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colorectal cancer
bivalent peptide (D-amino acids)
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mouse anti-goat MAb
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mega electron volt
mean fluorescence intensity
carbonic anhydrase iso-enzyme 9
phosphate buffered saline
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% ID/g
PO
RCC
RCP
RIS
RIT
RP-HPLC
SDS-PAGE
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TAA
tBu
TFA
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T/B

percentage injected dose per gram tissue
peroxidase
renal cell carcinoma
radiochemical purity
radioimmunoscmtigraphy
radioimmunotherapy
reversed phase high performance liquid chromatography
sodium dodecyl sulphate poly acryl amide gel electrophoresis
physical half-life
tumor-associated antigen
fert-butyl
tnfluoracetic acid
thiosemicarbonylglyoxylcystemyl
tumor-to-blood

Outline of this thesis
Monoclonal antibodies (MAbs), when labeled with γ-emitting radionuclides can be used to
visualize solid tumor lesions (radioimmunoscmtigraphy, RIS) Radiolabeled MAbs directed
against tumor-associated antigens (TAAs) can target tumors specifically Following the
administration of the radiolabeled MAb, the radioactivity accretes in the tumor and clears
slowly from the circulation In general, solid tumors are clearly visualized after 72 h
Encouraged by these results, treatment of solid tumors with antibodies labeled with ßemittmg radionuclides were initiated (radioimmunotherapy, RIT) Unfortunately, due to the
relatively low uptake of the radiolabeled MAb in the target and the slow clearance from the
blood, the efficacy of RIT in solid tumors is limited Tumor targeting with radiolabeled
antibody fragments was tested to overcome this limitation Smaller radiolabeled MAbfragments penetrate more easily into tumor tissue and clear faster from the blood, however,
the efficacy of radiolabeled MAb-fragments was still limited Separation of the targeting
agent and the radiolabel was proposed a non-radiolabeled bispecific monoclonal antibody
(bsMAb) with a high affinity for the TAA on the one hand and for a radiolabeled hapten on
the other was administered in the first phase This bsMAb accumulated in the tumor and
cleared from the circulation and, after a predetermined interval, a fast clearing radiolabeled
bivalent peptide was administered with a high affinity for the bsMAb The aim of these
studies was to develop a pretargeting approach using ß-emittmg radionuclides suitable for
RIT

In chapter 1 of this thesis a historical overview of pretargeting strategies is presented and
the progress of various pretargeting systems is described

Our group has reported excellent uptake and retention of an

111

In-labeled peptide in renal

cell carcinoma (RCC) This pretargeting system can be used to visualize RCC tumor lesions
For therapeutic applications comparable bivalent peptides were used as used for diagnostic
applications but labeled with a ß-emittmg radionuclides (1-131 and Re-188) In chapter 2, the
tumor targeting potential of 4 radiolabeled peptides was investigated m SK-RC-52 tumorbearing mice, pretargeted with bsMAb G250xDTIn-1

Outline of this thesis

To enhance the uptake and residence time of the radioiodine in the tumor, a new bivalent
peptide was synthesized, consisting of D-ammo acids The D-ammo acid peptide is more
resistant to proteolytic degradation In chapter 3, tumor targeting of radioiodmated D-ammo
acid peptide was compared with tumor targeting of the radioiodmated L-ammo acid peptide
In chapter 4, the potential universal application of our pretargeting system to efficiently target
RCCs was examined by testing the system in three different RCC models (SK-RC-1, SKRC-52 and NU-12) expressing various amounts of G250-antigens at their cell surfaces The
relationship between the level of uptake of the radiolabeled peptide in the tumor and tumor
physiological characteristics (TAA-expression, vascular volume, vascular permeability) were
studied
F(ab')2-fragments more easily penetrate the tumor than intact IgGs The effect of the bsMAb
G250xDTIn-1 form on the efficiency of tumor targeting with a radiolabeled bivalent peptide in
SK-RC-1 RCC was investigated in chapter 5
In chapter 6 a new pretargeting system for targeting CEA expressing tumors was developed
This system is based on an anti-CEA χ anti-DTPA(ln) bsMAb and was tested and optimized
in LS174T tumor-bearing mice

At optimized conditions, LS174T tumors, following

pretargeting with bsMAb MN-14xDTIn-1, were targeted with peptides labeled with various
radionuclides ( 125 l-, 99m Tc and 111ln-L-amino acid peptide and 125l-D-amino acid peptide)
Chapter 7 provides the summary and general discussion of the results described in this
thesis and, in addition, some suggestions for to further develop pretargeting for RIT are
discussed

Chapter 1

Introduction

Frank G. van Schaijk

In part adapted from:
Pretargeted Radioimmunotherapy of Cancer: Progress Step by Step
J NucI Med 2003;44:400-11

Chapter 1

ABSTRACT
Monoclonal antibodies (MAb) against tumor-associated antigens (TAAs) are vehicles which
can target tumor cells selectively Ideally, TAAs are abundantly expressed at the exterior of
tumor cells and, are not expressed, or expressed at a much lower level, by normal tissues
When

labeled

with

a

radionuclide,

MAbs

can

be

used

to

visualize

tumors

(radioimmunoscmtigraphy, RIS) or might be used to treat tumors (radioimmunotherapy,
RIT) Excellent results for detection of solid tumors with radiolabeled antibodies have been
reported

12

Unfortunately, so far RIT showed only therapeutic efficacy m hematopoietic

malignancies, especially m Non Hodgkm's lymphoma

3

The success of treatment of

hematological tumors is most likely due to radiosensitivity of hematological tumor cells In
contrast, solid tumors have been less responsive to RIT because the maximum dose
radioactivity to administer is limited Due to the relatively long circulating half-life of the
radiolabeled MAbs, normal tissues are abundantly exposed to radiation, meaning that
especially the bone marrow acts as a dose limiting organ
Success of RIT depends on the one hand on accumulation and retention of the radiolabel in
the tumor and on the other hand on the clearance of the radiolabel from the non-target
tissues In order to enhance the therapeutic efficacy of RIT, pretargeting strategies have
been proposed In these strategies one aims to enhance the clearance of the radiolabel from
the circulation In pretargeted RIT tumors are pretargeted with a non-labeled antibody
construct with a high affinity for the TAA and for a radiolabeled hapten, and in a later phase
a radiolabeled hapten is administered In pretargeted RIT two mam approaches can be
distinguished (ι) pretargeting strategies based on the avid interaction between (strept)avidin
and biotm " and (n) pretargeting strategies based on the use of a bispecific monoclonal
antibody (bsMAb) 5
In (strept)avidin/biotin-based pretargeting strategies, the use of a clearing agent to remove
the pretargeting construct from the circulation markedly improved the targeting of the
radiolabeled biotm to the tumor In bispecific antibody-based pretargeting strategies the use
of a radiolabeled bivalent peptide improved the efficacy of tumor targeting (Figure 1)
Preclinical studies as well as studies in cancer patients have shown that with these
pretargeting strategies, in contrast to the use of directly labeled antibodies, high uptake of
radiation in the tumor is reached within hours and improved tumor-to-blood ratios were
obtained

14
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Figure 1. Schematic representation of the bsMAb (anti-tumor χ anti-hapten) based two-step pretarg
administration i.v. of the bsMAb; (B) bsMAb extravasates and binds the tumor-associated antige
tumor cell surface (C). 111 In-labeled bivalent peptide is injected i.v, which is trapped by the bsMAb p
the tumor cell surface (D). (Drawings by Frank G. van Schaijk).

Renal Cell Carcinoma
Renal cell carcinoma (RCC) is the 10th most common cancer in the world and accounts for 2
% of all adult malignancies 6. The highest incidence rates are observed in the Western
world. The majority of RCCs, up to 80 %, are pathologically characterized as the
conventional clear cell type 7. The improved survival for patients nowadays can be
contributed to the expanded use of imaging techniques which leads to earlier diagnosis and
thus higher likelihood of curative resection of the primary tumor. RCC develops clinically
silent and 30 % of the patients have already metastatic lesions at the time of diagnosis. The
only curative option for RCC is radical surgical removal of the tumorous kidney. Partial
nephrectomy is an acceptable alternative in selective cases (small tumors < 4-5 cm) 8 . If
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metastatic disease is detected preoperatively, tumor nephrectomy may still be performed,
because immunotherapy enhances the median survival time in nephrectomized patients
compared with patients without prior debulkmg surgery 9
RCC is considered a chemotherapeutic resistant tumor and therefore, chemotherapy is not
the standard of care as a single modality treatment for metastatic RCC The only systemic
treatment for metastasized RCC providing any clinical benefit is the administration of IL-2 or
IFN-a or a combination of both 10 New treatment modalities for the treatment of metastatic
RCC are being investigated Strategies that are being pursued to develop new therapies for
metastatic RCC exploit dendritic cell vaccination, anti-VEGF therapy, combination therapy
and targeting therapy with monoclonal antibodies that recognizes tumor-associatedantigens Once a MAb has targeted a TAA various mechanisms may lead to the death of
tumor cells MAbs conjugated with a toxin, or a chemotherapeutic agent or radionuclide
(radioimmunotherapy or RIT) can enhance the therapeutic efficacy
MN CA IX / G250-antigen
Virtually all clear cell RCC express the TAA G250-antigen which is a transmembrane
antigen, abundantly present in approximately 85 % of all RCCs The G250-antigen has been
identified as carbonic anhydrase IX (CA IX)

11

and is identical to the MN-antigen that was

identified previously on the surface of HeLa cells

12

CA IX (α-carbonic anhydrase

isoenzyme IX) plays a role in cellular pH regulation by catalyzing the hydration of carbon
dioxide to carbonic acid CA IX-antigen is not expressed in normal kidneys, however, it is
expressed in the epithelium of bile ducts, small intestine, stomach and gallbladder G250
MAb has a high affinity (Ka = 4 χ 10 9 M) for this antigen

11

Introduction of the pretarget ing concept
Paul Ehrlich, one of the pioneers of immunology proposed the concept of molecules
("seiten-ketten", which we now know as antibodies), secreted by cells of the immune system
in response to (foreign) antigens at the beginning of the 20 l h century 13 He foresaw their use
as "magic bullets" to specifically attack a wide variety of diseases, including cancer One of
the possibilities was targeting tumors with radionuclides using radiolabeled antibodies
against TAA With the development of the hybndoma technology

u

and the availability of

monoclonal antibodies against TAAs, the feasibility of this concept was studied in animal
models and in cancer patients These studies showed that tumor targeting with radiolabeled
antibodies is an inefficient process Upon intravenous injection, antibodies accumulate into
tumors relatively slowly, and several days after injection a maximum of a few percent of the
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injected dose is localized in the tumor. The inefficiency of this accumulation has been
attributed to the presence of various physiological barriers between the circulation and the
tumor cell surface 15. The vascular endothelium, the relatively large transport distances in
tumor tissue and the enhanced interstitial pressure in the tumor tissue hamper the
penetration of antibodies into the tumor tissue. Despite the inefficient targeting, good
response rates have been obtained with RIT in patients with hematological tumors Β cell
lymphomas can be treated very effectively with radiolabeled monoclonal antibodies. Overall
response rates of 60-70% have been reported in patients with refractory Non-Hodgkm's
Lymphoma using radiolabeled anti-CD20 antibodies. The murine anti-CD20 antibody (2B8)
labeled with 90Y, designated as 90Y-ibritumomab tiuxetan (Zevalin, IDEC Pharmaceuticals,
Corp., San Diego, CA), has been approved for the treatment of relapsed or refractory lowgrade, follicular non-Hodgkin's lymphoma

1617

. More recently, an

131

l-labeled anti-CD20,

tositumomab (Bexxar; Corixa Corporation; South San Francisco, CA; and GlaxoSmithKlme;
Philadelphia, PA) has also been approved for treatment of the same disorder 18 .
In contrast, response rates in patients with solid tumors are modest and for these tumors
more effective targeting of tumors with antibodies is required. The driving force of the
penetration, diffusion and accumulation of radiolabeled antibodies in tumor tissue is the
concentration gradient between tumor and blood. Then again, the delivered radiation
intensity to the bone marrow limits extended, high circulating levels of radiolabeled
antibodies. In fact, this is the most important dilemma in RIT: on the one hand one aims to
enhance the accumulation of the MAb in the tumor and on the other hand to reduce the
radiation dose to the bone marrow and, as a consequence, the residence time in the
circulation should be minimized.
Several strategies to improve targeting of tumors with radiolabeled MAbs have been
developed, such as the use of MAb-fragments, the use of high affinity MAbs, the use of
labeling techniques that are stable in vivo, active removal of the radiolabeled MAb from the
circulation and pretargeting techniques.
In pretargeting, the radionuclide is administered separately from the tumor-targeting MAb. In
the first step, the unlabeled anti-tumor MAb is administered and allowed to accumulate in
the tumor. In a later phase, preferably when the MAb has cleared from the circulation, the
radionuclide is administered as a rapidly clearing agent with a high affinity for the unlabeled
molecule that was injected in the first phase. Pretargeting can be considered as in vivo MAb
labeling: the anti-tumor MAb is radiolabeled after in vivo administration.
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The concept of pretargeting
Conventional antibody targeting with directly radiolabeled MAbs is characterized by a long
elimination phase the half-life of an antibody in the circulation usually is between two to four
days In the first phase in pretargeting studies an unlabeled bsMAb with a relatively long
circulating half-life is injected This bsMAb targets the TAA in the tumor and clears from the
circulation After a predetermined interval, the radiolabel is intravenously injected In an
attempt to maximize accumulation in the tumor, while minimizing the exposure to the nontarget organs, the radionuclide is generally administered linked to a relatively small molecule
with a relatively short circulating half-life The radiolabeled ligand should distribute rapidly
throughout the body and preferably is to be bound to the prelocahzed antibody in the target
tissue, while the unbound radiolabeled molecule should clear rapidly from the body,
preferably through the kidneys The pretargeting concept was proposed in the eighties, by
Goodwin and co-workers who suggested to pretarget tumors with agents with a dual
specificity (bifunctional antibodies or antibody-biotin conjugates) with affinity for the tumor
and for a radiolabeled ligand

1920

Since then various research groups have tested and

optimized a series of pretargeting approaches Two mam approaches can be distinguished,
based on the interaction between the first and second mjectate 1 biotm and (strept)avidin
interaction or 2 bispecific antibody-hapten interaction

Biotin-(strept)avidin based pretargeting
Avidm (molecular weight 66 kDa), a minor constituent of egg white of reptiles, amphibians
and birds, is a glycosylated and positively charged protein which can bind up to four
molecules of D-biotm (vitamin H, molecular weight 244 Da) 2 1 The non-covalent interaction
with biotm is extremely avid (affinity constant 1015 M 1 ), 1,000,000-fold higher than that of the
antigen-antibody interaction

Functional avidm is a tetramer of identical subumts

Streptavidm (molecular weight 60 kDa) is a bacterial non-glycosylated analogue of avidm
with similar biotm-binding characteristics, with less normal tissue retention than avidm 2223
The use of biotmylated antibodies aimed to exploit the extremely high affinity of avidm for
biotm In mice and rabbits the tumors were pretargeted with biotmylated antibodies, and m
the second step radiolabeled avidm was administered These studies provided the proof of
principle that radiolabeled avidm could accumulate in the biotmylated target 1924 25 However,
the radiolabeled avidm remained in the circulation when bound to the biotmylated antibody
which was still present in the circulation To reduce the concentration of the biotmylated
antibody in the blood, an 'avidm chase' was given, prior to injection of the radiolabeled
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avidin. Soon thereafter, investigators realized that the rapid pharmacokinetics of biotin could
be fully exploited, if in the last step a radiolabeled biotin was administered 26 27.
The Milan experience
Pretargeting with biotinylated anti-tumor MAb has been intensively investigated by Paganelli
and co-workers. They first investigated the 3-step targeting system mainly in clinical
studies24: first a biotinylated MAb was administered followed by avidin, functioning as a
connection for the radiolabeled biotin and as a chase step and, finally, radiolabeled biotin
was administered

2837

. This 3-step targeting was expanded to 5-steps targeting, with a

second chase step to further decrease the radioactivity in the circulation. The design of the
5-steps targeting was as follows: first biotinylated MAb was administered, subsequently,
avidin (to clear biotinylated MAb from the circulation) and streptavidin (to target the
biotinylated MAb at the tumor cell surface) were administered successively Next, to clear
circulating streptavidin, biotinylated human serum albumin was administered to clear the
formed complexes from the circulation to the liver. Finally, radiolabeled biotin was
administered that was trapped by the streptavidin at the tumor cell surface (5 injections
within 2 days)3EM1.

The NeoRX approach
Another avidin-biotin-based pretargeting strategy was developed at NeoRx® (NeoRx®
Corporation, Seattle, WA). In this 3-step approach, the tumor is pretargeted with an
antibody-streptavidin

conjugate

(MAb-SA).

In the

second

step

patients

received

galactosylated-biotm-albumin, complexmg the MAb-SA. The complex was cleared and
metabolized in the liver due to the interaction of the galactose-groups with the
asialoglycoprotein receptor on hepatocytes42. In the final step radiolabeled DOTA-biotm was
administered 43.
However, as indicated above, biotin plays a physiological role in vertebrates and
endogenous biotin levels (10"8 -10" 7 M) affect the efficacy of (stept)avidin-based pretargeting
strategies

4445

. In addition, the radiolabeled chelated biotin can be hydrolyzed by

endogenous biotinidase, present in serum and tissues of both animals and humans in
nanomolar concentrations. By hydrolyzation, separation of the radiolabel chelate and the
targeting agent (biotin) will take place. The primary function of this enzyme is cleaving the
biotinamide bond between biotin and lysine in biocytin to recycle the essential vitamin H.
In summary, due to a significantly reduction of the circulating half-life of the radiolabel when
labeled to a small vehicle (e.g. biotin) instead of the relatively large MAb, it is assumed that
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multi-step RIT with radiobiotin can enhance the radiation dose to the tumor as compared to
RIT using directly labeled antibodies. First phase l/ll RIT studies have shown that the
approach can induce therapeutic responses. The approach requires the use of antibodies
that could specifically avidinylate the tumor. The use of well-defined agents (MAb-SA,
clearing agent, and biotinidase resistant biotin-DOTA) as well as accurate dosing and timing
of the injections are crucial.

Pretargeting with bispecific antibodies
The first successful experiments that gave cause for a pretargeting strategy using a MAb
and a radiometal-chelate were published in 1985. A group of investigators at Stanford
University and at the University of California

46

produced monoclonal antibodies against

chelated radiometals and tested the principle in mice with xenografted KHJJ tumors. In their
initial studies anti-benzyl EDTA monoclonal antibodies were complexed with the ^ u n labeled chelate in vitro and subsequently injected in tumor bearing mice. The antibodies
used to target the tumor did not have any affinity for the tumor, and accumulation of the antichelate antibodies in the tumor depended on the nonspecific accumulation m the tumor due
to the enhanced vascular permeability in the tumor. Complexation with the monoclonal
antibody

markedly

enhanced the circulatory

half-life of the

111

ln-labeled chelate.

Consequently, the uptake of the antibody-chelate complex in the tumor was 50-fold higher
than that of the

111

ln-labeled chelate alone

47

. In later studies, an actual 'pretargeting

approach' (an in vivo labeling) was tested with these anti-chelate monoclonal antibodies. In
these studies the unlabeled anti-chelate MAb was injected in the first phase and in the
second step a radiolabeled chelate was administered. In addition, these studies also
showed that tumor targeting could be markedly improved when the anti-chelate MAb was
cleared from the circulation prior to injection of the radiolabeled chelate. Based on these
observations, Goodwin and coworkers used transferrin, substituted with multiple EDTA
haptens as a clearing agent and showed a 3-fold reduction of the uptake in the tumor but,
more relevant, due to more rapid clearance of the radiolabeled chelate from the blood,
tumor-to-blood ratios increased 13-fold

48

. For RIT an antibody specifically reactive with

yttrium-labeled DOTA was developed. KHJJ tumors in mice were pretargeted with the antiDOTA(Y) MAb followed by injection 24 h later of transferrin substituted with multiple DOTA
haptens and injection of 88Y-DOTA 1 h later 49 . Three hours after injection of the radiolabel
tumor uptake was 1.7 %ID/g and a tumor-to-blood ratio of 16 was measured, indicating
enhanced targeting of the tumor.
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However, a major improvement of tumor targeting was expected by pretargeting tumors
specifically. This specific pretargeting of tumors requires the production of antibodies with
dual specificity: affinity for the TAA on the one hand and affinity for the radiolabeled hapten
on the other. Several methods have been developed to produce such bispecific antibodies:
1. Heteroconjugates. These are produced by chemical crosslinking of two antibodies. In
general 11 heteroconjugates of antibodies are relatively difficult to synthesize.
2. Fab'-Fab' conjugates. By chemical crosslinking of the Fab' fragments of two monoclonal
antibodies, bispecific F(ab')2 fragments can be produced 50 .
3. Biologically produced bispecific antibodies. By fusing two hybridoma cell lines producing
two different MAbs, quadroma cell lines can be selected that secrete (among others) bsMAb
IgG molecules

51

. In general, purification of the bispecific antibodies from quadroma cell

supernatant (containing 10 different IgG-like molecules

52

) is laborious, but this method

suffers less from batch-to-batch variation as encountered by the chemically linked bsMAb
F(ab')2-fragments constructs.
4. Recombinant DNA-technologies. Fully humanized diabodies or covalent single chain
fragment dimers (sc(Fv)2) can be produced by genetically modified bacteria; the total
bsMAb-analogue can be transcribed from only one mRNA template 53 .
Anti-CEA χ anti-111ln-Benzyl-EDTA Fab'χ Fab'
At Hybritech Inc. (San Diego, CA) a 2-step system based on an anti-carcinoembryonic
antigen (CEA) (ZCE-025) χ anti-111ln-Benzyl-EDTA Fab' χ Fab' chemically synthesized
bispecific antibody (bsMAb F(ab')2) and an

111

ln-labeled EDTA derivative (111ln-EOTUBE)

was developed " , In mice the radiolabeled chelate, complexed with a small amount ( 1 / 1 0
ratio) of bsMAb F(ab')2 as a carrier to prolong the plasma half-life of the chelate, was
administered 24 h after injection of the bsMAb. One day after injection of

111

ln-EOTUBE

uptake in the tumor was 18.5 % ID/g, while the blood level was less than 0.5 %ID/g,
indicating efficient tumor targeting. This approach was tested in 14 patients with recurrent
colon carcinoma. Scintigraphic imaging visualized 20 of 21 known lesions and 9 occult
lesions were imaged of which 8 could be confirmed.
Affinity Enhancement System
A group from Nantes in France headed by Dr. Chatal developed a pretargeting system using
a chemically produced Fab'-Fab' bispecific antibody. Subcutaneous A375 melanoma
tumors, pretargeted with anti-tumor χ anti-DTPA bsMAb F(ab')2 could be targeted with " u n 
labeled DTPA. Interestingly, when a peptide substituted with two DTPA moieties (DTPA-Tyr-
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Lys-DTPA) was used, more efficient accumulation in the tumor was observed (3.5 %ID/g, 24 h
p.i.) than with a single DTPA(111ln) (2.8 %ID/g, 24 hr p.i.) 55 . The authors hypothesized that at
the tumor cell surface the bivalently substituted peptide was bound by two adjacent bispecific
antibodies, resulting in a more avid binding of the radiolabeled peptide at the exterior of the
tumor cell (Figure 2).

y~Y.

Figure 2 The Affinity Enhancement System (AES) a radiolabeled bivalent peptide (1) crosslinks tw
bispecific antibodies (2) which are bound to the tumor-associated antigens (TAAs) at the tumor c
surface (Drawings by Frank G van Schaijk)
This so-called 'affinity enhancement system' (AES) also improved the tumor uptake in other
mouse tumor models using bispecific antibody-based 2-step targeting 56'57.
LeDoussal et al. demonstrated improved binding and retention of bivalent peptides to
pretargeted tumor cells in vitro

5556 58

· . They elegantly showed that the spacing between two

haptens needs to be designed with care: in this respect di- and tripeptides like tyrosyl-lysine and
lysyl-tyrosyl-lysine with two hapten-substituted amino groups appeared to have ideal
characteristics for this application57,59.
In preclinical studies, the group of Chatal showed that their pretargeting strategy could improve
RIT60"66. In mice with medullary thyroid carcinoma 6 3 6 4 or colon carcinoma 60"62 the therapeutic
efficacy of 2-step pretargeting RIT was superior to that of

131

l-labeled anti-CEA antibodies

(F(ab')2orlgG).
These promising preclinical data resulted in a clinical tnal with this bsMAb-based 2-step
pretargeting approach. The chemically-produced anti-CEA (clone F6) χ anti-DTPA(ln) (clone
734) bsMAb F(ab')2 was injected at 0.1 mg/kg and 4 - 5 days later 111ln-labeled diDTPA-tyrosyllysine was injected. The initial studies showed that the approach could improve RIS of CEAexpressing tumors. More important, in patients with primary colorectal carcinomas (n=11) the
uptake of the

111

ln-labeled diDTPA peptide (0.002 - 0.018 %ID/g) was not significantly lower

than the uptake of the

111

In-labeled F(ab')2 anti-CEA antibody, while tumor-to-normal tissue
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ratios were significantly higher
indicated that the

111

. A RIS study in patients with recurrent colorectal cancer

In-diDTPA was predominantly accumulated at the periphery of liver

metastases, and uptake in the pelvic lesions was generally higher 6 8 . A study in 12 patients with
non-small cell lung cancer also showed that the two-step approach was
conventional immunoscintigraphy for staging
uptake of

111

69

better than

. In patients with medullary thyroid carcinoma

ln-diDTPA in tumor lesions was relatively high (0.003 - 0.139 %ID/g, mean 0.039

70

%ID/g) . Two-step immunoscintigraphy in 44 medullary thyroid carcinoma patients revealed
that this technique was a sensitive method to visualize occult metastases. In 21 out of 29
patients with elevated calcitonin but without known tumor sites, occult metastases were
visualized 7 1 .
Goodwin et al. also reported improved tumor uptake in their murine KHJJ model using a
bivalent DOTA-construct (1.7 %ID/g vs. 4.4 %ID/g, 3 h p.L), designated as Janus-DOTA, named
after the Roman Deity lanus with two faces

49

. In our renal cell carcinoma nude mouse model

using biologically produced bispecific antibodies, the use of a bivalent hapten, Phe-Lys(DTPA111

ln)-Tyr-Lys(DTPA- 111 ln), led to an improvement of the uptake of the radiolabel in the tumor by

a factor of 30(!) (2.2 %ID/g versus 77.5 %ID/g at 1 h p.i.) (Figure 3 ) 4 7 . The latter study also
showed that pretargeting with bispecific antibodies not only could improve tumor-to-background
ratios (as compared to directly labeled antibodies), but also could improve uptake of the
radiolabel in the tumor in terms of %ID/g during the first 24 h.

