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ABSTRACT

Targeted therapy for cancer treatment using cytostatic drugs and radionuclides is becoming an
increasingly important tool in clinical oncology. Much research is focused on the development
of effective tumour targeting compounds. The present study describes the construction of
dextran based tumour targeting conjugates and examples of their applications in oncology.
The behaviour of charge-modified dextran was investigated in patients with superficial urinary
bladder cancer. Cationic dextran showed a strong tumour selective accumulation indicating
possible to use it as a vehicle for therapeutic compounds. Epirubicin was coupled to the
cationic dextran resulting in a cytotoxic formulation. The cationic epirubicin-dextran
conjugate was tested in vitro and showed a marked inhibitory effect on the growth of three
human bladder cancer cell-lines. Interestingly, the cationic moiety of the conjugate enhanced
the inhibitory effect. The cytotoxicity of cationic epirubicin-dextran was comparable to free
epirubicin.

To allow rhenium-188 chelation, cysteine was coupled to dextran resulting in free sulthydryl
side-groups. The cysteine-dextran was labelled with 'Re using '®®Re-gluconate as
transchelator. The labelling efficiency was 60-70%, and radiochemical purity was > 95%. In
the presence of an antioxidant, the '**Re-dextran had a high stability.

The **™Tc-tricabonyl method was adapted for tecnetium-99m labelling of a somatostatin-
dextran conjugate. The in vitro stability of the labelled conjugate was evaluated by size-
exclusion high performance liquid chromatography (HPLC). The labelled conjugate interacted
with serum protein (~30% of radioactivity was associated with serum protein after 24 h
incubation at 37°C).

The biodistribution and blood half-life of somatostatin-dextran’® were investigated in normal
mice. The results showed enhanced plasma half-life, ~27 h after subcutaneous administration.
The biodistribution showed uptake in liver, spleen and kidneys indicating the route of
digestion and excretion. The conjugate showed high somatostatin receptor-binding affinity
when tested in vitro on rat brain cortex membranes.

The different dextran conjugates described in this study have a potential of becoming tools in
clinical oncology, such as the cationic dextran derivatives for superficial bladder cancer and
radioactive/non-radioactive somatostatin-dextran for systemic tumour targeting. The clinical
relevance of non-radioactive somatostatin-dextran’® in the treatment of somatostatin receptor

positive tumours is currently being investigated in clinical phase I-1I studies.
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ABBREVIATIONS

BFCA
BSA
CDAP
cpm
DTPA
Dx
EGF
HPLC
ICso
ITLC
kDa
MAG;
MBq
MMCD
PBS
s.C.
sms
smsr
SPDP
Tris

bifunctional chelating agent

bovine serum albumin
1-cyano-4-dimethylaminopyridinium
counts per minute
diethylenetriaminepenta-acetic acid
dextran

epidermal growth factor

high performance liquid chromatography
concentration causing 50% inhibition
instant thin-layer chromatography

kilo dalton

mercaptoacetyltriglycine

Mega Becquerel (10° Bq)
dextran-mitomycin C

phosphate buffered saline solution
subcutaneous

somatostatin

somatostatin receptor
N-succinimidyl-3-(2-pyridyldithio) propionate

tris (hydroxymethyl)aminoethane



1. INTRODUCTION

1.1 Purpose of the present study

Dextran has been in clinical use for several decades, and its pharmacological and biological
properties are well documented. It can be modified (chemical activation) allowing coupling of
compounds that can be of medical interest. An interesting and potentially useful property of
such dextran conjugates is that biologically active substances are given a prolonged in vivo
half-life. Dextran may also act as a carrier for pharmaceutical drugs, e.g. cytostatic drugs or
radionuclides. An attractive strategy in the development of compounds for tumour targeting in

cancer therapy is to use dextran as a construct backbone.

The present study describes the construction of dextran based tumour targeting conjugates and
examples of their applications in oncology. Four amino acids, a cytostatic drug, a
neuropeptide and different radionuclides were the components of the different conjugates.
The purpose of the study was to construct dextran based conjugates with a potential of

becoming tools in clinical oncology.

1.2 Tumour targeting

Conventional cancer treatment, i.e. surgery, chemotherapy, and external beam radiotherapy
continues to play a primary role in cancer therapy. However new approaches are becoming
increasingly important, e.g. specific delivery of cytotoxic substances to cancer cells causing
minimal damage to healthy tissue is an attractive approach in cancer therapy (“tumour
targeting”). Tumour targeting means that a specific ligand carrying cytotoxic agents is
delivered selectively to the tumour tissues due to its inherent specificity for the tumour. The
ligand can also target tumour tissues by physicochemical or other mechanisms. The damage
to healthy tissues is limited while the tumour tissues are optimally sterilised. In general, the
targeting conjugate is administrated intravenously; however, local or intratumoural
administrations may also be considered (Wahl et al., 1988; Perkins et al., 1989; Hird et al.,

1990; Wang et al., 1998).

