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A. INTRODUCTION

1. History of the CRP. subsequent developments and overview

The Co-ordinated Research Programme (CRP) on"Labelling, quality
control and clinical evaluation of monoclonal antibodies for
scintigraphy" arose from the deliberations at an IAEA Consultants'
Meeting (CM) on "Radiolabelling techniques of monoclonal
antibodies" held in Vienna on 22-24 August 1988. The following is
a brief description of the relevant recommendations arising from
said meeting. A more detailed description of the proceedings may
be found in the summary report issued on 8 December 1989.

This report incorporates the results of the first Research
Co-ordination Meeting (RCM) of subject CRP held in Kuala Lumpur,
Malaysia on 9-13 September 1991.

a. Antibodies

Recognizing that a broad-spectrum monoclonal antibody would be
required to provide a labelled agent expected to be of diagnostic
value for patients with oncology diseases relevant to developing
countries, anti-CEA was selected as the antibody of choice. In
addition to its broad applicability, it was assumed the present
use of this antibody in RIA would guarantee that anti-CEA
antibodies would be readily available in bulk from a number of
commercial companies in the developed countries. This did not
hold true however as a number of promising avenues to obtain an
anti-CEA antibody proved fruitless. Accordingly, the search for a
suitable antibody focused on the anti-adenocarcinoma murine IgGl
antibody of Biomira (Edmonton, Canada) designated as MoAb 170.
Although a panadenocarcinoma rather than an anti-CEA, 170 is
reported to be useful in the detection of gynecologic
adenocarcinomas, breast carcinoma, and lung carcinoma - all
important diseases of the developing countries (R. Baum, personal
communication). The Agency has purchased 1.0 gin of this antibody
for laboratory use and which will serve as the initial antibody to
be test-labelled in the laboratories participating in the CRP.

The 170 antibody has been studied fairly extensively in
clinical trials while radiolabelled with ll*In and »»Tcm

[1,2]. The antibody will therefore be available eventually in a
condition suitable for clinical trials and prepared according to
GMP for clinical studies beyond the scope of this CRP.

One important issue regarding 170 is that the antigen against
which it is directed has not been isolated and is consequently
either not expressed or is quickly denatured on cells prepared for '
use in immunoassays. As such, the immunoreactivity of the reduced
and radiolabelled 170 cannot be assessed in each laboratory
participating in the CRP. Biomira has developed an anti-id
antibody against the variable region of this antibody and used by
them to establish immunoreactivity. However, only limited
quantities of this anti-id antigens have been provided to two
participants of the CRP (D.J. Hnatowich and S. Mather) and, for
proprietary consideration, will not apparently be made available
to other participants.
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Subsequent to the selection of the 170 antibody, G. Pimentel of
the Centre of Molecular Investigations, Havana, Cuba offered for
the CRP, at no cost to the Agency, a murine anti-CEA IgGl
designated as IOR-CEA-1. This antibody is expected to be
available in lots of 0.6 gm in the near future. At present, the
antibody is studied on a very small number of patients while
radiolabelled with apparent promising results (R. Baum, personal
communication). The Centre is also prepared to provide the CRP
with CEA.

Although the IOR-CEA-l antibody has not yet been adequately
tested on patients and is not yet available for use as a product
prepared with GMP, it is an attractive antibody for inclusion in
the labelling procedures along with 170. As an anti-CEA antibody,
the antigen against which the antibody is directed is available,
either from the Centre itself, or from commercial sources
(e.g. Cal Biochem). Therefore, in contrast to the 170 antibody,
immunoreactivity may be measured for this antibody by all CRP
participants.

Thus both 170 and IOR-CEA-1 will be radiolabelled under the
CRP. The labelling of two different antibodies will provide
valuable experience and on at least one antibody which has the
potential of being included in the clinical trials which may be
conducted upon completion of the CRP.

b. Radiolabelling

One recommendation arising from the CM was the decision to use
131I as a label, but to reexamine this decision at regular
intervals in case successful methods of labelling with »»Tcm

became available. With this development it was subsequently
decided to adopt for this CRP the direct labelling method for
antibodies using »9Tcm. This was a result of recent reports
both on the labelling itself [3,4] and on the performance of the
label in vivo [5,6]. Among the many methods described for direct
labellling of antibodies with »9Tcm, the method employing
2-mercaptoethanol antibody reduction [4,7] was adapted. This
method is technically simpler to perform than the other methods
and was selected partly because several participants of the CRP
have had wide experience with it.

