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METHOQS FOR TECHNRTIUK/RffENIQH LABELING OF PROTEINS 

Background o( the Xnyention 
The present invention relates to ·improved and 

optimized methods for direct labeling of proteins, 
especially antibodies and/or antibody tra9Jllents, with 
radioisotopes of technetium and rhenium. 

The isotope Teohnetium•99m is among the, most 
valuable in diagnostic nuclear medicine 4ue to its ready 
availability, low cost and favorable radiochemical 
characteristics .. It is used widely as an agent for 
labelinq macromolecules such as 111onoc::lonal antibodies and 

can be bound to tbe protein in various ways. Early work 
mainly used the biflinctional chelate approach, i.e., use 

of a c:helator which contained "-nother tunctional qroup 
for linkage to the ~rotein. Various fona of diethylene­

triaminepentaacetic aQid (DTPA) were used, for example, 
to bind to the antibody and also to chelate the radio­
metal ion. 

Direct labeling of protein vas also tried, using a 
"pretinnin911 protocol~ requiring severe conditions and 
lon9 "pretinning" tiaes, but radiolabeling at 1.00' incor­
poration was not achieved. Moreover. the presence of 
~xtremely high amounts of stannous ion for long periods 
compromised the immunoreactivity of the antibody. The 
process also generally necessitated a post-labeling puri­
tication col\111ln. Atte•pts to repeat pretinning proce­
dures of others with F(ab')z antibody fragments were 
unsatisfactory in achievinq Tc•99m labelinq. 

Other, more recent direct labeling methods have 
required sepa:rate vials, one for antibody and one for 
stannous ion complexed to a transc:helator such as a 

.:.·.·· ·;· ... · . .... 
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phosphate and/or phosphonate. 

The element below technetium in the periodic table, 

rhenium, has si111ilar chemical properties and might .be 
expeoted to react in an analogous manner to technetium. 
There are some 34 isotopes of rhenium and two o! them in 
particular, rhenium-186 (t 1/2, 90h; qamma 137 keV, beta 
1.07, 0.93 MeV) and rhenium.-188 (t 1/2, 17h1 gamma 155 
JceV, beta 2 .12 MeV), are prime candidates for radio­
immunotherapy using monoclonal antibody approaches. Both 
isotopes also have 9amma emissions at suitable energies 
for qamma camera ima9in9 purposes. RheniUR-186 is ob­
tained from reactor facilities by boJnbardment of enriched 
rhenium.•185 with neutrons, which yields rhenium- 186 in 
a "carrier-added" form containin9 a large excess of non­
radioactive rheniwn-185. Rhenium-188 is obtained from a 
tungsten-188/rbenium-188 generator (Oak Rid41e National 
Laboratory) and can be eluted from the generator in a 
substantially carrier-free form with little tungsten 
breakthrough. Also, the energy deposition from. this 
isotope at a hiqh A •l. 63 q-rad/ pCi-h is close to 
another potently energetic potential therapeutic:, 
yttriu•-90 (A = 1.99 9-rad/~Ci-h) vhile at the same time 
the chemical properties of rhenium may make it leas of a 
bone-seekinq agent than yttrium (vhich is often·cohtami­
nated with strontium-90) and give rise to better tumor/ . . . 
Ot'9an biodistribution and dosimetry. 

Although many.groups have alluded to the possibi• 
lity of util i1inCJ rhenium to label antibodies in t.he same 
fashion as technetium, little.successful work has been 
published. LOw rhenium incorporations are usually seen 
with antibody-chelate conjugates and there is a general 
tendency of rhenium to reoxidize back to perrhenate and 
then disscciate from complexation. Besides, use of the 
bifunctional chelate approach_ often requires an organic 
synthesis with a lengthy series o~ interme~iates to be 
isolated and purified prior to antibody conjugation. 
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Numerous attempts by the inventor and others to 

produce an F(ab)' 2 fracpn~nt radiolabeled with technetiu~ 

or rhenium, and substantially free of Fab' fraqments ~ere 

unsuccessful. Such a conjugate is desirable for its 

adva,ntaqeous colllbination of clearance rate, extent of 

tumor localisation and biodistribution. 
A need continues to exist for simple, efficient, 

preferably one-vial methods for 1:adiolabelin9 proteins· 
with radioisotopes of tchnetiua and rhenium. 

Qb1ects of the Invention 
One object of the present invention is to readily 

produce a highly immuno:reactive technatiwn or rhenium 

radiolabeled antibody or antib~y fraCJment, particularly 
including an F(ab.1 ) i fragment, which is stable to loss of 

label by transchelation or reoxidation. 
Another object of the invention is to provide a 

method for direct radiolabelihc; of a .protein ''which 

produces high yields of labeled product with minimal 

conta•ination with by-products.· 
Anocher o'.bj ect of the invention is to provide a 

convenient and efticient radiolabeli~g kit tor use in 

introducing tec.bnetiun or: rhenium radioi~otope into an 

antibody or antibody fragment •.. -
Upon further study of the specification and 

appended claiJllS, further objects and advantages of this 

invention will become apparent to those skilled in the 

art. 

summary of the Invention 
The foregoing objectives are achieved by providing 

a method for radiolabelinq a protein containing a plu­
rality of spatially adjacent tree sulfhydryl qroups with 

a radioisotope of technetium or rhenium, comprisinq the 
steps of contactinq a solution of said protein containing 
a plurality of spatially adjacent free sulfhydryl groups 



- 4 -

with stannous ions, and then with radiopertechnetate or 

radioperrhenate, the amount of stannous ion beinq in 

sliqht excess in the case of technetium and in qreater 

excess in the ease of rheniwu over that required to_ 

substantially completely reduce said radiopertechnetate 

or radioperrhenate, and recovering radiolabeled protein. 

The invention also provides technetium or rhenium 
radiolabelinq kits for,effectinq the labeling process of 

the invention, especially for producin9 TC-99m and 
rhenium radiolabeled antibodies and antibody fragments, 

and improved methods' of radioantibody imaging and therapy 

using antibodies and antibody fragments radioalabeled 

accordinq to the invention. 

Qetailed Qescription 
It has now been found that a protein, in particular 

an . antibody or antibody fragment, having at least one 
sulfhydryl group, and preferably a plurality of spatially 

i . 

adjacent free sul fhydryl ·groups, can select! vely bind 

technetium and rhenium radiometal ions, under mild condi­

tions, to form tight bonds to the sulfhydryl groups that 

are quite stable in blood and other bodily fluids and 

tissues. Both the reaqenta and the · conditions in the 

present method are 9reatly simplified, b~t the method is 

particularly adapted ·tor technetium or rhenium labeling 

a~d it is surprisingly and unexpectedly shown that 

optimal conditions for introducinq each label are 

different~ 

The present method broadly comprises the st.ep of 

c~ntactinq a solution of a protein containing free sulf­

bydryl groups, said solution also containinq Sn(II) ions, 

with a solution of Tc-9911-pertechnetate or perrhenate 

ions (using a radioisotope of rhenium of therapeutic or 

il1la9in9 utility), whereby a solution of tecbnetiu.m or 

rhenium radiolabeled protein is obtained. The procedure 

is simple and practical for the nuclear medicine physi-
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cian and technologist. Preferred embodiments include 
applyinq the method of the invention to produce radio­
labeled antibodies or antibody f raqments useful for gamma 
imaqinq and radioisotope therapy. 

The labeling method And kit of the invention may be 
used to bind radioioaotopes of technetium and rhenium to 
other proteins with the requisite tree su_lthydryl groups. 

Proteins which contain free sulfhydryl q:roups can be 

labeled directly. Those which con~ain disulfide groups, 
normally linked throu~h a cystine residue, can be treated 
with a reducinq agent to qenerate the free sulfhydryl 

qroups. This may result in fra9111.entation of the protein 
if_ the disulfide bond links polypeptide chains which are 
not continuous, ·or it may merely result in chain 
separation,: po$sibly involvin9 a change in conformation 
of the protein if the disulfide bond joins remote 
seCJJD.ents of a sinqle polypeptide chain. sulfhydryl 
9roups can be introduced into a p~lypeptide chain to 
provide proximal groups. Use io~ Traut•s Reagent 
(iminothiolane) for this purpose is not preferr~d, where­
as use of oligopeptides containing several adjacent aulf­
hydryl groupa is efficacious. In particular, use of 
metallothionein or, preferably, 
peptide fragment (hereinafter, 
significant improvement. 

its c-terminal hexa­
•MCTP•), results in 

Reduction of an antibody or F(ab 1 ) 2 fragment with 
known disqlfide bond reducing agents, e.q., dithio­
threitol, cysteine, ~ercaptoetbanol and the like, gives 
after a short time, typically less than one hour, 
including purification, antibody having from i-10 free 
sulfhydryl groups by analysis. When labeled with tech­
netiun using a reducing agent such as stannous ion under 
the present conditons, lOOt incorporation of Tc-99m to 
protein is seen toqether with >95t retention of immuno­
reactivity. 

It has been found that attempts to achieve partial 
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reduction of F(ab'} 2 resulting from enzymatic cleavage of 

intact antibody often result in considerable further 

cleavage to Fab•, and that even later attempts to reduce 
p_ertechnetate or perrhenate with stannous ion, in the 

presence of F(ab' ) 2, are accompanied by disulfide bond 

reduction and further cleavage to Fab', resultinq in some 

label being lost to the monovalent frag:ment. For 1111-
proved production of F(ab')z antibody fraglllenta, substan­

tially free of further Fab• cleavage products, it has 

surprisingly and unexpectedly been found that cleavage to 

F(ab')z fragments of antibody already having free sulf­

hydryl groups thereon, followed by labeling with.reduced 
pertechnetate or perrhenate, results in highly efficient 

labelinCJ of the F(ab' >z vith substantially no further 

. cleavage to Fab • • The F (ab') 2-SH can be produced l>Y 
partial reduction of intact antibody as described above 

or by introduction of free sulfhydryl groups into intact 

antibody, e.g., by conjugation with activated MCTP or an 

equivalent polythiol addend, followed by cleavage, pre­

ferably enzymatically vith, e.g. pepsin, under conven­

tional, preferably acidic, conditions and in the absence 

or oxygen, t.o form the sulfhydryl-containing bivalent 

frac;JJnent. 

Much less Sn(II) is needed to achieve 100% Tc-99m 

incorporation than vas prev~ously thought~ The general 
amount of tin used for labeling compounds with Tc in most 
prior art methods is about ioo-200 micrograms per milli­
q~am of protein. However, because of the qreat binding 
power of the sterically close SH groups and the subnano-
9ram quantities:of Teo,· that normally ~ust ~e reduced to 
obtain •dequate · activity tor gamma imaging, much less 

sn(II) can be effectively used. Reduction is effected by 

stannous ion, generally in aqueous solution. It will be 

appreciated that stannous ion can be qenerated.in 11.i.tY 
from tin metal, e.9., foil, granules, powder, turnings 
and the like, by contact with aqueous acid, e.9., Hcl, 
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and is usually added in the form of SnC12 , advantageously 

in a solution that is also about 0.1 ll\M in HCl. 
In 9eneral, it is advantaqaous to vork vith a con­

centration ot antibody or antibody frag111ent of about 0.01 
- 10 1119 per llll, preferably about 0.1 - 5 m9/11\l, o! solu­
tion, 9enerally in saline, preferably buffered to a 
mildly acidic pH of about 4.0-4.S. In s\lch case, the 
amount of stannous ion needed for reduction of a normal 
imaginq activity of pertechnetat.e is about 0.1 - 50 

~g/ml, preferably about o.s - 25 pq/ml, in proportion to 
the amount of protein. 

When labeling the foreqoing quantity of antibody or 
antibody fraqment, the aaount ot pertechnetate is 
generally about. 2 - 50 11Ci/11.9 of antibody or antibody 

fraCJDlent, and the time of reaction is about 0.1 - 10 min. 
With the preferred concentrations of protein and stannous 
ions noted above, the amount of pertechnetate is prefer­
ably about S - lO aci/mg, and the time of reaction is 
preferably about l - 5 min. 

! 

Pertechnetate is generally obtained . from a com­
~ereially available qenerator, most colt1lllonly in the form 
of NaTco,, notmally in saline solution. Other fqrms of 
pertechnetate may be usad, with appropriate modification 
of the procedure, as· would be suggested_ by the supplier 
of a new torm of qenerator or as would be apparent to the 
ordinary ~killed artisan. ·pertechnetate is qenerally 
used at an activity of about 0.2-10 111Ci/ml in saline, 
~.9., o.9\ ("physiological") saline, buffered at a pH of 
about 3-7, preferably 3.s-s.s, more preferably. about 
4.5-5.0. Suitable buffers include, e.q., acetate, 
tartrate, citrate, phosphate and the like. 

The reduction is normally effected under an inert 
gas atmosphere, e.g., nitrogen, argon or the like. The 
reaction temperature is qenerally maintained at about 
room temperature, e.~., 18 • 2s·c. 

These conditions routinely result in substantanti-
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ally quantitative incorporation of the label into the 
protein in a f·orm which is highly stable to oxidation and 
resistant to transchelation in saline and serum. For 

example, it is no~ possible to consistently label IgG, 

previously reduced with a thiol-9enaratin9 reagent, with 

from o.s to 5 microqrams of Sn(II) per milligram of IgG, 
in essentially quantitative yield. Generally, at least 
about 95:\ of the label remains bouna· to protein after 
stand!n9 overnight at 37 "C in serum. Furthermore the 

inununoreactivity or this protein is hardiy reduced after 
this serum incUbation, sho~ing that the conjuqates are 
still completely viable imaging aqants out to at least 24 
hours. 

At these concentrations, no tranGchelator such as 
phosphonate, tartrate, ql~coheptonate or other vell known 

Sn(II) chelatin9 aqent is re~irad to keep the tin in 
solution. Sn(II) compounds such as stannous chloride and 
stannous acetate have been used successfully in these 
experbients. other readily available and conventional 
sn(Il) salts a~• also effective. There are only three 
essential inqredients; the reduced antibody, the aqueous 
stannous ion and the pertechnetate solution. Under the 
~onditions described hereunder. 100' of Tc-99m incorpora­
tion into intact antibody and 1 Fab/Fab1 fragments can be 
readily achieved. In the case or F(ab')z, the labeling 
conditions result in 1ooi inQorporation of Tc-99m, but 
also produce a certain amount of radiolabeled Fab' in 

addition to radio labeled F (ab• ) 2 • The improvenent set 

forth hereinabova for producing radiolabeled F(ab')z 
obviates this problem. 

The resultant Tc-9911\-radiolabeled antibodies and 

antibody fraqments are suitable for use in scintigraphic 
imagin<1 of, e.9., tuJQors, infectious lesions, microorgan­
isms, clots, myccardial infarctions, atherosclerotic 
plaque, or normal orqans and tissues. such imaging 

methods are well known in the art. The radioa.ptibody 
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solutions as prepared above are ready for i111m.ediate 
injection, if.done in a properly sterilized, pyrogen-free 

vial. Also, no blocking of free sulfhydryl groups after 
technetiu~ binding is necessary for stabilization. 

The method of the inventio~ is particularly 
attractive for labeling- antibodies and antibody fra9-. 

ments, althouqh proteins such as albumin, dru9s, cyto­
kines, enzymes, hormone•, immune modulators, receptor 
proteins and the like may also be labeled. Antibodies 
contain one or more disulfide bonds which link the heavy 
chains, as well as disulfide bonds which join light and 
heavy chains together. The latter disulfide bonds· are 

normally less accessible to disulfide reducing agents and 
the bonds linking heavy chains can normally be selective­

ly cleaved. The resultant fraqments retain their i:mmuno• 
specificity and ability to bind to antigen. It will be 
understood that reduction of disulfide bonds linking the 

heavy chains ot an immunoglobulin mus~ be effected with 

care, since the normally less reactive disulfide bonds 
linking li9ht and heavy chains will eventually be reduced 
if reducin9 conditions are too drastic or the reducin9 

J 
aqent is left in contact with the fragments for too lonq 
a time. . 

once reduced, the antibody-SH moieties are quite 

stable if stored under ri9orously oxyqen••free conditions. 
stability i_s also "increased with storage at lower pH, 
particularly below pH 6. It has been found that rapid 

-cooling to the temperature of liquid nitrogen of anti­
bodies and.antibody fragments containing a plurality of 
free sulthydryl groups permits storage thereof for 
prolonged periods of time without deterioration or 
significant loss of sulfhydryl groups. It is believed 
that bathinq the tubes containing the antibody-SH or 

fraqment-SH species in an.atm~sphere of nitrogen adds to 
the protection of lo~ temperature and effectively pre­
vents reoxidation of sulfhydryl qroups to disulfides. 
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It will also be understood that the antibodies or 
antibody fragments to be radiolabeled can be antibodies 
which bind to antigens ~hich include but are not limited 
to antiqens produced by or associated vith tumors, infe~­
tious lesions, microorganisms, parasites, myocardial 

infarctions, clots, atherosclerotic plaque, or normal 
organs or tissues. 

