A 3-Step Pretargeting Strategy to Image Infection
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A new 3-step approach to imaging infectious and inflammatory
foci was developed and optimized in a rat model. The approach
relies on the nonspecific localization of an anti-diethylenetri-
aminepentaacetic acid (DTPA) antibody in inflamed tissue. In
this study, the 3-step strategy was optimized by selecting the
most suitable radiolabeled hapten and tuning the dosing sched-
ule. Methods: Wistar rats with Staphylococcus aureus infection
in the left calf muscle were primed with the anti-DTPA antibody
DTIn-1 (0.67, 2, or 6 nmol per rat). In the second step (1-24 h
later), the anti-DTPA activity in the circulation was blocked with
unlabeled bovine serum albumin DTPA-In (0.3, 1, or 3 nmol per
rat). In the third step (5-30 min later), the radiolabeled hapten
(monovalent or bivalent 'In-DTPA) was administered. The in
vivo distribution of the radiolabel was monitored by scinti-
graphic imaging and by ex vivo counting of dissected tissues.
Results: Scatchard analysis revealed that the affinity of DTIn-1
for bivalent DTPA-""1In (""'In-diDTPA) was 6 times higher than
the affinity for monovalent ""1In-DTPA (K, = 0.87 X 102 mol/L
vs. 5.3 X 107% mol/L). The uptake of the bivalent chelate in the
abscess was 2.5-fold higher than that of monovalent In-
DTPA. Most important, the bivalent chelate was completely
retained in the abscess over time. Using the bivalent chelate,
the optimal dosing scheme was determined with respect to the
DTIn-1 dose (2 nmol per rat), the blocking agent dose (1 nmol
per rat), and radiolabeled chelate dose (40 pmol per rat). The
procedure was rapid; the infectious focus was clearly visualized
1 h after injection of the "'In-labeled diDTPA, which was 5 h
after administration of the anti-DTPA antibody. The nontargeted
radiolabel rapidly cleared to the urine, only being retained in the
abscess and the kidneys (4-6 percentage injected dose). Fi-
nally, an N,S, core was attached to the diDTPA compound,
allowing the use of %mTc. Conclusion: This 3-step approach
enables rapid imaging of infectious foci with minimal uptake in
noninflamed tissues.
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tion and inflammation. However, limitations inherent to
these agents warrant the search for an agent that can be
prepared off the shelf and that enables rapid and accurate
visualization of inflammatory foci throughout the body.

In radioimmunodetection and radioimmunotherapy of tu-
mors, the targeting of the radiolabel to the tumor could be
improved with a pretargeting strategl)(In such a pretar-
geting approach, an unlabeled antibody is administered in
the first step. This antibody localizes in the target tissue, and
the target is pretargeted. After the antibody activity has been
removed from the circulation, a radiolabeled hapten with
affinity for the targeted antibody is administered as a low-
molecular-weight ligand. Studies in animal models and in
human patients have shown that pretargeting not only can
improve target-to-nontarget ratios but also can shorten the
imaging procedure25). In a previous study, we showed
the feasibility of a pretargeting approach for the scinti-
graphic detection of infection. In that study in rats with focal
Staphylococcus auretisfection, *"Tc-diethylenetriamine-
pentaacetic acid (DTPA) was trapped in the infection by the
preinjected anti-DTPA monoclonal antibody DTIn-).(
Infectious foci could be visualized by priming the animals
with anti-DTPA monoclonal antibody. Four hours later, the
circulating anti-DTPA activity was blocked by injecting
albumin substituted with DTPA. A fraction of the subse-
quently administered® Tc-DTPA was trapped rapidly in
the infected tissue, whereas the nontargéfedc-DTPA
cleared rapidly through the kidneys. In this study, this
approach was further optimized by selecting the most suit-
able radiolabeled hapten and tuning the dosing schedule.