c. Quality assurance

The question of quality assurance was not considered in depth
during the CM but this issue was dealt with at length during the
RCM. It was considered essential that a) the radiochemical purity
of the labelled antibody be routinely assessed; b) immunoreact-
ivity be assessed initially and occasionally thereafter; c) the
stability of the label on the antibody be evaluated in human serum
at 37*C; and d) the biodistribution in BALB/c mice at 4 h post
administration should be determined to compare with the results of
the identical investigations performed by other participants.
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With regard to the determination of radiochemical purity, it
was agreed during the RCM that HPLC analysis - through the use of
size exclusion columns, in particular - be the preferred method as
it permits easy and rapid resolution of activity on labelled
antibodies, as low molecular weight species (e.g. labelled HDP
and/or pertechnetate) and (perhaps by recovery) as labelled
colloids. Recognizing that not all participants will have access
to HPLC, alternative chromatographic procedures were suggested.
Flat bed cellulose acetate electrophoresis was adjudged to be the
most useful of all alternative procedures. This method has the
advantage of distinguishing radiolabelled colloids from labelled
rntibody. Paper chromatography and thin layer chromatography are
less useful since radiolabelled colloids cannot be distinguished
from labelled antibodies, but quicker and easier to perform, and
are both within the capability of all the CRP participants. Since
then the participants recognized that paper or thin layer
chromatography can be made to resolve colloid from antibody.

With regard to the measuremement of immunoreactivity, the
participants agreed that the most meaningful measurement would
include both the determination of immunoreactive fractions and
avidity [8]. It was also agreed that both determinations are
technically difficult to perform, however, the former being a
Lineweaver-Burke analysis and the latter a Scatchard analysis.
Accordingly it was decided to perform a competitive binding assay
which does not answer the question on what the immunoreactive
fraction and avidity of the reduced antibodies are but on what the
effect the reduction has on the antibody. Thus the reduced
antibody will be placed in competition for a limited number of
antigen sites with the same antibody labelled with "Tc111.
The same exercise will be performed for the native non-reduced
antibody so that abilities to compete may be compared. For
comparison purposes the concentrations of the antibody under
investigation, which are required to reduce the binding of the
radiolabelled antibody to 50% of its initial (i.e.
non-competitive) value, will be determined.

With regard to the 170 antibody, since the antigen against
which the antibody is directed is not available and availability
of the anti-id antibody is limited, it was decided that
approximately 50 mg of one labelled preparation of this antibody
be sent for testing by each participating laboratory to either
Worcester, MA (D.J. Hnatowich) or London (S. Mather).

Although methods of estimating radiochemical purity of a
labelled antibody preparation may show that good radiolabelling
has been achieved, it is conceivable that the label may be
adsorbed to the antibody or, in some other manner, only loosely
bound. Under these circumstances it is likely that the label, at
least in part, will dissociate from the protein during incubation
in serum at 37'C. This dissociation may then be detected by HPLC
or electrophoresis and, in the case where the product of this
dissociation is a low molecular weight soluble species such as
»fTcm_pertechnetate, dissociation may be detected by paper
and thin layer chromatography. Eliminating this possibility, the
RCM participants adapted as quality assurance measurement a serum
stability study to be performed on at least one occasion, if not
periodically.

\
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The other quality assurance measurement agreed upon at the RCM
is a biodistribution study in normal mice. Although quality may
be adequate by the in vitro assays discussed above, there is a
remote possibility that in the process of radiolabelling some
structural modification occurs using a poorly understood
mechanism, altering the way the antibody distributes in vivo [8].
This might be manifested as increased accumulation of label in
liver, for example. This modification would go unnoticed if the
biodistribution results are not compared with those obtained for
an antibody which escapes this modification. Accordingly, it was
agreed that each participating laboratory should, on one occasion,
administer the labelled antibody at the same dose and by the same
route of administration to the genetically identical species of
mice, with sacrifice at the same time (4 h post administration).
The percentage of the administered label in many organs would then
be determined and the results compared with those obtained by
other participants (S. Mather, D.J. Hnatowich).

The value of studies in tumoured, as opposed to normal, animals
was also discussed at the RCM. Because of a divided opinion among
the participants on the value of such studies, it was agreed that
normal animals be employed for the purposes described above and
each participant be given the discretion whether or not to perform
tumoured animal studies (see recommendations below).

2. List of participants and a summaries of their recent experiences

Dr. R.P. Bauro. J.W. Goethe University Hospital, Frankfurt, Main
70, Germany

Development of radioimmunoscintigraphy - current state and
future prospects.

The main field of immunoscintigraphy in clinical practice is in
the follow-up of colorectal and ovarian cancer. The greatest
progress in recent years has been the development of high
efficiency and stable labelling of antibodies with "TC111

permitting the broad routine clinical application of this
technique. l31I and xllIn labelled antibodies have been
proven to be effective diagnostic agents in multicentre studies
but labelling with »»Tcro provides not only better images but
drastically reduces the radiation dose for the patient. For
example, in a clinical trial in 72 patients with suspected
colorectal cancer, "Tcln-BW431/26, an anti-CEA antibody
showed a sensitivity of 89%, a specificity of 96%, a positive-
predictive value of 95% and overall accuracy of 95%.

