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INTROLUCTION

A wide variety of iodination techniques as well as chelation with metallic
radionuclides are currently utilized for raciolabeling of proteins, including
monoclonal antibodies and their fragments. Whereas a number of proteins are
relatively insensitive to mild chemical manipulation, many monoclenal antibody
systens display varying degrees of altered biological behavior in particular
following iodination using the coamon electrophilic substitution reacticns.
Differant aspects of the in-vivo behavior are affected e.pg., specificity of
binding to in-vivo antigens, kinetics of bluvod and tissue uptake and clearance,
rates and routes of excretion, etc. A number »f these factors are related to the
radionuclidic label itself and it is often necessary to consider these effects
separately, since in most situations the radionuclide is the actual tracer and its
own in-vivo distribution (when dissociated from the proa:ein due é:o bond
instability, ligand exchange, or catabolic processes if any, or.if it overrides

the targeting properties of the labeled proteir) may happen to be qdite
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different. Deleterious effects of labeling chemistry and purification schemes on
the in-vivo behavior of the labeled protein must be clearly understood and
minimized as much as possible. Further, it is necessary to establish a
correspondence between the in-vitro test results and the observed in-vivo behavior
in order to obtain predictabile and reproducible data.

This article describes results from recent studies to investigate the =ffect
of varfous labeling conditions on the functional integrity of a number of
monoclonal antibodies. Factors affecting the binding to platelets of an
ant{platelet monoclonal antibody following iodination (1231, 1251, 131I) and
chelation labeling with 1liln are addressed. Direct radiometal-labeling methods
are discussed usirz the results from a study of 99MTe-Sn-lSA (human serun albwmin)
as an example. A brief description of the effect of degree of substiturion,
specific activity, chenical contanminunts, and possible radiation Aamage on binding

to platelets of the labeled antiplatelet antibody preparations is also included.

IODINATION

Techoiques for iodinating proteins are well establislied and a variety of
methods are currently utilized to obtain products labeled with 1231, 1251 or
1311, High specific activity nuclides enable ome to label proteins at low icdine
to protein substitutiocn levels. Most procedures employ oxidizing agents such as
Chloramine-T, Iodogen, lactoperoxidase {enzymatic reaction) etc., to render iodide
into & Teactive higher oxidation state species that generally jfodinates tyrosine
{most common), lysine or histidine residues on the protein molecule. Inportant
factors that nust be considered are the nature of the oxidant, ratio of oxidant to

protein, reaction time, reaction volune, iodine to protein ratio, and the specific



activity of the labeled product. The above factors have to be optinized for
individual proteins due to differences in their chemical sensitivicy. The
criteria of suitability of the labeled protein molecule are governed by the
intended use of the product. Due to the sensitivity to chemical manipulations of
the specific antigen- or receptor-binding sites of monoclonal antibodies, they are
more susceptible to alterations in their biological behavior than are other
conventional proteins such as albumin., Complete retention of fmmunological
activity following lodination reactions is difficult to achieve in practice.
However, by using very mild conditions often at the expense of low labeling
yields, it is possible to obtain iolinated antibodies with satisfactorily high or

even intact immunological activity.

Antiplatelet Antibody

Results on the iodination of an antiplatelet monoclonal antibody, 7£3 (Coller et
al,, 1983) using Chloramine-T are described in Table 1. It is apparent that by
.using higher amounts of the oxidant and/or longer reaction times, >907% labeling
yields can be obtained. The percent labeling was based on trichlorcacetic acid
(TCA) precipitation .r gel filtration using a G-25 Sephadex column. The following
conditions provided the best product: 100 ug 7E3, 5 ug ChT, 2 min reaction time,
100-300 wl total volume, phosphate buffer, pH 7.0. Satisfactory labeling yields
were also obtained using lodogen. Reactions using Iodobeads, however, were much
slover at low antibody concentrations ‘and labeling yields were in the range of 10%
{4 beads, 2 nin) to 30% {4 beads, 90 nin).

Binding to platelets of tracer doses (0.5-1 ug/ml blood) of minimally

jodinated 7E3 was earlier shown to be ~75% (dog platelets), and ~90% (huzan



platelets) at saturation (60 min incubation with whole blood) {(Srivastava et al.,
1984a; Oster et al., 1985). The binding decreased with increasing I/7E3 ratios;
there was a concommitant decrease in binding to the clots as well (fommed by
adding thrombin to whole blood). 1he data are described in Tadle 2, The Fab'y
fragment of this antibody in one experiment displayed somewhat lower binding to
platelets and to clots than the whole antibody. In-vivo blood clearance of
1-7E3~platclets was not significantly affected up to an I/7E] molar ratio of 5.
The stability with time of 1311-7E3 is shown in Table 3. No significant
decrease in the binding to platelets was observed 1p to 7 4 storage at 49 in 0,27
H_SA. At 15 d, however, the binding to platelets was lower even though the release
of fodine label from 7E3 was not evident. When 131I.7E3 was stored in the absence
of HSA, much less binding resulted even at 2-7 d. The specific activity in these
experiments was 30 + 2 uCi 131I/pg 7E3. 1In the case of 1231, specific activities
of up to 400 uCi/pg did not cause diminished binding {3 d storage in 0.2% HSA).
It is obvious that some radiation damage results, especially when high specific
activity preparations with 1311 :lre involved.