MATERIALS AND METHODS

Monoclonal Antibody

The production of anti-DTPA monoclonal antibody DTIn-1
(IlgG2a) has been described).( The antibody binds to DTPA
loaded with various trivalent metals, such as chromium, zinc, iron,
yttrium, and indium. The antibody was isolated from concentrated

/ \ccurate and timely detection of the localization ohybridoma culture medium (Integra CL350 culture flask; Integra
infection and inflammation may have important implicaBiosciences, Wallisellen, Switzerland) by protein-A affinity chro-
tions for the management of patients with infectious dpatography ).

inflammatory diseases. A large series of radlopharmaceLgllbcking Agents

cals has been proposed for scintigraphic imaging of infec- ggyine serum albumin (BSA) (Sigma Chemical, St. Louis, MO)
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was conjugated with the cyclic anhydride of DTPA (cDTPA)
(Sigma Chemical), as described by Hnatowich et &l. A 100-
fold molar excess of cDTPA was added to BSA (10 mg/mL) in 0.1
mol/L NaHCG; buffer (pH 8.2) and was incubated for 30 min.
Approximately 7 DTPA moieties were conjugated per BSA mol-
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ecule. Nonconjugated DTPA was removed by extensive dialysiSin-diDTPA in PBS, 0.5% BSA (0.003-1 pmol, 3. cpm/
against metal-free 0.1 mol/L citrate buffer (pH 5.0), and the DTP#ell, 100 puL/well) was incubated in the wells (1 h at 37°C). After
moieties were loaded with nonradioactivérby adding a 3-fold washing (4 times with 20Q.L PBS, 0.5% BSA), the radioactivity
molar excess of InGl(Merck, Darmstadt, Germany). Similarly, in the wells (bound) was counted in a well-type scintillation
IgM (ICN, Costa Mesa, CA) was conjugated with cDTPA; cDTPAy-counter (Wizard 1430; Pharmacia, Uppsala, Sweden). A Scat-
was added (0.45 mg/mg of IgM) to a solution of IgM (10 mg/mL)hard plot (bound/free vs. bound) was made, and thefkthe

in 0.1 mol/L NaHCQ. antibody for1in-DTPA and for 1*in-diDTPA was calculated

Radiolabeled Compounds from the slope of the plot.

1Yn-labeled human IgG was used as a reference in the%ﬁimal Studies
st_udies. Polyclpnal humgn nonspecific 1IgG (Baxt(_ar, Lessines, Be "A'S. aureuscalf muscle abscess was induced in young, male
glum) was _conjuga_lted with CDTPA and Iab_eled W“Hh (7). The Wistar rats (200—240 g body weight; Harlan, Horst, The Nether-
radiochemical purity was determined by instant thin-layer Chr?énds) as described previouslgQ). Experiments were initiated

matography (ITLC) on .Slhca strips (Gelman Sciences, Ann Arbo§4 h after theS. aureusnoculation. All radiopharmaceuticals were
MI) using 0.15 mol/L citrate buffer (pH 6.0) as the mobile phas hiected intravenously through the tail vein.

11 - i 11
In-labeled DTPA was prepared by adding 8 **inCl, To determine the biodistribution of the radiolabel, rats were

(M(?”ka.rto d:’ P?_:tino’ Thg Netgﬁ_ﬂ)?dg )32(: 1%?5]' O.IEISL T“OA’; suffocated with C@ A blood sample was taken by cardiac punc
S0 I;llim c(lj_ra e(p ¢ t )aC' 41*3‘ di ( b ted f ngg n t ture. Tissues were dissected and weighed. The activity in tissues
mol/L sodium acetate, pH 4.0) and incubated for 60 min a roothg injection standards was measured in a shielded well-type

::Jeerlngzirs;u(r(eale(l:n?;plgc):(ilgrglc(gs];nwvivt?msn?:tshe;:;éw?{;:—I(_SCS'ZTS)S I;l,:(s:at cintillationy-counter and expressed as the percentage of injected
. . ) ) e per gram (%ID/g). In all experiments, groups of 5 rats were
mobile phase. The preparations were checked for the presence OZ perg (%ID/g) xper » group s W

colloid by ITLC using 0.15 mol/L citrate (pH 6.0) as the mobile
phase. Nonradioactive In-DTPA was prepared similarly: pl0
InCl3 (4.19 X 10~4 mol/L in 40 mmol/L HCI), 50L 0.5 mol/L
sodium citrate (pH 4.0), and 5Q0L DTPA (5.3 X 10-%> mol/L in

For scintigraphic imaging, groups of 3 rats were anesthetized
(nitrous oxide, oxygen, and halothane) and placed prone on a
gamma camera (Orbiter; Siemens, Hoffman Estates, IL) equipped
g\‘ith a medium-energy'{lin) or low-energy $2"Tc) parallel-hole

