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TECHNETIUM-ANTIBODY CONJUGATE

This invention relates to a technetium-antibody
conjugate.

The present invention provides a conjugate of
technetium with a radical having an antigen binding site
wherein the technetium thereof is radicactive.

The preferred technetium isotope is 99Mre,

In a particular aspect the present invention provides a
technetium-antibody or antibody fragment conjugate which is
preferentially absorbed by a tumour cell as compared to a
non-tumour cell.

Preferably the conjugation is via a sulphide linkage.

The present invention also provides a compound of
formula Ab-Y-S—NTc(Hal)3 where Hal is chlorine, broemine or
iodine and including mixed halides, and Y is a conjugating
chalin and Ab is an antibody radical or a radical having an
antigen binding site.

In a preferred instance Y is of the formula

X Z
fn 1
-[NH-C-(CH) 1,
wherein Z is H, alkyl, aryl, carboxy,halide hydrexy ar
amino, n is 1-10, X 1s NH, 0 or S and z is 0 or 1.
Alkyl groups preferably 1 - 6 carbon atoms, aryl groups
preferably 5 - 16 carbon atoms.
The present invention also provides compounds of
formula
Ab-S—NTc(Hal)3
Ab-NH-Y-S-NTc(Hal)s
wherein Ab, Ab-NH or Ab-S represents an antibody radical or
a radical having an antigen binding site and Y and Hal have
the meaning given above.
The present invention also provides the intermediate
compounds
Ab-SH
Ab-NH-Y-SH
wherein Ab, Ab-NH or Ab-S and Y have the meaning given

abave.
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Compounds in accordance with this invention may be
produced by taking one of sald intermediate compounds and
reacting with TcN(Hal)4 wherein Hal has the meaning given
above.

The intermediate compounds may be formed by

a) reducing an antibady to form free sulphydryl groups.
Such reduction may be effected in a number of ways but it is
presently preferred toa use dithiothreitol (DTT),

b) reacting an antibody succinimidyl pyridyldithio-
propionate (SPDP) or an analogue thereto appropriate to the
campound desired to obtain an antibody conjugate containing
a -5-S-group, reducing the conjugate to form a -SH group,

c¢) using S-acetylmercaptosuccinic anhydride (SAMSA) or
SH introducing compounds to produce a side chain on an
antibody containing a -S-linkage and reducing to form a -SH
group,

It is preferred that said radical is an antibody.

The antibody may be a monoclonal antibody. Antibodies
useful in the preseﬁt invention included thaose shcming
specificity for breast; brain, melanoma, lung, pancreas and
colan tumours.

The antibody may be én intact immunogobulin or a
fragment of an immunogobulin maintaining a sufficiency of an
antigen binding site such that it is preferentially absocrbed
by a tumour cell as compared to a non tumour cell.

Thus, in addition to whole antiboedies, it is also
possible to utilize F(ab'), and F(ab') fragments.

Still further antibody polymers such as antibady
pentamers IgM and derivatives of these such as immunogobulin
monomers may be used.

Also useable are IgGZa' IQGZb’ 1951 and 1953.

The compounds of this invention may be combined with
pharmaceutically acceptable carriers.

The mode of administration of the compounds of this
invention will be as selected. In particular, the compounds
of thls invention may be administered intravenously,
intréperitonealy, intrapluraly, intrapericardialy,

intracersbospinal fluid and subcutaneously.
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The technetium-antibody conjugates of the present
Invention may be formed into pharmalogical caompositions with
appropriate pharmaceutically acceptable diluents.

The technetium-antibody conjugates of the present
invention are useful for in vivo detection of tumours such
as by immunoscintigraphy.

Radioactive isotopes of technetium coupled to MoAb have
been used by us in the search for specific methods of
diagnosing small tumours. In this 1light we have
successfully located tumours in both mouse and man, and
antibodies have been administered either intravenously or
subcutaneously, or by other routes. It is clear th
radiolabelled MoAb can indeed localise in tumours in vive
and with the use of computer assisted tomography, with
subtraction for non-specific effects, this method can then
be utilized for the specific detection of tumours - both
primary and secondary. However, there are problems of
specific activity, specificity and high blood background
which need attention before this technique can be accepted
as a useful diagnostic toonl. Major advances in the
diagnostic radiolocalization of tumours should result from
the production of better MoAb, better methods of
radioclabelling and finally, design of methods to reduce the
background provided by circulating radiolabelled antibodies.
It is expected that more specific antibodies will become
available with time. Ue have shown that the use of second
antibody (anti-immunoglobulin), is able tg clear the
circulating posl of antibody, and thereby significantly
lower the background.

Prior use by us of 1311, or a combination of 131I, or a
combination of 131I and 12571 in experimental models has
shown that 1237 cannot be used in man because of high tissue
attenuation but there are however serious drawbacks with the
use of 1311. This nuclide provides a poor quality image, it
produces significant radiation exposure due to its beta
emissions and has a short biclogical half life - presumably
due to the de-iodination of the MoAb. The use of 39™7¢ for
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labelling MoAb as in this invention offers several
advantages: it has a reasonably short half life; it is
cheap, easy to produce, and 1is readily available. The
lsotope has an optimal gamma energy (140keV) for detection
with currently available scintigraphic instrumentation and
produces very little radiation exposure to patients
undergoing scanning procedures.
Materials and Methods

Mice: Mice used were: RF/J, C57BL/6 and ( CS7BL/6 «x

BALB/c)F4y (=BCF4) bred in our colony. Athymic, BALB/c mice
(nu/nu) were obtained from the Royal Dental Hospital
(melbourne, Australia). ’

Tumour Cell Lines: Two tumour cell lines were used:
one, the EJ clonal variant of the thymoma ITT(1)75NS(1)
which was obtained by three successive rounds of fluorescent
activated cell sorting of ITT(1)75NS cells stained with
monoclonal Ly-2 antibodies and selected for the most
fluorescent 1% of cells, The murine cell line E3 was
maintained in wvitro in DME supplemented with 10% heat
inactivated newborn calf serum (Flouw Laboratories, Sydney,
Australia), 2mM glutamine (Commonwealth Serum Laboratories,
Melbourne, Australia), 100 IU penicillin/ml and 100 mag
streptomycin/ml (Glaxo Laboratories, Melbourne, Australia).

E3 cells were washed twice in DME (without additives) and

the passaging of cells from ascites fluid praduced in BCF1
mice. Ascites were washed in OME and PBS, solid tumaur greu
after the s.c. injection of 108.9g7 cells. The secaond cell
linerused was a human colonic carcinema, COLO 205 (2),
maintained in culture with RPMI containing the same
additives; adherent cells were harvested with 0.125% trypsin
(Commonwealth Serum Laboratories, Australia) washed with
RPMI and injected s.c. into nude mice, where tumaurs
appeared after the injection of 2 «x 108 -1 x 107 cells.
MgAb: Two MoAb were used: (i) anti-Ly-2.1 (IgG2a), an
antibbdy raised against the murine alloantigen Ly-2.1 (3);
and (ii) 250-30.6 (IgG2b), an antibody to human colonic
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secretory epithelium (4). The MoAb were isolated from
ascitic fluid by precipitation with 40% ammonium sulphate,
followed by dissolution in 0.01 M Tris buffer pH 8.0 and
extensive dialysis against the same buffer and further
purified by affinity chromatography Using protein-aA
Sepharose (Pharmacia Inc., Piscataway, NJ, U.S.A.)and purity
was confirmed by gel electrophoresis and antibody activity
assayed by a rosetting test (5).

ggﬂlg Labelling af MoAb): Sodium Pertechnetate

Injection B.P. produced from fission product chromatography
generators was used for all preparations. Generators were
obtained either from the Australian Atomic Energy Commission
(Lucas Heights, Sydney, Australia), or from Mallinckrodt
Inc. (St.Loulis, mMOo.USA). MoAb were labelled with gngc
using two methods - the neuy method described herein, and a
method using stannous chloride.

