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Abstract

Clearing agents are often used in pretargeting despite the potential for decreased tumor accumulation of the
effector. However, according to the authors’ semiempirical model, a clearing agent should not necessarily
decrease tumor accumulation. In this study, the authors have added a clearing step to their model—morpholino
phosphorodiamidate oligomer (MORF)/complement MORF (cMORF) pretargeting system—to confirm this
prediction. The CC49 antibody was conjugated with both biotin and an 18 mer MORF. The influence of avidin
on antibody clearance was first evaluated in normal mice in which each animal received 30 pug of MORF-CC49-
biotin, 0-70 ug of avidin 1 day later, and 1.2 ug of **"Tc-cMORF 3 hours later, with sacrifice at 3 hours.
Thereafter, a pretargeting study in mice bearing an LS174T tumor was performed at a 34 ug avidin dosage. In
normal mice, the blood level of *™Tc-cMOREF fell by 60% at an avidin dosage of 10 ug or higher. In tumored
mice, avidin produced a similar reduction in blood but had no influence on tumor level, which remained at
6.30% 1D /g as predicted. In conclusion, in addition to the expected reduced effector levels in blood and normal

tissues, a reduction in tumor accumulation was avoided when adding a clearing agent as predicted.
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Introduction

he use of a clearing agent in pretargeting, illustrated in
Figure 1, has been extensively considered.!™® Examples of
clearing agents include avidin,” antibodies against the pre-
targeting antibody,'”"! and galactose.'”” Adding a clearing
agent increases the complexity of an already complex protocol
and makes the already difficult dosage and timing optimi-
zation more challenging. These difficulties coupled with the
complexities may account for the discrepancies between dif-
ferent laboratories employing similar clearing agents. For
example, a biotin—galactose-HSA clearing agent was reported
to be ineffective,” whereas the same agent was reported in
another study to reduce the antibody levels in circulation by
more than 90%.” However, perhaps the most serious concern
is the possibility that a clearing agent may reduce the tumor
accumulation of an effector in a pretargeted tumor.
In this investigation, avidin was selected as a clearing
agent for the biotinylated antibody because of its high

binding affinity for biotin and its heavy glycosylation.
Avidin is efficiently deposited in liver and may be expected
to clear any biotinylated antibody bound to it as well.
The biotinylated antibody CC49 used in this study is an
antiTAG-72 antibody conjugated with both biotin and mor-
pholino phosphorodiamidate oligomer (MORF) as shown in
Figure 2.

A semiempirical model based on the two-step con-
ventional pretargeting procedure has been established
earlier.”>'® In the present study, the authors intended to
confirm whether this model can correctly predict the in-
fluence of a clearing agent on the tumor accumulation of
the effector. Predictions on the effector levels in normal
tissues would have required accurate measurements of the
pharmacokinetics of the pretargeting antibody following
the addition of the clearing agent, and were beyond the
scope of this limited study. As such, predictions on the
influence of a clearing agent were confined to tumor ac-
cumulation.

Division of Nuclear Medicine, Department of Radiology, University of Massachusetts Medical School, Worcester, Massachusetts.

Addpress correspondence to: Guozheng Liu; Division of Nuclear Medicine, Department of Radiology, University of Massachusetts Medical

School; 55 Lake Avenue North, Worcester, MA 01655-0243
E-mail: guozheng.liu@umassmed.edu

757



758
Antibody Injection of
injection clearing agent

| l

v v

Pretargeting
interval

Clearing
interval

LIU ET AL.

Injection of
labeled effector

|

v

Detection
time

FIG. 1. The schematic pretargeting process with a clearing (or chase) step.

Materials and Methods

The base sequences of MORF and its complement
(cMOREF) were, respectively, 5-TCTTCTACTTCACAACTA-
linker-amine and 5-TAGTTGTGAAGTAGAAGA-linker-
amine (GeneTools). The murine anti-TAG-72 antibody CC49
was produced by Strategic Biosolutions from the CC49 mu-
rine hybridoma cell line, a gift from Dr. Schlom (Laboratory
of Tumor Immunology and Biology, NCI, NIH). The Hy-
dralink kit consisting of C6-SANH and C6-SFB was from
Solulink Biosciences. The NHS-LC-biotin and the EZ™
Biotin Quantitation Kit were both from Pierce. The Sephadex
G-100 resin was from Pharmacia Biotech, and the PD-10
columns were from NeoRx Corp. The 130 mL Bellco tissue
sieve kit was from Bellco Glass. The *’Mo-"""Tc generator
was from Perkin Elmer Life Science. All other chemicals were
of reagent grade and used without purification. **™Tc-
cMOREF was prepared as previously described.'”