0.5 mol/L sodium citrate, pH 4.0) were mixed and incubated . . .
room temperature for 60 mifin-DTPA and In-DTPA were collimator. Images (300,000 counts per image) were obtained up to
| 2 h after injection and stored in a 256 256 matrix. All images

mixed shortly before use to achieve the desired specific activi%ere windowed identically, allowing a fair comparison among the
1n-diDTPA was prepared from a tetrapeptide (Ac-Phe-Lys- '

s . . . various experiments.
Tyr-Lys) that was synthgsmed as described preymuﬂs]y The . In the first experiments, the most optimal radiolabeled hapten
e-NH, groups of both lysine residues of the peptide were subsfi \ ' ey Three groups of 5 rats received 0.66 nmol {(&)0
tuted with DTPA. A kit containing 13ug Ac-Phe-Lys(-DTPA)- ' group '

) ) o ) .. anti-DTPA antibody intravenously. Four hours later, 0.3 nmol (20
Tyr Lys(_DTPA) NH, ( dIDTPA)' 50 mg 2 hydro_xypropyBy_ cy g) BSA-DTPA-In was injected, and 15 min thereafter, the rats
clodextrin, and 4.4 mg citrate (pH 4.2) was dissolved in 1 m

L 1 a1 received eithetIn-DTPA, 1*Iin-DTPA-Lys, orlin-diDTPA (8
water. To 10uL of this kit, 85 L *inCl; (=31-62 MBq) were Hmol per rat, 4 MBq). After injection of the radioactivity, images

added and incubated for 10 min at room temperature. Label:_r%re acquired at 5 min, 1 h, dr2 h asdescribed above. After the

efficiency was determined using ITLC with 0.15 mol/L citrate, p t imading session. the rats were killed and the biodistribution of
6.0, as the mobile phase. As soon as labeling efficiency Wt%g'e rlad'gllagesl : déte m'nedwa del cribed abo el Nle tl tlrJ1eI offect
>95%, a 2-fold molar excess of InClas added to saturate all : was rmi S descrl ve. Next,

DTPA moieties with I1&*. Analogously, Ac-Phe-Lys(-DTPA)- of the molecular weight of the blocking agent was investigated.

Tyr-Lys(DTPA)-NH, was loaded with nonradioactive InCand Groups of 5 rats received 0.66 nmol (129) anti-DTPA antibpdy

this preparation was added to tHéin-labeled diDTPA to achieve JOgveioyfly. Four hours I_ater, each group of rats received 0.3

the desired specific activity. nmol (20 pg) of the_ blocking agent (BSA-DTPA-In or IgM-
99T c-diDTPA was prepared from the tetrapeptide Ac-Lys-Tyr-DTP'Aflln)’ e_md 15 min thereafter, each group of rats received 4

Lys-Lys. Thee-NH, groups of both lysine residues of the peptidévIBCI An-diDTPA. . .

were substituted with DTPA. TheNH, group of the C-terminal bylEpquently, thlel dosing of the 3 agents (_D'_I'In-l antibody,

lysine residue was substituted with an) core (TscG-Cys-3- BSA-DTPA-In, and*in-labeled diDTPA) and timing of the 3

thiosemicarbazonylglyoxyl-cysteinyl) to allow labeling of the pepi_njections were optimized in a series of imaging/biodistribution

tide with %Tc (9). experiments in rat§ witls. aure_usnfectlon. In these experiments,
the dose of the anti-DTPA antibody (0.67, 2, or 6 nmol per rat), the
Scatchard Analysis dose of the BSA-DTPA-In (0.3, 1, or 3 nmol per rat), and the dose

The affinity of the DTIn-1 antibody fof'in-DTPA and for of the 1*in-diDTPA (1.6, 8, or 40 pmol per rat) were varied. In
14n-diDTPA was determined in vitro. Ninety-six—well polysty addition, the timing of the 3 injections was optimized: the times
rene plates (Costar, Cambridge, MA) were coated with rablietween the first and the second injection (1, 4, and 24 h) and the
antimouse antibodies (DAKO, Glostrup, Denmark) (1:1,000 in 0flme between the second and the third injection (5, 15, and 30 min)
mol/L Na,COs, pH 9.6, 100uL/well, 16 h at 4°C). Nonspecific were varied.
binding sites were blocked by incubating the wells with phosphate-
buffered saline (PBS), 0.5% BSA (200L/well, 1 h at37°C). Statistical Analysis
Subsequently, purified DTIn-1 antibody was added to the wells (20 All mean values are presented as meaisD. Statistical anal-
rg/well, 100pL/well, 1 h at37°C). After washing (4 times with ysis was performed using the nonparametric Mann—Whitney test,
200 pL PBS, 0.5% BSA), a serial dilution dfin-DTPA and of and the 2-tailed® was calculated.
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RESULTS were similar to those obtained with BSA-DTPA-In (0.41
Scatchard Analysis 0.07 %ID/g vs. 0.41 0.04 %ID/g, respectivelyp = 0.99).

