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The presence of circulating antigen may adversely affect the
biodistribution of a radiolabeled antibody. The a subunit of the
interleukin-2 receptor (IL-2Ra) is a cell-surface receptor that is
overexpressed in various hematologic malignancies and in be-
nign disorders. This receptor is cleaved from the cell surface and
can be found in high concentrations in serum. Radiolabeled
antiTac antibodies are being evaluated to target this receptor.
Previous studies have shown that circulating soluble IL-2Ra
(slL-2Ra) adversely affected the biodistribution of radiolabeled
antiTac disulfide-stabilized (ds)Fv. In this study, we compared
blocking and clearing sIL-2Ra to see which better minimized its
interference with the biodistribution of radiolabeled antiTac dsFv.
Methods: Two models of sIL-2Ra were used: one consisted of
mice given intravenous sIL-2Ra and the other consisted of mice
bearing SP2/Tac tumor xenografts (IL-2Ra positive), which shed
sIL-2Ra. We biotinylated humanized antiTac monoclonal anti-
body (bt-HuTac) and radiolabeled it with 25|. We then compared
its biodistribution with that of humanized antiTac monoclonal
antibody IgG (HuTac). We examined the biodistribution of an
injected dose of 125|-labeled antiTac dsFv after a preinjection of
HuTac to block the sIL-2Ra epitope and after a preinjection of
bt-HuTac, followed by an avidin chase. Result: The '25|-labeled
bt-HuTac cleared from the serum at a rate similar to that of
HuTac. The avidin chase effectively cleared >92% of circulating
125|-jabeled bt-HuTac within 20 min and was also effective in
clearing sIL-2Ra. In comparison, HuTac prolonged the retention
of 125|-labeled slIL-2Ra in the circulation, and the avidin chase
decreased '?5|-labeled slL-2Ra to <18% of control. Although the
two-step antigen-clearing system effectively cleared the antigen
from the circulation and improved the biodistribution of 125|-
labeled dsFv, the HuTac preinjection method had a similar but
longer lasting beneficial effect on '25|-labeled dsFv biodistribu-
tion. Conclusion: Preinjection of either HuTac or bt-HuTac with
avidin chase improved the biodistribution of subsequently admin-
istered '?5|-labeled antiTac dsFv by preventing the dsFv from
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binding to the sIL-2Ra, but the HuTac blocking method is simpler
and longer lasting.
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The effectiveness of radiolabeled antibodies for radioim-
munodetection and radioimmunotherapy of tumors has been
studied extensively (1,2). Most of the antigens targeted are
not shed from the cell surface. However, the several antigens
that are released from the cell surface are present at
significant levels in the circulation (3-5). In theory, these
circulating antigens interfere with tumor targeting by imme-
diately neutralizing the antigen-binding site of the injected
antibody (6). The resulting complexes may lead to faster
clearance of the antibody (7). In some cases in which an
intact antibody is used, circulating antigen is not associated
with poor tumor localization or altered biodistribution (8),
whereas in others, a detrimental effect in the biodistribution
is observed (9).

With the advent of low-molecular-weight, genetically
engineered antibody reagents (/0), the effect of circulating
antigen on biodistribution must be revisited. The use of
antibody fragments such as the 25-kD antiTac disulfide-
stabilized Fv fragment (dsFv) requires a reagent that rapidly
clears the blood and targets the tumor, thus resulting in high
tumor-to-nontumor ratios (/7). We have recently shown that
in targeting the o subunit of the interleukin-2 receptor
(IL-2Ra) with a radiolabeled dsFv fragment, antigen-
antibody complexes were formed in vivo in the circulation.
These complexes adversely affected the biodistribution by
prolonging the retention of the fragment in the circulation
(12). These findings are analogous to the prolonged circula-
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tion of insulin (a low-molecular-weight protein) that is seen
in patients who have anti-insulin antibodies (/3).

IL-2Ra is a cell-surface receptor that is overexpressed in
various hematologic T-cell malignancies (/4) and in autoim-
mune diseases (15,16). In contrast, it is not expressed or is
expressed at very low levels in normal lymphocytes. IL-2Ra
has been used as a target for immunotherapy and radioimmu-
notherapy (8,7/4). AntiTac is an IgG2a murine monoclonal
antibody that recognizes IL-2Ra (17). This antibody has
shown some effectiveness in the treatment of adult T-cell
leukemia (8) and in the prevention of allograft rejection in
both a monkey heart transplant model as well as in
randomized, placebo-controlled, renal transplant clinical
trials (18,19). However, trials targeting IL-2Ra with radiola-
beled antiTac have shown that soluble IL-2Ra (sIL-2Ra) is
often present in the circulation and results in the formation
of complexes that block the antibody-binding site (8).