By "antibodies and antibody ~ra9J1lents" is meant 
generally il\\Jllunoqlobulins that specifically bind to 

· antigens to form imJDune complexes. The terms include 
conventional I9G, IqA, IgE, I9M, and the like, conven­
tional enzyme digestion products such as F(ab•) 1 fra91Dents 
obtained by pepsin diqestion of intact immunoglobulins, 

Fab fraqments obtained by papain digestion of intact 

immunoglobulins, conventional monovalent Fab' and light­
heavy chain fra911lents obtained by disulfide bond cleavage 
o( F (ab' ) 2 frac:imenta and intact antibody, respect! vely, as 

well as products havinq substantially similar properties 

to such immunoqlobulins and fragments. Such s~ilar 

proteins include antibody aubtraCJlllents made by further 
digestion or manipulation of larger fra911lents, genetic­

ally engineered antibodies and/or fragments, and syn­
thetic proteins havinq an antigen recognition domain 

which specifically binds to an antigen in a substantia11r 
analogous fashion to a "cl~ssical• immunoqlobulin. The 
only substantive requirement for such a protein is that 
it have two or more proxi~al sulfhydryl ·groups to serve 

as ohelators for the reduced perteahnetate or reduced 
perrhenate radiometal ion, by_ virtue of partial reduction 

or of introduction of polythiol moieties. 
By "re4uced pertechnate" or "reduced perrhenate•• is 

meant the species of technetium or rhenium ion formed by 

st~nnous ion reduction of pertechneate or perrhenate and 
chelated ~y the thiol 9roup(s). It 1& generally thought 
that reduced pertechnetate is in the form of Tc(III) 

and/or Tc(IV) and/or Tc(V) in such ohelates, and that 
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reduced perrhenate is in the form of Re(III) and/or 
. . 

Re(IV) and/or Re(V), but higher or lower oxidation states 
and/or multiple oxidation states cannot be excluded and 
are within the scope ot the invention. 

Rhenium is tound just below technetium in the 
periodic: table, has the same outer . shell ele~tronic 

configuration, and therefore 1ni9ht be expected to have 
very similar chemical prope:tties, especially the behavior 

of analogous compounds. In fact, rhenium compounds 
qualitatively behave similarly to technetium compounds 
insofar as reduction and chelation are concerned but 
their :reaction rates are quite different and they are 
dissimilar in certain important respects. 

The radioisotope Re-186 is attractive for therapy 
and can also be used for imaqinq. It has a half-life of 
about 3.7 days, a high LET beta emission (1.07 MeV) and 
a convenient qal!lllla emission aner9f ( o .137 MeV) • By 

analoqy to technetium, rhenium is produced from · per­
:rhenate, and the reduced rhenium ions can bind non­
specifically to protein. Accordinqly, a :method for 
Re-186 labeling of proteins, wherein the reduced 
perrhenate is bound to sulfhydryl groups of a protein 
molecule such as an antibody, would . be advantageous. 

· Re-188 is a generator-produced beta and gamma emitter 
with a half-life of about 17 hours and is suitable for 
imaging and therapy. The development of co111J11ercial 
9enerators for rheniwn-188 is currently underway; and in 
a preferred scenario, carrier tree rheniu:m-188 is added 
directly to a vial containing stannous ion and I9G, to 
produce a rhenium radiolabeled protein which is ready tor 
use in less than two hours. The half-life of rhenium-
188, at 17 hours, makes speed of preparation.par~~cularly 
important. 

Th~ procedure is moditied so~ewhat in the case of 
rhenium from that used with pertechnetate. In contrast 
to Tc-99m labeleing procedures, perrhenate does not label 
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reduced antibr;>dies \ol'hen low ainounts of stannous ion 

reducing aqent and short reaction$ times are used. How­
ever, by the use of hiqher amounts of stannous ion, e.9., 

stannous tartrate, and longer reaction times, thiol­

reduced antibodies are successfully labeled with rhenium. 
By judicious manipulation of conditions, better 

tban 80% rheniUJll incorporations into antibody can be 

achieved in just a fav hours, which is particularly_ 
important for rheniwn-188 with its 17 hour half-life and 

potential for radiobiologic damaqe to the antibody •. 
Labelinq procedures are simpler than those currently 

required for iodine-131 radiolabelinq and much si•pler 

than what is currently required for labelinq antibodies 

with yttri'Ulll-90 and copper-67. The short labeling time 

ensures rete·ntion of antibody immunoreactivity. 

Conditions will vary depending upon Whether the 

perrhenata ia substantially carrier-free (e.g., 

generator-produced Re-188) or carrier-added (e.g., 

reactor-produced ae-186), the latter requiring more 

parrhenate for equivalent activity, and therefore more 
stannous ion reducing agent, al though not necessarily 

more protein. 'l'hie ·is an aspect not treated in the prior 

ai;t. 

Generally, a protein, preferably an antibody or 

antibody fragment,· containing a plurality of adjacent/ 

proximal sulthydryl 9roups, vill be used in concentra­

tions reflecting the preferred therapy application of 

radi~isotopes of rhenium. The types of protein th•t can 
:be labeled and the definitions of ant.ibodies and antibody 

fragment disclosed for technetium labelinq are also valid 

for rhenium radiolabelin9. 
Labeling wit.b ·substantially carrier-free Re-188-

NaReo,, the torm which would normally be produced from a 

generator, is advantageously effected with the sulf­

hydryl-containing protein, e.q., antibody or fr~c;ment, a~ 

a protein concentration of about l - 20 mg/ml, preferably 
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10 - 20 mg/ml, in substantially the same solutions and 
under substantially the same conditions as pertechnetate. 

The amount of stannous ion used is generally about 100 -
10, ooo µq/ml, preferably about 500 - 5, ooo µ9/ml, and 
preferably in proportion to the amount of protein. Usinq 
the tore9oin9 amounts of protein and stannous ion, it is 
advantageous to use about 10 - 500 mci, preferably about 
50 - 250 mci of substantially carrier-free Re-iaa-per­
rhenate, preferably again in proportion to the amount of 

·protein. The reaction time is advantageously about 1 min 

to 4 hr, preferably about is·min to 2 hr. surprisinqly 
and unexpectedly, the reaqent ratios and reactions times 
that were optimal for pertechnetate labeling were not 
effective for perrbenate, and vice-verea. 

Labelin9 with carrier-added Re-186-NaReo,, the form 
which vould nor11ally be produced from a reactor and vhich 
generally contains about a 100- to 1,000-fold excess of 
Re-185 as carrier, is advantageously effected with the 
sulfhydryl-containing protein, e.9., antibody or frag­
ment, at a protein concentration of about l - 20 mg/ml, 
preferably 10 - 20 mq/ml, in substantially the same 
solutio.ns and under s\lk»stantially the same aonditions as 
for Re-188-perrhenate. However, because of the la:rqe 
amount of carrier, the amount of stannous ion used is 
generally about 1 - 1, ooo mg/•l, preferably about 5 - soo 
mg/ml, and preferably again in proportion to the amount 
of protein. Approximately the sa~e activity of rhenium· 
radioisotope and about the same reaction times are used 
for this isotope. 

A short column procedure will normally suf~ice to 
remove any unbound rhen!Ulll and atter this time it is 
ready for immediate injection, if done in a properly 

sterilized, pyroqen- free vial. · Again, no blocking of 
free sulfhydryl groups after rhenium J.abeling is 

necessary for stabilization. 
In a surprising and unexpected development, it has 
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now been shown that proteins containing at least one 

disulfide qroup, e.q., intact antibodies (without prior 

~eduction) can be simply and directly radiolabeled ~1th 

rhenium using a larger amount of stannous ion to con­

commitantly reduce and bind together the antibody and the 

rhenium species. The "pretinninq" p_rocedures described 

. elsewhere and earlier technetiWD-I9G labeling pro9edures 

9ave poor. results. Long and/or severe reactions are 

incompatible with the suece~sful 9eneration ~f an IqG­

rhenium injeotible. 
In general, the conc~ntration of unreduced protein, 

e.9., antibody, the reaction times, perrhenate activities 

and other conditions will be substantially the same as 

for Re-186 or Ra-188 labeling of aulfhydryl-containin9 

proteins, except that a la~qer amount of stannous ion is 

used. When the radioisotope in the radioperrhenate is 

substantially carrier-free Re-188, the concentration of 

i antibody or antibody fraqment in the solution is 

advantageously about l - 20 mg/ml, preferably about 10 -

20 mg/ml, •nd the amount of stannous ion is about 500 -

10,000 pq/ml, preferably about 500 - s,ooo pg/ml. When 

the radioisotope in the radioperrhenate ia carrier-added 

Re-18 6, at the same concentration of antibody or antibody 

fra9J11ent, the amount of stannous ion is about 5 - 1,000 

mg/ml, preferably about.SO - 500 mg/ml. 

In fact, unmodified, unreduced IgG has been taken, 

placed in a vial with a stannous reductant and success­

fully labeled with perrhenate in as little as 45 minutes 

at room temperature. Ho pretinning is used, but per­

rhenate is added directly after the antibody and tin are 

~ixed. The key is to have sufficient tin to et'fect a 

rapid reduction. A short separatory column, simpler in 

ease of operation than a typical !odine-131 label 

purification, qives a pure rhenium-IqG conjuqate ready 

for injection. 
Exposure of IgG to the conditions used does not 
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impair its iltlll\unoreactivity as measured on an affinity 

column of bound antiqen. It appears that an .in' ~ 
reduction of protein disulfide qroups by the stannous ion , 
accompanies the perrhenate reduction and creates the 
necessary conditions for protein•llletal complex formation. 

The fact that pertechnetate labels IgG much less 

favorably under the same conditions suggests this as a 

particularly novel and efficient route for obtaining 
rheni~m-labeled antibodies with minimal manipulation. 

Rhenium labelinq is effected in substantially the· 

same manner as technetiu~ labeling, with special care 

being taken to insure the absence of air or oxygen in the 
system. The rhenium-labeled proteins prepared according 

to the in~ention show no siqn of the ready reoxidation tp 

perrhenate seen by other vorkeri=, indicatinc:J that tho 

present method is not only facile but also stable. 

coupled with this are the facts that much less I9G 

manipulation is ne&ded for the present method, that 

Re;..188 is available in a convenient generator format 
(with a single qenerator capable of daily use for a 
period ot sixty days or more) and that no problelllS are 

encountered with strontiulll containination, makin9 rhenium­
radiolabeled I9G an attractive therapeutic aqent • 

.. ~eniUDl antibody conjugates produced by these 

·methods have been shown to be very stable, even when 

exposed in solution to the atmosphere tor up to 5 days at 

least. This lonq term stability is important in· an 
_immunoradiotherapeutic as is retention of immunoreacti­
vity during labelinq procedures, which also has been 

demonstrated. 
It must be recognized that the present approach is 

quite different from prior art approaches, due to the 
simplicity, effectiveness, efficiency and lac~ of major 
manipulation in the process as well as the stability of 
the rhenium conjugates. It ·ia again emphasized that the 

relatively higher amount of tin and longer reaction times 
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are not conducive to ef.f icient pertechnetate labeling but 
are optimal for perrhenate, whereas the low tin, fast 

labelinq conditions optimal for pertechnetate do not work 

for perrhenate. In particular, for abQut l m~ of anti­
bod1, and an imaging activity of Tc•99m, very low tin and 
5 min reaction times result in excellent results, whereas 
for therapy levels of Re-186 or Re•l88 ~abel, more than 
soo -q/ml stannous ion ls desirable, especially it intact 
antibody is used, and reaction times on the order of 
close to an hour are ettective. 

A1 kit for use in radiolabelinq a protein, e.9., an 
Fab'·SH or F(ab')z fra9J11ent, or an intact antibody, with 
Tc-99m, using generator-produced pertechnetate, would 
include about 0.01 - 10 a9 per unit doae of an a~tibody 
or antibody traqment which specifically binds an antigen 
associated with a tumor, an infectious lesion, a micro­
organism, a parasite, a myocardial infarction, a olot, 
atherosclerotic plaque, or a normal organ or tissue, and 

! 

which contains a plurality of adjacent tree sulfhydryl 
groups: an~ about 0.1 • 50 pg per unit dose of stannous 
ions. The conatituenta of the kit are cOJnbined just 
prior to use with about 2 --so mci of Tc•99m pertechne­
tate per mg of antibody or antibody fragment. The anti­
body/fragment-SH and the Sn(II) reducing agent are 

advantageously combined in a single solution in a vial 
Which can be stored, e.9., in a liquid nitrogen ~ath, or 
lyophilized, preferably with added su9ar as is well known 

-in the art, prior to addition of the pertechnetate. 
A kit for radiolabeling an antibody or antibody 

fra9ment with the Re-188 radioisotope of rhenium would 
typically incl~de about l • 20 mq per unit dose of an 
antibody or antibody fra9J11ent~ e.g., one which specific­
ally binds an antic;en associated with a tumor or an 
infectious lesion, and which contains a plurality of 
adjacent free sulfhydryl 9roupsr and about 100 -10,000 ~9 
per unit dose ot stannous ions; and would be combined 
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just prior to use with about 10 - 500 mci of substanti­

ally carrier-free Re-188 perrhenate per mg of antibody or 

antibody fraqment. Advantageously, the kit constituents 
~ould be present in a single vial and stored or lyophil­
ized as noted above until use for labeling. 

A kit tor radiolabeling an antibody or antibody 
fraqment with the Re-186 radioisotope of rhenium would. 

typically include about l - 20 mq per unit dose of an 
antibody or antibody fra9111ent, e.q., one which specific­
ally binds an anti9en associated with a. tumor or an 
infectious lesion, and vhich contains a plurality Of 

adjacent free sulfhydryl groups; and about l - i,ooo mg 
per unit dose of stannou~ ions; and would be combined 
just prior to use with about 10 - soo mCi of ca~rier­
added Re-186 perrhenate per mg ot antibody or antibody 
fraqment.: Sinqle vial storaqe and use as above are 
preferred. 

A ~it for labeling unreduced intact antibody with 
either rhenium isotope would be similar to the fore9oin9, 

l except for the lar9er amount of stannous ions 9enerally 
used to reduce some of the disulfide bonds in the anti­
body a• well as reducing the perrhenate. 

The proteins in such kits are advantageously frozen 
or lyophilized, in sterile containers, and under an ·inert 
9as at~osphere, advanta~eously · c:ooled and stored in a 
liquid nitroqen bath and gently thawed just prior to use. 
The kits are .. c::onveniently supplemented with sterile vials 
of buffers, saline, syrinqes, filters, columns and ·the 
like auxiliaries to facilitate preparation of injectable 

- preparations ready for use by the clinician or tech­
.noloq1st. 

variations and modifications of these kits will be 
readily apparent to the ordinary skilled ar~isan, as a 
function ot the individual needs of the patient or treat­
ment regimen, as well AS of variations in the form in 
which the radioisotopes may be provided. or may become 
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available. 
It ~111·a1so be apparent to one ot ordinary skill 

that the radiolabeled proteins, especially antibodies and 
antibody fraqments, prepared according to the method of 
the invention, will be suitable, and in fact particularly 
convenient and efficacious, in methods of non-invasiv~ 

acintigraphic imaqinq and for radioantibody therapy of 

tumors and lesions. In particular 1 in a method of 
imaginq a tumor, an infa·ctioua lesion, a myocardial 
infarction, a clot., atherosclerotic plaque, or a normal 
organ or tissue, wherein an antibody or antibody fraqment 

which specifically binds to an antigen produc~d by or 

associated with said tumor, infectious lesion, myocardial 
infarction, clot, atherosclerotic plaqUe, or normal organ 
or tissue, and radiolabeled with a pharmaceutically inert 
radioisotope capable of external detection, is paranter­
ally injected into a human patient and 1 after a., suffi­
cient time tor the rac:Jiolabeled antibody or antibody 
fragment to localize ancl for non-target background to 
clear, the site or sites: of accretion of the radiolabeled 
antibody or antib~dy fragment are detected by an external 
imaqinq camera, it vill be an improvement to use as the 
radiolabeled antibody or antibody .fraqm.ent a Tc-99m-; 

~abeled antibody or antibody fraqment ~de according to 
the method of t.ha present invention. 