The Scatchard plots of the in vitro assays for the bindir%im”a”yv the uptake in the abscess obtained with each of
of 114n-DTPA and 4n-diDTPA to the DTIn-1 antibody the blocking agents was not significantly different (041
revealed that the affinity of DTIn-1 for bivalettin-DTPA  0-05 %ID/g vs. 0.33 0.06 %ID/g, respectively? = 0.06).
was 6 times higher than the affinity for monovalé#itn- BSA-DTPA-In was chosen as the blocking agent in all
DTPA (K, = 0.87 X 102 mol/L vs. 5.3x 109 mol/L).  further experiments.

Optimization of 3-Step Approach Tuning of Dosing of 3-Step Strategy

Structure of Radiolabeled Chelat&he structure of the  Anti-DTPA Antibody Doselhe 3-step strategy was stud-
radiolabeled chelate markedly affected the biodistributided using 3 DTIn-1 antibody doses (0.67, 2, and 6 nmol/rat).
of the radiolabel in the 3-step approach. As shown in Figute these experiments, the dose of the blocking agent was
1, the major fraction of th&'In-DTPA injected in the third adjusted to the dose of the DTIn-1 antibody; in each group,
step was rapidly excreted to the urine of the rats and uptake3-fold molar excess blocking agent was administered,
of the radiolabel in the abscess was relatively low (0208 assuming that 45% of the injected DTIn-1 was in the blood
0.02 %IDg 2 h after injection). Abscess uptake Bfin- compartment @4 h after injection (blood level DTIn-1 at
DTPA-Lys was similarly low (0.08= 0.01 %IDg 2 h after 2 h after injection, 2 %ID/g; blood volume, 12 mL). The
injection), whereas there was considerable retention of tese of the DTIn-1 antibody did not have a marked effect on
radiolabel in the kidneys (2.8% 0.35 %IDf 2 h after the uptake of thé!lin-diDTPA in the abscess or on the
injection) with this radiolabeled chelate. In contrast, whetarget-to-background ratios (data not shown); no significant
the bivalent chelaté!in-diDTPA was injected in the third differences in abscess uptake or in abscess-to-background
step, the uptake in the abscess was significantly highatios were observed. Highest abscess uptake (©.8007
(0.25% 0.04 %IDA4 2 h after injectionP = 0.008). Kidney %ID/g 2 h after injection) and abscess-to-contralateral mus-
retention with the bivalent chelate was similarly high, asle ratios (4.6 1.1 two hours after injection) were ob-
with 11n-DTPA-Lys (2.51* 0.22 %IDg 2 h after injee tained at the 2 nmol per rat (3Q0g) DTIn-1 dose. There-
tion). On the basis of these result§in-diDTPA was used fore, further experiments were conducted gsir?2 nmol per
as the radiolabeled chelate in all further experiments. rat DTIn-1 dose.

Molecular Weight of Blocking AgentWe hypothesized Dose of Blocking AgentJsing the fixed 2 nmol per rat
that a blocking agent with a higher molecular weight woul®TIn-1 antibody dose, 3 doses of the BSA-DTPA-In block-
reduce the risk of blocking the anti-DTPA antibody activityng agent were tested in rats witB. aureusinfection.
in the infectious focus. Therefore, besides BSA-DTPA-In, Assuming that 45% of the injected DTIn-1 was still in the
high-molecular-weight blocking agent was prepared usiddood compartmentta4 h after injection, an equimolar
IgM as the carrier protein (relative molecular mass amount (0.3 nmol per rat), a 3-fold molar excess (1 nmol per
900,000 Da) with a similar DTPA substitution ratio (on aat), and a 9-fold molar excess (3 nmol per rat) of BSA-
per-gram basis). The 3-step strategy was tested in 2 groBPA-In were administered. The images acquired 2 h after
of rats withS. aureusnfection, using either BSA-DTPA-In injection of theln-diDTPA indicated that the blocking
or IgM-DTPA-In in the second step. The molecular weighiigent dose of 1 nmol per rat was most optimal (Fig. 2). At
of the blocking agent did not significantly affect the biodisthis dose, the uptake in the abscess was €.3008 %ID/g,
tribution of the 14n-diDTPA. When IgM-DTPA-In was whereas the activity levels in the blood were relatively low
used as the blocking agent, the blood level58'8n-diDTPA  (0.32 = 0.02 %ID/g). At the lower dose (0.3 nmol per rat),

