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A.11ti-TacdsFvisageneticallyengineeredantibodyfragment
that consists of portions of the heavy- and light-chain domains
linked by an interchain disulfide bridge and binds to the p55
subunit of the IL-2 receptor (1,2). This dsFv is different from
single-chain Fv (scFv) in that the heavy- and light-chain
domains of scFv are linked by a covalent peptide bond (3â€”5).
Because of their small size (â€”â€˜25kDa), these fragments pene
trate tumors much faster (6â€”8) and show more uniform
distribution (9,10) than intact IgG. In addition, it is expected
that the fragments are less immunogenic than IgG, thereby
minimizing the development of human antimouse immune
response (HAMA) (11,12). We have previously reported the
biodistribution of anti-Tac dsFv radio!abe!ed with 125!and â€˜8F
in athymic mice bearing antigen-positive tumor xenografts (13).
The blood clearance, whole-body clearance and tumor targeting
occurred quickly, suggesting that 99mTc@labeleddsFv could be
used effectively.

Technetium-99m is the ideal isotope for imaging applica
tions. Both direct and indirect methods for @Tclabeling of
monoc!onal antibody have been reported (14â€”20).Direct label
ing approaches require reduction of the disulfide bridge to
generate sulihydryl groups for the formation of a stable corn
plex with @Tcunless a su!fhydryl-containing amino acid,

We used a preformed @Tcche@teapproach to label a genetically
engineered disutfide-bonded Fv fragment of anti-Tac monoclonal
antibody (dsFv).The biodistributionof this @rc-lab@eddsFv was
evaluated in athymic mice with IL-2a-receptor-posithieATAC4tu
mor xenografts. Methods Benzoylmercaptoacetyl-truglydne(Bz
MAG3)was first labeled with @â€œTc,and the carboxy group of
99mTc-MAG3was then activated to the corresponding tetrafluoro
phenyl ester. This activated ester was purified with a Sep-Pak C18
column and conjugated to dsFv. The resulting @Tc-MAG3-dsFv
was purified with PD-b size-exdualon chromatography. The immu
noreactMtyof @rc-MAG3-dsFvwas 76% Â±9%. Whenincubated
in serum at 3@C for 24 hr, there was no ap@redaL@edissodation of
99mTh.The mice were co-injected with@ 5l-dsFv labeled by the
lodo-Gen method as a control. The mice were killedat 15 to 720 mm
for analysis of biodistribution and radiocatabolites. Results The
tumor uptake of @Tc-MAG3-dsFvwas similarto that of 125l-dsFv.
The tumor uptake of @rc-MAG3-dsFvwas rapkiw@ia tumor-to
blood or tumor-to-organratiohigherthan 1 forallorgans except the
kidneys. The peak tumor value of 5.1% injected dose per gram was
obtained at 45 mm, and the tumor-to-organ ratios increased steadily
overtime; aratioofl5, 11, 7, 95andO.l0resultedat6hrforblood,
liver, stomach, muscle and Iddney. The radioactMty was primarily
excreted through kidneys. Conclusion: The rapid achievement of
high tumor-to-blood and -tissue ratios makes @rc-MAG3-dsFva
promialngagent forScIntigraphiCdetection ofvarioushematOlOgiCal
malignanciesthat express IL-2areceptors.
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such as cysteine is incorporated into Fv through recombinant
DNA technology, as shown by George et al. (21). Because the
disulfide bond is necessary for optima! function ofdsFv (1), we
did not pursue this approach. In this study, we conjugated
anti-Tac dsFv to a prelabeled bifunctiona! chelating agent,

@ (99mTcMAG3) (22), and corn
pared its biodistribution and catabolite formation to that of
â€˜251-labe!eddsFv in athymic mice xenografted with the IL-2a-
receptor-positive ATAC4 tumor cells.