As foreign proteins, murine antibodies have the potential to
stimulate an immune response by the host. However, in one study
of over 300 patients injected for the first time, an allergic
response was seen only once. In a further study of 1000 patients
only two patients showed a mild local allergic reaction after the
third injection. A more frequent problem is elevated HAMA titres



which nay interfere with the diagnostic procedure. For example,
in 63 patients with repeated injections, 25 developed strong HAMA
titres and 8 studies could not be properly evaluated due to high
liver and spleen uptake.

Future prospects for radiolabelled antibodies include their use
for blood cell labelling, in particular for lymphocytes, the
development of bispecific antibodies for therapy and genetic
engineering approaches.

Dr. Vipa Boonkitticharoen. Faculty of Medicine, Raoathibodi
Hospital, Bangkok, Thailand.

Hethylene diphosphonate (MDP) is used as a weak competitive
chelator in antibody labelling with ''To1". The reduction and
co-ordination of »»Tcm at different MDP concentrations in the
presence of varying ratios of Sn(II) have been studied. Using
published recommended reaction conditions, little reduction of
technetium occurred. However, increasing the amounts of tin and
MDP while maintaining a constant Sn:MDP ratio did result in
complete reduction and labelling of MDP. This clearly indicates
the need for high quality MDP-Sn(II) kits for reproducible and
predictable labelling outcomes. Further proposed areas of
investigation include antibody labelling to different specific
activities and means for assessing the effect of labelling on
antibody immunoreactivity.

Dr. Udai P.S. Chauhan. Institute of Nuclear Medicine and Allied
Sciences, Delhi, India.

Human immunoglobulin G was reduced by treatment with either
2-mercaptoethanol or ascorbic acid and labelled with 9»Tcm

using MDP/GHA kits. The published 2-mercaptoethanol method gave
yields of >95% while the modified ascorbic acid method have a
labelling yield of greater than 98%. In vitro and in vivo
stability, blood clearance and biokinetics were studied. The
results for both methods were comparable with published data. The
ascorbic acid procedure obviates the need for post-reduction
purification and may provide better stability of the kit due to
the presence of ascorbic acid in high concentration.

Dr. Silvia Ines Gomez. Coroision Nacional de Energia Atomica,
Buenos Aires, Argentina.

Development of radiolabelling techniques of anti-CEA monoclonal
antibody.

An anti-CEA antibody (B2C114) labelled with '"I has
undergone preliminary evaluation in antigen positive and antigen
negative tumour-bearing mice. Scintigraphic studies showed a
preferential localization of labelled antibody in the
antigen-positive tumour. Preliminary clinical studies also showed
specific localization of the antibody. Alternative methods of
labelling the antibody with "Tcm have been explored. In
particular, a comparison of labelling via a »»TCK>NCI4
complex and by the 2-mercaptoethanol [4] method was performed.
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Biodistribution studies on labelled antibody showed specific
uptake in antigen positive tumours with highest localization
ratios being achieved 6 h after injection. Antibody labelled
using "TcmNCI4 showed significant non-specific uptake in
the kidneys while that labelled via a DTT reduction produced
significant liver and bone uptake.

Dr. Donald Hnatowich. University of Massachusetts Medical
Center, Worcester, MA, USA.

Comparison of pharmacokinetics and stability of one antibody
radiolabelled 1J1ln and with »»Tcm via both stannous ion
and 2-mercaptoethanol reduction.

The FO23C5 anti-CEA antibody F(ab')2 fragment was
radiolabelled with lllIn via DTPA and with "Tc111 via both
stannous ion and mercaptoethanol reduction. Serum stability
studies, biodistribution studies in animals and a limited
comparison in patients were performed. The stability of the
»»Tcm label was independent of the method of antibody
reduction and was complete with regard to the appearance in vitro
of pertechnetate although other products of catabolism, such as
labelled cysteine, were generated. The ''To1" label also
behaved identically in animals and in patients by showing the same
pharmacokinetics. It was concluded that for this antibody, the
*»Tcm-labelled injectate was probably identical regardless of
the method of labelling. Large and predictable differences were
observed with the lllIn label, however. In particular, liver
levels of »»Tcm within the first day were equal to that of
121In. Because of the higher activity levels administered,
image quality based solely on photon density was
superior for "Tc1" during the first day and superior for lllIn
thereafter.

Dr. Gyozo A. Janoki. Frederic Joliot-Curie National Institute
for Radiobiology and Radiohygiene, Budapest, Hungary.

Anti-CEA monoclonal antibody BW 431-26 labelled with
via activated thiol groups was prepared. The labelling efficiency
ranged between 95-98%. The radiochemical purity remained unchaged
for the first 6 h after preparation. Using HPLC and
polyacrylamide gel electrophoresis methods, extraneous protein or
fragmentations were not detected. The biodistribution study in
immunosuppressed mice bearing CEA positive tumour xenografts
showed high tumour, liver, blood pool and bowel activity. During
the first 2 h post injection, most of the activity remained in the
blood pool (25-40%) and the parenchymous organs.
Tumour/non-tumour tissue ratio 24 h post injection are as follows:
T/blood: 1.3, T/liver: 2.3, T/GI tract: 4, T/muscle: 14.
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Dr. Stephen J. Mather. St. Bartholomews Hospital, London, UK.

