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The attractive properties of avidin (streptavidin) and biotin, in particular their strong affinities
(Ko= 10~15/W),may be used to advantage in imaging applications. These molecules have
been used in this preliminary investigation to improve the targeting of 1l1lnin animals.

Antibodies have been conjugated with biotin and administered unlabeled while, at a later time,
the radiolabel was administered attached to DTPA-coupled avidin or streptavidin. An
alternative procedure was also considered whereby the antibodies were conjugated with
avidin and administered before the administration of radiolabeled biotin. Using a model in
which the target consisted of conjugated agarose beads deposited in the peritoneum of mice,
it has been shown that the target/nontarget radioactivity ratios may be significantly improved
with respect to the conventional procedures through the use of this approach.
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A serious limitation to the in vivo use of radiola
beled antibodies for tumor localization results from the
poor target/nontarget ratios which have been univer
sally reported both in animal and patient studies (7). It
is now clear that poor tumor localization of radioacti
vity is due to a combination of factors operating both
in tumor (limited blood flow, limited antigen concen
tration) and in normal tissues (catabolism of antibody
in liver, spleen) (2). Thus, poor localization may be
expected when the radiolabel is administered in the
conventional manner, i.e., attached to antibody. It is
possible that improvements may result from novel pro
cedures whereby the antibody is administered unlabeled
and allowed to clear from circulation before the admin
istration of the radioactivity. Examples of this approach
have been reported in preliminary form and involve
bifunctional IgG or F(ab')2 antibodies in which one

combining site is directed against tumor while the other
is directed against a low molecular weight chelate of
indium-Ill ("'In) (3,4).

This laboratory is investigating the use of avidin and
biotin for this and other in vivo applications. Avidin, a
66-kD protein found in egg whites, displays a strong
avidity for biotin, a 244-D vitamin found in low con
centrations in tissues and in blood (5). The association
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constant of the avidin-biotin bond is 10I5A/ ' (6) and,

as such, is 1 million-fold greater than most antigen-
antibody interactions. Bond formation is rapid, and
once formed, the bond is stable to extremes of pH,
organic solvents and other denaturing agents ( 7). It is
therefore not surprising that this interaction has been
exploited in numerous in vitro applications including
competitive binding assays where avidin is labeled
either with radioactivity, fluors or enzymes, and used
in a sandwich assay to detect biotinylated antibody (8).
Furthermore, avidin has been conjugated with cytotoxic
drugs and used to target tumor through biotinylated
tumor-associated antibodies (9).

It is possible that avidin and biotin may be useful in
vivo as well. Firstly, biotin (naturally occurring vitamin
H) and avidin are likely to be nontoxic at the levels
contemplated in this research (70). Secondly, the large
affinity suggests that the avidin-biotin bond may be
stable in vivo. Accordingly, the research described
herein was intended to evaluate several in vivo appli
cations in which antibodies, coupled either with biotin
or avidin, are administered to animals followed by the
administration of '"In-labeled avidin or biotin respec

tively. In these studies, streptavidin as well as avidin
was employed since both show similar affinities for
biotin but have different biologic behaviors. Streptavi
din, a 60-kD protein obtained from streptomyces avi-
dinii (77) is similar to avidin in most respects; however,
it is not glycosylated and is reported to show less non
specific binding to tissues (7,11,12).
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MATERIALS AND METHODS

Coupling of DTPA to Avidin and Streptavidin
Avidin* and Streptavidin* were both conjugated with DTPA

using the cyclic anhydride of DPTA* ( 13). The proteins were

prepared at a concentration of 20 mg/ml in 0.05M bicarbonate
buffer, pH 8.4 under conditions in which an average of 1-2

DTPA groups were attached to each protein molecule. The
degree of conjugation is not critical since both proteins are
tetravalent with respect to biotin and probably for this reason,
it has been possible to attach 11 DTPA groups per avidin
molecule without detectable effect on biotin binding (unpub
lished observations).