» 1

Anti-melanoma Antibody

A nonoclonal antibody directed against a high molecular weight melanoma
associated antigen (HMW-MAA), designated as 225.28s (Imai et al., 1981) was
iodinated using chloramine-T, Iodogen, and lactoperoxidase methods. Radiochemical
labeling yields were in the range of 30-80X depending upon the reaction
conditions. Cell-binding assays (Figure 1) of the various 1251-1abeled
Preparations demonstrated reduced immune reactivity, and a significant difference
in binding between products from Chloramine-T (437), lactoperoxidase {30%) and

Iodogen {24%) procedures (Srivastava et al., 1983). Whereas the sensitivity of



this antibody to fodination reactions and the relative merits of the three methods
are obvious from the above assay, it is important to realize that generalizations
for other antibody systems cannot be made since every antibody may display
different aensitivity to sare reagents and conditions. 1In the case of certainm
antibodies, iodination of tyrosine residues (most likely site) may lead to loss in

immunoreactivity if tyrosine constitutes one of the antigen recognition sites.

Anti-colon Carcincma Antibody

Results on the fodination of Fab’; fragment of the anti-colorectal carcinoma
antibody, GA-733 (Herlyn et al., 1984:1985) are shown in Table 4. This protein
was also quite sensitive to iodination reactioa:. Using only very mild conditions
was its imnunoi:ucti'vity Ttetained to an acceptable level. 1Iodogen was superior to
Chloramine~T since it gave higher radiochemical yields while providing the labeled
product with comparable immunoreactivity. When the rzeactions were allowed to
proceed for a longer period (10.min), nearly gquantitative iodination yield

resulted. However, the cell binding of the labeled product dropped significantly.
Chemical and Radiochemical Purity of Iodine

The success of many protein iodination reactions depends on the chemical nature
{oxidation state) of iodine in the radioiodine solutions, In addition, uowanted
chemical contaminants that are invariably present due to processing chemistry and
hancling often exceed acceptable limits thus causing the labeling reactions to
Proceed very poorly or not at all in some instances. Added reducing agents {or

those present as impurities) can very quickly consune the minute quantities (ug



smounts) of the oxidants used for converting I- ion to higher oxidation state
iodine species that are required for effective protein jodination. Presence of
fodate also causes reduced fodination yields. Even though the mechanisms of
protein iodination reactions are not clearly understood, it appears that
non~iodide forms of iodine if initially present cause preatly depressed labeling
yields. The problens are somevhat more serious with iodine-123 solutions since
the production, processing, and handling of this nuclide is quite variable. This
results in non-unifom chemical and radiochemical purity of the available sanples,
particularly for the p,5n product. Recently developed HPLC methods {Srivastava et
al., 1984b) allow for a quantitative analysis of iodine in various chemical fomms,
and often such quality control is helpful in explaining poor labeling yields and
correlating them with the non-iodide species in the radioiodine solutions. Table
5 provides a summary of the HPLC data on iodine separations using a variety of
reverse-phase colunns and eluting solutions (Srivastava et al.,, 1984b). ¥Figure 2
depicts a typical separation of i1odide, iodate and periodate using a Lichrosord
RP-8 column.

Problems related to the source and purity of p,5a 1231 are exemplified from
the data in Table 4. Using very mild and identical reaction conditions, the
labeling yield of 123I-5A-733 rab"z was 45% in the case of BNL 1231 (95% iodide,
no iodate) and 25% in the case of 1231 from another source (80% I-, 15% 103~, S%
miscellaneous species). The difference in imnunoreactivity assay was even more
dramatic: 57Z cell binding versus 3% for the lower labeling yield product. The
implication seems to be that in addition to causing depressed radiolabeling, the
undesirable contaminants ptesenﬂ jn 1231 from one of the sources virtually

destroyed the antigenic specificity of the GA~733 antibody fragment.