We previously proposed a method to overcome the
problem of prolonged blood clearance and low tumor
accumulation of radiolabeled dsFv in the presence of
sIL-2Ra: blocking sIL-2Ra with humanized antiTac IgG
(HuTac). In this study, we evaluated an alternate method
based on avidin-biotin binding. The avidin-biotin system has
been studied extensively as a way to optimize radioimmuno-
detection and radioimmunotherapy (20-22). A two-step
method has been used to clear circulating antibody: A
streptavidin-conjugated antibody is injected and then fol-
lowed by a chase of a biotinylated compound that will result
in antibody clearance by the reticuloendothelial system (23).
Conversely, avidin itself works as a strong “‘chase’ reagent
for a biotinylated antibody (24,25). In this study, we
modified this concept to clear sIL-2Ra antigen from the
circulation by administering biotinylated HuTac (bt-HuTac),
followed by an avidin chase before injection of radiolabeled
dsFv.

MATERIALS AND METHODS

Biologic Reagents

We used a genetically engineered, dsFv fragment that binds to
the IL-2Ra (26). This dsFv was derived from antiTac IgG2a,
murine monoclonal antibody (/7). Briefly, the Vy and V. domains
were expressed in separate Escherichia coli cultures and recovered
as cytosolic inclusion bodies and refolded. The refolded antiTac
dsFv was purified by ion-exchange and size-exclusion chromatog-
raphy. The dsFvs were >98% pure as determined by size-exclusion
high-performance liquid chromatography (HPLC) with an ultravio-
let detector.

We also used HuTac monoclonal antibody that was constructed,
as previously described, by combining the complementarity-
determining regions of the murine antiTac antibody with the human
IgG1k framework and constant regions (27). HuTac was produced
in a continuous-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 on an IL-2R affinity
column. The eluted antibodies were further purified to contain
>99% IgG.
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sIL-2Ra (R&D Systems Inc., Minneapolis, MN) was used to
mimic shedding of the receptor into the serum.

Biotinylation of Monoclonal Antibodies

The monoclonal antibodies were biotinylated as reported previ-
ously (24). Briefly, 5 mg/mL HuTac were mixed with sulfosuccin-
imidyl-6-(biotinamido) hexanoate (NHS-LC-biotin) (Pierce Chemi-
cal Co., Rockford, IL) in 0.05 mol/L phosphate-buffered saline
(PBS) (pH 7.4) for 30 min at room temperature. The molar ratio of
NHS-LC-biotin to antibody was 20:1. The biotinylated antibody
was then separated from the unconjugated NHS-LC-biotin by
PD-10 gel chromatography (Pharmacia, Uppsala, Sweden). To
determine the number of biotin molecules per HuTac, we used the
2-(4'-hydroxyazobenzene)benzoic acid (HABA) method (28). The
HABA reagent (Pierce Chemical Co.) was prepared according to
the manufacturer’s instructions by adding 10 mg avidin and 600 pL.
of 10 mmol/L HABA to 19.4 mL PBS. We added 100 pL bt-HuTac
to 900 pL of the avidin-HABA solution and measured the
absorbance at 500 nm. We determined that there were approxi-
mately 3.7-4.2 NHS-LC-biotin complexes conjugated to each
antibody.

Avidin-Biotin Binding Assay of Radiolabeled
Biotinylated Antibodies

To test the ability of biotinylated antibody to bind to avidin, a
100-pL aliquot of each batch of the radiolabeled biotinylated
antibody (100,000 cpm/ 7-10 ng) was incubated with approxi-
mately 0.5 mL of avidin-Sepharose gel (Pierce Chemical Co.) for
10 min at room temperature. The gel was then washed with 0.05
mol/L PBS. We counted the radioactivity in the gel and in the
supernatant and calculated the fraction of the radioactive biotinyl-
ated antibody bound to avidin (29). More than 88% of the
antibodies had avidin-binding activity.

Radiolabeling

AntiTac dsFv and sIL-2Ra were labeled with '°I using the
Iodo-Gen method (30). Briefly, approximately 37-74 MBq Na'?’]
were added to 100 pg dsFv or sIL-2Ra in 80 uL PBS, pH 7.2, in a
conical polypropylene vial coated with 10 pg Iodo-Gen. After
incubation for 10 min at room temperature, the radiolabeled
product was purified using a PD-10 column (Pharmacia). The
specific activities of the '2I-labeled antiTac dsFv and '?5I-labeled
sIL-2Ra were 370 and 444 MBqg/mg, respectively. The radiochemi-
cal purity of '?’I-labeled antiTac dsFv was >98%, as confirmed by
instant thin-layer chromatography (ITLC) and size-exclusion HPLC.

HuTac and bt-HuTac were labeled with 21 using the chlora-
mine-T method, as previously described (24). Briefly, bt-HuTac or
HuTac (100 pg) in 0.05 mol/L phosphate buffer (PB) (pH 7.5) and
14.8 MBq !%I were mixed with 12 pg chloramine-T, which had
been dissolved in 0.05 mol/L PB. After reacting for 5 min, the
radiolabeled products were purified using a PD-10 column. The
specific activities of both '2I-labeled HuTac preparations were
approximately 129.5-159.1 MBq/mg, and their purity was >98%,
as confirmed by ITLC and size-exclusion HPLC.