A number of tumour-associated antibodies, notably HMFG1 and 2,
SH3 and PR1A3, have been labelled with diagnostic radioisotopes
for radioimmunoscintigraphy. Historically, 12JI was the label
of choice since iodination can be performed on small amounts of
antibody using chemistry which is well understood. Although
12'I produces good quality images, its use is limited by its
cost and poor availability. The use of lllIn resolves the
problems of concern of patient radiation dose. Efforts have
therefore been directed towards the development of a routine,
simple method of labelling with ''Tc111. "Hinge-reduction"
techniques present the best approach to this problem. Using a
modification of the mercaptoethanol [4] method, antibodies have
been labelled with »>Tcm for clinical evaluation. In
addition to numerous theoretical advantages, such as improved
availability, reduced cost, lower radiation burden, etc.,
technetium labelled antibodies have proven in the clinic to be
diagnostically superior to longer lived radionuclides.

Dr. Shaharuddin B. Mohd. Nuclear Energy Unit, Ministry of
Science Technology and Environment, Bangi, Malaysia.

The Malaysian government has initiated a project to investigate
the use of monoclonal antibodies for scintigraphy. The aims of
the project are to produce antibodies against tumour markers,
develop and improve radiolabelling techniques, perform quality
control measures and clinically evaluate the antibodies for
radioimmunoscintigraphy studies. To commence the programme the
well characterized 170 antibody will be used to develop
appropriate immunochemical, preclinical and clinical studies.

Dr. Luciana Catela Patricio. Laboratorio Nacional de Engenharia
e Tecnologia Industrial, Sacavem, Portugal.

A rapid and efficient method for labelling antibodies with
"1

Studies have been performed to optimize the experimental
conditions for labelling human immunoglobulin (HIG) with
j»Tcm using 2-mercaptoethanol reduction. The following
parameters were explored: mercaptoethanol:HIG ratio, nitrogen
purging of purification buffers, storage conditions of reduced
antibody, choice of weak chelating agent for labelling.

Stability of the labelled antibody in the presence and absence
of serum of DTPA was measured by electrophoresis, gel-filtration
and ITLC.

The resultant optimized labelling procedure includes a
mercaptoethanol:antibody ratio of 1000:1, the use of MDP as weak
chelator and the application of an inert atmosphere during
purification and storage of the reduced antibody to prevent
undesirable reoxidation of sulphydryl groups.
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Dr. Gilmara J. Piroentel. National Institute of Oncology and
Radiobiology, Havana, Cuba.

IOR-CEA1, a monoclonal IgGl was purified from ascites by
Protein-A affinity chromatography. Proteolytic digestions with
solid-phase pepsin and soluble papain were performed. Purity of
resulting fragments was monitored by SDS-PAGE and immunoreactivity
checked by ELISA, immunoelectrophoresis and immunchistochemistry.

Pepsin digestion was unsuccessful owing to inactivation of the
enzyme by the coupling procedure. Fab fragments were labelled
with "Tc m by a tin reduction technique giving radiochemical
yields of the order of 95%. No significant difference between the
inmunoreactivity of the labelled and unlabelled Fab fragments were
observed.

Dr. Iracelia Torres de Toledo Souza. Institute de Pesguisas
Energeticas e Nucleares, Commissao Nacional de Energia Nuclear,
Sao Paulo, Brazil.

Anti-CEA monoclonal antibody 4C11 IgG2a.

Studies were performed to optimize the purification,
fragmentation and radioiodination of an IgG2a anti-CEA antibody
4C11. Antibody in the form of ascites fluid was purified by
Protein-A chromatography and fragmented with pepsin digestion.
Purity of the antibody and its fragments were confirmed by
discontinuous 10% SDS-PAGE. The purified antibody was
radiolabelled with 131I using the iodogen method. Purification
was performed by ion-exchange chromatography on Dowex 1x8 and
labelling efficiency and radiochemical purity were monitored by
miniaturized paper chromatography.

Dr. Pavla Svihovcova. Institute of Biophysics and Nuclear
Medicine, Prague, Czech and Slovak Federal Republic.

Labelled antibodies in radioimmunodetection of tumours.

Anti-fibrin and anti-ferritin antibodies and their fragments
have been labelled with lali and their biodistribution compared
in tumour-bearing animals. Tumour uptake of anti-fibrin whole
antibody was 4.7 times that of the F(ab')2 fragment while the
anti-ferritin F(ab')2 gave superior results to the whole
antibody.