Antibody conjugation and testing

As illustrated in Figure 2, the NHS-biotin was added to
the antibody solution together with an active NHS carbox-
ylate ester linked with an acetone-protected pyridinyl hy-
drazine (C6-SANH). Briefly, to 1.5mL of a CC49 antibody
solution (1.7mg/mL) in 20mM PBS (pH 7.2), 100 ug C6-
SANH and 75ug NHS-LC-biotin in 3ul. DMF/H,O (v/

\\ /7 Biotin-LC-NHS
+ and
HN NH, C6-SANH

NH,-MORF
+
C6-SFB

+

SFB-C6-NH-MORF

(SFB-C6-MORF)

v=17/13) were added. The sample was brought to room
temperature for half an hour after overnight incubation at
4°C and loaded onto a 9 mL commercial PD-10 column. At
the same time, the C6-SFB was conjugated to MORF as
previously described.'® The subsequent combination of the
pooled peak fractions of the SANH-CC49-biotin with the
solution of the SFB-modified MORF and the purification of
the reaction mixture were performed as earlier.'” The aver-
age number of MORF groups per antibody (gpm of MORF)
was determined as described,”” whereas the average gpm of
biotin was determined following a slightly modified protocol
from the manufacturer of EZ™ Biotin Quantitation Kit.
Both the LS174T cells and tumor fragments were used to
evaluate the TAG-72 binding of the modified CC49. Three
12-well plates were seeded with L5174T cells and were used
after the cells reached 70% confluence. Added to each well in
triplicate was 150 uL. of culture medium (MEM Earle’s No.
11095 PB buffer with 1% fetal bovine serum, 1% penicillin—
streptomycin mixture, and 10 mM nonessential amino acids
formulation) containing 0-170 ug of native CC49 antibody,
0.4 ug MORF-CC49-biotin (0.67 gpm of MOREF, 3.41 gpm of
biotin), and 3.5ng (5.5 uCi) 9mTe-cMORF. After incubation
on ice for 1 hour, the medium was removed, the wells were
washed twice with culture medium, and the cells were lysed
with 0.2 M NaOH/1% SDS. The radioactivity in the cells and
medium was counted in an Nal(T1) well counter (Cobra II

—
Biotin-LC-H H-C8-

SANH
(Biotin-CC49-C6-SANH)

Biotin-LC-HN‘q:ﬁNH-CG-SANH-SFB-CS-NH-MORF

(MORF-CC49-Biotin)

FIG. 2. Schematics showing the conjugation of the CC49 antibody with both biotin and morpholino phosphorodiamidate

oligomer (MORF).
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automatic gamma counter; Packard Instrument Company).
A control group of three wells were treated in an identical
fashion but without addition of antibody.

Tumor fragments were recovered from a mouse with an
LS174T tumor of 1-2 g after euthanization under anesthesia.
Working throughout at 4°C, the tumor was cut in a Petri dish
into pieces of 2-3 mm in 15 mL working medium (RPMI-1640
with 1% FBS). The pieces were rinsed three times with the
working media and were then ground into fragments. After
passing through a 80 mesh sieve, the slurry was washed with
the working media until all red blood cells were removed.
The tumor fragment concentration was quantitated by
weighing the pellet from 1mL of suspension after centrifu-
gation.

For the binding study, 27 microcentrifuge tubes coated
with BSA were divided into nine groups (n=3). An aliquot
of 500 uL medium (1% BSA in Dulbecco’s PBS) containing
20 mg of LS174T fragments was added to each tube, followed
by 250 uL medium containing 0-85 ug of native CC49, 5.8 ng
of the MORF-CC49-biotin, and 0.23ng (0.4 uCi) of **™Tc-
c¢MOREF. These conditions differ slightly from those used in
the above cell study because of the adjustment based on the
results from that cell study. After incubation on ice for 1
hour, the tubes were centrifuged at 900 g and the pellets were
washed twice with 1mL medium. The radioactivity in the
medium and pellets was counted. A control group of three
tubes were treated in an identical fashion but without ad-
dition of the antibody.

