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Over the past several years, investigators in this laboratory and
elsewhere have been studying tumor localization by pretargeting
with streptavidin and biotin or with avidin and biotin. Despite en-
couraging results, difficulties related to endogenous biotin and the
immunogenicities of streptavidin and avidin have made a search
for alternative strategies sensible. Recently, we have considered
the use of DNAs and peptide nucleic acids for this purpose be-
cause oligomers can have hybridization affinities equivalent to that
of biotin for streptavidin or avidin without the associated difficul-
ties. We now report on the use of a morpholino (MORF), another
commercially available synthetic oligomer, for pretargeting appli-
cations. MORFs support the nitrogenous bases by nonionic phos-
phorodiamidate linkages and, besides being nuclease resistant,
can display good water solubility. Methods: An 18mer MORF and
its 18mer complementary MORF (cMORF) were obtained with a
primary amine through a 3-member alkyl linker on the 3� equivalent
end. An anti–carcinoembryonic antigen IgG antibody (MN14) was
conjugated with MORF, whereas cMORF was conjugated with
N-hydroxysuccinimide-mercaptoacetyltriglycine (MAG3) to permit
radiolabeling with 99mTc. The biodistribution of labeled cMORF was
first evaluated in normal CD-1 mice. Subsequently, nude mice
bearing LS174T tumors received 50 �g conjugated antibody 48 h
before the administration of 1.0 �g (7.4 MBq) 99mTc-MAG3-
cMORF. Control animals received the labeled cMORF without prior
administration of the antibody. A clearing step was not used.
Results: Biodistributions in normal mice showed that 99mTc-
MAG3-cMORF was excreted rapidly through the kidneys, with only
7 percentage injected dose (%ID) remaining within the whole body
(excluding urine) at 3 h. In tumor-bearing mice at 24 h, only 11 %ID
of the radioactivity remained in the whole body of study animals,
and of this amount, 2 %ID/g was in tumor tissue. The sites with the
highest %ID were the kidneys, at 4 %ID/g, and the blood, at 0.5
%ID/g; all other organs had �1 %ID/g. At the same time, values for
the control animals were 5 %ID (whole body), 0.05 %ID/g (tumor),
and 3 %ID (kidneys). All images reflected high uptake in the tumors
and low uptake in the normal tissues of the study mice. Conclu-
sion: Pretargeting using MORFs was effective in a mouse tumor
model.
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The use of radiolabeled antibodies in nuclear medicine to
target tumors was first investigated in the 1970s (1) and has
since been studied extensively. However, the limitations of
conventional tumor imaging have long been recognized and
include prolonged targeting time and slow clearance from
background tissues. Subsequent approaches have been pur-
sued that seek to bring about faster tumor targeting and
excretion by use of smaller antibody fragments or small
peptides as substitutes for the whole antibody (2–4). Back-
ground radioactivity levels have been improved in this
manner, and use of the smaller radiolabeled antitumor
agents has improved penetrability into tumors. Neverthe-
less, further improvements in tumor uptake and in ratios of
tumor to normal tissue would be welcome.

One alternative approach to conventional tumor imaging
is pretargeting. Several review articles on this topic have
appeared (5–10). Pretargeting involves the administration of
a nonradioactive tumor-specific agent carrying a molecular
group with a high affinity for a small effector molecule.
After a suitable interval to allow for tumor targeting and
clearance, the radiolabeled effector is administered. Thus,
the pretargeting method allows for clearance of the tumor-
specific antibody from normal tissues before administration
of the radiolabeled effector and therefore can potentially
overcome the intrinsic disadvantage of the lower ratios of
tumor radioactivity to normal tissue radioactivity that are
characteristic of conventional targeting. Ideally, the effector
should be a small hydrophilic, nonimmunogenic, highly
diffusible molecule that is rapidly and principally excreted
by the kidneys. At least 3 recognition systems have been
reported: streptavidin (or avidin) and biotin (11), bispecific
antibody and hapten (12), and DNA and complementary
DNA (13).