Coupling of Biotin to Antibody
The conjugation of biotin to antibody was accomplished

through the use of sulfosuccinimidyl o-(biotinamido) hexan-
oate (NHS-LC-biotin)*. This biotinylating reagent couples
primarily to lysine residues and contains a six-carbon spacer

to reduce steric hindrance. In a typical reaction, IgG was used
at a concentration of 20 mg/ml in 0.05A/ bicarbonate buffer
pH 8.5. The solution was gently stirred on ice and NHS-LC-

biotin in saline added at the desired molar ratio, usually
between 0.25 and 5:1 with respect to IgG. The reaction was
allowed to proceed for 2 hr and the product was separated
from free biotin by centrifugation three times in a Centricon-
30 microconcentratorÂ§ Following each centrifugation, the

sample was diluted in 0.1 M phosphate, pH 7.0 and the final
protein concentration was 12-20 mg/ml.

Determination of Biotin Groups per Antibody Molecule
The average number of biotin groups attached to each IgG

molecule was determined spectrophotometrically by the
method of Green et al. (14). The assay uses the change in
absorbance at 500 nm which occurs when avidin, saturated
with HABA ((2-4'-hydroxyazobenzene)-benzoic acid)*, inter

acts with free biotin. Briefly, the biotinylated antibody was
heated to 56Â°Cin 0. l M phosphate buffer for 10 min and then
digested enzymatically with small volumes of 1% pronase*.

The digestion was allowed to proceed at room temperature
overnight. For the assay, 10 fiM solution of avidin in O.IM
phosphate buffer was saturated with a \00-nM solution of
HABA in 0.1 M phosphate buffer, pH 7.0. The avidin-HABA

solution was then titrated with increasing volumes of either
the digested biotinylated IgG solution or a standard biotin
solution containing 1.7 nmol of biotin, and the change in
absorbance of each determined at 500 nm. From the standard
curve, the concentration of biotin in the pronase-treated anti

body solution could be calculated.

Avidin-Biotin Serum Stability
Avidin, conjugated with an average of 2.2 DTPA groups

per molecule, was labeled with '"In and added to a suspension
of biotin conjugated agarose beads*. After a 45-min incuba

tion, unbound avidin was removed and the beads were added
to sterile fresh human serum to a concentration of 10 /ig/ml
with respect to avidin. The suspension was placed in a shaking
water bath at 37Â°C.Initially and periodically the sample was

centrifuged so that 100 /J of supernatant could be removed
for counting along with a standard of the added activity. The
percentage of added activity which was bound to the beads
was thus determined at several time points during 24 hr.

Similarly, the stability of the avidin-biotin bond in 37Â°C

serum was also determined by adding '"In-labeled biotin to
an excess of avidin conjugated agarose beads' and shortly

thereafter adding these labeled beads to serum with sampling
as above.

Coupling of Avidin to Antibodies
In this research, avidin was bound to antibodies previously

conjugated to biotin. The tetravalency of avidin for biotin is
here a disadvantage since dimeric and polymeric species may
form which consist of several antibody molecules bound to
gether. If high molecular weight species do form, their pres
ence will be readily apparent in both the radioactivity and uv
traces obtained by size exclusion HPLC as species with mo
lecular weights in excess of the 220 kD expected for mono-
meric avidin-IgG. To avoid the formation of these unwanted

species, several approaches were considered in which a three
fold molar excess of biotin was added to the avidin solution
just prior to or just after the addition of the biotinylated
antibody. The former approach was found to be less effective
in minimizing high molecular weight species. Accordingly,
the procedure which was ultimately adopted involved first
labeling the DTPA-conjugated avidin or Streptavidin with
'"In in solutions containing about 1 mg/ml of protein in

saline. An equal molar amount of biotinylated antibody in
0. l M phosphate buffer was then added with mixing. Seconds
later, hydrolyzed NHS-LC-Biotin was added such that the free