Binding Ability of 125|-labeled sIL-2Ra to HuTac

The ability of 'Z’I-labeled sIL-2Ra to bind to HuTac was
examined with size-exclusion HPLC. Briefly, a 100-fold molar
excess of HuTac was mixed with !'?5I-labeled sIL-2Ra and
analyzed using a size-exclusion HPLC with a TSK G2000SW
column (TosoHaas, Philadelphia, PA; 0.067 moV/L PBS with 0.1
mol/L KCI; pH 6.8; 0.5 mL/min) equipped with an online Nal
gamma detector (y RAM; IN/US Systems, Inc., Tampa, FL).
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Greater than 90% of radioactivity in the !ZI-labeled sIL-2Ra
fraction shifted into a higher-molecular-weight fraction (com-
plexes).

Cell Lines and Animal Models

Tumor xenografts were generated with an IL-2Ra antigen-
positive (SP2/Tac) cell line genetically developed (31). This line
was generated by transfecting the gene that encodes for the IL-2Ra
into the antigen-negative SP2/0 cells. The SP2/0 cells are of a
nonimmunoglobulin-secreting murine myeloma line that does not
express IL-2Ra (CRL 1581; American Type Culture Collection,
Rockville, MD). The cells were provided by Dr. Thomas Wald-
mann of the Metabolism Branch of the National Cancer Institute.
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% CO,.

Animal studies were performed under a protocol approved by
the Institutional Animal Care and Use Committee. Female athymic
nude mice (nu/nu) (5-7 wk old and 15-20 g), were obtained from
Harlan Sprague-Dawley (Frederick, MD). Tumor xenografts were
established in the mice by subcutaneous inoculation of 4 X 106
SP2/Tac. Experiments on tumor-bearing mice were performed
11-15 d after implantation, when the tumors weighed a mean of
1219 mg (512-2213 mg). Such tumors shed sIL-2Ra into the
circulation in predictable amounts (12,31).

All mice were killed by CO, inhalation and exsanguinated by
cardiac puncture before dissection. The organs were harvested, blot
dried and weighed on an analytical balance, and the radioactivity
was then counted in a gamma counter.

Immunoreactivity

Immunoreactivity was determined by use of a modification of
the cell-binding assay of Lindmo et al. (32). Aliquots of the
125]]abeled dsFv (1.0 ng), HuTac (5 ng) and bt-HuTac (4 ng) in 100
uL PBS were incubated for 2 h at 4°C with 2 X 105 to X 107 of
SP2/Tac and SP2/0 cells. The cell-bound radioactivity was sepa-
rated by centrifugation and counted in a gamma counter. Nonspe-
cific binding to the cells was examined under conditions of
antibody excess (25 pg nonradiolabeled antiTac antibody). Immu-
noreactivity of 125I-labeled antiTac dsFv, HuTac and bt-HuTac was
>80%. Binding to the antigen-negative SP2/0 was <5%.

Amino Acid Preparations

To block renal accumulation of the radiolabeled dsFv, we
coinfused L-lysine (33,34). A stock solution of lysine (300 mg/mL)
was prepared in 0.1 mol/L PB, pH 7.5, using L-lysine monohydro-
chloride (Pierce Chemical Co.). '2I-labeled antiTac dsFv was
coinjected with 50 mg lysine at a final concentration of 250 mg/mL.
Coinjection of lysine was done to prevent renal uptake and catabolism
of the radiolabeled dsFv, which would have resulted in elevated
low-molecular-weight catabolites of !>’I being reabsorbed into the
blood, thus complicating our pharmacokinetic assessment (33).

Biodistribution of 1?5|-labeled bt-HuTac
and 1?5|-labeled HuTac

We determined whether the addition of biotin to HuTac affected
its biodistribution. Four groups of normal, athymic mice (n = 3 per
group) and mice containing SP2/Tac xenografts (n = 3 per group;
tumor weight 0.6-1.1 g) received intravenous injections of 111
kBg/5 pg either 'ZI-labeled HuTac or 2%I-labeled bt-HuTac in 0.05
mol/L PBS/bovine serum albumin (BSA) in a final volume of
200 pL. Normal mice were killed 30 min after injection; tumor-
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bearing mice were killed 1 d after injection. All organs were
removed and weighed, and the radioactivity was counted in a
gamma counter. The data were expressed as percentage of injected
dose per gram (% ID/g) of tissue. At kill, an aliquot of each mouse’s
serum was analyzed using the size-exclusion HPLC system and the
avidin-Sepharose affinity gel, as mentioned above.