(a) Labelling using gngcNC14':gngcNC14' was prepared as a
dry salt residue as described in detail in (8). For
labelling, the MoAb was first raduced with the additian of
DTT (20microl, 115mg/ml in PBS) to 200microg of MoAb (1
mg/ml in PBS) and allowing the mixture to stand at room
temperature for 30minutes when the reduced MoAb was
separated from DTT by gel chromatography using 0.1 M sodium
acetate pH 4.0 as eluant on an 8¢m x 1em column of Biogel P-
6§ (Biorad Laboratories, Richmond, U.S.A.). The fractions (1
ml) containing the protein peak were added to the dried
ggmrccla' salt residue and the mixture brought to pH 3.0
with 0.2M hydrechloric acid; after 2 minutes at room
temperature, 0.1M sodium phosphate was added and the pH
adjusted to 7 by the careful addition of sodium hydroxide.
Purification of the labelled MoAb was then achiesved by gel
chromatography with a Sephadex G-25 column (PD-
10,Pharmacia).

(b) Stannous Chloride Reductian Method: Stannous chloride
(20-200 microg) was added to 200 microg MoAb (1mg/ml), 4-8
mCi of pertechnetate was added, and the mixture allowed to
stand at room temperature for 30 minutes. The labelled MoAb

was purified by gel filtration on a PD-10 sephadex column.
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Radioiodination of MoAb: MoAb (100 microg, 1mg/ml)
were labelled using the chloramine-T method (6): 2.5mCi of
carrier-free Nal25: (Amersham International Ltd., Amershanm,
England) and 3 microl of chloramine-T (1 mg/ml) were mixed
with the protein for 2 minutes at room temperature and the
reaction then terminated by the additionm of 3 microel of
sodium metabisulfite (2.4 mg/ml). Iodinated MoAb was
separated from free iodine by gel filtration using a PD-10
column.

Serological Analysis: A binding assay was developed to
determine the stability and specificity of the 9%™TcnN-maAb
complexes. MoAb complexes were tested in one of two ways -
either a) using one MoAb and two cell lines; or b) using tuwo
different MoAb and one cell line - both MoAb being labelled
identically, one being reactive with the cell 1line, the
other ncn-réactive. Polyvinyl chloride 96 well plastic
plates (Pynatech Laboratories, Inc., Alexandria, Va) were
washed with 1% bovine serum albumin (BSA) in PBS. In this
assay either the number of cells or the quantity of MoAB
could be kept constant while the ether was varied. Either:
(1) after serial dilution of 25 microl of the labelled MaAb,
1x107-2x107 target cells (eithér tumour cell 1lines or
thymocytes) suspended in PBS were added to each well; or (2)
different cell numbers (108- 2 « 104) contained in the same
volume of the target cells were added and an equal amount of
radiolabelled MoAb was then added to each well. 1In bath
assays the contents were mixed and the plate incubated an
ice for 30 minutss; after 3 washes, the plates were dried
and the cell pellets were counted for one minute in a gamma
counter, All assays were performed in duplicate.

Biodistribution: Nude mice bearing COLO 205 xenografts
or BCF1 mice bearing the E3 thymoma were used. The first
study compared the distribution of tuwo gngcN-MoAb in BCF4
mice; groups of 4 mice were sacrificed at 20 hrs, 30 hrs and
35 hrs after the injection of labelled MoAb. The second
study compared the binding of a 99M7cN-Moab complex to tuwao
different tumours - the E3J thymoma and COLO 205 xenografts.

In these studies, the biadistribution of %9M7¢ 1abel was
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determined by gamma counting of blood, heart, lungs, spleen,
stomach, intestine, kidneys and tumour from these mice. The
distribution of isotope is reported as a localization ratio
(tissue (cpm/g)/blood (cpm/q)). All mice received
approximately 115 microCi of gngc activity (approximately
10 microg of protein) by tail vein injection.

Imaging: BCFq mice bearing the E3 thymema (0.3 -
1.0cm) were given i.v injections of either appraximately 115
micro Ci of 39MTcN-labelled anti-Ly-2.1 (specific MoAb) and
200 micro Ci (4microeCi/micro g) of 125y labelled anti colon
(non-specific MoAb) or 115 micro Ci aof gngc-labelled anti
colon MoAb. Twenty-seven hours after injection mice were
anaesthetised by intraperitoneal injection of 4% chloral
hydrate (0.01 ml per g body weight). Vertical vieuws of the
mice were taken using a Toshiba GC 402A gamma . camera and a
low energy parallel hole collimator, A setting of 50 keV
with an 80% window and 140 keV with a 20% window was used to
image the 1251 and gngc photons respectively. Data were
stored in digital form by an MDS Modumed computer.

RESULTS

The study was conducted in three phases: the
establishment of the conditions for the coupling of
gngcNCl4'to MoAb; the testing of the stability of the
distribution of the complexes in vivo to determine whether

tumours could be detected specifically.

3307c-moAb (SnCl,): 99™Tc labelled anti-Ly-2.1 MaAb

was tested in a binding assay using thymocytes from tuwo
strains of mice - RF/J (Ly-2.1*) and C57BL/6 (Ly-2.1"). 1In
this assay the amount of labelled MoAb added to each well
was kept constant, the cell number varied (105-10% cel1ls per
well)., There was clearly no noticeable difference in the
uptake of radisactivity by the two cell types i.2. the
89mrc_moab complexes bound to non reactive and reactive
cells equally. Varying the amount of SnClz used in the
reductlion procedure had no effect on the result. This is

shown in Fig.1 which shows the binding of 99MT¢c labelled
anti-Ly-2.1 prepared by SnC12 reduction of RF/J and CS57BL/S
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thymocytes. The amount of radicactivity incorporated as a
function of cell number is shown.

Egﬂlgg:ﬂgﬁgi An alternative method of labelling was
designed, utilising the unique property of gngcNEla'to form
a stable covalent linkage to sulfur ataoms. MoAb were
partially reduced with OTT to generate free sulfhydryl sites
and mixed with the 88my. Cl, » leading to the formation of
8SmrcN-moAb complexes. The 8SmroN-MmoAb complexes were then
tested in different serological assays to determine whether
the labelling procedure damaged or altered the binding or
specificity of the MoAb, and whether the complexes formed
were stable.

" The binding curve obtained when °°MTcN-labelled Ly-2.1
MoAb was incubated with thymaocytes from mouse strains RF/J
(Ly-2.1%) and €57BL/6 (Ly-2.17) is shown in Fig.2 which
showus the specific binding of anti-lLy~2.1 labelled with
gngcNCla' on RF/J and CS7BL/6 thymocytes; Amount of
radioactivity bound as a function of antibody in the
reaction mixture. There was clearly a major difference in
the binding of the labelled MoAb to the reactive cells
(RF/J) when éompared to the non-reactive cells (cs78L/8)
with specific ratio (=cpm RF/J / cpm C57BL/6) of greater
than 20. Thus with the use of the one antibody and tuwo
difference sources of cells the procedure used to couple
gngcNCla'to MoAb produced a stable complex which bound only
reactive target cells as shown in Fig.2.