Moreover, in a method of radioantibody therapy of 
' 

a patient suffering from a t\llllor or an infectious lesion, 
-wherein· an antibody or antibody fraglaent which specific­
a.lly binds to an antigen produced by or associated with 
a tumor or an infectious lesion, and radiolabeled with a 
therapeutically effective radioisotope, is parenterally 
injected into a human patient suffering from auch tumor 
or infectious lesion, it will represent an improvement to 
use as the radiolabeled antibody or antibody fragment a 
rhenium ~adiolabeled antibody or antibody fragment-made 
according to the method of the present invention; either 
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from pre-reduced or unreduced antibody. 

Without further elaboration, it is believed that 

one skilled in the art can, using the preceding descrip­

tion, utilize the present invention to its fullest 

extent. The follovinq preferred specific embodiments 

are, therefore, to be construed as merely illustrative, 

and not limitative of the remainder of the disclosure in 

any way vhatsoever. 
In the following examples, all temperatures are set 

forth uncorrected in degrees Celsiusi 

EXAHN 1 

Antibody reduction 
In a typical run, a solution of 5 mq of purified 

lllonoclonal anti-CEA ICJG (antibody vhich specifically 

binds to carcinoembryonic antiqen, a marker associa~ed 

with colorectal cancer) in ; ml of phosphate-buttered 

saline (PBS), at a pH adjusted t9 6.2•6.6 1 is made 30-50 

millimolar in 2-mercaptoetha~ol. After standing at roam 

temperature for 30•40 minutes, the sample i~ purified on 

an acrylamide column with ~eoxygenated acetate as buffer. 

The reduced IgG solution is concentrated to 1-2 mg/ml on 

~entricon and is analyzed tor SH qroups per IqG by the 

Ellman reaction. It ia stored sterile filtered at 4\C 
for convenience or frozen fo~ greater stability of the SH 

groups. 

EXAMPLE 2 

ic-99m Radiolabeling 

In a typical run, a solution containing 125 

nanoqra~s ot Sn(II) is mixed vith a solution containing 

J. 6 x io·10 moles of monoclonal anti-CEA with free 

sul fhydryl groups, prepated aacordinq to Example 1 and _ 

having l-2 SH per I9G by the Ellman reaction, givinq a 
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2.9:1 ratio of Sn(Il) to I9G. Addition of 2 mci of 

technetium-99111 as pertechnetate in saline, followed by 

incubation for 5 minutes .at room temperature, gives a 
100\ incorporation ·of technetium into the protein as 
measured by HPLC and less than l' pertechnetate remaininq 
by ITLC in two different elution buffers. Illllllunoreac­
tivity is >9ai vb.en measured on a CEA column. The 

solution of labeled antibody can be used directly for in 
vivo injection. 

EXAffPU 3 

Re-186 Rad1olabelinq 
In a typical run, a solution containing sso 

microqraas of Sn(XI) is mixed with a solution containing 
l mg of monoclonal anti •CEA intact antibody. Addition of 
18. 9 x 10·'1 mol rhenium-186,, with an activity of 9 mi1lion 

cpm, as perrhenate in saline, followed by incubation for 
l hour at room temperature, givaa a 75' 1ncorporat1on of 

I 

rhenium into the protein. The labeled antibody is stable 
to air oxidation and its immunoreact~vity is high vhen 
measured on a CEA c=olwnn. The solution can be used 
directly tor in vivo injection. 

EXAMPLE 4 

Be-188 Radiolabelin; 
. In a typical run, l mg of anti-CEA Fab 1-SH (SH 

generated by reduction cf F(al> 1 )z vith cysteine, mercapto-
·ethanol or dithiothreitol), is placed in an argon atmo­
sphere together with 1 ml of 100 mM tartrate + · 50 mH 

acetate buffe~ and an Sn(II) species containing about 123 
ug of Sn(II). 20-2000 111 of a perrhenate solution, 
depending on concentration, equivalent to up to a~out l 
x 10"9 mol rheniuii is added. After mixinq, the reaction 
is effected in l to 6 hours with rhenium incorporations 
of &O to lOOt seen. The solution of labeled antibody 
fragment can be U$ed directly for in vivo injection. 
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In order to confirm the labelin9 efficiency, a 

sample ot the· labeled protein is ill\l11ediately applied to 
an acrylamide column and eluted with either acetate 
buffer or saline. The labeled protein elutes with the 
void volume (approx. 5 ml) and is shown to be 100' 
protein-bound rhenium by ITLC in saline. The conjugates 
can be equally well purified by a quick run throu9h ~ 
mini-column usinq a syrinqe barrel, again to give a lOOt 
protein bound label. 

The labeled fragntent passes throuqh tilters with as 
low as o.os micron pore size, showing lack of aggregate. 
In all column procedures and filtrations, essentially 

lOOt recovery of radioactivity is obtained. 

Chromatoqraphy on HPLC and ITLC shows the radioactivity 
elutin9/mi9ratinq with the protein fraction. 

EX»JPLE 5 

FCab') 2-SH production 
(a) Partial reciuction of intagt antibody 

A solution of intact anti-lymphoma tgG 2A antibody 
in tris buffer (O.lK, pH 8.7) between 10 and 2o·mg/ml is 
~ade 25 millimolar in L-cysteine. After 10 minutes at 
4·c it is _purified by size-exclusion chromatoqraphy in 
50mM acetate~ pH 4.5, and the combined protein fractions 
concentrated to 10 mq/pl. Analysis by the Ellman 
reaction shows approximately 3.5 SH qroups per mole of 
IgG. Reduction can be effected by other thiol reducing 
agents, e.q., ditbiothreitol (D'l'T), 2-mercaptoetbanol (2-

. ME) , JQetallothionein c-terminal hexpeptide (MC'l'P} , and 

the like. 
(b) Enzymatic digestion 

Digestion or a sample of p~rtially reduced anti­
lYIUphoma antibody, produced accordin9 to part (a) above, 
is performed by adjustment of the pH to 4.0 with a little 
citric acid solution (lM) and treatment ot the IqG with 
pepsin (equivalent to a final concentration of 200 pq/ml) 
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tor J-4 hours at 37~C. The course of the reaction is 

followed by size-exclusion HPLC and when all the intact 
I9G has disappeared the reaction is stopped by coolin9 to 
4~C, raisinq the pH to 5.5, and immediately applying to 
a preparativ4 HPLC column (Zor.bax 250, DuPont) and 
collectinq fractions every 12 seconds between 8 and 15 
minutes retention time. Fractions eluting arou.nd 9. 5 
minutes are analyzed, and combined if found identical, 
prior to reconc:entration. The F(ab')z-SH t.hus pr~uced is. 
found· to be one peak on HPLC with no evidence of 
monovalent Pab'. It is stored in a liqUid nitrogen bath 
prior to radiolabelling. 

EXAMPLE 6 

Teehn9tium•99m labeling 
Irl a typical run, 1 mq of partiall~.reduced anti­

lyaphoma F(ab 1 ) 1-sH, produced according to Example s, is 

placed in an argon atmosphere toqether with 1 ml of 

10-100 mK tartrate + so mM acetate buffer and an Sn(II) . 
species containin9 about 120 pg of Sn(II}. 20-2000 pl of 
a pertaehnetata solution, depending on concentration, 

! 

equivalent to up to about l x io·9 mol technetium is 
added. After only about 5 minutes, aUbstantially ioo-t of 

the technetium label is bound to the F(ab 1 ) 2 fragment, 
with substantially no further traC)llentation to Fab•. 

The labeled fraCJllent passes throu9h filter~ with as 

low as o.os micron pore size, showing lack of aggregate. 
In all column procedures and filtrations, essentially 
iooi recovery of radioactivity is obtained. Chromato­
graphy on HPLC and !TLC shows the radioactivity 

elutin9/mi9ratincJ' with the prot.ein fraction. Labeled 

fragment is highly resistant to reoxidation in either 
acetate buffer or saline vhen exposed to the atmosphere 

. for up to 72 hours. Thus, a technetiutn radiolabeled 
product can be ready for injection within a few minutes 
with minimal laboratory handling. 
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EXAMPLE 7 
Rbenium-188 labeling 

In a typical run, l mg of partially reduced anti­
lymphoma F(ab') 2-SH, produced accordinq to Example s, is 
placed in an argon atmosphere toqether with 1 nil of 

10-100 mM tartrate + 50 mM acetate buffer and an Sn(II) 
species containinq about 120 pg of Sn(II). 20-2000 µl of 
"a perrhenate solution, dependin9 on concentration, equi­
valent to up to about l x 10·9 1101 rlienium is added. 
After mixing, the label may be left 1 to 18 hours with 
rhenium incorporations, by ITLC, of 60 to 95% seen. The 
resultant solution can be used as is for injection into 
a patient. 

In order to evaluate radiolabeling efriciency, the 
labeled fra9111ent is illllllediately applied to an a~rylamide 
column and eluted with either acetate buffer or saline. 
The labeled protein elutes with the void volume (approx. 
5 ml) and is shown to be 100' protein bound rhenium by 
I'l'LC in saline. The conjugates can be equally well puri­
fied by a quick run throuqh a mini-column using a: syringe 
barrel, aqain to qive a 100%.protein bound label. 

The label passes through filters vith as low as 
o.~s micron pore size, showing la~k of aggregate. In all 
column procedures and filtrations, essentially 100% 
recovery of radioactivity is obtained. Chromatography on 
HPLC and ITLC shows the radioactivity elutinq/migrating 
with the protein fraction. Labeled fragments are highly 
resistant to reoxidation in either acetate buffer or 
saline when exposed to the atmosphere tor up to 72 hours. 
Thus, a rhenium labeled pr~duct can be ready tor injec­
tion within a few hours at most, with minimal laboratory 
handling. 
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EXAMPI& a 
fCab'>z-MCTP-SH Production 
(a) Antibody-MCTP coniugate 

Mouse liver metallothionein-l fra9111ent (56-61), 6.2 
mg (1x10·5 mol)(SiC]Jl\a Chemical Company) is dissolved in 
495 µl of phosphate buffer, pH 4.4, and treated with 10 
11l of a 191 1119/1111 solution ot 1-ethyl-3 (J-dimethyl­
aminopropyl)-carbodiimide in phosphate bu~fer, pH 4.4. 
care is taken to ensure a final reaction pH between 4.0 
and 4.5 and the reaction ls performed at 4\C. The 

reaction proceeds for 15 Min. 
An antibody solution of anti-CEA ICJG, concentrated 

to 10-15 mg/ml in deoxygenated tris buffer. pH e.7, is 
cooled to 4\ and treated with the activated MCTP for 10 
minutes at 4\. The reaction mixture is then iJIUDediately 
ctpplied to an acrylamide column and the IqG traction 
collected by elution vith deoxy9enated sodium acetate/ 
saline buffer 50/150 llM, pH 4.5. Analysis by the Ellman 
reaction shows about 5•6 SH groups per antibody. 

· (b) Enzymatic digestion 
The antibody-MC"l'P c:onju9ate 1• fraqmented using 

pepsin, analo9ously to Example S(b). The dige•tion 
process is ~onitored by size exclusion HPLC ancl when the 
~eacticn mixture has fragmented to.about 90t F(ab)~z (in 
approximately 1 hr) it ia placed ·on ice and immediately 
purified by preparative size exclusion HPLC uainCJ an 
acetate buffer, at pH 4.5. PUrified F(ab)'z-MCTP 
fractions are collected, combined and an appropriate ., 
amount of atannoµs ion solution added. 'l'he resultant 
solutions are stored frozen, pre!erably in a liquid 
nitrogen bath. 
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EXN1PLE 9 

Radiolabeling 
The F (ab' ) 2-MCTP produced according to Example B can 

be radiolabeled with Tc-99m and radioisotopes of rhenium 
in the same fashion and by the same procedures as set 

forth in Examples 6 and 7 above for F(ab') 2-SH, with 

appropriate adjustment for the fact that the fraqizient/ 
metallothionein conjugate generally contains more· free 

· thiol 9roup1& per fraqment molecule than the partially 

reduced, diqested antibody produced accordinq to the 
procedure of Example s. 

It is conveniet to use the single-vial preparati~n 

according to Example B(b), containing both the F(ab') 2-

MCTP and Sn (II) , g'ently thawed and warmed to room 

temperature. Addition of pertech~etate in saline and . .· 
reaction tor about s minutes produces a solution of 

substantially 100% labeled !'(ab' ) 2 ready for in vivo 
injection. Addition of perrhenate in saline and reaction 
for 1-18 hours produces a solution of 60-100% labeled 
F(ab 1

) 2 ready for in vivo injection. 

This is believed to be the only simple and high~y 

efficient method now available for producin9 Tc-labeled 
and Re-labeled antibody F(ab 1 ) 2 fragments uncontaminated 

~y Tc-Fab 1 and Re•Fab'. 
., 

The foregoing examples are merely illustrative and 

numerous variations and modifications can be etf ected by 
one of ordinary skill "in the art to aclapt the method, kit 

and uses thereof according to the invention to various 

usages and conditions withqut departinCJ from the scope· 

and spirit of the invention. 
The broad scope of the invention is defined by the 

appended claims, and by the penumbra of equivalents 

thereof. 
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WHAT IS CLAIMED IS: 

1. A method for radiolabelinq a protein with the 
Tc-99m radioiso~ope o! technetium, co~prising the steps 

of c:ontac:tinCJ a solution of a protein containin9 a 

plurality of adjacent free sulfhydryl groups with 

stannous ions, and then vith Tc-99m-radiopertechnetate, 

in the absence of a tranachalator, the amount o~ stannous 
ion beinq in slight excess over that required to substan­
tially completely reduce said radioperteobnetate but not 

-
sufficient to precipitate· from said solution, and 
recoverin9 radiolabeled protein • 

. 2. A method for radiolabeling a protein with a 
radioisotope of rhenium, :comprisinq the steps o~ contact­
ing a solution of a protein containin9 a plurality of 
adjacent rree sulthydry~ qroups with stannous ions, and 
then vith radioperrhenate, the amount of stannous ion 

being in excess over that required to substantially 

completely· reduce said radioper:r:henate, and recoverinq 

radiole.beled protein. 

3. A 11eth~. for radiolabeling an intact antibody. 

or an l'(ab') 2 antibody fraCjlllent with a radioisotope ot' 

rhenium, comprising the steps ot contacting a solution of 

an intact antibody or an F (ab• ) 2 antibody fragment 

containing at least one disulfide group with stannous 

ions, and then with radioperrhenate, the amount ot 
stannous ion beinq in excess over that required . to 
substantially completely reduce said radioperrhenate, and 
recovering radiole.beled protein. 

4. A method .for producinq an F(ab'h antibody 

fragment radiolabeled with Tc-9911l or a radioisotope of 
rheniua, comprising the steps of: 
(a) partially reducing an intact antibody with a 

I 111\111 l\llll 1111\ llltl t\ \Ill 
* C L K S * 
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reducing agent for cleaving disulfide ~roups, in an 
amount ·.sufficient to generate a plurality of 
proximal free sulfhydryl groups but insufficient to 
cleave or render immunologically inactive said 
antibody, and recovering partially reduced 
antibody; 

(l:>) cleavinq said partially reduced antibody to 

9enerate a partially reduced F(aJ:>• )z fragment; a·nd 
(c) contactinq a solution of said . partially reduced 

F(ab')z fragment vith stannous ions, and.then with 
radiopertec:hnetate or radiopeJ."rhenate,· the amount 
ot stannous ion being in excess over tha~ required 
to substantially completely reduce said radio­
pertechneta~e but not sufficient to precipitate 
from said solution, and recoverinq radiolabeled 
F(ab' >a substantially free of Fab 1 antibody 
fraqmenta and ag9reqates. 

s. A method for producinq ~n F (ab• ) 1 antibody 
fragment radiolabeled with Tc-99m or a radioisotope of 
rheniUlll, comprisinq the steps of: 
(a) conjugating an intact antibody with an addend 

containing a plurality of proximal free sulfhydryl 
qroup·a, and recovering resultant antibody conjugate 
containing a plurality of proximal free sulfbydryl 
qroupar 

(b) cleavinq said antibody conjugate to qenerate an 
F(ab• )2 fragment conjugate containinc; a plurality of 

proximal free sulfhydryl qroups; and 
(c) contactinq a solution of F(ab'h fragment conjugate 

containing a plurality of proximaf free sulfhydryl 
groups with stannous ions, and then with radioper­
technetate or radiope+rhenate, the amount of 
stannous ion being in excess over that required to ., 
subs~antially co•pletely reduce said radio-
pertechnetate or radioperrhenate but not sufficient 

I lllllll llllll lllll lllll ll llll 
* C L M S * 
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to precipitate from said solution, and recoverin9 
radiolab"eled F (ab•) 2 substantially free of Fab' 

antibody fraqments ~nd asgregates. 

6. The method ot claia l or 2, wherein said 

p~otein is an antibody or antibody fragment, and wherein 
said free sul fhydryl groups are produced by partial 
reduction of whole immunoglobulin or an F(ab 1 ) 2 fragment 
theroot with a thiol reagent. 