MATERIALS AND METhODS

Radiolabeling
The production of anti-Tac dsFv has been described (1). Anti

Tac dsFv used for this study recognizes the alpha subunit of the
IL-2 receptor (2), and was more than 98% pure, as determined by
a UV monitor on size-exclusion HPLC. Benzoyl-MAG3 (Bz
MAG3) was synthesized according to the method ofFritzberg et a!.
(22) and radiolabeled with 99mTcusing the method of Visser et al.
(23). Briefly, 150 @!of 1.0 M sodium carbonate (jH 11.7), 25 p.1
ofBz-MAG3 (1 mg/rn! in 9:1 acetonitrile:water), 200 p.! of[99mTc]
pertechnetate (up to 370 MBq) and 100 p.! of stannous chloride
monohydrate (1 mg/ml in 0.002 N HCI) were added in a 5-rn! glass
vial. The vial was rubber-stoppered, evacuated and vortexed
gently. The vial was placed in a boiling water bath for 10 mm. The
reaction solution was then cooled in an ice-water bath and its pH
was adjusted to 5.7â€”6.3by the addition of 270 p.! of 1.0 N sulfuric
acid. To this acidified solution, 200 p.1of 2,3,5,6-tetrafluoropheno!
(100 mg/ni! of 9:1 acetonitrile:water) and 50 mg of l-ethyl-3-(3-
dimethylaminopropy!)-carbodiimide (EDC) were added. The ester
ification reaction was performed at room temperature for 30 mm
with a gentle shaking. The reaction solution was diluted to 8 ml
with distilled water and the product, 9@Tc-labe!ed 2,3,5,6-tetrafluo
ropheny! ester of MAG3, was purified by a Sep-Pak C!8 column
(Waters, Milford, MA) as follows. A Sep-Pak column was precon
ditioned by e!uting with 20 ml of acetonitrile and 20 ml of distilled
water. The dilute reaction mixture was loaded into the column. The
column was sequentially eluted with 20 ml ofdistilled water, 30 ml
of2O% ethylalcoholin 0.01 M sodiumphosphateatpH 6.7, 0.5 ml
of ethyl ether and finally with acetonitrile. The eluate with
acetonitrile was collected in 1-ml fractions. The major radioactivity
was eluted in acetonitrile fractions 2 and 3. These fractions were
combined and mixed with 10 p.! of 0.1 M 4-morpholineethanesul
fonic acid (MES), pH 5.6. The organic solvent was then evaporated
off with a stream of nitrogen gas to the final volume of 10â€”20p.!.
To this solution, 10 p.! of N,N-dimethylformamide, 6 p.1 of 1 M
sodium bicarbonate, pH 9.5 and 50 p.! of dsFv (1.25 mg/rn! of
phosphate buffered saline (PBS, pH 7.4) were added. The conju
gation reaction was performed on an ice bath for 30 mm. The
conjugation yield was estimated by instant thin-layer chromatog
raphy (ITLC, silica gel-impregnated glass fiber, Gelman Sciences,
Ann Arbor, MI) developed with 85% methanol in 0.02 M sodium
phosphate in saline, pH 6.7, and 5% HSA pretreated paper
chromatography developed with saline. The final product, 99mTc@
MAG3-dsFv, was purified with size-exclusion PD-l0 column
chromatography. The purity of the product (retention time = 12.4
mm) was confirmed by size-exclusion HPLC equipped with a TSK
G2000SW, as described previously (13). The purity ofthe product
was also determined by ITLC and paper chromatography, as
described above. In the ITLC system, the labeled dsFv stays at the
origin of sample application, but 99mTc@MAG3and [99mTc] per
technetate move with the solvent front. In the paper chromato
graphic system, radiocolloids stay at the origin, but the labeled
dsFv, 99mTcMAG3 and [99mTc]pertec@etate move with the sol
vent front. The radiochromatograms were obtained using a Bioscan

System 300 Imaging Scanner detector (Bioscan Inc., Washington,
DC). The total time from the start of radiolabeling to the analysis
of the purified product was 4 hr.