The results are clearly superior to those obtained with
the complex formed with the use of SnCl,. In this respect,
réferancs is made to Fig.1 which shows the binding of 8Smrg
labelled anti-Ly-2.1 with SnCl, reduction on RF/J and
C578L/8 thymocytes; amount of radiocoactivity incorporated as
a function of cell number. In the second assay, tuwo
different MoAb, one directed against colonic secretory
epithelium (250-30.8) and the second, the anti-Ly-2.1 MoAb,
were labelled with gngcNCla' under identical coupling
conditions and the tus pompléxes were tested for their
abilfty to bind to the murine T cell thymoma E3;, which is
Ly-2.1% but does not react with the anti-colon MoAb (250-
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30.6). Again the specific MoAb complex 8Smrg Ly-2.1 bound
more efficiently than the gngcN—anti—cchn complex as shoun
in Fig.3 with a specific ratio of 10. Fig.3 shows the
specific binding of 39MTeNC1, labelled anti-lLy-2.1 and
anti-colon Mo-Ab on ITT(1l) 75NS E3 target cells. Thus in
these assays, it appeared that a stable bonding of 88mre g
MoAb had been produced, so that only the binding of antibody
to the appropriate target cell was detected.

Stability of 33MTcN-moAb: Aliquots of 99MTc labelled
Ly-2.1 MoAb were stored at 4°C for 20 hrs and then tested in
binding assays with RF/J and C578BL/6 thymocytes. No loss of
binding reactivity was observed when the binding curve (as
shown in Fig 4) was compared with that obtained at 6 hrs (as
in Fig.2). Fig.4 shows the binding of anti-Ly-2.1 labelled
24 hours previously with gngcNClé, on RF/J and C57BL/6
thymocytes.

88MycN-moAb complexes: At the time when °5°9M™Tc is obtained
from a 39Mr¢ generator, there is approximately 0.7 micro g
ggmTc/ml of gch eluted (8). As the number of labelled
binding sites on the antibody molecule is determined by the
chemical gquantity of technetium present, the effect of
labelling with increased quantities of SSmy. may be studied
by the addition of gngcCla' carrier to the gngcoa-used faor
labelling. The addition of 2 micrao g gch to the reactiaon
mixture was thus equivalent to increasing the SSmy. activity
used by a factor of 200, This approach was adopted toc avaid
the radiation hazards associated with the handling of high
levels of activity and to overcome "dead-time" problems
which would arise in the gamma counting of very high
activities.

The binding curves obtained using 39MTcN-anti-Ly-2.1
containing added 8891¢ carrier are shown in Fig.5. Fig.5
shows the binding of two ati-Ly-2.1 conjugates - one
containing added Tc carrier, the other carrier free an
RF/J and C57BL/6 thymocytes. The binding observed to RF/J
(Ly-221%) and C5781/6 (Ly-2.1") cells was the same as that

obsarved for the preparation containing no added 887¢c as in
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Fig.2 and again, a specificity ratio of gqreater than 20 was
gbserved. Hence these results shouw that increasing the
specific activity of the preparation by a factor of 200
would not effect the binding specificity of the MoAb.

Biodistribution: The in yivg localization and
biodistribution of 9%Mrc_moab complexes was examined by
injecting mice with 89mTc-moAb and determining the relative
amounts of radiclabel accumulated in the tumour or the
tissue. These rTtesults were used to calculate the
localization ratio derived as follouws: tissue (cpm/g) /
blood (cpm/g).

In the first study, two groups of 186 BCF1 mice bearing
the E3 (Ly-2.1%) tumour (0.23 - 1.11g) were injected i.v.
with either 39M7c-Ly-2.1 or 9%Mrc.250-30.6 MoAb - each mouse
received 115 micré Ci 989mre and 10 micro g MoAb. Four mice
from each group were sacrificed at different time intervals
after injection (20, 30.5, 35 hrs) and the distribution of
the two MoAb determined. After 20 hours, the tumour
localization was observed to be 3 times greater for the
specific MoAb than that observed for the non specific
antibody Ly-2.1) with the localization ratios in liver,
spleen and kidney being less than or similar to that of
blood. The non-specific antibody (250-30.6) the
localization ratic of the liver, spleen and kidney were
cbserved to be higher than that of the bload and at 30.5
hours the liver localization ratio was 5 times greater than
that of blood - the reason for this high ratio is unknown,
but may be due to the different reactivity of the MoAb.

In the second study, the localizatiaon of gngc-Ly-ZJ
was compared in two different tumours -nude mice bearing
Colo 205 xenografts (Ly-2.1") or the E3 thymoma (Ly-2.1%)
were used., After 20 hours the E3 thymoma (Ly-2.1%) uwas
observed to take up to 4 times more radicactivity than the
Colo 205 xenografts (Table 1) and there was at lesast 4 times
more radicactivity in the tumour than in other tissues -

except the liver. The 99M7c_moAb complexes could
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A. Nuclear image obtained after the injection of S8Mrc_
anti-Ly-2.1 into a mouse bearing the E3 thymoma on the right
thigh (as visualized).

B. Nuclear image obtained after the injection of SSmren-
antl-Ly-2.1 into a mouse hosting a thymoma on its left
anterior side and 125I-anti-colon.

C. 1251 nuclear image of the same mouse as in 8.

In the initial imaging experiments, tumours (0.23-1.2q)
could be visualized with the use of a small animal scanner
as early as 2 hrs after injection of the specific 99MTcop-
MoAb (results not shown) the visualization became well
defined with time. The mouse in B. had an €3 tumour (1.0cm
in diameter) which was easily seen as a distinct single
entity on the right hind leg. The tumour was dissected and
found to have a localization ratio (tumour to blood
approximately 2.0). Radioactivity in this image is also
concentrated in the central region of the mouse, indicative
of significant distribution aof antibody to 1large
vascularized organs such as liver, lung and hesart; a
phenomenon that tends to obscure visualization of small
tumours. The second image B, was of a mouse with a much
smaller thymoma (0.4cm in diameter) on the left anteriogr
side and again the tumour is again clearly visualized. The
tumour was dissected and found to have a localization ratio
of approximately 1-2. At the time of injection with 39Mrc-
MoAb this mouse was also injected, C., with a non-reactive
MoAb (250-30.6) labelled with 125I, however scanning failed
to localize the tumour with this MoAb. It was noted that the
tumours were readily visualized and that the contribution of
the reactive MoAb to the overall blood pool radiocactivity
did not obscure the visualization of the tumour and
consequently a computer assisted subtraction of ths image
provided by the non-reactive MoAb (125I labelled) - the
control blood pool was not required.

Discussion

Immunoscintigraphy, with the use of radiolabelled MoAb
is a new method for the in vivo detection of tumours and

thus cancers of colon, breast and other tissues have been
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detected with some degree of success. However there is not
a marked increase in the detection rate of tumours, except
in a few cases only previously identified tumours could be
detected and clearly the sensitivity of the procedure needs
to be increased. As the specificity and sensitivity is
determined by the ratio of the amount of radiclabelled MogAb

bound versus the background blood pool, the ways af

‘increasing this ratio are either to directly increase the

primary signal (by altering MoAb and/or isotope) or to
reduce the background. We are adopting both approaches
through the use of multiple MoAb and MogAb fragments (Fab or
F(abWz). In this manuscript we report on the advantages of
using gngcN—NoAb to detect tumours. In this study a neu
method of coupling gngcNC1a to MoAb and the subsequent use
of these complexes to detect tumours in vive is described.
As previously indicated, gngc of fers a number of advantages
for radioisotopic localization studies in patients, as it
has a short half life (6 hrs) and thus limits the radiation
exposure to patients and has an optimal gamma energy (140
keV) ideal for currently used scintigraphic instrumentation.
gngcﬂa- from a portable generator and must be reduced prior
to coupling with MoAb. Many methqu have been described far
the reduction of pertechnetate; these procedures generally
lead to the reduction of pertechnetate to the Te (IV) or TC
(V) oxidation state. At present, the most frequently used
reducing agent for preparation of gngc labelled compounds
is SnClz- Problems have been experienced with this agent
when used for labelling MoAb, such as hydrolysis,
instability towards eoxidation and competition of Sn faor
binding sites. Indeed, in our hands pertechnetate reduced
with SnCl, readily bound to MoAb but such complexes showed

when tested in vive. Because of the problems experienced

with the gngc labelling of MoAb with the use of SnClz‘ ve
have used 397M7¢ NC1, - to produce S9mMTcN-MoAb by a
substitution reaction. Important features of our study have
been to show that MoAb may be labelled without laoss of
activity to yield a highly specific complex which retains
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its stability for at least 24 hours and which yield superior
Tesults when tested in vive by immunoscintigraphy. Tumours
could be visualised as early as two hours after injection,
and small tumours (approximately O.4cm in diameter) located
near large vascular organs could be visualisad without the
need for blood pool subtraction.

