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We evaluated the in vivo stability and biodistribution of four isomers
(CHX-A', CHA-A", CHX-B' and CHX-B") of 2-(p-isothiocyanatobenzyl)-cyclohexyl-diethylenetriaminepentaacetic
acid
(CHXDTPA), a recently developed backbone-substituted derivative of
DTPA. Methods: The ligands were conjugated to monoclonal anti
body B3, a murine lgG1 kappa, and labeled with ""Y at 55.5-66.6
MBq/mg (1.5-1.8 mCi/mg). Nontumor-bearing nude mice were
injected intravenously with 55.5-66.6 kBq (1.5-1.8 /^Ci) of 88Ylabeled B3 conjugates and with 125l-labeled B3 as an internal
control. The mice were then killed at 6, 24, 48, 96 and 168 hr
postinjection. Results: At 168 hr, the concentration of ^Y in pro
cessed bone of either CHX-A' [4.6% injected dose (ID)/g] or CHX-A' '
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(4.0%ID/g) was less than that of either the CHX-B' (21.9%ID/g) or
B" (12.1%ID/g) ligands. The two ligands CHX-B" and CHX-B' were
not acceptable for yttrium labeling of antibody because of their high
and progressive bone accumulation. The accumulation of MY in
bone of CHX-B' was five times greater than that of CHX-A' at 168 hr.
The CHX-A" cleared from the circulation slightly faster than CHX-A'
without releasing the yttrium and showed the lowest uptake by bone
of any of the four isomers. The accumulation in the other normal
organs was similar for all four isomers of 88Y-CHX-B3 conjugates.
Conclusion: Although the CHX-B" and CHX-B' were not accept
able for labeling with yttrium, the CHX-A' and CHX-A" were suit
able, indicating that differences in stereochemistry
influence stability of radionuclide in the chelate.

can greatly
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FIGURE 1. Schematic representation of
the chemical structure of the bifunctional
ligands evaluated in this study. All ligands
have an isothiocyanate linker for covalent
linkage to the immunoglobulin.
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IVulii liolabeled monoclonal antibodies (MAbs) have undergone
extensive evaluation as antitumor agents in both preclinical
animal models (/) and in clinical trials (2). Although I31I has

been the most widely used isotope in radioimmunotherapy,
limitations of its physical and biological properties have
prompted the evaluation of several alternative radionuclides,
including beta-emitters such as 90Y (5-5), 67Cu (6), 186Re (7)
and l77Lu (8) and alpha-emitters such as 212/213Bi(9) and 211At
(10). Among these, 90Y has been the most extensively studied
because of its good chelation properties (11), ready availability
from a 90Sr/9()Ygenerator ( 12) and physical characteristics (13).
These characteristics include a 64.1-hr half-life and a pure
beta-emission of high energy (Emax = 2.28 MeV), which result
in higher dose rates and a greater total dose delivered to tumor
sites than that delivered by I3ll-labeled MAbs (14). Further
more, the considerable path length in tissues of its beta-particles
(r95 = 5.9 mm) represents a major advantage in solid tumors, in
which penetration of antibody molecules is usually poor
(15,16).
The use of these radiometals requires a chelate that will hold
the isotope tightly because, if released from the chelate, these
metals would have undesirable targeting and adverse dosimetry
(17-19). In the case of WY, the initial chelates used had been
developed for '"in, and their stability for 90Y was suboptimal
(20). As a result of advances in bifunctional chelate technology
for yÂ°Y(21), several preclinical studies with those new chelates

In a previous study, we tested both the in vitro and in vivo
stability of the two 88Y-labeled 2-(p-SCN-Bz)-cyclohexylDTPA ligands (CHX-A and -B) (31). These backbone-substi
tuted derivatives of DTPA (32) were compared to other chelates
and were found to have favorable stability in chelating yttrium
or bismuth. CHX-A bound 88Y more stably in vitro than did
2-(p-SCN-Bz)-6-methyl-DTPA
(1B4M-DTPA) and much bet
ter than did CHX-B, but it did not bind as well as DOTA (31).
In vivo studies also showed that CHX-A was more stable than
CHX-B. Other studies have shown that both of the CHX
DTPAs were good chelates for 212Bi. The CHX-A and -B used
previously each consisted of a racemic mixture of two enantiomers. In this study, all four stereoisomers were individually
prepared stereospecifically, and their yttrium-complex stability
was compared so that we could determine whether there were
additional improvements in the biodistribution of 88Y with each
individual isomer.
MATERIALS AND METHODS
Monoclonal Antibody

