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ABSTRACT

Because intact IgG has limitations as a tumor-imaging agent, radiola-

beled Fv Fragments are being evaluated. Due to the high renal accumu
lation or Fv fragments, methods to block renal uptake are being sought.
This study evaluated how well Aminosyn II, a Food and Drug Adminis
tration-approved 15% amino acid solution, would block the renal accu
mulation of '"F anti-Tac disulfide-stabilized Fv (dsFv) fragments (small

fragments with high renal uptake). The anti-Tac dsFv is directed against

the a subunit of the interleukin 2 receptor. It was labeled at specific
activities of 1.1-2.7 mCi/mg using .V-succinimidy] 4-|"<F]fluoromethyl

benzoate. Four adult baboons were injected i.v. with 0.7-1.9 mCi and 150

fig of dsFv. Fach baboon was preinjected with Aminosyn II i.v. and, on a
separate occasion, with a control solution. Thirty min before injection of
'"F-labeled anti-Tac dsFv, a bolus of either solution was given, followed by

a constant infusion of 13.3 ml/kg/h. Quantitative positron emission tomog
raphy imaging was performed. The amino acid levels in serum were
measured serially. The baseline levels of lysine (and other amino acids) in
plasma were not significantly different in either the Aminosyn II or
control infusion group and did not change during the control infusion. In
the Aminosyn II group, lysine levels in plasma 5 min before anti-Tac dsFv
infusion were 5-15 times higher than the baseline value and continued to

rise during the infusion. The areas under the curve in blood of the
"F-labeled anti-Tac dsFv, from time of injection to end of imaging,

expressed as percentage injected dose (%ID), were 28.94 Â±4.05%ID x h/
liter (mean Â±SD) for the control group and 32.09 Â±11.15%ID x h/liter
for the Aminosyn II group (P = 0.54). The peak concentration of 18F-

labeled anti-Tac dsFv in the kidney of the controls was 24.53 Â±4.34%ID;

the value in the Aminosyn II group was 5.39 Â±1.89%ID, representing a
mean decrease of 78.5%. The times to reach 90% of the peak levels of I8F

in the kidney were 5.6 Â±3.0 min for the Aminosyn II group and 33.8 Â±4.8
min for the control group. The amounts excreted in urine by 90 min were
47.7 Â±8.55%ID and 78.5 Â± 12.8%ID (P = 0.01) for the controls and
Aminosyn II group, respectively. In conclusion, Aminosyn II effectively
blocks the renal accumulation of '"F-labeled anti-Tac dsFv. Use of Amin

osyn II should allow much higher tracer administration for the same
radiation exposure to the target organ (kidney).

INTRODUCTION

The use of antibody fragments is being evaluated as a way to
overcome some of the major limitations of using intact radiolabeled
antibodies for targeting tumors, namely, slow pharmacokinetics, poor
penetration into tissues (1, 2), and immunogenicity (3). Molecular
engineering has provided new fragment reagents that may improve
tumonnontumor ratios and decrease immunogenicity. These geneti
cally engineered variable-region fragments (Fv) consist of portions of
the heavy-/light-chain variable domains that maintain the antigen-
binding specificity of an intact antibody (1,2, 4-12). Several preclin-
ical trials have used radiolabeled single-chain Fv. in which the VMand

VL are linked by covalent bonds through a spacer arm (4, 13);
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alternatively, dsFv,2 in which the chains are linked by a disulfide

bond, have been used (14, 15). Because of their smaller size (M,
â€”25,000), the kinetics of localization of Fv are much faster than intact

IgG, their distribution is more uniform (1,2), and they are expected to
be less immunogenic (16).

A major drawback of Fv fragments for imaging and for radioim-
munotherapy is their high renal uptake (1, 7-12). This decreases

imaging sensitivity in the abdomen and results in too high a radiation
dose to the kidneys. In recent work with anti-Tac dsFv, an antibody

directed against the o subunit of the interleukin 2 receptor (17), we
have seen as much as 70%ID of dsFv rapidly localize in mice kidneys
(10, 12).