To identify catabolites from @â€˜@â€˜Tc-MAG3-dsFv,standards for
N@â‚¬@99mTc@MAG3@!ysineand@
lysine were synthesized, with a quantitative yield, by reacting 20 p.!
of the activated ester of 99mTc@%flA@G3described above with 50 p.1
of N-a-acetyllysine or lysine at 100 mg/ml in 0.1 M sodium
bicarbonate, pH 9.5. The reaction yield was determined by re
versed-phase (RP) TLC (Uniplate, RPS-F, 5 X 20 cm, Analtech,
Inc., Newark, DE), developed with 3% acetonitrile in 5 mM
sodium phosphate, pH 6.7. The products were also analyzed by RP
HPLC equipped with a reversed-phase Radial-Pak cartridge (Delta
Pak Cl8, 8 x 100 mm, Waters, Millipore Corporation, Milford,
MA). The cartridge was eluted with either 3% or 7% acetonitrile in
5 mM phosphate buffer, pH 6.7 at 1 mL/min.

The dsFv was also radiolabeled with 125!as previously described
(13) using the lodo-Gen method (24) and used as a control in the
biodistribution studies. The purity of â€˜251-dsFvwas confirmed by
the analytical methods described for 99mTc@MAG3@dsFv.

Immunoreactivity Determination
Immunoreactivity was determined by a modification of the

method of Lindmo et a!. (25,26). A constant concentration (2.5
ng/well) of radiolabeled anti-Tac dsFv was incubated with increas
ing concentrations of ATAC4 cells in 6-well plates, the cell-bound
activity was determined, and the immunoreactivity was then
calculated as described previously (13). ATAC4 cells used for the
immunoreactivity determination were derived from A43 1, a human
epidermoid carcinoma cell line originally obtained from G. Todoro
(NIH), by transfection with plasmids encoding IL-2a receptor and
a neomycin-resistant gene (27).

Biodistribution Studies
Female athymic mice (4â€”5wk old, 17â€”23g) were used. The

mice were inoculated subcutaneously with 3 X 106ATAC4 cells in
the left flank. When tumors had reached 0.5 to 1.0 cm in diameter
approximately 2 wk after inoculation, the mice were co-injected
through the tail vein with 9@Tc-MAG3-dsFv (0. 19 MBq/l p.g) and
â€˜25IdsFv(0.09 MBq/1 p.g). Groups of five mice were euthanized
with CO2 at 15, 45, 90, 360 and 720 mm postinjection. Tumors,
organs of interest and blood were weighed and counted in a gamma
counter as described previously. These samples and standards were
initially counted in the gamma counter using an energy setting of
100â€”200keV for 99mTc After 99mTchad decayed, the samples and
standards were then recounted using a 15â€”80 keV setting for I25!
photopeak. Counts (cpm) were corrected for decay. The percent
injected dose per gram of tissue or blood was calculated and
normalized to a 20-g mouse. Tissue-to-blood and tumor-to-tissue
ratios were also calculated.

In separate experiments, groups of two nontumor-bearing athy
mic mice were co-injected with 99mTc4@,4@G3dsFvand â€˜251-dsFv
to evaluate the early-phase blood clearance. Approximately 1 mm
after injection, serial blood samples were collected through tail
vein puncture using a 10-p.! calibrated pipette. The blood samples
were counted in a gamma counter. The first phase blood clearance
half-life was determined by fitting the early clearance up to 10 mm
with 5 to 6 time points to a single exponential (Sigma plot, Jandel
Scientific, CA). Since the beta phase was found to be insignificant,
it was not subtracted from the first clearance phase to obtain the
alpha phase.

