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Prior in vivo studies using the 125I-labeled anti-Tac disulfide-stabilized variable region fragment
(125I-anti-Tac dsFv) of monoclonal antibody in the presence of the circulating soluble alpha subunit
of the interleukin-2 receptor (sIL-2Rαααα) have shown formation of complexes which interfere with
biodistribution. In this study we evaluated the effects of preinjecting HuTac and 7G7/B6, two
immunoglobulin Gs (IgGs) that recognize different epitopes of sIL-2Rαααα, on the biodistribution of
125I-anti-Tac dsFv in mice bearing SP2/Tac tumor xenografts, which produce sIL-2Rαααα, or on nude
mice injected with 500 ng of sIL-2Rαααα. We also evaluated the biodistribution in mice of 125I-labeled
sIL-2Rαααα injected alone or with HuTac and 7G7/B6. Injection of either HuTac or 7G7/B6 resulted
in complexes with the sIL-2Rαααα in serum. Injection of HuTac before 125I-anti-Tac dsFv, in SP2/Tac
tumor-bearing mice, resulted in faster clearance of the dsFv from the blood (7.6%ID/g at 30 min),
compared to 23.2%ID/g for the no-antibody control; preinjection of 7G7/B6 prolonged the reten-
tion of 125I-anti-Tac dsFv to 35.3%ID/g, with more complexes in serum. In mice pre-injected with
7G7/B6 the concentration of 125I-anti-Tac dsFv in tumor was lower (5.2±±±±0.3%ID/g) than in mice
preinjected with HuTac (7.9±±±±1.2%ID/g) or in the control group (5.6±±±±0.7%ID/g). In conclusion,
while both IgGs formed complexes with sIL-2Rαααα and prolonged its retention, preinjection of 7G7/
B6 was detrimental, because the increased circulating sIL-2Rαααα still had the epitope recognized by
the dsFv available for binding and neutralized the anti-Tac dsFv upon injection, whereas preinjec-
tion of HuTac blocked the epitope.
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The use of radiolabeled monoclonal antibodies
(MoAbs) for radioimmunodetection and radioimmunother-
apy of tumors has been extensively evaluated since the
initial clinical reports.1–4) The effect of circulating antigen
on tumor targeting has been evaluated in animal models
and in clinical trials.5) Circulating antigen forms com-
plexes with the MoAb in serum.6–8) These complexes can
alter the clearance of radiolabeled antibodies and decrease
tumor uptake.9–13) The effect on clearance may vary
depending on the antibody and the target antigen.
Whereas some clinical trials have demonstrated no
adverse effects on tumor targeting,14, 15) others have docu-
mented a detrimental effect of circulating antigen on radi-
olabeled antibody biodistribution.16–18)

The alpha subunit of the interleukin-2 receptor (IL-
2Rα) is a cell-surface receptor that is overexpressed in
various hematological T cell malignancies 19–22) and in

autoimmune diseases.23–25) Because it is not expressed or
is expressed at very low levels in normal lymphocytes, it
has been proposed as a target for immunotherapy and
radioimmunotherapy.26) Anti-Tac is an immunoglobulin
G2a (IgG2a) murine MoAb that recognizes IL-2Rα27) and
can inhibit the binding of IL-2 to IL-2Rα.28) This antibody
has shown some effectiveness in the treatment of adult T
cell leukemia 29) and renal rejection,30) and prevention of
allograft rejection in a monkey heart transplant
model.31, 32) However, trials targeting the IL-2Rα with
radiolabeled anti-Tac have shown that the circulating solu-
ble fragment of the alpha subunit of the IL-2Rα receptor
(sIL-2Rα) can form complexes that block the antibody-
binding site.29) Our previous experience using radiolabeled
anti-Tac disulfide-stabilized variable region fragment
(dsFv)33, 34) in two different tumor-xenograft models
showed that circulating sIL-2Rα altered the kinetics and
formed complexes that resulted in longer blood retention
and lower tumor uptake of anti-Tac dsFv.35, 36) We have
previously demonstrated that blocking the sIL-2Rα with

4 To whom all correspondence and reprint requests should be
addressed.
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humanized anti-Tac IgG (HuTac), which competes for the
same epitope as the dsFv, resulted in faster and more
favorable kinetics of anti-Tac dsFv.37) These prior studies
took advantage of the smaller size of the Fv fragments
(~25 kDa), which penetrate tissue much faster and more
homogeneously than does intact IgG.38, 39) Because of
these characteristics, Fv fragments are being considered
for radioimmunodetection or for therapy with radioiso-
topes or as immunotoxins.

In this study we tested the hypothesis that the antibody
used to bind the sIL-2Rα had to be directed against the
same epitope as the dsFv, and that if it did not it would
result in longer blood retention of the sIL-2Rα, which
would be detrimental to the biodistribution of dsFv, since
the sIL-2Rα would still be capable of binding to the radi-
olabeled dsFv. No studies targeting this antigen or similar
circulating antigens have experimentally proven this
point. Therefore we compared the effect of preinjection of
HuTac to that of 7G7/B6 on the kinetics of sIL-2Rα and
anti-Tac dsFv. The 7G7/B6 is an IgG2a murine MoAb
that recognizes a different epitope on the IL-2Rα than
does HuTac,40) but does not block the binding of the IL-2
or anti-Tac dsFv to the IL-2Rα.40)

MATERIALS AND METHODS

MoAbs and receptors  We used radiolabeled anti-Tac
dsFv to target tumors xenografted into nude mice. Anti-
Tac dsFv is a genetically engineered disulfide-bonded Fv
fragment of anti-Tac murine monoclonal antibody.33) The
anti-Tac is an IgG2a, murine-derived MoAb that binds to
the C-terminal 1–6 amino acids on the IL-2Rα which
overlap with the binding sites of IL-2 ligand.41) The anti-
Tac IgG2a was produced and characterized as previously
described.42) Production of anti-Tac dsFv has been previ-
ously described.33) Briefly, the VH and VL domains were
expressed in separate Escherichia coli cultures. The pro-
teins were recovered as cytosolic inclusion bodies and
refolded. The refolded anti-Tac dsFv was purified by ion-
exchange and size-exclusion chromatography. The dsFv
was >98% pure as determined by size-exclusion high per-
formance liquid chromatography (HPLC) with a UV
detector. The binding affinity of dsFv to IL-2Rα was not
different from that of the parental murine anti-Tac IgG (9
×109/M)33) but was greater than that of HuTac (see below).

Two antibodies, HuTac and 7G7/B6, were used to block
sIL-2Rα. The HuTac antibody was constructed, as previ-
ously described, by combining the complementarity-deter-
mining regions of the murine anti-Tac antibody with the
human IgG1κ framework and constant regions.43) HuTac
recognizes the same epitope as the anti-Tac dsFv and
murine anti-Tac IgG. The HuTac was produced in a con-
tinuous-perfusion bioreactor from SP2/0 cells that had
been transfected with the genes encoding the heavy and

light chains of the hyperchimeric antibody, and purified to
contain >99% IgG. In addition to HuTac, 7G7/B6, a
murine MoAb IgG2b40) that recognizes a different, non-
cross-reacting epitope (N-terminal 141–144 amino acids)
on the IL-2Rα which does not overlap with the binding
sites of IL-2 ligand and the anti-Tac epitope,41) was also
used to block the sIL-2Rα.