7 • The method of olaim 1 or 2, wherein saicl 
protein is an antibody or antibody fragment, and wherein 
said free sulfhydryl qroups are produced by thiol reduc­
tion and cleava9e of an F(ab')z antibody fragment to an 
Fab '. :traCJlllent. 

81. The method of any of clabns l, 4, 5, 6 or 7, 
wherein said protein is an antibody o~ antibody fraqment 
and said radioisotope is Tc-99m; and wherein the concen­
tration of antibody or antibody fragaent in said solution 
is about 0.01 - 10 m9/ml, the amount Of stannous ion is 
~bout o. 1 - so 11q/ml, the amount of pertechnetate is 
~bout 2 - 50 m.Ci/mq of antiJ:>ody or antibody fragment, and 
the time of reaction is about 0.1 - 10 min. 

9. The method of any ot claims 2-7, wherein said 
protein is an antibody or antibody fragment and said 
radioisotope is substantially carrier-free Re-188; and 
wherein the concentration of antibody or antibody fraq­
ment in said solution is about l - 20 mq/ml, the amount 
of stannous ion is about 100 - 10,000 ~g/ml, the amount 
of perrhena~e is about 10 - 500 mci, and the time of 
reaction is about l min - 4 br. 

10. The method of any of claims 2-7, wherein said 

protein is an antibody or antibody fragment and said 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \'I\ 
* C L M S 
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radioisotope is carrier-a.dded Re-186; and wherei.n the 
concentration· of antibody or anti:body fraqinent in said 
solution is about l - 20 mq/ml, the amount ot stannous 
ion is about l -.1,000 mg/ml, the amount cf perrhenate is 
about 10 - soo me!, and the time ot reaction is about l 
min - 4 hr. 

ll. The use of a Tc-99m-labeled antibody or anti­
body tr11qment Jnade according to the method of any ot 
claims l or 4-8 in a method of imaging a tumor, an infec­
tious lesion, a myocardial infarction, a clot, athero­
sclerotic plaque, or a normal organ or tissue, wherein an 

anti~ody or antibody !raCJJDent which specifically binds to 
an antigen produced by or associated with said tumor, 
infectious lesion, myocardial infarction, clot, athero~ 
sclerotic plaque, or normal organ or tissue, and radio­
labeled with a pharmaceutically inert radioisotop• 
capable of external detection, is parenterally injected 

·into a human patient and, attar a sufficient time for 
said radiolabeled antibody or antibody fraqment to 
localize and for non-tarqet background to clear, the site 
or sites of accretion of said radiolabeled antibody or 
antibody fragJDent are detected l:>y an external imaqing 
camera. 

12. The use of a rhenium radiolabeled antibody or 
antibody fragment made accordinq to the method of any of 
claims 2-1, 9 or 10 in a method of radioantibody therapy 
of a patient suffering from a tumor or an infectious 
lesion, wherein an antibody or antibody fragment which 
specitically binds to an antigen produced by or associ­
ated with a tumor or an infectious lesion. and radio­
labeled with a therapeutically effective radioisotope, is 
parenterally injected into a human patient sut~erin9 from 
said tumor or infectious lesion. 

/ "1J~llf/IJHll .. 
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13. A kit for racUolabeling an antibody or anti-
body fraglllent with the Tc-99m radioisotope of technetium, 

comprising, in a suitable container, about 0.01 -· 10 mg 

per unit dose of an antibody or antibody fragment which 

specifically binds an antiCJen, and which contains a 

plurality ot adjacent tree sulthydryl groups; and about 

0.1 - so µq per unit dose of stannous ions.· 

14. A kit for radiolabelinq an antibody or anti­

body fraCJlllent with the substantially c~rrier-free Re-188 

radioisotope or rhenium, comprising, in a suitaJ:>le 

container, about 1 - 20 mg per unit dose of an antibody 

or antibody fraqaent which specifically binds an antigen, 

and which contains a plurality of adjacent free sulfhy­

dryl groups; and about 100 - 10,000 µ9 per unit do~e of 

stannous ions. 

15. A kit for radiolabelin9 an antibody or anti­

body fraCJlllent with the carrier-added Re-!86 radioisotope 

Of rhenium, COmprisinq, in a suitable container, about 1 
i 

- 20 •9 per unit dose of an antibody or antibody fragaent 

which speeifi~ally binds an antiqen, and which conta~~s 

a plurality of adjacent free sulfhydryl groups; and about 

il - 1,000 mg per unit dose of stannous ions. 

·- 16. A kit according to any of claims 13-15, for 
radiolabelinq an F(ab')z antibody fragment, wherein said 

F(ab•) 2 antibody fragment is prepared by a process 
comprising the steps of: 
(a) conju9at.in9 an intact antibody with an addend 

eontaininq a plurality of proximal free sulfhydryl 

groups, and recovering resultant antibody conjugate 

containinq a plurality ot proximal free sulfhydryl 

groups: and 
(b) cleaving said antibody conjugate to generate an 

11111111111111111111111111 Ill/ : 
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F (ab•) 2 !ragntent conjugato containing a plurality of 

proximal tree sulfhydryl 9roups. 

17. A kit accordinq to any of claims 13-15, for 

radiolabelinq an F(ab 1 } 2 antibody fragment, wherein said 

~(ab') 2 antibody traqm.ent is prepared by a process 

comprisinq the steps ot: 
(a) partially reducing an intact antibody with a 

reducinq agent for cleaving disulfide groups, in an 

amount sufficient. to generate a plurality of 

proximal free sulfhydryl qroups but insurri_cient to 

cleave or render iJlllllunoloqically inactive said 

antibody, and recoverinq partially reduced 

antibody; 
(b) cleaving ·said partially ,·reduced antibody to 

generate a partially reduced F(ab 1 ) 2 fraCJlDent. 
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AbStract ct the pisclosure 

A method for radiolabelin9 a protein with a radio­

isotope o~ technetium or rhaniwa comprises the steps or 
contacting a solution of a protein containing a plurality 

of adjacent free sulfhydryl qroupa, or in partic~lar 

cases, intact protein containinq at least one disulfide 

group, with a~annous ions, and then with radiopertech­

netate or radioperrhenate, the a111ount of stannous ion 

being ·sufficient to substantially completely reduce the 

radiopertechnetate or radioperrhenate, and recovering 
radiolabeled protein • 

.. i 

. •.· .. 

·.'f .... 

'\ ~;'< 

: 

··-~ ·: 



.~· 

. ~· ii' ... 

'·. 

- l -

AC£MENT SHEETS SG 
-.-.... -ription : paged . .1 •• to paged ~ 

C1uim(s) : paged-?.§. to paged~!. 
~~wing(s) : paged .. ":. to paged.: .. 

.llf Abstract : paged .~to paged :: ... 

- .J-i! h 1-'H-DATE OF RECEIPT .................. . 

METHODS FOR TECHN£TIVM/BHENIUH Ll\BELING OF PROTEINS 

Ba.~kground of the Invention 
The present invention relates to improved and 

optimiied methods for direct labelinq of proteins, 
especially antibodies and/or antibody fragments, with 
radioisotopes of technetium and rhenium. 

The isotope Technetium-99m is among the, most 
valuable in diagnostic nuclear medicine due to its ready 
availability, low cost and favorable radiochemical 
characteristics. It is used widely as an agent for 
labeling macromolecules such as monoclonal antibodies and 
can be bound to the protein in various ways. Early work 
mainly used the biflinctional chelate approach, i·.e., use 
of a chelator which contained •nother functional group 
for linkage to the Jirotein. Various forms of cliethylene­
triamine~antaacetic acid (DTPA) were used, tor ex~mple, 
to bind to the antibody and also to chelate the radio­
metal ion. 

Direct labeling of protein vas also tried, using a 
"pretinning" protocol~ ~equirin9 sever:e condit.ions and 
long •pretinninq• times, but radiolabeling at 100' incor­
poration wa·s not achieved. Moreover, the presence of 
~xtremely high amounts of stannous ion for long periods 
compromised the iuunoreactivity of the antibody. The 
process also generally necessitated a post-labeling puri­
fication colUllln. Attempts to repeat pretinning proce­
dures ot others with F (ah• ) 2 antibody fragments were 
unsatisfactory in achievinq Tc-99m labeling. 

other, more recent direct labelinq methods have 
required separate vials, one for antibody and one for 
stannous ion complexed to a transchelator such as a 
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phosphate and/or phosphonate. 

The element below technetium in the periodic table, 
rhenium, has similar chemical properties and rniqht be 
expected to react in an analogous manner to technetium. 
There are some 34 isotopes of rhenium and two o! them in 
particular, rhenium-186 (t 1/2, 90h; gamma 137 ·keV, beta. 

1.07; 0.93 MeV) and rhenium.-188 (t 1/2, 17h; gamma 155 
keV, beta 2 .12 KeV), are prime candidates for radio­
itnmunotherapy using monoclonal antibody approaches. Both 
isotopes also have gamma emissions at suitable energies 
for qaJl\llla caJaera. ima9in9 purposes. Rhen!Ulll-186 is ob­
tained !rom reactor facilities by boll\bardment o! enriched· 
rhenium-185 with neutrons, which yields rhenium~. 186 in 
a "carrier-added" form containin9 a large excess of non­
radioactive rhenium-185. Rhenium-188 is obtained from a 
t'lingsten-l8B/rhenium-l88 qenerator (Oak Ridqe National 
Laboratory) a.nd can be eluted from the generator in a 
substantially carrier-free form with little tungsten 
breakthrough. Also, the en.argy deposition from· this 
isotope .at a high A •l. 63 CJ-rad/ p.Ci-h is close to 

. . 

another potently enerqetic potential therapeutic, 
yttr1wa•90 (A = 1. 5t9 CJ•rac!/,.ci-h) while at the same time 
tbe c:bemic:al properties of rheniwa may make it leas of a 
bone-seeking agent thanyttrium.(wbich is often·contallli­
nated with strontiUlll-90) and give rise to better tumor/ . . . 
organ biodiatribution·and dosimetry. 

Although many .·groups have alluded to the posail>i• 
lity of utilizing rheniwa to label antibodies in the same 
fashion as technetium, little euccessfu1 work has been 
published. Low rhenium incorporations are usually seen 
with antibody-Chelate.conjugates and there is a general 
tendency of ·rhenium to reoxidize back to perrhenate and 
then dissociate from complexation. Besides, use of the 
bifunctional chelate approach often requires an organic . . 

synthesis with a lengthy series o~ interme~iates to be 
isolated and purified prior to antibody-conjugation. 
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Numerous attempts by the inventor and others to 
produce an F(ab)' 2 fragm~nt radiolabeled with technetium 
or rhenium, and substantially free of Fab' fragments 1'ere 
unsuccessful. Such a conjugate is desirable for its 

adva,ntaqeous combination of clearance rate, extent of 

tumor localisation and biodistribution. 
A need continues to exist for simple, efficient, 

pref~rably one-vial methods for radiolabelin9 proteins 

with radioisotopes of tchnetiua and rhenium. 

Ob1ects of the Invention 
One object of the present invention is to readily 

p_roduce a highly immunoreactive technetium or rhenium 
radiolabeled antibody or antibody fraqment, particularly 
including an F(ab.')z traqm.ent, which is stable to ·1oss of 
label by transchelation or reoxidation. 

Another object of the invention is to provide a 
tnethod for direct radiolabelih9 of a .protein "'which 
produces high yields ot labeled produet with minimal 
contamination with by-products.· 

Another object of the invention is to provide a 

c:onvenieilt and .efficient radiolabeli~CJ kit for use in . . 
introdu~ing technetiun or: rhenium radio_i;Sotope into an 
antibody or an~ibody fragment •.. -

Upon further study of the specification and 
appended claims, .further objects and advantages or this 
ii\vention will become apparent to those skilled in the 
art. 

summary of the Invention 
The foregoing objectives are achieved by providing 

a method for radiola1'eling a protein containing a plu­
rality of spatially adjacent free sulfhydryl groups with 
a radioisotope of technetium or rhenium, comprising the 
steps of contactinq a solution of said protein contai~inq 
a plurality of spatially adjacent free sulfhydryl 9roups 

Ti·sis is ·\i";e replacement &heat . 

Date: 2 3 JAN 1991 



- 4 -

with stannous ions, and then vith radiopertechnetate or 

radioperrhenate, the a:mount of stannous ion being in 

slight excess in the case of technetium and in greater 

excess in the case of rhenium over that required to_ 

substantially completely reduce said radiopertechnetate 

or radioperrhenate, and recovering radiolabeled protein. 

The invention alao provides technetium or rheniu~. 

radi9labeling kits for effectinq the labeling process of 

the invention, especially for producing Tc-99m and 

rhenium radiolabeled anti~odies and antibody fra9111ents, 

and improved methods"o! radioantibody ima9in~ and therapy 

usinq antibodies and antibody fraqment.s radioalabeled 

according to the invention. 

petailed Desqription 

It has now been found that a protein, in particular 

an antibody or antibody fraCJ1nent, havinq at least one 

sulfhydryl r;roup, and pre~erably a plurality of spatially 

adjac:ent free sulfhydryl ·qroups, can selectively bind 

technetium and rheniu~ radiometal ions, under mild condi­

tions, to form tight bonds to the sulfhydryl groups that 

are quite stable in blood and other bodily fluids and 

tissues. Both. the· reaqents and the· conditions in the 

present method are greatly simplified, but the method is 

particularly adapted ·ror technetium or rheniwa labeling 

a~d it is surprisingly and unexpectedly shown that 

optimal conditions for introducinq each label are 
different~ ., 

The present method broadly comprises the step of 

c~ntactin9 a solution of a protein containing free sulf­
hydryl qroups, said solution also containing Sn(II) ions, 

with a solution of Tc-99m-pertachnetate or perrhenate 

ions (using a radioisotope of rhenium of therapeutic or 
bnaginq utility), whereby a _solution of technetium or 

rhenium radiolabeled protein is obtained. ~he procedure 

is simple and practical for the nuclear medicine phyai-

h ·et 
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cian and technoloqist. Preferred embodiments include 

applying the method of the invention to produce radio­

labeled antibodies or antibody fragments useful for qamma 
imaging and radioisotope therapy. 

The labelin9 method and kit of the invention may be 

used to bind radioiosotopes of technetium and rhenium to 

other proteins with the requisite tr&e aulfhydryl groups .• 

Proteins "-'hich contain free sulfhydryl qroups can be 

labeled directly. Those which contain disulfide groups, 
normally linked through a cystine residue, can be treated 

with a reducinq a9ent to qenerate the free sulfhydryl 

groups. This may result in fraqmentation of the protein 

if_ the disulfide bond links polypeptide chains which are 

not continuous, or it :may merely result in chain 
separationr: po5sibly involvinq a change in conformation 
of the protein if the disulfide bond joins remote 

segments . of a sin9l~ polypeptide chain. sulfhydryl 

qroups can be introduced into a polypeptide chain to 

provide proximal groups. Use !of Traut•s Reagent 

(iminothiolane) for this purpose is not preferred, where­

as use of oligopeptides containinq several adjacent sult­

hydryl groupa is efficacious. In particular, use of 
metallotbionein or, preferably, its c-terminal hexa­
peptide fragment (hereinafter, "MCTP"), results in 

siqniticant improve•ent. 
Reduction of an antibody or F(ab')z fraqment with 

known disulfide bond reducing agents, e.q., dithio­
threitolr cysteine~ marcaptoetbanol and the like, gives 

after a short time, typically less than one hour, 
· includinq purification, antibody having from i-:10 free 
sulfhydryl groups by analysis. When labeled with tech­
netium using a reducinq agent such as stannous ion under 
the present conditons, 100' incorporation of Tc-99~ to 
protein is seen toqether with >95' retention of iJ11I11uno• 
reactivity. 