Clearance study in normal mice

The dosages and timing were selected as described pre-
viously.?! As always, any convenient dosage of the pre-
targeting antibody may be selected, as long as it does not
saturate the tumor antigen. It has been shown for the LS174T
tumor model that a 30 ug dosage of MORF-CC49-biotin sa-
tisfies this condition. Therefore, this dosage was selected for
the normal animal study to determine the influence of avi-
din. The clearing agent should be added when the tumor
accumulation of the antibody has reached its maximum le-
vel. Previous experiences indicated that the accumulation of
the CC49 antibody in LS174T tumors peaks at 1 day**> when
blood levels are still high. As the pharmacokinetics of the
MORF-CC49-biotin antibody would not differ greatly from
that of the MORF-CC49 antibody in this measure, 1-day
pretargeting interval was used. The clearance efficacy of
avidin was evaluated after 3 hours by measuring the anti-
body blood level because it has been reported that there are
no further reductions in antibody concentration in blood
beyond 3 hours.® In this research, the measurement of the
blood antibody level at 3 hours was accomplished by in vivo
labeling in which a dosage of *™Tc-cMORF in excess with
respect to circulating antibody was first injected. As the
unbound excess “*™Tc-cMORF cleared rapidly, only the
99mTe-cMORF bound to MORF-CC49 remained in circulation
to be counted.

Thus, 20 CD1 mice, in groups of 4, each received intra-
venously 30 ug MORF-CC49-biotin. At 21 hours, group 1
received nothing, whereas groups 2-5 received 3.35, 6.70,
33.5, and 67.0 ug of avidin, respectively. Three (3) hours later,
each mouse received 1.2 ug of **Tc-cMOREF. The mice were
euthanized at 3 hours after the **"Tc-cMOREF injection by
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heart puncture and exsanguination under anesthesia. Sam-
ples of blood and other organs were removed, weighed, and
counted in a well gamma counter with a standard of the
injectate. Blood and muscle were assumed to constitute 7%
and 40% of body weight, respectively.

Clearance studies in tumored mice

The tumor accumulation of the effector will be at
its maximum (MPTA) as long as its dosage is below the
tumor-saturating dosage. It has been previously shown that
the MPTA of any effector is equal to the product of the
fraction (f) of cardiac output (F) to tumor, the reciprocal of
the tumor weight (W), the tumor trapping fraction of
the effector (E), and the area under the blood curve of the
effector®!:

=00

MPTA (%ID/g)=FxfxW ! xEx (%ID/ 8)plo0a X dt

t=0

If a clearing step is added when the antibody concentra-
tion in blood is minimal, no parameter in this equation will
change (based on the authors’ experience, the standard de-
viation in the accumulation of the effector in tumor is 17%;
therefore, the antibody blood concentration is considered to
be minimal when less than 10% of the injected effector is
bound to circulating antibody).

For a convenient dosage of 30 ug of MORF-CC49-biotin,
the tumor saturating (and therefore optimum) dosage of the
cMOREF effector is 2.2 ug, based on the authors’ semiempiri-
cal model, if the tumor accumulation of MORF-CC49-biotin
is identical to that of MORF-CC49 measured previously.21
However, as the tumor accumulation of MORF-CC49-biotin
may be slightly altered by the biotin modification, to guar-
antee that the effector accumulation in tumor does not
exceed saturation, about half of the calculated saturating
dosage (1.2 ug) was used.

Eight NIH Swiss nude mice bearing LS174T tumors each
received intravenously 30 ug of MORF-CC49-biotin. At 21
hours thereafter, half the animals received 33.5 ug of avidin, a
dosage determined earlier in normal mice (see below). The
other half did not receive avidin. Subsequent steps were
identical to those used in the normal mice study. Tumor
excision was performed as described earlier.?’ It has been
previously measured the effector MPTA as a function of
tumor weight in this model system is 4.51 x (tumor weight in
grams) *®, with an SD of about 17% of the measured
MPTA."*** The predicted accumulation of the effector in
tumor for any tumor size can be calculated from this equa-
tion. After sacrifice, the predicted tumor accumulations from
this MPTA-tumor weight relationship were compared with
the measured tumor accumulations.