Iodinated carrier-free sIL-2Rα was provided by Dr. T.
A. Waldmann (generous gift of Dr. J. Hakimi); the lyo-
philized unlabeled sIL-2Rα was purchased from R&D
Systems Inc. (Minneapolis, MN).
Radiolabeling  The anti-Tac dsFv and the sIL-2Rα were
labeled with 125 I using the Iodo-Gen method.44) Briefly,
approximately 1–2 mCi of sodium 125I was added to 50–
100 µg of dsFv or sIL-2Rα in 80 µl of phosphate-buff-
ered saline (PBS), pH 7.2, in a conical polypropylene vial
coated with 10 µg of Iodo-Gen. After incubation for 10
min at room temperature, the radiolabeled products were
purified using a PD-10 column (Pharmacia, Uppsala,
Sweden). The specific activities of the 125I-labeled anti-
Tac dsFv and 125I-labeled sIL-2Rα were 10–27 mCi/mg
and 7–10 mCi/mg, respectively. The radiochemical purity
of 125I-labeled anti-Tac dsFv and sIL-2Rα was >98% as
confirmed by ITLC and size-exclusion HPLC.

The HuTac and the 7G7/B6 were labeled with 125I using
the chloramine-T method.45) Briefly, 100 µg of HuTac in
0.05 M phosphate buffer (pH 7.5) was mixed with 400–
800 µCi of 125I and 12 µg of chloramine-T dissolved in
0.05 M phosphate buffer. The mixture was allowed to
react for 5 min, and the radiolabeled products were puri-
fied using a PD-10 column (Pharmacia). The specific
activities of the 125I-labeled HuTac and the 7G7/B6 were
approximately 3–4 mCi/mg and 7 mCi/mg, respectively,
with >98% of the protein bound to 125I as confirmed by
ITLC and size-exclusion HPLC.
Immunoreactivity   Immunoreactivity was determined by
use of a modification of the cell-binding assay of Lindmo
et al.46) Aliquots of the 125I-labeled dsFv (1.0 ng), HuTac
(5 ng), and 7G7/B6 (3 ng) were incubated for 2 h at 4°C
with 2×106 to 2×107 SP2/Tac (IL-2Rα-positive). Cells
were centrifuged, and the cell-bound radioactivity was
counted in a gamma counter. Nonspecific binding to the
cells was examined under conditions of antibody excess
(25 µg of nonradiolabeled anti-Tac antibody). Immunore-
activity of the 125I-labeled anti-Tac dsFv was >78%; the
HuTac, >82%; and the 7G7/B6, >68%.
Scatchard plot and cross-inhibition  A Scatchard analy-
sis was performed. A fixed dose of either 125I-labeled
HuTac (5 ng/100 µl) or 125I-labeled 7G7/B6 (3 ng/100 µl)
and increasing doses of unlabeled HuTac or 7G7/B6 (5 to
5000 ng/50 µl) were incubated with 2×105 SP2/Tac cells
in 100 µl of phosphate buffer, without calcium and
magnesium, for 2 h at 4°C. After centrifugation, the
supernatant was aspirated, and the cell-bound radioactivity
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was counted in a gamma counter. The affinity constants
and epitope densities of both antibodies were calculated
by Scatchard plot analysis.10)

To evaluate the cross-inhibition between HuTac and
7G7/B6, 125I-labeled HuTac (5 ng/100 µl) or 125I-labeled
7G7/B6 (3 ng/100 µl) and a 4000-fold molar excess of the
unlabeled opposite antibody were incubated with 6×106

SP2/Tac cells in 100 µl of phosphate buffer, without cal-
cium and magnesium, for 2 h at 4°C. After centrifugation,
the supernatant was aspirated. The cell-bound radioactiv-
ity was then counted in a gamma counter.
Binding of 125I-labeled sIL-2Rαααα to HuTac or 7G7/B6
The ability of 125I-labeled sIL-2Rα to bind to HuTac was
examined with size-exclusion HPLC. Briefly, a 100-fold
molar excess of HuTac or 7G7/B6 was mixed with 125I-
labeled sIL-2Rα and analyzed with size-exclusion HPLC
using a TSK G2000SW column (TosoHaas, Philadelphia,
PA; 0.067 M PBS, 0.01 M KCl; pH 6.8; 0.5 ml/min)
equipped with an on-line NaI gamma detector (γRAM,
IN/US Systems, Inc., Fairfield, NJ). The incubation with
HuTac resulted in >90% of the 125I-labeled sIL-2Rα com-
plexing into a high-molecular-weight fraction. However,
when 7G7/B6 was incubated with 125I-labeled sIL-2Rα,
only >45% of the radioactivity in the 125I-labeled sIL-2Rα
fraction shifted into the high-molecular-weight fraction;
the rest migrated with the original activity.
Cell lines and animal models  Tumor xenografts were
generated with an IL-2Rα-positive SP2/Tac cell line.47)

This line was generated by transfecting the gene that
encodes for the IL-2Rα into the receptor-negative SP2/0
cells, which are a non-immunoglobulin-secreting murine
myeloma line that does not express IL-2Rα (American
Type Culture Collection, CRL 1581, Rockville, MD). The
cells were provided by Dr. Thomas Waldmann of the
Metabolism Branch of the National Cancer Institute and
by Protein Design Labs. All cells were grown in
Dulbecco’s modified Eagle’s medium containing 10%
fetal calf serum (Gibco Laboratories, Grand Island, NY)
and 0.03% L-glutamine at 37°C in 5% CO2.

Animal studies were performed under a protocol
approved by the Institutional Animal Care and Use Com-
mittee. We used female athymic nude mice (nu/nu), 5–7
weeks old and 15 to 20 g (Harlan Sprague-Dawley, Fred-
erick, MD). Tumor xenografts were established by s.c.
inoculation of 4×106 SP2/Tac and SP2/0 cells. Experi-
ments on tumor-bearing mice were performed 11–14 days
after implantation, when SP2/Tac tumors weighed a mean
of 1128 mg (443–2008 mg). All mice were killed with
CO2 inhalation and exsanguinated by cardiac puncture
prior to dissection. The organs were harvested, blot dried,
and weighed on an analytical balance, and the radioactiv-
ity was then counted in a gamma counter.
Amino acid preparations  We blocked renal uptake of
125I-labeled anti-Tac dsFv with L-lysine, as previously

described.36) Not doing so would have complicated the
pharmacokinetic analyses due to the otherwise high renal
accumulation and the rapid renal metabolism, which would
result in elevated free 125I in the blood.35, 36) A stock solu-
tion of L-lysine (300 mg/ml) was prepared in 0.1 M phos-
phate buffer, pH 7.5, using L-lysine monohydrochloride
(Pierce Chemical Co., Rockford, IL), and coinjected with
125I-labeled anti-Tac dsFv at a final concentration of 250
mg/ml as previously described.36)