Uptake by various human tumour xenografts of lalI labelled
anti-CEA antibody DG2 and a control of IgGl antibody were found to
correlate well with the degree of CEA expression by the tumour.
Tumour:blood ratios ranged from 4.6-2.1 for anti-CEA but were
always below 1 for the control antibody.

Several anti-CEA antibodies and their fragments have been
labelled with »»Tcm following mercaptoethanol reduction with
labelling yields of 98% but immunoreactivities of 6-95% depending
upon the content of contaminating murine IgG. Biodistribution
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studies in LS147T-bearing nude mice showed tumourcblood ratios of
3.0, 2.9, 1.8 and 2.8 and mean tumour uptake per gram of 28, 18,
15 and 2.3% for antibodies DG2, CC11, 6H11, and DG2 F(ab')2,
respectively. In the same system, the »»Tcm labelled
BW 431/26 antibody gave values of 2.3 and 28%, respectively.

Dr. Alexandra Varvariaou. Nuclear Research Centre "DEMOKRITOS",
Athens, Greece.

Antibodies H17E2 and HMFG2 were labelled with l31I using
either the iodogen or N-bromosuccinimide technique in yields of
70-90%, free iodine being removed by either gel-filtration or
ion-exchange chromatography. Radiolabelled HMFG2 was administered
by either the intrapleural or intraperitoneal route to patients
with breast or ovarian cancer and 131I H17E2 was injected into
patients with relapsing glioma. Satisfactory images of tumours
were obtained.

A method has been developed for labelling antibodies thiolated
with 2-iminothiolane with "Tcm. Labelling efficiencies of
95% as measured by ITLC have been obtained.

Dr. Li Yonaiian. Department of Radiopharmaceuticals, Institute
of Nuclear Research, Academia Sinica, Shanghai, People's Republic
of China.

Studies on localization of pulmonary carcinosis by
"TcJn-labelled F(ab') 2of human lung cancer
McAb(LC-l-IgM) using human tumour-bearing nude mice.

The freshly prepared LC-l-IgM fragment was labelled with
S9TC111 by a 2-mercaptoethanol [4] method. Labelling
efficiency was 85% as shown by TLC. Biodistribution studies were
performed in mice bearing LAX-83 human lung tumours. Optimal
images were obtained 20-24 h after injection. Forty hours after
injection, tumour:normal lung, tumour:muscle and tumour:bone
ratios were 4.1, 13.6 and 0.4, respectively. Tumour:non-tumour
values were inversely proportional to tumour size.

B. RESEARCH PROTOCOLS

1. Antibodies

What follows is a step-by-step description of the protocol to
follow for the successful labelling of antibodies with "To™
using mercaptoethanol reduction.

When the antibody(ies) are shipped to each participant from
London, included will be approximately 100 mg of Sandoz human IgG
which has been determined to label very well following
mercaptoethanol reduction (S. Mather, personal communication) and
which therefore should be used in place of the more valuable 170
and IOR-CEA-1 antibodies until the technique of labelling is
perfected.
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Standard labelling protocol:

a. Antibody reduction

1) Concentrate the antibodies to 5-10 mg/mL.

2) Prepare a solution of phosphate buffered saline (PBS)
pH 7.4. Purge the buffer with nitrogen and chill to 4°C.

3) Prepare a column of Sephadex-G-50 or equivalent. The
column volume should be at laast 20 times the volume of antibody
used. Wash the column with at least three volumes of cold
N2-purged PBS. Keep the column cold until required for use.

4) To an aliquot of concentrated antibody add
2-mercaptoethanol at a molar ratio of 1000:1 (equivalent to 0.47
\iL of mercaptoethanol per mg of antibody). (If necessary for
accurate measurement, fresh dilute mercaptoethanol 1 in 10 in
water before use.)

5) Incubate mercaptoethanol/antibody mixture at room
temperature (20°C) for 30 minutes.

6) Take a small sample (about 100 yL of the reaction
mixture) and chill to 4°C. Apply the rest of the mixture to the
top of the gelfiltration column and elute with cold N2-purged
PBS. Collect 1 niL fractions and keep in closed tubes on Ice.

7) Measure the OD 280 nm of fractions until the protein
peak is obtained. Pool all fractions with a protein concentration
of >0.5 mg/mL. Divide the pooled antibody into suitable aliquots
(100-500 >iL) and freeze at the lowest temperature available,
ideally -70°C.

8) As soon as possible, label the sample as suggested in
"Radiolabelling" section below.

Initial experience suggests that the standard protocol requires
modification for optimal labelling of these two antibodies.
Results obtained with some modifications and comments thereon are
appended.

b. Radiolabelling

1) Thaw a reduced antibody aliquot.

2) Reconstitute an Amerscan Wedronate kit (Amersham) with
5 mL of saline 0.9%.

3) Add 40 >iL of the MDP solution to the antibody, mix.

4) Add up to 1 GBq of "Tc™ pertechnetate, mix.