Recently, several investigators have shown that injecting lysine can
block renal accumulation of Fab fragments in the kidney (18-21). Our

study of lysine showed that it effectively blocked the renal accumu
lation of anti-Tac dsFv labeled with either 125Ior ""'Tc (10). In that

study, we showed that Aminosyn II, a commercially available amino
acid solution similar to that used by Hammond et al. (22), could also
block renal uptake. This study differs from these others in several
ways: (a) we used baboons rather than mice to more closely approx
imate the potential effectiveness in humans of Aminosyn II on 18F-

labeled anti-Tac dsFv renal uptake; (b) we measured the changes in

serum amino acid levels after Aminosyn II infusion; (c) we performed
paired studies in the same animal to take advantage of the quantitative
aspects of PET imaging, therefore minimizing the effect of variability
between animal groups when nonpaired studies are performed; and (d)
we performed bolus injections and infusions of Aminosyn II rather
than bolus injections alone.

MATERIALS AND METHODS

MoAbs. We used a disulfide-bonded Fv fragment of anti-Tac murine
MoAb ( 15). Anti-Tac is an lgG2a that recognizes the interleukin 2 receptor a
subunit (23). Production of anti-Tac dsFv has been described previously (15).
The products were >98% pure, as determined by size-exclusion HPLC with an
UV detector. The anti-Tac dsFv was originally provided in PBS. but the buffer

was exchanged for borate by dialysis prior to labeling.
Radiolabeling. Anti-Tac dsFv was labeled with I8F (109.8-min half-life).

The ISF labeling method was performed as described previously (12, 24).
Briefly. A'-succinimidyl 4-['sF]fluoromethyl benzoate was prepared and puri

fied by reverse-phase HPLC using 30% acetonitrile-water. This reagent (74-
148 MBq) was then dissolved in ~5 /Â¿Iof acetonitrile. and the anti-Tac dsFv

(25-100 /ig) was added in 100 /*! borate buffer (0.1 M, pH 8.9). After reacting
at room temperature for 10 min. l!iF-labeled anti-Tac dsFv was purified using

a Beckman SEC 2000 size-exclusion HPLC column with PBS (0.05 M

NaH,PO4, 0.05 M Na2HPO4. and 0.15 M NaCl, pH 6.9). The specific activities
of l8F-labeled anti-Tac dsFv at the time of injection ranged from 457.0 to 473.6
MBq/mg (4.7 to 14.9 mCi/mg; 118 to 373 Ci/mmol), and >98% of the I8F was

bound to anti-Tac dsFv, as determined by instant TLC and size-exclusion

HPLC (Waters 510; Millipore Corp., Milford, MA) using a TSK 2000 column.
The column was eluted with 0.067 M PBS-0.1 M KCI buffer (pH 6.8), with a

2 The abbreviations used are: dsFv. disulfide-stabilized Fv; %ID. percentage injected
dose; MoAb. monoclonal antibody; HPLC. high-performance liquid chromatography;
PET. positron emission tomography: ROI. region of interest; Osm, osmoles; AUC. area
under [he curve; LMWP, low molecular weight protein.
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AMINOSYN 11 BLOCKS RENAL UPTAKE OF dsFv

flow rate of 0.5 ml/min. The HPLC had an on-line Nal gamma detector (-y

RAM; IN/US Systems. Inc.. Pine Brook, NJ). The dsFv contained <2.5

endotoxin units per kg of body weight. At the time of injection, the doses
contained 0.7-1.9 mCi of radioactivity and 150 /ig of antibody (Table 1).