Effect of HuTac or 7G7/B6 on blood clearance and
biodistribution of 125I-labeled sIL-2Rαααα  For bio-
distribution studies, three groups of normal athymic mice
(n=4) were injected with 250 ng (2 µCi) of 125I-labeled
sIL-2Rα i.v. either alone or followed 10 min later by i.v.
injection of 20 µg of HuTac or of 20 µg of 7G7/B6. At 45
min after administration of the 125I-labeled sIL-2Rα, all
mice were killed by CO2 inhalation, followed by exsan-
guination. Their organs were removed and weighed, and
the radioactivity was counted. The data were expressed as
%ID/g of tissue. An aliquot of serum from these mice was
also analyzed by size exclusion HPLC, as described
above. To characterize the effects of both IgGs on the rate
of blood clearance of the 125I-labeled sIL-2Rα, two addi-
tional normal athymic mice per group were studied. An
i.v. injection of 500 ng /4 µCi of 125I-labeled sIL-2Rα was
followed by serial tail vein bleeding using 5-µl micropi-
pettes 10, 25, 45, 90, and 180 min after injection.
Effect of HuTac and 7G7/B6 on the biodistribution of
125I-labeled anti-Tac dsFv in the presence of sIL-2Rαααα
We evaluated the effect of blocking two different epitopes
of sIL-2Rα on the biodistribution of 125I-labeled anti-Tac
dsFv. Two groups of normal athymic mice (n=4) were
first injected with 500 ng of recombinant sIL-2Rα (R&D
Systems Inc.) i.v., followed 10 min later by i.v. injection
of either 20 µg of HuTac or 7G7/B6, then they received
i.v. injection of 5 µCi/ 300 ng/ 200 µl of 125I-labeled dsFv,
containing 50 mg of L-lysine 30 min after the administra-
tion of the sIL-2Rα. All mice were killed 45 min after
administration of sIL-2Rα. Their organs were removed,
and weighed, and the radioactivity was counted. In addi-
tion, aliquots of their serum were analyzed using size-
exclusion HPLC.
Biodistribution in tumor-bearing mice   Blood pharma-
cokinetics and biodistribution studies were performed in
tumor-bearing mice. Three groups of mice (n=4) bearing
SP2/Tac tumor xenografts of approximately 1 g received
i.v. injections of 20 µg of HuTac or 20 µg of 7G7/B6 30
min before i.v. injection of 5 µCi/ 300 ng/ 200 µl of 125I-
labeled anti-Tac dsFv, containing 50 mg of L-lysine. The
mice were then killed 15 min after the 125I-labeled dsFv
injection. Their organs were removed and weighed, and
the radioactivity was counted. Data were expressed both
as %ID/g of tissue and as tumor-to-normal tissue ratios.
Statistical analysis  All the data was analyzed by means
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of one-way analysis of variance (ANOVA) and Bonfer-
roni’s t test.

RESULTS

Scatchard plot and cross-inhibition  The Scatchard plot
analysis showed that HuTac and 7G7/B6 had a binding
affinity to SP2/Tac cells of 4.3×109 and 5.8×108/M,
respectively. As expected, a cross-inhibition test of the
monoclonal antibodies showed that 7G7/B6 had almost no
effect on the binding of HuTac to SP2/Tac cells at antigen
excess. The HuTac had very little effect on binding of
7G7/B6 to SP2/Tac cells (Table I), with 55% of 125I-
labeled 7G7/B6 bound in the presence of a 4000-fold

molar excess of HuTac compared with 69% without
HuTac.
Effect of HuTac or 7G7/B6 on blood clearance and
biodistribution of 125I-labeled sIL-2Rαααα  The 125I-labeled
sIL-2Rα survived significantly longer in the blood in
mice injected with either HuTac (36.3±4.6%ID/g) or
7G7/B6 (33.0±0.8%ID/g) than in mice in the no-injection
control group (25.0±1.3%ID/g) (P<0.001 from ANOVA)
(Fig. 1). The HPLC analysis of the serum of mice injected
with either HuTac or 7G7/B6 showed a large proportion
of the 125I in a high-molecular-weight fraction (com-
plexes). In animals receiving HuTac, 82±6% of the radio-
activity was in complexes, whereas with 7G7/B6, 50±8%
was in complexes. Similar blood pharmacokinetics were
also seen in the serial tail vein blood draws at all time
points up to 3 h (data not shown).
Effect of HuTac and 7G7/B6 on the biodistribution of
125I-labeled anti-Tac dsFv in the presence of sIL-2Rαααα
We evaluated the biodistribution of 125I-labeled dsFv in
three groups of mice: normal mice which had been
injected with 500 ng of recombinant sIL-2Rα i.v., fol-
lowed by an i.v. injection of 20 µg of HuTac or an i.v.
injection of 20 µg of 7G7/B6, and a no-antibody control
group. The blood clearance of 125I-labeled anti-Tac dsFv
was significantly different in all three groups (P<0.0001
from ANOVA) (Fig. 2). Blood retention of 125I-labeled

Table I. Cross-inhibition and Binding Assays of HuTac versus
7G7/B6

Cold antibody (×4000)
% Bound

125I-labeled HuTac 125I-labeled 7G7/B6

None 84.1a) 69.0a)

HuTac 1.4b) 55.1
7G7/B6 80.3 3.3b)

a) Represents maximal binding.
b) Represents non-specific binding (antibody excess).

Fig. 1. Normal nude mice (n=4) received 2 µCi/250 ng of 125I-
labeled sIL-2Rα alone ( ) or followed 10 min later by i.v.
injection of either 20 µg of HuTac ( ) or 20 µg of 7G7/B6
( ). Mice were killed 45 min after injection of the 125I-labeled
sIL-2Rα. A biodistribution study was performed. Data are plot-
ted as means±SD. ∗ P<0.01 compared with the no IgG control
group.

