
diolabeled monoclonal antibodies (MAbs) to tu
mor-associatedantigensare widelyused for the scinti
graphic determination of tumor invasion in a number
of clinically important malignancies (1,2). The low
levels of MAb that are delivered to the tumor following
i.v. administration has, however, limited the use of this
approach for the systemic therapy of tumors with radi
olabeled MAbS (3). Despite these limitations, there
appears to be some place for radioimmunotherapy with
radiolabeled MAbs particularly when confined to intra
cavitary or lymphatic routes ofadministration (4).

Initial attempts at treating certain tumors with radi
olabeled MAbS have used iodine-13l (â€˜@â€˜I),however,
rapid in vivo deiodination ofthe radiolabel has resulted
in low levels of radionucide being deposited in the
target tumor and unwanted radiation to innocent tis
sues such as the thyroid (2). More recently several
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investigators have used bifunctional chelates for label
ing of MAbS with other beta- or alpha-emitting radio
nuclides, including @Â°Y(5,6), 67Cu(7), â€˜@Au(8), and
2'2Bi (9), in attempts to produce radioimmunoconju
gates with increased in vivo stability and enhanced
tumor deposition.

Samarium-153 (â€˜53Sm)is a radiolanthanide that pos
sesses excellent physical characteristics for radioimmu
notherapy (10). It is a beta-emitter [E,@ = 640 (30%),
710 (50%), and 810 (20%) keY] with a half-life (t Â½)of
1.95 days. In addition it emits a 103 keY gamma ray
(28%) that is suitable for gamma camera detection. It
can be produced in high yield and high specific activity
by neutron activation ofenriched â€˜52Sm.

Samarium-l53 complexes of citrate, nitrate, and bi
ologically active molecules such as transferrmnand bleo
mycin have been studied as potential tumor-seeking
compounds (11â€”13).However, rapid formation of Sm
colloids in vivo resulted in high reticuloendothelial
(RES) uptake. When complexed to aminocarboxylic
acids such as ethylenediaminetetraacetic acid (EDTA)
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or diethylenetriaminepentaacetic acid (DTPA), or di
and tetra-phosphonates such as EDTMP or NTMP,
stable compounds have been produced (14-16). These
later complexes of â€˜53Smhave recently been used in
animal and human trials for the treatment of skeletal
metastases with promising results in reducing tumor
pain (1 7â€”19).A series of other â€˜53Smcomplexes have
also been synthesized and tested for the combined
scintigraphy/therapy of malignant melanoma in nude
mice, although results have shown poor tumor localiza
tion (20,21).

We have investigated the radiolabeling of MAbs with
â€˜53Smusing the bifunctional chelate cyclic DTPA an
hydride (cDTPAa) and undertaken imaging and biodis
tribution studies in a rat model system. The antibody
chosen for the study was the murine MAb, K-l-2l.
This antibody reacts with a conformation-dependent
epitope present on the constant region of free, but not
heavy chain associated kappa light chains (LC) (22,23).
It also recognizes a tumor-associated antigen (KMA)
present on some kappa myeloma and kappa lymphoma
cells, and therefore has some clinical potential for treat
ment of these disorders (22,24).

MATERIALS AND METhODS

MonoclonalAntibodyProductionand Purification
The IgG, MAt,, K-1-21 (22) was purified from ascitesby

ammonium sulphate fractionation and affinity chromatogra
phy on ROW kappa LC conjugated to Sepharose CL-4B beads
(Pharmacia, U@a, Sweden) (see below). Purified antibody
wassuspendedin phosphatebufferedsalinepH 7.2(PBS)then
concentrated to 20 mg.mt' for the labeling experiments.

Cyclic DTPA Conjugationto Antibody
All buffers and gels used for radiolabeling and purification

werepreparedwith ion-depletedwaterMihipore/Waters,Bed
ford, MA and stored over Chelex-lOO(BioRad, Richmond,
CA) metal chelating resin. Cyclic DTPA anhydride (Sigma
Chemical Co., St. Louis, MO) (cDTPAa) was conjugated to
K-l-2l using a modification of the Hnatowich method (25).
Briefly,cDTPAa was suspendedin chloroform(1 mg.ml').
An aliquot containingsufficientcDTPAafor a molar ratio of
10:1-100:1DTPA:MAbwasadded to an acid-washedReacti
vial (Pierce Chemical Co., Rockford, IL) and evaporated to
dryness under a stream of high purity dry nitrogen, K-l-21
MM, (200 dig)was added, the vial was vortexed for 1 mm
then allowed to stand at room temperature (RT) for 5 mm.
Several vials were used if more than 1 mg of MAb was
conjugated and the solutions mixed as above.