Animal Models. Four baboons, three female and one male, ages 16 or 17
years, were obtained from Southwest Research Foundation (San Antonio, TX).
All animals appeared free of illness or pathogens. The serum creatinine level
in all animals ranged from 1.1 to 1.4 mg/dl (normal range, 1-2 mg/dl). The

study was approved by the Clinical Center Animal Care and Use Committee of
the NIH. Three of the animals (C164. C470, and C474) had received B6.2, an
IgGI murine MoAb against a Mr 90,000 glycoprotein. 10 years previously.
These three baboons had developed an immune response against B6.2 (25). At
the time of '"F-labeled anti-Tac dsFv injection, however, the baboons did not

have any antibodies against B6.2, nor did they recognize the anti-Tac dsFv, as

determined by a sensitive HPLC assay for antimouse antibodies (16). The
animals were kept on their regular diet with water ad libitum. The night before
the study, the animals were fasted except for water. They were then sedated
with ketamine. Pentothal, and Robinul and intubated. Venous and urinary
bladder catheters were inserted for sampling purposes. The baboons were
placed in the PET scanner while they were anesthetized with isoflurane
(Stephens Anesthetic Apparatus: Artarmon, New South Wales. Australia),
which was adjusted as necessary. They also received supplemental O2. Res
piratory rate, end-tidal pCO2, electrocardiography. and body temperature were

monitored continuously throughout the study.
PET Studies. While they were anesthetized, the baboons were positioned

on a GE Advance PET scanner (Milwaukee, WI), which acquires 35 slices
simultaneously with an interslice separation of 4.25 mm and a reconstructed
resolutions of 6.5 mm. Positioning was assisted by a transmission scan and an
[I5O]H,O scan (i.v. injection of 20 mCi) to ensure that both kidneys and
spleen, as well as a portion of the liver and lung, were in the scanner's limited

axial field of view (15 cm). A preinjection, 8-min transmission scan using a
68Ga/>l<Gepin source was performed for attenuation correction. The postin-

jection scanning sequence consisted of a series of scans in two-dimensional

mode with the following image acquisitions: at 1 min for 5 frames, 2 min for
5 frames. 5 min for 9 frames, 10 min for 6 frames, and 15 min for 4 frames,
for a total of 29 scan frames collected over 3 h. The images were acquired in
256 x 256 word mode matrix. The images were then corrected for attenuation
and reconstructed using a Manning filter in a 128 X 128 matrix. The images
were corrected for decay and for counting efficiency of the scanner for ISF and

expressed in nCi/cc.
The images were transferred into our VAX computer system and analyzed

by use of locally developed computer software. A ROI was drawn to encom
pass each kidney, the entire spleen, and portions of liver, lung, bone marrow,
and the aorta. To calculate the blood time-activity curve from the imaging data,

a small ROI was placed within the aorta in various slices. Because the aorta is
small, partial volume effects were significant and required correction based on
the known PET scanner resolution and the size of the aorta, which was
determined with an ultrasound device (Diasonics Spectra. Milpitas, CA) using
a 5-MHz transducer. The resulting data in the ROI was then expressed as a

percentage of the injected dose per g (ce were converted to g without correc
tion for density, except for lung, where the correction factor was 0.26: Ref. 26).
The ROIs were also used to obtain the total volume of the kidneys and spleen.

To compare uptake between organs, the %ID/g was normalized to 100 g. The
AUC for the time-activity curve for blood was determined by integrating the

activity in the blood using the activity determined from a small ROÃ•over the

aorta.
Dosimetry estimates of the activity in entire organs were determined from

ROI analyses. In cases where the region did not encompass the entire organ
(liver, lung, or bone marrow), the organ's weight was estimated by use of an

allometric algorithm (27). Using the non-decay-corrected data, the residence
time in each organ was then determined using the physical half-life to extrap

olate from the last measured data point. Because the residence time represents
the integral of the activity in a given organ normalized by the administered
dose, it is, therefore, directly related to radiation exposure. In some instances,
the integral was determined from decay-corrected data and, therefore, was
referred to as decay-corrected residence time.