The complexes formed with the use of gngcNCla' are
clearly different to those made using SnCl, as the presence
of the nitrido group attached to Tc modifies the chemical
behaviour of the Tc atom and makes it more favourable for
co-ordination with certain ligands. Ligands which bind
through sulfur atoms form more stable complexes with the TcN
core than do ligands binding through nitrogen. In our
initial experiments, attempts were made to bind the TeN
group directly to amino groups of the MoAb and while 99mren-
labelling of MoAb was achieved, there was considerable loss
of specificity. To utilise the known preference of the TcN
group for sulfur atoms, we developed a partial reduction
procedure used for the coversion of disulfide linkages to
sulfhydryl residues. Such an approach was also attractive
because it was known that the sulfhydryl groups involved in
the coupling were likely to be distant from the sites
responsible for antibody binding. Thus gngCNCla" was
prepared in a stable dry form without the presence of any
contaminating metal ions and was successfully complexed to
partially reduced MoAb in a simple one step procedure that
resulted in a stable covalent complex which retained MoAb
activity. It should be noted that the reduction step
critical to this procedure used DTT to produce sulfhydryl
residues on the MoAb. The chemical stability and activity
of ggmrcncla‘ complexes was determined in sgseveral
serological assays which involved MoAb reactive and non-
reactive cells; either one MoAb, two different target cells
or conversely, twa MoAb and one call taéget. In all studies
specific binding of radiolabelled MoAb to target cells was
demonstrated, the complexes were not non specifically
"sticky" nor unstable with the release of 23™Tc to bind to

gther non reactive target cells,
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In vitro studies have shown that gngc&Cla' may be used
to produce chemically stable MoAb complexes that retain
their activity for at least 24 hours. Furthermore these
complexes may be prepared at a clinically useful specific
For example, it was possible to increase the amount aof 8Smy.
bound to b 200 fold without affecting MoAb activity (text
fig.5).

An impcrtaht finding obtained in the study was ¢to
demonstrate that 88mrcN-maAb complexes localized to tumours
in viyvo.

With the use of nuclear imaging eguipment larpe tumours
(0.8 - 1.1¢cm in diametef) could be easily visualised (A.)
but the ultimate sensitivity of this technique lay in the
detection of small tumours (0.3 - 0.6cm in diameter) that
were located near vascular organs, such tumours being
detected without the requirement of a blood pool'subtraction
(B.). Incidentally, the same mouse received a simultaneous
injection of a 1257 j1abelled non-reactive MoAb and
subsequent scans could not visualize the same tumour (C.).
Similar results were obtained for mice scanned with a non-
reactive 99MrcN-MoAb, where tumours (0.6 - 1.5cm in
diameter) could not be visualized.

Qur studies showed that the gngcNC14‘ complex could be
successfully coupled to MoAb, in a simple one step procedure
that resulted in stable covalent complexes which retained
MoAb activity. An alternative 88Sm7c 1abelling procedure
described in the literature involves the coupling of DTPA to
MoAb prior to the cosrdination of reduced technetium. There
are howesver several difficulties with this procedure. As
metal ions are able to compete with,gngc for the DTPA
coordination sites, reduction systems using heavy metals are
thus undesirable. For this reason sodium dithionite has
found favour as a rteducing agent for this system.
Hydrolysis of reduced Tc still remains a problem. Anothser
difficulty is the limitations produced by the number of DTPA
molecules that can be coupled to the MoAb before activity is

affected. This leads to a restriction on the specific
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activity of the labelled MoAb. Our method eliminates the
need for DTPA coupled MoAb and the 33Mrcnct,~ ysed for
labelling is free of any heavy metal centamination, thus
enabling high specific activity to be obtained.

Thus gngcNC14' monaclonal antibody can be simply
produced and have high activity for specifically localizing
tumours both in vitro and in vivo. At present we consider
the coupling method to be superior to other methods of
coupling 98m1e o antibody and the immunoscintigraphic
findings to be superior to that obtained with radiolabelled
iodine. On this basis we are now conducting a chemical
trial to determine the clinical usefulness of the neuw
reagent.

TABLE 1
Biodistribution and Localization of a 39™f¢c radiolabeled
anti-Lly-2.1 in ECF1 mice bearing the E3 thymoma and nude
mice bearing COLO 205 tumor xenografts.

Tissue Localization Ratio E3/COLO 205
Ratio
ITT(1)E3 £oLy 208
Bload 1.0 1.0 1.0
Tumor 1.23 0.30 4.18
(.39 - 1.11g) (.5 - 1.5g)
Stomach 0.08 0.2 0.04
Spleen 0.58 0.60 0.98
Kidney 0.77 0.76 1.01
Heart 0.33 0.39 2.85
Liver 0.84 0.56 1.50
Lung g0.38 0.42 0.80
Intestine 0.08 .15 0.80

1. HOGARTH, P.M., HENNING, M.M. and MCKENZIE, I.F.C. The
alloantigenic phenotype of radiation induced thymaomas in the
mouse., J.N.C.I. 1982;69:519-6286.

2. SEmPLE, T.U., QUINN, L.A.,, WOODS, L.F. and MOORE, G.E.
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Tumour and Lymphoid cell lines from a patient with carcinoma

of the colon for a <cytoxicity model. Cancer
Res.1978;38:1345-1385.
3. HOGARTH, P.M.EDWARDS, J., MCKENZIE, I.F.C., GODING,

J.W. and LIEW, F.Y. Monoclonal antibodies to murine Ly-2.1
surface antigen. Immunology 1982:;46:135-144.
4. THOmMPSON, C.H., JONES, S.L., PIHL, E. and
MCKENZIE,I.F.C., Monoclonal antibodies to human colon and
colorectal carcinoma. Br. J.Cancer 1883;47:585-605,
5. PARISH, C.R. and MCKENZIE, I.F.C. A sensitive
rosetting method for detecting subpopulations of Lymphocytes
which react with alloantisera. J. Immunol. Methods
1978;20:173-183.
6. GREENWOOD, F.C. INNTER, W.M. and GLOVER, J.S. The
preparation of 1317 1abelled human growth hormone of high
specific radiocactivity. Biochem J. 19635 114-123.
7. PAIK, C.H. MURPHY, P.R. ECKELMAN, W.C. VOLKERT, w.A.
and REBA R.C. Optimilization of the DTPA Mixed-Anhydride
Reaction with MoAb at Low Concentration. J. Nucl. Med.
1983;24:932-836.
8. BONNYMAN, J. Effect of milking efficiency on 9371¢c
content of 29Mtc derived from 88mrc gensrators.
Int.J.Appl.radiat.Isot.13883;34:901-806.
g. DeLAND,VF.H., KIMm,E.E., CORGAN R.L., CASPER, S.,
pPRIMUS, F.J. SPREMULLI, E., ESTES, N. and GOLDENBERG, B.M.
Axillary Lymphoscintigraphy by Radioimmunodetection of a
Carcinoembryonic Antigen in Breast Cancer. J. Nucl.Med.1879;
20:1243-12540.

le now describe the use of the above method to label a
panel of MoAb and these have been tested to show that the
procedure established has general use, and can be used to
label all subclasses of MoAb with 88m1c ywith retention of
immunoreactivity; the complexes formed can be used to
localize tumors in vivo.