Separationofthe DTPAK-l-2l conjugatefrom freeDTPA
was achievedby size-exclusionchromatographyon a Sepha
dcx G-50 (Pharmacia)(7 x 200 mm) monitored with an in
line uv detector (Pharmacia) at 280 nm.

Preparationof â€˜53Sm
Samarium oxide (â€˜52Sm2O3,2 mg), isotopically enriched to

98.7% purity, was activated (n, â€˜y)in the Australian Nuclear

Scienceand TechnologyOrganizationHIFAR ResearchRe
actor. Irradiation in a neutron flux of 5 x l0'@n.cm2.s' for
1 to 5 days yielded â€˜â€œSmwith specific activities between 12
and 31 GBq.mg'. The activated oxide was dissolved in 6M
HO, evaporated to dryness, and redissolved in ultra-pure
water. Samarium-153chloride was either used directly for
labeling or passaged through a 2 x 20 mm ion exchange
column (AG 1-X8) (BioRad) to produce [â€˜53Sm]acetate.

Samarium-153Labelingof Antibody
Samarium-l53 (acetateor chloride)was added to the pu

rifledDTPA-conjugatedantibodyand allowedto stand at RT
for 30 mm. The labeled antibody was then purified by elution
from a P6-DO column (BioRad) (20 x 80 mm). Column
elution was monitored with both an in-line solid crystal scm
tillation detector/counter peaked to the 103 keV gamma
emissionof â€˜â€œSmand 280 nm uv monitor. Total peak radio
activitywas determined with an isotope dose calibrator and
total protein recovery was quantified by Bradford assay
(BioRad).The results were used to accurately quantify the
specificactivity(s.a.)ofthe recoveredradiolabeledantibody.

HPLC Analysis of Labeled Antibody
Representative samples ofpurifled â€˜53Sm-K-l-2lwere ana

lyzed by size exclusionHPLC (Bio-SilTSK 250 (Bio Rad),
7.5 x 300 mm, 0.2M Tris buffer pH 7.0). Column elution (1
ml.min') wasmonitoredwith an in-line280 nm uv detector
and gamma spectrometer. Retention times were compared
with protein standards and unlabeled K-l-2l antibody.

Indium-Il 1 Labeling of Antibody
Indium-l 11 (â€˜â€˜â€˜InCl3,185 MBq.ml') (Mallinckrodt, St.

Louis, MO) was converted to the acetate (0.5 M, pH 5.5)
before conjugation to DTPA-K-l-2 1 (20: 1) and purified as
describedabove.

Iodine-131 Labeling of Antibody
The K-l-2l antibody was iodinated with â€˜@â€˜I(8 GBq.ml'

Na 13))(Amersham, Buckinghamshire, UK) by the iodogen
method(26). lodinatedantibodywaspurifiedfromfreeiodide
by passage over a Sephadex G-25 (Pharmacia) column pie
blockedwith 5% BSA.

Preparation oflâ€•InIDTPA and I'@SmlDTPA
Indium-l 1l-DTPA and [â€˜53SmJDTPAwerepreparedfrom

their respective acetates by reacting 1 mg of DTPA (Na'@salt)
with 37 MBq of radiolabelin 0. 1SM NaCI pH 7. The forma
tion of the respective DTPA complex was confirmed by thin
layer chromatography(ITLC-Sg(Gelman Sciences, Ann Ar
bor, MI) in 85%methanol).

Antigen-CoupledSepharoseBeads
Human kappa(VOR, ROW, or DAL) or lambda (WAT or

MOS) LC were purified from the urine of myeloma patients
with ammonium sulphate fractionation and gel filtration
(ACA-54)(Pharmacia) (23). LC were covalently linked to
Sepharose6MBCNBr (Pharmacia)activatedbeads and used
at 15 mg per g of dry beads (for immunoreactivityassay)or
500 @igper ml of swollengel (animal implant studies)(27).