It has been found that attempts to achieve partial 
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reduction of F(ab') 2 resulting from enzymatic cleavage of 

intact antibody often result in considerable further 

cleavage to Fab•, and that even later attempts to reduce 

p_ertechnetate or perrhenate ._ith stannous ion, in the 

presenoe of F(ab' >z, are accompanied by disulfide bond 

reduction and further cleavage to Fab', resultinq in some 

label being lost to the monovalent fragJllent. For im..,.. 

proved production of F(ab' >::r antibody fra9111.ents, substan­

tially free ot further Fab' cleavage products, it has 

surprisingly and ~nexpectedly been found that cleavage to 

F(ab')z fra9Jllents of antibody already havinq free sulf­

hydryl groups thereon, followed by labeling with reduced 

pertechnetate or perrhenate, results in hiqhly efficient 

labelinq of the P(ab' ) 2 with substantially no·., rurther 

cleavage to Fab'. The F(ab' )z-SH can be produced l>y 

partial reduction cf intact antibody as described above 

or by introduction of free sulfhydryl groups into intact 

antibody, e.g., by conjugation with activated MCTP or an 
equivalent polythiol addend, followed by cleavage, pre­

ferably enzyaatically vith, e.q. pepsin, under conven­

tional,. preferably acidic, conditions and in the absence 
of oxygen, to form the sulfhydryl-containing bivalent 

fragment. 
Much less Sn(II) is needed to achieve lGOt TC-99m 

incorporation than was prev~ously thought• 'rbe gener~l 

amount of tin used for labeling compounda vith Tc in.moat· 

prior art •etboda is about ioo-2·00 micrograms per milli­

qram of protein. However, because of the great binding 

power of the·sterically close SH groups and the aUbnano­

gram quantities:of Tco4that normally must be reduced to 
. obtain •dequate ·activity tor qamma imaqinq, much less 

Sn(II) can be effectively used. Reduction is effected by 

stannous ion, generally in aqueous solution. It will be 
appreciated that stannous ion can ba qenerated.in situ 

from tin metal, e. 9. , foil 1 9ranules, powder, turnings 

and the like, by contact with aqueous acid, e.q., KCl, 

This is the rapte.&8ffl@"t lhtot 
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and is usually added in the form of SnC12 , advantageously 

in a solution that is also about 0.1 ltlM in HCl. 

In general, it is advantaqeous to work vith a con­

centration of antibody or antibody fragment of about 0.01 

- 10 m9 per ml, preferably about 0.1 - S mg/ml, o! solu­

tion, generally in saline, preferably buffered to a 

mildly acidic pH of about 4.0-4.5. In such case, the 

amount of stannous ion needed for reduction of a normal 

imag in9 acti v 1 ty of pertechneta te is about o. l. - 50 

p9/•l, preferably about o.s - 25 pg/ml, in proportion to 
the amount of protein. 

When labeling the foregoing quantity of antibody or 
antibody fraqment, the amount ot pertechnetate is 

generally about 2 - 50 111Ci/111.q of antibody or· .. antibody 

fragment, and the time of reaction is about o.i - 10 min. 

With the preferred concentrations of protein and stannous 

ions noted above, the amount of perteohnetate is pref er­

ably about 5 - 30 mCi/mq, and the time of reaction is 

preferably about l - s min. 
Pertechnetate is generally obtained from a 1 com­

mercially available generator, most co1'1Dlonly in the form 
ot NaTc06 , normally in saline solution. Other fqrms of 

pertechnetate may be used, with appropriate modification 

of the procedure, as: would be suggested. by the supplier 

of a new form of.generator or as would be apparent to the 
ordinary ~killed artisan·. ·pertechnetate is ;enerally 
used at an activity of a))out 0.2-10 ~Ci/ml in saline, 
~.g., o.9, C"phyaiological") saline, buffered at a pH of 

about 3•7, preferably 3.5~5.5, more preferably. about 
4.5-s.o. Suitable buffers include, e.g., acetate, 
ta~trate, citrate, phosphate and the like. 

The reduction is normally effected under an inert 

9as atmosphere, e.g., nitrogen, argon or the like. The 

reaction temperature is generally maintained at about 

room temperature, e.g., 18 • 2s·c. 
These conditions routinely result in substantanti-
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ally quantitative incorporation of the label into the 

protein in a f·orm which is highly stable to oxidation and 

resistant to transcihelation in saline and serum. For 

example, it is nov possible to consistently label I9G, 

previously reduced with a thiol-generatinq reagent, with 

from o.s to 5 micrograms of Sn(II) per milligram of IgG·; 

in essentially quantitative yield. Generally, at least 

about 95' of the label remains bound to protein after 

standin9 c:>ve~ni9ht at J?•c in serum. Furthermore the 

illllftunoreactivity of this protein is hardly reduced after 

this serum incubation, sho~inq that the conjuqates are 

still completely viable imaging agents out to at least 24 

hours. 

At these concentrations, no transchelator such as 

pbosphonate, tartrate, 9lucoheptonate or other well known 

sn (II) ctielating agent is required to keep the tin in 

solution. Sn(II) compounds such as stannou~ chloride and 

stannous acetate have been used successfully in these 

experbnents. other readily ;available and conventional 

Sn(II) salts are also effective. There are only three 

essential inCJredients; the reduced antibody, the aqueous 

stannous ion and the pertechnetate solution. Under the 

~onditions described hereunder, 100' of Tc-99m. incorpora­

tion into intact antibody and1 Fab/Fab' fragments can be 

readily achieved. In the case of F(ab')z, the labeling 

conditions result in lOOt inQorporation of Tc-99m, but 

also produce a certain amount of radiolabeled Fab' in 

addition to radiolabeled F(ab 1 ) 2 • 'l'he improveiaent set 

forth hereinabove for producing radiolabeled F(ab')z 

obviates this problem~ 
'l'be resultant Tc-99m-radiolabeled antibodies and 

antibody fraqments are suitable for use in scintiqraphic 

imaging of, e.9., tumors, infectious lesions, :microorgan­

isms, clots, myocardial infarction•, atherosclerotic 

plaque, or normal orqans arid tissues. such imaging 

methods are well known in the art. The radioa.Jltibody 
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solutions as prepared above are ready for i:mmediate 
injection, if. done in a properly sterilized, pyro9en-free 
vial. Also, no blocking of free aulfhydryl 9roups after 
technetiu~ binding is necessary for stabilization. 

The method of the invention is particularly 
attractive for labeling antibodies and antibody f:r:a9-
ments, although proteins such as albumin, drugs, cyto­
kines, enzymes, hormones, iWDune modulators, receptor 
proteins and the like may also be labeled. Antibodies 
contain one or more disulfide bonds which link the heavy 
chains, as well as disulfide bonds which join light and 
heavy chains to9ether. The latter disulfide bonds· are 
normally less accessible to disulfide reducing aqents and 
.the bonds linking heavy chains can noraally be selective­
ly cleaved. The resultant fraqments retain their i:mmuno­
specif ici ty and ability to bind to antigen. It will be 
understood that reduction of disulfide bonds linking the 
heavy chains ot an immunoglobulin mus~ be effected with 
care, since the normally less reactive disulfide bonds 
li~kinq light a~d heavy chains will eventually be reduced 
it redµcin9 conditions are too drastic or ~he reducinq 

. l 

aq~nt is left in contact with the fragments for too long 
a time. . 

Once reduced, the antibody•SH moieties are quite 
stable if stored under rigorously oxygen•·free conditions. 
stability is also ·increased with storage at lower pH, 
particularly below pH 6. It has been found that rapid 

-cooling to the temperature of liquid nit~ogen of anti• 
bodies and.antibody fragments containing a plurality of 
free sulfhydryl groups panits storage ·thereof £or 
prolonged periods of time without deterioration or 
significant loss of sulfhydryl groups. It is believed 
that bathing the tubes containing the antibody-SH or 
f raqment-SH species in an atm~sphere of nitrogen adds to 
the protection of low temperature and effectively pre­
vents reoxidation of sulfhydryl qroups to disulfides. 
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It will also be understood that the antibodies or 
antibody fraginents to be radiolabeled can be antibodies 
which bind to antigens vhich include but are not limited 

to antigens produced by or associated with tumors, infec­
tious lesions, microorganisms, parasites, myocardial 
infarctions, clots, atherosclerotic plaque, or normal 
organs or tissues. 

By "antibodies and· antibody fragments" is meant 
qenerally inununoglobulins that specirically bind to 

· antigens to form immune complexes. The terms include 
conventional I9G, IqA, I9E, I9M, and the like, conven­
tional enZYJDe digestion products such as F (ab') z fragments 
obtained by pepsin digestion of intact immunoglobulins, 
Fab fragments obtained by papain digestion of intact 
immunoqlobulins, conventional monovalent Fab' and light­
heavy chain fragments obtained by disulfide bond cleavage 
ot: F (ab 1 .> z fraqments and intact antibody, respectively, as 
well as products havinq substantially similar properties 
to such immunoqlo:bulins and. fragments. Such si~ilar 

proteins include antibody subtragments made by further 
di9est~on or manipulation of larger fraqlllents, 9enetie­
ally enqineered antibodies and/or fragments, and syn­
thetic proteins having an antigen recognition domain 
which speeitically binds to an antigen in a substantiall~ 
analo9ous fashion to a "classical" i1DJ11.un09lobulin. The 
only substantive requirement for such a protein is that 
it have two or mor~ proximal sulfhydryl ·groups to serve 
as ohelatora for the reduced . pertechnetate or reduced 
perrhenate radiometal ion, by_ virtue of partial reduction 
or ot introduction of polythiol moieties. 

By "reduced pertechnate" or "reduced perrhenate" is 
meant the species of technetium or rhenium ion formed by 

st~nnous ion reduction of pertechneate or perrhena.te and 
chelated ~y the thiol group(s). Xt is generally thou9ht 
that reduced pertechnetate is in the form of Tc(III) 
and/or Tc(IV) and/or Tc(V) in such chelates, and that 
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reduced perrhenate is in the form of Re(III) and/or 
. . 

Re(IV) and/or Re(V), but higher or lower oxidation states 

and/or multiple oxidation states cannot be excluded and 

are within the scope or the invention. 

Rhenium is !ound just :below technetium in the 

periodic table, has the same outer shell electronic 

configuration, and therefore might be expected to have 

very similar chemical properties, especially the behavior 

of analogous compounds. In fact, rhenium compounds 

qualitatively behave si:alilarly to technetiW11 compounds 

insofar as reduction eind chelation are concerned but 

their reaction rates are quite different and they are 

d!ssimilar in certain important respects. 

The radioisotope Re-186 is attractive for therapy 

and can also be used for imaginq. It has a half-life of 

about 3.7 days, a high LET beta emission (1.07 MeV) and 

a convenient gamma emission energy (D.137 MeV).. By 

analogy to technetium, rhenium is produced from· per­

rhenate, and the reduced rhenium ions can bind non­

specif ic:ally to protein. Accordingly, a methoc:l for 

Re-186 labeling of proteins, wherein the reduced 

perrhenate is bound to sulfhyclryl groups of a protein 

molecule such as an antibody, would . be advantageous. 

- ae-188 is a generator-produced beta and gamma emitter 

with a half-life of about 17 hours and is suitable for 

imaging and therapy. The developllle~t of commercial 

_generators for rhenium-188 is currently underway; and in 

a preferred scenario, carrier free rhenium-1aa is added 

directly to a vial containing stannous ion and IqG, to 

produce a rhenium radiolabeled protein which is ready tor 

use in less than two hours. The half-life of rhenium-

188, at 17 hours, makes speed of preparation. pari;,icularly 

important. 
Th~ procedure is moditied somewhat in the case of 

rhenium from that used with pertec:hnetate. In contrast 

to Tc-99m labeleinq procedures, perrhenate does not label 
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reduced antib9dies when low amounts of stannous ion 
reducing aqent and short reactions times are used. How­
ever, by the use of higher amounts of .stannous ion, e.q., 
stannous tartrate, and longer reaction times, thiol­

reduced antibodies are successfully labeled with rhehium. 
Sy judicious manipulation of conditions~ better 

tban so' rhenium incorporations into antibody can be 

achieved in just a few hours, which is particularly 

important for rhenium-188 with its 17 hour half-life and 

potential for radiobiol09ic damage to the antibody. 
Labelinq procedures are simpler than those currently 

required for iodine-131 radiolabelinq and much simpler 

than what is currently required for labeling antibodies 

with yttrium-90 and copper-67. The short labeling time 
ensures retention of antibody immunoreactivity. 

Conditions will vary depending upon whether the 

perrhenate is substantially 
generator-produced Re-188) or 
reactor-produced Re-186), the 

carrier-free (e.9., 
carrier-added (e.9., 

latter requiring more 

perrhenate for equivalent activity, and therefore more 
stannous ion reducing agent, al though not necessarily 

more protein. Thia ·is an aspect not treated in the prior 
ai;t. 

._Generally, a protein, preferably an antibody or 

antibody fra9Jllent, · containin9 a plurality of adjacent/ 
proximal sulfhydryl groups, will be used in concentra­

tions reflecting the preferred therapy application of 
radi9isotopes or rhenium. The types o~ protein that can 
Qe labeled and the definitions of antibodies and antibody 
fragment disclosed tor technetium labeling are also valid 

for rhenium radiolabelin9. 
Labeling with ·substantially carrier-free Re-~as­

NaRe04, the form whicn would normally be produced from a 
generator, is advantaqeously etfected with the sulf­

hydryl-containinq protein, e.g., antibody or fraqment, a~ 

a protein concentration of about 1 - 20 mg/ml, preferably 
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10 - 20 mg/ml, in substantially the same solutions and 
under substantially the same conditions as pertechnetate. 
The amount of stannous ion used is generally about 100 -
10, ooo µ9/ml, preferably about 500 - 5, ooo µ9/ml, and 
preferably in proportion to the amount of protein. Using 
the foregoing amounts of protein and stannous ion, it is 
advantageous to use about 10 • 500 mci, preferably about 
50-- 250 mci of substantially carrier-free Re-188-per­
rhenate, preferably again in proportion to the amount of 
protein. The reaction time is advantageously about 1 min 
to 4 hr, preferably about· 15 min to 2 hr. surprisingly 
and unexpectedly, the reagent ratios and reactions times 
that were optb1al for pertechnetata labeling were not 
~ffective for perrhen~te, and vice-versa. 

Labelinq with carrier-added Re-l86-NaReo4,· the form 
which would normally be produced from a reactor.and which 
generally contains about a 100- to l,OOO-fold excess of 
Re-185 as carrier, is advantageously effected with the 
sulfhydryl-containinq protein, e.q., antibody or frag­
ment, at a protein concentration of about 1 - 20 ~g/ml, 
preferably 10 - 20 lllg/ml, in substantially the same 

solutions and under s"Q)>stantially the same conditions as 
for Re-188-perrhenate. However, because of the large 

amount of carrier, the amount of stannous ion used is 
generally about 1 - 1, ooo mq/Jll, preferably about 5 - soo 
mq/ml, and preferably again in proportion to the amount 
of protein. Approximately the sa~e activity of rhenium· 
radioisotope and about the same reaction times are used 

for this isotope. 
A abort colUlDll procedure vill normally suffice to 

remove any unbound rhenium and atter this time it is 
ready for immediate injection, if done in a properly 
sterilized, pyrogen- free vial. · Aqain, no blocking ot 
tree sulfhydryl groups after rheniwa labeling is 

necessary for stabilization. 
In a surprisinq and unexpected development, it has 
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now been shown that proteins containing at least one 

disulfide group, e.q., intact antibodies (without prior 

~eduction) can be simply and directly radiolabeled ~ith 

rhenium using a larqer a111ount of stannous ion to con-
. . 

commitantly reduce and bind together the antibody and the 

rhenium species. The "pretinnin9• procedures described 

elsewhere and earlier technetium-I9G labeling pro~edures 

qave poor results. Lonq and/or severe reactions are 

incompatible with the successful generation of an X9G­

rhenium injectible. 
In CJeneral, the concentration of unreduced protein, 

e.g., antibody, the reaction times, perrhenate activities 

and other conditions will be substantially the same as 

·for Re-186 or Re•l88 labeling of sulfhydryl-containing 

proteins, except that a larger amount of stannous ion is 

used. When the radioisotope in the radioperrhenate is 

substantially carrier-free Re-188, the concentration of 

i antibody or. antibody fragment in the solution is 

advantageously about l'• 20 mg/ml, preferably about 10 -

20 mg/ml; and the amount of stannous ion is about 500 -

io~ooo ~g/ml, preferably about 500 - s,ooo pg/ml. When 

the radioisotope in the radioperrhenate is carrier-added 

Re-186, at the same concentration of antibody or antibody 

fragment, the amount of ~tannous ion is about 5 - 1,000 

m9/ml, preferably about·· 50 - 500 mg/1111. 

In fact, unmodified, unreduced IgG has been taken, 

placed in a vial with a stannous reductant and success­

fully labeled with perrhenata in as little as 45 minutes 

at room temperature. No pretinninq is used, but per­

rhenate is added directly after the antibody and tin are 

~ixed. The key is to have sufficient tin to e:tfect a 

rapid reduction. A short separatory column, simpler in 

ease of operation than a typical iodine-131 label 

purification, gives a pure rheniwn-IqG conjuqata ready 

for injection. 
Exposure of I9G to the conditions used does not 
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impair its iltllllunoreactivity as measured on an affinity 

column of bound antigen. It appears that an .in• illY 
reduction of protein disulfide qroups by the sta~ous ion 
accompanies the perrhenate reduction and creates the 

necessary conditions for protein-metal complex fonnation. 