Aminosyn II and Control Fluid Infusion. Aminosyn II (Abbott Labora
tories, North Chicago, IL) was injected i.v. to block the renal uptake of
anti-Tac dsFv. Aminosyn II is a 15% amino acid solution that contains various

amino acids including 108 mM lysine and 88 mM arginine. Aminosyn II is
approved for human parenteral nutrition by the Food and Drug Administration
of the United States. Aminosyn II was diluted with sterile water to decrease the
osmolarity of the solution to 800 mOsm/liter and. thus, allow administration
through a peripheral vein. We attempted to obtain steady-state levels of amino

acids, in particular lysine, by administering a bolus of Aminosyn II followed
by a constant infusion, which was continued throughout the PET scan. The
infusion rate of Aminosyn II was based on each baboon's body weight. The

rate of 13.3 ml/kg/h was based on what was considered to be a safe i.v. dose
to administer for at least 3 h. The bolus of Aminosyn II, given over 5 min.
consisted of a known fraction of the infusion rate [bolus = infusion rate/

(0.693/0.1333 h)]. The selection of this volume for the bolus was based on a
report of a 7.9-min elimination half-life of lysine (28). We expected that the

bolus, together with the infusion rate, would establish an equilibrium level of
lysine. All four animals were used in a nonlysine control study, in which '*F

anti-Tac dsFv was given with normal saline to which 50% hypertonic glucose

had been added, creating an 800 mOsm/ml solution. These control studies were
performed using a bolus-and-infusion technique that was identical to that

described for the Aminosyn II in three animals; one baboon received only a
slow infusion of normal saline. The order of infusion of Aminosyn II or
saline/glucose was alternated between animals.

The serum amino acid levels were monitored in six of eight studies by
drawing baseline venous blood samples prior to injection; immediately after
the 5-min bolus of fluid; 25 min into the fluid infusion (immediately before '*F

anti-Tac dsFv); and â€”60, 120, and 180 min after anti-Tac dsFv infusion.

Infrequently, samples at individual time points were not obtained because of
technical problems. In two animals undergoing prolonged Aminosyn II infu
sion (see below), additional samples were obtained (Fig. 2). In two studies,
plasma levels of amino acid were not obtained because of technical reasons.
The amino acids analyzed include lysine, arginine, glutamic acid, leucine,
hydroxyproline, and asparagine (Corning Clinical Labs, Baltimore. MD; Pro
tein Chemistry Laboratory, University of Texas Medical Branch Cancer Cen
ter, Galveston. TX).

Steady-state amino acid levels in plasma were not reached by the end of the
3-h infusion. Because the amino acid levels continued to rise during the 3-h

Table 1 Baboon dosing dala

Baboonno.C164C878C470C474ReagentAminosyn
II"Normal

salineAminosyn
IIGlucose''Aminosyn

II(prolonged')Aminosyn

IIGlucoseAminosyn

II(prolonged)Aminosyn
HGlucoseDate

ofstudy8/30/962/17/953/15/961

1/20/962/21/972/16/968/16/965/7/979/27/967/12/96Weight

(kg)15.715.819.419.921.618.717.216.014.213.5Bolus(ml)40N/A'SO51554844413735Infusionrate(ml/h)209N/A258265287249229213189180Doseinjected(mCi)1.91.720.920.792.240.981.241.780.850.7

0 i.v. bolus of Aminosyn II (800 mOsm/liter), followed by 30-min infusion of the same solution prior to anti-Tac dsFv injection.
'' Maintenance infusion of saline.
' N/A, not available (study not performed).
d i.v. bolus of glucose/normal saline (800 mOsm/liter) followed by 30-min infusion of the same solution prior to anti-Tac dsFv injection.
* i.v. bolus of Aminosyn II (800 mOsm/liter), followed by a 2-h infusion of the same solution prior to anti-Tac dsFv.

2613

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/5

8
/1

2
/2

6
1
2
/2

8
6
1
7
2
4
/c

r0
5
8
0
1
2
2
6
1
2
.p

d
f b

y
 g

u
e

s
t o

n
 2

3
 A

u
g

u
s
t 2

0
2

2



AM1NOSYN II BLOCKS RENAL UPTAKE OF dsFv
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Fig. I, 18F retained in the right kidney. Data points* mean %ID retained in the right

kidney in haboons receiving Aminosyn H (O), compared to that of the control (â€¢)group:
bars, SD. Data are decay corrected.