ImmunoreactivityAssay
Retained immunoreactivity of radiolabeled antibody con

jugates was assessed using a modified in vitro binding assay
previously described (28). Briefly, 14 x 1.5 ml micro centri
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fuge tubes were blocked with 1% BSA in PBS by incubation
at 37Â°Cfor 1 hr then washed with PBS. Seven aliquots (100â€”
700 @d)ofboth kappa (test)and lambda(control)LC coupled
Sepharosebeads were dispensedinto the pie-blockedtubes.
Diluted labeled antibody (100 Ml@50-100,000 cpm) was added
to each tube and incubatedat 37Â°Cfor 1.5hr. The beadswere
centrifuged at 5,000 g, washed with 0. 1% BSA (x 1), respun
and rewashedwith PBS(x3)then counted in a gamma counter
(l27A Riagamma, LKB/Wallac, Sweden) calibrated for the
appropriate radionuclide. Samples (100 @tl)of the diluted
antibody were counted as standards.The specificbinding at
each gel (antigen) volume was determined by subtracting the
control from the test counts and dividing by the standard. The
data was graphed as a double inverseplot and analyzed by
linear regressionto determine the interceptvalueof the ordi
nate. This point corresponds to the inverse of % retained
immunoreactivityat infiniteantigenexcess(29).

Animal Studies
Male Fisher 334 rats aged 10â€”15wk were used for biodis

tribution and gamma camera studies. Kappa(test) and lambda
(control) IC conjugated Sepharose beads (@â€”0.5ml) were
implanted into opposite flanks of each animal under ether
anesthesiaas previouslydescribed(27).

Twenty-fourhoursafterthe placementofthe implantseach
animal was injected i.p. with radiolabeledK-l-2l. L7, a iso
typically identical murine MAt, of irrelevant specificity was
radiolabeledand used as a control in these studies. Three
groups of five animals were administered 37 MBq of either
â€˜53Sm-K-l-21, â€˜â€˜â€˜In-K-l-21 (100 @igMAb, 20: 1 cDTPAa:
MAb) or â€˜3'I-K-l-2l(100 pg). Animals receiving â€˜3'I-K-1-2l
were fed IG supplemented drinking water from 7 days pre
injection to block the thyroid. Further groups of rats were
similarly administered [â€˜53Sm]acetate,[â€˜53SmJDTPA,[â€œIn]
acetate,or [â€œIn]DTPA.

Animals were imaged on a gamma camera (Searle Pho
gamma IV) peaked for the appropriateradionuclideat 2 and
6 days postinjection (p.i.). Each animal was placed prone
beneath a pinhole collimator, and counts acquired for 5 mm.
Data wasstoredby an on-linecomputer (DigitalPDP 11/40)
in 64 x 64 matrix.

Followingimaging,each animal was exsanguinated,dis
sected and selective organs counted in a gamma counter
peakedfor the appropriateradionuclide.Bonemarrowradio
activitywasdistinguishedfrom bone matrix by aspiration of
the femoral marrow with saline. Tissue distribution profiles
of %injecteddose/organ(% ID/organ), %injecteddose/g(%
ID/g), and tissue/blood ratios (T:B) were generated using a
computer biodistribution program. Kappa:lambda implant
specificityindiceswerecalculatedaspreviouslydescribed(28).
Data wascompared (Student's t-test) for each radiolabeland
againstthe Li control MM,.

RESULTS

Stability of the Radionuclide
Preliminary experiments produced reasonable label

ing of DTPA-conjugated MAb with freshly prepared
[â€˜53Sm]acetate.When [â€˜53Sm]acetate(s.a. 12 GBq.mr')
was complexed with DTPA-K- 1-21 (50: 1) at pH 7, a

labeling efficiency of 62.7% was achieved (Table 1). A
reduction in % labeling efficiency was noted however
when [â€˜53Sm]acetatewas labeled to DTPA-K-l-2l at
pH values below and above neutrality.

Labeling efficiency was substantially reduced when
the [â€˜53Smjacetatestock solution had been stored for
up to a week following production (Table 2). In addition
it was found that a substantial amount of the radioac
tivity was retained on the gel column when the [â€˜â€œSm]
acetate was not fresh. Macroscopic examination of the
[â€˜53Sm]acetatestock solution revealed that the material
had become cloudy and a fine precipitate developed
within a week of production. As similar changes in
labeling efficiency and precipitate formation were not
observed with [â€˜535m]chlorideafter a similar storage
period (Table 2) it was the radiochemical form chosen
for all subsequent labeling experiments.