The fact that pertechnetata labels IqG much less 
favorably under the same conditions · suqqests this as ··a 

particularly novel and efficient route for obtaining 

rhenium-labeled antibodies with minimal manipulation. 
Rhenium labelin9 is effected in s\lbstantially the 

same manner as tec:hnetiu~ labeling, with special care 

being taken to insure the absence of air or oxygen in the 
system. The rhenium-labeled proteins prepared according 
to the invention show no siqn of the ready reoxidation ~ 
perrhenate seen by other worketrs, indicatin9 that the 

present method is not only facile but also stable. 
coupled · with this are the facts that much less I9G 

manipulation is needed for the present method, that 

Re:..1aa is available in a convenient generator format 
('With a single: generator capable of daily use for a 
period.of sixty days or more) and that no problems are 
encountered with strontium contamination, makinq rhenium­
radiolabeled IqG·an attractive therapeutic aqent • 

.. JUleniwn antibody c:onjuqates produced by these 
"methods have been sbown to be very stable, even when 
exposed in solution to the atmosphere ~or up to 5 days at 

·least. This long ten stability is· important in· an 
. . 

_immunoradiotherapeutic as is retention of immunareact1-
vity durin9 labeling procedures, which also has been 
demonstrated. 

It must be recoqnized that the present approach is 
quite different from prior art approaches, due to the 
simplicity, effectiveness, efficiency and lack of major 
•anipulation in the process as well as the stability of 
the rheniUlll conjugates. It ·is again emphasized that the 

relatively hiqher amount of tin and longer reaction times 

This is the re~ac9ment sheet 

Date: 
2 3 .JAN~7: 



- 16 -

are not conducive to ef.flcient pertechnetate labeling but 

are optimal for perrhenate, whereas the low tin, fast 

labelinq conditions optimal for pertechnetate do not work 

for perrhenate. In particular, for about l •9 of anti­

body, and an ilna9in9 activity of Tc-99m, very low tin and 

5 min reaction times result in excellent results, whereas 

for therapy levels of Re-186 or Re-188 label, more than 

500 pg/ml stannous ion is desirable, especially it intact 

antibody is used, and reaction times on the order of 

close to an hour are ettective. 

A~kit for use in radiolabelinq a protein, e.g., an 

Fab'-SH or F(ab') 2 fraqment, or an intact antibody, with 

Tc-99m, usin9 generator-produced pertechnetate, would 

include about 0.01 - 10 mq per unit dose of an. a~tibody 

or antibody fraCJlllent which specifically binds an antiqen 

associated with a tumor, an infectious lesion, a micro­

orqanism, a parasite, a myocardial infarction, a clot, 

atheroselerotic plaque, or a normal organ or tissue, and 
! 

which contains a plurality of adjacent tree sulfhydryl 

groups: an~ about 0.1 • 50 pg per unit do~e of stannous 

ions.. . The constituents of the kit are combined just 

prior to use with about 2 --50 mci of Tc-99m pertechne­

tate per 119· ot antibody or antibody fragment. The anti­

body/fragment-SH and the Sn(II) reducing agent are 

advantageously combined in a single solution in a vial 

Which can be stored, e.g., in a liquid nitrogen bath, or 
lyophilized, prefer.ably with added sugar as is well known 

-in the art, prior to addition of the pertechnetate. 

A kit for radiolabeling an antibody or antibody 

fra9111ent with the Re-188 radioisotope of rhaniwa would 

typically incl~de about 1 - 20 mg per unit dose of an 

antibody or antibody fragment~ e.9., one which specific­

ally binds an anti9en associated with a tumor or an 

infectious lesion, and which contains a plurality of 

adjacent free sulfhydryl 9roups1 and about 100 -10,000 ,..g 

per unit dose ot stannous ionsi 11.nd lrlould be combined 
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just prior to use vith about 10 - soo mci of substanti­
ally carrier-tree Re-188 perrhenate per mg of antibody or 

antibody fragment. Advantageously, the kit constituents 
~ould be present in a single vial and &tored or lyophil­

ized as noted above until us~ for labelinq. 

A kit for radiolabelin9 an antibody or antibody 

fra9J11ent with the Re-186 radioisotope of rhenium wou~.d 
typically 'include about l - 2 o 1119 per unit dose o:f a·n 

antibody or antibody fra911lent, e.q., one which specific­
ally binds an antigen associated with a tumor or an 
intectious lesion, and vhich contains a plurality Of 

adjacent free sulfhydryl groups; and about 1 - l,Ooo mg 

per unit dose of stannou~ ions; and would be combined 
just prior to use with about 10 - soo mci of.,_ carrier­

added Re-186 perrhenate per mg of antibody or antibody 

fragment. Single vial stora9e and use as above are 
preferr~cl. 

A kit for labeling unreduced intact antibody with 
either rhenium isotope would be similar to the fore9cinq, 

i 
except for the la~9er amount of stannous ions generally 

used tQ reduce some of the disulfide bonds in the anti-. . 

body aa well as reducing the perrhenate. 
The proteins in such kits are advantageously frozen 

or lyopbilizacl, in sterile containers, and under an inert 
qas atmosphere, advantageously· cooled and stored. in a 
liquid nitroqen bath and .gently 'thawed just prior to use. 
The kits are""conveniently supplemented with sterile viaJ.s 
of buffers, saline, syringes, tilters, columns and ·the 
like auxiliaries to facilitate preparation of injectable 

~ preparations ready for use by the clinician or tech­

.noloqist. 
Variations and modifications of these kits will be 

readily apparent to the ordinary skilled artisan, as a 
function of the individual needs of the patient or treat­
ment: regimen, as well as of variations in the form ·in 
which the radioisotopes may be provided or may become 
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available. 

It wi11·a1so be apparent to one of ordinary skill 

that the radiolabeled proteins, especially antibodies and 

antibody fragments, prepared according to the method of 

the invention, will be suitable, and in fact particularly 

convenient and efficacious, in methods of non-invasiv~ 

sc~ntiqraphic imaging and tor radioantibody therapy ·of 

tumors and lesions. In particular, in a method of 

ima9inq a tumor, an infectious lesion, a myocardial 

infarction, a clot, atherosclerotic plaque, or a normal 

organ or tissue, wherein an antibody or antibody fragment 

which specifically binds to an antigen produced by or 

associated with said tUlllor, infectious lesion, ~yocardial 

infarction, clot, atherosclerotic plaque, or normal organ 

or tissue, and radiolabeled with a pharmaceutically inert 

radioisotope capable of external detection, is parenter­

ally injected into a human patient and, after a., suffi­

cient time for the rac:Jiolabelecl antibody or antibody 

fragment to localize and for non-target background. to 

clear, the site or sites: of accretion of the radiolabeled 

antibody o~ antib~dy fragment are detected by an e~ternal 

imaging camera, it will be an improvement to use· as the 

radiolabeled antibody or antibody fraCJ111,ent a Tc-99m~ 

iabeled antibody or antibody fraqment made according to 

tbe method of the present invention. 

Moreover, in a method of radioantibody therapy of 

a patient auftering from a tumor.or an infectious lesion, 

-wherein· an antibody or antibody fra~ent which specific­

a.lly binds to an antigen produced by or associated vith 

a tumor or an infectious lesion, and radiolabeled with a 

therapeutically effective radioisotope, is parenterally 

injected into a human patient su~fering from such tumor 

or infectious lesion, it will represent an improvement to 

use as the radiolabeled antibody or antibody fragment a 

rhenium ~adiolabeled antibody or antibody fragment-made 

according to the method of the present invention, either 
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from pre-reduced or unreduced antibody. 

Without !urther elaboration, it ia believed that 

one skilled in the art can, using the preceding descrip­
tion, utilize the present invention to its fullest 

extent. The following preferred specific embodiments 

are, therefore, to be construed as merely illustrative,-· 
and not limitatiVe Of the remainder Of the disclosure in 
any way whatsoever. 

In the following examples, all temperatures are set 
I 

forth uncorrected in degrees Celsius~ 

EXAHPLI l 
An.tibody reduction 

In a typical run, a solution of 5 mq of purified 
lDOnoclonal anti-CEA IgG (antibody which specifically 

binds to -carcinoembryonic antiqen, a marker associa~ed 
with colorectal cancer) in ~ ml of phosphate-buttered 
saline (PBS), at a pH adjusted t<? 6.2-6.6, is made 30-50 
millimolar in 2-meroaptoetha~ol. After standing at room 
temperature for 30•40 ainutes, the sample i~ purified on 
an acrylamide column with~eoxyqenated acetate as buffer. 
The reduced IgG solution is concentrated to 1-2 mg/ml on 
~entricon and is analyzed for SH 9roups per IqG by the 
Bllma~ reaction. It is stored sterile filtered at 4\C 
for convenience or frozen toz: greater stability of the SH 
groups. 

EXAMPLE 2 
Tc-99m Radiolabelihg 

In a typical run, a solution containing 125 

nano9rams of Sn(II) is mixed with a solution containing 
3. 6 x io·10 moles of monoclonal anti-CEA with fre~ 

sulfhydryl groups, prepared aacordinq to Example 1 and _ 
having 1-2 SH per I9G by the Ellman reaction, giving a 
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2.9:1 ratio of Sn(II) to I9G. Addition of 2 mci of 
technetium-99m as pertechnetate in saline, followed by 

incubation for 5 minutes .at room temperature, qives a 
100' incorporation of technetium into the protein as 
measured by HPLC and less than l~ pertechnetate remaininq 
by ITLC in two different elution buffers. IJ1UD.unoreac­
tivity is >98.t vhen measured on a . CEA colunm. T~~ 

solution of labeled antibody can be used directly fer in 
vivo injection. 

EXAtJPLJi 3 

Re-186 Radiolabelinq 

In a typical run, a solution containing aso 
m~crograms of Sn(II) is aixed with a solution c~ntaininq 
1 mg of monoclonal anti-CEA intact antibody. Addition of 
18.9 x io·n mol rhenium-186, with an activity o~ 9 million 
opm, as perrhenate in saline, followed by incubation for . . 

l hour at room temperature, gives a 75' 1noorporat1on of 
! 

rhenium into the protein. The labeled antibody ia· stable 
to air oxidation and its immunoreact~vity is hi9h when 
measured on a CEA c:olumn. The solution can be used 

directly tor in vivo injection. 

Re-188 Radiolabeling 

. In a typical run. l mg ot anti-~ Fab' -SH (SH 
generated by reduction of F(ab 1 ) 2 vitb cyateine, aercapto­

-ethanol or dithiothreitol_), is placed in an argon atmo­
sphere toqether with 1 ml of 100 mH ·tartrate + · 50 mK 

acetate buffer and an Sn(II) species containing about 123 
ug of Sn(II). 20-2000 pl ot a pe:rrhenate solution, 
depending on concentration, equivalent to up to about 1 
x 10"9 mol rhenium is added. After mixing, the reaction 
is effected in l to 6 hours Yith rhenium incorporations 
of 60 to 100' seen. The solution of labeled antibody 
fragment can be u~ed directly for in vivo injection. 
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In order to confirm the labeling efficiency, a 

sample ot the· labeled protein is immediately app~ied to 

an acrylamide column and eluted with either acetate 
buffer or saline. The labeled protein elutes with the 
~oid volume (approx. 5 ml) and is shown to be 100% 

protein-bound rheniu~ by ITLC in saline. The conjuqates 

can be equally well purified by a quick run through a 

m~ni-column usin9 a syrinqe barrel, again to give a io.oi 
protein bound label. 

The labeled fragment passes through tilters with as 
low as o.os micron pore size, showing lack of aggregate. 
In all column procedures and filtrations, essentially 
100-t recovery of radioactivity is obtained. 
Chromatoqraphy on HPLC and ITLC shows the radioactivity 
eluting/migrating with the protein fraction. 

EXAMPLE S 
FCab') 2•SH Production 
(a) rart!al redugtion ot intact antibody 

A solution of intact anti•lympho:ma I9G 2A antibody 
in tris bu~fer (O.lK, pH 8.7) between 10 and 2o·mg/ml is 
•ade 25 millimolar in L-cysteine. After 10 minutes at 
4•c it is _purified by size-exclusion chromatography in 
50mM acetate~ pH 4.5, and the combined protein fractions 
concentrated to 10 mg/pl. Analysis by the Bllman 
reaction shows approximately 3.s. s~ qroups per mole-of 
IgG. Reduction can ~e effected by other th1ol reducing 

· agents, e.9., dithiothreitol (DT'r), 2-m.erc:aptoethanol (2-

- MB) I Jletallothionein c-terminal hexpeptide (MCTP) I and 
the like. 
(b) Enzymatic digestion 

Di~estion or a sample of partially reduced anti­
lYJD.phoma antibody, produced accordin9 to part (a) above, 
is performed by adjustment of the pH to 4.0 with a little 
citric acid solution (lM) and treatment ot the IgG vitb 
pepsin (equivalent to a final concentration of 200 pc;J/l!ll) 
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!or J-4 hours at 37\C. The course of the reaction is 

followed by size-exclusion HPLC and when all the intact 
IgG has disappeared the reaction is stopped by cooling to 
4\C, raising the pH to 5.5, and iminediately applying to 
a preparatiV$ HPLC column (Zorbax 250, DuPont) and 
collectinq fractions every 12 seconds between 8 and lS 
minutes retention time. Fractions eluting around 9 ."5 
minutes are analyzed, and combined if tound identical, 
prior to reconc:entration. The F(ab') 2-SH thus produced is 
found· to be one peak on HPLC with no evidence of 
monovalent Fab'. it is stored in a liquid nitro9en bath 
prior to radiolabellinq. 

EXAMPLE 6 
Te9hnetium-99m labeling 

In a typical run, 1 mg of partially reduced anti­
lymphoma· F(ab 1 ) 2•SH, produced according to Example s, is 

. i 
placed in an arqon atmosphere t09ether with 1 ml of 
io-100 mM tartrate + 50 JllM acetate buffer an~ an Sn(II) . 
species containinq about 120 pg of Sn(II). 20-2000 pl of 
a pertechnetate solution, depending on concentration, 

I 

equivalent to up· to about l x 10·9 mol technetium is 

added. After only about 5 minutes, sUbstantially 100' of 
the technetium label is bound to the F(abi) 2 fragment, 
with substantially no further fragmentation to F.ab'. 

'l'he labeled fraCJlllent passes t.hrou9h filt•rf with as 
low as o.os micron.pore size, showing _la~ of aggregate. 

- In all column procedures and filtrations, essentially 
ioot recovery of radioactivity is obtained. Chromato­
graphy on HPLC and ITLC shows the radioactivity 
elutin9/miqratin1;J" with the protein fraction. Labeled 
fragment is hiCJhly resistant to reoxidation in either 
acetate buff er or saline when exposed to the atmosphere 

. tor up to 72 hours. Thus, a technetiUlll radiolabeled 
product can be ready for injection within a few minutes 
with minimal laboratory handling. 
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EXAMPLE 7 
Rbenium-188 labeling 

In a typical run, l mq of partially reduced anti­
lymphoma F(ab') 2-SH, produced according to Example s, is 
placed in an argon atmosphere together with l ml of 

io-100 mM tartrate + 50 mM acetate buffer and an Sn(II) 
spe~ies containinq about 120 µg of Sn(II). 20-2000 µl of 

a perrhenate solution, depending on concentration, equi­
valent to up to about 1 x io·t 11101 rhenium is added. 
After m.ixinq., the label may be left l to 18 hours with 
rhenium. incorporations, by ITLC, of 60 to 95% seen. The 
resultant solution can be used as is for injection into 
a patient. 

In order to evaluate radiolabeling efrici•ncy, the 
lab~led fragment is immediately applied to an a~rylamide 
column and eluted vith either acetate buffer or saline. 
The labeled protein elute& with the void volume.(approx. 
5 ml) and is shown to be 100' protein bound rhenium by 

ITLC in saline. The conjugates can be equally well puri-
• i. 

tied by a czuick run through a mini-column using a· syringe 
barrel,· again to give a lOOt.protein bound labe~. 

The la13el passes throUtJh filters vith as lov as 
o.~s micron pore ~ize, showing la~k o~ a99regate. In all 
column procedures and filtrat!ons, essentially 100% 

recovery of radioactivity ia obtained. Chromatography on 
HPLC and ITLC shows the radioactivity eluting/migrating 
with the protei.n traction. Labeled fragments are highly 

resistant to reoxidation in either acetate buffer ox 
saline when exposed to the atmosphere tor up to 72 hours. 
Thus, a rhenium la~eled pr~duct can be ready tor injec­
tion within a few hours at most, with minimal laboratory 
handlinq. 
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EXAMPLE 8 
FCab'lz-MCTP-SH Production 
(a) Antibody-MCTP coniugate 

Mouse 1 i var metallothionein-l fra9111ent ( 56-61) , 6. 2 

mg (1 x 10"5 mol} (SiCJll\a Chemical Company) is dissolved in 
495 ~l or phosphate buffer, pH 4.4, and treated with 10 

pl .of a 191 lllq/ml solution ot l-ethyl-3 (J-dimethyi"­
aminopropyl)-carbodiimide in phosphate buffer, pH 4.4. 
care is taken to ensure a final reaction pH between 4.0 
and 4.5 and the reaction is performed at 4~C. The 
reaction proceeds for lS min. 