chelate structure

sw

%, 484 A%

aureus calf muscle infections. Rats received 0.66
‘ nmol (100 ng) anti-DTPA antibody intravenously.
Four hours later, 0.3 nmol (20 ng) BSA-DTPA-In
was injected as blocking agent, and 15 min
thereafter, rats received "In-DTPA, "In-DTPA-
Lys, or ""In-diDTPA (8 pmol per rat, 4 MBq per

DTP A DTP A-Lys dlDTP A rat). Images were acquired 2 h after injection of

radiolabel.

é FIGURE 1. Scintigraphic images of rats with S.
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blocking agent dose

FIGURE 2. Scintigraphic images of rats with . ‘

S. aureus calf muscle infections. Rats received ‘ & & ‘ : o

300 pg (2 nmol) anti-DTPA antibody intrave- = ; v - : 4 .0’” .’“ ) ., ’
nously. Four hours later, each group of rats & 3 » * & -

received BSA-DTPA-In (0-0.3, 1, and 3) to
block anti-DTPA antibody activity in circulation.
Fifteen minutes thereafter, rats received ''In-
diDTPA (8 pmol per rat, 4 MBq per rat). Images
were acquired 2 h after injection of radiolabel. 0 0.3 nmole 1 nmole 3 nmole

activity in the blood was significantly higher (0.89 0.13 0.008). Consequently, uptake in all nontarget tissues was
%ID/g, P = 0.008) and liver uptake was significantly enhigher at the 8-pmol*in-diDTPA dose level. Remarkably,
hanced (2.25- 0.47 %ID/g vs. 0.85- 0.28 %ID/g,P = at the lowest!'4n-diDTPA dose (1.6-pmol per rat), the
0.008), most likely because of hepatic clearance of highadiolabeled hapten rapidly cleared to the liver and spleen
molecular-weight DTIn-1x in-diDTPA immune com (liver uptake, 3.82+ 0.24 %ID/g; spleen uptake, 1.95
plexes. At the higher BSA-DTPA-In dose (3 nmol per rat)y.31 9ID/g; blood level, 0.17= 0.16 %ID/g). Apparently,
uptake in the abscess was significantly decreased (8.21ihe remaining DTIn-1 activity in the circulation formed
0.03 %ID/g, P = 0.03) (Fig. 2), presumably because Ofigh-molecular-weight immune complexes with tHéin-
blockage of the DTIn-1 activity that localized in the infeCyipTpA at this dose level. These immune complexes rap-
tious focus. Interestingly, when no blocking agent waﬁ”y cleared to the liver and spleen.

administered, the 2-h postinjection image (Fig. 2A) of the | . | Bet First and S d Iniectiofi&iree in-
biodistribution of the radiolabel resembled that8fn-IgG; rierverl SETWEen FIrst and Second TISConsiree in

clear visualization of the blood pool caused by high activi
levels in the blood (3.0% 0.19 %ID/g), with relatively low

ttervals between injection of the anti-DTPA antibody and
X’ljection of the blocking agent were tested: 1, 4, and 24 h.

uptake in the abscess (0.860.35 %ID/g) and the kidneys ??}t'_m tal V'SIUT:I'_Z&T”:{)the mfeCt;OE was obtail_nedl W'_ttr;] ttr;]e
(0.99 + 0.21 %ID/g). -h interval (Fig. 4). Abscess uptake was optimal wi e

Dose of 11In-diDTPA. Increasing amounts of diDTPA _4'h interval (0.39+ 0.09 %ID/g) compared with the 1-h