Mice: RF/J, CBA, AKR, Cs78L/10(B10), BALB/c,

C578BL/6(B6), and (C57BL/6xBALB/c)F1 (B6CF1) mice were bred
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Tumor Cell Lines: Human tumor cell lines (CEM and
Bordin - an EBV induced B cell line) were cultured in RPMI
1640 medium with L-glutamine. BWS5147 and several clonal
variants (E3,01) of the murine thymoma ITT(1)75NS (20) were
cultured in OME with L-glutamine. The clenal variant
ITT(1)75NS.E3 (E3) was maintained by serial passage in
ascitic fluid in (BBCF1) mice. For imaging experiments 10% -
107 cells injected subcutanecusly intsc BS6CF1 mice and
reached a size of 0.5-1.0 cm in diameter prior to
experimentation.

Monoclonal Antibodies:

The details of MoAb are shoun (Table 1). IgM antibodies
were isolated from ascitic fluid by dialysis against water
at 4°C, after which the precipitate was collected and
resuspended in phosphate buffered saline (PBS, pH 7.3): IgG
antibodies were prepared by precipitation with 40% ammonium
sulfate [NHa(SDa)Z]’ followed by dissoclution of the
preparation in 0.01 M Tris buffer (pH B.0); after dialysis
against the same buffer, the IgG fraction was further
purified by either: (i) adsorption onto Protein-A-Sepharose,
washing with PBS and eluting with either 0.2 M glycine-HC1l
(pH 2.8) or citrate buffers (pH 5.0, 4.0, 3.0) and
neutralization with saturated Tris, after which antibodies
were dialyzed against PBS; or (ii) ion-exchange
chromatography on DEAE-Sephacel and with elution using a
linear gradient of 0.5 M NaCl in 0.01 M Tris buffer (pH
8.0). The purity of the antibody (>30%) was confirmed either
by high pressure liquid chromatography (HPLC) or gel
electrophoresis, and antibody activity assayed by a
rosetting test (28) or by the immunoperoxidase method on
tissue sections (27).

Preparation of 33MTcNC1,” - and Labelling of MoAb:
gngch14‘ was prepared as a dry salt residue (18). Sodium
azide (15-20 mg) was added to 1 ml sodium gngcUA', produced
from a fission product chromatography generator, in 6-7 mls

of concentrated hydrochloric acid (specific gravity, 1.18).

The solution was refluxed for 5 minutes to destroy excess
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azide and then evaporated to dryness in a reotary evaporator.
MoAb were labeled with gg"‘TcNCla‘ by one of two procedures:
(1) 100-200mug of MoAb (1 mg/ml) was directly added to the
dried gngcNC].a',salt residue, or (ii) a modified version of
the method previously described (18) where 20 mul of
dithiothreital (DTT, 115 mg/ml) was added to 200 mug MoAb (1
mg/ml) and the solution allowed to stand for 30 minutes at
room temperature; it was then transferred to Biogel PG to
remove unreacted DTT and the column eluted with 0.1 M sodium
acetate (pH 4.0). The pfctein fraction (1.5 mls) was added
to the dry gngcNCla' residue, reacted for 2 minutes at roaom
temperature prior to adjusting the pH te 7 with sodium
hydroxide. Prior to use, the 99mrcn- labeled MoAb was
purified by passage over Sephadex G-25 (PD-18) and
sterilised using a 0.22 mum membrane filter.

Serological Analysis:

In vitro cell binding studies were performed on
cultured tumaor cell lines or mouse thymacytes (18). 88myoy-
MoAb complexes were tested in one of two ways: (i) using one
MoAb and tuoc different target cells; or (ii) using tus
different MoAbs and one target cell line., The ability of the
MoAb to bind to target cells was assessed after each step.
In this assay cultured tumor calls or thymﬁcytes (3x1Ds)
were incubated for 30 minutes on ice with one of the
following: (i) untreated MoAbs; (ii) DTT treated mﬁAb; or
(111) 99M™TcN- labeled MoAb. The cells uwere then washed 3
times with PBS (0.5% BSA), resuspended in PBS and then
treated with iodinated sheep anti-mouse immunoglobulin
(1251-SAM) for 30 minutes on ice. The cells were then washed
3 times with PBS (0.5% BSA) to remove unbound 1251_3am and
the amount of 1251_.sam bound determined.

| Inmunoscintigraphy:

Mice bearing E3 tumors were used in two studies. The
first compared two identically labeled different MoAb and
one tumor; the second compared a specific MoAb in mice
bearing several tumors. B&CF1 mice bearing the €3 thymoma
(0.5 - 1.0cm in diameter) were given intravenous injections

of approximately 115muCi (12muCi/mug) of 39™TcN- labeled
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anti-Ly-2.1 (specific MoAb) or anti-Ly-1.1 (nonspecific
MoAb). Each animal was given an intraperitoneal injection of
4% chloral hydrate (0.01 ml/g body weight) imaged 4-28 hours
after injection., Vertical views of the mice were taken using
a Toshiba GC 42A gamma camera and a low energy parallel hale
collimator using a setting of 140 keV with a 20% window to
image the S8mye photong. Data were stored in digital form by
a MDS modumed computer.
RESULTS

Radiolabeling of MoAb with 323B7cNc1,”: after
radiolabeling, unbound reaction products were removed by
passage of the final reaction mixture through a gel
permeation column of Sephadex G-25 (PD-10). The yield of
89mrey passing through the column was then a measure of the
success of radioclabeling and typical yields were 80-90%. (A
typical example of the elution profile is shown in Figure
§)e It was noted that 98-989% of the radiocactivity present in
the protein fraction could be precipitated with
trichloracetic acid (TCA).

Analysis of 33%7cNC1,” complexed to amine groups: The
methods of complexing gngcNCla— to MoAb were evaluated in
serological assays to determine whether the labeling
procedure used damaged or altered the binding or specificity
of the MoAb. gngcNCIA' complexed directly to amino groups
of Ly-2.1 MoAb was tested 1in a binding assay using
thymocytes from 2 strains of mice: RF/J (Ly-2.1+) and B10
(Ly-2.1-). 98mrcN-anti-Ly-2.1 achieved almost identical
binding to beth cell types (Figure 7a), with a specific
ratio (cpm bound RF/J / cpm bound B10) of approximately 1.2.
In a second assay g9'“Tr:l~l[:la‘ directly bound to 2 different
MoAb: anti-Ly-2.1 reactive with the €3 cell line, the other
nonreactive (anti-colon carcinoma) produced a specific ratio
(cpm anti-Ly-2.1 bound / cpm anti-colaon bound) of 2-3
(Figure 7b). The conclusion is that the 99™TcN_moan
complexes produced in this way were either unstable or
"sticky"™ and on exposure to target cells the SSmMrcN bound
nonspécifically.