Analysis of Catabolftes
The serum and urine samples from groups of two mice were

collected at 15, 45 and 90 mm and stored in an ice bath until
analyzed. Most of these samples were analyzed by three chromato
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FIGURE 1. Preparation of @rc-MAG3-dsFv.

graphic systems: size exclusion HPLC, RP HPLC and RP TLC.
The serum and urine samples were centrifuged for 10 mm at 3000
rpm before the analyses. In addition, the serum samples used for
RP HPLC were treated dropwise with an equal volume of aceto
nitrile to precipitate serum proteins and then centrifuged for 10 min
at 3000 rpm. The supernatant was pipetted out and the organic
solvent in the supematant was evaporated with a stream of mtrogen
gas for 30 min. The serum and urine samples were chromato
graphed along with iodotyrosine as an internal standard to account
for run-to-run variation of sample mobility. To identify radioca
tabolites by these chromatographic systems, 3-iodotyrosine,
3-iodo-(N-a-acetyl)tyrosine, [t251]sodium iodide, @â€œTc-MAG3,
N-a-acety!!ysine adduct and lysine adduct of @Â°Tc-MAG3were
used as standards.

Size-exclusion HPLC equipped with a TSK G2000SW column
was used to separate radioproteins and radiocatabolites by molec
u!ar weight. Molecular weight standards ranging from vitamin B12
(1350 D) to thyroglobulin (670 kD) were used to estimate the
molecular weight of the radioproducts. RP HPLC equipped with a
reversed-phase Radial-Pak cartridge was used to separate radioac
tive products by polarity. The cartridge was eluted with either 3%
or 7%acetonitrilein 5 mM phosphatebuffer,pH 6.7at 1ml/min.
The RP HPLC with 7% acetonitrile showed retention times of 5.4,
5.9 and 10.9 min for [@Tc]pertechnetate, @â€œTc-MAG3and
N-â‚¬-@'Tc-MAG3-{N-a-acetyl)lysine, respectively. Whereas the
retention times with 3% acetonitrile were 5.0, 7.8, 32.8 and 35.2
mm, respectively, for [@â€œTc]pertechnetate, @â€œTc-MAG3,N-c-

@Tc-MAG3-lysine and N-â‚¬-@Tc-MAG3-(N-a-acetyl)!ysine.
With 7% acetonitrile, the retention times for [â€˜251]iodide,3-iodoty
rosine and 3-iodo-(N-a-acety!)tyrosine were 4.9, 9.0 and 16 min,
respectively. We also used RP TLC (3% acetonitrile in 5 mM
phosphate buffer, pH 6.7). The RI values for [@Tc}pertechnetate,

@Tc-MAG3and N-â‚¬-@â€•Tc-MAG3-(N-a-acetyl)!ysinewere 1.0,
0.78 and 0.36 on this RP TLC. The corresponding RI values for
[â€˜25I]sodiumiodide, 3-iodotyrosine and 3-iodo-(N-a-acetyl)ty
rosine were 1.0, 0.46 and 0.39, respectively.

RESULTS

Radiolabeling, Stability and Immunoreactivity
The preformed chelate approach involved 99mTc labeling of

Bz-MAG3 as the first step reaction (Fig. 1). This step produced
@â€œTc-MAG3in a quantitative yield. The carboxy group of

@Tc-MAG3was activated to the corresponding tetrafluoro
pheny! ester in a 72% yield, as estimated from the percentage of
the total 9@Tc activity eluted with acetonitrile in three 1-mi
fractions. The conjugation of this activated ester to dsFv was
obtained in an average overall recovery yield of23.9% Â±7.8%
(n = 6), as estimated from the radioactivity bound to dsFv
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purified by PD-b chromatography. This labeling approach
produced 9@Tc-MAG3-dsFv at a specific activity ranging from
5.2 to 30.0 p.Ci/p.g without affecting the immunoreactivity. The
immunoreactivity was 76% Â±9% (n = 5), similar to that of
â€˜25IdsFv(79% Â±14%, n = 5). Technetium-99-MAG3-dsFv
and â€˜251-dsFvwere stable when incubated with serum in vitro at
37Â°Cwith negligible breakdown during 24 hr of observation.