biotin:avidin molar ratio was 3:1.
Molecular weights of the conjugated antibodies were deter

mined by size exclusion HPLC using a TSK 400 column' with

0.1 M phosphate buffer, pH 7.0 at a flow rate of 0.2 ml/min.
An in line-radioactivity detector and a uv detector operating
at 280 nm were used to obtain the profile of both the radio-

labeled antibody under investigation and molecular weight
standards' The system was calibrated by determining the

partition coefficient of each standard which was then plotted
against the log of molecular weight ( /5 ). In this determination,
the total bed volume was estimated by the dimensions of the
HPLC column while the column void volume was measured.
The retention time of antibody peaks was then applied to this
calibration curve to derive an estimate of apparent molecular
weight.

Whereas the above conjugation procedure offers a conve
nient route to the preparation of avidin-conjugated antibodies,

the product is saturated with biotin and unusable for studies
in which the conjugate is required to bind biotin. Conse
quently, an alternative procedure was also developed. A 20
mg/ml solution of IgG antibody (containing an average of 1.2
DTPA group per molecule and radiolabeled with '"In) was

reacted at a 0.7:1 molar ratio of NHS-LC-biotin to IgG in

0.05M bicarbonate buffer pH 8.0 for 5 hr. The reaction
mixture was added to a 20 mg/ml solution of avidin such that
the avidin:IgG molar ratio was 5:1. Soon thereafter, the prod
uct was purified by size exclusion HPLC using a TSK 250
column'. Following purification, the biotin binding capacity

of the product was established through the use of biotin-

conjugated beads. For certain studies, the binding capacity of
the product towards Protein-A-conjugated beads was also

determined.

Labeling of Biotin
In addition to evaluating the in vivo properties of "'In-

labeled avidin and Streptavidin, it was of interest to also
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evaluate '"In-labeled biotin. Therefore DTPA was covalently

coupled to biotin through the use of the cyclic anhydride of
DTPA and biocytin*, a lysine conjugate of biotin with an

available primary amine for conjugation. Coupling was
achieved initially in 0.05A/ bicarbonate buffer, pH 8.2, at a
biocytin concentration of 10 mg/ml and a 1:1 anhy-
dride:biocytin molar ratio. An aliquot of the preparation was
radiolabeled with '"In at tracer levels, added to an excess of

avidin in the bicarbonate buffer and allowed to incubate at
room temperature for 2 min. Size exclusion HPLC demon
strated that 75% of the activity was associated with labeled
avidin and, therefore, that the coupling efficiency was 75%.
Free DTPA was not removed from this coupled biotin prep
aration.

Subsequently, the conjugation was performed in nonaque-
ous solution. Fifty milligrams of biocytin was reacted with 10
mg of the cyclic anhydride (molar ratio 5:1) in 5 ml of
dimethylsulfoxide at 117Â°Cfor 5 min. The reaction product

was precipitated by the addition of 50 ml of acetonitrile and
purified by repeat centrifugations between rinses in acetoni
trile. After drying from traces of solvent, the product was
dissolved in 2 ml of distilled water and added to a 0.9 cm X
42 cm column of P-2 gel' operated at 75Â°Cto maintain

solubility. The column was eluted with distilled water and the
eluant monitored by uv absorbance at 220 nm. The ability of
this and previous preparations of DTPA-conjugated biotin to
bind to avidin was confirmed through the use of avidin-
conjugated beads.