Timing of Avidin Injection as a Chase of '2%|-labeled
bt-HuTac

We determined the importance of timing of avidin chase on the
biodistribution of '25I-labeled bt-HuTac. Three groups of normal,
athymic mice (n = 3 per group) received intravenous injections of
111 kBg/5 pg '#I-labeled bt-HuTac in 0.05 mol/L PBS/BSA in a
final volume of 200 pL. All mice were killed at 30 min postinjec-
tion. Two of these groups were injected intravenously with 20 pg
avidin, either at 20 min before kill (—20 min) or 5 min before kill
(—5 min). The third group served as a control and did not receive
avidin. Two additional groups of mice (n = 3 per group) received
111 kBg/5 pg 'Zl-labeled HuTac. One group received '2I-labeled
HuTac followed by avidin 5 min before kill and the other was a
control group (no avidin) that received '%I-labeled HuTac alone.
The data were expressed as %ID/g. Serum samples were obtained
from these mice at the time of kill and analyzed by the following
methods: (a) size-exclusion HPLC, (b) avidin-Sepharose affinity
gel and (c) analysis of antibody-bound activity using 10% trichloro-
acetic acid (TCA) precipitation, in which 200 uL 10% TCA was
added to 30 pL serum and centrifuged at 1000g for 5 min, with
subsequent gamma counting of the pellet and supernatant (29).

Blood Clearance and Biodistribution of '?|-labeled
sIL-2Ra with HuTac or bt-HuTac Followed
by Avidin Chase

We quantitated the effect of HuTac or bt-HuTac on !2]-labeled
sIL-2Ra in circulation and in tissues. Two groups of normal
athymic mice (n = 4 per group) were injected with 500 ng (11
pmol)/148 kBq 'ZI-labeled sIL-2Ra intravenously. After 10 min,
one of the groups was injected with 20 pg (133 pmol) HuTac; the
other group received 20 pg (133 pmol) bt-HuTac, followed by 60
pg (920 pmol) avidin intravenously 25 min after the injection of
125]-]abeled sIL-2Ra. Serial blood sampling from the tail vein was
performed at 10, 25, 30, 45, 90 and 180 min after administration of
125]-1abeled sIL-2Ra using calibrated 5-pL micropipets. The data
were expressed as %ID/g blood.

Two groups of four normal athymic mice were injected with 250
ng (6 pmol)/74 kBq !*I-labeled sIL-2Ra intravenously and then
injected with either HuTac or bt-HuTac plus avidin, as above.
These mice were killed 45 min after administration of '25I-labeled
sIL-2Ra and biodistribution studies were performed. The data were
expressed as %ID/g. In addition, serum samples at the time of kill
were analyzed with size-exclusion HPLC.

Biodistribution of 1?5l-labeled AntiTac dsFv
with Preinjection of HuTac or bt-HuTac

One group of four mice bearing SP2/Tac tumor xenografts that
weighed approximately 1 g received intravenous preinjections of
20 pg (133 pmol) HuTac, followed by 185 kBg/300 ng !25I-labeled
antiTac dsFv with 50 mg L-lysine at 15, 30, 60 or 180 min after
administration of HuTac. The mice had approximately 90 ng (2
pmol) /mL sIL-2Ra in their serum (/2). Another group of four mice
received intravenous preinjection of 20 ug (133 pmol) bt-HuTac
followed by 60 pg (920 pmol) intravenous avidin 10 min later.
These mice then received 185 kBq/300 ng '*I-labeled antiTac dsFv
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FIGURE 1. Biodistribution of HuTac or
bt-HuTac in normal mice: effect of avidin
chase. Biodistribution of 5 ug/111 kBq 125I-
labeled HuTac alone, '25|-labeled bt-HuTac
alone,'?5I-labeled HuTac or '25|-labeled bt-
HuTac followed by 20-ug avidin chase 10
min after antibody injection (20 min before
kill) was plotted. Three normal nude mice
per group were killed at 30 min postinjection
of antibody. Values are mean * SD.
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antiTac dsFv, and biodistribution studies were performed. Data
were expressed both as %ID/g and as tumor-to-normal tissue ratios.
In addition, serum samples were collected and analyzed with
size-exclusion HPLC. We then calculated the percentage of the
injected dose present in the high-molecular-weight fraction (com-
plex), the dsFv fraction and the low-molecular (catabolite) fraction.

FIGURE 2. Biodistribution of HuTac or
bt-HuTac in tumor-bearing mice: effect of
avidin chase. Biodistribution of 5 pg/111
kBq '?5|-labeled HuTac alone, '?|-labeled
bt-HuTac alone and '?5|-labeled bt-HuTac
followed by 20 pg avidin chase 23 h 40 min
after antibody injection (—20 min) was plot-
ted. Three mice bearing SP2/Tac and SP2/0
tumors were killed per group at 24 h postin-
jection of radiolabeled antibody. Values are
mean * SD.