@odie@budon
Both 9@'Tc-MAG3-dsFv and â€˜251-dsFvlocalized rapidly in

the tumor with peak values of 5.05 and 6.51% ID/g, respec
tively, at 45 mm (Table 1) (j' < 0.001). The concentration of the
9@Tc label (1 .93% ID/g) was higher than that of the 125!label
(1.15% ID/g) at 12 hr (p < 0.002), indicating that the @â€œTc
label was retained in the tumor longer. Both tracers cleared
more slowly from the tumor than from the blood or most other
organs. This resulted in increased tumor-to-nontumor ratios for



Tissue15mm45mm@Â°@Tc1251@â€˜@â€˜Tc1251Blood3.76

Â±0.644.64 Â±0.991 .33 Â±0.174.03 Â±0.21Liver1
.87 Â±0.201 .57 Â±0.251 .10 Â±0.071 .47 Â±0.18Spleen1.12

Â±0.241.33 Â±0.320.51 Â±0.151.85 Â±0.26Kidney268.86
Â±17.17287.34 Â±13.98238.83 Â±30.12189.73 Â±23.74Bone1.06
Â±0.171.01 Â±0.090.53 Â±0.09126 Â±0.16Stomach1

.58 Â±0.051 .86 Â±0.371 .52 Â±0.2712.25 Â±1.47Intestine1

.19 Â±0.171 25 Â±0.211 .09 Â±0.111 .64 Â±0.21Lung3.06
Â±0.323.37 Â±0.601 .90 Â±0.363.30 Â±0.26Muscle0.77
Â±0.080.84 Â±0.100.39 Â±0.070.93 Â±0.21ATAC44.42
Â±0.904.62 Â±1.025.05 Â±0.656.51 Â±0.87*D@

areshownaspercentinjecteddose per gram and reported as mean Â±s.d. (n = 5).

TABLE I
Biodistribution of Technetium-99m- and Iodine-125-Labeled Anti-Tac (dsFv) in Tumor-Bearing Athymic Mice*

most tissues (Fig. 2A, 2B). Although the tumor-to-kidney ratio
increased over time for both tracers, at 6 hr it was 0.1 for 99mTc
and 0.3 for 125! because of the high accumulation of both
tracers in kidneys. The rapid sequential blood samp!in@ from
the tail showed that the 9@Tc-MAG3-dsFv and 12 I-dsFv
cleared rapidly from blood. The nonlinear regression analysis of
the initial blood clearance data up to 10 mm displayed a
monoexponential clearance curve, fitting well to the experimen
tal data for both @Tc-dsFvand â€˜25I-dsFv(coefficient of variation
<9% and R2 > 0.98). Although this curve fitting was achieved
with a limited number of data points (six), the small coefficient
of variation and R2value close to 1 indicate a high degreeof
curve matching. The initial alpha phase half-life obtained by the
nonlinear regression analysis was 3.23 mm for the @Tclabel
and 3.28 mm for the 1251label. At 15 mm, the blood concen
trations of the 9@Tc and 125! were 3.76% Â± 0.64% and
4.64% Â±0.99% ID/g, respectively (Table 1). The beta chase
half-life of the 125!label was somewhat slower than the mTc
label, resulting in 1.06% Â±0.47% ID/g versus 0.18% Â±0.02%
ID/g remaining in the blood at 6 hr (p < 0.02), respectively.

The tissue-to-blood ratio for 9@Tc tended to increase over
time for most tissues sampled. In particular, ratios greater than
2: 1 were reached in the kidneys, stomach, intestines and lungs,
whereas the ratios in bone and muscle were less than 1 and
showed little change over time. The tissue-to-blood ratios of
1251-dsFv differed significantly from those of the @Tcat later
time points, although the tissue-to-blood ratio was similar at 15
mm for both tracers. With the exception of tumor, kidney and
stomach, no tissue reached ratios greater than 1 for the 125!label
(Fig. 3A, B).