Table 2 Decay-corrected residence time (min) oj anti-Tac dsFv in the right kidney
after control or Arninos\n II infusions

Baboon
no.CI64C878

C470
C474Control61.79"

39.52"
49.21"
48.82"Aminosyn

II15.95

8.03
12.86
19.64Control/Aminosyn

IIrutio3.87

4.92
3.832.49Prolonged

AminosynIIN/A*

7.46
11.29
N/A*

' P = 0.002 when conlrol are compared lo (he Aminosyn II studies.
' N/A. not available (study not performed).

infusion, a study was performed in baboons C878 and C470 in which the bolus
and amino acid infusion of Aminosyn II were repeated, but (he anti-Tac dsFv

was injected 120 min into the Aminosyn II infusion rather than at 30 min. The
infusion of Aminosyn II was continued until the end of the PET study, which
allowed us to determine whether the higher serum amino acid level would
result in additional renal blockage of the "*F-labeled anti-Tac dsFv.

At 25 min into the Aminosyn 11 infusion, the '"F-labeled anti-Tac dsFv

(diluted in 9 ml of normal saline) was injected i.v. over I min using a Harvard
infusion pump (South Natick. MA). At the start of the anti-Tac dsFv infusion,

the PET scanner was started, and serial i.v. sampling was performed to
generate an IKF-labeled anti-Tac dsFv blood and plasma time-activity curve: in

one baboon in which venous access failed, intra-arterial sampling was per
formed. Samples were obtained at -0.5, 1, 2, 3, 4, 5, 6, 8, 10, 15, 20, 25, 30,

45. 60. 90. 120, 150. and 180 min after anti-Tac dsFv injection. In addition, the
integrity of the 'sF-labeled anti-Tac dsFv in serum samples obtained at 3-30

min was determined using our size-exclusion HPLC (as described above). The

urinary excretion of radioactivity was determined by collecting cumulative
urine samples through the bladder catheter at 30-min intervals for up to 3 h.

Immune Response. Serum from all baboons were tested for evidence of
immune response against B6.2. IgGl. and the anti-Tac dsFv in vitro using

HPLC (16). In addition, to determine whether the animals had evidence of an
immune response to the anti-Tac dsFv, their sera were evaluated for complex

formation in vivo immediately after injection of the anti-Tac dsFv in 8 of the
10 studies. After all animals had undergone two anti-Tac dsFv injections, their
sera were tested for evidence of immune response to anti-Tac dsFv. In brief,
100 /ni of serum were incubated with 0.3 jig of radiolabeled anti-Tac dsFv or
0.05 fxg of I25l-labeled B6.2. After a 30-min incubation at room temperature,

the samples were refrigerated and passed through a size-exclusion HPLC. as

described above. The retention times of the samples were compared to the
retention time of the radiolabeled anti-Tac dsFv or B6.2 run in PBS. If an

immune response were present, complexes would be formed.
Statistics. To evaluate statistical significance between the Aminosyn II and

control groups, paired / tests were performed.

RESULTS

The blood clearance of lsF-labeled anti-Tac dsFv was fast. At 1.5

min after i.v. Injection of the tracer, there was 6.10 Â±0.30%ID/100
ml of blood in the control group and 7.60 Â±1.66%ID/100 ml in the
Aminosyn II group (P = 0.127). By 173 min, this activity had

decreased to 0.337 Â±0.10%ID/100 ml and 0.32 Â±0.12% ID/100 ml
of blood for the control and Aminosyn II group, respectively. The
AUCs of blood (decay corrected) from the time of lxF-labeled anti-

Tac dsFv injection to the end of imaging (3 h), determined from an
ROI over the abdominal aorta, were 28.94 Â±4.05%1D X h/liter for
the control animals and 32.09 Â±11.15%ID X h/liter for the Amin
osyn II group (P = 0.54). The ratio of the blood activity determined

from the ROI from the aorta was a mean of 1.2 Â±0.2 times higher
(after correction for partial volume) than that determined from the
gamma counter. HPLC analysis of serum from patients infused with
glucose (control) or Aminosyn II showed almost exclusively intact
I8F dsFv in serum from immediately after injection of the radiolabeled

dsFv and up to 30 min; at later times, the radioactivity concentration
was too low to obtain reliable HPLC (data not shown).