The system that uses streptavidin (or avidin) and biotin
has been the most extensively studied, and impressive re-
sults have been reported (14–16). Avidin is a protein of
approximately 66 kDa, existing in egg white, and strepta-
vidin is a similarly large protein of approximately 60 kDa,
isolated from bacteria. Biotin is a 244-Da essential vitamin
that exists in blood and tissues in low concentrations and
has a high affinity (dissociation constant, approximately
10�15 mol/L) for streptavidin and avidin. The drawbacks of
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this system include potential instability of the radiolabeled
biotin to plasma biotinidase degradation (9,17) and immu-
nogenicity of streptavidin and avidin, especially when con-
jugated to antibody (18). More troubling to this approach
can be the influence of endogenous biotin, which can com-
pete effectively with radiolabeled biotin for the streptavidin
and avidin sites (19,20). A 3-step strategy involving admin-
istration of biotinylated monoclonal antibody, avidin, and
then radiolabeled biotin alleviates some of the drawbacks,
but this procedure is considered complex for imaging and
does not address immunogenicity.

The second recognition system uses a radiolabeled hapten
and a bispecific antibody in place of streptavidin (or avidin)
and biotin (10,21–24). The hapten often is a coordination
complex, for example, indium-diethylenetriaminepentaace-
tic acid. The bispecific antibody is the product of linking 2
antibodies or antibody fragments against separate determi-
nants, the hapten and a tumor marker such as carcinoem-
bryonic antigen. In addition to requiring the preparation of
bispecific antibodies, this approach may suffer from lower
affinities. The affinity of an antibody for its hapten, partic-
ularly for a monovalent one, is orders of magnitude lower
than that of streptavidin or avidin for biotin. Mathematic
modeling has shown that a high affinity between an anti-
body and its hapten is an important determinant of success-
ful pretargeting (25).

The recognition system that uses an oligomer and a
complementary oligomer has been comparatively less
investigated (13,26,27). The suitability of the native
phosphodiester DNA as an effector is compromised by its
susceptibility to nuclease hydrolysis. Several chemical
analogs of single-stranded DNA have been developed
with variations at the phosphodiester backbone, princi-
pally to improve the in vivo stability of the native form.
Although the phosphorothioate DNA oligomer is stable
to nucleases, its principal disadvantage is its affinity for
tissue and plasma proteins (28). One synthetic DNA
analog, peptide nucleic acid (PNA), is excreted rapidly, is
stable, and seems to meet the requirements of an effector
for pretargeting. A 15mer PNA was previously evaluated
in this laboratory for pretargeting (26). Morpholino oli-
gomers (MORFs), like PNA, are synthetic DNA analogs
that have recently become commercially available and
are reported to be water soluble, stable to nucleases, and
highly specific for its complementary MORF (29). Pre-
liminary results from this laboratory have shown that a
radiolabeled MORF can hybridize in vivo with its com-
plementary sequence (30).

This laboratory has investigated labeled DNAs and PNAs
for pretargeting (26,31). We now report on the coupling of
an 18mer MORF to a tumor-specific anti–carcinoembryonic
antigen (CEA) IgG antibody (MN14) and its use in pretar-
geting studies of LS174T tumor-bearing mice with 99mTc-
labeled 18mer complementary MORF (cMORF).