The isolation and characterization of B3 MAb are described in
detail elsewhere (33). Briefly, B3 is a murine IgGl kappa that was
purified from a serum-free culture medium by ammonium sulfate
precipitation and gel-filtration chromatography. B3 reacts with a
carbohydrate epitope found on the Ley and polyfucosylated Le"

antigens. This epitope is present on a large number of glycoproteins
have indicated that isothiocyanatobenzyl derivatives of DTPA
and is abundantly and uniformly expressed by most carcinomas
(SCN-Bz-DTPA) have greater stability for 90Y than cyclic
anhydride of DTPA, resulting in less bone uptake of 9UY (33).
(20,22-24). More recently, the 1,4,7,10-tetraazacyclododecane
Conjugation of Chelates to B3
B3 was concentrated to ~5 mg/ml and dialyzed against 1 liter of
tetraacetic acid (DOTA), a macrocyclic ligand, has been shown
to reduce bone accumulation of 9()Y further (25,26). However,
0.05 M 4-(2-hydroxyethyl)-l-piperazineethanesulfonic
acid and
the immunogenicity to DOTA reported in animals (27) and 0.15 M NaCl at pH 8.5 for 6 hr. The antibody was then conjugated
to the CHX-A', CHX-A," CHX-B' or CHX-B" stereoisomers of
humans (2fi, 29) and the unfavorable kinetics of its complexCHX-DTPA, a recently developed backbone-substituted derivative
ation (30) have prompted further evaluation of other ligands.
TABLE 1
Immunoreactivity Test for Four CHX Conjugates
CHX-A'-B3
Maximum % specific binding
Estimated immunoreactivity*

48.31
85.64

CHX-A"-B3

51.10
94.56

â€¢LJndmo
plot (39).
Data are expressed as a percentage of total radioactivity added per well.
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CHX-B'-B3
50.85
93.13

CHX-B"-B3
45.21
73.25

of DTPA (Fig. 1), as described previously (32,34). Synthesis of the
various stereoisomers are detailed elsewhere (55). The average
number of chelates per molecule of B3, determined with a
spectrophotometric method (36), were 2.01, 1.67,2.47 and 2.34 for
CHX-A', -A", -B' and -B", respectively.
Radiolabeling of B3
Carrier-free 88Y (Los Alamos National Laboratory, Los Alamos,
NM) was further purified of metal contaminants by column
extraction chromatography (35). The four CHX-B3 conjugates
were mixed with 88Yat pH 6 for 30 min. The resulting preparations
were purified by high-performance liquid chromatography (HPLC)
using a TSK 3000 SW size-exclusion column (Toso Hass, Tokyo,
Japan) in 0.05 M phosphate buffered saline (PBS) at a flow rate of
1.0 ml/min. Labeling yields were 70%â€”85%for all four conju
gates, and their specific activities ranged from 55.5-66.6 MBq/mg
(1.5-1.8 mCi/mg).
As an internal control we used B3 labeled with 125I by the
chloramine-T method (37). Briefly, B3 (100 fig) was mixed in 0.05
M phosphate buffer (pH 7.5) with 14.8 MBq (400 /u,Ci)I25Iand 12
/j.g of chloramine-T. After being allowed to react for 5 min, the
radiolabeled B3 was purified using a PD-10 column (Pharmacia,
Uppsala, Sweden). The specific activity of the I25l-labeled B3 was
approximately 111-148 MBq/mg (3-4 mCi/mg). The radiochemical purity of 125I-labeled B3 was >98%, as confirmed by instant
thin-layer chromatography and size-exclusion HPLC.
Immunoreactivfty

The immunoreactivity of the radiolabeled B3 was determined
(38). In brief, a constant concentration (3 ng/well) of 88Y-labeled
B3 was incubated with various concentrations of A431 cells
(50,000-1,000,000 cells/well) in six-well plates. A431 is human
epidermoid carcinoma cell line, obtained originally from George
Todaro (National Institutes of Health), that expresses high levels of
the antigen recognized by B3. The cell-bound activity, corrected
for nonspecific binding, was determined, and the immunoreactivity
was then calculated by extrapolation to infinite antigen excess
conditions (39).
Bone-Washing