Figure 3. Scintigraphic images of nude mice
with s.c. human renal cell carcinoma
xenografts in the right flank. Mice were
injected i.v. with 15 pg bsMAb G250 χ DTIn1. Three days later mice received 7 ng of a
tetrapeptide substituted with two DTPA
moieties and labeled with 100 pCi 111ln.
Images were acquired at 1. 4. 24 and 96 h
p.i..

24 h p.i.

96 h p.i
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Interestingly, in most studies regarding a bispecific antibody to pretarget the tumor, the bsMAb
was not cleared from the circulation prior to injection of the radiolabeled bivalent peptide In
contrast, when the tumor was pretargeted with MAb-avidm (= avidmylated), the use of a clearing
agent appeared to be indispensable Fab'-Fab' bispecific antibodies rapidly clear from the blood
Therefore, blocking the remaining anti-hapten activity in the circulation appears to be
superfluous 555767 in addition, the difference in affinity between the hapten-antibody (10 9 M1)
and the biotin-avidin interaction (1015 M1) might also play a role Intravenous injection of
radiolabeled biotm in the circulation that still contains significant levels of (strept)avidin will lead
to the formation of stable, long circulating radiolabeled biotin-(strept)avidin complexes in the
circulation With regard to the anti-hapten antibody, the bsMAb-hapten complexes formed in the
circulation are relatively labile As a result, dunng the first few hours after injection of the
radiolabeled peptide, the peptide-bsMAb complexes dissociate and the peptides can be cleared
via the kidneys47 The fact that in bsMAb-based pretargetmg strategies the cleanng step can be
omitted, simplifies the introduction of the approach into the clinic as dosing and timing of the
cleanng agent is a cntical step that requires careful optimization Overdosing of the blocking
agent may block the binding sites in the tumor and may thus reduce tumor targeting 72

Radionuclides for radioimmunotherapy
For treatment of tumors (RIT), the use of ß-emittmg radionuclides (or α-emitting
radionuclides which are beyond the scope of these studies) is essential to kill tumor cells
Various radionuclides with different characteristics are readily available, the most relevant
properties of some ß-emittmg radionuclides are summarized in table 1
lodine-131 was the first routinely used radionuclide, labeled to MAbs for therapeutic
treatment of cancers 73 Due to the moderate ßmax-energy and relatively high γ-energy (0 610
MeV and 364 keV, respectively) 1-131 is suitable for the treatment of small tumor (lesions)
(average particle range in tissue 2 mm) Because of its relatively long physical half-life (8 04
days), 1-131 is convenient for directly labeled MAbs lodination via the tyrosine residues of
MAbs and peptides is a relatively easy technique and this radionuclide is easily available
However, following internalization and processing of the lodmated antibody / peptide in
lysosomes, the metabolite 131l-tyrosine is quickly excreted from the tumor cells 7 4
For the last decade, yttrium-90 is more frequently used for RIT, Y-90 is a high ß-energy
emitting radionuclide (ßmax 2 28 MeV, l·/, = 64 1 h) suitable for the treatment of relative large
tumors lesions (average particle range in tissue 12 mm) In contrast to 1-131, Y-90 is a
residualizmg radionuclide and is therefore much better retained in tumor cells when
internalized Due to the absence of γ-radiation emission of Y-90, the distribution of this

24

Introduction

radionuclide cannot be visualized Labeling of a protein with Y-90 needs conjugation with a
chelate (e g diethylenetnammepentaacetic acid (DTPA) or 1,4,7,10-tetraazacyclododecaneN,N',N",N",-tetraacetic acid (DOTA)

75

)

When lost from the chelate, free Y-90 will

accumulate in the bone due to its high affinity for the bone and might cause severe damage
to the red bone marrow76

Table 1.
%οίγ

(MeV)
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(keV)

8 days

0 61

364

81

Readily available
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17 h

211

155

15
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Re

90 h

108

137
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Absence of

residualizmg

y-radiation
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characteristics
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Pros

(%)
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m

1

»Y

64h

2 28

-

-

"Lu

6 7 days

0 50

208

11

labeling efficiency

Characteristics of the most commonly used ß-emittmg radionuclides applied in radioimmunotherapy
Lutetium-177 emits a ßmax-energy somewhat lower than Y-90 (ßma)( 0 50 MeV), physical halflife of 6 71 days and emits γ-radiation in the low γ-radiation range Lu-177, in contrast to I131, is a residualizmg radionuclide and showed fine characteristics for the treatment of
relatively small tumors (particle range 1 5 mm) As with other radiometals, chelating of
proteins and peptides is essential when labeling with Lu-177 is intended
Rhenium-188 has a high ßmax-energy (ßmax 2 12 MeV, {% - 17 0 h) and also emits y-radiation
in the low range (155 keV) Tc-99m and Re-188 have very similar chemical and biological
99m

characteristics and form a so-called
biodistribution of

188

Tc /

Re-matched pair

188

Re-labeled peptide can be studied by using

As a result the

Tc-labeled peptide Re-

188

Recently, a

thiosemicarbonylglyoxylcystemyl (TscGC) chelated

bivalent peptide was developed that

188 can be obtained easily from a

18e

99m

W/

Re tungsten generator

could be radiolabeled with Tc-99m / Re-18877"79
The choice for the radionuclide depends on various factors the size of the tumor, the
biological half-life of the support vehicle, the necessity of y-radiation emission and the
internalizing character of the tumor cells However, the relatively low specific activity of the
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radiolabeled peptides seemed to be the major crux of the pretargeting strategy to achieve
therapeutic efficacy

Bispecific antibody-based pretargeted radioimmunotherapy in patients
The group from Nantes tested the bsMAb-based pretargeting method for RIT in cancer patients
by using ß-emittmg Y-90 that was labeled to the peptide via a DTPA-chelate similar to the
labeling with ln-111 In this system, ln-111 could not be substituted for Y-90 because the antiDTPA antibody used (clone 734) is specifically reactive with indium-labeled cyclic anhydride
DTPA Firstly, such a DTPA moiety labeled with Y-90 is less stable in vivo and secondly, the
734 monoclonal antibody has a reduced affinity for ^Y-labeled DTPA Therefore, for
pretargeted RIT the diDTPA-tyrosyl-lysme peptide was labeled with
incubation with stable ln

3+

131

l, followed by an

to occupy the DTPA chelates in order to maintain the affinity for the

bsMAb Five patients with medullary thyroid carcinoma (MTC) and 5 patients with small cell lung
cancer (SCLC) whose tumors were pretargeted with the anti-CEA χ anti-DTPA(ln) bsMAb,
received a diagnostic dose (222-370 MBq) 131l-labeled diDTPA Dosimetric analysis of the
images revealed that the radiation dose to the MTC lesions was much higher (range 113 - 470
Gy/MBq = 4 2 - 174 cGy/mCi) than the radiation dose to the SCLC lesions (range 4 6 - 22
Gy/MBq = 1 7 - 8 cGy/mCi) These observations suggested that MTC is a more suitable target
for this pretargeted RIT 8 0 The feasibility and therapeutic efficacy of pretargeted RIT was tested
in 26 patients with recurrent MTC pretargeting with 20-50 mg anti-CEA χ anti-DTPA(ln) bsMAb
and 1 48 - 3 7 GBq 131l-diDTPA(ln) 4 days later Dose limiting toxicity was hematopoietic, an
activity dose of 1 78 GBq/m2 could be administered safely The radiation dose to the tumor
ranged from 7 9 - 500 Gy/MBq (= 2 91 to 184 cGy/mCi) Minor tumor responses were observed
in 30% of the évaluable patients

81

As expected, in a pretargeted RIT study in patients with

SCLC (n = 14), the radiation doses to the tumor were lower 7 0 - 87 Gy/MBq (= 2 6 - 32 2
cGy/mCi)

81

Interestingly, the maximum tolerable dose (MTD) of the

131

l-labeled diDTPA(ln)

peptide in these patients was much higher (5 55 GBq), possibly because the hematopoietic
toxicity was more severe with MTC patients due to the fact that the latter patients frequently
have micrometastatic disease in the bone marrow In the above study in SCLC patients, the
activity dose was further escalated, until second organ toxicity was reached From these
patients stem cells are harvested before treatment and reinfused 10-15 days after injection of
the radioactivity Until now, two out of 12 évaluable patients showed a partial response81
Currently, this pretargeting approach is further optimized by using histamme-hemisuccinate as
a hapten instead of DTPA(ln), an universal pretargeting system can be developed To achieve
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the best interaction between bsMAb and peptide, the labeling with indium is superfluous with the
newly developed bivalent peptide
New TscGC-, DTPA or DOTA-conjugated peptides are being developed that will allow the use
of Re-188, Y-90 or Lu-177

596582

Furthermore, at present, humanized bsMAb constructs

(diabodies, mimbodies or covalent scFv dimers) are developed, that will prevent the
development of HAMA against the bsMAb as observed in the majonty of patients that received
the anti-CEA χ anti-DTPA F(ab')2 bsMAb 67 Non-immunogemc humanized bsMAb constructs
produced by recombinant DNA modified bactena / yeast, will allow multiple treatment cycles of
pretargeted RIT This is one of the major advantages of the use of the humanized bsMAb-based
pretargeting system with RIT as compared to the use of (strept)avidin / biotm multiple-step
approach
Pretargeting PET imaging
A group at the German Cancer Center in Heidelberg developed agents to apply bsMAb
pretargeting for positron emission imaging using the short-lived positron emitter ^Ga (t/2 = 68
mm)

8384

Monoclonal antibodies against a galhum-chelate were developed

85

Using these

antibodies, anti-chelate χ anti-tumor bsMAbs were developed either chemically
biologically

87

8386

or

With these bispecific antibodies pretargeted PET imaging was tested in nude
fll flfi Hfl

mice with CD44v6 and MUC1 expressing tumors

Recently, this approach was tested in

10 patients with breast cancer Patients received 10 mg anti-MUC1 χ anti-Ga-chelate bsMAb,
and 18 hours later Ga-chelate-substituted human apotransfernn was injected as a blocking
agent Fifteen minutes thereafter 222 - 296 MBq ^Ga-chelate was administered PET images
were acquired 1 0 to 1 5 h later Fourteen out of 17 known lesions (25 ± 16 mm) were
visualized84 The relatively low uptake of the ^Ga-chelate in the tumor and the low tumor-tonormal breast ratios (0 003 %ID/g and 3 0, respectively) were attributed to the shedding of the
MUC1 antigen and the comparatively low affinity of the anti-MUC1 antibody (1 2 χ 10 7 M 1 )

CONCLUSION
As compared to directly labeled anti-tumor antibodies, antibody-based pretargeting strategies
can enhance the radiation dose to the tumor m RIT due to the reduced radiation exposure of the
radiolabel to the bone marrow However, this approach is technically and clinically demanding,
particularly regarding the doses of various reagents to be administered and the intervals to be
respected
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Therapeutic studies in various groups of cancer patients have shown that the (strept)avidin /
biotin-based approach as developed in Milan can induce meaningful therapeutic responses.
The RIT approach using the antibody-streptavidin conjugates (MAb-SA) has only been tested in
a very limited number of patients using an appropriate antibody, and the therapeutic efficacy
has yet to be determined. The latter method has the advantage that only 3 injectâtes are used,
and therefore the optimization of this approach in terms of dosing and timing will be less
complicated. The availability of a new generation of well-defined reagents for this approach
(synthetic clearing agent and antibody-streptavidin fusion proteins) is another important step
towards clinical applicability of this approach.
Although the development of pretargeted RIT using bispecific monoclonal antibody constructs is
still in its early phase, promising results have already been obtained with this approach. The use
of only 2 reagents: the bsMAb and the radiolabeled bivalent peptide is a major advantage of this
pretargeting strategy. In addition, this pretargeting method, with the development of humanized
bsMAb constructs, can be performed with purely non-immunogenic reagents that will not evoke
any antibody response in patients.
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ABSTRACT
Purpose The therapeutic effect of directly labeled antibodies in solid tumors is limited,
mainly due to the relatively low uptake of the radiolabeled antibody in tumors as compared
to their blood level In previous studies we have shown that renal cell carcinoma (RCC) can
be targeted very effectively with the

111

ln-labeled bivalent peptide diDTPA-FKYK, after

pretargetmg the tumor with a bispecific antibody In this study we further developed this
pretargetmg approach for radioimmunotherapy of renal cell cancer
Experimental design Pretargetmg with the biologically produced anti-RCC χ anti-DTPA(ln)
bispecific antibody (bsMAb G250xDTIn1) was tested in mice with SK-RC-52 RCC tumors
Tumors were pretargeted with 15 pg bsMAb G250xDTIn1 and 24 hours later mice received
6 ng of the radiolabeled bivalent peptide Two different peptides were used diDTPA-FKYK
labeled with

111

ln or 1 3 1 l , and TscGC-diDTPA(ln)-KYKK labeled with 99m Tc or 188Re Six, 24,

48 and 72 h ρ ι mice were killed and biodistribution of the radiolabel was determined
Results: The

111

ln-labeled peptide showed excellent tumor uptake (42 6 ± 7 3 % ID/g at 6 h

ρ ι , 25 6 ± 7 7 % ID/g at 72 h ρ ι ) and tumor-to-blood ratios (JIB ratio 700 at 72 h ρ ι ) The
specific tumor targeting of 18eRe- and 99mTc-labeled peptides was similar (20 - 25 % ID/g, 6 h
ρ ι ) However, the uptake and the retention in the tumor of the 99m Tc- and
peptide were significantly lower than those of the
131

111

18e

Re-labeled

ln-labeled peptide Tumor uptake of the

l-labeled peptide was significantly lower as compared to the other three radiolabeled

peptides, furthermore an almost complete washout of the radiolabel from the tumor over
time was observed (14 5 ± 4 9 % ID/g at 6 h ρ ι , 0 33 ± 0 15 % ID/g at 72 h ρ ι )
Conclusions: Using a newly developed bivalent peptide, this pretargetmg approach can
now be used for targeting with the matched pair

Re and

Tc

INTRODUCTION
Monoclonal antibodies (MAbs) against tumor-associated antigens can be applied as delivery
vehicles for radionuclides to visualize tumors or treat tumors (radioimmunotherapy R I T ) 1 3
The specificity of MAbs for tumor-associated antigens can be exploited to direct
radionuclides selectively to tumor cells following systemic administration

Whereas

radioimmunoscmtigraphy (RIS) was found to be suitable for detection of a wide variety of
tumors

4

RIT has caused mainly objective therapeutic responses in patients with relative

radiosensitive hematological tumors

5

In patients with solid tumors, RIT has been less
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effective, mainly due to insufficient uptake of the labeled antibody in the tumor . However,
RIT may be suitable to treat micro-metastatic lesions after resection of the primary tumor.
The relatively long circulation time of the radiolabeled antibodies in the circulation exposes
non-tumor tissues to relative high radiation doses, thereby limiting the total activity dose that
can be administered.
In 1986 Goodwin et al.

7

proposed to separate the administration of the MAb and the

radioactive compound. In these so-called pretargeting approaches, the long circulating nonlabeled MAb is administered first to allow specific localization in the tumor and allow
clearance of the antibody from the blood. Thereafter, a fast clearing radiolabeled hapten is
injected. Various studies have confirmed the adequacy of this pretargeting strategy: tumor
targeting comparable to the tumor targeting using directly labeled antibodies, was achieved.
Additionally, dramatic improvement of the tumor-to-blood ratios were achieved as early as 1
h p.i. of the radiolabeled peptide 8"12.
In previous studies we have shown that the use of a bivalent peptide (substituted with two
111

ln-labeled DTPA moieties) significantly improved tumor targeting as compared to a

monovalent hapten 8 . This is most likely due to the affinity enhancement system (AES) 13 : by
the formation of a bridge by the bivalent peptide between two adjacent bispecific antibodies
bound to the cell surface and one bivalent peptide, the peptide is more avidly bound to the
cell surface. It has been postulated that the bivalent complex that is formed on the tumor cell
surface is efficiently internalized, contributing to the more efficient accumulation of the
radiolabeled bivalent peptide in the target cell. For scintigraphic applications excellent tumor
uptake was achieved

8

but unfortunately the yttrium-labeled bivalent peptide, suitable for

therapy, proved unstable. Moreover, the affinity of the DTPA(ln) recognition site of the
bispecific antibody for the 90Y-labeled DTPA is a factor 100 lower compared to the " u n 
labeled DTPA 14. Therefore we developed a two-step pretargeting strategy for RIT, using a
radiolabeled bivalent peptide that can be labeled with both γ-emitters (imaging) as well as ßemitters (therapy). The bispecific antibody recognizes both the G250-antigen which is
abundantly

expressed

on the cell surface of RCC as well as an indium

diethylenetriaminepentaacetic

labeled

acid (DTPA) chelate (bsMAb G250xDTIn1). We investigated

the pretargeting strategy using two bivalent peptides, labeled with various radionuclides,
transforming the strategy from a diagnostic approach using γ-emitters ( 111 ln and 99m Tc) to a
therapeutic approach using ß-emitters (131l and

37
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MATERIALS AND METHODS
Bispecific monoclonal antibody
The characteristics of monoclonal antibody MAb anti-G250 (lgG1), directed against the renal
cell carcinoma-associated antigen G250, recently identified as carbonic anhydrase IX
(MN/CA IX) have been described elsewhere

1516

The G250-antigen is expressed in virtually

all clear cell renal cell carcinomas In normal tissues, the G250 expression is restricted to
gastric mucosal cells cells of the small intestines and cells of the larger bile ducts 17
The MAb anti-DTPA(ln) (lgG2a) specifically recognizes In-labeled DTPA u

The production

of bispecific antibody producing quadroma cells and the characterization and purification of
the bsMAb anti RCC χ anti DTPA(ln) (G250xDTIn1) has been described in previously4
Bivalent peptides
IMP156 The backbone of this peptide consists of four ammo acids phenylalanine, lysine,
tyrosine and lysine The ε-amino group of each Lys residue was used to attach DTPA to
obtain an improved bivalent peptide for the pretargeting approach as described by GruazGuyon et al

10

To circumvent exo-peptidase activity in the circulation, the N-temmus of the

peptide was acetylated and the C-termmus was amidated This bivalent peptide, Ac-PheLys(DTPA)-Tyr-Lys(DTPA)-NH2

[Mw 1377 g/mol], was prepared by solid phase synthesis

and formulated in a lyophihzed labeling kit, containing 11 pg diDTPA-FKYK, 0 05 g 2hydroxypropyl-ß-cyclodextrm and 0 0044 g citrate (pH 4 2)
IMP192

In this tetrapeptide, two lysine residues are conjugated with DTPA and an

additional chelate was conjugated to the C-termmal lysine residue
Lys(DTPA)-Lys(TscGC)-NH2

[Mw

1590

g/mol],

where

TscGC

is

Ac-Lys(DTPA)-Tyrthiosemicarbonyl-

glyoxylcystemyl This peptide was formulated in two lyophihzed labeling kits a

99m

Tc-labeling

kit, containing 40 pg peptide, 100 pg SnCk, 1 mg 2,5-dihydroxybenzoic acid, 10 % 2hydroxypropyl-ß-cyclodextnn, 200 mM glucoheptonate, 21 mM acetate (pH 5 3) and 6 molar
equivalents of InCIs A

188

Re-labeling kit, containing 40 pg peptide, 8 mg ascorbic acid, 10 %

2-hydroxypropyl-ß-cyclodextrin, 6 molar equivalents of InCIs, 166 mM glucoheptonate, 42
mM acetate (pH 4 4) and 1 32 mg of SnCfe

Radiolabeling
111

ln-diDTPA 11 pg lyophihzed diDTPA-FKYK (IMP156) was reconstituted with 1 ml saline

To 15 pi of the peptide solution 63 μΙ 40 mM HCl, 375 μΙ HsO and 1 5 mCi

111

lnCl3 (Tyco

Health Care, Petten, The Netherlands) was added and the reaction mixture was incubated
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for 60 mm at room temperature The radiochemical purity (RCP) was determined by instant
thin layer chromatography (ITLC) on silica gel strips with methanol water (55 45) or citrate
buffer (pH = 6 0) as the mobile phase When the radiochemical purity exceeded 95%, a 3fold molar excess InCb was added to saturate the remaining DTPA chelates with stable ln 3 +
131

l-diDTPA The chloramme-T method was used to radioiodmate IMP156 To 1 0 pg

diDTPA-FKYK, 15 μΙ chloramme-T (1 82 mg/ml) and 3 7 mCi

131

l were added After 2 mm

incubation at room temperature the reaction was stopped by adding 100 μΙ sodium
metabisulphite (3 37 mg/ml) The DTPA moieties were saturated with a 3-fold molar excess
InCIa The solution was loaded on a C-18 Seppak cartridge (Waters, Milford, MA), washed
with 10 ml water and eluted with 90 % MeOH The RCP of the 90 % MeOH eluted samples
was determined both by ITLC on silica gel strips with citrate buffer (pH 6 0) as mobile phase
and by using RP-HPLC on an Agilent 1100 series LC system (Agilent Technologies, Palo
Alto, CA) A Zorbax Rx-C18 column (5 pm, 4 6 χ 250 mm) with a flow rate of 1 ml / mm was
used with a gradient from 100 % 0 1 % TFA (tnfluor acetic acid) to 100 % acetomtnl within
20 mm Radiolabeled peptides were detected with an m-lme Radiomatic A-500 series flow
detector (Canberra-Packard, Menden, CT)
99m

Tc-diDTPA To a

pertechnetate (

99m

99m

Tc-labeling kit containing 8 pg lyophilized IMP192, 70 mCi

Tc04 ) was added Pertechnetate was obtained from an Ultratechnekow

FM (Mo99/Tc99m) generator (Tyco Health Care, Petten, The Netherlands) The reaction
mixture was incubated for 10 mm at room temperature, followed by 30 mm at 100 °C The
RCP was determined by ITLC on silica gel strips with saturated sodium chloride as the
mobile phase When the radiochemical purity was lower than 95 %, the labeled peptide was
purified on a 10 ml gel filtration column (Biogel P-2, BioRad, Hercules, CA)
188

Re-diDTPA

18e

Re was obtained from an m-house

18e

W / 188Re generator (Oak Ridge

National Laboratory, Oak Ridge, TN) After elutmg the generator with 0 3 M NH4OAC,
approximately 20 ml perrhenate eluate (ca 160 mCi), was concentrated as described by
Guhlke et al

18

with minor modifications Briefly, the 188Re04 eluate was applied on a set of

two cation exchange cartridges (IC-H-plus, Alltech, Deerfield, IL) at a flow of 0 4 ml/mm
Fractions of 1 ml were collected Fractions with a pH < 2 were pooled and applied onto a
QMA-hght cartridge (anion exchange resin, Waters, Milford, MA) The cartridge was washed
with 10 ml demmerahzed water and the 188 Re04 was eluted from the cartridge with a small
volume of saline Fractions (0 5 ml) were collected and their radioactive content was
determined in a dose calibrator (Capmtec CRC®-15R, Ramsey, NJ) To a ieeRe-labelmg kit
containing 8 pg lyophilized IMP192 peptide, 154 μΙ concentrated 188Re-solution (173 mCi /
ml) was added The reaction mixture was incubated for 10 mm at room temperature,
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followed by 60 mm at 100°C The radiochemical purity was determined by ITLC on silica gel
strips with saturated NaCI as mobile phase The radiochemical purity of the

188

Re-labeled

peptide exceeded 95%
Biodistribution study
The studies were approved by the local Animal Welfare Committee and performed in
accordance with their guidelines
The biodistribution of the radiolabeled peptides was determined in female BALB/c nu/nu
mice with s c

SK-RC-52 tumors

Briefly, 6 to 8 weeks old athymic mice were

subcutaneously injected with SK-RC-52 cells (1 5 χ 106 cells / 200 μΙ) Two to four weeks
later, when the tumors were palpable, the biodistribution studies were initiated All reagents
were injected intravenously via the tail vein in a volume of 200 μΙ Mice received 15 μg
bsMAb and 24 h later the radiolabeled peptide was administered At various time points after
injection of the radiolabeled peptides, mice were killed by CO2 asphyxiation and blood was
obtained by heart puncture The tissues (tumor, muscle, lung, spleen, kidney, liver and small
intestine) were dissected, weighed and their radioactivity was counted m a γ-counter (Wallac
wizard 3" 1480 automatic γ-counter, Turku, Finland) To permit calculation of the radioactive
uptake in each organ as a fraction of the injected dose, an aliquot of the injection dose was
counted simultaneously Results were expressed in %ID/g All groups consisted of 4 or 5
mice
Statistical analysis
All mean values are given ± S D Statistical analysis was performed using the unpaired t-test
when two groups were analyzed and the One-way Analysis of Variance was used when
more than two groups were analyzed The level of significance was set at Ρ < 0 05

RESULTS
Optimization of the doses of the reagents
To determine the optimum dose of bsMAb G250xDTIn1, SK-RC-52 tumor bearing mice
were injected ι ν with various doses of the bsMAb 0 1, 0 2, 0 5 or 1 nmol (15, 30, 75 or 150
pg, respectively) Twenty-four hours later 3 8 pmol (6 ng) 99mTc-labeled IMP192 peptide was
administered Six hours after injection of the radiolabeled peptide, mice were killed and the
biodistribution of the radiolabel was determined (Table 1 )
40
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Table 1. Biodistribution data of mice carrying s c
different doses of bispecific antibody