Biotinylation did not adversely affect the biodistribution
of HuTac. There were no significant differences in the
biodistribution of '?5I-labeled HuTac and !%I-labeled bt-
HuTac in normal athymic mice (Fig. 1) or in SP2/Tac
tumor-bearing mice (Fig. 2). An avidin chase was effective
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FIGURE 3. Plot of biodistribution of 5 pg/
111 kBq '%5l-labeled bt-HuTac alone or 125|-
labeled bt-HuTac followed by 20-pg avidin
injection at 5 min or 20 min before Kkill.
Three normal nude mice per group were
killed 30 min after injection of '?5l-labeled
bt-HuTac. Values are mean * SD.

in clearing the '¥I-labeled bt-HuTac from the circulation,
but it did not affect the !*I-labeled HuTac (Fig. 1). The
serum of normal mice analyzed with size-exclusion HPLC
showed that most of the radioactivity was in the intact IgG
fraction in mice receiving the HuTac or bt-HuTac (data not
shown).

Timing of Avidin Injection

The clearance from the blood of '*I-labeled bt-HuTac
was greater when more time elapsed between avidin admin-
istration and kill. When the avidin chase was injected 5 min
before kill, the !*I-labeled bt-HuTac level in the blood
dropped to 47% that of the control group, compared with
12% of the control when the avidin chase was given 20 min
before kill (Fig. 3).

When HuTac or bt-HuTac was administered without an
avidin chase, most of the injected radioactivity was in the
circulation and was protein bound (precipitable) 30 min after
injection (Table 1). As expected, 'I-labeled HuTac did not
have significant binding to avidin, because only a mean of
3.8% of the circulating activity was bound to avidin beads

(probably represented nonspecific binding) compared with a
mean of 3.6% when avidin was infused 5 min before kill
(Table 2). When avidin was administered 5 min before kill in
animals receiving 'ZI-labeled bt-HuTac, the amount of %]
remaining in the blood at the time of kill was 17 %ID/g,
which represented 41 %ID/g of the controls (Table 1). In
contrast, when more than 20 min elapsed between avidin
chase and kill, the amount of bt-HuTac (precipitable %)
remaining in the serum was much lower than that of the —5
min chase. Values were 3.1 versus 17 %ID/g, respectively.
Compared with the no-avidin control, in which 95% of the
125] was precipitable, in the mice receiving the avidin chase
at —5 min only 83% of the circulating !%5I was precipitable,
and 69.3% was bound to avidin beads.

Blood Clearance and Biodistribution of '2%|-labeled
siL-2Ra with HuTac or bt-HuTac Followed by Avidin
Chase

As previously described (35,36), '#I-labeled sIL-2Ra
survived longer in the circulation in the presence of HuTac
than in the no-HuTac control mice. The amount of '25I-

TABLE 1
Amount of Precipitable 25| Present in Serum After Administration of 25|-labeled HuTac or Biotinylated HuTac
HuTac bt-HuTac bt-HuTac HuTac bt-HuTac
Time of avidin injection* —_ - -5 min -5 min —20 min
Percent precipitable 25| (mean + SD) 965+ 1.0 95.2 = 0.9 825+ 15 955 +1.2 60.5 + 5.4
%lD/g of precipitable 1251 in whole blood 414+ 48 40.2 + 3.4 16.5+ 0.6 41012 31+03

*Time of avidin injection represents time before mice were killed.

HuTac = humanized antiTac; bt = biotinylated; %ID/g = percentage of injected dose per gram.

All mice were killed 30 min after antibody injection.
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TABLE 2
Amount of 125 in Serum Capable of Binding to Avidin Gel After Administration of 125|-labeled HuTac or Biotinylated HuTac

HuTac bt-HuTac bt-HuTac HuTac bt-HuTac
Time of avidin injection* — — -5 min -5 min —20 min
Percent circulating 1251 bound to avidin-gel (mean + SD) 38+1.1 83.0+1.0 69.3+21 3611 303 +22
%ID/g whole blood of 125| bound to avidin gel 1.6 + 0.5 35.0 + 238 13.9 = 0.6 16 *05 1.6 +0.1

*Time of avidin injection represents time before mice were killed.

HuTac = humanized antiTac; bt = biotinylated; %ID/g = percentage of injected dose per gram.

All mice were killed 30 min after antibody injection.

labeled sIL-2Ra circulating in the blood at 180 min after
injection was 32 %ID/g in the group receiving HuTac versus
16 %ID/g in the control group (Fig. 4). The group receiving
bt-HuTac followed by the avidin chase 15 min afterward showed
very rapid clearance of ZI-labeled sIL-2Ra from the blood (5.0
%ID/g) (Fig. 4). The activity that cleared the blood accumulated
predominantly in the liver and the spleen (Fig. 5).