(1.6, 8, and 40 pmol per rat) labeled with identical amount&terval (0.29= 0.03 %ID/g,P = 0.03). No further im-

of 11n (4 MBq per rat) were injected intravenously in thdrovement was observed when the interval was further
third step. As shown in Figure 3, optimal images wergxténded to 24 h (abscess uptake, 0:38.08 %ID/g,P =
obtained at the 40-pmol dose. Ex vivo counting of th@.4). Blood levels with each interval were similar (0.49
dissected tissues revealed that at this dose, abscess upfate: 0.45+ 0.03, and 0.5+ 0.06 %ID/g, respectively).
was 0.30* 0.03 %ID/g, whereas the blood level was Interval Between Second and Third Injectiofie time
0.20+ 0.01 %ID/g. Although the uptake in the abscess wa&pan between injection of the blocking agent (BSA-DTPA-
even higher at the 8-pmol dose level (0.380.08 %ID/g, In) and injection of the radiotracet'fin-diDTPA) (5-30

P = 0.06), the activity in the blood (0.4Z 0.08 %ID/g) min) did not affect the in vivo distribution of the radiolabel
was 2.5-fold higher than at the 40-pmol dose lewel= (data not shown).

diDTPA dose

i

i &} s & 4
FIGURE 3. Scintigraphic images of rats with S. ’ . . ‘ & “ i ‘
aureus calf muscle infections. Rats received 300 . s ‘ » ‘ ‘
wg (2 nmol) anti-DTPA antibody intravenously. B L .
Four hours later, rats received 1 nmol BSA-
DTPA-In as blocking agent. Fifteen minutes ' '
thereafter, each group of rats received 'In- ‘
diDTPA (1.6, 8, and 40 pmol per rat, respectively;
4 MBq per rat). Images were acquired 2 h after
injection of radiolabel.

1.6 pmole 8 pmole 40 pmole
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interval between 1%t and 2 injection

FIGURE 4. Scintigraphic images of rats with
S. aureus calf muscle infections. Rats received
300 pg (2 nmol) anti-DTPA antibody intrave-
nously. Rats received 1 nmol BSA-DTPA-In as
blocking agent 1, 4, and 24 h later. Fifteen min-
utes thereafter, each group of rats received
MIn-diDTPA (8 pmol per rat, 4 MBq per rat).
Images were acquired 2 h after injection of ra-
diolabel.

4 hr

24 hr

Characterization of Optimized 3-Step Strategy min, 40 pmol **"Tc-diDTPA-In per rat) indicated that,
Comparison of 3-Step Approach witHin-IgG. The bio  despite the fact that the DTIn-1 antibody has a higher
distribution of **In-diDTPA in the optimized 3-step ap affinity for DTPA loaded with indium than with technetium,
proach (t= 0 h, 2 nmol DTIn-1 per rat; & 4 h, 1 nmol this 3-step approach can also exploit the favorable imaging
BSA-DTPA-In per rat; t= 4 hr 5 min, 40 pmol**in- characteristics of*"Tc (Fig. 6. The 2-h postinjection bio-
diDTPA per rat) was compared with that &in-IlgG (4 distribution data of the®®"Tc label in the blood and the
MBq per rat, 0.66 nmol [10Gwg]). As shown in Figure 5, abscess were similar to those obtained with'{fie-labeled
the biodistribution of the radiolabel in each group (5 h aftasivalent chelate (Table P = 0.06 and 0.3, respectively).
injection of the DTIn-1 or the 1gG) differed markedly. WithUptake of the®"Tc-diDTPA in the spleen, kidneys, and
the 3-step approach, virtually no activity accumulated in th&er was significantly lower than that obtained witHin-
liver (0.17 = 0.02 %ID/g) and the blood (0.1& 0.01 diDTPA (P = 0.008, 0.02, and 0.008, respectively). These
%ID/g), whereas highest uptake was found in the kidneyfferences can be explained by the fact thain-DTPA-
(3.86 = 0.70 %ID/g). In contrast, withlin-IgG, physie Lys is completely retained in the lysosomes after it has been
logic uptake was observed mainly in the liver (1:89.28 internalized, whereas chelat€Tc is not (L1).
%ID/g) and the blood (3.49 0.30 %ID/g), whereas the
kidneys (1.24+ 0.14 %ID/g) were hardly visualized.
Application of°*"Tc in 3-Step ApproacltBubstituting the
1n-diDTPA bivalent chelate with th@™c-diDTPA-In
compound (at optimized conditions=t0 h, 2 nmol DTIn-1
per rat; t= 4 h, 1 nmol BSA-DTPA-In per rat; & 4 hr 5