Blood
Muscle
Tumor
Lung
Spleen
Kidney
Liver
Intestine
Tumor/Blood

13

Ί , """Tc and l e e Re

SK-RC-52 xenografts injected with

a

0 1 nmol

0 2 nmol

0 5 nmol

1 0 nmol

6 75 ± 0 62
0 64 ± 0 10
26 34 ± 9 51
3 85 ± 0 89
2 29 ± 1 18
3 75 ± 0 27
4 62 ± 1 18
1 87 ± 0 39
3 96 ± 1 56

10 99 ± 0 95
0 90 ± 0 17
36 97 ±19 35
5 75 ± 0 54
3 46 ± 0 98
4 50 ± 0 23
7 90 ± 2 20
2 48 ± 0 41
3 49 ± 2 22

15 56 ± 2 64
084±015
1363±819
8 51 ± 1 44
5 29 ± 2 64
517±061
11 71 ± 2 36
3 62 ± 0 71
0 86 ± 0 49

15 4 9 ± 1 83
1 00 ± 0 31
9 33 ± 1 53
8 55 ± 1 09
6 68 ± 3 77
5 25 ± 0 70
10 96 ± 2 89
5 32 ± 2 69
0 60 ± 0 04

" Tumor bearing mice were pretargeted with various doses of bsMAb G250xDTIn1 followed by
administration, 24 h later, of 3 8 pmol of 99mTc-labeled TscGC-diDTPA(ln)-KYKK (5 mice per group)
Mice were killed 6 h ρ ι of the radiolabel Uptake expressed as %ID/g

Highest uptake in the tumor was obtained at 0 1 nmol and 0 2 nmol bsMAb Tumor uptake
with these two low doses was not significantly different (26 3 ± 9 5 %ID/g and 37 0 ± 19 4
%ID/g, respectively, Ρ = 0 30) At higher doses of bsMAb, the uptake of the radiolabel in the
tumor was significantly lower In addition, at the higher protein dose (> 0 2 nmol) the
radioactivity in the blood and in the normal tissues was more than 2 fold higher compared to
the lower bsMAb doses (blood levels 6 8 ± 0 6 %ID/g at 0 1 nmol, 15 5 ± 1 8 %ID/g at 1 0
nmol bsMAb) To determine the optimal

99m

Tc-labeled peptide dose, mice with SK-RC-52

tumors were injected with 0 1 nmol bsMAb G250xDTIn1 After 24 hours, mice were injected
ι ν with various doses of 99mTc-labeled TscGC-diDTPA(ln)-KYKK 0 3, 1 2, 3 8 or 12 6 pmol
(0 5, 2, 6, and 20 ng, respectively) Six hours ρ ι mice were killed and the biodistribution of
the radiolabel was determined (Table 2) Up to a peptide dose of 3 8 pmol high uptake of the
radiolabel in the tumor was observed (approximately 30 %ID/g) The uptake of the radiolabel
in the tumor at the 3 lowest doses was not significantly different (0 3 pmol peptide 27 8 ±
7 7 %ID/g, 1 2 pmol peptide 23 5 ± 5 3 %ID/g, 3 8 pmol peptide 32 6 ± 6 1 %ID/g, Ρ =
0 13) At the higher peptide dose the relative uptake of the radiolabel in the tumor was
significantly lower At all peptide doses tested, the uptake of the radiolabel in the normal
tissues and the blood was low and not significantly different The labeled peptide in the
circulation was cleared from the blood virtually completely within 6 hours
Subsequent experiments were performed with the optimal bsMAb G250xDTIn1 dose (0 1
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nmol) and the optimal peptide dose (3.8 pmol).
Table 2. Biodistribution data of mice carrying s.c. SK-RC-52 xenografts pretargeted with 0.1
nmol bsMAb, injected with different doses of peptide a

0.3 pmol

Blood
Muscle
Tumor
Lung
Spleen
Kidney
Liver
Intestine
Tumor/Blood

4.28 ± 0.59
0.38 ± 0.08
27.84 ±7.73
2 27 ± 0.25
1.59 ±1.24
3.58 ±0.19
6 49 ± 2.06
0.95 ±0.18
6.66 ± 2.42

1.2 pmol

3.8 pmol

12 6 pmol

4.92 ±1.49
0 38 ± 0 12
23.53 ± 5.29
2.45 ± 0.53

5.18 ±0.78
0.41 ± 0.06
32.57 ± 6.08
2.97 ± 0.62

5.02 ±1.01
0.49 ± 0.09

1 68 ± 0 39
3.70 ± 0.38
8.52 ± 2.93
1.14 ±0.32
5.23 ±2.15

1 76 ±0.61
3.76 ± 0.38
5.43 ±1.76
1.24 ±0.34
6.35 ±1.18

18.22 ±3.38
2.92 ± 0.47
1.85 ±1.72
3.74 ± 0.37
4.75 ±1.74
1.41 ±0.45
3 80 ±1.18

a

Tumor bearing mice were pretargeted with 0.1 nmol of bsMAb G250xD Tin 1 followed by administr
24 h later, of various doses of 99mTc-labeled TscGC-diDTPA(ln)-KYKK (5 mice per group). Mice we
killed 6 h pi. of the radiolabel. Uptake expressed as %ID/g.

Biodistribution of 131I-IMP156 and 131I-IMP192 in mice pretargeted with bsMAb
To investigate whether differences in peptide composition and the presence of an extra
TscGC-chelate in IMP192 affected the biodistribution of the peptide, the biodistribution of the
two radiolabeled peptides (IMP156 and IMP192) was determined in mice with pretargeted
SK-RC-52 tumors (Fig. 1). The biodistribution, including tumor uptake of the two bivalent
peptides was highly similar. Only the blood levels of the two peptides were significantly
different at all time points (P < 0.007). At each time point the blood levels of the IMP192
peptide were a factor 1.5 higher than the blood levels of IMP156.

Biodistribution of diDTPA labeled with four different radionuclides
After pretargeting SK-RC-52 tumors with 0.1 nmol of the bispecific antibody bsMAb
G250xDTIn1 the biodistribution of the radiolabeled peptides, IMP156 labeled with
(specific activity 13 Ci / pmol) or

111

ln

131

l (specific activity 2 Ci / pmol) and IMP192 labeled with

Tc (specific activity 10 Ci / pmol) or

Re (specific activity 5 Ci / pmol) was compared.

Twenty-four hours after pretargeting SK-RC-52 RCC with 0.1 nmol bsMAb G250xDTIn1
mice were injected i.v. with 3.8 pmol of each of the radiolabeled peptides. The results of the
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biodistribution studies are summarized in Table 3 and Fig. 2.
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Figure 1. Biodistribution of s.c. SK-RC-52 tumor bearing mice, pretargeted with 0.1 nmol bsMAb
G250xDTIn1 followed by administration, 24 h later, of '31I-IMP156 (A) or "Ί-ΙΜΡ192 (B). Mice were
killed at various time points post injection of the radiolabel and the biodistribution of the radiolabel
determined. At all time points each group consisted of 5 mice. Uptake expressed as %ID/g.
At 6 h p.i. the

In-labeled peptide showed the highest tumor uptake (42.6 ± 7.3 %ID/g),

which decreased to 25.6 ± 7.7 %ID/g at 72 h p.i.. The radiolabel cleared very rapidly from
the blood and other tissues, resulting in a relatively high tumor-to-blood ratio: 22.7 ± 2.0 at 6
h p.i. increasing to 695 ± 218 at 72 h p.i. The tumor uptake of the

131

l-labeled IMP156 was

considerably lower 6 h p.i.. From 6 h p.i. onwards the radiolabel cleared from the tumor
(14.5 ± 4.9 %ID/g at 6 h p.i. decreasing to 0.3 ± 0.2 %ID/g at 72 h p.i.). The radioactivity in
the blood and the normal organs decreased very rapidly, similar to the
IMP156.The biodistribution of

99m

Tc-IMP192 was very similar to that of

and 24 h p.i. From 24 h p.i. onwards the uptake of the
level of 8.1 ± 3.8 %ID/g. Compared to the
99m

Tc- and

188

111

188

188

111

In-labeled

Re-IMP192 at 6

Re-labeled peptide was stable at a

ln-labeled peptide, the tumor uptake of the

Re-labeled IMP192 peptides was significantly lower at all time points (P <

0.02). Conversely, at all time points tumor uptake of the 99m Tc- and
peptides was significantly higher than obtained with the

131

188

Re-labeled IMP192

l-labeled peptide (P < 0.03). In

addition the uptake in the kidney is remarkably low suggesting that the bivalent tetrapeptides
used in these studies are inefficiently reabsorbed in the renal tubular cells.
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Table 3. Biodistribution data of peptide targeting labeled with 4 different radionuclides in s.c.
SK-RC-52 xenografted mice pretargeted with G250xDTIn1

6 h p.i.

a

24 h p.i.

48 h p.i.

72 h p.i.

0.16 ±0.03
0.06 ± 0 02
30.5 ± 1 5 0
0.20 ± 0 02
0.54 ± 0 26
1 31 ± 0 04
1.84 ±0.85
0.29 ± 0 08
180 ± 6 4

0.06 ± 0.00
0.05 ±0.01
25.3 ±11.9
0.16 ±0.02
0.78 ±0.25
1.00 ±0.11
2.35 ± 0.29
0.24 ± 0.08
429 ± 209

0 04 ± 0 00
0 06 ± 0.01
25.6 ± 7.71
0 16 ± 0 02
0 83 ±0.19
0 88 ± 0.07
1.84 ±0.44
0.19 ±0.09
693 ±218

3 93 ±1.32
0.55 ± 0 21
14 46 ± 4 91
1 90 ± 0.68
1 67 ± 0.75
1.40 ±0.40
4 89 ± 1 87
0 80 ± 0 30
3 69 ± 0 18

0.58
0.05
3.30
0.33
0.34
0.26
1.07
0.15
5.39

0.10
0 01
0 81
0.05
0 07
0.11
0 28
0.03
8 54

0 04 ± 0.00
0.01 ± 0.00
0.33 ±0.15
0 03 ± 0.00
0.03 ± 0.01
0 10 ± 0 02
0 10 ± 0 03
0 02 ± 0 00
8.14 ± 3 84

2 94 ± 0 30
0.47 ±0.14
20.68 ± 2 72
1 54 ± 0 47
2 23 ± 1 45
1.85 ± 0 13
3.53 ± 0.84
0 84 ± 0.35
7 05 ± 0 81

0.96 ± 0 26
0.82 ± 0 07
7.43 ± 2.23
1.76 ± 0 47
1.15±017
1.00 ± 0 14
2.11 ± 0 99
1.05 ±0.68
8.10 ± 2 88

3 96 ± 0 41
0 46 ± 0 12
24.60 ± 6 64
2.08 ± 0 30
2 33 ±1.82
3.70 ± 0.22
3 75 ±1.02
0.86 ± 0.08
6 27 ±1.69

0.65 ± 0 17
0 09 ± 0 02
10 43 ± 3 41
0.41 ± 0 09
0.68 ±0.16
1.80 ± 0 35
3.13 ±1.02
0.24 ± 0.06
16 61 ± 5 12

111

ln-dlDTPA
Blood
Muscle
Tumor
Lung
Spleen
Kidney
Liver
Intestine
Tumor/Blood

1.96
0.23
42 6
1.09
2.29
1.81
3 64
0.83
22 7

±0.22
± 0.04
± 7 30
±0.19
±2.12
±0.10
±1.87
± 0.50
± 2.0

131

l-diDTPA
Blood
Muscle
Tumor
Lung
Spleen
Kidney
Liver
Intestine
Tumor/Blood

±0.17
± 0 02
± 1 94
±0.11
± 0 15
± 0.05
± 0 46
± 0 04
± 2 42

±0.03
± 0 01
±0.31
±0.01
± 0.06
±0.01
± 0.24
±0.01
± 3.30

lee

Re-diDTPA
Blood
Muscle
Tumor
Lung
Spleen
Kidney
Liver
Intestine
Tumor/Blood

0.78 ±0.13
N.D.
8 78 ± 4.08
ND
ND
ND
ND
ND
11 60 ±5.68

0 90 ± 0 22
N.D.
8.01 ± 5 01
ND
N.D
ND
N.D.
N.D
8 89 ± 4 87

Mm

Tc-diDTPA
Blood
Muscle
Tumor
Lung
Spleen
Kidney
Liver
Intestine
Tumor/Blood
a

ND
ND
ND
ND
N.D.
ND
ND
ND
ND

ND.
N.D.
ND
ND
N.D.
N.D.
N.D.
N.D
N.D

Tumor beanng mice were pretargeted with 0.1 nmol of bsMAb G250xDTIn1, followed by
administration, 24 h later, of 3.8 pmol of the radiolabeled bivalent peptides: diDTPA-FKYK labeled with
'"In or '31l or TscGC-diDTPA(ln)-KYKK labeled with 18BRe or 9gmTc. Mice were killed 6 h p.i. of the
radiolabel and their biodistribution was obtained (5 mice per group). N.D. Not Determined. Uptake
expressed as %ID/g.
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Figure 2. Biodistribution of 111ln-IMP156 (A). ledRe-IMP192(B), 99mTc-IMP192 (C) and 131I-IMP156 (D).
s.c. SK-RC-52 tumors were pretargeted with 0.1 nmol G250xDTIn1, followed by administration of 3.8
pmol of the peptides 24 h later. Six, 24, 48 and 72 h p.i. mice were killed and the biodistribution of the
radiolabels was determined. Uptake expressed as %ID/g.

DISCUSSION

For the development of an effective pretargeting strategy for RIT, the use of ß-emitting
radionuclides is required. In previous studies we showed that with the present pretargeting
approach, based on the use of a biologically produced anti-RCC χ anti-DTPA bsMAb, RCCtumors could be targeted very effectively with an

111

In-labeled bivalent peptide 8 . In the

present study we compared the biodistribution of four different radionuclides ( 1 1 1 ln,
i 8 8 R e 99m T c j | a b e | e d

t o

131

l and

different bivalent peptides (1MP156 or IMP192) to develop a two-

step pretargeting approach suitable for RIT using ß-emitting radionuclides.
In earlier studies we have investigated the use of yttrium as ß-emitting radionuclide in this
strategy

14

. For therapeutic application this radionuclide has excellent features (90Y: ty, = 64.1

h, ßmax = 2.28 MeV (100%))

19

. However, unlike

111

ln,

90

Y is incorporated in the bone

following release from the chelate. Unfortunately, although the peptide IMP156 can be
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labeled with yttrium, the compound is not stable in serum Moreover, the affinity of the
bispecific antibody for 90Y-labeled DTPA was at least a factor 100 lower compared to the
111

14

ln-labeled DTPA

tumor was observed

Consequently, no specific localization of 90Y-labeled IMP156 in the
u

In the present study, the highest tumor uptake in the SK-RC-52 mouse model was achieved
with the

111

ln-labeled peptide IMP156 After 6 h ρ ι tumor uptake of this peptide (42 6 ± 7 3

% ID/g) slightly decreased (30 5 ± 15 0 % ID/g at 24 h ρ ι ) and stabilized at later time points
This peptide was relatively well retained in the tumor
The newly synthesized peptide IMP192 can be labeled very efficiently with i e e Re a ß-emitter
or with

99m

188

Tc a γ-emitter

Re has excellent characteristics for therapeutic application

high ßmax energy emission (2 12 MeV), comparable to

90

20

Y, 140 keV γ-radiation (10 %

abundance) allowing scintigraphic imaging of therapeutic doses The half-life (ty2= 17 h) is
considered too short for use with directly labeled antibodies, but it can be used in this twostep approach

99m

Tc has chemical properties similar to 188 Re

called "matched pair"

99m

of therapeutic doses of

99m

Tc and 18eRe form a so-

Tc can be used for imaging to predict the targeting and dosimetry

188

Re Both radionuclides were labeled to the peptide IMP192 via a
9

TscGC-chelate as described by Karacay et al

The biodistribution of the

diDTPA showed similar tumor uptake characteristics as the

188

99m

Tc-labeled

Re-labeled peptide,

confirming the matched pair concept
The order of tumor retention was
tumor whereas the uptake of

188

111

ln > 188Re / 99m Tc > 1 3 1 l

188

l was readily lost from the

Re in the tumor decreased from approximately 21 % ID/g (6

h p i ) to approximately 8 % ID/g ( 2 4 - 7 2 h p i )
experiments in vivo with

131

Karacay et al

9

performed similar

Re-labeled IMP192 using mice with GW-39 human colonic

cancer xenografts and a chemically linked bispecific F(ab')2 fragment (F6 χ m734) Their
biodistribution results with the 188Re-labeled peptide were very similar to ours (tumor uptake
19 3 ± 4 2 %ID/g a t 3 h p i t o 6 5 ± 2 6 %ID/g at 72 h ρ ι ) In contrast, Gestin et al
showed that the uptake and the retention of a
obtained with the

188

125

11

l-labeled peptide exceeded the values

Re-labeled peptide This difference is most likely caused by the use of

different peptides (octapeptides) and / or a non-MAb-mternalizing tumor model (LS174T)
The uptake and retention of the

131

l - and

111

In-labeled peptide IMP156 was markedly

different in our model It is generally known that
internalization than the non-metal

131

111

ln is better retained in the tumor after

l The rapid clearance of the

131

l-labeled IMP156

peptide from the tumor suggests that the labeled IMP156 peptide once bound to the cell
surface of SK-RC-52 tumor cells is internalized by the target cell
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In vitro, Shih et al

21

,3

Ί ""Tc and ie8Re

using directly labeled MAbs observed a similar wash-out of

188

125

l - and

188

Re-labeled antibodies ( Re was conjugated to thiol groups of mildly reduced antibodies

and for labeling the antibody with 1 2 5 l the chloramme-T method was used) Only 10 % of the
188

Re- and 125l-activity that was initially targeted to the tumor cells was retained in the cells

after 72 h In our study as well as the study of Karacay et al 9, the non-residuahzing
radionuclide

188

Re, incorporated in a TscGC-chelate showed an improved tumor retention

(compared to targeting of

125

l - or 131l-labeled peptides) which could possibly be due to the

use of the TscGC-chelate This suggests that the TscGC-chelate gives
99m

ie8

Re as well as

Tc residualizing properties

Despite successful specific uptake of these radiolabeled peptides using the pretargeting
approach the retention of ß-emitters in the tumor is suboptimal and can be further improved
We now aim to make our pretargeting strategy suitable for use of residualizing radionuclides
suchas 177 Luor 90 Y

CONCLUSION
These studies showed that the pretargeting approach can be used for RIT Due to lack of
retention in the tumor the

131

l-labeled peptide is not suitable IMP192 labeled with

99m

18e

Re or

Tc can be used as a matched pair The use of residualizing radionuclides such as

177

Lu

90

and Y in this two-step pretargeting approach could further improve the accumulation and
the retention of the ß-emittmg radiolabel in the tumor
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ABSTRACT
Purpose: Previous studies have shown that pretargetmg allows rapid visualization of renal
cell carcinomas (RCC) with an 111ln-labeled bivalent peptide For radioimmunotherapy (RIT),
a ß-emittmg radionuclide labeled to a bivalent peptide is required Therapeutic efficacy of
these radionuclides depends on Emax, physical half-life and the residence time of the
radiolabel in the tumor The

131

l-radiolabel generally clears rapidly from the tumor after

internalization and subsequent degradation of the bivalent wild-type L-ammo acid peptide (La a peptide) in the tumor cells To improve the residence time of the iodine-label in the
tumor, a new bivalent peptide was synthesized that is peptidase-resistant and consists of
four D-ammo acids (D-a a peptide)

Here we investigated the characteristics of the

residualizmg iodine-label in SK-RC-52 RCC tumors
Experimental design: The D-a a peptide was manually synthesized according to standard
solid-phase Fmoc/HBTU (2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium
phosphate) chemistry The uptake and retention in the tumor of

111

ln- /

hexafluor

125

l-labeled bivalent

peptides (L-a a peptide and D-a a peptide) were studied in female BALB/c athymic mice
with subcutaneous SK-RC-52 RCC tumors Tumors were pretargeted with the bsMAb
G250xDTIn-1 and, 72 hrs later, mice were injected ι ν with one of both lodmated peptides
The effect of bsMAb-diDTPA-bsMAb bridging at the tumor cell surface on the internalization
of the bsMAb-diDTPA-complex was investigated in SK-RC-52 tumor-bearing mice
Results: Maximum uptake and retention of
significantly lower as compared to the
uptake and retention of the

125

111

125

l-labeled L-a a peptide in the tumor was

ln-labeled L-a a peptide In contrast, the tumor

l-labeled D-a a peptide was similar to

111

ln-labeled L-a a

peptide, and was superior at later time points The biodistribution of the radioiodmated Daa

peptide was highly similar to that of the

111

ln-labeled D-a a peptide, and both

radiolabeled peptides were retained significantly better in the tumor than the 111ln-labeled La a peptide BsMAb-diDTPA-bsMAb bridge formation did not affect internalization of the
bsMAb-diDTPA-complex
Conclusions: Uptake and retention in the tumor of the lodmated peptide following
pretargetmg with a bsMAb can be significantly improved using D-a a peptides Accordingly,
the radiation dose to the tumor, correlating with the therapeutic efficacy of pretargeted RCC,
can be enhanced substantially
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INTRODUCTION
Monoclonal antibodies (MAbs) directed against tumor-associated antigens have excellent
characteristics to target tumor cells selectively 1"3. So far, radioimmunotherapy (RIT) has
only induced significant therapeutic effect in patients with hematological tumors, presumably
due to their relatively high radiosensitivity4'5. The combination of the long circulating half-life
of the radiolabeled MAb and the radiosensitivity of the bone marrow limits the radioactive
doses of labeled antibodies that can be administered safely 6'7. The separation of the MAb
(targeting agent) and the radionuclide (effector agent) as proposed by Goodwin et al. 8 · 9
could improve the efficacy of RIT. In this approach a non-radiolabeled bispecific monoclonal
antibody (bsMAb) with anti-tumor-associated antigen (TAA) and anti-hapten specificity is
injected in the first phase. In the second phase a radiolabeled hapten is administered which
is trapped in the tumor by the bsMAb.
We have developed an effective pretargeting system based on a biologically produced
bispecific monoclonal antibody (anti-renal cell carcinoma (RCC) χ anti-DTPA(ln) bsMAb:
G250xDTIn-1)

and an

111

ln-labeled bivalent L-a.a. peptide (Ac-Phe-Lys(DTPA)-Tyr-

10

Lys(DTPA)-NH2) . In previous studies we have shown that with this strategy relatively high
uptake of the 111ln-label in various RCC mouse models can be achieved (maximum uptake
from 54.1 to 287 % ID/g )

11

131

. The ß-emitting radionuclide

l is a commonly

radionuclide for RIT. Unfortunately, after internalization and degradation of the
a.a. peptide in the lysosomes the metabolite

131

used

l-labeled L-

131

l-Tyr is rapidly cleared from tumor cells

12 15

" .

In contrast, peptides labeled with a radiometal via a substituted aminopolycarboxylate (such
as DTPA or DOTA) showed enhanced retention in tumor cells following internalization

16

.

The metabolite Lys-chelate(metal) is trapped in the lysosomes because it cannot pass the
01

1Q ?Ω

17 1ft

lysosomal membrane

. Stein et al.