HPLC analysis of the serum obtained from animals
receiving HuTac after injection of '>I-labeled sIL-2Ra
showed 27 %ID/g of %I to be present in complexes; this
represented 73% of the circulating activity. In the animals
receiving the bt-HuTac and avidin chase, there was 3.6
%ID/g of the '] present in complexes and this represented
35% of the remaining activity in serum. In mice receiving
125]-labeled sIL-2Ra alone, 7.3 %ID/g was present in
complexes, and this represented 31% of the remaining
activity in serum. The amount of !>I present as intact
IL-2Ra was least in the mice receiving the avidin chase and
greatest in those receiving sIL-2Ra alone (Fig. 6).

Biodistribution of '?5|-labeled AntiTac dsFv with
Preinjection of HuTac or bt-HuTac Followed
by Avidin Chase

The biodistribution of 'ZI-labeled antiTac dsFv in tumor-
bearing mice that had elevated sIL-2Ra levels was evaluated
in the presence or absence of a blocking dose of HuTac or a
clearing dose of bt-HuTac with avidin. The biodistribution
of 'ZI-labeled antiTac dsFv in mice preinjected with a
blocking dose of 20 ug HuTac 15, 30, 60 and 180 min before
injection of 'ZI-labeled antiTac dsFv was determined and
compared with the biodistribution in no-preinjection con-
trols (Fig. 7). The biodistribution of '?’I-labeled antiTac
dsFv in mice preinjected with 20 pg bt-HuTac 15, 30, 60 and
180 min before dsFv injection, followed by a 60-pg avidin
chase 15 min later are shown in Figure 8.

Administration of HuTac or bt-HuTac plus avidin chase
improved the biodistribution of '>I-labeled antiTac dsFv
over the no HuTac (control) group. In groups receiving HuTac
or bt-HuTac plus chase, the shorter the interval between

chase —0O— slL-2Ra
40 f —{}— siL-2Ra+HuTac
—— siL-2Ra+chase
HuTac
30" O
8
T 20}
o~
FIGURE 4. Piot of blood clearance of 10"
125|-jabeled siL-2Ra in four normal nude
mice 10, 25, 30, 45, 75 and 180 min after —i
injection. Mice received '%l-labeled siL-
2Ra alone (O), followed 10 min later by 0 .- P — —
injection of 20 ug HuTac (O) or followed 10
min later by 20 pg bt-HuTac and then 25 0 50 100 150
min later 60-pg avidin chase (M). Data are
expressed as %ID/g of blood. Values are Time (mln)
mean * SD.
1386  THE JOURNAL OF NUCLEAR MEDICINE ¢ Vol. 40 ¢ No. 8 * August 1999



B slL-2Ra
B sIL-2Ro + HuTac
B slL-2Ra + chase

60

Blood
Liver
Kidney
Intestine
Stomach
Spleen

Lung

FIGURE 5. Plot of biodistribution of 125|-
labeled sIL-2Ra in four normal nude mice
per group killed 45 min after injection. Three
groups of four mice each received one of
the following: '%l-labeled sIL-2Ra alone,
125|-labeled sIL-2Ra followed 10 min later
by injection of 20 ug HuTac or '%|-labeled
siL-2Ra followed 10 min later by 20 ug
bt-HuTac and 25 min later by 60-pg avidin
chase. Data are expressed as %ID/g of
blood. Values are mean * SD.

Muscle
Bone

these antibody injections and the '’I-labeled antiTac dsFv
injection, the better biodistribution of '>I-labeled antiTac
dsFv. At the shortest time intervals (15 min), the biodistribu-
tion was similar with the two methods. The longer the
interval between giving the HuTac and bt-HuTac plus chase
and 'I-labeled antiTac dsFv injection, the more similar was
the biodistribution to the control group. The decreased
benefit of the longer intervals was more prominent for the
bt-HuTac-plus-chase group than for the HuTac group (Figs.
7 and 8).

HPLC from these mice showed that, when no HuTac or
bt-HuTac was preinjected, '*’I-labeled antiTac dsFv was
predominantly found in complexes. In contrast, when either
HuTac or bt-HuTac was preinjected, there was a decrease in
the amount of complexes of sIL-2Ra and !ZI-labeled
antiTac dsFv. The shorter the interval between the HuTac or
the bt-HuTac plus avidin chase and dsFv injection, the fewer
complexes found in serum. (Figs. 9 and 10).

The tumor-to-normal tissue ratios of mice preinjected
with HuTac or bt-HuTac plus chase 15 min before '2I-
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complex siL-2Ra
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catabolites

+ HuTac
+ chase

FIGUREG6. Serum from animals described
in Figure 5 was obtained for HPLC analy-
ses. Amount of radioactivity in each fraction
was plotted for mice receiving '25i-labeled
slL-2Ra or postinjected with HuTac or
bt-HuTac plus avidin. Serum was obtained
45 min after sIL-2Ra injection just after kill.
Data are expressed as %ID/g of blood
of different HPLC fractions. Values are
mean * SD.
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FIGURE 7. Biodistribution of '25|-labeled
antiTac dsFv in mice bearing SP2/Tac and
SP2/0 tumors was determined. '%5|-labeled
antiTac dsFv was injected at 15, 30, 60 and
180 min after injection of 20 pg HuTac.
Control group of mice was injected with
125|-labeled antiTac dsFv alone. Mice were
then killed 15 min after '25|-labeled antiTac
dsFv injection; organ biodistribution is
shown. n = 4; values are mean * SD.
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labeled antiTac dsFv injection were much higher than the
controls, with the exception of tumor-to-kidney ratios (Tables
3 and 4).