MATERIALS AND METHODS

A 3�-amine-derivatized 18mer MORF (molecular weight, 6,156
Da), a biotinylated 18mer MORF, an 18mer 3�-amine-derivatized
cMORF (molecular weight, 6,107 Da), and a biotinylated 18mer
cMORF were gifts from GeneTools, LLC (Philomath, OR). The
amine and biotin moieties were conjugated through a 3-carbon
�-alanine linker on the 3�-equivalent end. The base sequences of
MORF and cMORF were 5�-GGGTGTACGTCACAACTA and
5�-TAGTTGTGACGTACACCC, respectively. Streptavidin-coated
magnetic beads (BioMag Streptavidin Ultra-Load) were purchased
from Polysciences, Inc. (Warrington, PA). A high-affinity murine
anti-CEA antibody (MN14; IgG 1 subtype; molecular weight, 150
kDa) was a gift of Immunomedics (Morris Plains, NJ). 1-Ethyl-
3(3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC)
was purchased from Pierce Chemical Co. (Rockford, IL). S-acetyl
N-hydroxysuccinimide (NHS)-mercaptoacetyltriglycine (MAG3)
was synthesized in house (32), and its structure confirmed by
elemental analysis, proton nuclear magnetic resonance, and mass
spectroscopy. Bio-Gel P4 medium for separation was purchased
from Bio-Rad Laboratories Inc. (Hercules, CA), and Sephadex
G-100 was purchased from Amersham Pharmacia Biotech (Pisca-
taway, NJ). 99mTc-pertechnetate was eluted from a 99Mo–99mTc
generator (DuPont Pharmaceuticals Co., Billerica, MA). All other
chemicals were reagent grade and were used without further pu-
rification.

HPLC Methods
Size-exclusion (SE) high-performance liquid chromatography

(HPLC) was performed on a Superose 12 column (HR10/30;
Amersham Pharmacia Biotech) with 0.10 mol/L phosphate buffer,
pH 7.0, as eluent at a flow rate of 0.6 mL/min. In-line ultraviolet
absorbance and radioactivity detectors were used to detect and
quantitate peak fractions. Recovery of radioactivity was deter-
mined routinely.

Preparation of cMORF-MAG3
An amount of S-acetyl NHS-MAG3 was added to a 3.5 �g/�L

solution of cMORF in 0.2 mol/L N-(2-hydroxyethyl)piperazine-
N�-(2-ethanesulfonic acid) buffer, pH 8.0, and after the sample was
stirred, the mixture was incubated at room temperature for at least
1 h. The molar ratio of cMORF to S-acetyl NHS-MAG3 was
approximately 1:20. The solution was purified on a 0.7 � 20 cm
P4 column with 0.25 mol/L ammonium acetate buffer, pH 5.2. The
concentration with respect to cMORF of the recovered fraction
was estimated by ultraviolet absorbance at 265 nm using an
absorbance coefficient of 31 �L/�g for cMORF. The purified
MAG3-cMORF solution was stored at �20°C.

Labeling of cMORF-MAG3 with 99mTc
To 25 �L MAG3-cMORF in 0.25 mol/L, pH 5.2, ammonium

acetate solution (�0.1 �g/�L cMORF) were added 6 �L sodium
tartrate solution (50 �g/�L, pH 9.2) and 2 �L stannous chloride
dihydrate solution in 10 mmol/L HCl (1 �g/�L), followed imme-
diately by 3.7–37 MBq (2–30 �L) 99mTc-pertechnetate generator
eluent. The final pH was approximately 7.6. The solution was
heated in a boiling water bath for 20 min before the labeling
mixture was purified on a 0.7 � 20 cm P4 column using 0.05
mol/L phosphate buffer, pH 7.0. Labeling efficiency was calcu-
lated as the percentage of radioactivity recovered in the cMORF
peak. Preparations of radiolabeled cMORF were analyzed further
by SE HPLC.
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Preparation of MN14-MORF
An aliquot of MN14 solution (100 �L of 10 �g/�L in 0.04

mol/L phosphate buffer saline, pH 7) was mixed with MORF (250
�L of a 2.4 �g/�L solution in 0.1 mol/L 2-[N-morpholino]-
ethanesulfonic acid buffer, pH 5.0). EDC (1 mg, 20 �g/�L) in the
latter buffer was then immediately added. The molar ratios of
MN14:MORF:EDC were 1:15:750. The reaction mixture was in-
cubated at room temperature for at least 1 h. Purification was
achieved on a 0.7 � 20 cm Sephadex G-100 column with 0.05
mol/L, pH 7.0, phosphate buffer as eluent. The concentration of
the recovered fraction was estimated with respect to MN14 by
ultraviolet absorbance at 280 nm using an absorbance coefficient
of 1.40 �L/�g. The purified solution was stored at �20°C.