83m7cNC1,” complexed to sulfhydryl groups after partial
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reduction: As the former labelling method gave lauw
specificity (previously due to non-specific labelling) an
alternative method of labeling was designed, utiliiing the
known ability of gngcNClh' to form a stable covalent
linkage to sulfur atoms. MoAb were partially reduced with
DTT to generate free sulfhydryl sites and mixed with the
S9mronc1,”, leading to the formation of I%MTeN-MoAb. These
complexes were shown by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (5DS-PAGE) to consist of
intact IgG. The binding assay demonstrated 98mrcN-MmoAb
complexes produced in this way to be specific and to yield
workable specificity ratios. The E3 (Ly-3+) cell line bound
8-10 times more gngcN-anti-Ly-b’ than did the BWS5147 (Ly-37)
cell line (Figure B8a). Similarly two different MoAb, ane
directed against colonic secretary epithelium (250-30.8) and
the other directed against Ly-2.1, were labeled with
gngcNClh' under identical conditions and the complexes were
tested for their ability to bind to the murins thymoma E3J
(Ly-2.1%, Ca Colon Ab~) (Figure 8b), when the reactive MgAb
complex bound 6-8 times more efficiently than did the
89mroN-anti-colon complex. In separate experiments the
98Mmr.N-colon MoAb, unable to bind to the E3 thymoma could
bind reactive human tumor cell lines, Colo 397 and Colo 205
incorporating 80-250 times more radioactivity than
nonreactive control cells (Figure 9).

The partial reduction method was then used to
radioclabel a panel of eleven different MoAb, including saome
of the same specificity but of different isotypes. All MoAb
were tested in the binding assay, and bound specifically to
reactive target cells (Table 2). Four different Ly-2.1 MoAb
were tested; there was a 10-15 fold difference betueen the
binding of 99MTcN-labeled IgG,, and IgM anti-Ly-2.1
(monomer) MoAb on reactive target cells (CBA, RF/J) compared
to that found with nonreactive target cells (BALB/c,
C578L/6), whereas the IgGy and IgGg Ly-2.1 MoAb produced
specificity ratios of 30-50 and 50-70 respectively. Other
MoAb were also highly selective e.g. anti-Ly-1.1 (IQGZa) and
H129-18 (IgG,) produced specificity ratios of 70-130 and
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110-130 respectively (Table 2).
Radiolabeling of IgM MoAb (Pentamers) with 33M7cncy, -,
In contrast to the preceding results obtained by direct
labeling (using amino groups) the direct complexing of
gngcNCla’ via amino groups with IgM class of MoAb produced
89mrcN-moAb complexes that gave 10 times more specific
binding than similar complexes made with IgG MoAb.
gngcNClA' directly complexed with anti-Thy-1.2 (IgMm) MoAb
via amino groups produced specificity ratiocs of 15-20 (cpm
bound CBA / cpm bound AKR) when tested on thymocytes fronm
CBA (Thy-1.2") and AKR (Thy-1.1*) strains (Figure 10).
However the partial reduction procedure, complexing
gngchla' through sulfur atoms, resulted in superior
specificity ratios, and CBA thymocytes (Thy-1.2+)
incorporated more than 80 times more g9mTcN-anti-Thy-1.2
than nonreactive AKR thymocytes (Thy-1.1%), The
immunoperoxidase method was alsao used to assess the MoAb
activity of two IgM MoAb, before and after labeling with
gngcNEla": (a) 3E1.2, which reacts strongly with membrane
and cytoplasm of breast carcinoma and with the luminal
membrane of normal breast and (b) 5C-1, which reacts with
colonic carcinoma; the labeling procedure used did not
significantly alter the binding ability of the radielabeled
MoAbs (Table 3).
agnm

Immunoreactivity of 22=T¢c
ti

ﬂCla' labeled MoAb: It was
necessary to show that the partial reduction procedure used
to label MoAb with gngcNCla' did not significantly
compromise the binding ability of the MoAb to bind resactive
target cells and this was demonstrated in three ways. First
it was important to assess the immunoreactivity of the MoAb
retained after labeling and so the percentage of binding of
the radiolabeled 39™TcN-MoAb was determined. S9MTcN-anti-Ly-
2.1 was added to an increasing number of E3 cells (Ly—2*),
and the amount of MoAb binding to the cells was determined
(Figure 11). The degree of nonspecific binding uwas
determined by running in parallel a nonreactive 88MrcN-anti-

Ly-1.f isotype control labeled under identical conditions.
The reactive gngcN—anti-Ly-2.1 achieved significantly
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higher binding to E3 cells (60% in the plateau region) than
the control gngcN-anti—Ly-1.1 (5%) (not shbwn). Secondly
the binding of unmodified MoAb and 9SMTcN-labeled MoAb was
determined using the binding assay, whare the amount of MoAb
bound to reactive cells was measured using a second antibady
(anti-immunoglobulin) which was iodinated and reactive with
the first. Increasing concentrations of unmodified anti-Ly-
2.1, DTT ¢treated anti-Ly-2.1, gngcN-anti—Ly—2.1 labeled tso
a high (100 muCi/mug) or low specific activity (12 muCi/mugq)
had squal binding capacity on E3 cells (Figure 12a), which
suggests that this technique had not impaired the binding
activity of the MoAb. This was also confirmed by the
rosetting assay, when the initial MoAb titer of 1:16,384 uwas
unaltered after radiolabeling (Figure 12b).

- ——— - S S D D D D S D S L PR G N D it i D ————— o

_______________________ 1t To clarify that the
binding of the 99mren-moAb complexes was primarily dependent
on the concentration of reactive antigen binding sites an
the target cells, the binding assay was used, with 3
different tumor cell lines E3, D1 and BUWS147, that differed
in concentrations of Ly-2 present on the cell surface., E3
and D1 are high and low Ly-2% variants of the ITT(1)75NS
cell line, and BUS147 being Ly-2~ was used as a control. The
amount of binding was in proportion to the antigen density
and gngcN-anti—Ly-2.1 bound the E3 cell line 8 times more
antibody than the D1 cell line'and incorporated up ts 190
times more radiolabel than did the nonreactive BUS147 cell
line (Figure 13).

Imaging: The four different Ly-2.1 MoAb (Ig6,, IgG,,,
IgGg and IgM) were used in imaging experiments using 8BCFY
mice bearing E3 tumor grafts to determine which subclass
best localized the tumor in vivo. In the first experiment
mice with E3 tumor (0.82 cm in diameter) located on one
thigh were given intravenous injections of gngcN—anti-Ly-
2.1 (1g6,,) or 3%MTcN-anti-Ly-1.1 (IgG,,), the control
antibody. Scintigrams images obtained 28 hours after
injection demanstrated the specific localization of the
S8mrcN-anti-Ly-2.1. Radioactivity was concentrated in the
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central region of the mouse, indicative of the significant
antibody distribution to vascularized organs such as the
liver, lung and heart but the tumor was easily defined. UWhen
gngcN-anti-Ly-1.1 was used as a nenreactive isotype
control, the definition of the tumor was poor relative to
the images obtained with specific MoAb and only blood pool
activity in the tumor was observed, with no specific
localization. In another experiment B88CF1 mice hosting three
E3 tumors were scanned 28 hours after the intravenous
administration of 99MTeN-anti-Ly-2.1 (IgG,,), and all three
tumors could be visualized. However the high blood pool
activity hindered visualization of the tumor close to the
vascular organs such as the heart and liver.

The IgM Ly-2.1 MoAb (monomer) was used to specifically
localized E3 tumors in BSCF1 mice, and mice with two E3J

- tumors (0.82 cm and 0.85 cm in diameter) were scanned 4 and

28 hours after an intravenocus injection. Both tumors could
be visualized 4 hours after injection, and the tumors becanme
progressively better defined with time. From the scans
obtained it was apparent that the IgGZa Ly-2.1 MoAb resulted
in superior images compared to the images obtained with the
IgM MoAb and alsoc those obtained with the IgG1 and IgGz MoAb
(data not shaun).

