicating lhf: metabolism

v

of the chelate labeled protein. - e

Analysis of percent dose remaining in the animals (see Appendix 1) shows
higher retention of the ''!In as compared to th¢ '**I which is expected due to the high

levels of ''!In in the liver.



3.1.9.2 DISTRIBUTION IN TUMOUR BEARING MICE

COMPARISON OF '"In-B-EDTA-MAb-155H.7 TO '**I-POLY-H-IGG AND
M1-MAb-155H.7

Using a .triplc label experiment,, iédinated poly-H-1gG and iodinated
MAb-155H.7 were compared to Mn-B-EDTA-MAb-155H.7. It is important to
emphasize at this point that the poly-H-l%G used- in these distribution studies is not

~an absolute control for the distribution of the radiolabeled MAbs. The proper control

protein was not available at the time of tﬁese studies. Although‘ it is not a
monoclonal, subclass matched preparation, this compound acts as a methodology
control and being a nonspecific protein gives some indication of the distribution of
nonspecific immunoglobulins in the murine tumour model used here. Comparison of
the percent of injected dose per gram of Lissue data for ”’l-poly-H-lgG‘ in normal
Balb/c mice (see Appendix 1) with that generated in the TA3/Ha tumour bearing
mice shows no significant difference between the two sets of data. Figures 16a and
16b present the results for all three proteins for selected organs over the time period
studied. Appendix 1 sﬁmmarizes percent of injected dose per gram of tissue and per
organ data for this experiment. ‘ |

The blood clearance of the poly-H-IgG in the tumour bearing animals is
similar to that obtair;ed in the normal Balb/c mouse distribution. The activity
remains elevated with a slow decline over the 72 hour' study period. The
radioiodinated MAb-iSSHJ and '“In-chelated-MAb-155H.7 show ' definite"
differences in their distribution. The radioiodinated MAb-155H.7 follows the same
general patiern as the poly-H-1gG with bloog activity being slightly lower. The
"In-B-EDTA-MADb-155H.7, however, shov‘:s répid clearance from the blood with a
steady decline over 72 hours.

Uptake of both '**I and **'I in thyroid and stomach indicate the r)nelabolism

of both the radioiodinated proteins. It should be noted that there is more of the '

in both of these organs suggesting that the MAb-155H.7 is metabolized more quickly
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Figure 16a. A) Percent of injected dose per gram of blood, B) percent
total thyroid and C) liver to blood ratio for "In-B-EDTA-MAb-155H.7,
and '**]-poly-H-IgG. All points the mean of S animals with s.d. less than 15%.
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Figure 16b. Tissue to blood ratios for A) kidney, B) bone and C) tumour for
"In-B-EDTA-MAb-155H.7, '**I-MAb-155H.7 and '*l-poly-H-1gG. All points the mean of
5 anim_als with s.d. less than 15%.



than the poly -H-1gG preparation. '

| Liver activity of '*'In is higher than either '''l or '"*l. However, the "‘ln.
fevels in the tumour bearing mice are not nearly as high as were secn in the ngrmnl
Baib/c mice with the chelate labeled ‘poly-H-IgG (6% of the injected dose per pram

of liver for "In-B-EDTA: -155H.7  as comparcdh to 18% for

"Mn-B-EDTA-poly-H-1gG at 72| hoyrs\:_sce Appendix 1), The radioiodinated

proteins also show a difference with '"I- 155H.7 being higher in lhc’ﬁ?cr‘ than
1331-poly-H- IgG. /

The kidney shows a’significant diffcrence in the amount of '"'In and '"|
retained by this organ. Since ?AB-EDTA-“‘ln is excreted quickly through the
kidney. part of the high uptake seen - here lc.ould be due to the excretion of
metabolized chelate. Another possibility that could explain the high uptake in the
kidney is active uptake of the MAb itsell through specific receptors. Boniface et al.'**
imave demonstrated the presence of a T-like structure in the kidney that binds peanut
lectin. Ar;alysis of the ratio of the kidney to blood ratio for '*'In over the kidney to
blood ratio for '*'[ shows a constant of 7.22 + 0.93. The stability of this ratio over
72 hours points to the persistence of the MAb in the kidney and may be support for
the active uptake of the MAb by the kidneys.

Bone uptake of '*!In is low when compared to that seen in tbe normal mouse
‘distribution and indicates the high stability of this chelate in vivo swilh regard to
transferrin.