DIRECT LABELING WITH RADIOMETALS

Direct labeling cf proteins with a number of metallic radionuclides has been
carried out. Examples fnclude 99nTc-labeled HSA, fibrinogen, and plamain, etc.
Various other radionuclides have also been employed, e.g., 51Cr, 11lIn, 113In,
67Ga, 6801, and others. Protains naturally consist of many functional groups that
bind to metals with sufficiently high avidity and often give labeled products with
high in-vitro and in-vivo stability. Labeling takes place through imidazole,
carboxyl, sulfhydryl, and other electron donor groups on the proteins. Direct
labeling of monoclonal antibodies has dbeen less successful since many of these
same functioral groups are often responsible for the immunospecificity of the
antibody which is‘ compromised because of the attachnetnt of the metallic nuclide.
A correlation between the labeling chemistry and in-vitz¢ analytical results
with the biological behavior of the labeled protein is exemplified by the
99 TeoSn-HSA system. An optimized labeling procedure is as follows (Meinken et
al., 1976; Klopper et al., 1979): (i) Prepare a fresh solution containing 0.21 n
stannous chloride and 0.11 M DTPA in 0.3 M HCl; (ii) To a solution of 20-100 mg
H3A (high purity, free of polymers) in 1 ml saline, add 0.5 ml of the above
tin-DTPA solution. The resulting pH is ~2; (iii) Add the desired quantity of
99mTco,~ in 2 volume of 0.5 to 2.5 ml saline, and mix for 30 min; (iv) Adjust pH
to 6=6.5 with NaHC03 or NaOH. The possible components in 99mTe-HSA preparations
are free pertechnetate, hydrolyzed or coptecip:ltated“99ﬂ'rc {colloid), 9%mTc
chelate, 99m,. weakly bound ‘to HSA, 99T ~HSA aggregates and polymers, and the
desired 99mTc-HSA monomer and dimer. Purification is best accomplished by using
either polyacrylamide gel electrophoresis (PAGE), gel filtration usiang long (~100

) columns of G-100 Sephadex or A-0.5m Agarose (Table 6, Figure 3), or by HPLC



techniques. The 99MTc-HSA monomer and dimer (obtained in ~807% total yield using
the above mentioned optimized procedure) give blood clearance curves in dogs that
are similar to those obtained from commercial radioiodinated HSA (~80%Z Temaining
in blood at 2 hr). Blood clearance data of a nunber of commercial 99mTc-HSA kit
preparations as well as the unpurified and purified fractions from column
separations of the preparation from the procedure described above are shown in
Table 7 and Figure 4, The in-vitro results {Table 6) correlate very well with the
in-vivo blood clearance studies in dogs. The concentration ratio of 9%mTc-HSA
monomer to 131-HSA in most organs was close to unity {(Klopper et al., 1979}, The
initial rapid clearance of 9%0Tc activity encountered with most 9%mTc-HSA
preparations (Table i}'?iguré 4) is associated with unbound or weakly bound 99mTc
and/or colloidal 99mTc. The in-vitro test systems based on PAGE or high
Tesolution gel filtration thus provide a very good correlation with the observed

(or expected) in-vivo behavior of various labeled HSA preparations.
LABELING WITH RADIOMETALS VIA FROTEIN-CHELATING AGENT CONJUGATES

The “bifunctional chel:ting agent" approach of labeling proteins with metallic
radionuclides was developed in 1974 {Sundberg et al., 1974) and later adapted and

modified by many investigators (Krejcarek et al., 1976; Scheinberg et ai., 1982;

Hpatowich et al., 1983; Meares et al., 1984). There are leveralhidvantages to
using this technique, in particular for labeling monoclonal antibodies. The most
commonly used chelating agent 1s DTPA ("homobifunctional agent”). A number of
other homobifunctional as well as heterobifunctional chelating agents are

Presently under development by various groups. These include EDTA analogs



{Scheinberg et al., 1982; Schmall et al., 1985), dithiosemicarbazone (Arano et
al., 1984; Schmall et al., 19857, catechol (Schmall et al., 1985), desferrioxamine
(Yokoyana et al., 1982), morphine and pyridine derivatives {Wang et al,, 1985)
nitrogen macrocycles (i{eares et al,, 1985) and metallothionein {Tolman et al.,
1984), Many of these compounds may bind more specifically with certain zetals
(67cu, 97Ru, 90Y, etc.) and may pemmit, in addition to the current procedure of
metal chelation following the conjugation of chelating agent to the antibody, the
approach of foming the metal chelate first and then attaching it to the antibody
{Cole et al., 1985; Schmall et al., 1985).