DISCUSSION

———— o —— —

The wuse of 38mgg

as a radiolabel for
immunoiscintigraphy with MoAbs has been advaocated as it is
gne of the maost useful radionuclides becausse of its ideal
nuclear properties (T1/2=8 hr, energy 140keV, with no beta
emmission), However little use has been made of this
radionuclide for radiclabeling MoAb because of the complex
chemistry involved in satisfactorily attaching 1t to
antibody. Several different methods have been used to
complex S8SMrc to MoAb. The first relied on the conjugation
of the metallic radionuclide via bifunctional chelates, of
proven success for 111In in both experimental (5-8) and
clinical application (8-11) but of little value for 88myg,
The second approach involved the direct complexing of gngc

to MaoAb to produce complexes with either amino groups or
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sulfhydryl groups, the latter shouwn to form stable complexes
in vitro (14,15). However, problems are associlated with the
methods used to reduce gngc prior to coupling with MoAb,
such as the production of colloid and the instability of the
88mrc_1abeled MoAb complexes (16,18).

e now describe a simple one step methaod of
radiolabeling MoAb with 33MrenNc1,” based on a substitution
reaction and have complexed gngcNCla' to MoAb via tuwo
different ligands, either the amino groups or sulfhydryl
groups and during our studies we observed that the tuo
complexes behaved differently. The complexes produced by
reacting gngcNCla' directly with amino groups of MoAb was
characterized by low specificity ratios as the 88MmMyeN bound
equally well to reactive and nonreactive target cells
(Figure 7). The complexes formed with the use of sulfyhydryl
groups are clearly different from those formed with the use
of amino groups and ligands that bind through sulfur atoms
produce more stable complexes. To utilize the known
preference of the TcN group for sulfur atoms we developed a
partial reduction procedure used for the conversion of
disulfide linkages to sulfhydryl residues. Such an approach
was also attractive because it was known that the sulfhydryl
groups involved in the coupling were likely to be distant
from the sites responsible for antibody binding.

Important features of our study here show that the
coupling procedure used to attach gngcNCla" to MoAb is
simple, efficient and reliable and can be applied to a
number of MoAbs of either IgG or IgM classes. There 1s na
need for long incubation times required with the pretinning
method necessary far the reduction of 889m7c (18). The
labeling efficiency of 98mTcN-labeled MoAb ranged betueen
80-80% (Figure 6) and results obtained fraom TCA protein
precipitation determinations of radiolabeled MoAb indicated
that up to 98-99% of the 98mr.N is bound. The labeling
procedure adopted did not damage the binding sgpecificity of
the antibody molecule and did not alter the antibody antigen
binding capacity (Figure 12) as can occur with the

conjugation of metallic radicnuclides via bifunctional
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chelates (6). Up to B60% of the radioclabeled preparation was
able to bind specifically to target cell (Figure 11).
Furthermore, the degree of antibody binding was dependent an
the antigen density of the target cells, hence the Ly-2HIGH
E3 cell line bound 8 times more gngcN-anti—Ly-2.1 than the
Ly-2L0U D1 cell line (one has approximately 8 times the
antigen density of the other) and 10 times more than the
nonreactive BWS5147 (Ly-2.1") cell line (Figure 13), Finally,
high specific activities were achieved which allowed the
specific localization of labeled MoAb in the appropriately
reactive murine tumors.

Specific localization by immunescintigraphy of murine
tumors was demonstrated with gngcN-labeled MoAb by imaging
studies and was illustrated in two ways. First, imaging
studies showed that the E3 (Ly-2.1%) tumors were visible
when mice were injected with reactive 9ngcN-anti-Ly-Z.‘l
whereas identical tumors could not be localized with
nonreactive gngcN-anti-Ly-1.1 an isotype identical control.
Second gngcN-moAb could specifically detect more than ane
tumor and this study showed that several tumors in the one
mouse could be specifically localized. The method is useful
to detect murine tumors and results indicate value 1in

patients with cancer.
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TABLE 1

Characteristics of murine monoclonal antibodies used for

radiolabeling with 33™renci,-

e e e e T e e e e R e e e L L Y P ——

Antibody Antigen Antibody Class Antibody purification
(Ref) Specificity and Subclass
anti-Ly-2.1(21) Ly-2.1 . IgG,, Protein A

IgB1 Protein A

IgG3 Protein A

IgM{monomer) DEAE
anti-Ly-3.1(22)  Ly-3.1 IgG, DEAE
anti-Ly-1.1(23) Ly-1.1 IgG,, Protein A
anti-Ly-15.2(24) Ly-15.2 IgG,, DEAE
anti-Thy-1.2 Thy=-1.2 IgM(pentamer) NHa(SOA)2
H129-13(25) JL3T4 Inga DEAE
HulLy-mS human transferrin IgG1 Protein A

receptor

250-30.56(28) colon IgG,, Protein A
3E1.2(27) breast IgM(pentamer) precipitation in water
5C-1(28) colon IgM(pentamer) precipitation in water
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Specificity ratios of 89MmrcoN-labeled MoAb, prepared by the partial

reduction of MoAb with DTT and obtained from in vitro binding studies.

- - 0 " — . . T — - " - - - - - - -

Origin of
Antibody Target cells
Designation Reactive Nonreactive
anti-Ly-2.1
IgM(monomer) CBA BALB/c
1964 C8A BALB/c
IgG1 CBA BALB/c
IgG,, RF/3I Cs7BL/S
anti-Ly-3.1 E3 thymoma BWS147
anti-Ly-1.1 CBA BALB/e
anti-Ly-15.2 RF/J BALB/c
anti-Thy-1.2 CBA AKR
HuLy-mg CEM E3
250-30.8 CoLO 208 BORDIN (EBV)
coLo 397 BORDIN (EBV)
H1238-18 E3 thymoma BWS147

- ——— - - - - - - - - - - - -

Specific
Ratio1

10-15
50-70
30-50
10-15

7-11
70-130
50-60
60-90

120-200
150-250

80-180
110-130

1 Specific ratio = cpm bound reactlve cells / cpm bound nonreactive cells.
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TABLE 3
Effect of conjugation with 99MTeNCl,- on the reactivity of IgM MoAb.
A. Reaction of MoAb 3E1.2 with carcinoma of the breast.f

Antibody Dilution Treatment

-NH2 ~-SH
10-3 ++4+ ++++ +4++ ++++
10-4 ++4 ++4 ++4+ ++
10-5 ++ ++/+  ++ +
10-6 + +/~ +/- +/-
B., Reaction of MoAb 5C-1 with normal colon.t
Antibody Dilution Treatment

———— . - —— - — - — - -~ > - = - -}

10-2 +++4 ++++ 444 +4+4
10-3 +++ +44 +++ +4
10-4 + + + +

- ——— - - - =y > T = . - D - . - — - —— - - > D . - - = A - - =

1 Tissues were tested by immunoperoxidase and specificity graded: O =

negative, + = weak, ++ = moderate, +++ = strong, ++++ = very strong.
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FIGURE LEGENDS

Figure 6 Purification of gngcNCla'-labeled MoAb using
Sephadex G25. The column was equilibrated with P8S and 0.5
ml fractions were collected.

Figure 7 Binding of 99MreNC1l, " -1labeled anti-Ly-2.1
prepared by direct labeling of MoAb on RF/J (e) and BIO (o)
thymocytes (Fig. 7a) or anti-Ly-2.1 (@) and anti Ca. colon
(o) on E3 thymoma cells (Fig. 7b). The amount of
radioactivity bound as a function of antibody concentration
is shoun.

Figure 8 Specific binding to E3 target cells (8a)
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anti-Ly-3 labeled with 8%MTcyc1,” to DTT treated E3 (@) and
BWs147 (O) target cells; or (8b) anti-Ly-2.1 (@) and anti-
colon antibody (O).

Figqure 8 Specific binding of DTT treated anti-colon
antibody labeled with 39MTcNCc1,” to Colo 397 (@), Colo 203
(0), and a non-reactive control (EBV derived tumour) (4).