Procedure

PBS/10% sodium dodecylsulfate (SDS). This sample was then
centrifuged at 8000 rpm for 5 min, and the supernatant was
collected to extract the "bone marrow"-associated radioactivity.
The remaining processed bone was blot-dried and weighed on an
analytical balance, and the radioactivity was counted. The counts in
the different fractions were expressed as a percentage of the
injected dose (ID)/g of processed bone (cortical bone), and the
bone-to-blood ratios were determined. In addition, the femur was
removed from selected animals and weighed on an analytical
balance, and the 88Y was counted before any other processing was
performed.
To validate this washing procedure, separate experiments were
performed using female athymic mice (6 wk old, n = 6) injected
intravenously with one of the following: 185 kBq (5 /u.Ci) of
ml-labeled human serum albumin (HSA) (Merck Frosst Inc.,
Kirkland, OT, Canada) as a plasma tracer; 185 kBq (5 jnCi) of
'"in-labeled transferrin as a bone marrow tracer; or 56 kBq (1.5
jLtCi)of 88Y-citrate as a bone tracer. The '"in-labeled transferrin
was obtained by incubating serum from normal mice with ' "lnCl3
at room temperature for 15 min. Groups of six mice were then
killed by C02 inhalation and exsanguinated at either 2 hr (I3IIlabeled albumin) or 24 hr postinjection ('"in-labeled transferrin;
88Y-citrate). Both femurs were resected and processed as described
above. Fractional bone uptake was obtained by separately counting
PBS, PBS/10% SDS and bone fractions to determine plasmaassociated radioactivity, bone marrow-associated radioactivity and
cortical bone uptake, respectively. The counts were also expressed
as percentage of total activity in bone.
Biodistribution Study

All animal studies were performed in 5-6-wk-old female athy
mic nude mice weighing 16-21 g (HarÃ-an Sprague Dawley,
National Cancer Institute, Frederick, MD). All studies were ap
proved by the Clinical Centers' Animal Care and Use Committee.
Nontumor-bearing animals were injected with one of the follow
ing: 88Y-labeled CHX-A'-B3 [55.5 kBq (1.5 /iCi)]; 88Y-labeled
CHX-A"-B3 [62.9 kBq (1.7 ju,Ci)]; 88Y-labeled CHX-B'-B3 [62.9
kBq (1.7 ftCi)]; or 88Y-labeled CHX-B"-B3 [55.5 kBq (1.5 /iCi)].

The concentration of 88Yin bone was measured by two methods.
To determine the concentration of88Y in cortical bones, we used a
modification of the bone-washing method reported by Camera et
al. (31). Animals (n = 10) were euthanized by CO2 inhalation and
immediately exsanguinated by a cardiac puncture. One femur was
then removed from each mouse. The femur was then cut open
longitudinally to expose the bone marrow space. To remove the
plasma-associated radioactivity, we incubated the fragmented
bones in 1.5 ml of PBS for 30 min at room temperature. The bone
was allowed to sediment, and the supernatant was aspirated and
collected for counting. A second identical wash was then done. The
remaining bone was then incubated for 1 hr at 56Â°Cin 1.5 ml of

As an internal control, the animals were coinjected with 148 kBq
(4 /Â¿Ci)of 125I-labeled B3. The combined amount of 88Y- and
I25l-labeled B3 was 2 /mg.

TABLE 2
Fractional Uptake of lodine-131-Labeled HSA, lndium-111Labeled Transferrin and Yttrium-88-Citrate in the Bone and Bone
Washes of the Femur

windows.
Additional studies evaluated the blood clearance and distribution
in bone of the best two 8XY-labeIedCHX conjugates (CHX-A' and
CHX-A"). Ten mice in each group were injected with a total of 2
/Ag of 88Y-labeled CHX-A'-B3 [62.9 kBq (1.7 /iCi)] or CHXA"-B3 [66.6 kBq (1.8 /uCi)] coinjected with 125I-labeled B3 [148

Fraction

131I-HSA

PBS (%)
Â±1.48
7.29 Â±1.24
SDS (%)
Bone (%)68.68 24.03 Â±1.286.67

111ln-transfenin
Â±0.63
22.96 Â±2.11
70.37 Â±1.920.46

"^Y-citrate
Â±0.69
0.46 Â±0.37
99.08 Â±0.98

Fractional bone uptake was determined by separately counting phos
phate buffered saline, 10% sodium dodecyl sulfate and bone fraction (see
Materials and Methods). Counts were expressed as a percentage of the total
activity recovered in the femur. Data are means (%) Â±s.d.