Tumour uptake is virtually the same for the radioiodinated proteins byt ’“h"1
accumulates over 72 hours. The lack of difference between radioiodinated
poly-H-1gG and radioiodinated MAb-155H.7 was surprising. Although the
MAb-155H.7 was not generiled against the TA3/Ha tQmour cell, it was hopefl .lhat
some specifib accumulation of the  MAb would occur in vivo due to the large
concentration of epiglycanin carrying the T-antigen structure on the surface of the

cell. This appears not to be the case with the radioiodinated MADb-155H.7. The
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accumulation of both radioiodinated protciﬁs in the tumour could be due w0
non-specific processes Qr there may be radioiodinated antibodies in the poly-H-lgG
preparation that may have some specificity ['{n"the TA3/Ha cells. Since this is a
polyclonal preparatjon, it is possible that there may be a variety of antibodies present
that could bind to the tumour cells. Evidence is now appearing in the literature that
suggests that local metabolic processes in the tumour cells may be releasing

- radiviodine from radioiodinated proteins and returning it to the circulation™'*
whereas the catabolized '*'In remains stored in the tumour cell. This is also supported
by these studies where there is steady accumulation of the !''In over 72 hours and a
stable‘or. steady decrease of radioiodine levels in the tumour over 72 hours. Tissue
analysis of the animals used in the scintigraphic studies (da;a not shown) suppéns
the active accumulation of *'In from the chelated MAb compared to '!'In from
"1n-citrate. After 96 hgurs. the percent dose per gram of tumour for *!In from the
chelated MAb was 9.6 whereas thél for '*'In from '''In-citrate was 3.6.

Examining the percent dose remaining in each animal (see Appendix 1) shows
highest retention pf In with the ¥ f romo' poly-H-IgG only slightly lower.
Retention of '*'1 from MAb-155H.7 is very low and declines rapidly from 6 to 24
hours with a slow but steady decrease thereafter. ‘ '

From these studies it is evident that the radioiodine label for MADb
distribution is less stable than '''In. As well, a distinct difference is observed in the
general distribution of the two labels. The rapid blood clearance of ''!In labeled MAb
enhances the tumour to blood ratio by reducing the blood background noormally seen
with radioiodinated MAbs. Instability of the radioiodine label is evidenced by uptake

in the stomach and thyroid and little or no accumulation in the tumour.

3.1.9.3 WHOLE BODY SCINTIGRAPHIC STUDIES IN TUMOUR -BEARING MICE
Whole body scanning was performed on mice bearing the TA3/Ha tumour
subcutaneously on the lower right flank. Mice were injected with single preparations of

o
either “In-B-EDTA-MAb-155H.7, “!In-citrate, '**I-MAb-155H.7 or '*I-pofy-H-IgG.
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Figures 17 and 18 summarize the 24: 43, 73 and 96 Mour scans performed on these mice.

The ‘distribution pattern seen in the scars i®identical to that observed in the
lgjodistribuliqn study involving these threc -agents. Rapid blood clearance of the
"Win-B-EDTA-MADb-155H.7 and '''In- citratc is obscrved as carly as 24 hours. Kidney
and tumour activity are visible for the '"'In-B-EDTA-MAb-155H.7 with only kidncy
showing for the ''In-citrate. Progressive tumour accumulation is demonstrated for the
"n labeled MAb with the '"'In-citrate largely representing tumour blood pool. The
radioiodinated MADb-155H.7 and poly-H-IgG demonstrate the rapid dc-iodination
observed in the biodistribution study with accumulation of activity in the thyroid and
abdominal (stomach) area. The tumour is ciearly visible with both radioiodinated proteins
however analysis of the animals by dissection and counting after 96 hours shows tumour
to blood ratios for '*'In of 9 : 1 and less than 1 : 1 for both the radioiodinated proteins
and ‘“'In-citrate. If the mice had had their thyroids and stomachs 'blocked’ (by
preadministration of Kl in their drinking water), the kidneys of these animals would also
" have been visible further obscuring the abdominal region. >

These scans along with the supporiing biodistribution data point to the superiority
of the '"'In labeled MAb over the radioiodinated preparation. Progressive tumour
accumulation and rapid blood clearance enhance the tumour imaging properties of the
MADb. As well, '"In is a superior imaging radioisotope due to its favourable emission
characteristics as compared to '*'l, the iodine radioisotope most dften used .for imaging
studies. Rapid elimination of ‘the chelated ‘“ln‘reduces the rfsk of exposure to the patient
. thereby foregoing the procedures involved in p;eparingfhe patient for radiotbdine
imaging.

At the present time, »'1-MADb-155H.7 is undergoing Phase 1 (toxicity) clinical
trials at the Cross Cancer Institute for the in vivo detection of ovarian and colorcctal
carcinomas. These studies were initiated prior to completion of the presented here and

future studies will most likely incorporate the use of !''in for clinical investigation.
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Figure 17. Tweaty four and 48 hour scans of TA3/Ha tumour bearing micc injected 1.V, with
YWin-citrate, **'In-B-EDTA-MAb-155H.7, **'I-poly-H-1gG or '*I-MAb-155H.7. Tumours
were implanted subcutaneously on the lower right flank; all images are posterior yiews.