Besides DTPA-conjugated biotin, the in vivo clearance
properties of other biotinylated compounds were also inves
tigated. Six water soluble proteins ranging in molecular weight
from 24 kD (trypsinogen) to 150 kD (IgG) were conjugated
with both DTPA and biotin. Each protein was prepared in
0.05M bicarbonate buffer, pH 8.0, at a concentration of 20
mg/ml and coupled with DTPA at a 1:1 anhydride to protein
molar ratio. Without purification from free DTPA, a quantity
of NHS-LC-biotin as a 10 mg/ml solution in 0.05M bicarbon
ate buffer was added such that the biotin:protein molar ratio
was 50:1. After labeling with '"In each protein was purified
by size exclusion HPLC using a 1-60 column". The avidin-

binding ability of each labeled and purified protein was con
firmed by a 2-min incubation in saline with avidin-conjugated
agarose beads followed by filtration, rinsing and counting of
the beads.

Biodistribution Studies
An important aspect of this research concerns the effect on

the biodistribution of an antibody resulting from attachment
of a large protein such as avidin or streptavidin. Accordingly,
the biodistribution in mice was determined for '"In-labeled

avidin conjugated IgG antibody. These studies consistently
showed large liver activity levels possibly due to nonspecific
binding of avidin through its glycosylated regions to receptors
within the liver (12). For this reason, these studies were
subsequently repeated with streptavidin in place of avidin.

Streptavidin was conjugated with an average of 1.6 DTPA
groups per molecule while nonspecific human IgG" was con

jugated with an average of 0.25 biotin groups per molecule
via NHS-LC-biotin. Streptavidin was then conjugated to IgG
following the procedure described above which results in
saturation of the biotin binding sites of streptavidin. The
protein preparation was analyzed by size exclusion HPLC

principally to establish the molecular weight of the labeled
antibody. A control protein consisting of the same IgG anti
body but conjugated directly with an average of 2.0 DTPA
groups per molecule was also prepared. The specific activity
of both preparations was ~ 1 nCi/pg. Both were diluted to a
concentration of 50 ng,/m\ in 0.1M phosphate buffer, pH 7.0,
and 0.1 ml administered by tail vein injection into male CD-
1 mice. The animals were killed at 24 hr postadministration
and tissues and blood removed for counting against a standard
of the injectate.

Imaging Studies
Several imaging studies were performed to explore various

applications of the use of avidin and biotin. In the first such
study, biotin-conjugated beads were administered subcutane-
ously to a rat followed by the intravenous administration of
['"Injstreptavidin. In the second study, avidin conjugated

beads were administered intraperitoneally to mice to serve as
targets for the i.p. administration of '"In biotin. Finally,
Protein-A conjugated beads were administered intraperito
neally to mice to serve as targets for the i.p. administration of
avidin-conjugated antibody, the presence of which was deter
mined by the subsequent administration of '"In-labeled bio
tin. Protein-A binds the Fc region of antibodies.

In the first study, 100 /nl of a suspension of biotin-conju
gated agarose beads, 45-165 urn in diameter containing
~ 120,000 particles and 0.1 Â¿Â¿molof bound biotin were injected
subcutaneously in the right arm pit of a male Sprague-Dawley
ratt+. One-half hour later, streptavidin, conjugated with an

average of 2.2 DTPA groups per molecule and labeled with
'"In to a specific activity of 2 nCi/ng, was administered by

i.p. injection. A total of 25 Â¿igor 0.4 nmol of streptavidin was
administered in 100 Â¡aof saline. The animal was imaged four
times in the following 7 days using a Picker camera** fitted
with a pinhole collimator.

In the second study, two male CD-I mice were injected i.p.
in the upper left quadrant with avidin-conjugated beads. One
animal received â€”120,000particles, 45-165 ^m in diameter*

containing 3 nmol of bound avidin and delivered in 0.5 ml of
saline. The control animal received approximately the same
number of underivatized Sepharose beads', 45-165 urn in

diameter, in the same way. Immediately following particle
administration, each animal was injected i.p. in the lower right
quadrant with 0.4 jtg, 0.5 nmol of '"In-labeled biotin with a

specific activity of 140 /Â¿Ci/Mgand containing 24% labeled
free DTPA. Both animals were counted repeatedly in an
ionization chamber over 2 hr to measure whole-body activity
and were then imaged.