Groups of five animals receiving each conjugate were then killed
at 6, 24, 48, 96 and 168 hr after injection. Aliquots of blood and all
major organs were removed and weighed on an analytical balance,
and the radioactivity was counted in a well scintillation gamma
counter (Autogamma, Packard Instrument Company, Downers
Grove, IL). The femur was processed as described above. The
whole-body clearance was determined by adding the radioactivity
in blood, individual organs and the remaining carcass. Counts were
corrected for decay and spillover. Under our counting conditions,
125Iand 88Y had 0.004% and 7.2% spillovers into each other's

kBq (4 jLiCi)].The mice were killed at 96 or 168 hr after injection.
Both femurs were weighed separately, and the radioactivity was
counted to determine the %ID/g of total nonprocessed bone. The
femur was then processed as described above, except that the bone
weight used was that of the nonprocessed bone. This procedure was
comparable to that of our previous study (31). The uptake in the
washed bone was expressed as the %ID/g of bone that was in the
different fractions (PBS, SDS and bone). This value was obtained
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FIGURE 2. Biodistributionof 125l-labeled
B3 in non-tumor-bearing mice coinjected
with CHX-B". Animals were killed in
groups of five at 6, 24, 48, 96 and 168 hr
postinjection. The %ID/g values in all ma
jor organs and in blood are shown. Data
are means Â±s.d. These 125l-labeled B3
data are representative of that seen in the
three other groups coinjected with ^Ylabeled CHX conjugates.

by multiplying the %ID/g in the femur by the fractions in the
different components. In addition, the activity in the processed
bone was divided by the weight of the processed bone (this
represented "bone cortex").
Quality Control and In Vivo Stability
Before injection into mice, all radiolabeled B3 preparations were
analyzed by HPLC using TSK 2000 size-exclusion columns
connected to an on-line gamma detector (-/RAM, IN/US Systems,
Inc., Fairfield, NJ). The columns were eluted with 0.067 M
PBS/0.1 M KC1 buffer (pH 6.8) with a flow rate of 0.5 ml/min. In
addition, serum was analyzed at all time points to evaluate the in
vivo stability of the radiolabeled B3 conjugates.
Statistical Analysis
We performed the statistical analysis with the one-way analysis
of variance, with pairwise comparison using the Bonferroni method
(Sigmastat, Jandel Scientific, San Rafael, CA).
RESULTS
Quality Control and In Vivo Stability
Radiochemical purity of all 88Y-labeled B3 preparations was
>99%, as determined by size-exclusion HPLC. The analysis of
serum samples from all groups of mice showed that the
radioactivity recovered was all in the IgG peak, as determined
by the size-exclusion HPLC. The immunoreactivity measure
ments for the four preparations were in the same range (Table
1).

PBS wash. The bone washes

in animals

receiving

'"in-

transferrin showed that only a mean of 22.96% was in the SDS
fraction and 70.37% was retained with the bone. In contrast, the
bone washes in animals receiving the 88Y-citrate showed
99.08% accumulation

in the bone fraction.