A
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Figure 18. Seventy two and 96 hour scans of TA3/Ha tumour bearing mice injected I.V. with
"!In-citrate, '''In-B-EDTA-MAb-155H.7, *'I-poly-H-1gG or '*']-MAb-155H.7. Tumours
were implanted subcutaneously on the lower right flank; all ifnages are posterior views.



4. SUMMARY AND CONCLUSIONS
The aims of the work presented here can be summarized as follows: 1) to determine if ‘the
derivatized bifunctional chelating agent, PAB-EDTA, could be successfully used to label MAb
with radiometal cations, such as '"'In and *'Ga, and 2) to determine il the bifunctional
chelate labeled MAb was superior to radioiodine labcled MAb with respect to in vitro MAb
function and in vivo usc as a diagnostic tool for cancer imaging. .

The bifunctional chelatc was shown to successfully bind radioindium and radiogallium
in the unconjugated state and tfe radioindium chelate was stable against transchelation to
transferrin in vitro. The bromoacetamido- derivative was superior to the diazonium salt
derivative for labeling MAbs and radioindium was the preferred radioisolope as reduced
labeling yields with radiogallium were obtained. This was due mainly to the presence of
non-radioactive metal ions discovered in the radiogallium preparations by INAA. Comparative
in vitro testing of BrAc-B-EDTA labeléd MADb-155H.7 and radioiodinated MADb-155H.7
indicated that the bifunctional chelate-labeled MAb-155H.7 was only marginally superior to
the radioiodinated species. The advantages of using the bifunctional chelate, such as, advance
labeling and long term stora’ge of the bifunctional chelate labeled MAb with addition of the
radioisotope as the final step, promote the use of this reagent aithough the in vitro effects of
the labeling technique were not much different from radioiodination.

As well, the importance_of quality control of both bifunctional chelate labeled and
radioiodinated MAbs was emphasiza@aby the results obtained with the various in vitro assays
used to assess MAb function. | )

The in vivo testing demonstrated, Pwp pertinent points relevant to the use of
bifunctional chelates for labeling &Abﬁ ~The preliminary - bi‘odistribution of the
IBS.PNB-EDTA-'"'In in normal mice démb;glratw the in vivo stability of the chelated !''In.
Although the iodine label was relatively labile, as evidenced by increased amounts in thyroid,
liver and stomach compared to '*'In, the two labels indicate the rapid excretion of the chelate

by the kidneys. This rapid excretion is characteristic of radiometal chclales of EDTA and

"DTPA and less than 2% of the in jécted dose s 1 remaining in the animals at 24 hours. The lack

Pd
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of bohe and liver uptake lends support to the fact that there is no transchelation of *"In 10
transferrin over the time period studied. This ’comparcs favourably to the results obtained by
Yeh er al.'' where they demonstrated that derivatized PAB-EDTA labcled proteins lost only
0.11% of their '"'In to transferrin per day.

The difference in  biodistribution of ‘'"In-B-EDTA-MAb-155H.7 and
1M-MAb-155H.7 was also shown in TA3/Ha turﬁour bearing mice. The blooq‘clcarancc of
"n-B-EDTA-MADb-155H.7 was [aster, than cither '"'I-MAb-155H.7 ot "‘I:poly-H-lg(j. As
well, the '"'I-MAb-155H.7 cleared faster than '**l-poly-H-1gG. Extensive de-iodination of
the 'M]-MAb-155H.7 was demonstrated by thyroid and stomach uptake of the .tracer and
from analysis of the percent of injected dose remaining data. Low tumour uptake was
observed with '1-MAb-155H.7 and the tumc;ur to blood ratios were not significantly
different  from the ‘'"I-poly-H-IgG usch as the control protein. The
1]n-B-EDTA-MADb-155H.7, however, showed progressive accumulation of '“'ln in the
tumour. and a steady level of accumulation in the liver over 72 hours. As a result, the rapid
‘blood clearance showed enhanced tumour to blood ratios for '''In. The significant levels in the
kidney of '"'In may be related to specific uptake by the kidneys of the radiolabeled MAb
combined with metabolically released '!'In-chelate. The different falc§ of radioiodine and
radioindium labeled MAbs is supported by other researchers as well.*’"***** Dehalogenation of
the radioiodinated MAb has been shown 10 occur not only in the liver but a_lso al the level of
the tumour cell itself. Catabolized '"!In, on the other hand, undcfgocs a different fate with
either rapid elimination through the kidneys or sequestration in the tumour cell by
mechanisms as yet undefined.