An antibody solution of anti-CEA I9G, concentrated 
t? 10-15 mq/ml in deoxygenated tris buffer. pH 8.7, is 
cooled to 4\ and treated with the activated McTP for 10 
minutes at 4\. The reaction mixture is then iJIUllediately 
applied to an aerylamide eolwan and the IqG traction 
collected by elution with deoxygenated sodium acetate/ 
saline buffer 50/150 11H, pH 4.5. Analysis by the Ellman 
raaet~on shows about 5-6 SH qroups per antibody. 

· (b) Enzymatic diqeatioa 

The antibody~MCTP conjugate is fra911ented using 

pepsin, analogously to EXample 5 (b) • The dige•tion 
process is monitored by size exclusion HPLC and when the 
reaction mixture haa frag'lllented to about 90' F(ab)~ 2 (in 
approximately 1 hr) it is placed ·on ice and immediately 
purified by preparative size exclusion HPLC using an 

acetate buffer, at pH 4.5. Purified F(ab)' 2-MCTP 
fractions are collected, combined and an appropriate ., 
amount o~ stannoµs ion solution added. The resultant 
solutions are stored frozen, preferably in a liquid 
nitr09en bath. 
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Radiolabeling 

The F (ab' ) 2-MCTP produced according to Example 8 can 

be radiolabeled with Tc-99m and radioisotopes o! rhenium 
in the same fashion and by the same procedures as set 

forth in E::i.:amples 6 and 7 above for F(ab' ) 2-SH, with 

appropriate adjustment for the fact that the fragllien1;/ 

metallothionein conjugate generally contains iaore · free 

·thiol groups per fragment molecule than the partially 

reduced, diqested antibody produced according to the 

procedure of Example s. 
It is conveniet to use the single-vial preparatio.n 

according to Example S(b), containing both the F(ab 1 ) 2-

M~P and Sn (II) , gently thawed and warmed . to room 

. temperature. Addition of pertech~etate in saline and 

reaction tor about s minutes produces a solution of 

substant~ally 100% labeled F(ab• )z ready 'for in vivo 
injection. Addition of perrhenate in saline ancl reaction 
for 1-18 hours produces a solution of 60-100% labeled 

F(ab')z ready for in vivo injection. ' 
~is is believed to be the only simple and bigh~y 

efficient method now available for producing To-label8d 

ancl Re~labeled antibody F(ab•) 2 tragments uncontaminated 
~y Tc-Fab' and Re-Fab'. 

., 
The toregoinq examples are merely illustrative and 

numerous variations and modifications can be effected by 
one of ordinary skill 1n the art to adapt the method, kit 
and uses thereof according to the invention to various 
usages and conditions withqut clepartinq ~rom the scope· 
ancl spirit of the invention. 

The broad scope of the invention is clef ined by the 
appended claims, and :by the penumbra ot equivalents 
thereof. 
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WHAT IS CLAIMED IS: 

1. A method tor radiolabeling a protein with the 

Tc-99m radioisotope of technetium, comprising the steps 

of contacting a solution of a protein containin9 a 

plurality of adjacent free sulfhydryl groups with 

stannous ions, and then with Tc-99m-radiopertechnetate, 

in the absence of a transchelator, the amount of stannous 

ion beinq in slight excess over that required to substan­

tially completely reduce said radioperteohnetate but not 

sufficient to precipitate from said solution, and 

recovering radiolabeled protein . 

. 2. A method for radiclabelinq a protein with a 

radioisotope of rhenium, comprisinq the steps o~ contact­

ing a solution of a protein containing a plurality of 

adjacent free sulthydryl groups with stannous ions, and 

then with radioperrhenate, the amount of stannous ion 

being in excess over that reqllired to substantially 

completely· reduce said radioperrhenate, and reco~ering 
radiolabeled protein. 

3. A aethod_for radiolabeling an intact antibody 

or an F(ab' ) 2 antibody fra911lent with a radioisotope of 

- rhenium, comprising the ~teps of contacting a solution of 

an int:aet antibody or an F (ab•) 2 antibody fraqment 

containing at least one disulfide group with stannous 

ions, and then with radioperrhenate, the amoun~ of 

stannous ion beinq in excess over that required . to 

substantially completely reduce said radioperrhenate, and 
recovering radiolabeled protein. 

4. A ·method _tor producinq an F(ab' )z antibody 

fragment radiolaheled with Tc-99m or a radioisotope of 

rheniua, ccmprisinq the steps of: 
(a) partially reducinq an intact antibody ~ith a 

., 
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reducing agent for cleaving disulfide groups, in an 

amount · sufficient to generate a plurality of 

proximal free sulfhydry~ groups but insufficient to 

cleave or 

antibody, 
antibody; 

render immunologically inactive said 

and racovering partially reduced 

Cb) cleaving said partially reduced antibody to 

9enerate a partially reduced F(al:>')z fraqment; and 

(c) contactinq a solution of said partially reduced 

F(ab') 2 fraginent with stannous ions, and.then with 

radiopertechnetate or radioperrhenate,· the amount 

ot stannous ion beinq in excess over that required 

to substantially completely reduce said radio­

pertecbneta~e but not sufficient to pr~cipitate 

from said solution, and recovering radiolabeled 

.F(ab' >:t substantially free of Fab 1 antibody 

fraqments and aggregates. 

S. A method for producinq an F (ab• ) z antibody 

frac;ment radiolabeled wit~ Tc-99m or a radioisotope of 

rheniUlll, comprisinq the steps of: 

(a) conju9atin9 an intact antibody with an addend 

containing a plurality of proximal free sul£hydryl 

qroup·a, and recoverin(J resultant antibody conjugate 

containing a plurality of proximal free ~ulfbydryl 

groups1 

(b) cleavinCJ said antibody conjugate to generate an 

F(ab')z fraCJJDent conjugate containin9 a plural.ity of 

proximal tree sulfhydryl CJroupsr and 
(c) contacting a solution of F(ab')z fragment conjugate 

containing a plurality of proximai" free sulfhydryl 

groups with stannous ions, and then with radioper­

tecbnetate or radiope~rhenate, the amount of 

stannous ion bein9 in excess over that required to ., 
substantially co•pletely reduce said radio-

pertechnetate or radioparrhenata but not sufficient. 
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to precipitate from said solution, and recovering 

radiolabeled F(ab')z substantially free of Fab' 

antibody fraqments and aq9re9ates. 

6. The method of claim l or 2, wherein said 

PFotein is an antibody or antibody fragment, and wherein 

said free sul fhydryl qroups are produced by partial 

reduction of whole imJaunoqlobulin or an F(ab 1 ) 2 fragment 

thereof with a thiol reagent. 

7. The method of claim l or 2 1 wherein said 

protein is an antibody or antibody fra9Jllent, and wherein 

said free sulfhydryl ~roups are produced by thi~l reduc­

tion and cleavage of an F(ab')z antibody fragment to an 

Fab' :fra9111ent. 

Si. The method of any of claims l, 4, 5, 6 or 7, 

wherein said protein is an antibody o~ antibody fraglllent 

i and said radioisotope is Tc-99m; and wherein the concen­

tration of antibody or. antibody fragment in said solution 

is about 0.01 - 10 mq/ml, the amount of stannous ion is 

~bout 0.1 - so "q/ml, the amount of pertechnetate is 

~bout 2 - so·mci/mg of anti~ody or antibody fraqment, and 

the time of reaction is about 0.1 - 10 min. 

9. The method of any of claims 2-7, wherein said 

protein is an antibody or antibody fraqment and said 

radioisotope is sub~tantially carrier-free Re-188; ancl 

wherein the concentration of antibody or antibody frag­

ment in said solution is about 1 - 20 m9/ml, the amount 

of stannous ion is about 100 - 10,000 pg/ml, the amount 

of perrhena~e is about 10 .. soo mci, and the time of 

reaction is about 1 min - 4 br. 

10. The method cf any of claims 2-7, ~herein said 

protein is an antibody or antibody fragment and said 

I 1\llll \~Ill~ llllJ U 'I This is the rep-la.c91Tl·ent aheet 
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radioisotope is carrier-added Re-186; and wherel.n the 
concentration· of antibody or antibody fragment in said 
solution is about l - 20 mq/ml, the amount of stannous 
ion is about l - 1,000 mq/ml, the amount of perrhenate is 
about 10 - soo mci, and the time of reaction is about l 
min 4 hr. 

11. The use of a Tc-99m-labeled antibody or anti­
body traqtnent D1ade according to the method ot any o! 
claims l or-4-8 in a method of imaginq a tumor, an infec­
tious lesion, a myocardial infarction, a clot, athero­
sclerotic plaque, or a normal orqan or tissue, wherein an 

·antibody or antibody fragment which specifically binds to 
an antiqen produced by 9r associated with said tumor, 
infectious lesion, myocardial infarction, clot, athero­
sclerctic plaque, or normal organ or tissue, and radio­
labeled With a pharmaceutically inert radioisotope 
capable of external detection, is parenterally injected 
into a human patient and, after a sufficient time for 
said .radiolabeled antibody or antibody fracpn~nt to 
localize and for non-target background to clear, the site 
or sites of accretion of said radiolabeled antibody or 
antibody fragment are detected by an external imaging 
camera. 

12. The use of a rheniua radiol-beled antibody or 
antibody fraqment made according to the method or any of 
clailll8 2-1, 9 or 10 in a aethod of radioantibody therapy 
of a patient sutferinq froa a tumor or an infectious 
lesion, wherein an antibody or antibody fragment which 
specifically binds to an antigen produced by or associ­
ated with a tumor or an infectious lesion, and radio­
labeled with a therapeutically effective radioisotope, is 
parenterally injected into a human patient suf~ering from 
said tumor or infectious lesion. 
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13 .• ". A kit for racliolabeling an antibody or anti-
-~-

body fragment with the Tc-99m radi~iaotope of technetium, 
comprising, in a Sl.litable container, about 0.01 -' 10 mq 
per unit dose of an antibody or antibody fraqment which· 
specifically binds an antigen, and whi.ch contains a 

plurality ot adjacent tree sulthydryl groups; and about 

0.1 - so µq per unit dose ot stannous ions. 

14. A kit for radiolabelinq an antibody or anti­
body fraqment with the substantially carrier-free Re-188 
radiois·ai;ope of rhenium, comprising, in a. suitable 
container, about 1 - 20 mg per .unit dose of an antibody 
or antibody fragaent which sp•~~fically binds an antigen, 

.and vhich contains a plurality of adjacent free sulfhy­
dryl groups; and about 100 - 10,000 pg per unit do~e of 
stannous ions. 

15. A kit for radiolabelin9 an antibody or anti­
body fraqment with the carrier-added Re-186 radioisotope 
of rheni\lll\, comprisinq, in a suitable container, about 1 

J 
- 20 mg per unit dose of an antibody or antibody fragment . . 
whicb specifi~ally binds an antigen, and which contai~s 

' . . 
a plurality of adjacent free •ulfhydryl groups; and about 
il - l,OOO mg per unit dose of stann9us ions. 

16. A kit according to any of claims 13-15, for 
radiolabeling an J'(ab')z antibody t;raqment, wherein said 

F (ab• ) 2 antibody fragment. is prepared by a process 
comprising tbe steps of: 
(a) conjugating an intact antibody with an addend 

containinq a plurality _of p~Oximal free sulfhydryl 
groups, and recovarin9 resultant antibody conjugate 
containing a plurality ot proximal free sulfhydryl 
groups; and 

(b) cleaving said antibody conjugate to generate an 
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F(ab' )2 :fragment conjugate containing a plurality ot 

proximal tree sulfhydryl 9roups. 

17. A kit according to any of claims 13-15, for 

radiolabelinq an F(ab 1 ) 2 antibody fra9111ent, wherein said 

~(ab') 2 antibody fragment is prepared by a process 

comprisinq the steps of: 

(a) partially reducing an intact antibody with a 

reducing agent for cleavinq disulfide groups, in an 

amount sufficient to generate a plurality of 

proximal free sulfhydryl groups but insutricient to 

cleave or render immunologically inactive said 

antibody, and recoverinq partially reduced 

antibody: 
(b) claavin9 said partially reduced antibody to 

generate a partially reduced F(ab 1 ) 2 fragment. 

11\111~ ml~ 111!1111~" ~II 
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METHODS FOR TECHNETIUM/RHENIUM LABELING OF PROTEINS 

ABSTRACT 

A method tor radiolabelinq a protein with a radio­
isotope or technetium or rheniWl comprises the steps o_r 
contacting a solution of a protein containinq a plurality 

of adjacent free sulfhydryl groups, or in particular 
cases, intact protein containing at least one disulfide 
group, with s~annous ions, and then vith radiopertech­
netate or radioperrhenate, the amount of stannous ion 
being ·sufficient to substantially completely reduce the 
radiopertechn~~~~~ _or_ radioperrhenate, and recovering 
radiolabeled protein. 
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The claims defining the invention are as follows: 

1. A method for radiolabeling a protein 

technetium, comprising the steps of contacting a solution of a protein containing a 

plurality of adjacent free sulthydryl groups with stannous ions, and then with Tc-99m­

radiopertechnetate, .in the absence of a transchelator, the amount of stannous ion being in 

slight excess over that required to substantially completely reduce said radiopertechnetate 

but not sufficient to precipitate from said solution, and recovering ra~olabeled protein. 

2. The method of claim I, whereiil said protein is an antibody or antibody 

fragment. 

3. The method of claim 1, wherein said protein is albumin~ a drug, a cytokine, 

an enzyme, a hormone, an immune modulator or a receptor protein. 

4. The method of claim 2, wherein said free sulthydryl groups are produced 

by partial reduction of whole immunoglobulin or an F(ab')i fragment thereof with a thiol 

reagent. 

5. The method of claim 2, wherein said free sulthydryl groups are produced 

by thiol reduction and cleavage of an F(ab'h antibody fragment to an Fab' fragment. 

6. The method of claim 2, wherein said antibody or antibody fragment 

specifically binds a tumor marker. 

7. The method of claim 2, wherein said antibody or antibody fragment 

specifically binds an antigen associated with an infectious lesion, microorganism, parasite, 

myocardial infarction, clot, atherosclerotic plaque, or normal organ or tissue. 

8. The method of claim 2, wherein the concentration of antibody or antibody 

fragment in said solution is about 0.01 - 10 mg/ml~ and the amount of stannous ion is 

about 0.1 - 50 µg/ml. 

9. The method of claim 8, wherein the concentration of antibody or antibody 

fragment in said solution is about 0.1 - 5 mg/ml, and the amount of stannous ion is about 

0.5 - 25 µg/ml. 

10. The method of claim 8, wherein the amount of pertechnetate is about 2 - 50 

. mCi/mg of antibody or antibody fragment, and the time of reaction is about 0.1 - IO min. 

11. The method of claim 10, wherein the amount of pertec~etate is about 5 -

30 Iil.Ci/mg, and the time of reaction is about 1 - 5 min. 

12. A method· for radiolabeling a protein with a radioisotope of rhenium, 

comprising the steps of contacting a solution of a protein contairiing a plurality of adjacent 

free sulthydryl groups with stannous ions, and then with radioperrhenate, the amount of 

stannous ion being in excess over that required to substantially completely reduce said 

radioperrhenate, and recovering radiolabeled protein. 

13. The method of claim 12, wherein said protein is an antibody or antibody 

fragment. 

14. The method of claim 12, wherein said protein is albumin, a drug, a 

cytokine, an enzyme, a hormone, an immune modulator or a receptor protein. 
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15. The method of claim 13, wherein said fr oduced 

by partial reduction of whole immunoglobulin or an F(~'.h..~~eDl::.Jlliel:.eQl-Wilill a thiol 

reagent. 

16. The method of claim 13, wherein said free sulthydryl groups are produced-

by thiol reduction and cleavage of an F(ab')z antibody fragment to an Fab' fragment. 

17. The method of claim 13, wherein said antibody or antibody fragment 

specifically binds a tumor marker. 

18. The method of claim 13, wherein said antibody or antibody fragment 

specifically binds an antigen associated with an infectious lesion, microorganism, parasite, 

myocardial infarction, clot, atherosclerotic plaque, or normal organ or tissue. 