Monoclonal antibody-DTPA conjugates have successfully been labeled with
various radiometals, including 1113y, {Srivastava et al., 1983; 1984a; Oster et
al., 1985; Fawwaz et al., 1985; Hnatowich et al.,, 1983; Scheinberg et al., 1982;
Wang et al.,1984), 99®Tc (Childs et al., 1985; Khaw et al., 1982), and 1094
(Fawwaz et al., 1984)., Binding with other nuclides e.g., 67Cu, is not stadle in
the presence of serum {or in-vivo) thus requiring the use of chelating agents
other than DTPA (Cole et al., 1985; Meares, }1985). In this “chelation labeling"”
approach with monoclonal antibodies, several factors that affect radiochenical
la’beling yields and immunological properties must be carefully considered and
optimized. These include {(in the case of DTPA) the average anumber of DIPA groups
per antibody molecule, source, purity and specific activity of the nuclide, effect
of pH and competing ligands, serum stability, hydrolysis and redox reactions, and

purification procedures.
Anti-melanoma Autibody

In a recent study {(VWang et al., 1984) there was no significant differeace in

biodistridution in melanoma-bearing nude mice when 1llIn-labeled antimelanoma



antibody (225.28s) was obtained using antibody~DTPA conjugates prepared by either
the mixed anhydride method (Krejcarek et al., 1976) or the cyclic anhydride method
(Eckelman et al., 1975; Hnatowich et al., 1983)., The results are summarized in
Table 8. This antibody was also successfully labeled with 109pd (Fawwaz et al.,
1984) 65Zn, and 67Cu (Srivastava et al., 1985a) . The cell-binding assay showed
that the average retention of immunoreactivity was 27, 41 and 15 percent,
respectively, fcr 1llIn, 109pd, and 63Zn-labeled antibody. It should be noted
that these variations are posaibly due t» the different chemistries involved in
the labeling of the same antibody with different radiometals, the reasons for
which are not eatirely clear_ at this time. Data on the tumor uptake in mice of
this antibody labeled with various nuclides are summarized in Table 9, along with
the tumor-to-blood ratios. It is readily appreciated again that the in-vivo
behavior is largely governed by the properties of the labeled product rather than
totally by the antibody itself. Variations in labeling chemistry as well as the
transformed in vivo properties of the metal-antibody complex (varying with the
metal) would seem to account for these differences. Had the antibody suffered
minimal alteration as a result of labeling, the tumor uptake and dblood clearance
for all radicnuclidic labels would be the same, Obviously, this is not the case
{Table 9). It appears that certain'antibo§ies are more susceptible to labeling
conditions than others, Labdbeling chemistries thus largely will have to be
improved and optimized individuaily for particular antibodies and particular

radionuclides,
Anti-platelet Antibedy

The antiplatelet monoclonal antibody, 7E3, was labeled with 11lIn using the DTPA

cyclic anbydride conjugation method (Srivastava et al., 1984a; Oster et al.,

10



1985). Labeling yields ;anged between 60 and 85%, depending on reaction
conditions. The averags nunber of conjugated DTPA groups per antibody molecule
was kept at 5 or below., The specific activity of the preparations was 10-40 uCi
1l1n/pg 7E3-DTPA at an average substitution level of 0.2 to 0.5 indiun atoms per
molecule. The source of 1l1lIn was important. Trace metal contaninants commonly
encountered in many commercial 1355 2 sanples caused a wide variacion in labelirng
yielda., Uith increasing DTPA groupe on the antibody, labeling yields were
progressively higher. On the other hand, the binding to plate{ets of
11117.DTPA-7E3 was reduced with increasing substitution level of DTPA on 7E3
(Table 10). ‘The Fab', fragunent of this antibody conjugated with an average of 2.5
DTPA groups gave much reduced binding to platelets (Table D). Increasing
coucentrations of antibody (>1 1g) per ml of blood (during in-vitro incubation for
platelet labeling) resulted in faster blood clearance and diminished uptake in

in-vivo thrombi in dogs (Srivastuva et al,, 1985b).
CONCLUSIONS

Highly specific monoclonal antibodies have recently become availalle for research
and clinical applications in nuclear medicine. Thesc antibodies possess enomous
potential for use as agen%s to selectively transport diagnostic as well as
therapeutic amounts of raéionuclides to targe:t antigens in vivo, in particular for
tu;or imaging and therapy. While the principle is straightforward, successful
translatior of this concept into practice has encountered numerous problems. The

techniqdes and the chemistry involved in labeling antibodies with iodiae or

metallic radionuclides are of paramount imfortance. Whereas general protein

11



radiolateling nethods are useful and-applicable to antidbodies, immunological
properties of the antibodies are often compronised Eesulting in reduced in-vivo
specificity for the target antigens., A number of techniques have been and are
being developed to attach radionuclides without causing undesirable alterations in
the biological properties of monoclonal antibodies. The bifunctional chelating
agent approach shows the most promise; however, development of agents other than
DTPA {most comnonly used) will be necessary for widespread usefulness of this
technique. The effects of labeling chemistry on the in-vivo behavior of proteins,
in particular of antibodies, must be clearly understood and resolved. A
correspondence tetween in-vitro tests and the in-vivo performance of the labeled
products must be established in order to obtain predictable and reproducible
tesults.