Effect of Conjugation Ratio and Specific Activity on
Labeling Efficiency

As might be expected from theoretical predictions,
â€˜53Smincorporation onto antibody conjugates was
found to increase in near linear fashion following either
an increase in the s.a. of [â€˜53Smjchloridestock solution
or after an increase in the cDTPAa:MAb conjugate
ratio (Table 3). Thus a threefold increase in label incor
poration occurred when the s.a. of [â€˜53Sm]chloridewas
increased from 12 to 31 GBq.mg' by irradiation of
target material for 5 days instead of 1 day. Use of this
material resulted in a conjugate of s.a. between 48.1
and 152.0 MBq.mg' when cDTPAa:MAb conjugation
ratio was increased from 10:1 to 30: 1 (Table 3). Using
low s.a. [â€˜53Smjchloridestock a conjugate s.a. approach
ing 100 MBq.mg' was only achieved above a
cDTPAa:MAb conjugation ratio of @0:1.

Using high s.a. [â€˜53Smjchloride and a conjugation
ratio of 20: 1, routine labeling efficiencies of above 60%
were achieved when 200 @gK-l-21 and 40 MBq [â€˜â€œSm]
chloride were used. This translated to a resultant â€˜â€œSm
antibody s.a. >150 MBq.mg'. When scaling up to label
amounts of antibody in excess of 1 mg, we found it
necessary to employ a multi-vial conjugation procedure
due to finding that % labeling efficiency decreased with
increased protein added. The multi-vial procedure has
resulted in >50% labeling efficiency on numerous oc
casions and a labeled antibody s.a. routinely above 120
MBq.mg'.

High performance liquid chromatography (HPLC)
analysis of the gel column purified â€˜53Sm-K-l-2l con
jugates showed matched 280 nm uv absorbance and
radioactive peaks at 4.2 mm retention time (Fig. 1).
This corresponded to the expected elution time of IgG
using protein standards and to that determined for K-
1-2 1 MAb. Only minimal absorbance of radioactivity
was demonstrated at the void volume, or at increased
retention time when â€˜53Sm-K-l-21was conjugated at a
20: 1 cDTPAa:MAb ratio.
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%LabelingefficiencypH

[1%mjacetat& [1%m]chloridet [1@Sm]acetat&[l@Sm]thloridet5

12.3 58.0 27.7109.26
28.2 56.0 58.1107.97
62.7 68.5 140.7133.28
34.1 57.8 70.3118.99
27.8 52.1 62.9101.2.s.a.

of the label12 GBq.mg', cDTPAa:MAbconjugationratio50:1, 200 @igK-1-21, 4OMBq[â€˜@Sm]acetateadded.ts.a.
of the label31 GBq.mg1 cDTPAa:MAbconjugation ratio 20:1, 200 @gK-1-214OMBq[1@Sm]chlorideadded.

TABLE3Effect
of cDTPAa:MAb Conjugation Ratio on the Labeling

of MAbwith [1ssSm]ChlorkleSpecific
activityâ€˜@Sm-K-1-21Conjugation

(MBq.mg1)ratio
(a)t(b)t0

<0.1<0.210:1
13.348.120:1
51.8114.730:1
70.3152.050:1

107.3â€”100:1
118.4â€”.

MAb labeled in 0.05 M NaCIpH7.t

s.a. of [1@Sm]chloride 12GBq.mg1*

s.a. of [â€˜@SmJchloride 31 GBq.mg'

TABLE2Effect
of Storage Time of 1@SmStock onAntibodyLabeling

Efficiency(DecayCorrected)Storage
period@ Labelingefficiency

(days) [1@Sm]acetate [1@SmJchlondet

. s.a. of the label 12 GBq.mg1, cDTPAa:MAb conjugation ratio

50:1, 200 @igK-1-21, 40 MBq[â€˜@Sm]acetateadded.
t s.a. of the label 31 GBq.mg1, cDTPAa:MAb conjugation ratio

20:1,2001L9K-1-21,40MBq[â€˜@Sm]chiorideadded.

TABLE 1
Effect of pH on the Labeling of K-i -2i with @Sm

SpecificACtiVity1@Sm-K-1-21(MBq.mg1)

Effect of Labeling Conditions on Immunoreactivity
Retained immunoreactivity (i.r.) of â€˜â€œSm-labeledK-

1-21 conjugates was assessed using an in vitro binding
assay to kappa LC immobilized on Sepharose beads.
Almost complete retention of i.r. was observed in the
â€˜53Sm-K-1-2lconjugates immediately following purifi
cation when a conjugation ratio of up to 20:1
cDTPAa:MAb was used (Table 4). Conjugation ratios
above this level had a detrimental effect on the i.r. of
the antibody such that a conjugation ratio of @0:1
cDTPAa:MAb reduced i.r. to a level of @-.-50%(p <
0.05). When conjugates were prepared at the optimal
cDTPAa:MAb ratio of 20: 1, i.r. was found to remain
unaffected by the amount of â€˜â€œSmlabel attached (up
to 150 MBq.mg') and was similar to that achieved
when K-l-2l was labeled with â€œIor â€˜â€˜â€˜In.