Biodistribution Study
The 125I-labeled B3, which was coinjected

as a control,

showed similar biodistribution in all four groups of mice
receiving the 88Y-labeled antibody conjugates (p > 0.0001).
Representative 125I-labeled B3 data from one of the four groups
coinjected with 88Y-labeled CHX-B"-B3 is shown for compar
ison (Fig. 2) .
Significant differences were observed in the biodistribution
of the four 88Y-labeled CHX-B3 conjugates (Fig. 3). All
showed small, but significantly different, blood clearances, as
follows: 8.7% Â± 0.9%ID/g, 6.6% Â± 0.7%ID/g, 6.5% Â±
0.3%ID/g and 7.3% Â±0.8%ID/g in blood for CHX-A', CHXA", CHX-B' and CHX-B" at 168 hr, respectively.
At almost all time points, the accumulation of 88Y in all of the
other organs except the bone showed a similar distribution
pattern. The uptake of all the 88Y-labeled CHX-B3 conjugates
in the nonprocessed femur was significantly higher than that of
the 125I-labeled B3, with 5.6% Â±0.5%ID/g, 4.8% Â±0.4%ID/g,
16.4% Â±2.1%ID/g and 9.7% Â±1.2%ID/g in the femur at 168
hr for CHX-A', CHX-A", CHX-B' and CHX-B", respectively
(Fig. 3), whereas the uptake for 125I-labeled B3 was 1.1% Â±

Bone-Washing Procedure
Fractional bone uptakes of I31l-labeled HSA, "'in-labeled
transferrin and 88Y-citrate are reported in Table 2. The bone
washes in animals receiving 13ll-labeled HSA showed that the

0.1%ID/g, 1.1% Â±0.1%ID/g, 1.1% Â±0.2%ID/g and 1.2% Â±
0.3%ID/g, respectively.
The cortical bone uptake was also significantly different.
Although the accretion of 88Y in the cortical bone increased
with time for all 88Y-labeled CHX-B3 conjugates, 125I-labeled

majority of the radioactivity

B3 showed decreasing cortical bone uptake, with only 0.3% Â±

832

(68.68%) was released into the
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RGURE 3. Biodistribution of ^Y-labeled CHX-B3-conjugates in non-tumor-bearing mice. Mice were killed in groups of five at 6, 24, 48, 96 and 168 hr
postinjection. Ttie %ID/g values in all major organs and in blood are shown for ""Y-labeled CHX-A'-B3 (A), ""Y-labeled CHX-A"-B3 (B), ""Y-labeled
CHX-B'-B3 (C) and ""Y-labeled CHX-B"-B3 (D). Data are means Â±s.d.

0.1%ID/g at 168 hr. The 88Y uptake in the cortex was
significantly different for CHX-A', CHX-A", CHX-B' and
CHX-B", with 5.0% Â±0.6% ID/g, 4.2% Â±0.4%ID/g, 21.9%
Â± 1.8%ID/g and 12.1% Â± 1.5% ID/g, respectively, in the
cortex of the processed and dried femur at 168 hr (Fig. 4). The
tissue-to-blood ratios showed significant differences in both the
nonprocessed femur and processed bone (Table 3).
Although the fractional distribution of 88Y-labeled CHX-A'
and CHX-A" was similar in the bone (Table 4), the absolute
accumulation of88 Y in intact nonprocessed femurs or processed
femur was significantly different between CHX-A' and CHXA" at 168 hr after injection of 88Y-labeled CHX-B3 (Table 5).
There was little loss of radioactivity during the processing of
the femur, as evaluated by a recovery greater than 96% (Table
4).
The whole-body clearance was similar for all four conju
gates; a significant difference was found only between CHX-B'
(58% ID) and CHX-A" (49% ID) remaining in the body at 168
hr (Fig. 5).

DISCUSSION
A major concern with 90Y-labeled MAbs is the selection of a
chelate with sufficient thermodynamic and kinetic stability to
prevent in vivo loss of the radiometal because dissociated 90Y
rapidly accumulates in the bones (40) delivering an undesired
amount of radiation to the radiosensitive marrow. In our
previous study, we reported the stability of complexes formed
with racemic mixtures of either CHX-A or CHX-B. The
stability of 88Y in CHX-A was slightly greater in vitro than that
of the 1B4M chelate. This was confirmed in vivo. The 88Ylabeled CHX-A and 1B4M exhibited very similar bone accu
mulation. A limited number of studies have been performed
evaluating the effect of stereochemistry of a chelate on the
stability of isotope retention (41). These studies have shown
that stereochemistry differences can result in significantly
different stability.
In our previous work, the in vitro stability studies predicted
the in vivo changes observed between the CHX-A- and CHXB-labeled MAb. Recent studies comparing the stability of the
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statistically, were very small. These results show that the
stability of metal complexes conjugated to proteins in vivo
could not be exactly predicted from observations in vitro.
As expected from our previous work, the most striking
difference in biodistribution was observed in the bone uptake.
Both the %ID/g values in unprocessed bone and in the dried
processed bone were significantly different for each of the
isomers (Figs. 3 and 4). The concentration of either CHX-A' or
-A" conjugates in bone was more favorable than either that of
CHX-B' or -B" conjugates. The differences between the
complexes formed with the two CHX-A enantiomers were
small but statistically significant. These small differences are
real and not due to some technical differences because the
concentration of the 125I-labeled B3 control was similar in the
femurs of all four groups of mice. In contrast, the differences
between the complexes formed with the two CHX-B enanti
omers were much larger and increased over time, whereas the
differences between the CHX-A' and -A" conjugates showed
50