Hybridization Ability of 99mTc-Labeled cMORF
Binding to beads is a convenient method to evaluate hybridiza-

tion between an oligomer and its complement (31,33). After opti-
mization of hybridization conditions, the hybridization ability of
radiolabeled cMORF was evaluated on streptavidin-coated mag-
netic beads.

The beads (300 �L) were washed 3 times with 200 �L washing
buffer (20 mmol/L Tris buffer and 0.5 mol/L sodium chloride, pH
8.2), while retained in the tube using a magnetic separator (MPC;
Dynal Biotech, Inc., Lake Success, NY). After the last wash, the
beads were suspended in 200 �L washing buffer, 1.0 �g biotin-
MORF was added, and 15 min later, the beads were again washed
3 times with 200 �L washing buffer. After resuspension in 200 �L
washing buffer, 2 �L radiolabeled MORF (0.02 �g cMORF) were
added. After 1 h of incubation with constant agitation, the beads
were separated, washed 3 times, and counted in a NaI(Tl) well
counter. The supernatant and washing solutions were combined
and counted. Two control groups of beads, one without biotin-
MORF and one with biotin-cMORF substituted for biotin-MORF,
were simultaneously carried through the identical procedure.

Estimation of MORF Groups per Molecule
on Coupled MN14

After coupling, the MORF on MN14 could not be quantitated
by its ultraviolet absorbance. To estimate the number of MORF
groups on MN14, a series of aliquots of purified radiolabeled
cMORF (4, 25, 50, and 150 �L at 0.01 �g/�L) was added to 50
�L MN14-MORF (0.5 �g/�L), incubated at room temperature for
1 h, and analyzed by SE HPLC. A control study was performed
identically with 4 �L (0.01 �g/�L) radiolabeled cMORF but
added to native MN14. Using SE HPLC, radioactivity bound to
MN14 was detected by the shift in radioactivity profile to a higher
molecular weight (earlier retention time) from labeled cMORF to
labeled cMORF-MN14-MORF.

Biodistribution of Labeled cMORF in Normal
CD-1 Mice

Each of 12 normal CD-1 mice (body weight range, 30–35 g)
received 1.5 �g (3.7 MBq) labeled cMORF by tail vein injection.
Four mice were killed at each of 3 intervals: 0.5, 1, and 3 h. The
mice were dissected, urine was carefully drawn, and organs were
removed and weighed. The radioactivity in each organ was
counted in the NaI(Tl) well counter along with blood samples of
known volume and an aliquot of the injectate. The radioactivity
remaining in the carcass was measured in a dose calibrator.

Pretargeting of Labeled cMORF in LS174T Tumor-
Bearing Nude Mice

Each of 8 nude mice (body weight range, 25–30 g) received 106

LS174T colon tumor cells by injection in 0.1 mL into 1 thigh.
After 12 d, when the tumors were no more than 1 cm in any
dimension, 4 of the animals received 50 �g MN14-MORF. After
48 h, 1.0 �g labeled cMORF (7.4–8.9 MBq) was injected through
a tail vein into both the mice that had and the mice that had not
received the MN14-MORF. At 3 and 24 h after injection of the
labeled cMORF, the animals were anesthetized with ketamine plus
xylazine and imaged anteriorly with a scintillation camera (Elscint,
Inc., Hackensack, NJ) having a large field of view. Immediately
after imaging at 24 h, the mice were killed and the biodistribution
of the radiolabel was determined.