Figure 10 Binding of 2 different anti-Thy-1.2
conjugates - one prepared with direct labeling of MoAb with
gngchla' (— and the other prepared with DTT treated MoAb
(- - - -) or CBA (@) and AKR (0) thymocytes.,

Figure 11 Percentage binding of gng:NCla’—labeled
anti-Ly-2.1 (®) to E3 target cells; the control anti-Ly-1.1
antibody did not bind >5% at any dilution (not shoun). The
amount of radioactivity incorporated as a function of cell
number is shown.

Figure 12 Binding of anti-Ly-2 to E3 target cells,
using unmodified anti-Ly-2.1 (A); DTT treated anti-Ly-2.1
(o), gngcNCla' labeled anti-Ly-2.1, high specific activity
(100muCi/mug) (@) and low specific activity (12muCi/mug)
(m). (12a) detection using 1251 _sheep anti-mouse Ig; (12b)
rosetting using sheep anti-mouse Ig.

Figure 13 Binding of OTT treated anti-Ly-2.1 labeled
with S8MrcNc1,” to E3 (@), D1 (A) and BUST47 (o) target
cells. The amount of radioactiv{ty as a function of antibedy

concentration is shouwn.
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The claims defining the invention are as follouws:
1. A conjugate of technetium with a radical having an
antigen binding site wherein the technetium thereof is
radioactive.
2. AR conjugate as claimed in eclaim 1, wherein the
technetium is 9971,
3. A conjugate as claimed in claim 1 or claim 2, wherein
sald radical is an antibody or antibody fragment which is
preferentially absorbed by a tumour cell as campared to a
non-tumour cell.
4, A conjugate as claimed in any preceding claim, wherein
the conjugation is via a sulphide linkage.
5. AR conjugate as claimed in any preceding claim, and aof
formula I ]

Ab-Y-S-NTc(Hal)z Formula I

wherein Hal is chlorine, bromine or iodine and including
mixed halides, Ab is a radical having an antigen binding

site and Y is a conjugating chain.

B. A conjugate as claimed in claim S5, wherein Y is of
formula II

X Z

noo Formula II

| -[NH-C-(CH)  1,-
wherein Z is H, alkyl, aryl, carboxy, halide, hydroxy or
amino, X is NH, 0 or S and z is 0 or 1.
7. A conjugate as claimed in claim 5 and of formula
Ab-S-NTc(Hal)3 wherein Ab and Hal have the meaning given in
claim 5 or Ab-S represents an antibody radical or a radical
having an antigen binding site.
8. A conjugate as claimed in claim S5 and of feormula
Ab'NH'Y'S-NTC(H31)3 wherein Ab and Ab-NH represent an
antibody radical or a radical having an antigen binding site
and Y and Hal have the meaning given in claim 5.
9. A conjugate as claimed in any preceding claim, wherein
said radical is an antibody, an antibody polymer, an
antibody monomer or an antibody fragment having an antigen
bindiﬁg site.

10. A conjugate as claimed in any preceding claim, wherein
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said radical is an antibody, an antibody polymer, an
antibody monomer or an antibody fragment hﬁving an antigen
binding site selected from the group showing specificity for
one of breast, brain, melanoma, lung, pancreas and colan
tumours.
11. A conjugate as claimed in claim 9, wherein said radical
is an antibody fragment having an antigen binding site and
selected from F(ab')z, F(ab'), 1964, I9G5,y IgG,, and IgGs.
12, A pharmaceutical composition comprising a compound in
accordance with any preceding claim together with a
pharmaceutically acceptable diluent.
13. A compound of formula

Ab-SH or

Ab-NH-Y-SH
wherein Ab, Ab-NH, Ab-S and Y have the meaning given in
claims 7 and 8.
14, A method of making a conjugate in accordance with any
one of claims 1 - 11 comprising taking a compound in
accordance with claim 13 and reacting it with TcN(Hal)a'
wherein Hal is chlorine, bromine or iodine and including
mixed halides.
15. A method as claimed in claim 14, including obtaining
the compound of claim 13 by reducing an éntipody er a
compound having an antigen binding site to form free
sulphydryl groups.
16. A method as claimed in claim 14, including obtaining
the compound of claim 13 by reacting an antibody or compound
having an antigen binding site succinimidyl
pyridyldithiopropionate (SPDP) or an analogue thereto
appropriate to the compound of claim 13 desired to obtain an
antibody or compound having an antigen binding site
conjugate containing a -S-S5- group and reducing the
conjugate to form a -SH group.
17. A method as claimed in claim 14, including obtaining
the compound of claim 13 by using S-acetylmercaptosuccinic
anhydride (SAMSA) or SH introducing compounds to produce a
side chain on an antibody or compound having an antigen

binding site containing a -S- linkage and reducing to form a
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18. A conjugate or method of making same substantially as
hereinbefore described with reference to any one of the
preparations,

18. The articles, things, parts, elements, steps, features,
methods, processes, compounds and compositions referred to
or indicated in the specification and/or claims of the
application individually or collectively, and any and all

combinations of any two or more of such.
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Z.D Claim numbers__...._.... , because they relate to parts of the international appiication that do not comply with the prescribed require-
ments to such an extant that no meaningful international search can be carried out, specifically: ’

3[7] Claim numbers......... because they are dependent ciaims and are not drafted in sccordance with the second and third sentences of
PCT Rule 8.4a). :

VI. OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING ?

This International Searching Authority found muitiple inventions In this international application as follows:

(a) Claims 1 to 12 and 14 rto 17 - Conjugates of Technetium.
(b) Claim 13 - Compounds containing an antibody.

1.[X] As all required additional search feas were timely paid by the sppiicant, this international search report covers ail searchabie claims
of the international application.

ZD As only some of the required additional search fees were timely paid by the appiicant, this international search report covers only
those ciaims of the international application for which fess wers paid, specifically claims:

&D No required additionai search fees wers timely paid by the applicant. Consequently, this international search report s restricted to
the invention first mentioned in the claims; it Is covered by claim numbers:

tD As all searchable ciaims could be searched without effort justifying an additional fee, the International Searching Authority did not
invite payment of any additional fee.

Remark on Protest
D The additionai search fees ware accompanied by applicant’s protest.
] No protest accompanied the payment of additional search fees.
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ANNEX TO THE INTERNATIONAL SEARCH REPORT ON
INTERNATIONAL APPLICATION NO. PCT/AU 87/00004

This Annex lists the known "A" publication level patent family
members relating to the patent documents cited in the above-mentioned
international search report. The Australian Patent Office is in no way liable
for these particulars which are merely given for the purpose of information.
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AU 37105/84 EP 166746 W0 8503063

AU 90334/82 CA 1209472 EP . 80401 FR 2516794
JP 58135821 NZ 202563 US 4643895
ZA 8208048

AU 12504/83 CA 1216791 DD 209578 DK 1216/83
EP 89880 ES 520692 FI 830897
FR 2523445 IL 68106 JP 58208238
NO 830935 NZ 203586 PH 18890
PL 241047 PT 76394 ZA 8301833

US 4323546 CA 1116081 DK 2073/79 EP 5638
IL 57348 JP 55026485 US 4323546
US 4424200 ZA 7902457

US 4340535 CA 1188681 CH 647411 DE 2939165
ES 484591 FR 2437213 GB 2034324
NL 7907251 SE 7907994 US 4340535

WO 8204262 AU 84589/82 CA 1215919 DK 519/83
EP 67642 EP 80474 NO 830404
US 4486538 US 4195017 US 4196186
US 4298590 US 4624932 CA 1057684
DE 2606257 GB 1533464 JP 51108001
JP 61158927 CH 639102 EP 7214

JP 55037989

WO 8504811 AU 42901/85 DK 6019/85 DK  6019/85
EP 179872 FI 855086 NO 855200
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