Fig. 2. Three groups of normal athymic mice (n=4) were first
injected with 500 ng of recombinant sIL-2Rα i.v. alone ( ) or
followed 10 min later by i.v. injection of 20 µg of HuTac ( )
or 7G7/B6 ( ). All mice then received 5 µCi (300 ng/ 200 µl)
of 125I-labeled dsFv i.v. 30 min after the administration of the
sIL-2Rα and were then killed 15 min afterwards. The biodistri-
bution of 125I-labeled anti-Tac dsFv was plotted (mean±SD).
∗ P<0.01 compared with the no-IgG control group.
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anti-Tac dsFv in the group of mice injected with 7G7/B6
was higher than that in the control group, which in turn
was higher than that in the HuTac group. The values were
32.1±1.5%ID/g, 18.5±1.3%ID/g, and 8.0±0.6%ID/g,
respectively, retained at 15 min postinjection of the 125I-
labeled anti-Tac dsFv. The accumulations of 125I in the
kidney and the stomach were higher in the HuTac group
than in the control or 7G7/B6 group. This was consistent
with the finding of a higher fraction of 125I-labeled anti-
Tac dsFv present as intact dsFv in the group receiving
HuTac (4.1±1.0%ID/g) than in the other two groups
(1.9±0.2 and 1.8±0.3%ID/g, respectively). An HPLC
analysis of serum (Fig. 3) showed that the molecular
weights of the complexes in these three groups were dif-
ferent. In the 7G7/B6 group, complexes were the largest
(>200 kDa) and were consistent with the binding of 7G7/
B6 with one or two sIL-2Rα and one or two 125I-labeled
anti-Tac dsFv (Fig. 4). In the HuTac group most 125I-
labeled anti-Tac dsFv appeared intact and uncomplexed,
whereas in the no-treatment control (sIL-2Rα only), two
separate high-molecular-weight fractions were predomi-
nant.
Blood clearance and biodistribution of 125I-labeled
anti-Tac dsFv with HuTac or 7G7/B6 in SP2/Tac
tumor-bearing mice  At 30 min postinjection, the group
of mice preinjected with 7G7/B6 showed significantly

higher blood retention (35%ID/g) of 125I-labeled anti-Tac
dsFv than the no-preinjection control group (23%ID/g) or
the HuTac group (8%ID/g) (Fig. 5). In addition, the tumor
accumulation in the HuTac group was significantly higher
than that in the other two groups. The HPLC analyses
from these three groups showed results similar to those
seen in non-tumor-bearing mice that had been preinjected
with sIL-2Rα. Tumor-to-normal tissue ratios in the HuTac
group were significantly higher than those in the other
two groups (Table II).

DISCUSSION

Previously37) we showed that elevated concentrations of
circulating sIL-2Rα (45 kDa) resulted in formation of
complexes with 125I-labeled anti-Tac dsFv (25 kDa). This
resulted in slower blood clearance of the dsFv, lower renal
uptake, lower absolute tumor uptake, and lower tumor-to-
nontumor ratios than those in mice without circulating
sIL-2Rα.36, 37) This was not surprising, since clinical trials
had shown that the presence of sIL-2Rα resulted in for-
mation of complexes with anti-Tac IgG, which did not
result in faster clearance of the IgG, but did decrease
its immunoreactivity.29) Similar results were found by
Junghans and Waldmann in studies evaluating the catabo-

Fig. 3. Serum from the animals killed as described in the leg-
end to Fig. 2 was subjected to HPLC analyses. The amount of
radioactivity in each fraction was plotted for mice receiving 125I-
labeled dsFv alone ( ), for those preinjected with HuTac ( ),
and for those receiving 7G7/B6 ( ). Serum was obtained 15
min after dsFv injection. The percentages of the injected dose
per gram of blood of different HPLC fractions are plotted
(means±SD). ∗ P<0.01 compared with the no-IgG control group.

Fig. 4. HPLC of serum from groups of normal mice injected
with 500 ng of sIL-2Rα i.v., followed by i.v. 125I-labeled anti-
Tac dsFv alone ( ), or 125I-labeled anti-Tac dsFv after prein-
jection with either 7G7/B6 ( ) or HuTac ( ) 10 min before
the sIL-2Rα injection. All mice were injected with 5 µCi (300
ng/200 µl) of 125I-labeled dsFv i.v. and were killed 15 min after-
wards. The same amount of serum (100 µl) from each mouse
was subjected to the HPLC. Each curve represents the average
of chromatograms from 4 individual mice in each group.

-------- --- - - - -- -- - -- --
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lism of sIL-2Rα,48) in which administration of anti-Tac to
mice with increased sIL-2Rα levels in serum resulted in
longer retention of the sIL-2Rα, but did not decrease the
half-life of the anti-Tac IgG. Furthermore, in our previous
study we demonstrated that preinjection of HuTac resulted
in formation of complexes with sIL-2Rα that competed
with and prevented the binding of the radiolabeled dsFv
to sIL-2Rα. These actions resulted in more favorable
kinetics in the blood and in tumors.37)

The current study confirms and builds on the original
observations. As expected, the 7G7/B6 also binds the sIL-
2Rα and prolongs its retention in blood. Nevertheless,
because the epitope that is bound is not the same one rec-
ognized by the dsFv, when the dsFv is injected it is still
capable of binding to the sIL-2Rα. Because the amounts
of sIL-2Rα in serum are elevated due to the slower clear-
ance of the complex of 7G7/B6 and sIL-2Rα, the radiola-
beled dsFv is then bound to a large complex that cannot
be excreted through the kidney and has more difficulty
penetrating the tumor and other tissues. In many respects,
these findings are similar to those of Berson and Yalow.
They found that anti-insulin antibodies bound injected
insulin and prolonged its survival in the circulation.49) The
complexes formed between 125I-labeled sIL-2Rα and
HuTac survived longer than those with 7G7/B6. This may
have been related to some selective damage caused during
the radioiodination of the epitope recognized by 7G7/B6,
since sIL-2Rα labeled at higher specific activities showed
less binding to the 7G7/B6 (data not shown). A less likely
explanation is that the differences were due to the five-
fold lower affinity of the 7G7/B6 for sIL-2Rα than that of
HuTac.43, 50) It is unlikely that the differences observed
were related to the fact that HuTac is a humanized IgG
while 7G7/B6 is a murine IgG, since the amounts retained
in the blood were in the same range for both antibodies.

The timing of antibody administration is likely to be
critical: if there is too long a period between administra-
tion of cold intact anti-Tac IgG and anti-Tac dsFv, there
could be significant changes in the results. We chose to
compare the biodistribution of the 125I-labeled HuTac and
7G7/B6 at early times, since the kinetics of dsFv are rapid
and would thus allow advantage to be taken of the slower
penetration of the IgGs out of the vascular system and
into the tumor. Our study showed that the distributions of
the two IgGs used into tissues were very similar, and

Table II. SP2/Tac Tumor-to-normal Tissue Ratio of 125I-Labeled Anti-Tac 
dsFv in Mice Bearing about 1 g of SP2/Tac Tumor

Organ No IgG HuTac 7G7/B6

Blood 0.25±0.06a) 1.08±0.24b) 0.15±0.01c)

Liver 0.80±0.10 2.77±0.57b) 0.53±0.03b)

Kidney 0.67±0.21 0.94±0.31 0.58±0.10
Intestine 3.52±0.51 4.70±0.75c) 2.38±0.55c)

Spleen 1.94±0.31 6.39±0.53b) 1.24±0.10b)

Lung 0.72±0.18 1.41±0.11b) 0.36±0.04b)

Muscle 5.31±1.37 6.26±1.00 4.28±0.97
Bone 3.73±0.54 4.26±0.57 1.48±0.28b)

SP2/0 tumor (IL-2Rα-) 1.66±0.32 3.92±0.64b) 0.98±0.04b)

Tumor weight (g) 1.24±0.34 1.34±0.67 0.96±0.36

a) The values are SP2/Tac tumor-to-normal tissue ratio (means±SD).
b) P<0.01 and c) P<0.05 compared with the no IgG control group.