The study was repeated using the same procedures, except that
most of the urine was carefully removed with a syringe before
imaging and only the imaging at 3 h was performed. Urine and
plasma samples from mice killed at 3 h were analyzed by SE
HPLC, the former by applying in-line radioactivity detection and
the latter by collecting fractions for counting in a NaI(Tl) well
counter.

RESULTS

Quality Assurance of Labeled cMORF
Figure 1 presents ultraviolet chromatograms of native

cMORF and MAG3-coupled cMORF and the radiochro-
matogram of 99mTc-MAG3-cMORF. The labeling efficiency
of labeled cMORF was between 40% and 60%. The radio-

FIGURE 1. Ultraviolet (UV, 260 nm) SE HPLC profiles of un-
coupled, native cMORF (A) and MAG3-coupled cMORF (B) and
radioactivity profile of 99mTc-labeled MAG3-cMORF (C).
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activity recovery of labeled cMORF off the HPLC was
always �90%. The retention time of both native and cou-
pled cMORF was 29.5 min; however, the latter showed a
small shoulder with a retention time of approximately 28
min (possibly a result of MAG3-cMORF dimer formation
through disulfide bonds). The radiolabeled cMORF showed
a slightly longer retention time of 31.1 min.

Under the conditions of the bead study, 90.2% � 0.9%
(n 	 3) of the labeled cMORF bound to MORF beads,
compared with only 0.4% � 0.1% and 0.3% � 0.1% (n 	
3) of the labeled cMORF in the case of the blank control and
the biotin-cMORF control, respectively. The radioactivity
on beads in the study group was therefore caused by hy-
bridization of labeled cMORF to MORF on the beads.
These hybridization results of 99mTc-MAG3-cMORF
(18mer) to MORF (18mer) on beads agree with earlier
results from this laboratory on hybridization on beads of a
99mTc-MAG3-MORF (15mer) to cMORF (15mer) (30).

The single peak observed for labeled cMORF by HPLC
(Fig. 1C) and the fact that at least 90% of the radioactivity
hybridized to its complement in the bead study indicate that
coupling with NHS-MAG3, purification on the P4 column,

labeling with 99mTc, and purification again on the P4 column
provided a satisfactory radiolabeled cMORF.

Estimation of MORF Groups per Molecule
on Coupled MN14

Figure 2 presents HPLC profiles obtained by the hybrid-
ization of MN14-conjugated MORF with labeled cMORF.
Recovery of radioactivity was �90%. The ultraviolet chro-
matogram of MN14-MORF is presented for reference (Fig.
2A), along with the radioactivity profile of a mixture of 50
�L (25 �g) native MN14 and 4 �L (0.04 �g) labeled
cMORF (Fig. 2D). When the same weight of labeled
cMORF was added to the same weight of MN14-MORF
instead of native MN14, a shift of at least 80% to a higher
molecular weight was evident (Fig. 2B). The 20% remain-
ing was composed of 2 peaks, one with a retention time
corresponding to labeled cMORF and another with the same
retention time as a hybridized duplex of MORF and labeled
cMORF (data not presented). Thus, the 2 peaks were prob-
ably caused by, respectively, traces of free labeled cMORF
and labeled cMORF hybridized to free MORF not removed
during purification of the MN14 preparation. That 80% of
labeled cMORF bound to MN14 shows that MORF was
coupled successfully to the antibody and was still capable of
hybridizing. Native MN14 did not bind 99mTc-MAG3-
cMORF (Fig. 2D).

Figure 2 also presents radiochromatograms of a mixture
of 25 �L (0.25 �g) labeled cMORF and 50 �L (25 �g)
MN14-MORF (Fig. 2C). More than half of the radioactivity
is not hybridized under these conditions. Increasing the
dosage of labeled cMORF to 50 �L or 150 �L increases the
relative size of the peak of free 99mTc-MAG3-cMORF as the
MORF molecules on MN14 become saturated. Results from
this saturation study have been used to estimate the average
number of MORF groups on MN14, as shown in Figure 3.