100

150

Time (hrs)
FIGURE 4. Uptake of ""Y in the cortex of the femurs at 6, 24,48,96 and 168
hr is shown for all ^Y-labeled CHX-B3 conjugates. Femurs were processed
as described in Materials and Methods. Data are expressed as %ID/g of
bone cortex (means Â±s.d.).

four 88Y-labeled stereoisomers in vitro showed much lower
stability of both CHX-B enantiomers when compared to both
CHX-A enantiomers. The differences between either CHX-B'
and -B" or CHX-A' and -A" were not significant. This
contrasts with the in vivo results, in which marked differences
were observed between the two CHX-B enantiomers. The in
vivo results for the two CHX-A enantiomers, although different

very little increase over time. The trends in uptake between the
various conjugates were similar to those of our previous work
(Fig. 4), although the absolute concentration in the bone in this
study were slightly higher than in the previous study (31). These
differences are likely to be technical in nature and may be
related to small differences in handling the bone because small
changes in the bone weight could account for them.
Possible explanations to account for the in vivo stability
differences observed between the four stereoisomeric CHXDTPA 88Y-labeled conjugates are clearly rooted in the config
uration of the ligands themselves. The large differences
tween the racemates CHX-A and -B are simply attributable
their diastereomeric nature, wherein CHX-B, by virtue
configuration, forms less stable yttrium complexes than

be
to
of
the

TABLES
Normal Tissue-to-Blood Ratio of Yttrium-88-Labeled CHX-B3 and lodine-125-Labeled B3
Time
(hr)Uver Organ
6244896168Kidney

6244896168Intestine

6244896168Bone

6244896168Bone
(nonprocessed)

cortex (processed)

0.030.35
Â±
0.050.33
Â±
0.040.38
Â±
0.030.33
Â±
0.020.39
Â±
0.020.32
Â±
0.020.38
Â±
0.060.45
Â±
0.020.39
Â±
0.020.27
Â±
0.030.43
Â±
0.040.50
Â±
0.070.51
Â±
0.010.43
Â±
0.030.29
Â±
0.080.59
Â±
0.020.68
Â±
0.060.90
Â±
0.070.72
Â±
0.070.27
Â±
Â±0.140.31
0.310.38
Â±
0.130.32
Â±
0.120.32
Â±
0.030.29
Â±
0.040.35
Â±
0.010.42
Â±
0.030.38
Â±
0.040.35
Â±
0.040.26
Â±
0.030.52
Â±
0.030.43
Â±
0.020.37
Â±
0.030.24
Â±
0.030.35
Â±
0.020.51
Â±
0.030.44
Â±
0.040.48
Â±
0.030.45
Â±
0.030.27
Â±
0.080.48
Â±
0.040.72
Â±
0.020.66
Â±
0.020.62
Â±
0.070.24
Â±
0.040.12
Â±
0.120.14
Â±
0.080.13
Â±
0.080.13
Â±
0.020.11
Â±
0.010.18
Â±
0.010.19
Â±
0.020.21
Â±
0.010.16
Â±
Â±0.010.11
0.010.19
Â±
0.030.27
Â±
0.010.22
Â±
0.020.19
Â±
Â±0.010.10
0.020.29
Â±
0.040.30
Â±
0.040.29
Â±
0.020.27
Â±
Â±0.010.10
0.080.37
Â±
0.040.58
Â±
0.050.38
Â±
0.050.31
Â±
0.020.10
Â±
0.070.16
Â±
0.090.20
Â±
0.040.25
Â±
0.070.21
Â±
0.000.13
Â±
0.010.27
Â±
0.030.25
Â±
0.030.55
Â±
0.030.36
Â±
0.010.14
Â±
0.050.30
Â±
0.010.31
Â±
0.070.78
Â±
0.020.51
Â±
0.020.14
Â±
0.030.44
Â±
0.040.43
Â±
0.161.33
Â±
0.060.80
Â±
0.030.14
Â±
0.080.64
Â±
0.030.82
Â±
Â±0.052.54
0.141.34
Â±
0.020.12
Â±
0.060.04
Â±
0.110.05
Â±
0.400.13
Â±
Â±0.210.07
0.010.04
Â±
0.010.09
Â±
0.000.08
Â±
0.020.40
Â±
0.010.19
Â±
0.010.03
Â±
6244896168CompoundsCHX-A'0.32
0.010.16
Â±
0.020.15
Â±
0.020.73
Â±
0.040.47
Â±
0.010.03
Â±
0.030.41
Â±
0.020.27
Â±
0.211.77
Â±
0.030.94
Â±
0.010.04
Â±
0.100.57
Â±
0.060.64
Â±
Â±0.063.30
0.181.73
Â±
0.010.04
Â±
Â±0.08CHX-A"0.30 Â±0.05CHX-B'0.31 Â±0.47CHX-B"0.29 Â±0.26,25|0.33
Â±0.01P*nsnsnsnsnsnsnsnsnsnsnsnsns