5) Wait 10 minutes and measure labelling efficiency by a
suitable chromatographic method - for example, ITLC or Whatman
chromatography paper developed in 0.9% saline. Labelled antibody
has Rf=l.
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c. Preliminary results obtained with 170 and IOR-CEA-1

This work was performed largely by Lourdes Gano from UJETI,
Lisbon, Portugal, under the direction of Dr. S. Mather.

170 (Biomira)

The standard protocol gave a labelling efficiency of about
50%. Ascorbic acid was tried as a reductant (as suggested by
Dr. Chauhan) but without success. On the assumption that the 170
antibody might be more resistant to reduction, both the molar
ratio of mercaptoethanol:antibody and the reaction times were
increased (see Table). Both measures improved labelling
efficiency. A good indication of labelling success could be
obtained by labelling a sample of the reaction mixture before
purification of the reduced antibody. Varying ratios of
mercaptoethanol:antibody were investigated but rather
unreproducible results for labelling efficiency were obtained.
Ultimately a ratio of 5000;1 for 90 minutes was used for the
remainder of the experiments. Antibody reduced under these
conditions labelled well with radiochemical purity of about 98%.
No change was seen in solution for up to 24 h. Incubation in
serum for 24 h resulted in the production of about 5% impurities.
Studies in mice showed that the biodistribution was not
significantly different from that obtained with a commercially
produced kit preparation of 170. However, an iramunoreactivity
assay showed that immunoreactivity was only 16% of the non-reduced
antibody (see Figures).

With the exception of the immunoreactivity assay, thase results
are encouraging. It seems likely that it will ultimately be
possible to label 170 using a mercaptoethanol method. However,
the results of the immunoreactivity assay are disappointing. This
assay will be repeated soon to ensure that the antibody will label
under these severe reducing conditions and that this will result
in a better retention of immunoreactivity.
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Experimental Conditions Labelling Efficiency C%1

1) Standard mercaptoethanol reduction 50

2) Ascorbate reduction <1O

3) Labelling 1000:1 0 min 0
reduction 1000:1 30 min 30
mixture 1000:1 60 min 80

1000:1 180 min 80

without 5000:1 0 min 0
purification 5000:1 30 min 60

5000:1 60 min 80
5000:1 180 min 95

4) Purified reduced antibody

2000:1 60 min lOOMBq Tc-99m 85

2000:1 60 min 750MBq Tc-99m 20

5) Purified reduced antibody

5000:1 90 min lOOMBq 98

5000:1 90 min 700MBq 98

Antibody IOR-CEA-1

This antibody was labelled using the standard protocol and it
appeared to label very well with radiochemical purity as measured
by ITLC of about 95%. However, HPLC analysis revealed the
presence of a large amount of a further impurity not detected by
TLC. At the time of this writing, this matter has not been
investigated further. Dr. Mather will send the corresponding
results at a later date.

2. Quality assurance

a. Radiochemical purity

If an HPLC fitted with a size exclusion column is available
then this should be used to measure radiochemical purity, a
standard of the injectate is reserved and approximately 10-100 pL
(depending on the »»Tcm counting rate) is injected. The
eluant employed is probably immaterial as long as it is in aqueous
solution but should preferably be buffered to maintain pH. A
suggestion is 0.05M phosphate buffer pH 7. The radiochromato-
graphic profile is best determined with an in-line radioactivity
detector although samples of uniform volume may be collected for
counting in an external Nal(Tl) detector. In any case, the total
activity eluted must be determined by collecting the effluent for
counting against a standard of the injectate so that the recovery
may be determined. A recovery of 90%, ±5%, may be expected, a
value substantially lower may mean the presence
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in the injectate of labelled colloids. Because of -the possibility
that the particular column in use may trap labelled MDP or
pertechnetate, these species should be injected initially and
separately and recoveries determined.

Although HPLC is obviously the preferred method of analysis,
the required equipment may not always be available. An attractive
alternative capable of resolving labelled antibody from labelled
colloids is paper or thin layer chromatography in which the media
is first saturated with human serum albumin [9]. The following
has been tested for ITLC media.

Strips of the proper size (such as 1x10 cm) are immersed in a
5 mg/mL solution of HSA in saline for 30 min at room temperature.
The strips are then rinsed briefly in distilled water and allowed
to dry in air possibly while suspended. After drying the strips
may be wrapped in plastic and stored at -20°C for up to 2-3 weeks.

When spotted with a radiolabelled antibody preparation and
developed in ammonium hydroxide:ethanol:water (1:2:5 by volume),
radiolabelled colloids remain at the origin while protein migrates
with an Rf of 0.7-1.0.

During the RCM it was decided that realistic limits on as many
parameters as possible should be established. Thus a lower limit
of 90% was set for acceptable radiochemical purity. As regards
serum stability, it was suggested that acceptable stability would
translate into a decrease of no more than 5% at the percentage of
»»Tcm o n antibody after 24 h at 37°C (for example, 90% to
85%) .

b) Immunoreactivity measurements

The following is one suggested method for performing a
competitive binding assay on the reduced and "Tcm-labelled
antibody in the case where the antigen (CEA) is available.