The final imaging study was conducted to investigate fur
ther the use of avidin and biotin to improve tumor localization
in the peritoneum. Two CD-I male mice each received 2 mg
of Protein-A conjugated agarose beads, 65-145 ^m in diame
ter* containing 0.4 nmol of bound Protein-A and delivered

into the peritoneum (upper left quadrant) in 0.2 ml of saline.
These two animals along with an additional two who did not
receive the beads immediately received in the peritoneum
(lower left quadrant) 50 jig of avidin-conjugated IgG in 400
n\ of 0. lM phosphate buffer pH 7.O.Twelve hours later, each
mouse received an IP injection (lower right quadrant) of 50
ng of DTPA-biotin (40 Â¿iCi)in 100 /Â¿\of saline. These animals
were killed 6 hr later.

Control animals for this study consisted of two mice who
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received the Protein-A beads and two mice which did not. All
four of these animals received an i.p. injection of 50 /ig of
avidin-conjugated IgG radiolabeled with 19 /iCi of "'In on

the antibody. All four were killed 42 hr postinjection.
The animals were imaged prior to being killed using the

Picker camera with a pinhole collimator. After the animals
were killed by etherization, the intestines (where the particles
become lodged), liver, spleen and kidneys were removed, and
along with the carcass, activity was determined in an ioniza-
tion chamber.

This latter experiment was repeated to evaluate the influ
ence of time between the administration of avidin-IgG and
["'In]biotin. In this case six animals each received 3 mg of
the Protein-A beads suspended in 100 /il of saline in the
peritoneum (upper left quadrant). Immediately thereafter, 50
/ig of avidin-IgG wasdelivered in 200 /il (lower right quadrant).
At each time point (0, 2, or 8 hr), two mice were each
administered 50 ng of ['"In]biotin (28 /iCi) and all animals

were killed at 3 hr postadministration of the activity.

RESULTS

Serum Stability
Biotin-conjugated agarose beads were employed to

determine the stability of the avidin-biotin bond in
37Â°Cserum. After 24 hr of incubation in this medium,

4% of the activity was released from the beads.
The stability of the avidin-biotin bond in 37Â°Cserum

was also investigated through the use of avidin conju
gated agarose beads and '"In-labeled biotin. After sus

pension of the beads in serum, the label was found to
dissociate over a period of 45 hr at a rate of 8%/day.
Dissociation at this rate may be attributed entirely to
transcomplexation of label to transferrin rather than to
dissociation of the avidin-biotin bond (13).

Biodistribution Studies
Applications in which radiolabeled biotin is admin

istered to subjects subsequent to the administration of
avidin-conjugated antibody require that the attachment

of avidin or streptavidin does not seriously alter the in
vivo behavior of an antibody. Therefore the biodistri
bution in normal mice was determined for streptavidin-

conjugated IgG in which the DTPA groups and thus
the '"In label were placed on the streptavidin and in

which the conjugation was achieved through biotin
attached to the antibody. The procedure used in this
study achieves monomeric conjugation through the
saturation of biotin binding sites on streptavidin as
described in the previous section. As a control, the same
IgG antibody was radiolabeled with "'In through at

tachment of DTPA in the usual manner. Figure 1
presents the radioactivity trace obtained by size exclu
sion HPLC analysis of the streptavidin-conjugated anti

body. Superimposed on the figure is the uv trace ob
tained for several molecular weight standards. A cali
bration curve resulting from plotting the partition coef
ficient versus the log of molecular weight for these

standards is linear with only modest scatter and was
used to estimate the molecular weights of the observed
species. Unbound streptavidin is apparent as a shoulder
in the radioactivity trace and free labeled DTPA appears
as a small peak at longer retention times. The major
radioactivity peak has a rather broad molecular weight
distribution with a mean value of about 240 kD in close
agreement with the 220 kD expected for one IgG mol
ecule bound to one streptavidin.