Representative results briefly described in this chapter, and the experience
of various investigators including ourselves, demcnstrate that while some
generalizations are possible and others may result from future investigations, it
will be necessary to carefully optimize labeling and purification procadures for
individual antibodies and particular radionuclides in order to achieve maximum
efficacy of the labeled monoclonal antibody technique for imaging or therapy

applications.
ACKNOWLEDGMENTS

The contribution of a number of collaborators, including B. Coller, R.
Fawwaz, D. Herlyn, T.S.T. Wang, and others listed in the references, is gratefully
acknowledged. Thanks are due to Mrs. R. Bailey for typing this manuscript. This
research was principally supported under U.S5. Department cf Energy Contract No.

DE-ACD2~76CHO0016.



REFERENCES

Arano, Y,, Magata, Y., and Yokoyana, A. {1984), Synthesis of dithiosemicarbazone
derivatives of aralkyl carboxylic acid as 99mTc-bifunctional

radiophamaceuticals. Fifth Int. Symp. Radiopham. Chem., Tokyo, Japan, July

9-13, 1984, Abstract No. I-P-2, pp. 32-34.

Childs, R.L., and Hnatowich, D.J, (i985). Optimum conditions for labeling of DIPA-
coupled antibodies with technetiwm-99m. J. Nucl. Med, 26:293.

Cole, W.C., DeNardo, S.J., Meares, C.F., McCall, M.J., DeNardo, G.L., Epstein,

A.L., O"Brien, H.A., and Moi, M.K. (1985). Sermm stability of 67¢Cu chel.atesé

Comparison with l'uln and 57Co. Int. J. Nucl. Med. Biol. {in press).

Coller, B.S., Peerschke, E.I., Scudder, L.E., and Sullivan, C.A. (1983}. A nurine
monoclonal antibody that completely blocks the binding of fibrinogen to
platelets produces a thrombasthenic-like state in nmormal platelets and binds to

glycoproteins IIb and/or IXla. J. Clin. Invest. 72:325

Eckelnan, W.C., Karesh, S.M., and Reba, R.C. {1975). New compounds: Fatty acid and
long chain hydrocarbon derivatives containing a strong chelating agent, J.
Pham. Sci., 64:704,

Fawwaz, R.A., Wang, T.S5.T., Srivastava, S.C., Rosen, J.M., Ferrone, S., Hardy, M.,
and Alderon, P.0. {1984), Potential of palladiun-~109 labeled antimelanoma
monoclonal antibody for tumor therapy. J. Nucl. Med, 25:796.

Fawwaz, R.A., Wang, T.S.T., Estabrook, A., Rosen, J.M., Hardy, M.A., Alderson,
P.O, Srivastava, S.C., Richards, P., aud Ferrone, S. (1985). Immunoreactivity
and biodistribution of In-lll-labeied monoclonmal antibody to a human high

molecular veight-melanoma assocliated antigen. J. Nucl. Med. 26:48B.

13



Herlyn, D., Herlyn, M., Ross, A.H., Ernst, C., Atkinson, B.,, and Koprowski, H.
(1984). Efficient selection of human tumor growth-inhibiting monoclonal

antibodies. J. Immunol. Meth. 73:157.

Herlyn, D., Powe, J., Munz, D.L., Alavi, A., Herlyn, M., Srivastava, 5.C., and
Koprowski, H. (1985). Immunodetection of human tunor xenografts by monoclonal

antibody F(ab')2 fragments. Int. J. Nucl. Med. 3iol. {in press).

Hnatowich, D.J., Layne, ¥W.W., Childs, R,L., Lanteigne, D., Davis, M.A., Griffin,
T.W., and Doherty, P.W. (1983). Radiocactive labeling of antibody: A simple and
efficient method. Science 220:613.

Inai, K., Ng, A.K., and Ferrone, S. (1981). Characterization of monocloual

antibodies to human melanoma associated antigens. J. Natl. Cancer Inst. 66:489.

Khaw, B.A., Strauss, H.W., Carvalho, A., Locke, E., Gold, H.K., and Haber, E.
{1982). Technetiem=-99m labeling of antibodies to cardiac myosin Fad and to
hunan fibrirogen. J. Nucl. Med. 23:1011.

Klopper, J.F., Spencer, R.P., Srivastava, S.C., Meinken, G.E., Atkins, H.L.,
Richards, P., and Som, P. {1979). Studies on radionuclide determination of

regional hematocrit in dogs. Int. J. Nucl. Med, Blol. 6:68.

Krejcarek, G.E., and Tucker, K.L. (1976). Covalent attaciment of chelating groups

to macromolecules. Biochem. Biophys. Res. Coum. 77:581.