Technetium-99m-MAG3- and 1251-dsFv showed large accu
mulations in the kidneys (Table 1), which represented
64.96% Â±1.67% and 69.50% Â±2.75% of the injected dose at
15 mm, respectively. Thereafter, the @Tclabel cleared more
slowly (t112 = 77.4 mm) than the 125! label (t112 = 42.2 miii).
Although the 125! label cleared from kidney faster than the

@Tclabel, higher retention of the 125!label in stomach, blood
and perhaps in thyroid made the whole-body retention time of the
125! label longer than that of the 99mTc label (t112 of 85. 1 min

versus 140.7 mm, respectively) (Fig. 4).

Analysis of Catabolites
The size-exclusion HPLC analysis separated the parent corn

pound from radiocatabolites. This HPLC analysis of serum
samples showed two radioprotein peaks containing 99mTc and
125! with retention times of 9.6 and 12.4 mm. The 9.6- and

12.4-mm peaks correspond to the molecular weights of 160 kD

and 25 kD, respectively, as estimated by extrapolation of the
retention times to the molecular standard curve. Two small

@Tccatabolite peaks were seen with retention times of 15.6
and 17.0 mm. The molecular weights ofthe 15.6- and 17.0-mm
peaks could not be accurately determined because the retention
times of these small molecules were also affected by the
polarity of molecules. However, the retention time of 15.6 miii
was identical to that for the standard@
acetyl)lysune, and the retention time of 17 mm was identical to
the retention time for both @â€˜@Tc-MAG3and [9@Tc]pertech
netate.

The relative intensity ofthe radiolabeled dsFv peak decreased
while the relative intensities of the higher molecular weight
peak and the radiocatabolite peaks increased over time for
serum samples. At 15 min, the 9@Tc-dsFv peak accounted for
approximately 75% of the total peak intensity and decreased to
29% at 90 mm. During this time, the fraction of the 99mTc high
molecular weight substance (160 kD) increased from 17% to
46%, whereas the fraction of the total @Tccatabo!ites re
mauned unchanged, with 20% at 15 miii and 22% at 90 mm. For
urine samples, the fraction of 99mTc@dsFvwas 5 1% at 15 mm,
but by 45 miii > 95% of the total urine 9@Tc activity was
found with the small catabolites. In comparison, the disappear
ance of â€˜25I-dsFvfrom serum was much faster, with 48% of the
total serum activity present as â€˜251-dsFvat 15 mm and then
decreasing to 9% at 90 min. During this time period, a small 125!
catabolite increased from 21% to 67%, whereas the 1251high
molecular weight substance remained at 3 1% to 25%. The
analysis of urine samples showed 59% 1251-dsFv at 15 miii but
only 2% â€˜251-dsFvat 45 miii with all remaining activity
associated with one small 1251catabolite.

To identify the catabolites,the urine samplescollectedat 15,
45 and 90 mm were further analyzed by RP TLC and RP HPLC.
These analyses showed two minor 9@Tc catabolites with
mobi!ities identical to those of @â€œTc-MAG3and [99mTc]per@
technetate. The mobility of the major catabolite was much
slower than those of the minor catabolites, especially on RP
HPLC eluted with 3% acetonitrile. Its retention time of 32.2
mm on RP HPLC was similar to that of N@â‚¬@99mTc@MAG3@
lysune (32.8 mm) rather than that of N-â‚¬-@Tc-MAG3-(N-a-
acety!)lysune (35.2 mm). However, we could not disprove

@Tc-MAG3-(N-a-acetyl)!ysune as the major catabolite be
cause the major catabo!ite did not separate from N-â‚¬-9@Tc
MAG3-(N-a-acetyl)!ysune when the urine sample was co
injected with@ on this RP
HPLC. We think that the identification of the major catabolite
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90 mm360 mm720mm99fTrrc1251@Â°â€œTc1251Â°@â€˜Tc12510.77