' and Govindan et al

postulated that radioiodine

can also be trapped in the lysosomes when the tyrosine residue is conjugated to the DTPAsubstituted lysine residue via a peptidase resistant peptide bond by using the D-analogues
of both amino acid residues involved. In the present study, these findings were exploited to
enhance the tumor retention of

131

l-labeled peptide in the pretargeting approach. A new

bivalent tetrapeptide was synthesized, consisting of 4 D-a.a. residues and both lysine
residues were conjugated with a DTPA moiety (D-a.a. peptide). These D-a.a. peptide bonds
are resistant to endo- and exopeptidases 22 . Because such a peptide cannot be degraded in
the lysosomes, the 131l-label will be retained in the tumor. In these studies the iodinated Da.a. bivalent peptide was studied in the pretargeting strategy of SK-RC-52 tumors.
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Various studies have demonstrated markedly improved tumor targeting with a bivalent
peptide instead of a monovalent hapten in the pretargetmg strategy

2 3 27

Internalization of

the bsMAb-peptide complex might also play a role in the tumor retention of the radiolabel
following tumor targeting
Cross-linking of 2 cell surface antigens via a MAb can induce acceleration of internalization
of the antigen-MAb complex

28

In the pretargetmg system cross-linking of tumor antigens

can occur via the bivalent peptide Here we examined the influence of G250-antigen cross
bridge formation on internalization rate of the peptide

MATERIALS AND METHODS
Bispecific monoclonal antibody G250xDTIn-1
The characteristics of the monoclonal antibody MAb anti-G250 (lgG1), directed against the
RCC-associated antigen G250, identified as carbonic anhydrase isoform IX (MN/CA IX),
have been described by Oosterwijk et al
surface of virtually all clear cell RCC

29

The MN/CA IX-antigen is expressed on the cell

30

The characteristics of anti-DTPA(ln) MAb (DTIn-1, lgG2a), the isolation of bispecific
antibody producing quadroma cells and the characterization and purification of the bsMAb
G250xDTIn-1 have been described in detail previously31
111

ln-G250xDTIn-1 The bsMAb G250xDTIn-1 was conjugated with ITC-DTPA according to

Ruegg et al

32

Briefly, to 100 μΙ bsMAb (5 mg / ml, 50 mM NazCOs, pH 9 5), 0 117 mg ITC-

DTPA was added and after 1 h incubation at room temperature the reaction mixture was
dialyzed against 50 mM NaAc, pH 5 5, in a slide-a-lyzer (10 kDa cut-off, Pierce, Rockford,
IL) to eliminate the excess ITC-DTPA BsMAb-ITC-DTPA was labeled with
bsMAb-ITC-DTPA, 300 pCi

111

111

ln to 155 pg

lnCl3 (Tyco Health Care, Petten, The Netherlands) was added

and the reaction mixture was incubated for 1h at room temperature The radiochemical
purity (RCP) was determined by instant thin layer chromatography (ITLC) on silica gel strips
using 0 15 M citrate buffer (pH = 6 0) as the mobile phase (RCP > 98 %)
125

l-G250xDTIn-1 The bsMAb was radioiodmated with 1 2 5 l using the lodogen method 3 3 To
125

a 100 pg lodogen vial, 140 μΙ bsMAb (1 475 mg / ml), 550 pCi Na l and 50 μΙ phosphate
buffer pH 7 4 were added After incubating the reaction mixture at room temperature for 10
mm, the lodmated bsMAb was purified on a PD-10 column, eluted with 0 5 % BSA, PBS

54

Pretargeting with residualizing iodine

Bivalent peptide
L-a a peptide The synthesis of the bivalent L-a a
Lys(DTPA)-NH2) was described previously

peptide (Ac-Phe-Lys(DTPA)-Tyr-

1034

D-a a peptide The bivalent D-a a peptide Ac-D-Phe-D-Lys(DTPA)-D-Tyr-D-Lys(DTPA)NH2 was manually synthesized by using standard solid-phase Fmoc/HBTU (2-(1Hbenzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorphosphate) chemistry on a rink
amide resin The lysine residue was coupled with its C-termmus to an Argogel rink resin
Subsequently, D-tyrosme, D-lysme and D-phenylalanme were conjugated After deprotection
of the N-termmal ammo acid residue from the resin the peptide was N-termmal acetylated by
treatment with acetic acid anhydnde/HOBt/DIPEA solution The peptide was deprotected
and cleaved from the resin using TFA/hfeO mixture Next, mono-activated DTPA-chelates
(DTPA-(tBu)4)35 were conjugated to the ε-amino group of both lysine residues, using BOP
as a coupling reagent The peptide was purified by preparative reverse-phase HPLC on a C8 column (Alltech, adsorbosphere XL, 250 χ 22 mm) using a hkO/MeCN/TFA buffer system
Fractions were collected and lyophihzed The product was characterized using MALDI-TOF
and ESI mass spectroscopy (MH + = 1376 96 g/mol) and analyzed by RP-HPLC
111

In labeling of L-a a peptide and D-a a peptide To 15 μΙ of the peptide solution (11 ng /

μΙ), 15 μΙ 50 mM NH4 Ac (pH 5 4) and 0 2 mCi

111

lnCl3 (Tyco Health Care, Petten, The

Netherlands) were added The reaction mixture was incubated for 60 mm at room
temperature The RCP was determined by RP-HPLC on an Agilent 1100 series LC system
(Agilent Technologies, Palo Alto, CA) and a Zorbax Rx-C18 column (5 pm, 4 6 χ 250 mm)
The column was eluted with a flow rate of 1 ml / mm with a gradient from 10 mM NH4AC pH
7 4 to 100 % acetomtnle within 15 mm Radioactivity was detected with an in-line Radiomatic
A-500 series flow detector (Canberra-Packard, Menden, CT) A 3-fold molar excess InCIa
was added when the RCP > 95 % to saturate the remaining DTPA chelates with stable ln 3 +
12S

I labeling of L-a a peptide and D-a a peptide The peptides were lodmated with

according to the lodogen method

33

125

l

To a vial coated with 100 pg lodogen, 5 μΙ (10 μg / ml)

peptide, 15 μΙ phosphate buffer, pH 7 2, and 300 pCi

125

l were added After 10 mm

incubation the reaction mixture was transferred to a reaction vial containing 1/10 volume 1 M
NH4AC, pH 5 4 Subsequently, a 3-fold molar excess stable InCb was added and incubated
for 30 mm to saturate the DTPA-chelates The peptide was purified on an activated C-18
SepPak cartridge (Waters, Milford, MA), washed with 0 1 M NH4AC (pH 7 4) and eluted with
100 % MeOH After evaporation of the MeOH, the peptide was dissolved in 50 mM NH4 Ac
(pH 5 4) and the RCP of the sample was determined by RP-HPLC as described before
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In vivo experiments
Female BALB/c nu/nu mice were injected subcutaneously (sc ) with 200 μΙ SK-RC-52 cell
suspension (2 χ 106 cells / 200 μΙ) After 2 to 3 weeks, when tumor sizes were 50 - 300
mm3, the biodistribution experiments were initiated SK-RC-52 RCC was derived from a
clear cell RCC metastatic lesion in the mediastinum 3 6 and was obtained from the Memorial
Sloan-Kettenng Cancer Center, New York
Mice with sc SK-RC-52 tumors were pretargeted with 15 pg bsMAb G250xDTIn-1 After 72
h mice were injected intravenously (ι ν ) with 6 ng 1 2 5 l - / 111ln-labeled peptide (L-a a peptide
or D-a a peptide) All reagents were injected ι ν via the tail vein (200 μΙ)
To investigate the effect of cross-linking MN/CA IX antigens by bsMAb-diDTPA-bndge
formation on the internalization of the Ag-bsMAb complex, tumors were pretargeted with 15
pg directly-labeled bsMAb (bsMAb-111ln / bsMAb-125!) At 24 and 96 h ρ ι , two groups of
mice were killed by CC^-asphyxiation without administrating the bivalent L-a a peptide
(Table 1) Seventy-two hours after the injection of the radiolabeled bsMAb, the 2 remaining
groups of mice were injected ι ν with a stable ln3+-labeled bivalent L-a a peptide, 24 and 72
h ρ ι of the non-labeled bivalent peptide mice were killed Blood was obtained by cardiac
puncture Tissues (tumor, muscle, lung, spleen, kidney, liver and small intestine) were
dissected, weighed and the radioactivity was measured m a γ-counter (Wallac wizard 3"
1480 automatic γ-counter) To allow calculation of the radioactive uptake in each organ as a
fraction of the injected dose, an aliquot of the injection dose was counted simultaneously
Results were expressed as % ID/g All groups consisted of 4 or 5 mice

Table 1. Design of the experiment to determine the effect of cross linking of MN/CA IX
antigens
day 0

day 1

day 3

group 1

G250xDTIn-1

group 2

G250xDTIn-1

—

group 3

G250xDTIn-1

—

diDTPA

group 4

G250xDTIn-1

—

diDTPA

day 4

day 6

dissection
—

dissection
dissection
—

dissection

SK-RC-52 RCC bearing mice were pretargeted with 15 μg " V / 125l- dual labeled bsMAb G250xDTIn1 Mice were killed at various time points post injection of the radiolabeled bsMAb and the biodistnbution
of the radiolabels was determined with (group 3 & 4) or without (group 1 & 2) the administration of the
bivalent peptide (diDTPA)
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Statistical analysis
All mean values are given ± S D Statistical analysis was performed using the unpaired t-test
when two groups were analyzed and the One-way Analysis of Variance was used when
more than two groups were analyzed The level of significance was set at Ρ < 0 05

RESULTS
Biodistribution results of radiolabeled bivalent peptides
The uptake and retention of the

125

l - / 111ln-labeled D-a a peptide and L-a a peptide in SK-

RC-52 tumors are depicted in Figure 1
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Time (h)

150

40-
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Β

30-

a 20Û
^

100-

50

100
Time (h)

150

200

-10Figure 1 Uptake and retention of the dual labeled bivalent peptides in SK-RC-52 tumors Tumor
beanng mice received 6 ng radiolabeled peptides, 72 h after pretargeting tumors with 15 μg bsMAb
G250xDTIn-1 (A 125l- L-a a peptide (o) & 12Sl-D-a a peptide (·), Β 111ln-L-a a peptide (a) & "'/n-D-a a
peptide (m)) Biodistnbution was determined 4, 24, 48, 72 h ρ ι and 7 d pi Uptake expressed as % ID/g
(value ±SD)
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The tumor uptake of the

In-labeled L-a.a. peptide was relatively high following

pretargeting of SK-RC-52 tumors with bsMAb G250xDTIn-1 (Fig. 1B: maximum uptake 22.0
± 6.9 % ID/g, 4 h p.i.). Although the 111ln-label is considered as a residualizing radionuclide,
the radiolabel cleared from the tumor in time. The maximum uptake in the tumor of the
iodinated L-a.a. bivalent peptide was significantly lower as compared to the
a.a. peptide. In addition, the

125

111

125

l-

In-labeled L-

l-label cleared from the tumor much more rapidly (Fig. 1A:

5.1 ± 0.8 % ID/g at 4 h p.i. to 0.05 ± 0.01 % ID/g at 48 h p.i.). In contrast, using the newly
synthesized D-a.a. peptide, the uptake of the

125

l-radiolabel in the tumor was significantly

higher and the radiolabel was retained in the tumor much better (Fig. 1A: 22.3 ± 5.3 % ID/g,
24 h p.i. to 14.8 ± 5.0 % ID/g at 7 days p.i.) than iodinated L-a.a. peptide. The biodistribution
of 111 ln and 1 2 5 l , linked to the D-a.a. peptide was highly similar. Moreover, the residence time
of 125l-labeled D-a.a. peptides in the tumor was remarkably higher than the 111ln-labeled La.a. peptide.
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Figure 2. Biodistribution of the radiolabeled bivalent peptides: 111ln-L-a.a. peptide (A), 111ln-D-a.a
peptide (B). 125l-L-a.a. peptide (C) and 125l-D-a.a. peptide (D). Following pretargeting of SK-RC-52
bearing mice with 15 pg bsMAb G250xDTIn-1 mice were 72 h later injected i.v. with 6 ng peptide
were killed various time points post injection of the radiolabel and the biodistribution was determin
Uptake expressed as % ID/g (value ± S.D.J.
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The biodistribution data of the

111

ln- /

125

l-labeled D-a a peptide and L-a a peptides m

pretargeted SK-RC-52 tumor-beanng mice are shown in Figure 2 The radioactivity was
cleared relatively fast from the normal organs as well as from the circulation regardless of
the used radiolabeled peptide This indicates no specific uptake of the radiolabeled peptides
in the normal tissues (the hepatobiliary tract or renal excretion)

Table 2. Biodistnbution results of pretargeting of SK-RC-52 RCC with

111

ln- /

125

l-labeled

bsMAb G250xDTIn-1 (Table 1) Group 3 & 4 were injected after 72 h with 6 ng bivalent La a peptide, loaded with cold indium
111

ln-bsMAb

Group 1

Group 2

Group 3

Group 4

blood

13 9 ± 1 1

121 ± 1 3

11 6 ± 0 6

81 ±1 9

muscle

14±02

1 3±01

1 0±01

09±01

tumor

257 ±9 A

34 0 ±10 3

32 5 ±10 8

30 0 ± 3 6

lung

85±07

66±05

66±08

34±09

spleen

169±78

96±42

68±1 7

80±39

kidney

50±05

42±07

39±05

32±05

liver

84±1 2

59±05

71 ± 0 9

60±1 8

intestine

57±1 5

45±1 7

34±06

34±07

T/B

1 9±06

28±08

28±1 0

38±1 1

Group 1

Group 2

Group 3

Group 4
90±1 9

'l-bsMAb
blood

135±21

123±14

11 8 ± 1 0

muscle

1 6±01

1 5±01

1 2±01

1 0±01

tumor

14 3 ± 2 1

99±22

87±23

75±07

lung

92±05

80±25

67±04

52±1 5

spleen

66±1 7

43±20

28±07

25±10

kidney

46±03

40±05

34±02

27±06

liver

39±22

36±04

32±05

24±06

intestine

43±07

39±1 0

30±02

25±07

T/B

11 ± 0 0 4

08±02

08±02

09±03

The effect of bsMAb-diDTPA-bsMAb cross linking on internalization
MAbs can induce or accelerate internalization of the antigen-MAb complex by cross-linking
of the antigens It was hypothesized that with our approach, using monovalently bound
antigen-bsMAb, dimenzation of the antigens can be accomplished by bridge formation via a
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bivalent peptide. The influence of bridging 2 adjacent MN/CA IX antigens via a bivalent
peptide on internalization of the Ag - bsMAb complex was studied in vivo with

111

ln-/125l-

labeled bsMAb G250xDTIn-1 (Tables 1 & 2 and Fig. 3).
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Figure 3. Biodistribution of the 111ln-label (A) and 125l-label (B) in tumor bearing mice, pretargeted with
15 yg 111ln- / 125l-labeled bsMAb G250xDTIn-1. Seventy two hours later 2 groups of mice were injected
i.v. with 6 ng bivalent peptide (groups 3 & 4, DTPA chelates loaded with cold indium). Mice were killed
various time points post injection of the radiolabel (Table 1) and the biodistribution was determined.
Uptake expressed as % ID/g (value ± S.D.).
At 24 h p.i. of the radiolabeled bsMAb (no bivalent peptide administered), the
showed a significantly higher uptake in the tumor than the

125

In-label

l-label (25.7 ± 9.4 % ID/g and

14.3 ± 2.1 % ID/g, respectively (P < 0.05)). From 24 to 96 h p.i., the uptake of the

111

ln-label

in the tumor increased from 25.7 ± 9.4 % ID/g at 24 h p.i. to 34.0 ± 10.3 % ID/g at 96 h p.i.
The uptake of the

125

l-label in the tumor decreased from 14.3 ± 2.1 % ID/g at 24 h p.i. to 9.9

± 2.2 % ID/g at 96 h p.i. The administration of the non-labeled bivalent peptide (= 96 h p.i. of
the radiolabeled bsMAb) did not lead to significant alterations in tumor targeting within 24 h
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( 1 1 Ίη 32 5 ± 10 8 % ID/g and 34 0 ± 10 3 % ID/g, respectively, 1 2 5 l 8 7 ± 2 3 % ID/g and 9 9
± 2 2 % ID/g, respectively)

DISCUSSION
Pretargeting RCC tumors with a bsMAb directed against MN/CA IX antigen, in combination
with 111ln-labeled bivalent peptide, leads to excellent tumor targeting together with very rapid
and complete background clearance For RIT, the

131

l-radiolabel is a commonly used

radionuclide with optimal physiological characteristics for the treatment of small tumor
lesions Unfortunately, after internalization and degradation of the radiolabeled peptide the
metabolite 1 3 1 l-Tyr is rapidly excreted from the tumor cells Enhanced tumor cell retention of
the 131l-label is required to achieve therapeutic efficacy Therefore, a new bivalent peptide,
more resistant to proteolytic degradation was synthesized, consisting of four D-a a and
substituted with 2 DTPA chelates
In the SK-RC-52 RCC tumor model the pretargeting strategy was tested by comparing the
use of the lodmated bivalent D-a a peptide and the lodmated L-a a peptide
Peptide-contaming endosomes, appearing after internalization of the bound antigen, fuse
with lysosomes Peptides are degraded in the lysosomes by peptidases to single ammo
acids and the majority of the a a -residues are subsequently excreted from the cell
However, when the lysine residue is conjugated with

111

ln-labeled DTPA, the Lys-

111

DTPA( ln) metabolite is trapped in the lysosomes Zalutsky and co-workers ascribed the
capturing of the Lys-DTPA(111ln) in the lysosomes to the positively-charged lysine at
37

lysosomal pH

19 20

, whereas Stem

21

and Govmdan

reported the enhanced hydrophihcity,

caused by the present DTPA chelate, was responsible for the trapping of 111ln-labeled Lys
The newly synthesized D-a a peptide as well as the L-a a peptide were blocked on both
termini to reduce the susceptibility to proteolytic degradation in the circulation, but lysosomal
endopeptidases could still metabolize the L-a a peptide When lodmated, the metabolite
125

l-L-Tyr will rapidly be excreted from the cell In contrast, the residence time of the

radiolabel was significantly improved when the D-a a peptide was used Presumably, in
contrast to the L-a a peptides, the D-a a peptides remained intact in the lysosomes
because the D-a a peptide bonds are more resistant to peptidase degradation

The

lodmated D-Tyr residue remained bound to both adjoining DTPA-substituted D-Lys residues,
which cannot cross the lysosomal membrane Accordingly, the non-residualizmg property of
iodine was converted into a residualizing character
61

Chapter 3

The uptake of the residualizing radiolabeled peptide in the tumor increased or was stabilized
from 4 to 24 h ρ ι (Fig 1) The uptake of the residualizing

111

ln-label in the tumor was

significantly higher at 4 h ρ ι than the uptake of the non-residualizmg

125

l-label when labeled

to L-a a peptide These results indicated a rapid internalization rate of the radiolabeled
bivalent peptide In addition, previously published data showed an increased uptake and an
enhanced retention of the radiolabel in the tumor when the pretargeting strategy was
performed with a bivalent

111

ln-labeled peptide instead of a monovalent hapten 2 3 2 5 It has

been shown that cross linking of cell surface-antigen by antibodies could induce accelerated
internalization

28

Therefore, we hypothesized that bridging 2 MN/CA IX antigens via a

bivalent peptide might be necessary to influence internalization

The improved tumor

targeting using a bivalent peptide instead of a monovalent hapten could be due to bridge
formation of the MN/CA XI antigen by a bivalent peptide to induce internalization, which is
not feasible with a monovalent hapten This cross bridge formation was previously
designated the Affinity EAS, as described by Barbet and co-workers

2627

The effect of cross linking 2 MN/CA IX antigens was examined with pretargeting of directly
labeled bsMAb (111ln-bsMAb and

125

l-bsMAb) exploiting the residualizing character

differences between both radiolabels The pretargeted tumors were targeted with or without
a bivalent peptide loaded with cold indium Already 24 h ρ ι of the labeled bsMAb a
significant difference in uptake of both radiolabels was observed, suggesting that
internalization occurred with monovalently-bound bsMAb Secondly, no significant difference
in uptake of the individual radiolabels in the tumor was observed between groups 2 and 3,
indicating that cross bridge formation did not affect the internalization rate In addition, even
up to 72 h after the injection of the bivalent peptide (group 4), the uptake of the radiolabel in
the tumor did not alter significantly Cross bridge formation does not affect the internalization
rate in this tumor model, that displays the significance of an accurate determination of the
optimal protein and peptide dose and the optimal interval between both administrations
In summary, a significant improvement of uptake and retention of radioiodme in the tumor
can be achieved in the pretargeting strategy with lodmated D-a a peptides instead of L-a a
Internalization of the antigen-bsMAb complex was not induced nor enhanced by bridge
formation of the MN/CA IX antigens

62

Pretargeting with residualizing iodine

CONCLUSION

With the pretargeting strategy, the uptake and retention of the radiolabel in tumors are
improved when radiolabeled D-a.a. peptides were used for both indium and iodine.
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ABSTRACT
Purpose: We have developed an efficient pretargeting strategy for renal cell carcinoma
(RCC) based on a biologically produced bispecific monoclonal antibody (bsMAb) Tumor
targeting with this two-step pretargeting strategy in the NU-12 mouse RCC model was very
efficient as compared to other pretargeting strategies, possibly due to unique characteristics
of the NU-12 tumor used in our studies Here we describe the bsMAb G250xDTIn-1
pretargeting strategy in three different RCC nude mouse models
Experimental design: Three different human RCC xenografts in nude mice, NU-12, SKRC-1 and SK-RC-52 tumors were pretargeted with 100 pmol bsMAb G250xDTIn-1 Three
days after administration of the bsMAb, mice were injected ι ν with 4 pmol

111

ln-labeled

bivalent peptide, diDTPA-FKYK At 1, 4, 24, 48 and 72 hrs after injection of the radiolabeled
peptide, the biodistribution of the radiolabel was determined The three RCC tumors were
characterized in vivo and in vitro for G250-antigen expression, vessel density, vascular
volume and vascular permeability and by targeting with 1 1 1 ln- / 125l-labeled cG250 MAb
Results: Using the pretargeting strategy, relatively high uptake of the radiolabel was
observed in all three tumor models (maximum uptake SK-RC-1 (278 ± 130 %ID/g, 1 h ρ ι ) >
NU-12 (93 ± 41, 72 h ρ ι ) > SK-RC-52 (54 ± 9 %ID/g, 4 h ρ ι )) Remarkably, uptake of the
radiolabel in the tumor did not correlate with G250-antigen expression The kinetics of the
radiolabel in the tumor varied largely in the three RCC tumors SK-RC-1 and SK-RC-52
tumors showed a wash-out of the

111

ln-label from the tumor with time only 30 % of the

radiolabel was retained in the tumor 3 days ρ ι , whereas the 111ln-label was fully retained in
NU-12 tumors

Physiological characteristics (vessel density, vascular volume and vascular

permeability) of the tumors may explain in part these differences
Conclusions: G250-antigen expressing tumors can be pretargeted very efficiently with the
bsMAb G250xDTIn-1 There was no correlation between G250-antigen expression and
uptake of the radiolabel in the tumor using the pretargeting strategy, or with directly labeled
MAbs Therefore, these studies show that physiological characteristics of the tumor, such as
vascular permeability, play a significant role in pretargeting

INTRODUCTION
Radioimmunotherapy (RIT) as well as radioimmunoscmtigrapy (RIS) are based on selective
localization of radiolabeled monoclonal antibodies (MAbs) in tumors expressing tumor68
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associated antigens (TAAs) on the tumor cell surface

1

However, accumulation of MAbs in

solid tumors is a relatively slow and inefficient process, and for diagnostic applications with
directly labeled MAbs, optimal tumor-to-background ratios are obtained only after several
days This unfavorable pharmacokinetic behavior of MAbs leads to relatively high radiation
doses to normal tissues m RIT, while a relatively small fraction of the injected dose
eventually localizes in the tumor

12

So far RIT is only effective in hematological tumors,

probably due to the relatively good accessibility of the TAA in these tumors and their
relatively high radiosensitivity3
In 1986, Goodwin et al

4

were the first to propose the separation of the administration of the

long circulating anti-tumor MAb from the radiolabel In this so-called pretargeting strategy,
tumor cells are pretargeted with a non-labeled bispecific antibody (bsMAb) followed by a fast
clearing radiolabeled hapten We have developed a pretargeting strategy using a biologically
produced bsMAb with a high affinity for the renal cell carcinoma (RCC) TAA (G250-antigen)
and for indium-labeled diethylenetriammepentaacetic acid (DTPA) (bsMAb G250xDTIn-1)
for targeting of RCC 5 In a nude mouse RCC model with this system, high uptake (80 %
ID/g) and good retention of the radiolabel in the tumor were observed when an
bivalent peptide was used

111

ln-labeled

6

Using the pretargeting strategy in the NU-12 mouse tumor model, the uptake of the
radiolabel was exceptionally high as compared to other pretargeting strategies 610 , possibly
due to unique characteristics of the NU-12 tumor
Here we studied the bsMAb G250xDTIn-1 based pretargeting in three different RCC nude
mouse models in order to determine whether this strategy would allow efficient targeting of
other G250-antigen expressing tumors In addition, several tumor characteristics, such as
G250-antigen density, vascular characteristics, internalization, and processing of the
antibody, were determined to gam more insight in the features that may affect the targeting
of RCC using a pretargeting system

MATERIALS AND METHODS

Renal cell carcinoma cell lines
The SK-RC-1 cell line was derived from a primary clear cell RCC specimen SK-RC-52 was
derived from a clear cell RCC metastatic lesion in the mediastinum

11

Both cell lines were

obtained from the Memorial Sloan-Kettenng Cancer Center, New York The NU-12 cell line
was derived from a primary clear cell RCC and was characterized as described previously12
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BJspecific monoclonal antibody
The characteristics of monoclonal antibody MAb anti-G250 (lgG1), directed against the
RCC-associated antigen G250, identified as carbonic anhydrase isoform IX (MN/CA IX),
have been described elsewhere
virtually all clear cell RCC

13

The CA IX-antigen is expressed on the cell surface of

14

The characteristics of MAb anti-DTPA(ln) (DTIn-1, lgG2a) have been described elsewhere
514

The isolation of bsMAb producing quadroma cells and the characterization and

purification of the bsMAb anti-RCC χ anti-DTPA(ln) (bsMAb G250xDTIn-1) have been
described in detail previously5
Bivalent peptide
diDTPA-FKYK (IMP156) The ε-amino groups of both lysine residues of this tetra-peptide
(Phe-Lys-Tyr-Lys) were conjugated with mono-activated DTPA to obtain a bivalent peptide
as described previously

615

The N-termmus of the peptide was acetylated and the C-

termmus was amidated to reduce degradation by exo-peptidases The peptide, Ac-PheLys(DTPA)-Tyr-Lys(DTPA)-NH2 [diDTPA-FKYK, molecular weight 1377 Da], was prepared
by solid phase synthesis and formulated in a lyophilized labeling kit, containing 11 pg
diDTPA-FKYK, 50 mg 2-hydroxypropyl-lì-cyclodextrin and 4 4 mg citrate (pH 4 2)

Radiolabeling
111

ln-diDTPA-FKYK

11 pg lyophilized diDTPA-FKYK (IMP156) was reconstituted in 1 ml

water To 15 μΙ of the peptide solution, 15 μΙ 40 mM HCl, 375 μΙ H2O and 1 5 mCi

111

lnCl3

(Tyco Health Care, Petten, The Netherlands) were added The reaction mixture was
incubated for 60 mm at room temperature The radiochemical purity (RCP) was determined
by instant thin layer chromatography (ITLC) on silica gel strips with methanol water (55 45)
and 0 15 M citrate buffer (pH = 6 0) as the mobile phase When the RCP exceeded 95 %, a
3-fold molar excess InCIa was added to saturate the remaining DTPA moieties with stable
ln 3 +
CG250-DTPA-11 In Conjugation of MAb with p-isothiocyanatobenzyl-DTPA (ITC-DTPA) was
performed essentially as described by Ruegg et al

16

Briefly, 1 ml MAb cG250 (10 mg / ml)

was mixed with 110 μΙ 1 0 M NaHCCb, pH 9 5, and 1 76 mg ITC-DTPA (50-fold molar
excess) Following incubation at room temperature for 1 h, the reaction mixture was dialyzed
in a Slide-A-Lyzer (10 kDa cut-off, Pierce, Rockford, IL) overnight against PhosphateBuffered-Salme (PBS) Subsequently, the CG250-ITC-DTPA conjugate was diluted in PBS to
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1 mg/ml and aliquots were stored at -20 o C Radiolabelmg of cG250-ITC-DTPA 200 μΟι
111

lnCl3 and 8 μΙ 50 mM NhüAc, pH 5 4, were added to 30 μΙ (1 mg / ml) cG250-ITC-DTPA

and incubated at room temperature for 1 h The RCP of the MAb was determined by ITLC
on silica gel strips with 0 15 M citrate buffer pH 6 0 as the mobile phase
cG250-125l lodmation of the MAb was performed according to the lodogen method 17 To a
tube coated with 25 pg of lodogen 5 μΙ 0 5 M phosphate buffer, pH 7 4, 15 μΙ 50 mM
phosphate buffer, pH 7 4, 26 μΙ cG250 (0 5 mg / ml) and 200 pCi