Fig. 5. Three groups of mice bearing SP2/Tac tumors (n=4)
were injected i.v. with 125I-labeled dsFv (5 µCi, 300 ng/ 200 µl)
alone ( ) or 15 min after preinjection of 20 µg of HuTac ( )
or 20 µg of 7G7/B6 ( ). All mice were killed 15 min after
administration of 125I-labeled dsFv. The biodistribution of 125I-
labeled anti-Tac dsFv was plotted (mean±SD).
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therefore a differential binding to tumor, competing with
dsFv, was not responsible for the differences observed in
uptake of 125I-labeled anti-Tac dsFv.

In this study, tumor-bearing mice pretreated with HuTac
prior to 125I-labeled anti-Tac dsFv showed the most favor-
able pharmacokinetics as demonstrated by faster clear-
ance, higher absolute tumor uptake, and higher tumor-to-
nontumor ratios. In the case of 7G7/B6, the pharmacoki-
netics were worse than the no-antibody, pretreatment con-
trol groups (Fig. 5), as demonstrated by higher blood pool
retention, lower tumor accumulation, and smaller tumor-
to-nontumor ratios (Table II). The effects of 7G7/B6 on
blood pool kinetics seen in the tumor xenograft model
were also seen in our more artificial model, in which we
preinjected the mice with sIL-2Rα. Some variability in
blood pool retention of radiolabeled dsFv was observed
among mice used in the biodistribution study. These dif-
ferences were most likely related to the amount of sIL-
2Rα present in the serum.37) Our previous study is consis-
tent with these findings. We showed that the 1:12 molar
ratios of sIL-2Rα to blocking antibody had the maximum
effect on the biodistribution of 125I-labeled anti-Tac dsFv.

The injection of 7G7/B6 was detrimental to 125I-labeled
anti-Tac dsFv biodistribution. Although not tested here,
this approach of binding an IgG against an epitope that is
not recognized by the radiolabeled dsFv or a radiolabeled
peptide may be generalized to other systems where there

are circulating antigens or receptors. Nevertheless, in
other situations this phenomenon may be advantageous
when the intent is to maintain higher blood levels of cer-
tain peptides. For example, if the IL-2 rather than anti-Tac
dsFv were administered i.v., it might allow the IL-2 to
bind to the complex, resulting in a higher blood retention,
and enhancing the biological effects of IL-2, as has been
reported in another study.51)

In conclusion, the presence of sIL-2Rα as a circulating
antigen had detrimental effects on the biodistribution of
125I-labeled anti-Tac dsFv. Blocking the circulating antigen
resulted in more favorable pharmacokinetics when the
antibody used was directed against the same epitope as
the radiolabeled dsFv. This strategy takes advantage of the
larger size of the IgG and its slower kinetics, which do
not allow time for IgG to compete for extravascular tumor
sites with dsFv. In contrast, we hypothesize that use of an
antibody directed against a different epitope than the dsFv
resulted in prolonged retention in the serum of circulating
antigen which was still recognized by the dsFv. This anti-
gen decreased the amount of free dsFv available to pene-
trate the tissues and bind to the tumor. This effect that we
describe for the first time in our model system may be a
general phenomenon when dealing with small antigen and
antibody fragments.
(Received December 1, 1997 / Revised January 19, 1998 /
Accepted January 21, 1998)

REFERENCES

1) Mach, J. P., Buchegger, F., Forni, M., Ritschard, J.,
Berche, C., Lumbroso, J.-D., Schreyer, M., Girardet, C.,
Accolla, R. S. and Carrel, S.  Use of radiolabelled mono-
clonal anti-CEA antibodies for the detection of human car-
cinomas by external photoscanning and tomoscintigraphy.
Immunol. Today, 2, 239–249 (1981).

2) Larson, S. M.  Clinical radioimmunodetection, 1978–1988:
overview and suggestions for standardization of clinical tri-
als.  Cancer Res., 50, 892s–898s (1990).

3) Goldenberg, D. M. and Larson, S. M.  Radioimmunodetec-
tion in cancer identification.  J. Nucl. Med., 33, 803–814
(1992).

4) Carrasquillo, J. A.  Radioimmunotherapy of leukemia and
lymphoma.  In “Principles of Nuclear Medicine,” 2nd Ed.,
ed. H. Wagner, pp. 1117–1132  (1996). W.B. Saunders and
Co., Philadelphia.

5) Pimm, M. V.  Circulating antigen: bad or good for immu-
noscintigraphy?  Nucl. Med. Biol., 22, 137–145 (1995).

6) Douillard, J. Y., Chatal, J. F., Saccavini, J. C., Curtet, C.,
Kremer, M., Peuvrel, P. and Koprowski, H.  Pharmacoki-
netic study of radiolabeled anti-colorectal carcinoma mono-
clonal antibodies in tumor-bearing nude mice.  Eur. J.
Nucl. Med., 11, 107–113 (1985).

7) Perala-Heape, M., Vihko, P., Laine, A., Heikkila, J. and

Vihko, R.  Effects of tumour mass and circulating antigen
on the biodistribution of 111I-labelled F(ab′)2 fragments of
human prostatic acid phosphatase monoclonal antibody in
nude mice bearing PC-82 human prostatic tumour
xenografts.  Eur. J. Nucl. Med., 18, 339–345 (1991).

8) Watanabe, Y., Endo, K., Koizumi, M., Kawamura, Y.,
Saga, T., Sakahara, H., Kuroki, M., Matsuoka, Y. and
Konishi, J.  Effect of tumor mass and antigenic nature on
the biodistribution of labeled monoclonal antibodies in
mice.  Cancer Res., 49, 2884–2889 (1989).

9) Pimm, M. V., Durrant, L. G. and Baldwin, R. W.  Influ-
ence of circulating antigen on the biodistribution and
tumour localization of radiolabelled monoclonal antibody
in a human tumour: nude mouse xenograft model.  Eur. J.
Cancer Clin. Oncol., 25, 1325–1332 (1989).

10) Kobayashi, H., Sakahara, H., Saga, T., Hosono, M.,
Shirato, M., Kanda, H., Ishibashi, K., Watanabe, T., Endo,
K., Ishiwata, I. and Konishi, J.  A human/mouse chimeric
monoclonal antibody against CA125 for radioimmunoimag-
ing of ovarian cancer.  Cancer Immunol. Immunother., 37,
143–149 (1993).