The labeling of MADbs with derivatized PAB-EDTA has been shown 10 be a feasible.
reproducible method to attach radioisotopes other than radioiodine 1o MAbs and has also

demonstrated its superiority to radioiodinated MADb n wvo.
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Percent of injected dose per gram of tissue for Na'''l and '“ln-c}&s&te in normal Balb/c mice,
AN

Tissue 6 Hours 24 Hours 48 Hours 72 Hours

hlxn l“l llll% ! . l“l Illln Ii!l lllln Il!l
Blood 370 025 127 004 059  0.02 033  0.04
+0.04 {.xo.oe 13 +0.005 +0.10 £0.002 10.06 +0.003
Lung 294 023 L 3B 004 151 002 149 0.0
$+0.22  +0.12*%0.29 +001 1027 $0001 10.5 +0.01
Sal. Gl. 193 s36 210 042 203 015 219 0.1
+0.08 +0.88 +0.07 010 0.4 +006 +0.63 £0.05
Liver 330 012 488 005 508 004 449  0.06
$0.12  $0.01 +0.37 +001 +0.28 +0.005 +0.66 +001
Spleen 211 012 277 . 002 281 001 293 0.0l
- $0,20 10.02 +0.22 +0.004 $0.22 £0.001 #1.03 10.00l
Stomach 074 272 104 022 086 008 074 0.0
+0.12 +0.89 +0.07 +008 +0.15 004 $0.25 001
GIT 162 028 216 005 179 003 ~+20  0.05
+0.13 +0.004 +0.16 +0.008 $0.37 +001
Kidney 16.34 008 1298 0.14 887 0.6
+1.56 +0.02 258 1002 +1.00 +0.05
Muscle 0.71 00l 053 00l 056 0.0l
+0.03 +0.002 $0.04, +0.002 $0.4  0.000
Bone 308 010 347 0.0l 338 001 279 0.0

+0.35 +0.02 £0.36 +0.002 10.37 £0.000 $0.10 £0.001

7
Note: all values are significantly different, P < 0.01;n = 4. 4
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Percent of injected dose per organ for Na''l and '"'In-citrate in normal Balb/c mice.

. Organ 6 Hours &4 Houns 48 Hours T2Hours
. Illln llll Illln Iil' lllln IN] Illln Iﬂl
%' -+ - B

Blood 6.69 0.46 222 0.7 104  0.04 0.59 0.07

$040 '$0.13 +017 +0007 £0.18 $0008 +0.05 . +0.003

Lung 0.56 0.04 043 0.01 0.30 0.004 032  0.009
$+0.09 $0.02 $0.07 £0002 $0.02 +000 009 *0.004

Sal. Gl. 0.36 1.00 0.41 0.08 0.38 0.03 0.41 0.03
+0.02 £0.19 $0.01 £002 1004 1002 1009 1001

b
Thyroid 0.25 5.44 0.28 5.23 0.26 4.84 0.49 5.58
$0.01 $0.64 1010 $1.76 +005 +067 1030 +0.55

Liver 4.35 0.16 6.03 0.06 6.14 0.05 5.717 0.08
‘ +0.23 +003 +0.70 £0.01 091 0.0l 10.52  £0.008

Spleen 0.24 0.01 0.31 0.002 0.36 = 0.002 0.33 0.002
+0.03 * +0.004 1001 +000 +$0.14 0001 10.08 *0.00

Stomach 922 0% 022 051 021 002 019 0.2
$0.03 10.60 1005 - £003 002 001 10.06 +0.009

.. GIT . ‘ 5.06 0.86 6.21 0.13 5.30 0.09 %.37 0.15
10.49 +0.23 +0.36 - +001 +0.66 +004 087 +0.03

?
i

Kidney 4;» 702 009  7.MM 003 523 006 376 0.l

ﬂ +0.03, £90.63 006 +0.51 +001  10.67 +0.007
iMusclcﬁ:' * o'? o? esz : ~ 0% 0005 051 0.005
Ca s oii‘ 01 d&&os'-,. 0.001 £0.15  +0.00
' 3,' ks T' ) .
Bonc "{ £r 305 0%‘["?_3&1 <. 038  0.001
M‘ ‘ _:tO;O_}‘;_?:_ £ 0,00pE% og ) $0.09  +0.00
oo Ky gl T ' , '
§8 L o0 B 34 338 .84 \90?3 ©U074 036 2232 047
AT &7 JRE SO AR f;;\w ‘£0.15  ‘t0.88  +0.03 $537 10.09
Rem. 064 . 116 4646 745 4026 S48 3507 636
v $249  £276 £425  £3.70 1265 +0.68 1146 +0.74
'&\, L& .

.
<

‘e .ot

c% all. va[ucs are ﬁgmﬁcantly dif fercnl P < 0.0]1; n = 4, except for 6 hour stomach.
Y
R

Al

2 , N
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e

Percent of in jecte& dose per gram of tissue for **I-PNB-EDTA-''!In in normal Salb/c mice.