Table 1 presents biodistribution results obtained for
the above protein and for the same IgG antibody labeled
with '"In in the conventional manner through direct

attachment of DTPA. With the exception of heart, there
are no significant differences at the p < 0.02 level in
the two biodistributions.

Figure 2 presents the results obtained in the deter
mination of whole-body activity following tail vein
administration in mice of "'In-labeled biotin and six

proteins by varying molecular weight conjugated with
biotin and radiolabeled with '"In through attached

DTPA groups. Prior to administration, each protein
preparation was determined by size exclusion HPLC to
be >90% radiochemically pure and by avidin-conju

gated beads to display 75% or greater binding to avidin.
The '"In-labeled biotin clears most rapidly while in the

case of the proteins, clearance is roughly proportional
to molecular weight.

Imaging Studies
Figure 3 presents whole-body images obtained in a

rat injected i.p. with '"In-labeled streptavidin following

RETENTION TIME
FIGURE 1
Radioactivity trace obtained by size exclusion HPLC analy
sis of DTPA- coupled streptavidin, labeled with 111lnand

attached to biotinylated IgG antibody. Superimposed on
the figure is the uv trace obtained for several molecular
weight standards.
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FIGURE 2
Whole-body radioactivity in mice fol
lowing i.v. administration of 111ln-la-
beled biotin and six 111In-labeled pro
teins conjugated with biotin. Semilog
scale.
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TABLE 1
Mouse Biodistribution at 24 hr for DTPA-IgG and DTPA-

streptavidin-IgG Both Labeled with 111ln"

OrganUverHeartLungsKidneysStomachSpleenBoneMuscleBloodIgG5.9

(0.6)1.9(0.1)2.4

(0.9)9.8
(0.9)0.8(0.1)2.5

(0.2)4.4
(0.5)1.2(0.2)8.9(1.1)'

Percent injected dose per gram,Streptavidin-IgG5.0

(0.5)2.2
(0.2)3.1

(0.6)10.2(2.1)1.0(0.2)2.9

(0.4)3.7
(0.9)1.2(0.1)7.6

(0.5)normalized,

(s.d.), N = 5.

a subcutaneous injection in the right arm pit of biotin-
conjugated beads. Each image was collected for the
same number of counts; the image on the left was
obtained at 1 hr, the middle image at 24 hr and the

right image at 48 hr postadministration. The accumu
lation of activity at the site of particle deposition is
apparent in both of the latter images. A final image
obtained at 5 days postadministration failed to show
this accumulation, possibly due to count rate limita
tions.

Figure 4 shows the decreasing whole-body activity in
two mice injected i.p. with '"In-labeled biotin after the
i.p. administration of avidin-conjugated beads or, in
the case of the control, underivatized beads. As shown
in the control study and as shown in Figure 2, the
biologic half-time of labeled biotin is ~30 min. Whole
body clearance in the case of the animal administered
the avidin beads is also rapid, however, approximately
four times greater activity is eventually retained in this
animal with respect to the control. This observation is
confirmed in the images shown in Figure 5. Both ani
mals were imaged at 2 hr postadministration and for
the same counting time. In the control animal (left
panel), only kidneys and bladder are apparent. In the

FIGURE 3
Whole-body images of a rat with bi-
otinylated beads implanted in the
right arm pit and injected intraperito-
neally with '"In-labeled streptavidin.
Left image obtained at 1 hr, middle
image at 24 hr and right image at 48
hr postadministration.

i;
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FIGURE 4
Whole-body clearance curves for two
mice injected intraperitoneally with
[111ln]biotin. One animal (control) had
previously received an intraperito-
neal injection of underivatized beads
while the other animal received avi-
din-conjugated beads.

case of the animal administered avidin-conjugated

beads in the upper left quadrant of the peritoneum
(right panel), kidneys and bladder are again apparent
along with an intense area of activity corresponding to
the location of the beads. Absence of activity in the
coat of this animal was confirmed by killing and dissec
tion to eliminate the possibility that this activity was
due to external contamination.