Prepare a coating solution containing 0.25 jig of CEA antigen
per 200 uL of PBS buffer and with enough volume so that 200 yL
may be added to each test tube to be coated. Since the analysis
is to be performed in triplicate, 21 (7x3) test tubes will be
required for each of the antibodies to be tested and 21 more for
the analysis of the native control. Add 200 yL of the coating
solution to each 12x75 mm polystyrene test tube and leave it
undisturbed at room temperature overnight. Aspirate the coating
solution and save it (since it will contain some unbound CEA).
Block each test tube by incubating for 1 h at 37*C or overnight at
room temperature after the addition of 500 v>L of a 1% solution of
HSA or BSA in PBS. Aspirate the blocking solution just prior to
beginning the assay. Do not let the tubes dry out.



- 14 -

The IOR-CEA-l antibody must be radiolabelled for this assay.
Although 111In or radioiodine may be preferable labels, the
assay may be performed with the "Tc m label. After
purification on Sephadex G50, the labelled antibody is added to
the coated tubes in a volume of 25 yL of diluent containing 4 ng
of labelled antibody. The diluent is 0.1% HSA in PBS.

Starting with the antibody under investigation and the native
antibody control both at a concentration of 1 yg/mL, add 50 yL
to each test tube. Using the 0.1% HSA diluent, make 1:1 serial
dilutions such that the antibody concentration in successive tubes
is 1, 0.5, 0.25, 0.13, 0.075, 0.037, and 0.019 yg/mL. Because
only a small fraction of the 0.25 \iq of CEA added actually coats
each test tube, the contents of each test tube should still be in
antibody excess.

Thus 50 iiL of the antibody solution is the first order, and
followed immediately by 25 pL of the radiolabelled antibody
solution. The tubes are vortexed and incubated preferably with
gentle agitation at room temperature for at least 2 h.
Thereafter, each tube is coated in a Nal(Tl) well counter then
emptied and rinsed two times with PBS and counted again. The
ratio of the two counts will provide the percentage of activity
bound. A plot of this value vs. tha concentration of the antibody
should provide an "S"-shaped curve with high counts at low
antibody concentration and low counts at high antibody
concentration.

C) Serum stability studies

This assay requires that samples of fresh human serum be
incubated, preferably with mild agitation, in a 37'C incubator for
24 h. The labelled antibody is added to the serum at a
concentration which approaches that to be expected in vivo
(approximately 1-10 |xg/mL). It is necessary to ensure that the
pH of the serum does not change significantly during incubation.
After 24 h a sample may be analysed by HPLC (in which case the
in-line detector will probably be too insensitive and fractions
will need to be collected for external counting), gel
electrophoresis, paper or ITL chromatography. Any loss of label
from the antibody will be evidence of instability.

d) Animal biodistribution studies

Since the results of the animal biodistribution studies are to
be compared to that obtained elsewhere, it is important to
minimize to the greatest extent those variables of the model which
may alter the results. Thus, 100 >iL of the solution containing
the antibody (10-30 |ig, approximately 50 pCi) in saline or
0.05 M phosphate pH 7 is administered IP to a minimum of 5 normal
BALB/C female mice of approximately 25 gm each and fed and watered
ad libitum. After 4 h the animals are sacrificed (by spinal
dislocation) and samples of blood (50-100 viL), the entire liver,
spleen, heart, stomach with contents, femur, both kidneys, and a
sample of thigh muscle free of fat are removed. All tissues are
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rinsed in cold saline immediately after removal. All tissues are
weighed before counting in a Nal well counter against a standard
of the injectate. The results are expressed as mean percentage of
the injected dose per gram (or per niL in the case of blood) with
one standard deviation.

Note: The antibody preparation should be used as soon as
possible after labelling and quality assurance. If delays occur
it will be necessary to ensure that preparation quality has not
changed in *-.he period between labelling and use.

C. RECOMMENDATIONS

The principal goal of this CRP is to transfer »»Tcm

labelling technology to laboratories in developing countries for
the ultimate goal of introducing these reagents to the clinics
therein. As such, and as agreed, each participant will follow
faithfully the procedures described above. However, it is not the
intent of the Agency to stifle initiative. In fact, experiments
beyond the scope of the CRP are actively encouraged. In that
spirit, during the RCM, a list of suggested research studies were
compiled (themselves not intended to be all-inclusive) which were
deemed to be meritorious and worth pursuing by those so inclined.
A brief description of each of the research studies follows.

1. According to Biomira, the antigen against which the 170
antibody is directed is not available. The possibility exists,
nonetheless, that individual cells from murine tumours expressing
this antigen is preserved and the cell suspensions useful for
immunoreactivity measurements. Different methods of treating
these cells could be tried to establish whether the antigen is
preserved.