The immunoreactivity of â€˜53Sm-K-l-2lafter storage
at 4Â°Cwas assessed for a period up to 7 days for three
different preparations of labeled antibody. In all prep
arations % retained i.r. diminished with time until

@@@5Ã˜%of the full immunoreactivity remained after
7 days storage. This loss of immunoreactivity presum
ably reflects radiolysis ofthe â€˜53Sm-labeledantibody.

Animal Biodistribution Studies
The imaging and biodistribution of â€˜â€œSmlabeled K-

1-2 1 were examined in normal rats bearing s.c. kappa

LC (test) and lambda LC (control) antigen-sepharose
implants. Two preparations of â€˜53Sm-K-l-2lwere pro
duced for biodistribution studies, both were chelated at
the optimal cDTPAa:MAb ratio of 20:1, but using
different s.a. [â€˜53Sm]chloridestock solutions (12 and 31
GBq.mg'). This resulted in preparations of â€˜53Sm-K-
1-21 with s.a. of48 and 120 MBq.mg'. Immunoreac
tivity remained above 90% following labeling for both
preparations. As only minor differences in biodistribu
tion were seen with the two different s.a. preparations
of â€˜53Sm-K-l-21,we have reported only the results
obtained with â€˜53Sm-K-1-21of s.a. 48 MBq.mg'. Re
suits were compared with those obtained after injection
ofâ€•I-K-l-2l or â€œIn-K-l-21.

Gamma camera images were taken, without back
ground subtraction, at Day 2 and 6 p.i. (Fig. 2). By Day
2, each type of conjugate showed localization to the
kappa rather than the lambda implant. The specific
localization became more clearly delineated by Day 6,
when blood-pool activity had declined. The images
obtained with â€˜53Sm-K-1-21more closely resembled
those obtained with â€˜â€œIn-K-l-2lthan with â€œI-K-l-21.
Both â€˜â€˜â€˜In-and â€˜53Sm-labeledantibody showed accu
mulation within the RES and kidneys, which was not

062.768.5126.760.2311.048.06<545.2
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1%m-K-1-21Time
â€˜311-K-1-21@ 111ln-K-1-21@ ()t (b)@(c)(days)

(n = 3) (n = 3) (n = 3) (n = 3) (n =2)0

90.8Â±2.6 92.5Â±1.9 92.0Â±2.8 90.8Â±2.1 47.7Â±4.61
â€” â€” 86.0Â±3.1 64.8Â±3.2 23.5Â±4.92
â€” â€” 68.0Â±3.6 â€” 12.8Â±4.47
â€” â€” 45.7Â±4.1 â€”â€”.

s.a. 370 MBq.mg'

t s.a. 114 MBq.mg1 1@Sm-K-1-21 labeled with â€˜@Sm-chIoride (31 GBq.mg') 20:1 cDTPAa:MAb Conjugation ratio.

* s.a. 52 MBq.mg' 1@Sm-K-1-21 labeled with â€˜@Sm-chIoride (12 GBq.mg1) 20:1 cDTPAa:MAb Conjugation ratio.

Â§s.a. 140 MBq.mg1 1@â€•Sm-K-1-21labeled with 1@Sm-chloiide (12 GBq.mg1) 50:1 cDTPAa:MAb Conjugation ratio.