"Differences are calculated between CHX conjugates only (not 125l-labeled B3).
Data are mean Â±s.d.; n = 5 in each group at each time point; ns = not significant.
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TABLE 4
Fractional Uptake of Yttrium-88-Labeled CHX-A'-B3 Compared to Yttrium-88-Labeled CHX-A"-B3 in Bone
96 hr

SDS

PBS
CHX-A'
CHX-A"20.2

Â±1.8
20.8 Â±4.15.6

168 hr
Recovery*

Bone

Â±1.5
4.4 Â±0.870.8

Â±3.3
72.6 Â±4.596.6

Â±2.1
97.9 Â±2.111.7

SDS

PBS
Â±1.2
10.7 Â±1.24.0

Â±1.2
3.8 Â±1.282.5

Bone
Â±3.7
84.4 Â±3.298.3

Recovery
Â±2.3
98.8 Â±2.2

â€¢Recovery
is the percentage of the original activity that is accumulated by summing the activity in the three fractions.
Data are means (%) Â±s.d.; n = 10 in each group at each time point (p > 0.04); PBS = phosphate buffered saline; SDS = sodium dodecyl sulfate.

TABLES
Percentage of Injected Dose Per Gram of Yttrium-88-Labeled CHX-A'-B3 Compared to Yttrium-88-Labeled CHX-A"-B3 in Normal
Nude Mice 96 and 168 Hr After Injection (n = 10)
hrCHX-A'

hrBone5.6

96
cortext3.3

Â±1.0
Â±0.3
CHX-A"Blood13.611.5Â±0.8Â§Bone*4.9
4.6 Â±0.4Bone

bone*3.5

cortex5.0

Â±0.9
Â±0.4
Â±0.3
2.7 Â±0.4Â§Washed
3.3 Â±0.4Blood8.76.6 Â±0.7Â«168

bone4.6

Â±0.5
Â±0.6
Â±0.4
4.8 Â±0.4Â§Bone 4.2 Â±0.4Â«Washed
4.0 Â±0.4Â§

The activity in the nonprocessed femur.
''The activity in the processed femur using the weight of dried processed bone.
*The activity Â¡nthe nonprocessed femur multiplied by the fraction in the bone compartment.
Â§p< 0.01 compared with CHX-A'.
Data are means Â±s.d.; n = 10 in each group at each time point.