The peak concentration of li!F-labeled anti-Tac dsFv measured in

the right kidneys of the control group was 24.53 Â±4.34%ID, whereas
the Aminosyn II group showed 5.39 Â±1.89%ID (P = <0.001; Fig.

1). Only data from the right kidneys are shown because they had less
contamination from adjacent structures than the left kidneys, which
abutted the spleen. In spite of the adjacent spleen, the left kidney ROÃ•
had activity similar to that in the right. The Aminosyn II infusion
decreased the peak concentration in the kidney to 21.5 Â± 3.6%
(mean Â±SD) ofthat in the control baboons (Fig. 1). The times to 90%
peak tracer accumulation in the kidneys were 33.8 Â±4.8 min in
control baboons and 5.6 Â±3.0 min in the Aminosyn II group.

The decay-corrected residence time in the right kidneys of animals

receiving Aminosyn II was significantly shorter than that of the
controls (P = 0.002; Table 2). The decay-corrected residence times

during the prolonged and regular Aminosyn II infusions were similar.
The peak concentrations of 18F measured in blood, liver, spleen,

and lung were similar for both the control group and the Aminosyn II
group. In contrast, the concentration in the kidney was significantly
different. The highest concentration of activity was in the kidney
(Table 3).

To obtain dosimetry estimates, the residence time (effective) of
tracer for entire organs was calculated. The residence times in liver,

Table 3 Accitmitiulion of anti-Tac d.sFv in various organs

Peak organ concentration (%ID/I(X) g) Residence time: effective (min)

OrganKidney

AortaLiverSpleen

Lung
BoneConlrol41.0

Â±8.8
6.1Â±0.33.6

Â±1.05.7
Â±0.7

8.9 Â±7.0
2.3 Â±0.4Aminosyn

II10.7

Â±3.5
7.6 Â±1.73.4

Â±1.06.8
Â±0.7

10.5 Â±5.0
2.7 Â±0.7P

(paired (test)0.002

0.120.100.05

0.67
0.16Control44.9

14.05.93.1

5.3
4.43.8

3.81.51.13.6

0.3Aminosyn

II11.3

Â±2.8
15.5 Â±3.76.4

Â±2.23.4
Â±1.8

9.5 Â±7.3
4.8 Â±0.6P

(paired ttest)0.001

0.560.720.75

0.42
0.15
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AMINOSYN [[ BLOCKS RENAL UPTAKE OF dsFv
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Fig. 2. Whole-body retention of 18F dsFv. The whole-body retention was obtained by
subtracting the %ID in six serial 30-min urine collections from the total injected dose.
Data points, means for baboons receiving Aminosyn II (O) or control (â€¢)infusions; ham,
SD.

spleen, lung, and bone marrow were similar for both the control
infusion and the Aminosyn II infusion (Table 3). The residence time
in total kidney tissue of the Aminosyn II group was lower than that of
the control. This finding is similar to that presented above for the right
kidney, except that it is not decay corrected and it is based on the total
weight of both kidneys rather than that of the right kidney only.

Whole-body retention of I8F was determined from urine excretion

values (Fig. 2). The whole-body retention in the Aminosyn II group

was less than that in the control group and showed significant differ
ences up to 90 min (P = 0.01). The mean effective whole-body
half-life of 18F was 52 Â±7 min for the Aminosyn II infusion and

71 Â±15 min for the control group.
Lysine and arginine were the main amino acids of interest (29, 30), but

because both showed similar kinetics and because lysine appears to be
more effective in blocking renal uptake of certain proteins than arginine
(31), only the data for lysine will be presented. The lysine levels in
baseline plasma prior to infusion were not significantly different during
the Aminosyn II or glucose control infusion, with 192 Â±38 /xmol/liter
and 183 Â±35 /^mol/liter, respectively (Fig. 3; P = 0.769). During the
Aminosyn II infusion, the lysine levels continued to rise after the 18F-