FIGURE 2. Ultraviolet (UV, 260 nm) SE HPLC profile of MN14-
MORF (A), radioactivity profiles of labeled cMORF added to
MN14-MORF at weight ratios of 0.04 �g/25 �g (B) and 0.25
�g/25 �g (C), and radioactivity profile of labeled cMORF added
to native MN14 as control (D). Extent of labeled cMORF binding
decreased as weight of labeled cMORF increased.

FIGURE 3. Plot of data from saturation study shows variation
in ratio of free labeled cMORF to labeled cMORF-MN14-MORF
as increasing weights of labeled cMORF were added. Curve
was extrapolated to origin to estimate average number of MORF
groups per MN14 molecule.
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This figure is a plot of the ratio of free labeled cMORF to
labeled cMORF bound to MN14-MORF as a function of
labeled cMORF added. From the extrapolation of the
straight region of the curve, the average number of MORF
groups per MN14 was estimated to be 0.27. This method of
estimating groups per molecule was subsequently confirmed
by analyzing a nearly identical sample using a more accu-
rate method based on HPLC analysis with dual ultraviolet
absorbance detection. The result, at 0.28, agreed closely.

Biodistribution in Mice
Table 1 lists the biodistribution results of 99mTc in normal

CD-1 mice at 0.5, 1, and 3 h after injection of 99mTc-
cMORF. The whole-body radioactivity, in percentage in-
jected dose (%ID), remaining at these times (not including
urine) was 23, 12, and 7, respectively. No significant uptake
occurred in the liver, small intestines, and large intestines,
indicating that the labeled cMORF was almost solely ex-
creted through the kidneys. The highest radioactivity levels,
at 6–7 %ID/g throughout, were in the kidneys. At 0.5 h, the
blood level (0.7 %ID/g) was relatively high, but at 1 h, the
blood and all other organs except the kidneys were �0.2
%ID/g.

In Table 2, the biodistribution data for tumor-bearing
nude mice show that, with the exception of the kidneys,
radioactivity accumulated primarily in tumor, with values of
1.7–1.8 %ID/g, and that the radiolabel was retained in tumor
over 24 h. Whole-body radioactivity levels for the study
animals were 14 and 11 %ID at 3 and 24 h, respectively,
whereas these values for the control animals were 7 and 5
%ID, respectively (in all cases with urine removed).

Figure 4 presents HPLC radiochromatograms of urine at
3 h obtained from a control animal and from a study animal.
These results suggest that radioactivity in urine was present
as intact labeled cMORF (Fig. 1C) and, therefore, that
labeled cMORF is stable in vivo.

Figure 4 also presents radiochromatograms of plasma
from a control animal and a study animal at 3 h. Because
radioactivity levels were too low for measurement by the
in-line radioactivity detector, fractions off the HPLC were
collected for counting in a well NaI(Tl) detector. In the
figure, the axes have been adjusted so that retention times
for all panels may be compared. There is no radioactive
peak in plasma from the control animal (Fig. 4C), whereas
the radiochromatogram of plasma on the same scale from
the study animal (Fig. 4D) shows only 1 radioactive peak,
corresponding in retention time to labeled cMORF hybrid-
ized to MN14-MORF (Fig. 2B). The higher blood radioac-
tivity in the study animals than in the control animals (Table
2) indicates that a considerable amount of the radiolabeled
antibody was still in circulation in the study animals after
48 h, at the time when the labeled cMORF was injected (as
expected for an IgG antibody). In the absence of the anti-
body, the labeled cMORF cleared rapidly, as shown in the
control animals.