Meares, C.F., NMcCall, M.J., Reardan, D.T., Goodwin, D.A., Diamanti, C.I., and
McTigue, M. (1984). Conjugation of autidodies with bifunctional chelating
agents: Isothiocyanate and bromoacetaride reagents. Methods of analysis, and

subsequent addition of metal ions. Anal. Biochem. 142:68.

Meares, C.F. (1985). Chelating agents for the binding of metal ions to antibodies.

Int. J. Nucl. Med, Biol. (in press).

Meinken, G.E., Srivastava, S5.C., Smith, T.D., and Richards, P. (1976). "Is there a

good Tc-99m-albumin®? J. Nucl, Med. 17:537.

14



Oster, Z.H., Strivastava, 5.C., Som, P., Meinken, G.E., Scudder, L.E., Yananoto,
K., Atkins, H.L., Brill, A.B., and Coller, B.S. (1985). Thrombus radioimmuno-
scintigraphy. An approach using monoclonal antiplatelet antibody. Proc. Nat.

Acad. Sci. U.S.A.. 82:3465

Scheinberg, D.A., Strand, M., and Gansow, 0.A. (1982). Tumor imaging with
radiocactive metal chelates conjugated to monoclonal antibodies. Science 215:
1511. l

Schmall, B.S., and Srivastava, S.C. (1985). New bifunctional chelating agents as
potential H.zinds for the attachment of radioactive metals to monoclonal

an:ibodies. Int. J. Nucl., Med. Biol. {in press).

Srivastava, S.C., Fauwaz, R.A., Wang, T.S5.T., Elmore, J., Giacomini, P., Ferrone,
S., Richards, P., Hardy, M.A., and Aiderson, P.0. {1983). Comparison of In-111
and I~125 as labels for monoclonal antibody to a human high molecular weight
melancma associated antigen. J. Nucl, Med., 24:P31.

Srivastava, S.C., Meinken, G.E,, Oster, Z.H., Som, P., Coller, B., Atkins, H.L.,
Scudder, L.E., Mausoer, L.F., Yamamoto, K., and Brill, A.B. (1584a). Evaluation
of I-123 and In-111 labeled antiplatelet monoclonal antibody fgr the
scintigraphic localization of in-vivo thrombi. J. Nucl., Med. 25:P565.

Srivas'ava, S.C., Meinken, G.E., Prach, T., Mausner, L.F., and Richards, P.
(1984b). Development of HPLC methods for the analysis of radioiodine and for
the purification and quality control of iodinated radiophamaceuticals. J.

Labeled Compds. Radiopham., 21:1135.

15



Srivastava, S.C., l-‘.awuz, R.A., Ferrone, S., et al. {1985a). Unpublished data.

Srivastava, S.C., Meinken, G.E., Scudder, L.E., and Coller, B.S. {(1985b).
Considerations in the radiciodination and chelation labeling of an antiplatele:
monoclonal antibody. J. Nucl., Med. 26:P45.

Sundberg, M.W., Meares, C,F., Goodwin, D.A., and Diamanti, C.I. {1974). Selective
binding of metal ions to macromolecules using bifunctional analogs of EDTA. J.

-~ Hed, Cham. 17:1304,

Tolmaan, G.L., Hadjian, R,J., Morelock, M.M., Jones, P.L.,‘ Neacy, W., Liberatore,
F.A., Sands, H., and Callagher, B.M, {1984)., In~vivo tumor localizatfion of
technetimm~labeled metalothionein-monoclonal antibody conjugates. J. Nucl,
Med. 25:P24,

Wang, T.S.T., Srivastava, S.C., Fauwaz, R.A., Giaconini, P., Ferrone, S.,
Richards, P., Hardy, M., and Aldexsom, P.0., (1984). A comparison of the cyclic
anhydride and mixed anhydride methods for indium~111-DTPA chelation to

monoclonal antibodies., Nuclear-Medizin 23:193,

YWang, T.S.T., Ng, A.K., Fawwaz, R,A., Liu, 2., and Alderion, P.0. {1985). Hetero-
bifunctional reagents: a new approach to radiolabeling of monoclonal
antibodies. J. Nucl. Med. 26:P46.

Yokoymma, A., Omomo, Y., Horiuchi, K., Saji, H., Tanaka, H., Yamamoto, K., Ishii,
Y., and Torizuka, K. {1982). Deferoxﬁine, a pronising bifunctional chelating
agent for labeling proteins with galliun: Ga~-67DF-HSA: Concise comaunication.

J- Nllcl.. Hed. 2:909- -

16



FIGURE CAPTIONS

Figure 1,

Figure 2.

Figure 3.

Figure 4.

Conparison of in vitro cell binding efficiency of three different
preparations of antimelanoma antibody labeled with iodine-125 using
chloramine-T {ChT), Iodogen, and lactoperoxidase (L¥0). 1 x 105 hunan
COLO 38 melanoma ceils were incubated with decreasing concentrations of
radiolabeled antibody in a 96-well pvc micro-titer plate. Percent of

radioactivity bound to cells was detemined after extensive cell

washing.