â€œI-K-l-21. In particular, â€˜53Sm-K-l-2laccumulated in
organs of the RES and in the kidneys in a similar
manner to â€˜â€˜â€˜Inlabeled antibody. â€˜53Sm-K-l-2lthusSIgavenearlyequivalentkidney(2.10Â±0.24vs.2.39Â±

. 0. 10), lower splenic (0.65 Â± 0.02 vs. 1.41 Â± 0.07), but

< higher hepatic (1 .20 Â± 0.04 vs. 0.60 Â± 0.03) % ID/g

@ estimates than â€˜â€˜â€˜In-K-1-21.
Despite similarities in the RES uptake, the biodistri

bution of â€˜53Sm-K-l-21also showed significant differ
ences from that of â€˜â€˜â€˜In-K-1-21.Firstly, blood clearance
of â€˜53Sm-iabeledantibody was significantly faster (p <
0.01) than that of other conjugates. This resulted in
higher Implant:Blood ratios for this radionuclide (19.95
Â±2.20) in comparison to â€œIn(10.10 Â±0.06) and â€œI
(7.69 Â±0.45) and clearer delineation of kappa implant
uptake from background in the Day 2 scintiphotos.
Second, confirming the scintigraphic findings, there was
significantlyhigher (p < 0.01) uptake of â€˜â€œSmin the
bone (femur). The bone uptake was 0.82 Â±0.06% ID/
g for â€˜53Sm-K-l-21in contrast to 0.25 Â±0.02 and 0.09
Â±0.0 1 % ID/g for â€˜â€˜â€˜Inand â€˜@â€˜Ilabeled K- 1-21, respec
tively. Counting of the femoral bone marrow aspirates
revealed that less than 5% of the â€˜â€œSmradioactivity
associated with the femur could be recovered by mar
row removal, implying that skeletal uptake is osseous
rather than marrow associated.

Animals were also injected with [â€˜53Sm]acetateor
[â€˜53Sm]DTPAin order to compare the biodistribution
of these complexes with â€˜53Sm-K-l-21as well as with
[â€˜â€˜â€˜In]acetateor [â€˜â€˜â€˜In]DTPA.As expected (Fig. 4) both
[â€˜53Sm]DTPAand [â€˜â€˜â€˜In]DTPAwere rapidly cleared
from the body by the kidneys with minimal retention
of radioactivity by the implants or other tissues. In
contrast the whole-body retention of both [â€˜53Sm]ace
tate and [â€˜â€˜â€˜In]acetatewas much more prolonged. On
Day 6 p.i. liver uptake was more pronounced for [â€˜â€œSm]
acetate while splenic and kidney retention was higher
with [â€˜â€˜â€˜ln]acetate.

Cl)
.0

0

FIGURE 1
Size exclusion HPLC profile of 1@Sm-K-i-21 (20:1
cDTPAa:MAbconjugationratio).Chromatogramon Blo-Sil
TSK-250 column,with0.2M TrisbufferpH 7.0 (1 ml.min1).
Radioactivity (R.A.) â€”, uv. Absorbance at 280 nm
(arbitrary scale). Void volume at 2.9 mm and lgG at 4.2
mmretentiontime.

evident in the â€œIantibody images. Skeletal deposition
was evident in the â€˜53Sm-K-l-21scintigrams at Day 6,
while the same degree of bone retention was not ob
served with either â€œIor â€œInlabeled K-1-2l.

Biodistribution studies were completed by Day 6 p.i.
(Fig. 3). The results confirmed the specific localization
of â€˜53Sm-K-1-21to the kappa implants (1 .90 Â±0.18%
ID/g) which was significantly higher (p < 0.01) than
the lambda control (0.80 Â± 0.02% ID/g). The
kappa:lambda implant specificity index was thus 2.35
Â±0.19, which compares favorably with â€˜â€˜â€˜In-K-1-2l
(2.44 Â±0.13) but is lower than that determined for â€œI-
K- 1-21 (3.58 Â±0.3 1). The kappa:lambda specificity
index for â€˜53Sm-L7control was 0.97 Â±0.12.

As suggested by the gamma camera images, the bio
distribution of â€˜53Sm-K-l-2lin normal tissues more
closely resembled that observed with â€œIn-K-l-21than

0 4 8

RETENTION TIME

TABLE4
Retained Immunoreactivity of Radiolabeled K-i -21 Stored at 4Â°C

Retained Immunoreactivity(%)
(MeanÂ±s.d.)
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For optimal retention of i.r., a cDTPAa:MAb conjuga
tion ratio of2O:l was considered the highest practicable.
At this ratio, and using high specific activity [â€˜â€œSm]
chloride (31 GBq.mg@') â€˜53Sm-K-l-21ofspeciflc activ
ity >150 MBq.mg' was routinely produced. HPLC
analysis of the gel column purified â€˜53Sm-K-1-2lhas
shown minimal contamination with larger molecular
weight species (cross-conjugated antibody or colloid)
under these labeling conditions.