Imaging Study of LS174T Tumor-Bearing Nude Mice
Figure 5 presents whole-body images at 3 and 24 h after

injection of labeled cMORF in the tumor-bearing mice
previously injected with MN14-MORF 48 h earlier. The
tumor is clearly seen in the study animals, in contrast to the
control animals not receiving MN14-MORF. In one early
image (Fig. 5A), radioactivity in the bladder is pronounced

TABLE 1
Biodistribution of 99mTc-cMORF in 4 Healthy Mice

Site

0.5 h 1.0 h 3.0 h

Mean SD Mean SD Mean SD

Organ (%ID/g)
Liver 0.23 0.06 0.15 0.02 0.15 0.04
Heart 0.22 0.07 0.07 0.01 0.04 0.01
Kidneys 6.10 0.75 7.10 0.57 6.40 1.02
Lungs 0.42 0.09 0.15 0.02 0.07 0.01
Spleen 0.16 0.02 0.10 0.02 0.09 0.02
Muscle 0.17 0.04 0.09 0.07 0.02 0.01
Blood 0.74 0.18 0.18 0.05 0.04 0.01

Whole body (%ID) 22.50 4.40 11.70 2.30 7.00 1.00

%ID 	 percentage injected dose.

TABLE 2
Biodistribution of 99mTc-cMORF in 4 LS174T Tumor-Bearing Nude Mice

Site

3 h 24 h

Control Study Control Study

Mean SD Mean SD Mean SD Mean SD

Organ (%ID/g)
Liver 0.23 0.01 0.41 0.05 0.10 0.01 0.60 0.05
Heart 0.04 0.01 0.18 0.01 0.02 0.00 0.13 0.02
Kidneys 6.40 1.95 6.90 1.96 3.20 0.68 4.00 1.00
Lungs 0.07 0.01 0.34 0.06 0.04 0.01 0.24 0.04
Spleen 0.11 0.01 0.29 0.08 0.07 0.01 0.31 0.04
Muscle 0.03 0.03 0.09 0.01 0.02 0.00 0.07 0.01
Tumor 0.09 0.01 1.80 0.24 0.05 0.00 1.70 0.14
Blood 0.04 0.01 1.02 0.13 0.00 0.01 0.50 0.12

Whole body (%ID) 6.90 3.30 14.40 0.90 5.00 2.00 11.40 0.70
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and at interfering levels. At 24 h (Fig. 5C), however, urine
activity diminished, so that the image clearly shows only the
tumor and kidneys. On the image obtained after removal of
the urine (Fig. 5B), only the kidneys and tumor are prom-

inent. In all 3 images, the tumor is not visible in the control
animals.

DISCUSSION

To be useful for radiopharmaceutical applications includ-
ing pretargeting, radiolabeled MORFs must hybridize effec-
tively in vivo and must also clear rapidly, preferably
through the kidneys. Both properties were evident in this
investigation of an 18mer MORF conjugated with NHS-
MAG3 and radiolabeled with 99mTc.

As concerns in vitro hybridization, we showed earlier
(30) by surface plasmon resonance that the association rate
constant of MORF is unchanged by MAG3 conjugation and
is comparable with that of native and conjugated DNAs and
PNAs. In that investigation, we were also able to show
�85% stability of the 99mTc on MAG3-MORF over 24 h in
37°C serum with minimal protein binding. Finally, we were
able to target labeled MORF to cMORF beads in the thigh
of normal mice (30). In the current investigation, we have
again shown hybridization in vitro—this time, of labeled
cMORF to MORF. More important to pretargeting applica-
tions, hybridization of labeled cMORF to MORF-conju-
gated MN14 has also now been shown in vitro by HPLC
(Fig. 2).

With regard to the pharmacokinetic properties of labeled
cMORF, in our earlier investigation we observed rapid
clearance of 99mTc-MAG3-MORF in normal mice, with
only 21% of the radiolabel remaining after 3 h (30). Even
though representing rapid clearance, this whole-body value
was higher than the 7% reported here (Table 1). The dis-
crepancy is related less to any differences in pharmacoki-
netics between labeled MORF and cMORF, or to the small
differences in dosages administered (0.3 vs. 1.5 �g), than to
the removal of urine in this current study. Nevertheless, by
all measures, the pharmacokinetics of radiolabeled MORFs
are rapid. Furthermore, in at least the case of the 18mer-
labeled cMORF, clearance was almost exclusively through
the kidneys and as intact labeled cMORF (Fig. 4).