A typical HPLC separation of various chemical forms of ifodine. The
sample shown was prepared by mixing the individual solutions
immediately prior to use. (Upon aging the iodide gets quantitatively
oxidized by perioda;e to produce iodate.) Column: Lil:hroso:b RP-8,
4,6 x 259 mm. Eluting solution: 5 x 10-2 M P0O43~ and 2 x 10-3 M

BugNOH in 207 methanol; pH 7.0. Flow rate, 1 ml per min, temp, 220.

Fractionation of 99@Tc-HSA preparation {BNL, DTPA procedure) on Agarose
A-0.5m coluwmn (0.9 x 100 cm). Open squares: radioactivity; open
circles: transmission at 280 mm. 1, void volume fraction {polymer or

aggregate); 2, Trimer; 3, Dimer; 4, Monomer.

Blood clearance curves of .various labeled albwmain preparations in dogs
(n = 4-10) compared to monomeric (purified) I-~131 albunin, Curves 1,
3-5, 9 - BNL Tc-99m-albwin: 1, moncmer; 3, dimer; 4, unpurified; 5,
trimer; 9, polymer. Curve 2: coamercial iI-131-altumin, used as
supplied. Curves 6, 7, and 8: Tc-99n-albunin prepared nsiﬁg various

commercial kits, not purified after labeling.
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TABLE 1. Iodination of Antiplatelet Antibody, 7E3 {100 ug),
Using Chloramine-T Under Various Conditions?®

ChT, Reaction % Labeling Yield
Nuclide »g Time, win (TCA, G-25)
1231 15% 10 7%

] 2 70

1.5* 10 47
1251 15» 10 92
1315 1.5 2 28

1.5 30 43

5 2 73

5 10 85

aEach nunber is average of 3 experinents. Reaction volume
200 + 100 ul, phouphate buffer, pH 7.0
Ratio of I/7E3 = 1.0 except * = 2,




TABLE 2. In-vitro Binding to Dog Platelets2 and to Clots of
1311-7E3 as a Function of I/7E3 Ratio

Percent Binding

Ratio Labeling yield

I1/7E3 {TCA), Z Platelets Clot
0.5 70 78 70
1.0 75 75 68
2 80 71 65
5 a5 60 50

1¢ 86 50 40

22 90 12 10
1.0 {Fab'2) 84 67 55

“«n whole blood, 60 min incubation.




TABLE 3. Stability with Time of 1311-7E3a
Bound

Tine, 1311, 4 Binding to

Days (TCA) Platelets, %

0 78 80

7 75 72

15 14 55

FRatio 1/7E3 = 1.0; sp. activity 30 + 2 uCijug.
Stored at 49 in 0.2% HSA, Tris/saline buffer,

P= 7.

oy



TABLE 4, Effect of ILodination Condirions on GA-733 Fab'ja

Reaction Conditions

Reaction Labeling Immunoreactivity

Nuclide Oxidant Time, Min Yield, 7 {Cell-Biading Assay)
1311 Chloramine T 1 37 $6.5

{5 pg) 10 52 42

lodogen 1l 61 63

(7.5 up) 10 94 35.5
1231 Chloramice T 1 45 57b
(p,5n)

(5 ug) 1 25 3c

%No difference in labeling yields or immunoreactivity with iodine
to antibody ratios of 0.5-2.

40 uCifug (1231),
bBNL produced,
CAnother source.

Average sp. act.: 5 uCi/pg{l311);




TABLE S. Analysis of Various Radioiodine Species (k' values)a by C3, Cg and Cig
Reverse-Phase High Perfomance Liquid Chromatoguph}'b

| 100% Aqueous 10% Acetonitrile 40% Acetonitrile
Species ) cs Clg C2 cs Cig c2 Cg C1g
103~ 0.09 0O 0 0 0 0 0 0 0
I- 1.55 4,86 3.29 0.73 1.21 0.43 0.09 (] 0
104~ 11.2 - RC 3.55 5.36 6.57 1.36 - 0 —
CH3I l.64 - 3.71 1.55 4.1& 2.86 1.0 1.57 1.0
CHlj R - R R R R 3.0 10.7 3.71
agt . elution volume (Ve) - colunn volume (Vo)

Vo

bElution buffer was a 0.05 M pH 7 phosphate solution containing the stated
anount of aqueous or organic phase and 0.002 M tetrabutylammoniun hydroxide.
C€R, retained.