Results
Antibody conjugation and testing

Figure 3 presents size-exclusion HPLC radiochromato-
grams of labeled cMOREF (panel A) obtained on a Superose-12
column with a 0.05M phosphate buffer eluant (pH 7.2) at a
flow rate of 0.60 mL/min. The complete shift to higher mo-
lecular weight (panel B) following the addition of excess
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FIG. 3. Size-exclusion HPLC radiochromatograms of la-
beled cMOREF before (A) and after (B) adding excess MORF-
CC49-biotin and after adding limited MORF-CC49-biotin
(C). The cMORF/MORF molar ratios in B and C are 0.04 and
2.19, respectively.

MORF-CC49-biotin demonstrates high radiochemical purity.
The small peak at 28 minutes is due to labeled cMORF
binding to the free MORF remaining after antibody purifica-
tion. By adding a known amount of labeled cMOREF in excess
of that required to saturate the MORF-CC49-biotin, an aver-
age value of 0.65 & 0.03 MORFs per CC49 was calculated from
the partial shift (panel C). Following instructions from the
manufacturer of EZ™ Biotin Quantitation Kit, an average
value of 3.41 biotins per CC49 was obtained.

Figure 4 shows that after conjugating with both MORF
and biotin, the specific binding of the CC49 antibody to
TAG-72 is preserved. In both cases, the rapid drop in cell-
associated radioactivity with increasing concentration of
native antibody confirms specific binding.
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Clearance study in normal mice

Figure 5 shows the influence of the avidin dosage on the
blood level in normal mice of labeled cMOREF (by inference,
the blood level of the pretargeting antibody). As determi-
nation was conducted at 3 hours after the *Tc-cMORF in-
jection and all free **™Tc-cMORF should have cleared
(<0.04% ID/ g),20 the blood level of *™Tc-cMORF measures
the antibody level in circulation. As shown, increasing the
avidin dosage is highly effective in reducing the blood level
at low dosages, but the effect diminishes rapidly after about
10 ug. Thus, at 21 hours postantibody administration, a
clearance efficiency of over 60% is achievable for an avi-
din dosage of 10 ug or above. This observation may suggest
that not all of the antibody molecules in circulation were
accessible.

Clearance study in tumored mice

Table 1 presents the biodistributions at 3 hours of 99mT e
cMORF in nude mice with LS174T tumors and in normal
CD1 mice for comparison. Each mouse received 30 ug of
MORF-CC49-biotin antibody, followed at 3 hours later by
33.5 ug of avidin. Also included are the results in both nor-
mal and tumored animals conducted identically except for
the omission of the avidin. The biodistributions in normal
organs and blood are reasonably similar in normal and
tumored mice. The clearance efficiency at 62% in normal
mice and 69% in nude mice are also similar (calculated from
the blood values in Table 1). As the avidin-clearing agent is
clearing the unlabeled MORF-CC49-biotin but not the radi-
olabeled cMOREF effector into the liver, the liver radioactivity
levels do not show any increase with the use of avidin. In
previous studies of MORF/cMOREF pretargeting, it has been
observed that MORF-conjugated antibodies, when deposited
into normal tissues such as liver, become “invisible” to the
effector. Presumably, the same phenomenon is occurring
here.

Tumor accumulations are predicted to be independent of
the clearance step, provided that the dosage of the effector is
below the saturating dosage (i.e., at its MPTA). As such, the
tumor accumulations of the effector in groups with and
without avidin are predicted to be identical for the same
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FIG. 4. Accumulation of labeled MORF-CC49-biotin with increasing native antibody concentration in cells (A) and tumor
fragments (B). The error bars represent one standard deviation (1 =3).
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FIG. 5. The blood level of effector at 3 hours post-
radioactivity injection (by inference, that of the pretargeting
antibody) in normal mice receiving in sequence 30 ug MOREF-
CC49-biotin, increasin% dosages of avidin administered 21
hours later, and 1.2 ug 9mTc.cMORF 3 hours thereafter. The
error bars represent one standard deviation (1 =4).

tumor size. The average tumor weight for the two groups
was similar at 0.68 versus 0.75g, and therefore, the tumor
accumulations are predicted to be similar. As shown in Table
1, the tumor accumulations are in gratifying agreement at
6.30% £ 0.92% versus 6.30% £ 1.79% ID/g (p =0.50).