Table 2 and Figures 6-8 describe studies in which
Protein-A conjugated beads were administered i.p. in

mice followed by avidin-conjugated IgG antibody and
then by '"In-labeled biotin. Table 2 lists the activity

accumulated in several organs and carcass 42 hr follow
ing i.p. administration of '"In-labeled avidin-IgG as

controls in mice with and without the Protein A beads.
Also listed are activity levels in mice with beads who
received [' "In]biotin i.p. 12 hr after a prior administra

tion of unlabeled avidin-IgG. with mice killed 6 hr later.

It may be seen that in the case of the controls, the
presence of the beads had only a minor influence on

FIGURE 5
Whole-body images of two mice 2 hr
following intraperitoneal administra
tion of [111ln]biotin. One animal (left

panel) previously received an intra
peritoneal injection of underivatized
beads while the other (right panel)
received avidin-conjugated beads.
Both animals were counted for the
same length of time.
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TABLE 2Biodistribution of 111ln'

Firstinjection111

In-Avidin-IgG"'In-Avidin-IgGAvidin-IgG.injectionNoneNone[111ln]biotinBiodistribution

(/jCi/organ)fBeadsyesnoyesLiver2.22.90.1Spleen0.40.10.01Kidneys0.20.30.06Intestines1.60.83.7Carcass8.67.40.1

without prior i.p. administration of Protein-A beads. Data compared to the biodistribution of 11tln following first administration of

unlabeled avidin-conjugated IgG followed by second administration of radiolabeled biotin (40 >iCi) in mice implanted with Protein-A

beads.
f Mean values, N=2

biodistribution with activity levels in the intestines (the
site of bead attachment) slightly higher in the animals
receiving the beads with respect to those which did not.
However, in the animals receiving the labeled biotin
activity accumulation in all organs other than intestines
is virtually at background levels with virtually the entire
whole-body activity burden located at the site of bead
deposition in the intestines. These results are displayed
in Figure 6 as target (intestines) to organ ratios and
show that in the case of the two controls, with the
exception of spleen, this ratio is slightly superior in
animals receiving the beads. However, in the case of
animals receiving the labeled biotin, the ratio exceeds
10:1in the cases and exceeds 100:1 in the case of spleen.
Images obtained also show the favorable localization in
the case of an animal receiving the labeled biotin. Figure
7 presents whole-body images of control animals who
received labeled avidin-antibody with (left panel) and
without (middle panel) beads along with an image of
an animal who received the beads, unlabeled avidin-
antibody, and the labeled biotin (right panel).

Figure 8 presents the results of a repeat study in mice,
all of which received the Protein-A beads and the un
labeled avidin-antibody and, either 0, 2 or 8 hr later,
received the labeled biotin. It may be seen that the
target (intestines) to organ ratios steadily improve with
time between the latter two administrations such that
in the case of spleen and kidneys this ratio exceeds
1,000:1.

DISCUSSION

In this research we have demonstrated that biotin
will bind rapidly to avidin and streptavidin, that this
bond is stable in serum and that bond formation will
occur in vivo. Consequently, a number of imaging
procedures involving the use of these molecules suggest
themselves. One application will involve the initial
administration of biotinylated antitumor antibody to a
tumor-bearing subject to be followed, after the expres
sion of biotin has decreased in normal tissue (due to

BEADS and'"ln-lgG-AVIOIN
'"ln-lgG-AVIDIN

BEADS and IgG AVIDIN and In-BIOTIN

100 â€”

FIGURE 6
Histograms showing the ratio of ra
dioactivity in the target (intestines) to
that in three organs and in the car
cass for mice receiving 1"In-labeled
avidin-IgG IP with (cross hatched
bars) and without (empty bars) im
plantation of protein-A beads in the
peritoneum. The solid bars present
results obtained for mice implanted
with beads but receiving unlabeled
avidin-IgG followed by '"In-labeled
biotin (see text). Semilog scale.