Given that the amount of MAb generally adminis
tered for optimal clinical tumor imaging is often in the
range of 10â€”SOmg per patient (32), these labeling
conditions would allow up to 5,000 MBq of â€˜â€œSmto
be incorporated onto the antibody without significant
loss of antibody i.r. from the conjugation procedure.
Studies have not yet determined the effect on antibody
i.r. from the internal radiation dose from such a thera

FIGURE 2
Gamma camera scintigrams of
Fisherrats injectedwith 131l-K-1-2i,
â€œâ€˜In-K-i,21, and 1@Sm-K-1-21at
Day 2 (A, B, C, respectively)and 6
(D, E, F, respectively) p.i.. Animals
are positionedheaddown and con
tam s.c. kappa LC (K) and lambda
LC (L) antigen implants. Increased
â€˜@Sm-K-1-21uptake is demon
strated in the liver (LV) and skeleton
(arrow)at day6 p.i.(F)incomparison
to 1311-K-1-21(D)or â€œln-K-1-21(E).

DISCUSSION

Sm(III) is known to form stable complexes with
DTPA, although the association constant is somewhat
lower than that for the corresponding Ga(III) or In(III)
complexes (Log KM 22.3, 24.3, and 29.0, respectively)
(30,31). The associationconstantreportedfor Sm(III)
is of similar order to that reported for Y(III) (22.0) and
therefore radioimmunoconjugates of â€˜53Sm-DTPA
MAb should possess similar in vitro stability to those
ofthe corresponding yttrium-90 DTPA-MAb complex.

These studies have indicated that a stable complex of
â€˜53Sm-K-l-2lcan indeed be produced at neutral pH
using the bifunctional chelate cDTPAa and [â€˜â€œSm]
chloride. Although % labeling efficiency and s.a. were
improved by increasing the cDTPAa:MAb conjugation
ratio, it was found that an increased loss ofi.r. occurred.
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FIGURE 3
Biodistributionprofiles (% ID/g) of
Fisherrats injectedwith 131l_,111lnâ€”,
and1@SmlabeledK-i -21 6 daysp.i.
(MeanÂ±s.e.m.,n = 5). Implants:K
= kappa LC, L = lambda LC, Organs:

LV = liver,LG= lung,KD = kidney,
MM = muscle, 5K = skin, BD =
blood, G = gonads, SP = spleen, ST
= stomach, BL = bladder, B = bone.
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peutic preparation, although an external gamma dose
of 25 kGy haspreviouslybeenshownto haveminimal
effect on the i.r. of K-l-21 (unpublished results).

In order to assess the biodistribution ofthe â€˜53Sm-K-
1-21 antibody a rat model as used (27). This model
employs s.c. implanted antigen-coupled sepharose as
an alternative to human tumor xenografts in immu
nosuppressed or athymic mice. It provides a target with
known and constant antigen density, avoiding varia

tions arising from differences in tumor metabolism
(33). In addition,variationsin labeledantibodymetab
olism and radionucide deposition by xenografted tu
mor cells are avoided. These factors are of considerable
importance when comparing the localization of anti
bodies labeled with different radionuclides.

This study has clearly shown that â€˜53Sm-K-l-2lwill
specifically localize to target antigen implants, and that
high quality gamma camera images can be obtained of
the antibody-implant uptake. The biodistribution pat
tern is consistent with that of a labeled antibody com

plex, in contrast to that seen with free [â€˜53Sm]acetateor
[â€˜53Sm]DTPA.The biodistribution profile closely re
sembles that of â€˜â€˜â€˜In-labeledantibody with three notable
differences. Firstly, preferential liver uptake and re
duced splenic sequestration was evident. Blood clear
ance was increased, while skeletal retention was more
pronounced. These patterns most likely reflect differ
ences in the in vivo stability of the â€˜â€œSm-labeledanti
body in comparison to that of an identical antibody
labeled with â€œIn.