labeled anti-Tac dsFv injection and did not reach equilibrium, even after

180 min of infusion. The increase in lysine levels varied from animal to
animal (Fig. 3). Similar patterns were also seen for the other amino acids
included in the infusion, arginine, glutamic acid, methionine, and leucine
(data not shown). In two baboons receiving both Aminosyn II and the
control infusion, the levels of hydroxyproline and asparagine changed
very little. These amino acids were not present in the Aminosyn II
infÃºsate(data not shown). The lysine levels in the two baboons receiving
the prolonged infusion ( 120 min) of Aminosyn II prior to the 18F-labeled

anti-Tac dsFv were higher than those seen in animals receiving the

shorter infusion (Fig. 3).
Immune Response to anti-Tac dsFv. In vitro HPLC immunoge-

nicity assay showed that none of the baboons had an immune
response against the B6.2 murine MoAb, which three had received
10 years previously, or against the anti-Tac dsFv at the time of

their control or Aminosyn infusions. In addition, HPLC of the
serum after i.v. injection of the anti-Tac dsFv revealed no evidence

of antimouse antibodies in 8 of the 10 animals. Baboon C474
developed an immune response after two exposures to the anti-Tac

dsFv, as revealed by in vitro testing of serum. Baboon C164 also

developed an immune response after two previous injections of the
anti-Tac dsFv; this was detected during a third injection, in which

we observed altered pharmacokinetics, with longer blood pool
retention of radioactivity that circulated as a high molecular weight
complex. This also resulted in a very prolonged whole-body re

tention and lower renal uptake. Both animals were excluded from
further studies. The other two baboons did not develop an immune
response prior to their third study (prolonged Aminosyn II infu
sion). Dosimetry estimates were obtained from the data and are
provided in the "Appendix."

DISCUSSION

Recent preclinical studies have shown that the high renal uptake

of radiolabeled Fab after i.v. injection can be effectively blocked
by concurrently administering lysine or other amino acid-contain

ing solutions (18, 19). Similar results have been observed with
anti-Tac dsFv fragments in rodents (10). Few attempts at applying

these methods in clinical trials have been reported. Behr et al. (32)
showed that administration of an Food and Drug Administration-

approved amino acid solution could minimally block renal accu

mulation of radiolabeled Fab. We speculated that this minimal

blockage was due to the low concentration and low rates of

infusion used. In our study, we built on previous work by using a
large-animal model that should be more representative of the

situation expected in humans than a mouse model. In addition, we

used Aminosyn II, a commercially available amino acid solution,

and infused it at high rates.

Our Aminosyn II infusion was effective in reducing renal accumu
lation of anti-Tac dsFv to â€”22% of the control values. We also

demonstrated that there was no adverse effect on other normal organ

or tissue distribution, including that in the blood. This block in renal
uptake translates into a ~4-fold decrease in renal radiation dose for
18F-labeled anti-Tac dsFv. This dose-sparing effect is likely to be

much higher when radiometal isotopes are used for labeling because

these tend to be retained in the tissues, such as the kidney, and have

much lower rates of egress following catabolism (7, 33).

A novel aspect of our work was the correlation of circulating amino

10000

-2000

-150 -100 100 150 200

TIME (min)

Fig. 3. Serum lysine concentration. Plasma levels of selected amino acids were
determined serially before the control or Aminosyn II infusions. Representative data are
shown for baboons C878 (â€¢)and C470 (V) that underwent three infusions: control
( ), Aminosyn II ( ), and prolonged Aminosyn II ( ). Open arrow, time
point when the bolus and infusion were started for the Aminosyn II and control infusions;
closed arrow, time point when the bolus and infusion were started for the prolonged
Aminosyn II infusion; closed arrowhead, time point when the anti-Tac dsFv were injected
with respect to the bolus and infusion.