11) Hagan, P. L., Halpern, S. E., Chen, A., Krishnan, L.,
Frincke, J., Bartholomew, R. M., David, G. S. and Carlo,
D.  In vivo kinetics of radiolabeled monoclonal anti-CEA

2404583&form=6&db=m&Dopt=b     
2404583&form=6&db=m&Dopt=b     
2404583&form=6&db=m&Dopt=b     
1569493&form=6&db=m&Dopt=b     
1569493&form=6&db=m&Dopt=b     
7767306&form=6&db=m&Dopt=b     
7767306&form=6&db=m&Dopt=b     
4054153&form=6&db=m&Dopt=b     
4054153&form=6&db=m&Dopt=b     
4054153&form=6&db=m&Dopt=b     
1936042&form=6&db=m&Dopt=b     
1936042&form=6&db=m&Dopt=b     
1936042&form=6&db=m&Dopt=b     
2470499&form=6&db=m&Dopt=b     
2470499&form=6&db=m&Dopt=b     
2806356&form=6&db=m&Dopt=b     
2806356&form=6&db=m&Dopt=b     
2806356&form=6&db=m&Dopt=b     
7687520&form=6&db=m&Dopt=b     
7687520&form=6&db=m&Dopt=b     
7687520&form=6&db=m&Dopt=b     
4067644&form=6&db=m&Dopt=b     
4067644&form=6&db=m&Dopt=b     
4067644&form=6&db=m&Dopt=b     


Epitope Blocking of Circulating Antigen

443

antibodies in animal models.  J. Nucl. Med., 26, 1418–1423
(1985).

12) Beatty, B. G., Beatty, J. D., Williams, L. E., Paxton, R. J.,
Shively, J. E. and O’Connor-Tressel, M.  Effect of specific
antibody pretreatment on liver uptake of 111In-labeled anti-
carcinoembryonic antigen monoclonal antibody in nude
mice bearing human colon cancer xenografts.  Cancer Res.,
49, 1587–1594 (1989).

13) Duewell, S., Horst, W. and Westera, G.  Uptake of a mono-
clonal antibody against CEA (Tumak 431/31) in a human
colon tumor (Co-112) xenografted in the nude mouse.
Dependence on tumor size and injected dose.  Cancer
Immunol. Immunother., 23, 101–106 (1986).

14) Carrasquillo, J. A., Sugarbaker, P., Colcher, D., Reynolds,
J. C., Esteban, J., Bryant, G., Keenan, A. M., Perentesis, P.,
Yokoyama, K., Simpson, D. E., Ferroni, P., Farkas, R.,
Schlom, J. and Larson, S. M.  Radioimmunoscintigraphy of
colon cancer with iodine-131-labeled B72.3 monoclonal
antibody.  J. Nucl. Med., 29, 1022–1030 (1988).

15) Colcher, D., Esteban, J. M., Carrasquillo, J. A., Sugarbaker,
P., Reynolds, J. C., Bryant, G., Larson, S. M. and Schlom,
J.  Quantitative analyses of selective radiolabeled mono-
clonal antibody localization in metastatic lesions of colo-
rectal cancer patients.  Cancer Res., 47, 1185–1189 (1987).

16) Davis, Q., Perkins, A. C., Symonds, E. M., Frier, M.,
Wastie, M. L., van Hof, A. C., Ross, J. C., den Hollander,
W., Sopwith, M. and Kenemans, P.  Immunoscintigraphy
of ovarian cancer using a CDR grafted antibody
(hCTM01): first clinical results (abstract).  Nuklearmedizin,
33, 62 (1994).

17) van Hof, A. C., Molthoff, C. F., Kenemans, P., den
Hollander, W., Davis, Q., Frier, M., Wilhelm, A. J.,
Perkins, A. C., Symonds, E. M., Vermorken, J. B.,
Verheijen, R. H. M., Baker, T. S. and Roos, J. C.  Biodis-
tribution and kinetics of a humanized 111indium-labelled
monoclonal antibody CTM01 (hCTM01) in ovarian cancer
patients (abstract).  Nuklearmedizin, 33, 60 (1994).

18) Yoo, T. M., Chang, H. K., Choi, C. W., Webber, K. O., Le,
N., Sood, V. K., Carrasquillo, J. A., Eckelman, W. C.,
Pastan, I. and Paik, C. H.  Radiolabeling of anti-Tac disul-
fide stabilized Fv fragment with Tc-99m and its evaluation
in athymic mice with tumor xenografts.  J. Nucl. Med., 38,
294–300 (1997).

19) Kay, N. E., Burton, J., Wagner, D. and Nelson, D. L.  The
malignant B cells from B-chronic lymphocytic leukemia
patients release Tac-soluble interleukin-2 receptors.  Blood,
72, 447–450 (1988).

20) Richards, J., Mick, R., Latta, J. M., Daly, K., Ratain, M. J.,
Vardiman, J. W. and Colomb, H. M.  Serum soluble inter-
leukin-2 receptor is associated with clinical and pathologic
disease status in hairy cell leukemia.  Blood, 76, 1941–
1945 (1990).

21) Motoi, T., Uchiyama, T., Hori, T., Itoh, K., Uchino, H. and
Ueda, R.  Elevated serum-soluble interleukin-2 receptor
(Tac antigen) levels in chronic myelogenous leukemia
patients with blastic crisis.  Blood, 74, 1052–1057 (1989).

22) Ambrosetti, A., Semenzato, G., Prior, M., Chilosi, M.,
Vinante, F., Vincenzi, C., Zanotti, R., Trentin, L., Portuese,
A., Menestrina, F., Perona, G., Agostini, C. and
Todeschini, G.  Serum levels of soluble interleukin-2
receptor in hairy cell leukaemia: a reliable marker of neo-
plastic bulk.  Br. J. Haematol., 73, 181–186 (1989).

23) Wolf, R. E. and Brelsford, W. G.  Soluble interleukin-2
receptors in systemic lupus erythematosus.  Arthritis
Rheum., 31, 729–735 (1988).

24) Nakanishi, K., Taniguchi, Y. and Ohta, Y.  Increased solu-
ble interleukin 2 receptor levels in autoimmune thyroid dis-
ease.  Acta Endocrinol. (Copenh.), 125, 253–258 (1991).

25) Anasetti, C., Hansen, J. A., Waldmann, T. A., Appelbaum,
F. R., Davis, J., Deeg, H. J., Doney, K., Martin, P. J., Nash,
R., Storb, R., Sullivan, K. M., Witherspoon, R. P., Binger,
M.-H., Chizzonite, R., Hakimi, J., Mould, D., Satoh, H. and
Light, S. E.  Treatment of acute graft-versus-host disease
with humanized anti-Tac: an antibody that binds to the
interleukin-2 receptor.  Blood, 84, 1320–1327 (1994).

26) Waldmann, T. A.  Multichain interleukin-2 receptor: a tar-
get for immunotherapy in lymphoma.  J. Natl. Cancer Inst.,
81, 914–923 (1989).

27) Uchiyama, T., Broder, S. and Waldmann, T. A.  A mono-
clonal antibody (anti-Tac) reactive with activated and func-
tionally mature human T cells. I. Production of anti-Tac
monoclonal antibody and distribution of Tac (+) cells.  J.
Immunol., 126, 1393–1397 (1981).