As noted above, the association constant for Sm
DTPA is lower than fOrIn-DTPA. It is therefore feasible
that the resultant â€˜53Sm-DTPA-MAbcomplex is rela
tively weaker in vivo than the corresponding â€œIn
DTPA-MAb complex. The relative in vivo stability is,
however, complicated by the role of plasma proteins,
which may act to compete forthe metal ion attached
to MAbs. Whilst it is known that transferrin has a
strong affinity for In(III) and this is directly responsible
for the loss of 8â€”9%ofthe â€˜â€˜â€˜Inradiolabel per day from
labeled antibodies (5), the competition by plasma pro
teins for Sm is less clear. It is known that transferrmn
does not form a stable complex with Sm ions (13),
therefore it is unlikely that transferrmn will act as a
competitive ligand for dissociation of â€˜53Smfrom the
antibody in vivo. Preliminary experiments have now
shown <5% association of â€˜53Smwith transferrmn when
â€˜53Sm-MAbis incubated in serum for 7 days (Boniface:
unpublished data). Serum albumin is known to form
complexes with radiolanthanides (34) but these are of
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FIGURE 4
Biodistribution profiles (% ID/g) of Fisher rats injected with
(A)[@1In]acetateor [1@â€•Sm]acatateand(B) [111In]DTPAor
[â€˜@Sm]DTPA6 daysp.i. (MeanÂ±s.e.m.,n = 5). Implants:
K = kappaLC,L = lambdaLC,Organs:LV= liver,LG=
lung,KD= kidney,MM= muscle,5K = skin,BD= blood,
G = gonads, SP = spleen, ST = stomach, BL = bladder,
B = bone.
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MedBiol 1983; 10:251â€”256.

13. Tse JW, Noujaim AA, Wiebe LI. [â€˜53Sm]Samarium
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tope scintigraphy. IAEA-SM-164/5i; Monte Carlo,
1972: 457â€”465.

15. Goeckeler WF, Troutner DE, Volkert WA, et al. â€˜53Sm
radiotherapeuticbone agents.Nuci Med Biol 1986;
13:479â€”482.

16. O'Mara RE, McAfee JG, Subramanian G. Rare earth
nuclides as potential agents for skeletal imaging. J
NuclMed 1969; 10:49â€”51.

17. Corwin LA, Lattimer JC, Goeckeler WF, et al. Sm
153 EDTMP treatment of spontaneous canine bone
tumors. J Nuci Med 1986; 27:986â€”987.

18. Goeckeler WF, Edwards B, Volkert WA, et al. Skeletal
localization of samarium-l53 chelates: potential ther
apeutic bone agents. JNuclMed 1987;28:495â€”504.

19. Turner JH, Hoffman RE, Martindale AA, et al. Sa
marium-l53 EDTMP therapy dosimetry and SPECT
in cancer patients with disseminated skeletal metasta
sis[Abstract].JNuclMed 1988;29:762.

20. Turner JH, Martindale AA, Dc Witt GC, et al. Sa
marium-153 chelate localization in malignant mela
noma. EurJNuclMed 1987; 13:432â€”438.

21. Turner JH, Martindale AA, Dc Witt OC, et al. Tum
our localisation of Samarium-153 chelates in malig
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1986;13:1367â€”1369.
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cells.JExpMed1983;158:1769â€”1774.

23. Raison RL, Boux HA. Conformational dependence of
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relatively low stability. Other recent reports have sug
gested that, when injected as an ionic complex, â€˜â€œSm
may form carbonate colloids(16,20) with resultant RES
sequestration. However, studies with internally labeled
MAb have also indicated a predilection of MAb for the
liver (33). The liver uptake of â€˜53Sm-MAbin our bio
distribution studies is therefore most likely a combina
tion of both antibody binding and in vivo dissociation
effects.

The uptake of â€˜53Smin bone is an interesting finding,
and one that cannot be explained by the formation of
colloid species from in vivo dissociation of â€˜53Sm-MAb.
Previous reports have observed the bone sequestration
of â€˜53Smwhen complexed to ligands of intermediate
formation constants, such as EDTA, despite the fact
that other metal complexes of these ligands do not
normally distribute to bone (14,16). It is most likely
that there is a direct transchelation of â€˜53Smfrom
DTPA-antibody to bone matrix and this transchelation
becomes more obvious due to the longer blood resi
dence of time â€˜53Sm-MAbthan with chelates of â€˜53Sm
which are rapidly cleared by the kidneys. Further studies
have now commenced to determine in detail the in
vivo stability of â€˜â€œSm-labeledantibodies, to study the
labeling of antibody fragments, and to calculate whole
body dosimetry.

In conclusion, it is possible to label monoclonal
antibodies with â€˜â€œSmand the resultant radioimmuno
conjugates retain their immunoreactivity and in vivo
antigen localization. Further studies are warranted to
determine if â€˜â€œSm-labeledantibodies have some clini
cal value for the radioimmunotherapy of certain tu
mors.
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