Â±0.103.75 Â±0.410.18 Â±0.021 06 Â±0.470.09 Â±0.010.27 Â±0.080.83
Â±0.101.31 Â±0200.25 Â±0.010.42 Â±0.170.15 Â±0.000.15 Â±0.040.29
Â±0.021 .73 Â±0.170.10 Â±0.010.42 Â±0.080.09 Â±0.020.14 Â±0.051

19.22 Â± 35.1074.97 Â±24.7128.92 Â±7.567.95 Â±2.6613.88 Â±3.400.98 Â±0.220.31
Â±0.081.31 Â±0.230.08 Â±0.010.27 Â±0.080.05 Â±0.030.08 Â±0.021

.61 Â±0.3420.21 Â±5.920.38 Â±0.074.91 Â±1.530.20 Â±0.041 .43 Â±0.372.35
Â±0.681 .87 Â±0.380.65 Â±0.110.80 Â±0.130.33 Â±0.090.29 Â±0.111.38
Â±0.152.66 Â±0290.79 Â±0.360.61 Â±0.070.40 Â±0.180.22 Â±0.040.16
Â±0.010.72 Â±0.210.03 Â±0.010.19 Â±0.070.02 Â±0.000.05 Â±0.024.37
Â±0.725.95 Â±1.172.70 Â±0.322.64 Â±0.641 .93 Â±0.431 .15 Â±0.21*Data

are shown aspercent injecteddose per gramand reported asmean Â±s.d.(n = 5).

TABLE I
Continued

requires additional studies using several different analytical
methods. In contrast, using the same system, the analysis of
urine samples for 125!catabolite showed onl@'one radiocatabo
lite with the mobility identical to that of [12 I] iodide.

DISCUSSION
Radiolabled antibodies offer great potential specificity for

tumor imaging. Nevertheless, the low tumor-to-nontumor ratios
seen with many radiolabeled IgG antibodies and the delay in
optimal imaging time, often 3â€”5days after injection, have
impeded the success of many radiolabeled antibody prepara
tions. Preclinica! studies suggest that these impediments may be
overcome by radiolabeled dsFv fragments. We therefore eva!-
uated a 99mTclabeled anti-TAC dsFv and compared its biodis
tribution to that of â€˜251-labeleddsFv.

The preformed chelate approach ensured the attachment of
99mTc to dsFv exclusively via the MAG3 moiety and not
directly to amino acid residues ofdsFv. This approach provided
99mTclabeled dsFv with a high immunoreactivity (76%) which
was comparable to that of â€˜251-!abeleddsFv using Bolton
Hunter agent (28) or that of â€˜8F-labeleddsFv using N-succun
imidyl-4-['8F]-(fluoromethyl)benzoate (29). These are also spe
cific agents for labeling dsFv at the amino group of amino acid
residues such as lysine.

The tumor targeting of both 99mTc and 125!labeled anti-Tac
dsFvs was fast; peak tumor uptake occurred by 45 mm. These
rapid kinetics are similar to our previous findings (13) and to
those of other Fv studies (6, 7,21,28,30). This indicates that the
9@Tc labeling methodology did not alter tumor uptake. The
tumor uptake of this 1251was similar (at 90 and 360 mm, p>
0.5) or greater (at 15 and 45 miii, p < 0.03) than that ofthe 125J
reported previously (13). The cause of this run-to-run variation
in tumor uptake is not well understood. However, the tumors
used in this study were generally smaller than those used
previously and, thus, possibly more viable.