DISCUSSION

In this study, we showed that infectious foci could be
delineated relatively shortly after injectior=6 h) with an

1[n-diDTPA vs. ©"Tc-diDTPA

3-step with ''In-diDTPA vs. ''In-IgG

“ L A XA

“

&

n-diDTPA PmTc-diDTPA

diDTPA IgG-DTPA

FIGURE 5. Scintigraphic images of rats with S. aureus calf
muscle infections. One group of rats was imaged according to
optimized 3-step approach (2 nmol anti-DTPA antibody; 4 h
later, 1 nmol BSA-DTPA-In; 5 min later, 40 pmol "'In-diDTPA).
Other group of rats received ''In-IgG (4 MBg, 0.66 nmol). Both
groups of rats were imaged 5 h after first intravenous injection.

INFECTION IMAGING WITH A 3-STEP APPROACH * Boerman et al.

FIGURE 6. Scintigraphic images of rats with S. aureus calf
muscle infections. Both groups received 2 nmol anti-DTPA an-
tibody. Four hours later, anti-DTPA antibody activity in circula-
tion was blocked with 1 nmol BSA-DTPA-In. Five minutes there-
after, one group of rats received 40 pmol ""'In-diDTPA (4 MBq),
whereas other group received 40 pmol *mTc-diDTPA (5 MBq).
Images were acquired 2 h after injection of radiolabel.
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TABLE 1 when the anti-DTPA activity in the target is not cell bound.

Biodistribution of Radiolabel (%1D/g) 2 Hours After Our results are in line with those described by Goodwin et
Injection of Bivalent Radiolabeled Chelate al. (17). In a mouse tumor model, they showed that when the
Tissue 11n-diDTPA P — tumor was pre_targeted nonspemﬁc_ally with a monoclonal
antichelate antibody, tumor uptake increased 2.6-fold when
Blood 0.27 + 0.03 0.23 = 0.03 a bivalent chelate was used instead of a monovalent chelate.
-+ —+ * . . . . .
Muscle 0.04 = 0.01 0.07'+0.02 As in previous pretargeting studie$,§,17, this study
Abscess 0.34 = 0.07 0.29 +0.13 . .
Lung 0.25 + 0.04 0.36 + 0.02* showgd that the dose of thg agents involved, especially t_h_e
Spleen 0.40 + 0.04 0.13 + 0.03* blocking agent and the radiolabeled chelate, was also criti-
Kidney 2.56 = 0.24 1.69 * 0.16" cal. The most striking effect was observed when the dose of
Liver 0.69 + 0.03 0.22 = 0.01* the radiolabeled chelafélin-diDTPA was varied. Optimal
Intestine 0.25 = 0.05 0.22 = 0.05