125

l (Amersham Cygne,

Den Bosch, The Netherlands), were added The mixture was incubated during 10 mm at
room temperature, immediately followed by a purification step on a PD-10 column eluted
with PBS, 0 5 % BSA The RCP of the MAb was determined by ITLC on silica gel strips with
0 15 M citrate buffer pH 6 0 as the mobile phase
Quantitative determination of antigen expression
The G250-antigen density on the tumor cell surface was determined in an in vitro saturation
assay, essentially as described by van Oosterhout et al

18

with minor modifications Briefly,

tumor cells were incubated with various concentrations (1 7 to 5000 ng/100 μΙ MAb) of

125

l-

cG250 After 4 h incubation at 4 °C (to minimize internalization), cells were washed twice
and the cell bound fraction was determined in each vial using a γ-counter (Wallac wizard 3"
1480 automatic γ-counter, Turku, Finland)
Vascular characteristics of the tumors
The relative vascular density of the tumors was determined immunohistochemically by
staining the endothelial cells using a rat MAb specifically directed against murine endothelial
cells MAb 9F1

19

Frozen sections (4 μιη) of the tumors were air dried and fixed m cold

0

acetone (-20 C) for 10 mm Subsequently, slides were rinsed with PBS and incubated for 1
h at room temperature with 9F1 MAb (1/50) in PBS, 0 1 % BSA Slides were rinsed with
PBS, incubated with peroxidase-labeled goat anti-rat IgG (1/100) (GaRa-PO, Sigma-Aldnch,
The Netherlands), washed (PBS) and developed with 3, 3'-diaminobenzidine / 0 01% H2O2
(Sigma, Bornum, Belgium) Finally, the sections were counterstamed with hematoxylin and
mounted
The vascular volume and vascular permeability of xenografted NU-12, SK-RC-1 and SK-RC52 tumors were determined as described previously

2021

Briefly, to determine the vascular

volume of the tumors erythrocytes of the mice were labeled in vivo with 99m Tc tumor bearing
mice were ι ν injected with 0 8 pg stannous pyrophosphate 30 mm before the administration
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of 15 μϋι

Tc04 To determine the vascular permeability of the tumors, the tumor bearing

mice were injected ι ν with 3 pg

125

l-labeled MOP-C21 (an irrelevant MAb, 1 μΟ / μg)

simultaneously with the administration of 99m Tc04 One hour after the administration of the
radioactivity mice were killed by CCVasphyxiation and the radioactive concentrations of
99m

Tc and

125

l in the blood and in the tumors were determined (vascular volume was

expressed as μΙ blood / g tumor, vascular permeability was expressed as μΙ plasma / h / g
tumor)
Murine RCC tumor models
Athymic female BALB/c nu/nu mice (6 to 8 weeks old) were subcutaneously (s c )
xenogratted with one of the 3 RCC tumors (SK-RC-52 1 5 χ 106 cells / 200 μΙ, SK-RC-1 2 χ
IO6 cells / 200 μΙ and NU-12 by serial s c transplantation) Two to four weeks later, when
the tumors were palpable (tumor size 50 - 300 mm3), mice were used in the biodistribution
studies, the determination of the vascular volume and permeability or tumors were dissected
for the determination of G250-antigen expression
Determination of G250-antigen expression by Fluorescence Activated Cell Sorting
(FACS) analysis
Tumors were cut into small pieces, incubated over night with collagenase, DNAse and
hyaluromdase RPMI + penicillin / streptomycin solution (Gibco, Grand Island, Ν Y )
Subsequently, a cell suspension was produced using a cell strainer (70 pm, Falcon)
Erythrocytes were lysed by a hypotonic shock in lysis buffer (0 8 % NH4CI, 0 1 % KHCO3
and 3 7 % EDTA) for 10 mm at 37 Χ
Relative G250-antigen expression on human cells was determined by FACS analysis
human tumor cell suspensions were stained with a-CAR MAb (mouse anti-Coxsackie Adenovirus Receptor, Upstate Biotechnology, Lake Placid, NY) (SK-RC-52), or with a-HLA-1
MAb (mouse anti-Human Leucocyte-Associated 1, DAKO, Denmark) (SK-RC-1) Cells were
also stained with cG250 MAb (Centocor, Leiden, The Netherlands) GaM - PE (goat antimouse IgG / phycoerythrm, Southern Biotechnology Associates, Ine , Birmingham, AL) and
GaHu - FITC (goat anti-human IgG / fluorescence isothiocyanate, DAKO, Denmark) were
used as conjugates Cells were determined for CAR or HLA-1 expression and G250-antigen
expression and the fraction of the G250-antigen positive cells was determined The FACSanalysis of cultured cells was performed similarly
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Biodistribution studies
For the pretargeting experiments, animals were i.v. injected with 0.1 nmol (15 pg) bsMAb
G250xDTIn-1. Three days later, 4 pmol (6 ng) of the 111ln-labeled peptide was administered.
All reagents were injected i.v. via the tail vein (200 μΙ). At various time points after the
injection of the radiolabeled peptide mice were killed by C02-asphyxiation. Blood was
obtained by heart puncture. Tissues (tumor, muscle, lung, spleen, kidney, liver and small
intestine) were dissected, weighed and their radioactivity content was counted in a γ-counter
(Wallac wizard 3" 1480 automatic γ-counter). To permit calculation of the radioactive uptake
in each organ as a fraction of the injected dose, an aliquot of the injection dose was counted
simultaneously. Results were expressed as % ID/g. All groups consisted of 4 or 5 mice. The
biodistribution of

125

l - and

111

ln-labeled cG250 was determined in the 3 nude mouse tumor

models. Mice were intravenously (i.v.) injected with 25 pmol (3.75 pg) MAb cG250 and 72 h
later mice were killed and the biodistribution of the radiolabel was determined.
The studies were approved by the local Animal Welfare Committee and performed in
accordance with their guidelines.
Statistical analysis
All mean values are given ± S.D. Statistical analysis was performed using the unpaired t-test
when two groups were analyzed and the One-way Analysis of Variance was used when
more than two groups were analyzed. The level of significance was set at Ρ < 0.05.

RESULTS
G250-antigen expression of RCC cells
Determination of the G250-antigen density on the tumor cell surface by in vitro saturation
assays indicated that the G250-antigen expression levels of the 3 RCC cell lines varied
considerably (Fig. 1): SK-RC-52: 6 χ 105 epitopes / cell, NU-12: 8 χ 104 epitopes / cell and
SK-RC-1: 4 χ 103 epitopes/cell.
The mean-fluorescence-intensity (MFI), a relative measure of antigen expression, measured
in the FACS analysis, indicated that the different expression levels measured on the in vitro
cultured cells were also found on the cells from the tumor xenografts (Table 1). NU-12 cells
showed moderate G250-antigen expression in vitro (MFI = 77). In vitro, approximately 75 %
of the SK-RC-1 cells expressed the G250-antigen, with an MFI of 43. To assess the G250antigen expression levels correlated with the expression levels in vivo, the FACS analysis

73

Chapter 4

were also carried out on cells isolated from tumor xenografts. In vivo, approximately half of
the SK-RC-1 cells were G250-antigen-positive, with an MFI-index of 27. All SK-RC-52 cells
cultured in vitro were G250-antigen-positive, with an MFI-index of 446. Approximately 90 %
of the SK-RC-52 cells, obtained from a xenografted tumor were G250-antigen positive, with
an MFI-index of 100.

1.0x10··,

1.0x105^

roxiccu

fi

1.0x10 3 .

1.0x10
Concentration cG250 (ng)
Figure 1. Antigen binding saturation test was performed to determine the G250-antigen expression at
the cell surface of SK-RC-52 (o), NU-12 (·) and SK-RC-1 (m) tumor cells, respectively. To a fixed
number of tumor cells an increasing amount of cG250 MAb was added. After 4 h incubation at 4 °C
samples were examined and the antigen expression was calculated and expressed as number of
epitopes per cell.

Table 1. Antigen expression of renal cell cancer cells.
SK-RC-52

NU-12

% G250-antigen
positive cells
MFI

SK-RC-1

In vitro

In vivo

In vitro

In vivo

In vitro

In vivo

99

n.d.

100

90 (53)

74

56 (42)

77

n.d.

446

100

43

27

The percentage G250-antigen expressing tumor cells was determined by double fluorescence FACS
staining. The values between brackets indicate the percentage G250-antigen positive cells in the tumor.
MFI = Mean Fluorescence Intensity of the G250-antigen staining, (n.d. = not determined).
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The relative G250-antigen expression levels on cells isolated from the xenografts were
confirmed by immunohistochemical staining using diaminobenzidme (DAB)-conjugated
cG250 MAb Slides were scored on the intensity of DAB-staming SK-RC-52 > NU-12 > SKRC-1 (results not shown)
The vascular volume of the tested RCC models was in the same order of magnitude and at
least twice as high as compared to the vascular volume of the two tested colon carcinoma
models (Table 2) The vascular permeability of the RCC models was significantly different
SK-RC-1 tumor had a 3-fold higher vascular permeability as compared to the SK-RC-52
tumor (159 ± 24 versus 53 0 ± 5 0 μΙ plasma / h /g tumor, respectively) The vascular
permeability of NU-12 and SK-RC-52 was in the same range (vascular permeability NU-12
63 1 ± 15 7 μΙ plasma / h / g tumor)
Table 2. Vascular characteristics of 3 RCC tumors and 2 colon cancer tumors
Vascular volume
(μΙ blood/g tumor)

NU-12

SK-RC-52

SK-RC-1

HT-29

LS174T

33 7 ± 5 9

21 2 ± 3 4

20 8 ± 4 1

88±14

11 8 ± 3 8

63 1 ±15 3

53 1 ± 5 3

159 ±24

82 2 ± 13 6

71 4 ±12 9

Vascular
permeability
(μΙ plasma/h/g
tumor)

The vascular volume and vascular permeability of 5 different tumor models were determined (RCC
12, SK-RC-52 and SK-RC-1, colon carcinoma HT-29 and LS174T) One hour after the in vivo la
of erythrocytes with ""ΤοΟ* and the administration of lodinated MOP-C21 (an irrelevant MAb) mic
were killed and the vascular charactenstics were determined

Immunohistochemical analyses
Results of the endothelial cell staining of the RCC xenografts are shown in Figure 2 SK-RC52 tumors showed a moderately high vessel density in the peripheral area of the tumors,
whereas the center of the tumor was moderately necrotic The vessel density in NU-12
tumors was similar to that of SK-RC-52 tumors, but the vessels were more homogeneously
distributed throughout the whole tumor SK-RC-1 tumors showed a very high vessel density
at the tumor penphery, with central necrosis
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Figure 2. The endothelial staining of the tested
RCCs: NU-12 (A), SK-RC-52 (B) and SK-RC-1 (C).
Sections of tumors were treated with GaRa-PO
following treatment with 9F1 MAb. By hematoxylin
treatment the nucleus of the cells are stained blue.
Detailed photographs (original magnification 100 χ
focused) of the peripheral area of the tumors are
shown.

Pretargeting of renal cell carcinoma in three tumor models
The results of the pretargeting studies are summarized in Figure 3. In each model the tumor
uptake of the 111ln-labeled peptide was high. However, there was a marked difference in the
maximum uptake in the tumor found in each model: SK-RC-1 (278 ± 130 % ID/g at 1 h p.i.)
»

NU-12 (93 ± 41 % ID/g at 72 h p.i.) > SK-RC-52 (54 ± 9 % ID/g at 4 h p.i.). Major

differences were also seen in the retention of the

111

ln-label in the three tumors. The " u n 

label was retained in NU-12 tumors from 4 to 72 h p.i. (78 ± 41 % ID/g and 93 ± 41 % ID/g,
respectively). In contrast, in the other two RCC models the uptake of the radiolabel in the
tumor decreased with time: in SK-RC-52 tumors a decrease from 54 ± 9 % ID/g at 4 h p.i. to
17 ± 2 % ID/g at 72 h p.i. was observed, and the SK-RC-1 tumors showed a decrease from
287 ± 130 % ID/g at 1 h p.i. to 75 ± 38 % ID/g at 72 h p.i. The radioactivity in the normal
tissues was similar and low in all three RCC models, resulting in a very high tumor-to-blood
ratios at 72 h p.i. (NU-12: TIB = 3490 1 1930, SK-RC-52: TIB = 1337 ± 236 and SK-RC-1:
TIB = 4829 ± 1636). To demonstrate the specificity of the tumor targeting, in a separate
group of mice the tumor was pretargeted with 15 pg irrelevant bsMAb (MN14xDTIn-1) and
72 hrs later mice were i.v. injected with 6 ng 111ln-labeled peptide. Mice were killed 24 h after
injection of the radiolabel. The tumor uptake was 0.51 ± 0.16 % ID/g and the blood level was
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0.52 ± 0.14 % ID/g. The radioactivity levels of the normal organs were very low (< 0.75 %
ID/g).
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Figure 3 Biodistribution of sc. NU-12 (A), SK-RC-52 (B) or SK-RC-1 (C) tumor bearing mice,
pretargeted with 0.1 nmol (15 pg) bsMAb G250xDTIn-1 and 72 h later 4 pmol (6 ng) 1'1 In-diDTPA was
administered. Mice were killed at various time points after injection of the radiolabel and the
biodistribution of the radiolabel was determined. At all time points groups consisted of 5 mice. Uptake
expressed as %ID/g.
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Biodistribution of directly labeled cG250 MAb in three RCC models
The biodistribution results of the 1 1 1 ln- and 125l-labeled cG250 MAb (specific activity 0.3 Ci /
pmol and 0.4 Ci / pmol, respectively) are summarized in Figure 4. At 3 days after injection of
the 111ln-labeled MAb, uptake of the 1 1 1 ln label in the tumor was relatively high in each RCC
model. The highest tumor uptake was observed in SK-RC-1 tumors (251 ± 90 % ID/g) and
the NU-12 tumors (211 ± 79 % ID/g). The uptake in SK-RC-52 tumors (66 ± 23 % ID/g) was
significantly

lower. To

investigate

the effect of internalization

and

subsequently

metabolization of the targeted antibody the biodistribution of the radio iodinated cG250 MAb
was also studied in the 3 tumor models. For SK-RC-52 and SK-RC-1 tumors, the uptake of
the 125l-labeled cG250 was three-fold lower than the 111ln-labeled cG250, whereas in NU-12
tumors, uptake of the 125l-labeled cG250 was only slightly lower than that of the 111ln-labeled
CG250 (137 ± 36 % ID/g vs. 218 ± 56 % ID/g).
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Figure 4. Biodistribution of s.c. NU-12 (A), SK-RC-52 (B) or SK-RC-1 (C) tumor bearing mice, tar
with 25 pmol (3.75 pg) dual label '"in- / 125l-labeled cG250 MAb. Mice were killed at 72 h after inject
of the labeled MAb and the biodistribution of the radiolabel was determined. Groups consisted of 4
mice. Uptake expressed as %ID/g.
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DISCUSSION
In these studies we tested the efficiency of tumor targeting using the pretargeting system
with bsMAb G250x DTIn-1 in different RCC tumor models The studies were carried out to
further examine the excellent targeting obtained in our earlier studies The biodistribution of
an

111

ln-labeled peptide following pretargeting with bsMAb G250xDTIn-1 was studied in

three RCC models Uptake of the radiolabeled peptide in the G250-antigen expressing
tumor models using the pretargeting strategy was considerably higher than reported in other
pretargeting studies using other mouse tumor models 8 1 0 Unexpectedly, in the pretargeting
studies the three RCC models showed no relation between G250-antigen expression and
uptake of the radiolabel in the tumor Paradoxically, the tumor with the lowest G250-antigen
expression (SK-RC-1) showed the highest uptake of the radiolabel in the tumor, whereas the
SK-RC-52 tumor model with the highest G250-antigen expression level showed the lowest
uptake
To exclude that this paradox was caused by a difference of antigen expression levels
between in vitro cultured cells and in vivo growing cells 22, the in vitro and in vivo grown cells
were analyzed with a FACS To discriminate between human and murine cells in the tumors
FACS analysis was performed by double fluorescence FACS staining Less than 60 % of the
xenografted SK-RC-52 tumors was of human origin whereas 75 % of the SK-RC-1 tumors
were tumor cells These results contributed only partly to the paradoxical findings between
tumor targeting and G250-antigen expression FACS analyses indicated that for each cell
line the MFI-mdex (a measure of relative G250-antigen expression) of cells isolated from the
s c growing tumor was lower than that of the in vitro cultured cells However, the relative
expression of the G250-antigen in the s c growing SK-RC-52 tumor cells was higher than
that of the s c growing SK-RC-1 tumor cells
Targeting of the tumor with the radiolabeled peptide was specific when performed with
bsMAb G250xDTIn-1 No specific tumor targeting of the radiolabeled bivalent peptide was
observed using the bsMAb MN14xDTIn-1
It has been recognized that many physiological characteristics of the tumor can affect MAb
targeting, e g , vascular volume and vascular permeability, blood flow, stromal components
and the presence or absence of necrosis As shown in Figure 2, immunohistochemical
analysis indicated that the vessel density of SK-RC-52 and NU-12 tumors was in the same
range, whereas SK-RC-1 tumors with the lowest G250-antigen-expression had a higher
vessel density, suggesting that the differences in tumor vascularization might explain the
tumor targeting differences Further analysis of the vascular characteristics indicated that the
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vascular volume of NU-12, SK-RC-1 and SK-RC-52 were in the same range (33 7 ± 5 9,
20 8 ± 4 1 and 21 2 ± 3 8 μΙ blood / g tumor, respectively) indicating that the variation in
tumor uptake could not be attributed to the differences in vascular volume The vascular
permeability of the SK-RC-1 tumors was 3-fold higher than that of the SK-RC-52 and NU-12
tumors (159 ± 24 vs 53 ± 5 and 63 ± 16 μΙ plasma / h / g tumor, respectively) This suggests
that relatively efficient targeting of SK-RC-1 with the pretargetmg system might be due to the
enhanced vascular permeability Other physiological characteristics of the tumors, like the
interstitial fluid pressure, could also contribute to MAb targeting by limiting the ability of
penetration of MAbs into the tumor tissue

2324

The lack of correlation between the G250-

antigen expression and the tumor targeting efficiency in the tested tumor models was also
found with directly

125

l - / 111ln-labeled cG250 MAb Targeting of SK-RC-1 RCC with directly

labeled cG250 exceeded targeting of NU-12 RCC, whereas SK-RC-52 RCC showed a
relatively low uptake In general,

125

l-cG250 uptake was lower than

111

ln-cG250 uptake,

suggesting internalization and subsequently degradation of the labeled MAb It appeared
that internalization / metabohzation did play a minor role in the NU-12 tumor model
The kinetics of the targeted radiolabel in the examined tumor models varied considerably
SK-RC-1 and SK-RC-52 showed a distinct wash-out of the
tumor with time, whereas using NU-12 tumors the

111

111

In-labeled peptide from the

ln-label was retained in the tumor in

time The wash-out of the radiolabel (Fig 3) suggests that the binding of the

111

In-labeled

peptide to the tumor cell surface via a bsMAb in SK-RC-1 and SK-RC-52 renal cell tumors
might be reversible This could be due to a monovalent binding of the bivalent peptide to the
cell surface, instead of the more avid bivalent binding This delicate balance, to obtain
bivalent binding, most likely depends on the G250-antigen density, the amount of bsMAb
G250xDTIn-1, the amount of 111ln-diDTPA, and the internalization rate of the bsMAb at the
tumor cell surface
In summary, these studies show that excellent tumor targeting via bsMAb G250xDTIn-1 can
be achieved

in G250-antigen-expressing

tumor models

pretargetmg approach in RCC patients are warranted

Clinical studies with this

Pretargetmg would allow rapid

imaging, early after injection of the radiolabel, and for therapeutic applications a higher
radiation dose can be guided to the tumor using the pretargetmg strategy
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CONCLUSION

Despite the fact that each RCC tumor has distinct physiological characteristics, with the
pretargeting strategy very high uptake of the radiolabel in each of the tumors was observed.
There was no relation between G250-antigen expression and uptake and retention of the
radiolabel in the tumor. These studies show that the enhanced vascular permeability allowed
efficient tumor targeting with the pretargeting strategy.
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ABSTRACT
Purpose: An effective pretargeting strategy was developed for renal cell carcinoma (RCC)
based on a biologically produced bispecific monoclonal antibody anti-RCC χ anti-DTPA(ln)
(bsMAb

G250xDTIn-1)

Tumor uptake with an

111

ln-labeled bivalent peptide after

pretargeting with bsMAb G250xDTIn-1 was relatively high compared to that in other
pretargeting systems using chemically coupled F(ab')2-fragments Here we investigated the
effect of the bsMAb-form in the pretargeting strategy
Experimental design: To determine the optimal interval between the administration of each
of the bsMAb-forms and the

111

In-labeled bivalent peptide the biodistribution of the

radioiodmated bsMAb-forms was studied in athymic mice with subcutaneous SK-RC-1 RCC
tumors Since tumor targeting of the radiolabeled peptide depends on the bsMAb-form and
dose, a bsMAb dose escalation study was carried out for both bsMAb-forms At optimized
conditions the biodistribution of the 1 1 1 ln label in mice with pretargeted RCC was determined
from 4 h ρ ι up to 7 days ρ ι
Results: The optimal interval between both administrations was 72 h for the bsMAb IgG and
4 h for the bsMAb F(ab')2 The optimal bsMAb dose for intact IgG was 67 pmol and the
optimal bsMAb F(ab')2 dose was 200 pmol Targeting of the pretargeted RCC with 4 pmol
111

ln-labeled bivalent peptide revealed high tumor uptake with both bsMAb-forms

Conclusions: With the pretargeting strategy, using either bsMAb IgG or bsMAb F(ab')2,
very efficient peptide targeting of the tumor was obtained Uptake and the retention of the
radiolabel in the tumor with the pretargeting approach are not affected by the bsMAb-form
used

INTRODUCTION
Separation of the targeting agent (monoclonal antibody MAb) and a radionuclide, attached
to a hapten, as proposed by Goodwin et al

1

, might improve the effectiveness of

radioimmunoscmtigraphy (RIS) and radioimmunotherapy (RIT)

23

In RIT with directly

labeled MAbs, normal tissues are abundantly exposed to radiation caused due to the
relatively long circulating half-life of the MAb Effective RIT with directly labeled MAbs in
solid tumors has been hampered by hematological toxicity due to the radiosensitivity of the
red bone marrow 4 5 In contrast, good response rates have been obtained in the treatment
of patients with non-Hodgkm's Lymphoma

56

84

, presumably because these tumors are
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relatively radiosensitive and readily accessible The restrictions of RIT with directly labeled
MAbs might be circumvented by separating the targeting agent and the effector molecule In
these pretargeting strategies, a non-radiolabeled bispecific monoclonal antibody (bsMAb)
with a high affinity for a tumor-associated antigen (TAA) on the tumor cell surface as well as
for a radiolabeled hapten is injected After accumulation of the bsMAb in the tumor and
clearance from the circulation, a fast clearing radiolabeled hapten is administered, leading to
a specific accumulation of the peptide in the tumor and a fast clearance from the circulation
of the unbound peptide 1 2 7
We have developed a biologically produced bsMAb G250xDTIn-1 for pretargeting of RCC in
combination with an
7

NH2)

111

In-labeled bivalent peptide (Ac-Phe-Lys(DTPA)-Tyr-Lys(DTPA)-

Excellent targeting was obtained with high uptake in the tumor (54 - 278 % ID/g

depending on the RCC tumor model used) 8 Pretargeting results reported by other groups
with respect to CEA expressing tumors, using two different Fab'-fragments that were
chemically coupled (bsMAb F(ab')2) were significantly lower Karacay et al observed a
maximum tumor uptake of 19 8 ± 6 3 % ID/g 9, Gestm et al reported a tumor uptake of 10 4
± 1 6 % ID/g 10 and Sharkey et al

11

obtained a maximum uptake in the tumor of 26 9 ± 10 1

% ID/g However, these other studies involve colonic cancer xenografts, which may differ
from the RCC tumor model by having a poorer vascularization and lower penetration of
antibodies and their fragments 8
Than again, biodistribution studies comparing directly labeled antibodies and F(ab )2fragments have shown that the uptake and residence time of the radiolabel in the tumor with
intact IgG exceeded that with F(ab,)2-fragments

51213

Although the reduced size of the

F(ab')2-fragment, correlating with a possible enhanced tumor penetration, the uptake of the
F(ab')2-fragments in the tumor maintained relatively low Than again, F(ab')2-fragments are
cleared from the circulation much faster than IgGs 14
In these studies we investigated the effect of the bsMAb-form on tumor targeting with the
pretargeting strategy of SK-RC-1 RCC Therefore, the optimal interval between both
administrations was determined as regards to tumor targeting and blood clearance, and the
maximum bsMAb-form dose was determined, complying with the individual dose limiting
organs In previous experiments we demonstrated that a broad range of the peptide dose
can be administered without causing a significant alteration in tumor targeting Therefore, in
these studies, a relatively low and safe peptide dose was used that was not expected to
affect the examined parameters negatively
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MATERIALS & METHODS
Bispecific monoclonal antibody
The characteristics of MAb G250 (lgG1) which is directed against the RCC-associated
antigen G250, identified as carbonic anhydrase isoform IX (MN/CA IX) have been described
previously
RCC

15

The G250-antigen is expressed on the cell surface of virtually all clear cell

16

The characteristics of MAb anti-DTPA(ln) (DTIn-1, lgG2a) as well as the production of
bispecific antibody producing quadroma cells and the characterization and purification of the
bsMAb anti-RCC χ anti-DTPA(ln) (bsMAb G250xDTIn-1) have been described previously