Tissue

Blood
Lung
Sal. Gl.
Liver
Spleen
Stomach
GIT
Kidney

' Muscle

Bone

o

1S Minutes 1 Hour 6 Hours 24 Hoyrs
mln llll ® "‘ln '“l " nlln llll '"ln ml
) —rr
44) 356 052 098 (008 021° 002 002
+0.53 047 £016 $021 £001 1007 +0.004 +0.005
314 311 04  079° 008  022°* 005 . 004
$0.35  $0.57 +0.11 0.1 £001 $0.02 001 0.0
132 304° 0.19 183 007 050 005 003
+0.12 $0.38 +00S 008 +0.002 £0.12 ‘+0.01 £0.02
240 895 084 261 046 065 0N  0.3s
$0.22  £0.67 $0.14 $037 $003 +004 1004 £0.05
108 1.70° 0.28  0.70°* 0.5  024* 014 012 "
+0.09 +0.29 +0.05 £0.13 $001 006 +002 +0.05
168  874°* 024  7.28° 005 108** 007 007
$+0.67 +1.38 +0.10 +145 +002 +003 002 $0.04
193  385** 194 48 076 159 0.6 008
$0293 041 $040 OQYe Y026 055  £005  £0.03
690 862  192.. 19n-V 115  074** 051 033
$0.99  +1.10 to.*o.p $0.12  +0.04 +007 £0.06
091 087 016 029 003  004** 002  001°
008 +0.07 007 $009 $0001 $0.001 +0.003 £0.004
250 168 055  057- 016 020 013  007%°
3025 $0.26 $008 .£008° +004 1004 +002 $0.0l

Note: all values arex + sd..n = 4.

*P <0.05; ** P < 0.01.
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Percent of injected dose per organ for 15].PNB-EDTA-'""In in normal Balb/¢ mice.

Organ ( 15 Minutes, 1 Hour - - 6 Hours 24 Hours
‘llln l)’[ Xllln llll Ill]n .l?Sl lllln llSl
Blood 568 456 072 137 011 029° 003 003
N $0.35 10.31 +0.22 - £0.28 0.1 +0.10 +0.002 10.009
Lung e 0.52 0.52 0.0° 0.13 0.01 0.04** 0.009 0.008

110.03 . +0.04 10.05 $0.02 +0.004 £0.007 +0.001 +0.002

Sal\Gl. =~ -~ 0.17 0.39%* 0.03 0.24**  0.009 0.07** 0.006 0.004
40.03 +0.07 10.004 $0.03 +0.001 $0.02 +0.001 +0.002

Thyroid 007  027% 001  055%* 0002 1.1s* 0.002° . 1.74°
© = $0.01 +0.01 +0.004 +0.08 +0.0001 £0.12 +0.0001 0.97

Liver 207~ 8.09°* 086  275°° 044 ., 0.62** 041 038
+0.27 +0.94 +0.20 +0.53 +0.02 +0.05 1005 +0.03

Spleen 002  017°* 0Q3  008** 002 003 0.02 0010
. +002 +001 001 +0.01 10001 +0.01 $+0.002 0.0

Stomach 041 222 007  209** 001  0.28° 002  0.02
. +007 +0.44 +0.02 +0.69 +0004 +010 001 0.0l

GIT 462  9.24% 469  1196* 1.78  3.74* . 041 022
+0.31 +0.77 +0.88 +2.07 #058 +123 £0.14 £0.09

4 2

"Kidney 176 220 0.1 _ 051 028  0.18** 015  0.10
+0.26 +0.18 +0.07 £0.10 1001 0.0l 002 +0.03

Muscle 055 052 010 019 002  003** 001 001
+0.04 $0.05 0002 £0.003 £0.001 +0.002

»

+0.03  $0.01

Bone 025 o017 Go7 007 002 002 001 00l
£0.06 +0.05 +001 £0.01 +0.0Q3 #0.003 0.001 ~+0.001

Carcass 26.60 22.44¢ 430  7.80°3  0.95 1.66° 0.59 0.31.
+2.17 +1.15 +1.16 +1.64 016 054 012 *0.05

% Dose Rem. ~. 39.77  48.15** 11.10 27.06**  3.60 7.99** 1.65 2.80
+3.04 +361 +2.22 +5.09 065 +184 +031 1.1

_Note: all values arex +s.d..n =4 : .
*P <005 * P <0.01. :
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¢ Percent of injected dosg per gram of tissue for '**1-poly-H-1gG and
1u1ln.B-EDTA-poly-H-1gG in normal Balb/c mice.