This laboratory has long had an interest in pretargeting,
initially using streptavidin (or avidin) and biotin and more
recently using oligomers such as DNAs and PNAs
(11,20,26,34–38). A meaningful comparison of tumor pre-
targeting among the results from this laboratory is made

FIGURE 4. Radioactivity SE HPLC profiles of urine obtained
at 3 h from control mouse receiving only labeled cMORF (A) and
from study mouse receiving both MN14-MORF and labeled
cMORF (B) and radiochromatograms, on same axes, of plasma
obtained at 3 h from control mouse (C) and from study mouse
(D). Results show that radioactivity in urine was present primar-
ily as labeled cMORF, whereas in plasma, significant levels of
radioactivity were present only in study mice and then only as
labeled cMORF-MN14-MORF.

FIGURE 5. Gamma camera images of
LS174T tumor-bearing nude mice show
whole-body anterior views obtained at 3 h
(A) and 24 h (C) and, during repeated study
after removal of urine, at 3 h (B). In each
pair of images, study animal is on left and
control animal is on right.
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difficult by nonuniform experimental designs. Nevertheless,
in a comparison of streptavidin and 99mTc-biotin, PNA-
streptavidin and 99mTc-cPNA, and MN14-MORF and 99mTc-
cMORF, much higher dosages were used in the PNA study
to provide relatively low tumor uptake (0.3 %ID/g) and a
poor tumor-to-blood ratio (0.4) (26). Although the results in
the use of streptavidin and biotin (35) and of MN14-MORF
and labeled cMORF were similar (tumor uptake of
1.8%ID/g at 2–3 h, tumor-to-blood ratios of 1.8–2.2), the
former relied on nonspecific diffusion of streptavidin into
tumors whereas the current investigation had the advantage
of specific tumor targeting through an anti-CEA antibody.

More meaningful may be a comparison between conven-
tional tumor targeting and pretargeting. The murine IgG anti-
body MN14 has been labeled with radioiodine and studied in
tumor-bearing mice (39,40). Approximately 3 h after admin-
istration of 2 �g labeled antibody, tumor uptake was approx-
imately 5 %ID/g and therefore somewhat higher than that
observed in the current study. However, at the same time, the
tumor-to-blood ratio was approximately 0.5 and the ratios of
tumor to other tissues were also relatively poor. These results
show that even though absolute tumor uptake may be lower in
pretargeted imaging than in conventional imaging, pretargeting
has the potential for achieving earlier and better ratios of tumor
to normal tissues.

Unlike most pretargeting studies, this investigation did
not include a clearance step. As shown in Figure 4D, anti-
body was still circulating at 48 h and capable of binding the
labeled cMORF. The result was higher blood radioactivity
levels and lower ratios of tumor radioactivity to normal-
tissue radioactivity; however, the expected improvement in
imaging by including a clearing step may not justify the
added complexity, because at 3 h only 1 %ID/g of the
radiolabel was in blood (Table 1). Use of a clearing agent
may be more important to therapy studies. Finally, one
would also expect the results to have improved using an
MN14 with a higher average number of MORFs than 0.3.

CONCLUSION

When radiolabeled with 99mTc through MAG3, an 18mer
cMORF displayed label stability, hybridization ability, and
rapid pharmacokinetics. When the cMORF was used along
with an antitumor antibody conjugated with MORF, pretar-
geting was achieved in tumor-bearing mice. The biodistri-
bution shown by imaging the animals revealed low radio-
activity levels in all tissues other than the kidneys, even as
early as 3 h after administration, and good radioactivity
levels in tumor. Our results suggest that morpholinos should
be considered further for pretargeting and for other nuclear
medicine imaging applications.
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