19. The method of claim 13, wherein the radioisotope in the radioperrhenate is 

substantially carrier-free Re-188, the concentration of antibody qr antibody fragment in 

said solution is about 1 - 20 mg/ml, and the amount of stannous ion is about 100 - 10,000 

µg/ml. 

20. The method of claim 19, wherein the concentration of antibody or antibody 

fragment in said solution is about 10 - 20 mg/ml, and the amount of stannous ion is about 

500- 5,000 µg/ml. 

21. The method of claim 19, wherein the amount of perrhenate is about 10 -

500 mCi, and the time of reaction is about 1 min - 4 hr. 
i 

22. The method of claim 21, wherein the amount of perrhenate is about 50 -

250 mCi, and the time of reaction is about 15 min - 2 hr. 

23. The method of claim 13, wherein the radio isotope in the radioperrhenate is 

carrier-added Re-186, the concentration of antibody or antibody fragment in said solution 

is about 1 - 20 mg/ml, and the amount of stannous ion is about 1 - 1,000 mg/ml. 

24. The method of claim 23, wherein the concentration of antibody or antibody 

fragment in said solution is al)out 10 - 20 mg/ml, and the amount of stannous ion is about 

5 - 500 mg/ml. 

25. The method of claim 23, wherein the amount of perrhenate is about 10 -

500 mCi, and the time of reaction is about 1 min - 4 hr. 

26. The method of claim 25, wherein the amount of perrhe~te is about 50 -

250- mCi, and the time of reaction is about 15 min - 2 hr. 

27. A method for radiolabeling an intact antibody or an F(ab')z antibody 

fragment with a radioisotope of rhenium, comprising the steps of contacting a solution of 

an intact antibody or an F(ab')z antibody fragment containing at least one disulfide group 

with stannous ions,and then with radioperrhenate, the amount of stannous ion being in 

excess over that required to substantially completely reduce said radioperrhenate, and 

recovering radiolabeled protein. 

28. The method of claim 27, wherein said antibody or antibody fragment 

specifically binds a tumor marker. 
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29. The method of claim 27, wherein said 

specifically binds an antigen associated with an infectious 'll!!!!~-------

30. The method of claim 27, wherein the radioisotope in the radioperrhe~ is · 

substantially carrier-free. Re-188, the concentration of antibody or antibody fragment in 

said solution is about 1 - 20 mg/ml, and the amount of stannous ion is about 500 - 10,000 

µg/ml. 

31. The method of claifil 30, wherein the concentration of antibody or antibody 

fragment in said solution is about 10 - 20 mg/ml, and the amount of stannous iOn is about 

500 - 5,000 µg/ml. 

32. The method of claim 29, wherein the amount of perrhenate is about 10 -

500 mCi, and the time of reaction is about 1 min - 4 hr. 

33. The method of claim 32, wherein the amount of perrhenate is about 50 -

250 mCi, and the time of reaction is about 15 min - 2 hr. 

34. The method of claim 27, wherein the radioisotope in the radioperrhenate is .... . 

carrier-added Re-186, the concentration of antibody or antibody fragment in said solution 

is about 1 - 20 mg/ml, and the amount of stannous ion is about 5 - 1,000 mg/ml. 

35. The method of claim 34, wherein the concentration of antibody or antibody 

fragment in said solution is about 10 - 20 mg/ml, and the amount of stannous ion is about 

50 - 500 mg/ml. 

36. The method of claim 34, wherein the amount of perrhenate is about 10 -

500 mCi, and the time of reaction is about 1 min - 4 hr. 

37. The method of claim 36, wherein the amount of perrhenate is about 50 -

250 mCi, and the time of reaction is about 15 min - 2 hr. 

38. In a method of imaging a tumor, an infectious lesion, a myocardial 

infarction, a clot, _atherosclerotic plaque, or a normal organ or tissue, wherein an antibody 

or antibody fragment which specifically binds to an antigen produced by or associated 

with said tumor, infectious lesion, myocardial infarction, clot, atherosclerotic plaque, or 

normal organ or tissue, and radiolabeled with a pharmaceutically inert radioisotope 

capable of external detection, is parenterally iajected into a human patient and, after a 

sufficient time for said radiolabeled antibody or antibody fragment to lo~alize and for non­

target background to clear; the site or sites of accretion of said radiolabeled antibody or 

antibody fragment are detected by an external imaging camera, the improvement wherein 

said radiolabeled antibody or antibody fragment is a Tc-99m-labeled antibody or antibody 

fragment made according to the method of claim 2. 

39. In a method of radioantibody therapy of a patient suffering from a tumor or 

an infectious lesion, wherein an antibody or antibody fragment which specifically binds to 

an antigen produced by or associated with a tumor or an infectious lesion, and 

radiolabeled with a therapeutically effective radioisotope, is parenterally injected into a 

human patient suffering from said tumor or infectious lesion, the improvement wherein 
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said radiolabeled antibody or antibody fragment is a rhenium a1 iolati~lbBiy or 

antibody fragment made according to the method of claim 13. 

40. In a method of radioantibody therapy of a patient M~i:Bg~em~~l91=..Ql:I 

an infectious lesion, wherein an antibody or antibody fragment which specifically binds to 

an antigen produced by or associated with a tumor or an infectious lesion, and 

radiolabeled with a therapeutically effective radioisotope, is parenterally injected into a 

human patient suffering from said tumor or infectious lesion, the improvement wherein 

said radiolabeled antibody or antibody fragment is a rhenium radiolabeled antibody or 

antibody fragment made according to the method of claim 27. 

41. A method. for producing an F(ab')z antibody fragment radiolabeled with 

Tc-99m or a radioisotope of rhenium, comprising the steps of: 

(a) partially reducing an intact .antibody with a reducing agent for cleaving 

disulfide groups, in an amount sufficient to generate a plurality of proximal free 

sulfhydryl groups but insufficient to cleave or render immunologically inactive said 

antibody, and recovering partially reduced antibody; 

(b) cleaving said partially reduced antibody to generate a partially reduced F(ab')z 

fragment; and 

(c) contacting a solution of said partially reduced F(ab')z fragment with stannous 

. ions, and then with radiopertechnetate or radioperrhenate, the amount of stannous ion 
I . 

being in excess over that required to substantially . completely reduce said 

radiopertechnetate but not sufficient to precipitate from said solution, and recovering 

radiolabeled F(ab')z substantially free of Fab' antibody fragments and aggregates. 

42. A method for producing an F(ab')z antibody fragment radiolabeled with 

Tc-99m or a radioisotope of rhenium, comprising the steps of: 

(a) conjugating an intact antibody with an addend containing a plurality of 

proximal free sulthydryl groups, and recovering resultant antibody conjugate containing a 

plurality of proximal free sulfhydryl groups; 

(b) cleaving said antibody conjugate to generate an F(ab')z fragment conjugate 

containing a plurality of proximal free sulthydryl groups; and 

(c) contacting a solution of F(ab')z fragment conjugate· containing a plurality of 

proximal free sulfhydryl groups with stannous ions, and then with radiopertechnetate or 

radioperrhenate, the amount of stannous ion being in excess over ~t required to 

substantially completely reduce said radiopertechnetate or radioperrhenate but not 

sufficient to precipitate from said solution, and recovering radiolabeled F(ab')z 

substantially free of Fab' antibody fragments and aggregates. 

43. In a method of imaging a rumor, an infectious lesion, a myocardial 

infarction, a clot, atherosclerotic plaque, or a normal organ or tissue, wherein an antibody 

or antibody fragment which specifically binds to an antigen produced by or associated 

with said tumor, infectious lesion, myocardial infarction, clot, atherosclerotic plaque, or 

normal organ or tissue, and radiolabeled. with a pharmaceutically inert radioisotope 
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capable of external detection, is parenterally injected into 

sufficient time for said radiolabeled antibody or antibody fra.aa:m~enwt:..!.\o!.~~.c.w...a.&.Wi....u..1-

target background to cleaf, the site of sites of accretion of said radiolabeled antibody or 

antibody fragment are detected by an external imaging camera, the improvement wherein 

said radiolabeled antibody or antibody fragment is a Tc-99m-labeled F(ab')z antibody 

fragment made according to the method of claim 41. 

44. In a method of imaging a tumor, an infectious lesion, a myocardial 

infarction, a clot, atherosclerotic plaque, or a normal organ or tissue, wherein an antibody 

or antibody fragment which specifically binds to an antigen produced by or associated 

with said tumor, infectious lesion, myocardial infarction, clot, atherosclerotic plaque, or 

normal organ or tissue, and radiolabeled with a pharmaceutically inert radioisotope 

capable of external detection, is parenterally injected into a human patient and, after a 

sufficient time of said radiolabeled antibody or antibody fragment to localize and for non­

target background to clear, the site or sites of accretion of said radiolabeled antibody or 

antibody fragment are detected by an external imaging camera, the improvement wherein 

said radiolabeled antibody or antibody fragment is a Tc-99m-labeled F(ab')z antibody 

fragment made according to the method of claim 42. 

45. In a method of radioantibody therapy of a patient suffering from a tumor or 

an infectious lesion, wherein an antibody or antibody fragment which specifically binds to 

an antigen produced by or associated with a tumor or an infectious lesion, and 

radiolabeled with a therapeutically effective radioisotope, is parenterally injected into a 

human patient suffering from said tumor or infectious lesion, the improvement wherein 

said radiolabeled antibody or antibody fragment is a rhenium radiolabeled F(ab')2 

antibody fragment made according to the method of claim 41. 

46. In a method of radioantibody therapy of a patient suffering from a tumor or 

an infectious lesion, wherein an antibody or antibody fragment which specifically binds to 

an antigen produced by or associated with a tumor or an infectious lesion, and 

radiolabeled with a therapeutically effective radioisotope, is parenterally injected into a 

human patient suffering from said tumor or infectious lesion, the improvement wherein 

said radiolabeled antibody or antibody fragment is a rhenium radiolabeled F(ab')z 

antibody fragment made according to the method of claim 42. 

47. A kit for radiolabeling an antibody or antibody fragment with the Tc-99m 

radioisotope of technetium, when used according to the method of any one of claims 2, 4 

to 11, 41 and 42 comprising, in a suitable container, about 0.01 - 10 mg per unit dose of 

an antibody or antibody fragment which contains a plurality of adjacent free sulthydryl 

groups; and about 0.1 - 50 µg per unit dose of stannous ions. 

48. A kit for radio labeling an antibody or antibody fragment with the 

substantially carrier-free Re-188 radioisotope of rhenium, when used according to the 

method of any one of claims 13, 15 to 37, 41 and 42 comprising, in a suitable container, 

about 1 - 20 mg per unit dose of an antibody or antibody fragment, and which contain8 a 
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plurality of adjacent free sulthydryl groups; and about 100 - 1 , 0 .11f9~ARIJ/99~os o 

stannous ions. 

49. A kit for radiolabeling an antibody or antibody agment with the carrie 

added Re-186 radioisotope of rhenium, wh~n used according to the method o any o 

claims 13, 15 to 37, 41 and 42 comprising, in a suitable container, about 1 - 20 mg per 

unit dose of an antibody or antibody fragment, and which contains a plurality of adjacent 

free sulthydryl groups; and about 1 - 1,000 mg per unit dose of stannous ions. 

50. A kit for radiolabeling an F(ab')2 antibody fragment with the Tc-99m 

radioisotope of technetium, according to the method of any one of claims 2, 4 to 11, 41 

and 42 comprising, in a suitable container, about 0.01 - 10 mg per unit dose of an F(ab'h 

antibody fragment, and which contains a plurality of adjacent free sulthydryl groups; and 

about 0.1 - 50 µg per unit dose of stannous ions; wherein said F(ab')i antibody fragment 

is prepared by a process comprising the steps of: 

(a) conjugating an intact antibody with an addend containing a plurality of 

proximal free sulthydryl groups, and recovering resultant antibody conjugate containing a 

plurality of proximal free sulthydryl groups; and 

(b) cleaving said antibody conjugate to generate an F(ab')z fragment conjugate 

containing a plurality of proximal free sulthydryl groups. 

51. A kit for radiolabeling an F(ab')z antibody fragment with the substantially 

carrier-free Re-188 radioisotope of rhenium, according to the method of any one of claims 

13, 15 to 37, 41 and 42 comprising, in a suitable container, about 1 - 20 mg per unit dose 

of an F(ab')z antibody fragment, and which contains a plurality of proximal free 

sulfhydryl groups; and about 100 - 10,000 µg per unit dose of stannous ions; wherein said 

F(ab')z antibody fragment is prepared by a process comprising the steps of: 

• (a) conjugating an intact antibody with an_ addend containing a plurality of 

proximal free sulthydryl groups, and recovering resultant antibody conjugate containing a 

plurality of proximal free sulthydryl groups; and 

(b) cleaving said antibody conjugate to generate an F(ab')z fragment conjugate 

containing a plurality of proximal free sulthydryl groups. 

52. A kit for radiolabeling an antibody or antibody fragmen~ with the carrier-

added Re-186 radioisotope of rhenium, according to the method of any one of claims 13, 

15 to 37, 41 and 42 comprising, in a suitable container, about 1 - 20 mg per unit dose of 

an F(ab')z antibody fragment, and which contains a plurality of adjacent free sulthydryl 

groups; and about 1 - 1,000 mg per unit dose of stannous ions; wherein said F(ab'h 

antibody fragment is prepared by a process comprising the steps of: 

(a) conjugating an intact antibody with an addend containing a plurality of 

proximal free sulfhydryl groups, and recovering resultant antibody conjugate containing a 

plurality of proximal free sulfhydryl groups; and 

(b) cleaving said antibody conjugate to generate an F(ab'h fragment conjugate 

containing a plurality of proximal free sulfhydryl groups. 
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53. A kit for radiolabeling an F(ab'h anti d rragment with the C-99m 

radioisotope of technetium, according to the method of a o , 41 
. ....a ... 

and 42 comprising, in a suitable container, about 0.01 ~ 10 mg per unit dose of an 

F(ab'h antibody fragment, and which contains a plurality of adjacent free sulthydryl 

groups; and about 0.1 - 50 µg per unit dose of stannous ions; wherein said F(ab')z 

antibody fragment is prepared by a process comprising the steps of: 

(a) partially reducing an intact antibody with a reducing agent for cleaving 

disulfide groups, in an amount sufficient to generate a plurality of proximal free 

sulthydryl groups but insufficient to cleave or render immunologically inactive said 

antibody, and recovering partially reduced antibody; and 

(b) cleaving said partially reduced antibody to generate a partially reduced F(ab'h 

fragment. 

54. A kit for radiolabeling an F(ab')z antibody fragment with the substantially 

carrier-free Re-188 radioisotope of rhenium, according to the method of any one of claims 

13, 15 to 37, 41 and 42 comprising, in a suitable container~ about 1 - 20 mg per unit dose 

of an F(ab')z antibody fragment, and which contains a plurality of proximal free 

sulthydryl groups; and about 100 - 10,000 µg per unit dose of stannous ions; wherein said 

F(ab')z antibody fragment is prepared by a process comprising the steps of: 

(a) partially reducing an intact antibody with a reducing agent for cleaving 

disulfide groups, in an amount sufficient to generate a plurality of proximal free 

sulthydryl groups but insufficient to cleave or render immunologically inactive said 

antibody, and recovering partially reduced antibody; and 

(b) cleaving said partially reduced antibody to generate a partially reduced F(ab'h 

fragment. 

55. A kit for radiolabeling an antibody or antibody fragment with the carrier-

added Re-186 radioisotope of rhenium, according to the method of any one of claims 13, 

15 to 37, 41 and 42 comprising, in a suitable container, about 1 - 20 mg per unit dose of 

an F(ab')z antibody fragment, and which contains a plurality of adjacent free sulthydryl 

groups; and about 1 - 1,000 mg per unit dose of stannous ions; wherein said F(ab')z 

antibody fragment is prepared by a process comprising the steps of; 

(a) partially reducing an intact antibody with a reducing agent for cleaving 

disulfide groups, in an amount sufficient to generate a plurality of proximal free 

sulthydryl groups but insufficient to cleave or render immunologically inactive said 

antibody, and recovering partially reduced antibody; and 

(b) cleaving said partially reduced antibody to generate a partially reduced F(ab')z 

fragment. 
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ABSTRACT 

A method tor radiolabelinq a protein with a radio­
isotope of technetium or rheniWR comprises the steps .oJ 
contacting a solution of a protein containing' a plurality 
of adjacent free sulfhydryl groups, or in particular 
cases, intact prot~in containinq at least one disulfide 
group, with s~annous ions, and then with radiopertech­
netate or radioperrhenate, the amount of stannous ion 
being ·sufficient to substantially completely reduce the 
radiopertechnetate or radioperrhenate, and recovering 
radiolabeled protein. 