6 Hours 24 Hours 48 Hours - 72 Hours
lllln lISI lllln USI Hlln Hil lllln ll!l
Blood 26.44 32.26 18.83 22.68* 16.36 20.07* 13.46 16.81°

+6.09 +694 £2.19 +2.42 +1.85 t2.12 146 11.66

Lung 12.40 1548 9.3 11.72 9.54 | 11.80  8.36 10.51
+271 +452 196 +2.53 £1.73 $2.55 £120 +1.70
. l
Sal. Gl. 3.72 6.50°¢ 4.39 5.39 3.58 . 4.09 3.59 3.719
+038 +1.13 +101 114 +0.76 $093 +£048 £0.50

Liver 32.34  6.02°*  26.50 4.02°¢ 21.92 3.34*  18.26 2.94¢¢
+665 +130 +3.37 +£039 t1.66 048 +480 10.28

Spleen 14.271  7.12¢ 11.37 5.10°¢  10.63 4.45*¢ 8.40 2.50%¢
+426 +155- +1.23 +050 '+1.04 044 £192 10.64

Stomach T 189 6.64°* 143 2.26* 116 ¢ 164 1.4 1.83
+053 +1.70 +0.46 +0.52 +0.26 +030" "*0.39 £0.5]

GIT 376 3.82 2.94 2.57 2.26 2.05 2.10 1.81°
+0.74 074 030 +031 +0.13 +017 1015 1010

Kidney 10.16 7.13 9.11 5.24**  8.05 4.19** 6.9 3.43°
- ‘ ‘ +199 +130 +0.68 '+044 +1.06 +052 121 1040
Muscle 1.26 1.0 1.45 1.80** 1.28 1.58 1.08 115

+027 +031 +0.09 +012 £0.22 +024 10.13 2037

Bone 3.83 3.80 443 2.80°* 495 2.02¢¢ 492 1.80°¢
+081 +071 £0.50 £0.11 £0.97 $035 1104 20.14

Note: all values are x * s.d.;n = 5.
*P <0.05° P <O0.0l
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Percent of mjectcd dose per organ for '**I-poly- H lgG and "In-B-EDTA-poly-H-IgG in

normal Balb/c mice.

Organ . 6 Hours 24 Hours, 48 Hours 72 Hours

Illln “!l lllln l)Sl lll]n l”l lllln I)Sl
Blood 3072 37.50 2372 28.59* 2074 25.44*% 1730 21.59°
+6.44 +728 1226 +2.59 184 +191 +236 +2.58

" Lung 211 265 150 1.8, 176 216 . 1.60 204
+082 +117 4039 #0510 1044 $0.58 +049 1071
sal. Gi. 043 075 050 062 P44 050 043 045
4002 4007 4012 +0.14 +0.07 1008 009 +0.09
| .

Thyroid D.16 - 1.47°* 015 232 0.1 510 0.14  3.49%°
£0.06 049 +007 $131 £0.02 £110 007 £1.27
Liver 3067 S.72°* 2678  4.06°* 2488  3.75°* 2099  3.38°
+480 +099 +3.33 033 1406 038 577 1036
Spieen 164 083 140 063 139  0.58* 115 048
£032 +013 £024 010 025 $0.08 $0.32 $0.10

Stomach 039  1.45*° 040  063** 032 046 029  0.38
£008 £057 +0.06 004 +0.07 010 *006 0.8

GIT 8.71 8.84 _ 6.67 5.84 581 ° 5.26 547 471
+131 4123 +074 +0.74 $0.51 +032 076 +0.6
Kidney 557 193 237 Y 136 205 107 171 087
‘ +023 4019 +0.11 +0.09 $0.25 012 $0.30 0.2

Muscle 072 09 091 1.13* 074" 091 065 -0.70
4029 4036 +009 +£0.1! $0.13 +014 +0.13 £0.27
Bonés 042 042 044  028°* 045  0.21°° 048  0.18°
, 4007 4009 +0.05 +004 +0.13 +0.10 1006 £0.03
Carcass 4031 4701 4588  48.53 4047 4260 3457  36.25
+545 . +647 +3.77 £333  £207 +243 £339 1361

% Dose Rem.  102.65 89.81  97.68  79.23** 87.43  70.56** 70.57  61.96
$1314 £1146 +6.80 +489 17.07 272 743 1684

Note: all values.are x £ sd.,n =35
*P<0.05*P <001



Percent of injected dose per gram of ussue fot .poly-H-1gG, '*'1-MADb-155H.7 and
"n-B-EDTA-MAD-155H.7. '
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* Value 1s significantly different from the other two, P < 0.05.
** Values are significantly different from each other, P < 0.05.