targeting to the infectious focus without any hepatic accu-
I mulation was obtained at the 40-pmol dose, whereas virtu-
Two groups of rats (n = 5) received DTIn-1 (t = 0 h, 2 nmol per  ally all the radioactivity rapidly cleared to the liver at the
rat). BSA-DTPA-In (t = 4 h, 1 nmol per rat) and rtaclliolabeled b?valent 1.6-pmol dose. The findings from our pretargeting studies
chelate (t = 4 hr 5 min, 40 pmol per rat) were injected. Radiolabel . . ae . . 1 . .
biodistribution was determined 2 h after injection of radiolabel. with bispecific antibodies anéin-diDTPA in the nude
“P — 0.008. mouse tumor model could not be extrapolated to the current
P = 0.02. rat model, because the mouse maximum uptake of the
1Yn-diDTPA in the target was obtained at a very low
1Yn-diDTPA dose (maximum specific activityll. This
antibody-based pretargeting strategy. There is a great n@adadox might be explained by the fact that the mouse
for an imaging technique that can localize infection acciemor is a saturable target, whereas the infectious focus in
rately within a few hours, without the complex labelinghe rat is practically unsaturable.
procedures that apply for the preparation of radiolabeledThe use of a blocking agent was indispensable in this
autologous leukocytes. Using radiopharmaceuticals suchaggproach to prevent the formation of DTInX diDTPA
6’Ga-citrate, radiolabeled nonspecific IgG, and intact radianmune complexes in the circulation. In fact, when the
labeled antigranulocyte antibodies, a relatively long timielocking agent was omitted, the pharmacokinetics of the
(=24 h) is needed before a final diagnosis can be ma#e ( radiolabeled chelate resembled those of a radiolabeled an-
With these agents, the images with the most diagnostibody. In most pretargeting strategies, a blocking or clear-
information are usually acquired beyond 16 h because of timg agent is used to block or remove the pretargeting agent
slow accumulation of these agents in the target tissues dmain the circulation {8—-2Q. In the mouse tumor model
their slow clearance from the background. In mouse tumasing G250X DTIn-1 bispecific antibodies as a pretarget-
models and in clinical studies, it has been shown thaitg agent, such a blocking agent was not requirgd (
pretargeting can improve targeting of tumor lesion8pparently, the DTIn-IX diDTPA immune complexes in
(4,5,13. the current approach were much more stable in serum than
Rusckowski et al.14) were among the first to develop athe monovalent complexes between the DTIn-1-based
pretargeting strategy to image infection. In mice wisch- bispecific antibody and*in-diDTPA.
erichia coli infection, they showed that the infectious foci This 3-step targeting approach could improve imaging of
could be imaged by injection of streptavidin followed bynfection and inflammation in patients because optimal im-
radiolabeled biotin14,15. In a previous study, we showedages can be acquired 1-2 h after injection of the radiolabel
the feasibility of pretargeted infection imaging based on th{&—6 h after the first injection with the DTIn-1 antibody). A
anti-DTPA antibody DTIn-1 §). In these studies?®™Tc- limitation of this approach might be the development of
labeled DTPA was used as the radiotracer. The affinity biman antimouse antibodies after administration of DTIn-1.
the DTIn-1 antibody is highly dependent on the metal that For clinical studies, a humanized DTIn-1 antibody would be
chelated; DTIn-1 has the highest affinity f8#in-DTPA. preferable. Immunogenicity of the background-reducing
Furthermore, in a mouse tumor model using antiturkor agent can be minimized by the use of a human serum
anti-DTPA bispecific antibodies (G25& DTIn-1), we protein (e.g., human serum albumin) as a carrier. Alterna-
showed that uptake of the radiolabel in the tumor was ately, a nonimmunogenic synthetic blocking agent can be
least 10-fold higher when the bivalent chel&t#n-diDTPA used, as has been developed by Theodore e2&). (n
was used instead of monovaleRtin-DTPA (1). It was contrast to pretargeting strategies that exploit the avid in-
hypothesized that this improved targeting of the tumor wasraction between biotin and streptavidin, the current pre-
caused by the so-called affinity enhancement sysién &t targeting approach can be based on nonimmunogenic re
the tumor cell surface, the diDTPA can be bound by ant&gents 22). Besides this 3-step approach, a series of new
DTPA antibodies, resulting in more avid binding of theagents (e.g., chemotactic peptides, interleukins, antimicro-
radiolabeled hapten. Here, we showed that the improvbal peptides, and ciprofloxacin) has been developed for
uptake and retention of the radiolabel can also be fousdintigraphic visualization of infection and inflammation
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(23)_ Which of these agents u|timate|y will be app"ed 8. Hnatowich DJ, Childs RL, Lanteigne D, Najafi A. The preparation of DTPA-
clinically will be determined in future studies in patients.

9.

CONCLUSION

be rapidly imaged with low background levels. Clinical
studies with a humanized anti-DTPA antibody and a non- 33:388-394.

coupled antibodies radiolabeled with metallic radionuclides: an improved
method.J Immunol Methods1983;65:147-157.

Karacay H, McBride WJ, Griffiths GL, et al. Experimental pretargeting studies of
cancer with a humanized anti-CEA x murine anti-[In-DTPA] bispecific antibody
construct and &"Tc-/18Re-labeled peptiddBioconjug Chem2000;11:842—854.

With this 3'Step pretargetlng Strateg% infectious foci Caﬂ). Oyen WJ, Claessens RA, van der Meer JW, Corstens FH. Biodistribution and

kinetics of radiolabeled proteins in rats with focal infectidnNucl Med.1992;

Duncan JR, Welch MJ. Intracellular metabolism of indium-111-DTPA-labeled

. . . 1
immunogenic blocking agent are warranted to assess ghereceptor proteins) Nucl Med.1993:34:1728—1738.

potential of this approach in the clinic.
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