TABLE 6. In Vitro Data for 13lI-HSA and 993Tc-HSA Preparationsl

Percent activity bound to albumin

Formulation, Electrophoresis ’ Gel Filtration3
MTe-Albunin2
Cellulose Polyacryl-
Acetate amide Gel Sephadex Sephadex Biovgel
{PAGE) G=25 G-100 A-0,5m
DTPA procedure 77 35 (D); 99a 42 (P); 40 (D);
44 (M) y3b 46 (M)c 36 (M)b
Citrate procedure 83 - - - 13 (D) ;
—— &6 (M)
DTPA procedure 86 43 (M); - 36 (P); -
using crystalline HSA 39 (D) 44 (M)b
DTPA procedure
using canine albumin 75 - - - -
Conmercial
electrolytic Kit 64 - 582 - -
Commercial
1311.HsA% 85 80 (M); 95a - i (D)3
5 (D) 83 (M)b

1. Average of 4-10 experiments for each data point.

2. Unless othervise mentioned, 25% HSA solution (Hyland) was used, Pertechaoetate was
not detected in any of the preparatiouns. Unbound activity {balance) represents re-
duced technetimm {chelated, weakly HSA-bhound or colloidal).

3. 7olumn size: a, 0.9 x 35 cm; b, 0.9 x 100 cm; ¢, 3.0 x 100 cm. Supporting bed
~90% of column height. Fractions as follows: P, polymer; D, dimer; M, mooomer.

4, 3% free iodide by paper chromatography (857 MeOH).




TABLE 7. Blood Clearance of Varfous Labeled Albumins in Dogs?

Percent Remaining in Blood

A \ 1 2 3 4 5 6 7 B 9
Time 1311-ush  99m7c-usA  13reHsa  99Mpc-usa 99mye 99mr.usA  99Me-tsA 29nTe-HSA 99mpc-HSA  9IMTeiBA
(min) Monomer Monomesz Unpurified Dimer "Unpurified Trimer Commercial Commercial Commercial Polymer
{BnL) (Biiv) (BNL) (BNL) Kit, Company X RKit. Company ¥ Kit, Company Z  (BNL)
1 92,4 97,7 96.6 96.5 100 97.3 99,2 97.3 102.5 15.6
5 96,9 96.8 6.8 924.4 98.7 92.0 95.2 84.0 87.3 3.1
15 95.3 93.1 93,2 88,2 921.6 85.0 86.4 72.6 76.1 14,2
a0 89.9 89.3 86.1 8l.1 78.0 78.5 79.8 64,7 65.0 11.4
60 86.0 84.0 8l.4 74.3 76.4 4.7 62,4 55.6 52.0 9.4
90 87,6 8l.4 82.0 71.4 70,9 68,1 68,7 50.6 45,8 8.4
120 84,9 82,1 78.4 71.2 67.1 66,1 64,4 45,9 41,0 7.4
Faat
Component
T 1/2
(nin) 14 14 18,7 14 34 7.5 21,3 7.0 10.3 2,5
% of
Total 9 12 15.6 22 3l 16 30 37 33.5 a8
X Excretion
in urine 0.02 2 - 12 21.2 5.3 - 21.5 16,3 12.2

2 he

2Humbers of various preparations correapond to curves in Flizure 4. “Each data point is an average of 3-10 animal experiments.




TABLE 8.

Tissue Distribution in Melanoma Bearing Mice (7 Injected Dose per g.)
of lllin.DTPA-anti~HMW-MAA Monoclonal Antibody, 225.28s, Prepared
Using two Methods of Chelate Conjugation {96 hr Post Injection)

Hethod
Tissue Nixed Anhydride Cyclic Anhydride
Blood 2.1 + 0.5 3.3 + 0.8
Tunor 12.6 + 2.9 16.1 + 4.1
Muscle 0.5 + 0.1 0.4 + 0,1
Bone 1.9 + 0.5 1.6 + 0,2
Liver 9.1 + 0.3 7.7 + 1.0
Spleen 4.3 + 0.2 3.8 = 0.2
Kidney 9.2 + 0.8 7.7 + 0.6
Lung 1.9 + 0.5 2,7 + C.5




TABLE 9. Tumor Uptake and Tumor to Blood Ratios in COLO 38 Melanona
Bearing Nude lice of Labeled Antimelanoca Monoclonal

Antibody, 225.28s, 4 4 Following Injection

. Tumor/Blood Z ID/g in

Radionuclide Ratio Tumor
1113, 4.9 16.1 + 4.1
109pgda 63 18.9 + 4.4
65z 15 3.0 + 0.9
1251 5.6 2.3 + 0.1

a48 hr after injection.




TABLE 10. Binding to Platelets of 11lIn.7E3
as a Function of DTPAS7E3 Ratio®

Ratio Labeling Binding to

DIPA/7E3 Yield, % Platelets, 7
0.9 78 72
1.5 80 68
5.3 85 59
2.5 (Fab'2) 82 20

2In vitro incubation with whole dog blood,
60 min.
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