“Tissue 6 Hours 24 Hours ' 48 Hoyrs . Q , 72 Hours
“ ‘h“
Illln llll l”l Hlln llll IU] Illln llll Illl lllln \ llll llll
. ’\=\‘

Blood 16.15* 2533 26.42 S5.53* 11.16 1358 3.15** 730  11.88 325 § 11.30
40.78 +1.64 126 053 *1.45 147 $029 1108 1090 1071 t1.14 1189

Lung §32° 1075 1201 396 468 S70° 360 287 S3® 3N 257 4w
+1.23 +098 204 $038 $0.52 £1.02 $021 10.64 1.48 1049 093 *0.17

Sal. Gl. 2.41°* 19.11 8.2 2.76°  12.14  7.00 3139 2.60 .21 3.25 1.62° 263
+1.02 1478 £2.39 +099 $8.10 295 068 1.0} +0:23 +0.48 1032 10.39

Liver 6.10 7.71* 599 5.81* 299 2.87 5.76* 1.5 2.04 §s.70** 1.28 208
+0.47 +088 1026 10.59 10.44 £0.52 *0.44 1028 10.14 054 $0.19 4033

Spleen ,"5.04‘ 4.00 in §.75*  2.18 1.93 5.69** 047 1.54 4.86°° 0.50 1.46
$0.34 +0.57 10.11 £0.75 *0.13 +02) +0.47 003 +0.14 090 20.10 10.26

Stomach ] 1.33°* 1192 494 1.00 5.48° 292 0.71° 1.24 104 - 062 075 0%
+0.4] £3.33 099 013 239 *1.12 017 +0.13 $0.11 1016 10.20 :tlj.29

. GIT T 236 297 1.90 242 132 1.10 191* 0.66 0.78 1.45%¢ 0.45 0.7%
$017 $044 $0.18 054 045 020 L£016 1009 $0.08 2036 0.09 .£0,17

3

. ‘ .“.
Kidney 18.25* 4.65 5.85 20.19%* 5.40 3.24 19.08°* 5.85 2.88 13.83* 2.712 2.4)
4213 1114 +0.55 14.09 10.32 054 1217 20.55 $0.45 $2.13 2098 10.50

Muscle 1.06° 0.8 083% 079 0.54* 0469 0.81°* 0.8 0.7 0.76 0.33* 0.6%
+0.14 1013 *0.14 $0.09 10.09 1007 =0.04 *0.05 +0.02 10.12 2006 20.12

Bone 3.05° 1.38 '1_75 3.27° 1‘.50 1.04 3.28°° 031 0.90 2.68* 0.23 0.83
+0.56¢ 1033 ¥0.17 1044 1032 3015 +038 1002 $0.08 070 20,02 10.13

Tumour 8.58 8.85 8.58 1.75 6.99 6.88 8.08°*° ‘4.45 6.02 7.75% 1.6l 5.51
. 16/.60 11.49 20.44 +1.10 $1.36 1.6 +0.17 080 1061 1059 +0.87 10.64

Note: all values are x tsd.,n=395§ 7:_
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Percent of injected dose per organ for . poly-H-1gG, "'I1-MAb-155H.7 and Hiln.B-EDTA-MAD-155H.7 in
TA3/Hs tumour bearing mice. ’

Osgan 6 Hours 24 Hours 48 Hours T2 Hours
Illln llll Hll lllln /{ll\/ l"l nlln l‘ll llll lllln llll llll

Blood 13.70° - 21.47 2262 9.63 8.89 10.65 2.98°° 5.8 9.43 2.71** 458 9.6
4268 $231 £398 1078 $1.72 1117 1059 %170 1.8 +0.36 10.84 1092

Lung 169 219 245 078 091 111 08 0.5 096 067 043 09
+043. $0.53 +0.70 £0.12 $0.09 018 $0.18 £007 0.09 $0.8 10.07 10.08

» e
Sal. Gl 043 340 146 046 198 116 060 045 057 058 029 04
£018 $0.76 4039 $0.18 $123 044 1014 017 2002 1008 10.04 +0.06

Thyrold 0.16** 2.05 0.85 0.08** 240 097 0.07** 3.09 1.40 0.001°* 3.12 1.60
4007 $0.66 032 $0.02 1029 £0.10 10.04 +039 $0.1) 1000 10.45 $0.16

Y
Liver 7.04 8.86° 6.90 7.09° 364 3.48 8§24 226 292 8.57* 1.74 2.76
+0.64 $0.73 1033 1047 028 +£0.42 10.72 +055 +£0.30 £097 $0.29 10.08

Spleen 1.41° 111 1.0 1.70°  0.65 0.57 1.86°* 0.16 0.50 1.48°** 0.15 0.44
4023 $0.18 $0.10 026 024 +0.05 0.24 $003 005 0.8 $0.02 0.06

Stomach 033** 303 126 _031° 157 08 029° 05 044 025 026 03
$007 $0.76 $031 006 068 034 1003 2014 2008 $003 $0.05 20.03
GIT 637 800 i 610 336 333 564 19 231 44 138 240
$032 £0.78 €£034 1095 091 110 045 $015 027 2067 $0.14 2027