DISCUSSION

Circulating antigen may affect the biodistribution of
radiolabeled biologic reagents (7,9,37). The major advan-
tage of genetically engineered antibody fragments and

peptides is their small size, which results in rapid tissue
penetration and high tumor-to-nontumor ratios (38). How-
ever, when these reagents are used in the presence of
circulating antigen, the formation of complexes may result
in altered biodistribution and longer circulation times (12).
These findings are analogous to the prolonged circulation of
insulin in the presence of anti-insulin antibody (/3), or to
that of insulin-like growth factor in the presence of insulin-

30

20

%ID/g
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FIGURE 8. Biodistribution of '25|-labeled

antiTac dsFv in mice bearing SP2/Tac and
SP2/0 tumors was determined. Mice were
injected with 20 pg bt-HuTac followed 10
min later by 60-pug avidin chase. Then,
125|-labeled antiTac dsFv was injected at 15,
30, 60 and 180 min after injection of bt-
HuTac. Control group of mice was injected
with '25|-labeled antiTac dsFv alone. Mice
were killed 15 min after '25|-labeled antiTac
dsFv, and organ biodistribution was deter-
mined. n = 4; values are mean * SD.
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. [0 180 min
o
5 it
= 10} FIGURES. Serum from animals described
o~ in Figure 7 was obtained for HPLC analy-
ses. Amount of radioactivity in each fraction
was plotted for mice that received 125)-
7 labeled antiTac dsFv alone or preinjection
_ % of 20 pg HuTac 15, 30, 60 and 180 min
0 7 D - e before injection of '25l-labeled antiTac dsFv.
i Serum was obtained 15 min after dsFv
complexes dsFv catabolites injection just after kill. Data are expressed
HPLC fractions as %ID/g of blood in different HPLC frac-
tions. n = 4; values are mean * SD.

like growth factor binding proteins (39). We have previously
shown that when antiTac dsFv is injected in mice with
SP2/Tac tumors, the circulating antigen reacts with the dsFv,
forming complexes that decrease the clearance rate from the
circulation, lower tumor uptake and lower the tumor-to-
nontumor ratios (12).

When considering dsFv for radioimmunodetection in
patients, it would be helpful to overcome the negative effect
of circulating antigen to optimize targeting. Our previous
animal studies showed that preinjection of intact HuTac,
which competes with the dsFv for the same epitope on

sIL-2Ra, favorably affects the biodistribution of dsFv (/2).
This strategy was successful because intact antibody is a
larger molecule that requires longer to penetrate into tissues
than does dsFv, which has rapid tissue kinetics. Therefore, if
dsFv is administered shortly after the intact antibody, the
binding sites of sIL-2Ra will be blocked, allowing dsFv to
enter the tissues. In this study, we compared this blocking
technique with the new approach of attempting to clear the
sIL-2Ra from the circulation.

Most of the previous studies in the literature using the
avidin-biotin method have attempted to clear the biotin-

30 - —
B nolgG
L B 15 min
o) _ B 30 min
8 20r 60 min
o) [J 180 min
Yus
o e
Ly 10l FIGURE 10. Serum from animals de-
Q 7 scribed in Figure 8 was obtained for HPLC
3 7 analyses. Amount of radioactivity in each
o fraction was plotted for mice that received
r _ 125|-Jabeled antiTac dsFv alone or preinjec-
/ tion of 20 ug bt-HuTac 15, 30, 60 and 180
7 . % min before injection of '?5l-labeled antiTac
V]S Z , _ 7 dsFv, followed by injection of 60-ug avidin
comp|exes dsFv catabolites chase. Serum was obtained 15 min after
dsFv injection just after kill. Data are ex-
HPLC fractions pressed as %ID/g of blood of different
HPLC fractions. n = 4; mean *+ SD.
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TABLE 3
SP2/Tac Tumor-to-Normal Tissue Ratio in Tumor-Bearing Mice Preinjected with 20 pg HuTac at Various Intervals
Before Injection of 125|-labeled AntiTac dsFv