8
I
o
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O
H
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O
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FIGURE 7
Whole-body images of mice at ~18
hr post i.p. administration of 111ln-
avidin-IgG in mice with (left panel)
and without (middle panel) prior im
plantation in the peritoneum of Pro-
tein-A beads. Right panel is a whole-
body image obtained at -18 hr
postadministration of unlabeled avi-
din-IgG and 6 hr postadministration
of [11'ln]biotin in mice implanted in
the peritoneum with protein-A beads
(see text).

clearance and catabolism) and before expression has
decreased in the target, by the administration of radio-
labeled avidin or streptavidin. The study of which Fig
ure 3 is a part illustrates this application and demon
strates a potential difficulty arising from the slow blood
clearance of labeled streptavidin and the accumulation
of label in normal tissues. Consequently, target to nor
mal tissue ratios have not necessarily been improved
over that now achieved by the conventional one-injec
tion imaging procedures in routine practice. However,
it is possible that localization may be improved through
the intermediate i.v. administration of unlabeled avidin
at a concentration which will form avidin-biotin-IgG
aggregates in serum. Following clearance of these aggre
gates, localization may be achieved by the i.v. admin
istration of radiolabeled biotin since biotin expression
on the tumor would presumably now be replaced with
avidin.

An attractive alternative to the use of biotinylated
antibody is to administer the antibody conjugated to
avidin or streptavidin followed by the administration
of radiolabeled biotin. As has been shown, '"In-labeled

biotin rapidly clears the whole body of mice. Thus,
activity not bound to the target may clear from the
subject rapidly rather than remain in circulation or
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accumulate in normal tissues. However, the rate of
clearance of circulating biotin may be slowed, as shown
in Figure 2, by attaching biotin to a protein with the
desired molecular weight. The study of which Figure 5
is a part illustrates one application in which the label
localized almost exclusively on avidin conjugated beads
implanted in the peritoneum following i.p. administra
tion of labeled biotin. In this case, the rapid clearance
of "'In-labeled biotin was an advantage.

A similarly favorable result with regard to the local
ization of the label in a target within the peritoneum
was achieved in a fashion more closely resembling the
clinical situation. Avidin-conjugated antibody was ad
ministered i.p. and after clearance of the antibody
(and therefore of avidin expression) labeled biotin was
administered i.p. The absence of avidin except at the
target site permitted unhindered clearance from the
peritoneum and from the animal of the excess labeled
biotin not bound to the target. Using Protein-A conju
gated beads to simulate tumor, target to nontarget ratios
were improved by more than two orders of magnitude
over the conventional use of a single administration
with radiolabeled antibody.

This research suggests that imaging and therapy stud
ies may be substantially improved through the use of

LIVER SPLEEN KIDNEYS CARCASS

FIGURE 8
Histograms showing the ratio of ra
dioactivity in the target (intestines) to
that in blood, three organs and car
cass for mice with protein-A beads
in the peritoneum and receiving i.p.
administration of unlabeled avidin-
IgG with 0 hr (cross hatched bars), 2
hr (empty bars) and 8 hr (solid bars)
between this injection and an i.p. ad
ministration of ("Mnjbiotin. Semilog

scale.
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avidin or streptavidin and biotin labeled with a variety
of radionuclides and used in conjunction with mole
cules such as antibodies which target in a manner useful
in nuclear medicine.

NOTES
' Sigma Chemical Co., St. Louis, MO.
f Calbiochem, Behring Diagnostics, La Jolla, CA.
*Pierce Chemical Co., Rockford, IL.
5Amicon Corp., Danvers, MA.
1Bio-Rad Laboratories, Richmond, CA.
**Waters Associates, Medford, MA.
ft Charles River Supply, Wilmington, MA.
**Picker International, Highland Heights, OH.
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