17

BsMAb F(ab')2 was prepared by pepsin digestion (Mw 35 kDa, Boehnnger Mannheim,
Germany) of the purified intact bsMAb G250xDTIn-1 to 10 ml bsMAb IgG G250xDTIn-1 (0 5
mg / ml), 1 1 ml 10x digestion buffer (1 0 M citrate buffer pH 3 8) and 20 μΙ filtered pepsin
solution (10 mg / ml 0 1 M citrate buffer pH 3 8) were added After incubation for 4 h at 37 0C
the reaction was stopped by adding 2 2 ml 1 0 M Tris Subsequently, the reaction mixture
was dialyzed in a Slide-A-Lyzer (10 kDa cut-off, Pierce, Rockford, II ) overnight against 40
mM NaAc pH 5 2 Finally, the product was tested with SDS-PAGE under non-reducing
conditions
Bivalent peptide
FKYK-diDTPA The ε-amino groups of both lysine residues of this tetra-peptide (Ac-PheLys-Tyr-Lys-NH2) were conjugated with DTPA to obtain a bivalent peptide as described
previously

7

The N-termmus of the peptide was acetylated and the C-termmus was

amidated to enhance the in vivo stability of the peptide The peptide, Ac-Phe-Lys(DTPA)Tyr-Lys(DTPA)-NH2 (FKYK-diDTPA, Mw = 1377 Da) was prepared by solid phase synthesis
and formulated in a lyophilized labeling kit containing 11 pg FKYK-diDTPA, 50 mg 2hydroxypropyl-ß-cyclodextnn and 4 4 mg citrate (pH 4 2)
Radiolabeling
111

ln-FKYK-diDTPA

11 pg lyophilized FKYK-diDTPA was reconstituted in 1 ml saline To 15

μΙ of the peptide solution, 63 μΙ 25 mM NhUAc, pH 5 4 and 1 5 mCi (55 5 MBq) 111lnCl3 (Tyco
Health Care, Petten, The Netherlands) were added and the reaction mixture was incubated
for 60 mm at room temperature The radiochemical purity (RCP) was determined by instant
thin layer chromatography (ITLC) on silica gel strips with methanol

86

water (55 45) or with
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0 15 M citrate buffer (pH 6 0) as the mobile phase When the labeling efficiency exceeded
95 %, a 3-fold molar excess InCb was added to saturate the remaining DTPA-chelates with
stable ln 3 +
lodmation of bsMAb IgG and F(ab')2 lodmation of the bsMAb-forms was performed
according to the lodogen method

18

To a tube coated with 25 pg of lodogen 12 μΙ 0 5 M

phosphate buffer, pH 7 4, 8 μΙ 50 mM phosphate buffer, pH 7 4, 50 μg bsMAb (IgG or
F(ab')2-fragments) and 200 pCi (7 4 MBq)

Na 125 l (Amersham Cygne, Den Bosch, The

131

Netherlands) or 200 μΟι (7 4 MBq) Na l (MDS Nordion, Fleurus, Belgium) were added,
respectively Mixtures were incubated for 10 mm at room temperature, immediately followed
by elution on a PD-10 column with 0 5 % BSA, PBS The radioactivity of collected fractions
was determined as well as the RCP of fractions of interest by ITLC with 0 15 M citrate buffer
(pH 6 0) as the mobile phase
Biodistribution studies
Female BALB/c nu/nu mice were subcutaneously (sc ) injected with 200 μΙ SK-RC-1 cell
suspension (2 χ 106 cells / 200 μΙ) After approximately 2 weeks, when tumor sizes were 50
- 300 mm3, the biodistribution experiments were initiated SK-RC-1 RCC was derived from a
pnmary clear cell RCC specimen

19

and was obtained from the Memorial Sloan-Kettenng

Cancer Center, New York
Directly labeled bsMAb The biodistribution of both forms of directly labeled bsMAb
G250xDTIn-1 (125l-lgG and

131

l-F(ab')2-fragments) was determined in female BALB/c

athymic mice with s c SK-RC-1 tumors by co-injection of both radiolabeled bsMAb-forms
SK-RC-52 xenografted mice were injected intravenously (ι ν ) with 6 67 pmol (1 pg) IgG and
6 67 pmol (0 67 pg) F(ab')2-fragments At various time points post-injection (ρ ι ) mice were
killed and the biodistribution of the radiolabels was determined as described below
Pretargeting Strategy SK-RC-1 tumor bearing mice were injected ι ν with a dose bsMAb
IgG or bsMAb F(ab')2 In the second step 4 pmol (6 ng) of the

111

ln-labeled peptide was

administered Control mice received the radiolabeled bivalent peptide only All reagents
were injected ι ν via the tail vein (200 μΙ) At various time points after the injection of the
radiolabeled peptide, mice were killed by CC^-asphyxiation and blood was obtained by
cardiac puncture Tissues of interest were dissected, weighed and their radioactivity was
counted in a γ-counter (Wallac wizard 3" 1480 automatic γ-counter, Turku, Finland)
To allow calculation of the radioactive uptake in each organ as a fraction of the injected
dose, an aliquot of the injection dose was counted simultaneously Results were expressed
as % ID/g All groups consisted of 4 - 5 mice The studies were approved by the local Animal
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Welfare Committee and performed in accordance with their guidelines.
Scintigraphic imaging
SK-RC-1 tumor bearing mice were pretargeted with 100 pmol of one of each bsMAb-forms.
In the second step mice were Injected i.v. with 3.7 MBq (100 pCi) 4 pmol (6 ng) 111ln-labeled
peptide. Mice were anaesthetized with a mixture of enflurane (Ethrane®, Abbott BV,
Amstelveen, The Netherlands), nitrousoxide and oxygen. Subsequently, the mice were
placed prone on a single head γ-camera (Orbiter, Siemens Medical Systems Inc., Hoffman
Estates, II) equipped with a parallel-hole, medium energy collimator. Mice were Imaged at 5
min, 1, 4 and 24 h (300,000 counts) and at 48 h (200,000 counts) and 72 h (100,000 counts)
after injection of the radiolabel.
Statistical analysis
All mean values are given ± S.D. Statistical analysis was performed using the unpaired t-test
when two groups were analyzed and the One-way Analysis of Variance was used when
more than two groups were analyzed. The level of significance was set at Ρ < 0.05.

RESULTS
Preparation of bsMAb F(ab')2-fragment
1

2

3

4

Figure 1. SDS-PAGE under non-reducing
conditions: lane 1 & 2 reference proteins:
parental MAb cG250 IgG (Mw 150 kDa) and
cG250 F(ab')2-fragments (Mw 100 kDa),
respectively: lane 3 bsMAb Ffab'j? and line 4
bsMAb IgG G250xDTIn-1.

^

The product of the pepsin treated bsMAb G250xDTIn-1 was evaluated by SDS-PAGE (Fig.
1). MAb cG250 IgG (150 kDa) and cG250 F(ab')2 (100 kDa) were ran in parallel as reference
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proteins. Following pepsin treatment of bsMAb IgG the reaction mixture contained a doublet
with a size of approximately 100 kDa confirming the production of G250xDTIn-1 F(ab')2 and
a low-molecular weight product (< 18 %) (GS-690 Imaging Densitometer, BloRad, Hercules,
CA).

Determination of optimal interval between bsMAb and peptide
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Figure 2. Biodistribution

of 6.67 pmol

labeled bsMAb F(ab')2-fragments
of the radiolabels

l-labeled

bsMAb

IgG G250xDTIn-1

(B). Nude mice with subcutaneously

with 6.67 pmol of each bsMAb-form.
biodistribution

125

(A) and 6.67 pmol

SK-RC-1 tumors were

131

l-

co-injected

At 1, 4, 24, 48. 72 and 168 h p.i. mice were killed and the

was determined. Uptake is expressed as % ID/g.

To determine the optimal interval between the Injection of the bsMAb and the radiolabeled
peptide the biodistribution of

125

l-bsMAb IgG and

131

l-bsMAb F(ab')2-fragment was studied

(Fig. 2). The uptake of bsMAb IgG In the tumor was stable between 24 h p.i. and 72 h p.i.
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(28 4 ± 3 9 % ID/g to 24 7 ± 5 5 % ID/g, respectively (P = 0 25)) and was significantly lower
at 7 days p i (9 7 ± 6 2 % ID/g (P < 0 05) versus day 1 and 3) The

125

l-bsMAb IgG was

cleared slowly from the circulation in time Blood levels decreased from 27 1 ± 1 4 % ID/g at
1 h ρ ι to 5 8 ± 1 3 % ID/g at 7 days ρ ι Maximum uptake of the bsMAb F(ab')2 in the tumor
was observed already at 4 h ρ ι (30 6 ± 8 5 % ID/g) At later time points the tumor uptake of
the radiolabel was significantly lower (12 0 ± 1 3 % ID/g at 24 h ρ ι (Ρ < 0 05)) The

131

l-

labeled bsMAb F(ab')2 cleared from the circulation much faster than bsMAb IgG (19 9 ± 1 3
% ID/g at 1 h ρ ι to 0 2 ± 0 0 % ID/g at 48 h ρ ι ) Based on these studies, with respect to the
density at the tumor cell surface of the bsMAb-form and the bsMAb-form dose in the
circulation, the interval between the injection of the bsMAb-form and the radiolabeled hapten
using bsMAb IgG was set at 72 h and using bsMAb F(ab')2 at 4 h
Protein dose escalation study of bsMAb
The optimal protein dose of each bsMAb-form was determined m a protein dose escalation
study (Fig 3) Seventy-two hours after the injection of bsMAb IgG dose and 4 h after the
injection of bsMAb F(ab')2 dose, 4 pmol (6 ng) of the
administered Higher uptake of the

111

111

ln-labeled bivalent peptide was

ln label in the tumor was observed at increasing

bsMAb IgG doses 7 7 ± 0 9 % ID/g at 6 67 pmol (1 pg) up to 192 ± 64 % ID/g at 0 2 nmol
(30 pg) However, at the highest bsMAb IgG dose level the concentration of the radiolabeled
peptide in the circulation was relatively high which resulted in reduced tumor-to-blood ratios
(JIB ratios 726 ± 194 at 10 pg bsMAb IgG, 93 ± 20 at 30 pg bsMAb IgG) At all doses the
activity concentrations in the normal tissues remained low With the bsMAb IgG, considering
the increment of the radioactivity level in the circulation with increasing protein dose,
pretargetmg with this system was optimal with 66 7 pmol (10 pg) bsMAb IgG
The uptake of the 111ln-label in the tumor increased with increasing dose bsMAb F(ab')2 4 7
± 2 0 % ID/g at 6 67 pmol (0 667 pg) bsMAb F(ab')2 to 153 ± 75 % ID/g at 0 5 nmol (50 pg)
bsMAb F(ab')2 The level of radiolabeled bivalent peptide in the blood remained very low
even at the highest tested bsMAb F(ab')2 doses (< 0 11 ± 0 03 % ID/g at 24 h ρ ι 50 pg) At
higher bsMAb F(ab')2 doses the radioactivity concentrations in the kidneys increased
significantly (1 9 ± 0 4 % ID/g at 0 667 pg bsMAb F(ab')2 to 9 8 ± 1 7 % ID/g at 50 pg at 24 h
pi)

In all other organs, the radioactivity concentrations remained low with increasing

bsMAb F(ab')2 doses For bsMAb F(ab')2, taking in account the elevated radioactive dose in
the kidneys by increasing protein dose, 0 2 nmol (20 pg) was considered the optimal dose in
this system
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The specificity of tumor uptake of the

In-labeled peptide using both bsMAb-forms was

confirmed by injection of the radiolabeled peptide without pretargeting the tumor with the
bsMAb-forms. At 24 h p.i. tumor uptake was 0.06 ± 0.01 % ID/g and the blood level was
0.10 ± 0 . 0 4 % ID/g.
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Figure 3. Dose escalation study of bsMAb IgG (A) and bsMAb F(ab')2 (B). Nude mice with s.c. SK-RC-1
tumors were targeted with 4 pmol 111 In-labeled bivalent peptide following the administration with
increasing doses bsMAb IgG or bsMAb F(ab')2 complying with the optimal interval (72 h and 4 h,
respectively). At 24 h p.i. mice were killed and the biodistribution of the radiolabel was determined.
Uptake is expressed as % ID/g.
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Comparison of pretargeting RCC with IgG and F(ab')2 bsMAb
At optimized conditions (66 7 pmol bsMAb IgG with a 72 h interval and 200 pmol bsMAb
F(ab,)2 with a 4 h interval), using 6 ng

111

In-labeled peptide, the biodistnbution of the

radiolabel was studied at various time points (Fig 4 + 5) Following pretargeting with bsMAb
IgG, tumor uptake of the radiolabel was high at 4 and 24 h ρ ι (93 ± 14 % ID/g and 104 ± 37
% ID/g, respectively) The radiolabel cleared slowly from the tumor from 24 h ρ ι up to 7
days ρ ι At 7 days after the administration of the radiolabeled peptide, tumor uptake was 5 2
± 2 0 % ID/g The radioactivity level in the circulation decreased rapidly (2 8 ± 0 3 % ID/g , 4
h ρ ι to 0 24 ± 0 05 % ID/g, 24 h ρ ι ) Following pretargeting with the bsMAb F(ab')2, uptake
of the 111ln-labeled peptide in the tumor peaked at 4 h ρ ι (114 + 27 % ID/g) Radioactivity in
the circulation remained low, most likely due to the rapid blood clearance of the bsMAb
F(ab')2 At 4 h ρ ι the blood level was 0 26 ± 0 04 % ID/g The rapid clearance of the
radiolabel from the circulation with bsMAb F(ab')2 lead to very high JIB ratios, exceeding
4000 at later time points The uptake in all normal tissues was low except in the kidneys
The scintigraphic images (fig 5) reflected the results obtained in the biodistribution
experiments

Images of mice at 5 mm and 1 h ρ ι of the radiolabel showed a high

concentration of the

111

ln-label in the bladder Pretargeting of the SK-RC-1 tumors with

bsMAb IgG as well as bsMAb F(ab')2 showed improving tumor-to-background contrasts from
5 mm to 48 h ρ ι At later time points the radiolabel slowly cleared from the tumor With
bsMAb F(ab')2 a distinct higher uptake of the radiolabel in the kidneys was visualized

DISCUSSION
These studies were performed to investigate in particular the effect of the bsMAb-form (in
tact IgG or F(ab')2-fragments) on the pretargeting strategy of SK-RC-1 RCC with a relatively
low dose 111ln-labeled peptide The used low (scintigraphic) dose of the radiolabeled peptide
in these pretargeting studies was not expected to affect the examined parameters In
previous pretargeting studies with biologically produced bsMAb, we found relatively high
uptake in tumors using an

111

ln-labeled bivalent peptide (54 - 278 % ID/g)

β

In general,

uptake in our RCC model was higher with in tact IgG than the uptake in colorectal cancer
models using bsMAb F(ab')2-fragments where the uptake ranged from 10 - 30 % ID/g

911

Here we investigated which form of the bsMAb would be superior for the pretargeting
concept the

use of the relatively long circulating IgG compared to the faster clearing

F(ab')2-fragments At optimized conditions, the maximum uptake of the radiolabel in the
92
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tumor was independent on the size of the bsMAb-form. Although a similar tumor targeting
with both bsMAb-forms was found, significantly higher T/B ratios of the radiolabeled peptide
were obtained using bsMAb F(ab')2.
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Figure 4. Biodistribution of the 111ln label. After pretargeting with 66.6 pmol bsMAb IgG (A) or 200 pmol
bsMAb F(ab')2 (B), SK-RC-1 tumor bearing mice were injected with 4 pmol "1ln-labeled bivalent
peptide. At 4, 24, 48, 72 h and 7 days p.i. mice were killed and the biodistribution of the radiolabel was
determined. Uptake is expressed as % ID/g.
These findings would permit the use of chemically coupled bsMAb F(ab')2 or the use of
humanized bispecific antibody constructs produced by recombinant DNA technologies, such
as diabodies and covalent single chain Fv dimer sc(Fv)2 in pretargeting strategies.
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Figure 5. Scintigraphic images of SK-RC-1 tumor bearing mice pretargeted with either 10 yg bsMAb
or 20 pg bsMAb F(ab')2. After 72 h and 4 h, respectively, mice were injected with 6 ng 1"ln-labeled
bivalent peptide. Scintigraphic images were recorded at 5 min, 1, 4 and 24 h (300,000 counts) at 4
(200,000 counts) and 72 h (100,000 counts) after the injection of the radiolabel (tumor sizes
approximately 300 mm3).
Humanized, non-immunogenic, bifunctional constructs will not induce a HAMA response in
clinical applications which allows multiple injections of the constructs. Recombinant DNA
technology allows a stable and constant production of humanized bsMAb constructs which
can be purified more easily2.
The optimal interval between the administration of the bsMAb and the administration of the
radiolabeled peptide depends on two factors: accumulation of the bsMAb at the tumor cell
surface and clearance from the circulation. High bsMAb concentrations in the circulation
may cause enhanced radioactivity levels in the blood due to immune complex formation of
the radiolabeled peptide with the circulating bsMAb. However, extension of the interval
between the two injections results in lower concentrations of the bsMAb at the tumor cell
surface (either due to wash-out or due to internalization). The wash-out of bsMAb IgG from
the tumor is initially compensated by the supply of bsMAb from the circulation. In contrast,
because bsMAb F(ab')2 cleared much faster from the circulation, a distinct clearance of the
bsMAb F(ab')2 from the tumor was observed. In vivo studies with iodinated bsMAb IgG and
F(ab')2 indicated that an interval of 72 h was suitable for intact IgG to achieve optimal TIB
ratios while for the bsMAb F(ab')2-fragments an interval of 4 h resulted in optimal JIB ratios.
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In pretargeting studies with chemically synthesized bsMAb F(ab')2 9101120 , an interval of 24
h was chosen, apparently because lower blood levels in these studies were required to
prevent the formation of immune complexes in the circulation
In the present study a bsMAb IgG

peptide injection ratio of 23

1 with an interval of 72 h

was optimal For bsMAb F(ab')2 the optimal protein peptide injection ratio was 45
4 h interval The latter is somewhat higher than the F(ab')2
proposed by Sharkey et al with a 24 h interval

11

1 with a

peptide injection ratio 10

1

Despite a higher level of bsMAb F(ab')2 in

the circulation at 4 h after the injection of the protein, the 4 h interval with our approach was
preferable over an interval of 24 h In our system the 4 h interval did not cause an enhanced
immune complex formation in the circulation
BsMAb protein dose escalation studies demonstrated that, using only 4 pmol

111

In-labeled

peptide, optimal bsMAb IgG protein dose was approximately 70 pmol (10 pg) The
radioactivity level in the circulation was relatively high with higher bsMAb IgG dose (0 28 ±
0 07 % ID/g blood, 66 6 pmol bsMAb IgG and 2 06 ± 0 58 % ID/g blood, 200 pmol bsMAb
IgG) caused by immune complex formation of the bsMAb IgG with the radiolabeled bivalent
peptide The administration of higher bsMAb F(ab')2 doses was restricted by the enhanced
uptake of the radiolabeled in the kidneys (9 8 ± 1 6 % ID/g with 500 pmol (50 pg) bsMAb
F(ab')2) Most likely, the enhanced kidney uptake is due to the excretion of immune
complexes of bsMAb F(ab')2 and a radiolabeled peptide via the kidneys 2124 or could be due
to the presence of anti-DTPA(ln) Fab -

111

ln-peptide complexes in the circulation For tumor

imaging with the pretargeting strategy, the use of bsMAb F(ab')2 allows a reduced interval
between both administrations resulting in a more rapid imaging procedure
In summary, at optimized conditions using bsMAb F(ab')2 with the pretargeting approach
resulted in efficient tumor targeting similar as did with bsMAb IgG This implies that
bispecific G250xDTIn-1 constructs produced by recombinant DNA technologies, for example
humanized diabodies and covalent single chain Fv dimer sc(Fv)2 (Mw 40 kDa) could be
used in effective pretargeting systems Such new molecules may be essential for successful
clinical implementations However, for therapeutic applications using the newly developed
bsMAb-constructs, the pretargeting approach needs to be optimized again to deliver a
critical peptide dose to the tumor
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CONCLUSIONS

This pretargeting system at optimized conditions showed excellent and similar uptake of the
111

ln-label in the tumor regardless of the size and circulating half-life of the used bsMAb. The

use of bsMAb F(ab')2 allows a more rapid imaging procedure. These studies indicate the
possibility of the use of newly developed bsMAb compounds (diabodies or scFv-scFv
constructs) for pretargeting strategies, without the loss of targeting efficiency.
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ABSTRACT
Purpose The aim of these studies was to develop a pretargetmg strategy for CEAexpressmg cancers using biologically produced bispecific monoclonal antibodies (bsMAbs)
The bsMAbs used in this system have affinity for the carcinoembryonic-antigen (CEA) on the
one hand and for indium-labeled diethylenetnaminepentaacetic acid (DTPA) on the other
(anti-CEA χ anti-DTPA(ln), bsMAb· MN-14xDTIn-1)
Experimental design Stable quadroma clones producing bsMAb MN-14xDTIn-1 were
developed and isolated LS174T tumor bearing mice were injected with 1-100 \ig bsMAb
followed by 1-60 ng of an 111ln-labeled bivalent peptide (Ac-Phe-Lys(DTPA)-Tyr-Lys(DTPA)NH2) Mice were killed at 24 h ρ ι and the biodistribution of the radiolabel was determined
The biodistribution of diDTPA labeled with four different radionuclides ( 111 ln,
residualizmg

125

l and residuahzmg

125

99m

Tc, non-

l) was determined at various time points ρ ι following

pretargetmg of LS174T tumors with bsMAb MN-14xDTIn-1
Results Optimal tumor targeting was observed when tumors were pretargeted with 10 pg
bsMAb MN-14xDTIn-1 and when 6 ng of a radiolabeled peptide was administered 72 h later
The uptake of the four radiolabels m LS174T tumors at 4 h ρ ι was similar However, at later
time points, the 111ln-label and residuahzmg
the non-residualizmg

125

125

l-label were better retained m the tumor than

l-label While the absolute uptake in the tumor (in terms of % ID/g)

was 5-fold lower than the uptake obtained with directly labeled MN-14, the pretargetmg
strategy revealed much higher tumor-to-blood (T/B) ratios due to the rapid clearance of the
radiolabel from the circulation as compared to

111

ln-MN-14 (445 + 90 and 5 3 ± 1 1 ,

respectively, at 72 h ρ ι )
Conclusions

Effective targeting of CEA-expressmg tumors was achieved with a newly

produced bispecific antibody The

111

ln-labeled L-ammo acid peptide and

peptide were better retained in the tumor than the

99m

Tc- and

125

125

l-D-ammo acid

l-L-amino acid peptide Very

high T/B ratios were obtained due to rapid background clearance

INTRODUCTION
Colorectal cancer is a malignancy with a relatively high incidence world wide (15 % of all
malignancies in both genders)

1

Radioimmunotherapy (RIT) with radiolabeled anti-CEA

antibodies has shown encouraging results in preclinical studies and in patients with small
volume disease, comparable to established chemotherapy 2"5

100

Anti-CEA monoclonal
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antibodies (MAbs) were used in the majority of RIT studies with colorectal cancer patients
CEA is expressed at moderate levels in colon adenocarcinoma cells
thyroid carcinoma cells

7

6

and in medullary

In addition, CEA is expressed at lower levels in various normal

tissues, including the colon, stomach, oesophagus, tongue, cervix and prostate 8 In general,
RIT with directly labeled MAbs cannot deliver therapeutically effective radiation doses to
solid tumors The relatively long circulation half-life of the radiolabeled MAbs limits the
activity dose that can be administered without causing severe damage to normal tissues
especially the bone marrow 9 1 1
Goodwin and co-workers

12

were the first to propose that separation of the targeting agent

(MAb) and the effector agent (radionuclide) might be advantageous m RIT

After

administration of the long circulating bispecific monoclonal antibody (bsMAb), the bsMAb
accumulates in the tumor and clears from the circulation In the second step, a radiolabeled
hapten is administered that is trapped in the tumor by the bsMAbs or cleared very rapidly
from the circulation and thereby decreasing the radiation dose to normal tissues
improving tumor-to-blood ratios

13

and

14

We have developed and stabilized a quadroma clone, producing a bispecific anti-CEA χ
anti-DTPA(ln) antibody (bsMAb MN-14xDTIn-1) to pretarget CEA-expressing tumors After
pretargeting the colorectal tumor with the bsMAb MN-14xDTIn-1, tumors can be targeted
with a radiolabeled diDTPA-peptide In addition to the L-ammo acid peptide allowing the use
of ln-111, a peptidase resistant peptide consisting of D-ammo acids labeled with I-125 was
used in the studies to enhance the residence time of the iodine label in the tumor 1 5 In these
studies we tested and optimized the pretargeting strategy with CEA-expressing tumors
based on the newly developed bsMAb MN-14xDTIn-1 At optimized conditions the
pretargeting strategy was tested with diDTPA peptides labeled with various radionuclides
( 111 ln, 99m Tc, non-residuahzmg

125

l and residualizmg

125

l)

MATERIALS & METHODS
LS174T Colorectal Carcinoma
The human colorectal cancer cell Ime LS174T was obtained from the American Type Culture
Collection (Rockville, MD) LS174T is a rapidly growing, moderately to well differentiated
human colorectal carcinoma cell line, expressing moderate levels of CEA (5,000 to 10,000
epitopes per cell) 1 6 Cells were grown in RPMI medium, supplemented with fetal calf serum
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and penicillin / streptomycin (Gibco, Grand Island, NY)

Before subcutaneous (s c )

inoculation of mice to establish LS174T xenografts, tumor cells were washed with 0 9 %
NaCI, disaggregated with 0 25 % trypsin and resuspended in complete medium to the
appropriate concentration (4 5 χ 105 cells / 200 μΙ) and injected s c (200 μΙ / mouse)
Production and purification of the bsMAb MN-14xDTIn-1
Two hybndoma cell lines were fused MAb MN-14 (anti-CEA) and MAb DTIn-1 (anti- mdiumlabeled diethylenetriammepentaacetic
previously