No IgG 15 min 30 min 60 min 180 min
Blood 0.12 = 0.01 2.07 = 0.26 1.08 = 0.24 0.75 + 0.35 0.42 + 0.09
Liver 0.42 + 0.04 4.50 *+ 0.45 2.77 * 0.57 2.05 + 0.54 1.43 + 0.35
Kidney 0.43 = 0.03 0.86 = 0.15 0.94 *+ 0.31 0.65 *+ 0.05 0.50 = 0.13
Intestine 1.75 £ 0.10 6.86 * 1.41 4.69 + 0.75 3.76 * 0.86 3.28 + 0.29
Spleen 0.98 * 0.05 9.96 *+ 2.03 6.34 + 0.53 4.58 * 1.31 327 +1.14
Lung 0.29 + 0.04 3.59 + 0.34 1.41 0.1 1.21 £ 0.24 0.91 = 0.24
Muscle 3.40 + 0.74 8.82 + 0.94 6.56 + 1.00 5.18 = 1.48 4.62 *+ 0.62
SP2/0 tumor 1.12 = 0.13 5.22 = 0.90 3.92 *+ 0.64 3.05 *+ 0.66 2.47 + 0.40
SP2/Tac tumor weight (g) 1.24 + 0.34 1.09 = 0.28 1.34 + 0.67 1.18 + 0.64 1.16 + 0.52

Values are mean * SD.

labeled protein (29). We were primarily interested in clear-
ing the antigen associated with the biotin-labeled HuTac.
This study showed that biotinylation did not adversely affect
the circulation kinetics of HuTac. We also showed that
bt-HuTac efficiently bound to circulating sIL-2Ra. When an
avidin chase was administered, this method cleared >90%
of the sIL-2Ra within 20 min.

Although the method was effective in clearing sIL-2Ra
associated with bt-HuTac from the circulation, our studies
showed that this method has some disadvantages compared
with the blocking technique of HuTac preinjection in that
timing was crucial to obtaining the optimal biodistribution
of dsFv. Short times between the avidin chase and adminis-
tration of dsFv resulted in the best biodistribution. As more
time elapsed between avidin chase and the %I-labeled dsFv,
the favorable effect on biodistribution decreased. This time
dependence is likely related to reaccumulation of sIL-2Ra in
the blood, most likely from redistribution from the extravas-
cular space as well as from new synthesis and release from
the tumor (36). The half-life of transfer from extravascular
tissue into the blood is approximately 3—4 h. Therefore, new
synthesis and release of sIL-2Ra must be rapid to maintain
its serum concentration, because the half-life of sIL-2Ra is

approximately 40 min (36). Newly reaccumulated sIL-2Ra
in the circulation will bind the injected dsFv. In contrast to
the avidin chase, after which bt-HuTac is effectively cleared
from the blood and is no longer available to bind any
reaccumulating sIL-2Ra, HuTac alone circulates longer and
therefore can bind any reaccumulated sIL-2Ra.

CONCLUSION

We have demonstrated two methods that can be used to
minimize the adverse effect of circulating antigen on the
biodistribution of a low-molecular-weight antibody frag-
ment: a blocking method using intact antibody and a method
using a biotinylated antibody plus avidin chase, which clears
the circulating antigen. However, rapid reaccumulation of
antigen in the circulation makes this more complicated than
the blocking technique. In addition, the avidin may evoke an
immune response (40). Thus, in this system, we conclude
that the blocking method is more favorable than the avidin-
clearance method.
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TABLE 4
SP2/Tac Tumor-to-Normal Tissue Ratio in Tumor-bearing Mice Preinjected with 20 pg Biotinylated (bt) HuTac Followed
by 60-ug Avidin Chase 10 Minutes After Injection of bt-HuTac at Various Intervals Before Injection of 125|-labeled AntiTac dsFv

No IgG 15 min 30 min 60 min 180 min
Blood 0.12 = 0.01 1.83 + 0.26 0.43 + 0.1 0.31 £ 0.12 0.15 + 0.03
Liver 0.42 = 0.04 3.20 = 0.82 1.21 £ 0.27 0.83 + 0.28 0.49 + 0.10
Kidney 0.43 + 0.03 0.78 = 0.08 0.72 + 0.14 0.61 +0.19 0.59 + 0.13
Intestine 1.75 £ 0.10 5.64 = 0.98 2.97 = 0.69 3.14 = 0.84 2.29 + 0.65
Spleen 0.98 + 0.05 6.59 = 1.78 3.22 + 0.73 2.72 + 0.87 1.51 + 0.06
Lung 0.29 + 0.04 2.83 + 0.26 0.68 = 0.15 0.58 = 0.28 0.32 = 0.05
Muscle 3.40 + 0.74 7.74 = 0.48 440 + 0.68 4.49 + 0.78 3.81 = 0.83
SP2/0 tumor 1.12 £ 0.13 3.59 + 1.20 2.39 + 0.54 1.84 + 0.53 125 * 0.22
SP2/Tac tumor weight (g) 1.24 = 0.34 1.12 = 0.31 1.32 = 0.52 1.16 = 0.51 1.28 = 0.33

Values are mean *+ SD.
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