28) Depper, J. M., Leonard, W. J., Kronke, M., Noguchi, P. D.,
Cunningham, R. E., Waldmann, T. A. and Greene, W. C.
Regulation of interleukin 2 receptor expression: effects of
phorbol diester, phospholipase C, and reexposure to lectin
or antigen.  J. Immunol., 133, 3054–3061 (1984).

29) Waldmann, T. A., White, J. D., Carrasquillo, J. A.,
Reynolds, J. C., Paik, C. H., Gansow, O. A., Brechbiel, M.
W., Jaffe, E. S., Fleisher, T. A., Goldman, C. K., Top, L.
E., Bamford, R., Zaknoen, S., Roessler, E., Kasten-Sportes,
C., England, R., Litou, H., Johnson, J. A., Jackson-White,
T., Manns, A., Hanchard, B., Junghans, R. P. and Nelson,
D. L.  Radioimmunotherapy of interleukin-2R alpha-
expressing adult T-cell leukemia with yttrium-90-labeled
anti-Tac.  Blood, 86, 4063–4075 (1995).

30) Kirkman, R. L., Shapiro, M. E., Carpenter, C. B., McKay,
D. B., Milford, E. L., Ramos, E. L., Tilney, N. L.,
Waldmann, T. A., Zimmerman, C. E. and Strom, T. B.  A
randomized prospective trial of anti-Tac monoclonal anti-
body in human renal transplantation.  Transplantation, 51,
107–113 (1991).

31) Cooper, M. M., Robbins, R. C., Goldman, C. K., Mirzadeh,
S., Brechbiel, M. W., Stone, C. D., Gansow, O. A., Clark,
R. E. and Waldmann, T. A.  Use of yttrium-90-labeled
anti-Tac antibody in primate xenograft transplantation [see
comments].  Transplantation, 50, 760–765 (1990).

32) Parenteau, G. L., Dirbas, F. M., Garmestani, K., Brechbiel,
M. W., Bukowski, M. A., Goldman, C. K., Clark, R.,
Gansow, O. A. and Waldmann, T. A.  Prolongation of graft
survival in primate allograft transplantation by yttrium-90-

2924309&form=6&db=m&Dopt=b     
2924309&form=6&db=m&Dopt=b     
2924309&form=6&db=m&Dopt=b     
3779711&form=6&db=m&Dopt=b     
3779711&form=6&db=m&Dopt=b     
3779711&form=6&db=m&Dopt=b     
3373312&form=6&db=m&Dopt=b     
3373312&form=6&db=m&Dopt=b     
3373312&form=6&db=m&Dopt=b     
3802099&form=6&db=m&Dopt=b     
3802099&form=6&db=m&Dopt=b     
3802099&form=6&db=m&Dopt=b     
9025758&form=6&db=m&Dopt=b     
9025758&form=6&db=m&Dopt=b     
9025758&form=6&db=m&Dopt=b     
3135858&form=6&db=m&Dopt=b     
3135858&form=6&db=m&Dopt=b     
3135858&form=6&db=m&Dopt=b     
1700727&form=6&db=m&Dopt=b     
1700727&form=6&db=m&Dopt=b     
1700727&form=6&db=m&Dopt=b     
2787681&form=6&db=m&Dopt=b     
2787681&form=6&db=m&Dopt=b     
2787681&form=6&db=m&Dopt=b     
2818938&form=6&db=m&Dopt=b     
2818938&form=6&db=m&Dopt=b     
2818938&form=6&db=m&Dopt=b     
3132927&form=6&db=m&Dopt=b     
3132927&form=6&db=m&Dopt=b     
8049447&form=6&db=m&Dopt=b     
8049447&form=6&db=m&Dopt=b     
8049447&form=6&db=m&Dopt=b     
2659803&form=6&db=m&Dopt=b     
2659803&form=6&db=m&Dopt=b     
6970774&form=6&db=m&Dopt=b     
6970774&form=6&db=m&Dopt=b     
6970774&form=6&db=m&Dopt=b     
6092466&form=6&db=m&Dopt=b     
6092466&form=6&db=m&Dopt=b     
6092466&form=6&db=m&Dopt=b     
7492762&form=6&db=m&Dopt=b     
1846250&form=6&db=m&Dopt=b     
1846250&form=6&db=m&Dopt=b     
2238051&form=6&db=m&Dopt=b     
2238051&form=6&db=m&Dopt=b     
2238051&form=6&db=m&Dopt=b     
1281566&form=6&db=m&Dopt=b     
1281566&form=6&db=m&Dopt=b     
4067644&form=6&db=m&Dopt=b


Jpn. J. Cancer Res. 89, April 1998

444

labeled anti-Tac in conjunction with granulocyte colony-
stimulating factor.  Transplantation, 54, 963–968 (1992).

33) Webber, K. O., Reiter, Y., Brinkmann, U., Kreitman, R.
and Pastan, I.  Preparation and characterization of a disul-
fide-stabilized Fv fragment of the anti-Tac antibody: com-
parison with its single-chain analog.  Mol. Immunol., 32,
249–258 (1995).

34) Brinkmann, U., Chowdhury, P. S., Roscoe, D. M. and
Pastan, I.  Phage display of disulfide-stabilized Fv frag-
ments.  J. Immunol. Methods, 182, 41–50 (1995).

35) Choi, C. W., Lang, L., Lee, J. T., Webber, K. O., Yoo, T.
M., Chang, H. K., Le, N., Jagoda, E., Paik, C. H., Pastan,
I., Eckelman, W. C. and Carrasquillo, J. A.  Biodistribution
of 18F- and 125I-labeled anti-Tac disulfide-stabilized Fv frag-
ments in nude mice with interleukin 2 alpha receptor-posi-
tive tumor xenografts.  Cancer Res., 55, 5323–5329 (1995).

36) Kobayashi, H., Yoo, T. M., Kim, I. S., Kim, M.-K., Le, N.,
Webber, K. O., Pastan, I., Paik, C. H., Eckelman, W. C.
and Carrasquillo, J. A.  L-Lysine effectively blocks renal
uptake of 125I- or 99mTc-labeled anti-Tac dsFv.  Cancer Res.,
56, 3788–3795 (1996).

37) Kobayashi, H., Yoo, T. M., Drumm, D., Kim, M.-K., Sun,
B.-F., Le, N., Webber, K. O., Pastan, I., Waldmann, T. A.,
Paik, C. H. and Carrasquillo, J. A.  Improved biodistribu-
tion of 125I-labeled anti-Tac disulfide-stabilized Fv fragment
by blocking its binding to the α subunit of interleukin-2
receptor in the circulation with preinjected humanized anti-
Tac IgG.  Cancer Res., 57, 1955–1961 (1997).