CHX-A. As expected, preliminary modeling of the enantiomers
has yet to yield any distinct, obvious links to differences in
stability between the two complexes. An explanation for the
differences that were observed between the Y-labeled conju
gates formed using enantiomeric ligands is not available at this
time.
Although we attempted to improve our bone processing
procedure over that described by Camera et al. (37), some
limitations were still obvious. As shown previously, our method
could not remove all the 131I-HSA that was expected to be in the
marrow space based on plasma accumulation, nor could we
remove the bone marrow-associated mln, although the current
method represented an improvement over the previous one in
removing mln from the marrow. Nevertheless, despite the

limitations, our procedure did not underestimate the boneassociated 88Y because the validation study showed that >99%
of the 88Y-citrate was recovered in the bone fraction. In mice
injected with 88Y-labeled CHX-A"-B3, dried cortical bone
uptake at 168 hr was two and three times less than that observed
for 88Y-labeled CHX-B'-B3 and 88Y-labeled CHX-B"-B3,
respectively (Fig. 3). This is probably the result of subtle
unfavorable steric hindrance present in one configuration but
not in the other. While these findings mirrored those of the in
vitro serum stability study, differences in the in vivo stability of
the 88Y-labeled B3-conjugates were not detected by our HPLC
analysis of serum samples, which failed to detect species other
than intact IgG. This does not represent an unusual finding, and
it is probably due to the fact that free yttrium is rapidly removed
from the blood and taken up by the bone.

110

CONCLUSION
Our study confirms that 88Y-labeled CHX-A conjugates are
more stable than the CHX-B conjugates. Therefore, for clinical
use with 90Y, neither of the CHX-B conjugates is acceptable.
Given that the stereochemistry of preparing any of these
conjugates independently is not a major limitation, we recom
mend the CHX-A", which showed the least bone uptake and
can be used for other radiometals, such as the alpha-emitters
2l2Bi and 2l3Bi. These studies emphasize the importance of
stereochemistry
applications.

in evaluating and selecting chelates for clinical
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Divalent Cobalt as a Label to Study Lymphocyte
Distribution Using PET and SPECT
Jakob Korf, Lammy Veenma-van der Duin, Rikje Brinkman-Medema, Anita Niemarkt and Lou F.M.H. de Leij
Department of Biological Psychiatry, Groningen School of Behaviour and Cognitive Neurosciences, Groningen, and Clinical
Immunology, Groningen School of Drug Exploration, University Hospital, Groningen, the Netherlands

PET and SPECT allow the study of the distribution of lymphocytes in
living humans, provided that these cells are adequately prelabeled
ex vivo. Such a labeling technique should not only be nontoxic to
lymphocytes but it also should take into consideration that their
kinetics are such that radioactivity must be followed for at least 24
hr. We describe the potential of divalent cobalt isotopes (^Co24,
half-life 17.5 hr for PET; 57Co2', half-life 270 days for SPECT) for
labeling lymphocytes. Methods: Isolated rat lymphocytes were
incubated with 57CoCI2 with or without unlabeled CoCI2 or CaCI2
carrier or other compounds. In some experiments, the accumulation
of radioactive cobalt and calcium in lymphocytes was determined in
the presence of phorbol myristate acetate alone, calcimycine alone
or in combination. The toxicity of cobalt to lymphocytes was
assessed with the trypan blue exclusion test and by assessing their
Received Apr. 1, 1997; revision accepted Aug. 6, 1997.
For correspondence or reprints contact: Jakob Korf, PhD, Department of Biological
Psychiatry and Neuro-PET Coordination, Groningen University Hospital, P.O. Box
30.001, 9700 RB Groningen, the Netherlands.
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proliferative capacity using radioactive thymidine incorporation as a
readout. Biodistribution of cobalt-labeled lymphocytes was deter
mined with postmortem analysis and compared with that of the free
(nonlymphocyte-bound) tracer. Results: At high concentrations
(more than 100 x necessary for adequate labeling), cobalt was not
cytotoxic. Incubation of labeled lymphocytes in tissue culture me
dium for 24 hr in vitro showed a loss of less than half of the
incorporated cobalt radioactivity. Twenty-four hours after in vitro
labeling of lymphocytes and intravenous injection, radioactivity ac
cumulated not only in the liver, kidney and bladder of the rat but in
the spleen and lungs, which differed from the distribution of the free
tracer. Uptake and binding to rat lymphocytes of Co2+ partly
mimicked that of Ca24. The binding of cobalt, however, was
stronger and nonsaturable. Conclusion: These results warrant fur
ther exploration of cobalt as a PET or SPECT label of human
lymphocytes.
Key Words: lymphocytes; cobalt; PET; SPECT; calcium
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