17

acid (anti-DTPA(ln)),

essentially

as described

The murine MN-14 MAb is a high affinity anti-CEA MAb (Ka = 109 M 1 ), kindly

provided by Immunomedics, Ine (Morris Plains, NJ) 1 8 Preceding cell fusion, the MN-14 cell
line was made thymidine kinase deficient by culturing the cells in the presence of escalating
concentrations of bromodeoxyundine (Boehnnger Mannheim, Mannheim, Germany) The
production and characterization of MAb DTIn-1 (lgG2a) has been described elsewhere

17

Preceding cell fusion, the DTIn-1 cell line was made hypoxanthme-guanme phosphonbosyl
transferase deficient (HGPRT ) by culturing the cells in the presence of escalating doses of
8-Aza-Guanine (Sigma-Aldnch, Zwijndrecht, The Netherlands) After cell fusion, quadroma
cells were selected in hypoxanthme, ammoptenn, thymidine (HAT) medium Isolated bsMAb
17

MN-14xDTIn-1 producing cells were stabilized as described previously

The selected

stable quadroma clone was expanded in Intergra CL 1000 culture flasks (IBS Integra
Biosciences, Micromc BV, The Netherlands) The Quadroma cells produce the heavy and
light chains of both parental antibodies which are randomly combined

19

To purify the

bsMAb from the supernatant, protem-A chromatography (BioRad, Econo-Pac, Protem-A
cartridge BioRad, Hercules, CA) was performed as described previously

17

Following each

purification step, eluted fractions were tested for the bispecific antibody activity in a double
specific ELISA and their bsMAb titers were determined Briefly, ELISA plates (Falcon, BD
Biosciences, CA, USA), coated with BSA-DTPA(ln) (0 42 pg / 100 μΙ), were incubated at 37
"C for 1 h with a dilution series of collected fractions Wells were subsequently incubated
with a WI-2-biotin solution (25 ng / well), a strepatavidm-peroxidase solution, 10 pg / well
TMB (tetramethylbenzidine) solution containing H2O2 and finally 2 M H2SO4 Following every
step, plates were washed extensively with 0 5 % BSA / PBS The extinction, measured at
450 nm, was determined by an ELISA micro plate reader (Model 3550, BioRad micro plate
reader, CA, USA) IgG was further purified by a cation-exchange chromatography using a
mono-S column (Amersham Pharmacia, Roosendaal, The Netherlands) on a biologic
chromatography system (BioRad, Hercules, CA)

18

Finally, the bsMAb was purified on an

immuno-affimty column (Ammo Link Kit, Perbio Science, Etten-Leur, The Netherlands)
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loaded with an anti-MN-14 antibody (WI-2) 21 . In this final purification step all the antibody
analogues deprived of a CEA binding site were eliminated. Bound material was eluted with
gentle elution buffer (Perbio Science, Etten-Leur, The Netherlands). The material was
dialyzed against phosphate-buffered-saline (PBS), concentrated to 1 mg / ml, filtered
through a 0.2 pm filter and stored at -80 0C until use.
Bivalent peptides
L-amino acid peptide: The characteristics of this L-a.a. peptide (IMP156) were described
previously

21

. The peptide, Ac-Phe-Lys(DTPA)-Tyr-Lys(DTPA)-NH2

(diDTPA-FKYK, Mw

1377 Da) was formulated in a lyophilized labeling kit, containing 11 pg bivalent peptide, 50
mg 2-hydroxypropyl-ß-cyclodextrin

and 4.4 mg citrate (pH 4.2). The characteristics of the L-

a.a. peptide (IMP192) for peptide labeling with

99m

Tc, were described previously

tetrapeptide was conjugated with thiosemicarbonylglyoxylcysteinyl
residue: Ac-Lys(DTPA)-Tyr-Lys(DTPA)-Lys(TscGC)-NH2
with

99m

Tc /

188

21

. This

to the C-terminus lysine

[Mw 1590 g/mol] to allow labeling

Re. This peptide was formulated in a lyophilized labeling kit containing 40 [ig

peptide, 100 pg SnCb, 1 mg 2,5-dihydroxybenzoic

acid, 10 %

2-hydroxypropyl-ß-

cyclodextrin, 200 mM glucoheptonate, 21 mM acetate (pH 5.3) and 6 molar equivalents of
InCb.
D-amino acid peptide: The synthesis and characteristics of this D-a.a. peptide: Ac-DPheDLys(DTPA)-DTyr-DLys(DTPA)-NH2
described previously

(diDTPA-fkyk

molecular

weight

1377

Da),

were

15

.

Radiolabeling
111

ln-L-a.a. peptide: 11 pg lyophilized diDTPA-FKYK was reconstituted in 1 ml saline. To 15

μΙ of the peptide solution 65 μΙ 40 mM NI-UAc and 1.5 mCi

111

lnCl3 (Tyco Health Care,

Petten, The Netherlands) were added and the reaction mixture was incubated for 60 min at
room temperature. The radiochemical purity (RCP) was determined by instant thin layer
chromatography (ITLC) on silica gel strips with methanol : water (55:45) and citrate buffer
(pH = 6.0) as the mobile phase. When the RCP exceeded 95 %, a 3-fold molar excess InCIs
was added to saturate the DTPA chelates with ln 3 + .
125

l-L-a.a. peptide and

125

l-D-a.a. peptide: The peptides were iodinated according to the

22

Chloramine-T method . To 200 ng diDTPA, 15 μΙ chloramine-T (1.82 mg/ml) and 0.75 mCi
Na 125 l (Amersham Cygne, Den Bosch, The Netherlands) were added. After 2 min incubation
at room temperature the reaction was stopped by adding 100 μΙ sodium metabisulphite (3.37
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mg/ml) Subsequently, the pH of the solution was lowered with 1 / 10 (v / v) 1 M NH-tAc pH
5 4 and a 3-fold molar excess ln 3 + was added The solution was purified with an activated Ο
Ι 8 SepPak cartridge (Waters, Milford, MA) The RCP was determined by both ITLC on silica
gel strips with citrate buffer (pH 6 0) as mobile phase and by RP-HPLC on an Agilent 1100
series LC system (Agilent Technologies, Palo Alto, CA)
99m

Tc-L-a a peptide This diDTPA peptide was labeled using diDTPA-KYKK, conjugated

with a thiosemicarbonylglyoxylcystemyl chelate to the C-termmus Lys residue as described
previously23

24

MN-14-DTPA-111ln Conjugation of MAb MN-14 with p-isothiocyanatobenzyl-DTPA
DTPA) was performed essentially as described by Ruegg et al

25

(ITC-

Briefly, 1 ml MAb MN-14

(10 mg / ml) was mixed with 110 μΙ 1 0 M NaHC03 pH 9 5 and 1 76 mg ITC-DTPA (50-fold
molar excess) Following incubation at room temperature for 1 h, the reaction mixture was
dialyzed overnight in a Shde-A-Lyzer (10 kDa cut-off, Pierce, Rockford, IL ) against 50 mM
NH4AC pH 5 4 Subsequently, the MN-14-ITC-DTPA conjugate was diluted in 50 mM NH4AC
to 1 mg / ml, and aliquots were stored at -20°C Radiolabeling of MN-14-ITC-DTPA 300 pCi
111

lnCl3 was added to 75 μΙ (1 mg / ml) MN-14-ITC-DTPA and incubated at room

temperature for 45 mm The labeling efficiency of the MAb was determined by ITLC on silica
gel strips with 0 15 M citrate buffer pH 6 0 as the mobile phase
MN-14-125I lodmation of the MAb MN-14 was performed according to the lodogen method26
To a tube coated with 50 μg of lodogen 10 μΙ 0 5 M phosphate buffer, pH 7 4, 75 μΙ 50 mM
phosphate buffer, pH 7 4, 11 5 μΙ MN-14 (7 8 mg / ml) and 180 μ α Na125l (Amersham
Cygne, Den Bosch, The Netherlands) were added The mixture was incubated during 10
mm at room temperature, immediately followed by a purification step on a PD-10 column
eluted with PBS, 0 5 % BSA
Biodistribution experiments
Female BALB/c nu/nu mice, 6 - 9 weeks old, were injected subcutaneously (s c ) with a
LS174T cell suspension (4 5 χ 105 cells / 200 μΙ) When tumors sizes were between 50 300 mm 3 the biodistribution experiments were initiated All reagents were injected ι ν via the
tail vein (200 μΙ)
Groups of 4 or 5 animals received escalating doses of bsMAb or peptide to determine the
optimal protein and peptide dose Additionally, the optimal interval between both injections
was determined
At various time points after the injection of the radiolabeled peptide, mice were killed by
CCVasphyxiation and blood was obtained by heart puncture Tissues (tumor, muscle, lung,
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spleen, kidney, liver and small intestine) were dissected, weighed and their radioactivity was
determined in a γ-counter (Wallac wizard 3" 1480 automatic γ-counter)
The biodistribution of bivalent peptides labeled with one of the three radionuclides (ln-111,
Tc-99m, non-residualizmg 1-125 and residuahzmg 1-125) was determined at optimized
conditions (10 pg bsMAb, interval 72 h and 6 ng radiolabeled peptide)
As a reference the targeting of

111

ln-labeled MAb MN-14 was determined in mice with s c

LS174T tumors Mice received ι ν 10 pg (4 μΟι / pg) 111ln-labeled MAb MN-14 and were
dissected at 4, 24, 48 and 72 h ρ ι
To permit calculation of the radioactive uptake in each organ as a fraction of the injected
dose, an aliquot of the injection dose was counted simultaneously Results were expressed
as % ID/g The studies were approved by the local Animal Welfare Committee and
performed in accordance with their guidelines
Scintigraphic imaging
LS174T tumor bearing mice were pretargeted with 10 pg bsMAb MN-14xDTIn-1 and after 72
h mice were injected ι ν with 3 7 MBq (100 pCi) 6 ng

111

ln-labeled peptide Mice were

anaesthetized with a mixture of enflurane (Ethrane®, Abbott BV, Amstelveen, The
Netherlands), mtrousoxide and oxygen Subsequently, the mice were placed prone on a
single head γ-camera (Orbiter, Siemens Medical Systems Ine, Hoffman Estates, IL)
equipped with a parallel-hole, medium energy collimator Mice were imaged at 5 mm, 1, 4
and 24 h (300,000 ets), at 48 h (200,000 ets), 72 h (100,000 ets) and 96 h (75,000 ets) after
injection of the radiolabel

Statistical analysis
All mean values are given ± S D Statistical analysis was performed using the unpaired ttest when two groups were analyzed and the One-way Analysis of Variance was used when
more than two groups were analyzed The level of significance was set at Ρ < 0 05

RESULTS
Purification of the bsMAb MN-14xDTIn-1
Supernatants of the cultured quadroma cells were extensively purified Following protem-A
chromatography, bsMAb containing fractions were collected (IgG concentration of 140 4 ng /
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ml still gave a positive signal in the bispecific ELISA) and purified with cation exchange
chromatography (Figure 1) Fractions 44 - 49 were bsMAb positive, as determined by the
double specific ELISA, and collected (IgG concentration of 35 2 ng / ml still gave a positive
signal in the bispecific ELISA) Finally, the bsMAb containing solution was purified using
anti-CEA affinity chromatography (IgG concentration of 2 2 ng / ml still gave a positive signal
in the bispecific ELISA) The observed bsMAb titer reduction is an indication for the
purification of the solution, correlating with the increment of the bsMAb MN-14xDTIn-1
concentration of the solution.
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Figure 1 Purification of the bsMAb MN-14xDTIn-1 using cation-exchange chromatography Protem
punfied material was eluted from a mono-S column with a 0- 400 mM LiCI gradient in 40 mM NaAc pH
5 2 Fractions 44 - 49 (between the arrows) contained bsMAb MN-14xDTIn-1 as determined by
double specific ELISA

BsMAb dose finding study
The results of the bsMAb MN-14xDTIn-1 dose finding study are depicted in Figure 2
LS174T tumor bearing mice were pretargeted with escalating protein doses (1 - 100 pg) of
the bsMAb MN-14xDTIn-1, followed by administration of 6 ng of the

111

ln-labeled L-a a

peptide (IMP156) 72 h later Uptake of the radiolabel in the tumor increased significantly by
enhancing the bsMAb dose from 1 to 3 to 10 pg (0 25 ± 0 05 % ID/g, 2 1 ± 1 7 % ID/g and
11 3 ± 4 1 % ID/g at 24 h ρ ι , respectively) At higher protein doses (> 10 μg bsMAb), the
uptake of the radiolabel in the tumor stabilized, whereas the activity concentration in the
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circulation and the liver increased. Highest JIB ratios were obtained with 3 and 10 μg bsMAb
(51.5 ± 3.5 and 45.1 ± 0.9, respectively). As a control group, tumor bearing mice received 6
ng of the radiolabeled peptide. The uptake of the radiolabel in the non-pretargeted tumor (<
0.1 % ID/g at 24 h p.i.) was significantly lower as in the pretargeted tumors, confirming the
specificity of the pretargeting procedure. In this study, the radioactivity in the liver increased
at higher bsMAb doses. This was most likely due to the enhanced levels of peptide-bsMAb
complexes, which were excreted from the body via the liver, in the circulation observed at
enhanced bsMAb doses. In the LS174T pretargeting system, 10 pg bsMAb MN-14xDTIn-1
was selected as the optimal bsMAb dose.

20
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Figure 2. Biodistribution of the 111 In-label in the bsMAb MN-14xDTIn-1 dose escalation study. LS174T
tumor bearing mice were pretargeted with an increasing dose bsMAb and 72 h later mice received 6 ng
111
In-labeled peptide. Control mice were injected only with 6 ng "Ίη-labeled peptide Mice were killed at
24 h p.i.. the uptake was expressed as % ID/g (average tumor size 0.62 g).

Peptide dose f i n d i n g s t u d y
Figure 3 shows the results of the

111

ln-labeled peptide dose escalation study. LS174T

tumors were pretargeted with 10 pg bsMAb MN-14xDTIn-1 and 72 h later mice were injected
with various doses

111

ln-labeled L-a.a. peptide (IMP156) (0.6 - 60 ng). The uptake of the

radiolabel in the tumor did not alter significantly at peptide doses between 0.6 and 20 ng
(20.0 ± 1.4 % ID/g - 16.38 ± 2.2 % ID/g, at 24 h p.i., respectively). When mice received 60
ng of the

111

ln-labeled peptide, the uptake in the tumor was significantly lower (9.9 ± 1.0 %

ID/g). Due to lower blood levels (expressed as % ID/g) at increasing peptide doses, the JIB
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ratios increased from 50.1 ± 9.4 at 0.6 ng to 162 ± 42 at 60 ng peptide (from 6 - 60 ng
peptide the TIB ratios were similar). The absolute uptake of the peptide in the tumor was
calculated at each the peptide dose (0.12 ng peptide / g tumor at 0.6 ng peptide to 5.9 ng
peptide / g tumor at 60 ng peptide). In subsequent experiments a radiolabeled bivalent
peptide dose of 6 ng was used.
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Figure 3. "1 In-labeled peptide dose escalation study: LS174T tumor bearing mice were pretargeted
with 10 pg bsMAb MN-14xDTIn-1 and 72 h later an increasing dose 111ln-labeled peptide was
administered. Mice were killed at 24 h p./.. the uptake was expressed as % ID/g (average tumor size
0.13 g).

Interval between the bsMAb and peptide administrations
The results of the experiment to determine the optimal interval between bsMAb / peptide
injections are summarized in Figure 4. Tumors were pretargeted with 10 pg bsMAb MN14xDTIn-1 and 1, 3 or 7 days later mice received 6 ng of the

111

ln-labeled L-a.a. peptide

(IMP156). No significant differences in uptake of the radiolabel in the tumor were observed
at these 3 intervals (1 day: 10.9 ± 0.8 % ID/g, 3 days: 11.4 ± 4.9 % ID/g and 7 days: 7.2 ±
2.9 % ID/g at 24 h p i ) . By increasing the interval between both injections, the radioactivity
concentration in the circulation and in the normal organs decreased, with the exception of
the kidneys. An interval of 1 day provided a relatively low TIB ratio (71.8 ± 16.5 at 24 h p.L).
When a longer interval was used, higher TIB ratios were obtained: 180 ± 36 at 3 days and
241 ± 58 at 7 days. In subsequent experiments an interval of 3 days was used.
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Figure 4. The influence of the interval between both administrations of CEA-expressing tumors. LS1
tumor bearing mice were pretargeted with 10 pg bsMAb MN-14xDTIn-1 and 1. 3 or 7 days later m
were injected with 6 ng 111 In-labeled peptide. Mice were killed at 24 h p.;.. the uptake was expresse
% ID/g (average tumor size 0.35 g).

Biodistribution of 111ln-, 99mTc-, non-residualizing

125

l- and residualizing

125

l-labeled

bivalent peptide
Tumor bearing mice were pretargeted with 10 pg bsMAb MN-14xDTIn-1 and 3 days later
mice were Injected with 6 ng of one of the four radiolabeled peptides. The biodistribution of
the radiolabel was determined at various time points p.i. (Fig. 5). At 4 h p.I. of the
radiolabeled peptide the uptake of all peptides in the tumor was in the same order of
magnitude. With time, the radiolabel cleared from the tumor irrespective of the radiolabel
used. The iodinated L-a.a. peptide (5C) cleared from the tumor much faster than the other
radiolabeled peptides; tumor retention of 125l-L-a.a. from 24 h p.i. onwards was significantly
lower than that of the other 3 radiolabels. In general, the uptake of the 99mTc-labeled peptide
in the circulation and In the normal organs (5B) was significantly higher than that obtained
with the other 3 radiolabeled peptides. The

111

ln-L-a.a. peptide (5A) and

125

l-D-a.a. peptide

(5D) showed the best retention in the tumor (4.4 ± 1.3 % ID/g and 4.9 ± 1.1 % ID/g at 72 h
p.i., respectively). In Figure 6 images of LS174T tumor bearing mice targeted with the " u n labeled L-a.a. peptide at optimized diagnostic conditions (10 pg bsMAb MN-14xDTIn-1, 72 h
Interval and 6 ng (3.7 MBq)

111

ln-IMP156) are shown. From 1 to 4 h p.i. distinct

accumulation of the radiolabel in the tumor was observed.
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Figure 5. Biodistribution results of bivalent peptides radiolabeled with different radiolabels 72 h af
pretargeting of LS174T tumors with bsMAb MN-14xDTIn-1. 111ln-L-a.a. peptide (average tumor size
g (A)). 99mTc-L-a.a. peptide (average tumor size 0.18 g (Β)). 125l-L-a.a. peptide (average tumor size
g(C)) and 125l-D-a.a. peptide (average tumor size 0.14 g (D)). The uptake was expressed as % ID/

Biodistribution of

In-labeled MN-14

LS174T tumor bearing mice were injected i.v. with 10 μg

111

ln-labeled MN-14 and the

biodistribution of the radiolabel was determined at 4, 24, 48 and 72 h p.i. (Fig. 7). The
uptake of the radiolabel in the tumor increased significantly from 4 to 24 h p.i. (13.1 ± 5.1 %
ID/g and 49.0 ± 10.2 % ID/g, respectively). From 24 to 72 h p.i. uptake of the radiolabel in
the tumor did not change significantly. The TIB ratios were relatively low: from 0.6 ± 0.2 at 4
h p.i. to 5.25 ± 1.1 at 72 h p.i.

DISCUSSION
In the present study a pretargeting system for CEA-expressing tumors was developed and
characterized. Quadroma cells, producing bsMAb MN-14xDTIn-1 were prepared by fusion of
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Wm' i

Figure 6. Scintigraphic images of LS174T tumor bearing mice pretargeted with 10 pg bsMAb MN14xDTIn-1 and 72 h later mice were injected with 3.7 MBq 6 ng 111 In-labeled L-a.a. peptide.
Scintigraphic images were recorded at 5 min, 1, 4, 24, 48, 72 and 96 h p.i. of the radiolabel.
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Figure 7. Biodistribution results of directly labeled MAb MN-14. LS174T tumor bearing mice were
injected i.v. with 10 pg 111ln-MN-14 and in time mice were killed and the biodistribution of the radiolabel
was determined. The uptake was expressed as % ID/g (average tumor size 0.12 g).
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2 hybridoma cells MAb MN-14 (anti-CEA) and MAb DTIn-1 (anti-DTPA(ln)) The bsMAb
was purified from cultured supernatants by a combination of protem-A chromatography,
cation exchange chromatography and by anti-CEA (WI-2) affinity column chromatography
At optimized conditions (10 pg bsMAb, 72 h interval and 6 ng bivalent peptide), LS174T
tumors could be targeted efficiently with various bivalent peptides, labeled with different
radionuclides
The optimal injection ratio in these pretargeting studies with LS174T tumors for diagnostic
applications (focused mainly on high T/B ratios) was 15

1 (bsMAb

111

ln-labeled bivalent

peptide) with a 72 h interval For the treatment of tumors (RIT), the strategy should focus
more on maximum uptake of the radiolabel in the tumor and therefore, the injection ratio
should be investigated further These optimal injection ratios were in the same order of
magnitude as the ratios found in previous pretargeting studies in renal cell carcinoma (RCC)
models using the IgG G250xDTIn-1 bsMAb (injection ratio 23
of the

111

1 ) 2 7 The maximum uptake

ln-label in bsMAb MN-14xDTIn-1 pretargeted LS174T tumors was 177 ± 2 1 %

ID/g comparable to the uptake reported by groups studying CEA-expressmg tumors with
chemically produced bispecific anti-CEA χ anti-hapten F(ab')2-fragments (Sharkey 29 2 ±
5 1 % ID/g 28 , Karacay 19 8 ± 6 3 % ID/g 2\ Gestm 10 4 ± 1 6 % ID/g 29 ) These results
were in accordance with the results described previously, with respect to the pretargeting
strategy of SK-RC-1 RCC tumor model 27 Pretargeting of RCC tumors using intact bsMAb
IgG versus bsMAb F(ab')2 G250xDTIn-1 revealed that, at optimized conditions for each
approach, the uptake of the radiolabeled peptide in the SK-RC-1 tumor was very similar,
irrespective of the bsMAb form
The uptake of the 111ln-label in CEA-expressmg tumors was considerably lower than that of
the 111ln-label in various RCC pretargeted with bsMAb G250xDTIn-1 2 3 This could be due to
the relative high vascular volume of the RCC tumors (20 8 ± 4 1 - 33 7 ± 5 9 μΙ blood/g) as
compared to the vascular volume of LS174T tumor (11 8 + 3 8 μΙ blood/g) 23
The uptake of the 111ln-label in the tumor at 24 h ρ ι obtained in different experiments (10 pg
bsMAb, 72 h interval, 6 ng

111

ln-diDTPA) varied considerably These differences are most

likely caused by the experiment-to-experiment differences in tumor size in the mice used in
the various experiments LS174T tumors are rapidly growing tumors which develop a
necrotic center when they grow beyond the size of approximately 200 mm3
The biodistribution of various radionuclides was similar at 4 h after administration of the
radiolabeled diDTPA peptide (Fig 5) Each of the 4 radiolabeled peptides used in these
studies cleared from the tumor CEA - bsMAb complexes on LS174T cells are internalized
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only to a very limited extent
125

residualizing

. Still, the residualizing radionuclide ln-111 as well as the

l-D-a.a. peptide were significantly better retained in the tumor as compared

to L-a.a. peptide 125l-label. Previous experiments showed that in the SK-RC-52 RCC tumor
model, the biodistribution of D-a.a. peptides was very similar regardless of the radionuclide
was 1-125 or ln-111 15. When peptides are bound by the bsMAb on the surface of the cell
they might be degraded by peptidases present in necrotic tumors. The metabolite
formed after degradation of the
metabolite
The

125

125

125

l-Tyr

l-L-a.a. peptide is cleared from the tumor, whereas the

111

ln-DTPA-Lys could still be bound monovalently to bsMAb at the cell surface.

l label could be better retained in the tumor when labeled to a D-a.a. peptide because

the D-a.a. peptide bonds are more resistant to degradation by peptidases and therefore
could remain intact at the tumor cell surface. The uptake of the 111ln-label in LS174T tumors,
when performed with directly labeled MN-14 was a 5-fold higher than when performed with
the pretargeting strategy using the

111

ln-labeled peptide. However, the TIB ratio with the

pretargeting approach was, already at 4 h p.i. of the radiolabel, significantly higher than with
directly labeled MN-14 (34.4 ± 16.3 and 0.6 ± 0.2, respectively). This difference in TIB ratios
increased at later time points, 445 ± 90 and 5.3 ± 1.1, respectively at 72 h p.i.
In summary, an effective pretargeting strategy of CEA-expressing tumors was developed
using a newly developed bsMAb MN-14xDTIn-1 and a radiolabeled bivalent peptide.
Targeting of pretargeted colorectal cancer with the newly developed peptide consisting of Damino acids enhanced the retention of iodinated peptides as compared to the use of
iodinated L-amino acid peptides. The maximum uptake of directly labeled MN-14 m LS174T
tumors was a 5-fold higher as compared to the targeting observed with the pretargeting
approach. However, compared to

111

ln-labeled MN-14, radiolabeled diDTPA with the

pretargeting strategy showed an major improvement of the TIB ratio, caused by the fast
clearance of the radiolabeled peptide from the circulation.
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Radioimmunotherapy (RIT) with radiolabeled monoclonal antibodies (MAbs) has limited
efficacy for the treatment of solid tumors The relatively long circulating half-life of MAbs
limits the activity dose that can be administered without causing severe myelosuppression
Therefore, there is a continued search for methods to reduce the radiation dose to the bone
marrow, while maintaining the radiation dose to the tumor To circumvent the disadvantage
of the use of directly labeled MAbs, pretargeting approaches are developed based on the
use of a bispecific (anti-tumor χ anti-hapten) antibody in combination with a radiolabeled
hapten The pretargeting systems described in this thesis are based on the administration of
bispecific (anti-tumor-associated antigen (TAA) χ anti-DTPA(ln)) antibodies (bsMAb) in the
first step In the second step, preferably after clearance of the bsMAb from the circulation, a
radiolabeled peptide substituted with 2 In-labeled DTPA moieties is administered In this
thesis, studies are described to develop and characterize bsMAb-based pretargeting
systems for targeting renal cell carcinoma (RCC) and colorectal carcinoma (CRC)
Potentially, these pretargeting systems can be used for radioimmunoscmtigraphy (RIS) and
radioimmunotherapy (RIT)