38) Yokota, T., Milenic, D. E., Whitlow, M., Wood, J. F.,
Hubert, S. L. and Schlom, J.  Microautoradiographic analy-
sis of the normal organ distribution of radioiodinated sin-
gle-chain Fv and other immunoglobulin forms.  Cancer
Res., 53, 3776–3783 (1993).

39) Yokota, T., Milenic, D. E., Whitlow, M. and Schlom, J.
Rapid tumor penetration of a single-chain Fv and compari-
son with other immunoglobulin forms.  Cancer Res., 52,
3402–3408 (1992).

40) Rubin, L. A., Kurman, C. C., Biddison, W. E., Goldman,
N. D. and Nelson, D. L.  A monoclonal antibody 7G7/B6,
binds to an epitope on the human interleukin-2 (IL-2)
receptor that is distinct from that recognized by IL-2 or
anti-Tac.  Hybridoma, 4, 91–102 (1985).

41) Robb, R. J., Rusk, C. M. and Neeper, M. P.  Structure-
function relationships for the interleukin 2 receptor: loca-
tion of ligand and antibody binding sites on the Tac recep-
tor chain by mutational analysis.  Proc. Natl. Acad. Sci.
USA, 85, 5654–5658 (1988).

42) Uchiyama, T., Nelson, D. L., Fleisher, T. A. and

Waldmann, T. A.  A monoclonal antibody (anti-Tac) reac-
tive with activated and functionally mature human T cells.
II. Expression of Tac antigen on activated cytotoxic killer
T cells, suppressor cells, and on one of two types of helper
T cells.  J. Immunol., 126, 1398–1403 (1981).

43) Queen, C., Schneider, W. P., Selick, H. E., Payne, P. W.,
Landolfi, N. F., Duncan, J. F., Avdalovic, N. M., Levitt,
M., Junghans, R. P. and Waldmann, T. A.  A humanized
antibody that binds to the interleukin 2 receptor.  Proc.
Natl. Acad. Sci. USA, 86, 10029–10033 (1989).

44) Fraker, P. J. and Speck, J. C., Jr.  Protein and cell mem-
brane iodinations with a sparingly soluble chloroamide,
1,3,4,6-tetrachloro-3α,6α-diphenylglycoluril.  Biochem. Bio-
phys. Res. Commun., 80, 849–857 (1978).

45) Greenwood, F. C., Hunter, W. M. and Glover, J. S.  The
preparation of 131I-labelled human growth hormone of high
specific radioactivity.  Biochem. J., 89, 114–123 (1963).

46) Lindmo, T., Boven, E., Cuttitta, F., Fedorko, J. and Bunn,
P. A., Jr.  Determination of the immunoreactive fraction of
radiolabeled monoclonal antibodies by linear extrapolation
to binding at infinite antigen excess.  J. Immunol. Methods,
72, 77–89 (1984).

47) Hartmann, F., Horak, E. M., Garmestani, K., Wu, C.,
Brechbiel, M. W., Kozak, R. W., Tso, J., Kosteiny, S. A.,
Gansow, O. A., Nelson, D. L. and Waldmann, T. A.
Radioimmunotherapy of nude mice bearing a human inter-
leukin 2 receptor alpha-expressing lymphoma utilizing the
alpha-emitting radionuclide-conjugated monoclonal anti-
body 212Bi-anti-Tac.  Cancer Res., 54, 4362–4370 (1994).

48) Junghans, R. P. and Waldmann, T. A.  Metabolism of Tac
(IL2Rα): physiology of cell surface shedding and renal
catabolism, and suppression of catabolism by antibody
binding.  J. Exp. Med., 183, 1587–1602 (1996).

49) Berson, S. A. and Yalow, R. S.  Insulin in blood and insu-
lin antibodies.  Am. J. Med., 40, 676–690 (1966).

50) Jacques, Y., Le Mauff, B., Boeffard, F., Godard, A. and
Soulillou, J. P.  A soluble interleukin 2 receptor produced
by a normal alloreactive human T cell clone binds interleu-
kin 2 with low affinity.  J. Immunol., 139, 2308–2316
(1987).

51) Finkelman, F. D., Madden, K. B., Morris, S. C., Holmes, J.
M., Boiani, N., Katona, I. M. and Maliszewski, C. R.
Anti-cytokine antibodies as carrier proteins. Prolongation
of in vivo effects of exogenous cytokines by injection of
cytokine-anti-cytokine antibody complexes.  J. Immunol.,
151, 1235–1244 (1993).

7723770&form=6&db=m&Dopt=b     
7723770&form=6&db=m&Dopt=b     
7723770&form=6&db=m&Dopt=b     
7769243&form=6&db=m&Dopt=b     
7769243&form=6&db=m&Dopt=b     
7769243&form=6&db=m&Dopt=b     
7585595&form=6&db=m&Dopt=b     
7585595&form=6&db=m&Dopt=b     
7585595&form=6&db=m&Dopt=b     
8706025&form=6&db=m&Dopt=b     
8706025&form=6&db=m&Dopt=b     
8706025&form=6&db=m&Dopt=b     
9157991&form=6&db=m&Dopt=b     
9157991&form=6&db=m&Dopt=b     
9157991&form=6&db=m&Dopt=b     
8339291&form=6&db=m&Dopt=b     
8339291&form=6&db=m&Dopt=b     
8339291&form=6&db=m&Dopt=b     
1596900&form=6&db=m&Dopt=b     
1596900&form=6&db=m&Dopt=b     
1596900&form=6&db=m&Dopt=b     
2408992&form=6&db=m&Dopt=b     
2408992&form=6&db=m&Dopt=b     
2408992&form=6&db=m&Dopt=b     
3135551&form=6&db=m&Dopt=b     
3135551&form=6&db=m&Dopt=b     
3135551&form=6&db=m&Dopt=b     
6451645&form=6&db=m&Dopt=b     
2513570&form=6&db=m&Dopt=b     
2513570&form=6&db=m&Dopt=b     
2513570&form=6&db=m&Dopt=b     
637870&form=6&db=m&Dopt=b     
637870&form=6&db=m&Dopt=b     
637870&form=6&db=m&Dopt=b     
6086763&form=6&db=m&Dopt=b     
6086763&form=6&db=m&Dopt=b     
6086763&form=6&db=m&Dopt=b     
8044783&form=6&db=m&Dopt=b     
8044783&form=6&db=m&Dopt=b     
8044783&form=6&db=m&Dopt=b     
8666917&form=6&db=m&Dopt=b     
8666917&form=6&db=m&Dopt=b     
5328871&form=6&db=m&Dopt=b     
5328871&form=6&db=m&Dopt=b     
2821110&form=6&db=m&Dopt=b     
2821110&form=6&db=m&Dopt=b     
2821110&form=6&db=m&Dopt=b     
8393043&form=6&db=m&Dopt=b     
8393043&form=6&db=m&Dopt=b     
8393043&form=6&db=m&Dopt=b     
1281566&form=6&db=m&Dopt=b
6451645&form=6&db=m&Dopt=b