In addition to the agreement between the tumor accu-
mulations with and without a clearing agent, these values
are in agreement with the calculated values from the MPTA-
tumor weight relationship: MPTA =4.51x(tumor size/
g)_o‘éé, with an SD of 17%.'*%2 For tumors of 0.68 and 0.75 g,
the calculated tumor accumulations are 5.82% £0.99% and
5.45% £0.92% ID/g and therefore in satisfying agreement
with the experimental values of 6.30%+0.92% and
6.30%+£1.79% ID/g.

Discussion

Adding a clearing agent in a pretargeting study can im-
prove the tumor/nontumor ratios by decreasing blood lev-
els.''> However, depending upon the method of clearance
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and the dosage of the clearing agent, there remains a possi-
bility that by adding the clearing agent, along with the de-
sired reduction of effector accumulation in normal tissues,
the tumor accumulation will also be reduced. This will cer-
tainly be the case if the clearing agent binds to the same
target as the effector. Thus, when a peptide nucleic acid
(PNA) polymer was cleared with avidin-cPNA, tumor
accumulation of the cPNA effector decreased because of the
occupation of the effector-binding sites.* This competition
can be avoided by the use of a pretargeting MORF-antibody
conjugated with a second, independent group such as biotin
to permit clearance of the antibody by avidin without any
influence on the radiolabeled cMOREF effector. Avidin has
been previously considered to clear biotinylated anti-
bodies™ in connection with pretargeting. Because of its four
binding sites, avidin can also be used as a bridge between
the antibody and effector.>*? In this case, the avidin has
two functions, to bind the biotin—antibody in circulation (to
encourage its clearance into the liver) and to bind the bio-
tin—antibody in tumor (to provide binding sites for a la-
beled biotin effector). In the present study, the authors have
selected to pursue an alternative approach in which biotin
is conjugated to the antibody and avidin serves only as a
clearing agent.®

The results of the present investigation confirm the pre-
diction that tumor accumulation of the effector will be un-
affected as long as its dosage is below that required to
saturate the accessible antibody in tumor.*! Mirallie et al.
used avidin as a clearing agent in a pretargeting strategy
using bispecific antibodies and also did not observe a de-
crease in tumor accumulation of the effector.® Although there
are other literature reports on changes in percentage of tu-
mor accumulations when clearing agents are used,>*® these
tumor accumulations may not have been at their MPTAs.

Conclusions

A MORF-antibody-biotin construct has been synthesized
and used in a pretargeting strategy along with avidin as a
clearing agent. Under the conditions of this study, tumor
accumulation of the effector was unaffected by addition of a
clearing step as predicted. This observation may be applicable

TaBLE 1. BIODISTRIBUTION OF *“MTc-cMORF 1n NormarL CD1 Mice aND IN LS174T TuMOR-BEARING NUDE
Micg, REcerviNG MORF-CC49-B1oTiIN WITH AND WITHOUT THE AVIDIN AS CLEARING AGENT

Tumored mice with avidin

Tumored mice without avidin

Normal mice with avidin ~ Normal mice without avidin

Organ Average SD Average SD Average SD Average SD

Liver 1.19 0.14 1.63 0.38 1.14 0.25 1.74 0.16
Heart 0.47 0.04 0.95 0.10 0.56 0.05 1.40 0.27
Kidney 3.19 0.32 3.75 0.65 4.00 0.28 5.41 2.82
Lung 0.63 0.06 1.80 0.96 0.74 0.07 2.02 0.28
Spleen 1.09 0.13 1.12 0.08 1.65 0.49 1.19 0.12
Muscle 0.25 0.02 0.33 0.02 0.40 0.09 0.63 0.12
Salivary 0.50 0.08 0.88 0.08 0.77 0.08 1.33 0.12
Blood 1.56 0.20 411 0.54 2.06 0.15 6.17 0.34
Tumor 6.30 0.92 6.30 1.79 N/A N/A N/A N/A
Tumor (g) 0.68 0.18 0.75 0.21 N/A N/A N/A N/A

The values are presented as an average of the percentage of injected dose per g (n=4).

SD, standard deviation; N/A, not applicable.
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to other pretargeting systems, although this must be experi-
mentally confirmed.
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