In Chapter 1 an overview is presented of the various pretargeting approaches that are
currently under investigation Two mam approaches can be distinguished, based on the
interaction between the first and second mjectate (1) using bispecific antibodies in
combination with a radiolabeled hapten or (2) exploiting the avid interaction between biotm
and (strept)avidin
For imaging pretargeted tumors, bivalent peptides labeled with a γ-emitter (e g ln-111,1-123
or Tc-99m) should be used, while for RIT of pretargeted tumors a peptide labeled with a
suitable ß-emitter (e g 1-131, Re-188 or Y-90) is essential In Chapter 2 the use of different
radionuclides in the pretargeting strategy of RCC is described Tumor targeting studies in
nude mice with SK-RC-52 RCC xenografts were carried out with 2 different bivalent peptides
allowing the use of 4 different radionuclides Excellent targeting of the tumor was found with
the

111

ln-labeled peptide, but more importantly, the

tumor In contrast, when using an

111

ln-label was very well retained in the

131

l-labeled peptide the radioiodme label rapidly cleared

from the tumor This is referred to as the non-residuahzing character of radioiodme in this
system The peptide was also conjugated with a thiosemicarbonylglyoxylcystemyl

(TscGC)

moiety to the C-termmal lysine residue of the peptide to allow labeling with Re-188 and Tc99m Using this system, both radiolabels were moderately retained in the tumor (better
retained than 1-131 but not as good as ln-111) Pretargeting with a ß-emittmg residualizmg
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radionuclide (eg

Y-90, Lu-177) would enhance the effectiveness of RIT due to the

increased residence time of the radionuclide in the tumor Although the diDTPA-substituted
peptide could be labeled very efficiently with Y-90, the 90Y-labeled peptide could not be used
in the pretargetmg system with the bsMAb G250xDTIn-1, due to the reduced stability in
serum of the labeled peptide and the reduced affinity of the bsMAb for yttrium-labeled
DTPA-chelates Therefore, there appeared to be a need to develop a more universal
pretargetmg system using a bivalent peptide substituted with a non-labeling interfering
hapten that allows labeling with various radiometals (ln-111, Tc-99m, Y-90, Lu-177, Re186/188) and a corresponding bsMAb

In Chapter 3 a new approach is investigated to improve the residence time of radioiodine in
the tumor In this system a peptidase resistant bivalent peptide, consisting of only D-ammo
acids (fkyk-diDTPA) is used in order to improve the retention of radioiodine in the tumor It
was postulated that such a peptide is more resistant to proteolytic degradation in the
lysosomes after internalization of the antigen-bsMAb-peptide complex The intact peptide is
trapped in the lysosomes due to the presence of 2 residuahzmg DTPA-chelates Indeed, in
mice with RCC tumor xenografts the uptake and retention of the
the tumor was markedly enhanced Maximum uptake of the
peptide was in the same order of magnitude as the
reference in these studies Moreover, the
retained in the tumor than the

125

111

125

l-labeled D- peptide in

125

l-labeled D-ammo acid

In-labeled peptide that served as a

l-labeled D-ammo acid peptide was even better

111

ln-labeled L-ammo acid peptide Thus, the use of a

peptidase resistant peptide facilitated efficient retention of 1-125 in the tumor in the
pretargetmg system Because radiolabels are better retained m internalizing tumor cells
when labeled to peptides consisting of D-ammo acid, future bivalent peptides should
preferably consist of D- residues

In order to determine the potential universal application of our pretargetmg system to target
RCCs, the pretargetmg system was tested in three different RCC models (SK-RC-1, SK-RC52 and NU-12) Each of the 3 tumor models was characterized with respect to G250-antigen
expression, efficiency of tumor (pretargeting, vessel density, vascular volume and vascular
permeability (Chapter 4) The tumor uptake of the

111

ln-labeled peptide varied enormously

between the 3 RCC xenografts Maximum uptake of the radiolabel in bsMAb G250xDTIn-1
pretargeted tumors varied from 54 ± 9 % ID/g (SK-RC-52) to 278 ± 130 % ID/g (SK-RC-1)
Surprisingly, the uptake of the radiolabel in the tumor did not correlate with the G250-antigen
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expression levels in the tumors The vascular permeability which was 3-fold higher for SKRC-1 tumors as compared to SK-RC-52 tumors (159 ± 24 μΙ plasma/h/g, and 53 ± 5 μΙ
plasma/h/g, respectively) is suggested to be at least an important factor that could influence
the uptake of the radiolabel in RCC tumors in the pretargeting system The vascular volume
of all 3 RCC was significantly higher than that of other examined nude mouse human-tumor
models, and this may explain the relatively high uptake of the radiolabeled peptides in RCC
as compared to other human tumors
Our pretargeting strategy of RCC mouse models, based on biologically produced bsMAb
IgG, showed significantly better results than those obtained with chemically linked bsMAb
F(ab')2-fragments in other tumor models To determine the effect of the bsMAb form on
tumor targeting efficiency, bsMAb G250xDTIn-1-based pretargeting was studied by
comparing the use of bsMAb IgG versus bsMAb F(ab')2-fragments (Chapter 5) The twostep pretargeting system for bsMAb F(ab')2 (molecular weight 100 kDa) and bsMAb IgG
(molecular weight 150 kDa) was optimized with respect to bsMAb dose and optimal interval
between both injections These experiments, performed with 6 ng
indicated that the maximum uptake and the retention of the

111

111

ln-labeled peptides,

ln-label in the tumor was not

affected by the bsMAb form used The radioactivity level in the circulation at 24 h ρ ι with
increasing bsMAb F(ab')2 doses remained very low, whereas it slightly increased with
increasing the bsMAb IgG dose However, excellent uptake and retention of the 111 ln label in
the RCC tumor was independent on the size and circulating half-life of the bsMAb form
used The results of this study indicated that bsMAb constructs such as those produced by
recombinant DNA-technologies (diabodies and covalent single chain Fv dimer fragments
(scFv)2) can lead to effective tumor targeting This opens the way to the use of nonimmunogemc (humanized) bsMAb constructs in pretargeting systems

A bispecific (anti-CEA χ anti-DTPA(ln)) antibody was developed and tested for pretargeting
of CEA-expressing tumors (Chapter 6) The bsMAb MN-14xDTIn-1-based pretargeting
approach was optimized in LS174T tumor bearing mice At optimized conditions, LS174T
tumors were pretargeted with bsMAb MN-14xDTIn-1, and subsequently, mice were injected
with various radiolabeled peptides ( 111 ln-,

125

l - or

99rri

Tc-L-amino acid peptide and

125

I-D-

ammo acid peptide) The maximum uptake of the radiolabel in the tumor was similar at 4 h
ρ ι , regardless of the used radionuclide However, both residuahzmg radionuclides (111ln-Lammo acid peptide and
125

l - and

99ni

125

l-D-amino acid peptide) were better retained in the tumor than

Tc-labeled L-ammo acid peptide Due to the rapid background clearance, T/B
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ratios were significantly higher with the pretargetmg system as compared to the T/B ratios
obtained with

111

ln-labeled parental MN-14 Uptake of the

111

ln-labeled peptide m LS174T

tumors with the bsMAb MN-14xDTIn-1 was significantly lower than that observed with
pretargetmg of RCC models As described in chapter 4, this reduced tumor targeting might
be due to the fact that the vascular volume of LS174T was only 50 % of the vascular volume
of RCC
In summary, with pretargetmg, tumors could be targeted very efficiently with an 111ln-labeled
bivalent peptide Due to the fast reduction of the background radioactivity levels as
compared to the use of long circulating directly labeled MAbs, scintigraphic images can be
acquired within 2 h after injection of the radiolabeled peptide The studies described in this
thesis indicated that RCC tumors, expressing the G250-antigen, pretargeted with bsMAb
G250xDTIn-1, and CEA-expressmg tumors, pretargeted with bsMAb MN-14xDTIn-1, can be
targeted efficiently with radiolabeled peptides In both systems various radionuclides can be
applied (γ-emitters

111

ln,

125

l and

99m

Tc and ß-emitters

188

Re and

131

l) The therapeutic

efficacy of RIT depends on the uptake and retention of ß-emittmg radionuclides in the tumor
and clearance of the radiolabel from the non-target tissues The uptake and retention in the
tumor of radioiodmated peptides was significantly improved when labeled to the D-ammo
acid peptide instead of the L-ammo acid peptide The residence time of radioiodmated Dammo acid peptide m the tumor exceeded that of the residualizmg

111

ln-label indicating that

1-131 could be an ideal radionuclide for pretargeted RIT Due to a very rapid clearance of the
radiolabeled peptide from the circulation, very high T/B ratios were obtained with the
pretargetmg approach as compared to directly labeled MAbs Additionally, although the
radiolabeled peptides are excreted from the circulation via the kidneys, the retention of the
radiolabel in the kidney did not exceed 5 % ID/g at 1 h ρ ι of the radiolabeled In contrast,
the intensively investigated somatostatin analogues the anti-somatostatm receptor peptides
111

ln-DOTAi:i-(D)Phe1-Tyr3-octreotide (DOTATOC) and

111

ln-DOTA0-(D)Phe1-Tyr3-octreotate

(DOTATATE) showed at 4 h ρ ι significantly higher kidney retentions (12 3 ± 2 2 % ID/g and
8 0 ± 0 5 % ID/g, respectively) than observed with the pretargetmg strategy At optimized
pretargetmg conditions, the maximum peptide dose to administer to mice is approximately
20 ng With the currently achievable specific activities, the radioactivity dose deliverable to
the tumor is insufficient to induce a significantly therapeutic affect Therefore it is necessary
to investigate strategies to enhance the radioactive burden to the tumors
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Het gebruik van antilichamen voor de behandeling van tumoren stamt uit het begin van de
vorige eeuw Door de ontwikkeling van de hybndoma technologie ontstond de mogelijkheid
om monoklonale antilichamen (MAbs) gericht tegen tumor-geassocieerde antigenen (TAAs)
te produceren TAAs zijn eiwitten die verhoogd tot expressie komen op tumorcellen en met,
of in veel mindere mate, op normale cellen Het therapeutisch effect van anti-TAA MAbs op
tumoren is over het algemeen beperkt Echter, wanneer deze MAbs worden gelabeld met
radionucliden, kunnen de MAbs de radionuchden naar tumorcellen leiden, waardoor de
tumor en eventuele uitzaaiingen zeer specifiek kunnen worden bestraald Tumoren in
patiënten

kunnen

met

(radioimmunoscmtigraphy,

γ-emitters
RIS)

gelabelde

Met

MAbs,

MAbs,
gelabeld

zichtbaar
met

gemaakt

worden

ß-emitters,

kunnen

hematologische tumoren effectief worden behandeld (radioimmunotherapie, RIT)

Het

therapeutisch effect van radioactief gelabelde MAbs op solide tumoren is tot nu toe echter
beperkt De halfwaardetijd van MAbs in de circulatie is zo lang (2-4 dagen) dat de
hoeveelheid

radioactiviteit

die

kan worden toegediend, zonder

dat

onherstelbare

stralmgsschade wordt toegebracht aan het beenmerg, wordt beperkt Daarom worden
mogelijkheden onderzocht om de stralmgsdosis naar het beenmerg te verlagen zonder dat
dit ten koste gaat van de stralmgsdosis naar de tumor Ondermeer is geprobeerd dit te
bereiken door gebruik te maken van gelabelde MAb fragmenten (F(ab')2-, of Fab'fragmenten m plaats van intacte IgG moleculen Deze gelabelde MAb fragmenten worden
zeer snel uit het bloed geklaard waardoor de stralmgsschade aan het beenmerg wordt
verlaagd, echter de opname van het radiolabel m de tumor wordt ook verlaagd door het
gebruik van zulke gelabelde MAb fragmenten Daarnaast worden pretargetmg strategieën
ontwikkeld om een effectievere tumor targeting te bereiken BIJ pretargetmg wordt m de
eerste stap een met radioactief gelabeld MAb construct toegediend met 2 functionele
eigenschappen een hoge affiniteit voor een TAA én voor een radioactief gelabeld klem
molecuul In de tweede stap wordt een radioactief gelabeld klem molecuul (peptide of biotm)
toegediend
De pretargetmg systemen die m dit proefschrift worden onderzocht zijn gebaseerd op
bispecifieke

(anti-tumor

χ

anti-diethylenetriammepentaacetic

acid-ln

(DTPA(ln)))

antilichamen (bsMAb) In de tweede stap wordt hierbij een radioactief gelabeld peptide,
waaraan 2 DTPA-groepen zijn gesubstitueerd (bivalent peptide), toegediend

In dit

poefschrift worden pretargetmg systemen ontwikkeld en gekarakteriseerd voor de
behandeling van niercel carcmomen (RCC), en colorectale tumoren (CRC) Met deze
pretargetmg technieken kunnen radioactief gelabelde peptiden specifiek naar tumorcellen
worden geleid
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In hoofdstuk 1 wordt een overzicht gepresenteerd van de verschillende pretargetmg
strategieën die in ontwikkeling zijn

Twee belangrijke strategieën kunnen worden

onderscheiden (ι) strategieën waarbij gebruik gemaakt wordt van een bsMAb (anti-tumor χ
anti-hapteen) m combinatie met een radioactief gelabeld hapteen en (n) strategieën waarbij
gebruik gemaakt wordt van de sterke interactie tussen biotme en (strept)avidine
Voor het visualiseren van tumoren worden γ-emitters als ln-111,1-123 of Tc-99m gebruikt en
om tumoren therapeutisch te behandelen zijn in het algemeen ß-emitters als 1-131, Re-188
of Y-90 essentieel In hoofdstuk 2 wordt de tumortargeting met peptiden, gelabeld met
verschillende radionuchden, m muizen met SK-RC-52 tumoren beschreven Het doel van
deze experimenten was om een geschikt radionuclide te vinden waarmee peptiden kunnen
worden gelabeld voor therapeutische toegepassmg Tumor dragende muizen zijn eerst
gepretarget met het bsMAb G250xDTIn-1 en 24 uur later zijn, met 4 verschillende
radionuchden gelabelde, peptiden toegediend Het
hoogste opname in de tumor, tevens werd het

111

In-gelabelde peptide vertoonde de

111

ln-radionuclide zeer goed in de tumor

vastgehouden In tegenstelling tot 111ln-gelabelde peptide werd het 131l-gelabelde peptide in
veel mindere mate in de tumor opgenomen en werd relatief snel uit de tumor geklaard Dit
laatste fenomeen wordt toegeschreven aan het met-residualiserende karakter van
radiojodide Tevens werd via een geconjugeerd thiosemicarbonylglyoxylcystemyl (TscGC)
chelaat het peptide gelabeld met Re-188 en Tc-99m Met het hier beschreven systeem
bleken beide radionuclides (het "matched pair" Tc-99m / Re-188) goed in de tumor te
worden vastgehouden (echter minder goed dan ln-111 maar beter dan 1-131) De effectiviteit
van RIT zou sterk kunnen worden verhoogd wanneer in het pretargetmg systeem gebruik
gemaakt zou worden van residuahserende ß-emitters zoals Y-90 of Lu-177 Door het
residuahserende karakter van deze radionuchden wordt de verblijftijd van het radionuclide in
de tumor enorm verlengd Ondanks de efficiente labeling van het peptide met Y-90 bleek het
90

Y-gelabelde peptide met te kunnen worden toegepast binnen het pretargetmg systeem

omdat het bsMAb G250xDTIn-1, vergeleken met het indium gelabelde chelaat, een veel
lagere affiniteit heeft voor het yttrium gelabelde DTPA chelaat Daarnaast bleek het met
yttrium gelabelde peptide m serum weinig stabiel Een pretargetmg systeem zou moeten
worden ontwikkeld waarbij het peptide is geconjugeerd met een universeel toepasbaar
hapteen dat met interfereert met de labeling van het peptide waardoor de mogelijkheid wordt
geboden de pretargetmg strategie uit te voeren met elk gewenst radionuclide
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In Hoofdstuk 3 wordt een studie beschreven waarbij onderzocht is of het mogelijk is om in
pretargeted RIT gebruik te maken van het radionuclide 1-131. Door het niet-residualiserend
karakter van 1-131 is de verblijftijd van dit radionuclide in de tumor in het algemeen te kort
voor effectieve therapie. Een nieuw peptide is gesynthetiseerd, opgebouwd uit Daminozuren (fkyk-diDTPA) waardoor het peptide resistent is tegen proteolytische afbraak.
Door de aanwezigheid van residualiserende In-DTPA chelaten wordt het gehele peptide in
de lysosomen vast gehouden, hierdoor wordt de verblijftijd van het radiojodide in de tumor
sterk verlengd. De metaboliet

125

l-Tyr wordt na afbraak van het gejodeerde L-aminozuur

peptide door tumorcellen uitgescheiden. Door peptidase resistente peptiden blijft het
gejodeerde D-aminozuur peptide intact en kan het de tumorcel met verlaten. De opname en
125

verblijftijd van het

l-gelabeld D-aminozuur peptide in SK-RC-52 tumors was sterk

verhoogd. Maximale opname van het
hoog als met het

125

l-gelabeld peptide in de tumor was ongeveer even

111

ln-gelabelde L-aminozuur peptide. De verblijftijd in de tumor van het

gelabelde D-aminozuur peptide overtrof die van het

111

125

l-

In-gelabelde L-aminozuur peptide.

Met dit nieuwe peptide, opgebouwd uit D-aminozuren, worden jodium isotopen beter
vastgehouden in tumoren.

Om te onderzoeken of de hoge opname in niercel tumoren met

111

ln-gelabelde peptiden

universeel is voor dit tumortype én om inzicht te krijgen in de factoren die de targeting van
de tumor beïnvloeden, is de pretargeting strategie getest in 3 verschillende niercel
carcinoom modellen (SK-RC-1, SK-RC-52 en NU-12). De drie RCC modellen zijn
onderzocht op G250-antigen expressie, tumor (pre)targeting, vascularisatie, vasculair
volume en vasculaire permeabiliteit (hoofdstuk 4). Maximale opname van het ^ I n gelabelde peptide in de verschillende, met bsMAb G250xDTIn-1 behandelde, RCC tumoren
varieerde enorm: van 54 ± 9 % ID/g met SK-RC-52 tumoren tot 278 ± 130 % ID/g met SKRC-1 tumoren. Opvallend was dat de opname van het radiolabel in de tumor niet
correleerde met het niveau van G250-antigen expressie op het tumorceloppervlak. Een
groot verschil in vasculaire permeabiliteit werd gevonden tussen de RCC tumoren: de
vasculaire permeabiliteit van SK-RC-1 tumoren was 3 χ groter dan die van SK-RC-52
tumoren (respectievelijk 159 ± 24 μΙ plasma/h/g en 53 ± 5 μΙ plasma/h/g). Deze resultaten
suggereren dat vasculaire permeabiliteit in belangrijke mate de targeting van de tumor
bepaalt.

Pretargeting experimenten waarbij gebruik werd gemaakt van intact bsMAb IgG gaven over
het algemeen betere resultaten dan wanneer gebruik werd gemaakt van bsMAb F(ab,)2126
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fragmenten. Om het effect van de bsMAb vorm (IgG versus F(ab')2) op de opname van het
bivalent peptide in de RCC tumor te bepalen zijn pretargeting experimenten uitgevoerd met
2 verschillende bsMAb vormen (hoofdstuk 5). De pretargeting van SK-RC-1 RCC met
bsMAb F(ab')2 (Mw 100 kDa) en met bsMAb IgG (Mw 150 kDa) werd geoptimaliseerd met
betrekking tot de bsMAb dosis en het optimale interval tussen de injectie van het bsMAb en
het

111

ln-gelabelde peptide. Onder geoptimaliseerde condities bleken opname en verblijftijd

van het

111

ln label in de tumoren, ongeacht de gebruikte bsMAb vorm, sterk

overeenkomstig. Het niveau van radioactiviteit in het bloed bleef laag bij een toenemende
dosis bsMAb F(ab')2 en steeg enigszins bij een hogere bsMAb IgG dosis. De resultaten
beschreven in dit hoofdstuk geven aan dat het gebruik van, middels recombinant DNA
techniek geproduceerde bsMAb constructen (zoals diabodies, minibodies of covalent single
chain Fv dimeer fragmenten) voor pretargeting mogelijk is. Dit zou de mogelijkheid bieden
om gehumaniseerde, met-immunogene, bsMAb constructen in pretargeting strategieën toe
te passen.

Voor pretargeten van carcinoembryonic-antigen (CEA) expresserende tumoren is een nieuw
bispecifiek (anti-CEA χ anti-DTPA(ln)) antilichaam ontwikkeld (hoofdstuk 6). De anti-CEA
pretargeting strategie is getest en geoptimaliseerd in LS174T tumordragende muizen.
LS174T tumordragende muizen werden met 10 pg bsMAb MN-14xDTIn-1 geïnjecteerd en
72 uur later werden verschillende radioactief gelabelde peptiden toegediend (111ln-,
99m

Tc-L-aminozuur peptide en

125

l-,

125

l-D-aminozuur peptide). De opname van de 4 radionucliden

in de tumor, 4 uur na toediening van de gelabelde peptiden, was vrijwel identiek. Beide
residualiserende radionucliden (111ln-L-aminozuur peptide en
lieten een hogere opname in de tumor zien dan de

125

l - en

125

l-D-aminozuur peptide)

99m

Tc-gelabelde L-aminozuur

peptiden. De veel snellere klaring van radioactiviteit uit de circulatie met de pretargeting
strategie zorgde ervoor dat de tumor / bloed ratios veel hoger waren dan de ratios die
gevonden werden met 111ln-gelabeld MAb MN-14. Daarnaast viel op dat na pretargeting de
opname van 111ln-gelabelde peptiden in CEA expresserende tumoren veel lager was dan de
opname in G250-antigen expresserende tumoren. In hoofdstuk 3 is eveneens het vasculaire
volume bepaald voor LS174T tumoren en dit bleek voor dit tumor model significant kleiner
(50 %) te zijn dan dat van de geteste niercel tumoren. Dit zou een mogelijke oorzaak zijn
voor de lagere opname van radionuclides in LS174T tumoren ten opzichte van de opname
in niercel tumoren.
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Samenvattend geven de studies beschreven in dit proefschrift aan dat tumoren met de
pretargeting strategie efficient kunnen worden getarget met radioactief gelabelde bivalente
peptiden Doordat het gelabelde peptide veel sneller uit de circulatie verdwijnt dan het lang
circulerend MAb, kunnen tumoren zeer snel na toediening van het radiolabel worden
gevisualiseerd Pretargeting vereist echter het zorgvuldig optimaliseren van de dosis van het
bsMAb en van het radioactief gelabelde peptide maar ook van het optimale interval tussen
de beide mjectaten De beschreven studies geven aan dat RCC tumoren, na toediening van
bsMAb G250xDTIn-1 en CRC tumoren, na toediening van bsMAb MN-14xDTIn-1, specifiek,
snel en efficient kunnen worden getarget met radioactief gelabelde peptiden Beide
onderzochte pretargeting systemen lenen zich uitstekend voor de toepassing van
verschillende radionucliden γ-emitters (ln-111, 1-123 en Tc-99m) en ß-emitters (Re-188 en
1-131) Het therapeutisch effect van RIT is afhankelijk van opname en verblijftijd van het ßradionuclide in de tumor enerzijds en de klaring van het radiolabel uit de circulatie
anderzijds Door gebruik te maken van protease resistente D-aminozuur peptiden wordt de
verblijftijd van het gejodeerd peptide in de tumor verlengd De verblijftijd van het radioactief
jodium in de tumor bleek zelfs langer dan die van het

111

ln-gelabelde L-ammozuur peptide

Vanwege de snelle klaring van het radioactief gelabelde peptide uit de circulatie zijn de
tumor / bloed ratios verkregen met pretargeting vele malen hoger dan die verkregen met
direct gelabelde MAbs
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Stellingen behorende bij het proefschrift
Pretargeted Radioimmunotargeting
with Bispecific
anti-tumor χ anti-DTPA(ln)
Antibodies
1

In tegenstelling tot met direct gelabelde antilichamen kunnen met de pretargeting
strategie tumoren 4 uur na toediening van de radioactief gelabelde peptide al duidelijk
worden gevisualiseerd (dit proefschrift)

2

De efficiency van pretargeted tumortargeting met radionuclide gelabelde bivalente
peptiden is onafhankelijk van de vorm van het bispecifieke antihchaam (IgG of
F(ab')2) (dit proefschrift)

3

Niet-residuahserende radionuchden kunnen residuahserende eigenschappen krijgen
door ze chemisch te koppelen aan residuahserende peptiden (dit proefschrift)

4

De effectiviteit van pretargeted tumortargeting correleert met per definitie met de mate
van antigeen-expressie op de tumorcellen, maar wordt mede bepaald door
fysiologische karakteristieken van de tumor (dit proefschrift)

5

(Pretargeted) radioimmunotherapie lijkt vooral geschikt voor de behandeling van kleine
tumorlaesies

6

De specifieke activiteit van het Re-188 gelabeld peptiden kan sterk worden verhoogd
door gebruik te maken van een geconcentreerd Re-188 eluaat

7

De pretargeting strategie kan gezien worden als een in vivo labeling van antilichamen
gelokaliseerd in de tumor (Boerman, J Nucl Med 2003 44 400-11)

8

Door de invoering van het gekozen burgemeesterschap kan, met de toepassing van
de nieuwe media als stemmen via internet en SMS, de carrièresprong 'van idols-ster
tot burgemeester' dichterbij komen

9

"An eye for an eye and a tooth for a tooth", zou zeker moeten gelden voor het
toekennen van beschikbare donororganen potentiële orgaandonoren krijgen voorrang
boven met geregistreerden

10

Het hanteren van puntbronnen voor het berekenen van noodzakelijke maatregelen
voor afschermingen van gammastraling, in het kader van patiëntenzorg, leidt tot
onnodig gebruik van lood en beton

11

De kijkwijzer zou bij de huidige muziekzenders gezien de in de videoclips getoonde
beelden continu 16+ moeten aangeven, wat een negatief kijkadvies zou betekenen
voor het overgrote deel van de kijkers

Frank G van Schaijk
Nijmegen, 25 april 2005