2. It was concluded at the RCM that it would not be possible
to include a protocol for the correct storage of antibodies after
reduction and before labelling, since it would obviously require
several months to be able to determine the proper conditions. It
was therefore recommended that interested parties evaluate the
effect on labelling efficiency and on 24 h serum stability of
storage of the antibodies under various conditions (e.g.
lyophilized 4"C, in solution at -20*c, etc.).

3. Although one-time post administration to animals (4 h) has
been selected to standardize results among laboratories, it is
suggested that additional later time points be included to
provide, for example, an important and very sensitive measure of
the effect of storage conditions on the antibody .

4. It was suggested that whereas there nay be no differences
in biological behaviour of an Fab' antibody labelled with
>*Tcn by mercaptoethanol or stannous ion reduction, this may
not be the case for an IgG antibody. This could be investigated
in animal models by labelling the antibody(ies) by both methods
and accurately determining the biodistribution of both, and
perhaps at several time points.
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5. There are indications that labelling efficiency of
»TcB to reduced antibody is lower when Monday morning
elutions of pertechnetate are used. If so, this is undoubtedly an
effect of the increasing concentrations of "Tc9 present in
these eluants. A worthwhile enterprise would be to establish the
degree to which labelling efficiency is decreased as a function of
*'Tc9 concentration and, perhaps, to do so for both MEK-
extracted and generator-produced "Tc1".

6. As described above, the competitive binding assay of
immunoreactivity provides less information than the consideration
of Lineweaver-Burke and Scatchard [8]. It is suggested that for
the antibody(ies) for which an antigen preparation is available a
more involved analysis can be performed to establish both
immunoreactive fraction and avidity and, if possible, to compare
with values provided by the manufacturer of the antibody.

7. Standard procedures for preparing F(ab')2 and Fab'
fragments from an IgG could be used on the antibody(ies) to
provide fragments to compare relative labelling inununoreactivities
and stabilities with the intact antibody.

8. Although several methods of determining radiochemical
purity were given, as above, they cannot be considered to be
all-inclusive. It is suggested that other obvious methods, such
as reversed phase or ion exchange HPLC, SDS gel electrophoresis,
paper chomatography, etc., be considered as alternatives and
tested on preparations of varying purities.

9. An inspection of the labelling method described in detail
above will identify several potential improvements that could be
investigated. For example, what would be the effect of adding the
MDP solution immediately after column purification and prior to
storage? Is ascorbic acid a superior reducing agent to
mercaptoethanol for the antibody(ies)? Is it possible to combine
ascorbic acid and HOP to provide a simplified labelling method?
(Dr. U.P Chauhan, personal communications).

10. The goals of the CRP do not involve human administration of
the labelled antibodies. Nevertheless, it was decided to exert
efforts to prepare the labelled antibody(ies) under sterile and
apyrogenic conditions in order to move one step closer to eventual
human administration. This exercise is only truly sensible if
some means of determining its success are employed. It is
suggested that labelled antibodies prepared in this manner be
tested for sterility by an acceptable method such as that outlined
in the US Pharmacopoeia XXII in which soybean casine digest media
and fluid thioglycollate media are both used. In like manner,, the
presence of pyrogens at unacceptable levels may be determined by
either the use of rabbits or, preferably, by one of the many
commercially available limulus lysate tests.
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D. SCHEDULE OF MEETINGS AND REPORTS

It was decided that: 1 September 1991 be the starting date of
the CRP. Accordingly, the first report from each contract holder
would be due on 31 July 1992 and should consist of a brief
two-page description of the progress achieved up to that point.

It is expected that with the detailed instructions given and
included herein the participants would be able to accomplish on
time the goals of labelling the antibody(ies) with »»Tcm.
Therefore it was agreed that the second research co-ordination be
held in early 1993 and that, ideally, it should coincide with
another meeting - either with the RCM of the CRP on
"Immunoscintigraphy using "Tc^-labelled monoclonal anti-CEA
antibodies for the detection of colonic cancer" to be held
sometime in early 1993 or with the European Radiopharmacy and
Radiopharmaceutical Symposium to be held in Cambridge, England in
March 1993. A joint meeting with the "Immunoscintigraphy" CRP,
when arranged for early 1993, was deemed preferable since it would
provide an opportunity to bridge the preclinical studies of this
CRP and the clinical studies of the "Immunoscintigraphy" CRP. If
an early 1993 schedule could not be agreed upon with the
co-ordinator of the "immunoscintigraphy" CRP then a March 1993
meeting in Cambridge would be considered.

E. COMMUNICATION AMONG PARTICIPANTS

Dr. S. Mather was chosen to serve as the principal to whom
questions and problems concerning labelling should be directed in
the future. It was further decided that any interesting result or
observation attained by a CRP participant should be communicated
by mail, or, preferably by fax, to all other participants. To
facilitate communication, a list of fax numbers of all
participants was made available.
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