Kidney 6.83* 1.73 2.19 7,770 2.06 1.24 7.06% 2.16 1.06 5.3 1.04 0.92
£099 1038 1025 +1.83 $0.02 0@ $0.50 001 $0.13 +0.88 10.36 10.17

Muscle  0.80° 0.61 0.63 0.60 0.41* 0.53 0.63°* 030 0.54 0.60 0.26* 0.51
+0.14 +0.09 011 008 *0.06 1008 10.06 004 +0.03 0.l $0.04 20.06

- Bone 0.33 0.14 018 0.38* 0.8 0.12 0.33* 0.03 0.09 0.#7‘ 0.02 0.08
$0.07 $0.04 002 +$0.06 +0.05 002 $0.06 1001 1001 +0.04 10.004 +0.01

Tumour 2.77 3.12 2.83 5.74 5.35 5.10 478  2.69 3.36 Kvy) 1.31 1.95
+151 4238 170 +1.71 4227 $1.84 1064 073 069 11.19 10.88 *1.15

Carcass 44.89° 3719 3676 439 32.51° 4063 42.55°° 19.51 3519 - 37.17°° 1423  28.76
4411 $571 £336 £3.73 1137 £368 1419 1266 $1.39 1207 21.94 $2.70

GDose 8746  93.52 8503 719.53 683 7138 7604 3982 5941 6513 29.08 " 51.43
Rem. 640 $8.53 4586 +435 $16.75 1324 451 1547 1092 £397 £3.74 1332

Note: all values are x £ sd.,n = §
* Value 1s significantly different from the other two, P < 0.05
** Values are significantly different from each other, P < 0.05
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STATISTICAL ANALYSIS .

All statistical analysis of biodistribution data was performed using the Student's
paired t-test. This test determines if the difference between two means is statistically
significant. The basic assumption for this test is that the data to be analyzéd is not different
i.c. mean 1 = mean 2 and if this null hypothesis does not hold true, then the diffe_rence
bclwcen.lhc two means is determined to be significant. For paired data, all sourceSv of
experimental error other than treatment must be the samc for each pair and the mathematical

. ¢
equation cmployed is:

t = d
Sg
where N
X4 = mean sample difference (absolute)
S5 = standard error of the mean difference
and
\ . 2 ) ?
S5~ Z(X,-Xo)" - (2X, - £X,)
_ N )
n(n-) o,
where
n = number of observations
X, = meanl e
"X, = mean 2

The interpretation of the t value obtained by this test is generally determined from

standard tables of pag ‘, bilit versus-L. The degrees of freedom involved and the confidence

limits required theff NN ’. "sxgmﬁgapee oF. the difference observed between the two

means’. Thé.d;g‘ S gers 10 the number of mdependent random selections that
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may be made from a. sample and for the paired t-test is equivalent to n - 1, whérc n is the
number of observations. The confidence limits correspond to values lﬁat are considered to
give rcasonable assurance that the true value being ‘estimated lics within these limits. The
confidence limit for the present studies was chosen to be 95% or greater corresponding o
probability levels of 0.05 or less. The actual calculations were performed with the aid of a
computer program (TEE) generated by C. Ediss on the University of Alberta Ahmdahl

computer 1o expedite analysis.

TRIPLE LABEL CROSSOVER CORRECTION PROGRAM
This program was generated by C. Ediss for use with a Tracor TN 1117 compuagy
interfaced to a Tracor 2200 multi-samplg Nal(Tl) detector (Tracor-Northern). lw was initially
developed for '*'I, ' and *’Ga but was easily adapted to use with *'l, '] and '"'In for the
work presented here. .
The program requires that components of each radionuclide can be isolated from
interference by each of the other radionuclides involved. The program itsell has two parts, an
initial calibration step followed by analysis qf sample radioactivity. In the céliiyraiion step,
three windows arc selected manually and each is set foﬂh; most favourablc‘delqdion of onc
of the radionuclides. Three standards consisting of '*'l, '»*I or '"'In are prqpared such that
their count rate is in the same approximate range as the samples o be a:f\élyzcd. Fach
standard is then counted in all three windows along with a background sarhp‘le‘ togivea 3 x3
matrix of coumiﬁg efficiencies. This matrix is stored in the computer mefno;'y and as the
" samples are analyzed, the inverse.of this matrix is used to correct the count rates—ef the
“.samples for spillover in the.three windows. Fur‘lher matrix manipulation provides an estimate’
’zof the error in the corrected 'sample count rates due to background and the sblalistical
cbmribulion of the spillover.correction technique. ‘ :
v As an added f‘eature. the program can correct each sample for physical (i_g:cay:of the

ra.d'ioisotopes and automatically subtracts background making further mathematical

mdnipulation of the data infinitely easier. T s