Although the peak tumor uptake occurred earl@, the tumor
to-blood ratios continued to increase for both the@ mTc and 1251
preparations, reaching a ratio of 21 :I for the 99mTc and 4: 1 for
the 125!at 12 hr (Fig. 2A, B). The increasing tumor-to-blood
ratios suggest specific uptake and retention of the 99mTc in
ATAC4 tumor. The lower ratio for 125! is likely due to the
somewhat faster clearance of 125!from the tumor and the higher
blood levels of 125j In addition to the tumor-to-blood ratios, the
tumor-to-tissue ratios generally increased for both preparations
(Fig. 2A, B), reaching values greater than 2, by 45 mm for all
tissues except the kidney. Since these high tumor-to-nontumor
ratios are optimal for imaging and are achieved rapidly, they

should allow imaging with a short-life radionuclide such as
9@Tc. The tumor-to-blood ratio for this 125! was higher than
that of the previous 125! (p < 0.01). However, the tissue-to
blood ratios were generally similar to each other for both 125!
dsFv studies.

The initial blood clearance of both the 99mTc and 125!
preparations was similar, as shown by the early serial blood
pool sampling performed within the first 15 mm postinjection.
These clearance kinetics from blood are similar to those
reported by us (13) and others (6, 7,21,28,30). The production of
catabolites occurs rapidly and was responsible for the higher
concentration of 125!in the blood, suggesting that 125!catabolite
reenters the circulation.

Accumulation in the kidney was expected for both the 99mTc
and 125!dsFv, since the dsFvs are filtered due to their small size
(â€”@25kD). Previous studies with antibody fragments have
shown that glomerular filtration and subsequent catabolism
occurred in the kidneys (31,32). While both 99mTc and 125!
preparations showed similar kidney accumulation at 15 mm
(65.9% and 69.5% injected dose, respectively), the 99mTc was
released from the kidney more slowly than the 125! This
differential release is not unique to 99mTc and has been
previously reported with radiometals (33â€”35).The high accu
mulation of both tracers in the kidney is problematic for
imaging of tumors near the kidney. Attempts to block renal
accumulation of radiometals with amino acid infusions have
been successful in animal models (36) and, to a limited extent,
in the clinic (37); these approaches also appear to work with
99mTcMAG3dsFv (unreported personal observation) and war
rant further clinical evaluation.

The fraction of radioactivity circulating as a high molecular
weight substance (160 kD) in the blood became more pro
nounced at the later time points when the labeled dsFv had
cleared from the blood. However, the absolute concentration of
this high molecular weight substance in blood was similar for
both dsFv labels and was less than 1% ID/g at 90 miii
postinjection. We do not know the identity of this high
molecular weight substance, but it is likely a protein substance
present in the original dsFv.

As seen in our previous study, â€˜251-dsFvor its catabolite did
not accumulate appreciably in any normal organs except the
kidney, stomach and thyroid. The retention is not surprising
since kidney is the major route of dsFv excretion. Once 125!
antibodies are catabo!ized to [â€˜251]iodide,these organs are the
main target organs accumulating free iodide. In contrast, the
9@Tc dsFv or its catabolites showed predominant accumulation
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FIGURE4. Whoie-bodydearance of radIoiab@edanti-TACdsFv fragments
in athymic mice (n = 5) beating IL-2a-receptor-poslth,e @ATAC4)tumor
xenografts.Serialwhole-bodyretentionmeasurementswereperformedafter
intravenousco-infusionofÂ°@â€•Tc-MAG3-dsFvand 125l@J@(0.19MBa/I @zg
oornTc@MAG3@dsF:v@p40.09 MBq/1 @g125l@@@)The radloactMtywas
measured using a Nalgamma counter. The percent injecteddose withs.d.
was plotted.

to take place more slowly than that ofthe 125!label. These results
suggest that the insertion of a readily metabo!izable linkage, such
as ester, between MAG3 and dsFv might enhance the formation of
radiocatabolites and thus increase the renal excretion (39).

CONCLUSION
Anti-Tac dsFv was labeled with @Tcsuccessfully using a

preformed chelate approach without altering the immunoreac
tivity. The resulting @Tc-MAG3-dsFv rapidly localized in
ATAC4 tumor, achieving high tumor-to-nontumorratios. This
study suggests that this @Tcagent should be considered for
tumor imaging. Further studies are needed to improve its
pharmacokinetic property in the kidney.
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