2615

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/5

8
/1

2
/2

6
1
2
/2

8
6
1
7
2
4
/c

r0
5
8
0
1
2
2
6
1
2
.p

d
f b

y
 g

u
e

s
t o

n
 2

3
 A

u
g

u
s
t 2

0
2

2



AMINOSYN II BLOCKS RENAL UPTAKE OF dsFv

acid levels with kidney uptake. During the initial Aminosyn II infu
sion, lysine levels were seven times higher than those observed during
the control infusion. A surprising result was that the prolonged infu
sion of Aminosyn II, which resulted in 8 times higher peak lysine
levels as well as a larger cumulative lysine levels (AUC), did not
result in lower anti-Tac dsFv concentrations in the kidney. This

suggests that the mechanisms for blocking renal uptake were already
saturated by the lower amino acid levels (lysine and arginine). Al
though we focused on lysine, arginine levels were also increased and
may have contributed significantly to renal blocking of the dsFv. This
would be in line with prior animal work suggesting that doses of
lysine above a certain amount saturate renal uptake of lysine and are
not more effective at blocking uptake of anti-Tac dsFv (10).

Although we did not directly compare the effectiveness of a single
bolus of Aminosyn II to an infusion, it is unlikely that a single bolus
would be adequate because the half-life of anti-Tac dsFv is longer

than that of lysine. This would be consistent with our previous work
in mice (10).

High renal uptake is a common problem when dealing with LM-

WPs, including enzymes, tissue proteins, immunoprotein fragments,
and proteohormones. where 30-60% of an administered dose can be

found in the kidneys (31). Renal uptake of LMWP depends on
filtration rate, which, in turn, mostly depends on molecular size. Once
filtered, LMWP generally undergo endocytosis at the proximal tubule
with subsequent degradation in the lysosomes (34). Wochner et al.
(35) have shown that glomerular filtration is important in the clear
ance of IgG fragments but is not important in the clearance of intact
antibody. Arend et al. (36) reported that the main mechanisms for
catabolism of Fab fragments are removal from the circulation by
glomerular filtration and subsequent reabsorption and degradation in
the proximal tubule. The mechanism by which L-lysine or arginine
blocks renal uptake of anti-Tac dsFv is most likely a charge-related
effect, in which the anti-Tac dsFv is prevented from binding to the

proximal renal tubule. This is consistent with the increased urinary
excretion and decreased whole-body retention of the dsFv with the

Aminosyn II infusion.
An additional advantage of this study over other preclinical studies

is that by using PET we were able to quantitatively follow the kinetics
of anti-Tac dsFv in a single animal during both Aminosyn II and

control infusions. Therefore, this allowed us to make paired measure
ments and reduced the variability inherent in performing nonpaired
studies.

It is important to note that, although some of these animals had
received intact IgG and Fab fragments several years previously and
had developed antimouse antibodies, they did not have antimouse
antibodies at the time of the anti-Tac dsFv infusions analyzed in this

study. Our studies also suggest that, in spite of their small size, Fv
may still be immunogenic.

In conclusion, we have demonstrated that, using a bolus followed
by an infusion of Aminosyn II. an FDA-approved amino acid solution

for parenteral nutrition, high serum levels of amino acids are obtained
that significantly block renal uptake of anti-Tac dsFv. This should

result in improved dosimetry and less interference with diagnostic
imaging.
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APPENDIX

Table Al Mean organ weight for control and Aminosyn Â¡Igroup

KidneySpleenLiverLungBone

marrowTolal
bodyControl

group(g)1164438418729416,600Aminosyn group(g)9837ÃŽ9319130117,000

Table A2 '"F anti-Tac residence times, extrapolated to human organ weights

Control group (h) Aminosyn group(h)Kidney

Spleen
LiverLung

BonemarrowTotal
body (remainder)

7Ã¯/2effective control (h)
Tla effective Aminosyn (h)0.435

0.048
0.1100.112

0.0660.9370.132

0.064
0.1200.201

0.0720.663

1.184
0.8676

Table A3 Radiation dose estimulen F anti-Tac dsFva

TargetorganAdrenalsKidneys

LiverLungs

PancreasRed
marrowSpleen

Urinary bladder wall
UterusTotal

body
Effective dose equivalen!Control

infusion
(rad/mCi)0.0561.030

0.0720.085

0.0490.0420.226

0.488
0.0500.030

0.139Aminosyn

II
(rad/mCi)0.0380.325

0.0700.141

0.0380.0410.269

0.911
0.0740.029

0.135
" Data from the computer program M1RDOSE3 (37).
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