For targeting to be effective, specific markers or structures (i.e. targets) that do not exist on

normal cells, or are present in very low amounts, need to be expressed by the tumour cells.
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Targeting molecules may be directed against these targets. Examples of such a system are
monoclonal antibodies directed against tumour-associated antigens, natural peptides or

glycoproteins, which bind to specific rcceptors on the cancer cell surface.
1.2.1 Receptors as tumour targets

Paul Ehrlich first introduced the term “receptor” to describe the interaction of the tetanus
toxin with its specific protoplasmic site (Ehrlich and Heter, 1904). He also speculated that the
molecules with affinities for certain organs could transport therapeutically active substances
to the target organ. Traditionally, biochemists define receptors as entities that can recognise a
receptor ligand with high allinity and selectivity. The rcceptors are usually proteins that are
embedded in a doubie iayer of lipid molecules, the ccli membrane, which separatcs the
extracellular environment from the intracellular compartment (Bretscher, 1985). Since there
are only a few structural determinations of receptors, a receptor is often characterised by its
biological properties, including high ligand attinity, specificity, saturability, and distribution
in relation to the physiological response (Eckelman, 1994). In general, the receptor protein is
present in a limited concentration (10° — 107" M per gram of tissue) (Eckelman, 1992;

Langstorm and Hartvig, 1992).

In a multicellular organism, receptors fulfil important functions, i.e. they act as a “molecular
antennae” in the communication between cells and specific ligands. When a ligand is attached
to the specific receptor protein on the outside of the target cell, the signal is transduced
through the membrane by a family of guanyl nucleotide regulatory binding proteins (Gilman,
1987). After ligand binding, these become active due to a change in conformation, resulting in
activation or inhibition of a number of specific second messengers and proteins. They in turn
activate or inhibit a characteristic cellular process such as contraction, secretion, metabolism

or growth (Berridge, 1985).

A wide range of biological actions is mediated by specific receptors. Some specific receptors
are expressed in many different tissues, i.e. normal and tumour tissue. In some cases, tumours
express receptors in higher densities than normal tissues. Recent studies show that a variety of
receptors with high affinity for regulatory peptides or other ligands are over-expressed on

tumour cells. Such as somatostatin receptors (Reichlin, 1983), vasoactive intestinal peptide
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receptors (Reubi, 1995), substance P receptors (Hennig et al., 1995), alpha-melanocyte
stimulating hormone receptors (Eberle et al., 1993), and epidermal growth factor (EGF)
receptors (Liberman et al., 1984). Over-expressed tumour specific receptors represent

potential molecular targets for selective delivery of therapeutic compounds.

1.2.2 Targeting molecules

When using a receptor as tumour target, the ligand itself or a receptor specific monoclonal
antibody can be chosen as the tumour-targeting molecule. Antibodies may have high receptor
binding affinity and high specificity. They are in fact dominating as vehicles in tumour
targeting (Bale and Spar, 1967; Gregoriadis, 1977; Ghose and Blair 1978; Goldenberg, 1988;
Parker, 1990; Pietersz, 1990). However, monoclonal antibodies have some disadvantages, e.g.
they show poor penetration into solid tumours due to their high molecular weight (Wheldon
and O’Donoghue, 1990). Clinical studies with radiolabelled antibodies have often
demonstrated limited accumulation in the target and relatively slow blood clearance, resulting

in only modest target-to-background ratios (Vaughan et al., 1987).

Compared to antibodies, small peptides offer several advantages. Peptides are necessary
elements in fundamental biological processes. In many cases the binding affinity of peptides
are higher than that of antibodies and their fragments (Fischman et al., 1993). Peptides often
tolerate chemical modification better than antibodies (McAfee and Neumann, 1996).
Therefore they usually remain active after modification. Additionally, they are less likely to
be immunogenic and they show rapid blood clearance. All these factors make peptides
interesting candidates for use in tumour targeting constructs. However, there are also
disadvantages, e.g. they often have short in vivo half-life due to enzymatic degradation. When
doing direct conjugation with bifunctional chelating agent (BFCA) and radiolabelling they

may loose some of their receptor binding affinity.
1.2.3 Somatostatin and its receptors
Somatostatin (sms) is a natural cyclic disulphide-containing peptide hormone having 14 or 28

amino acids. It is found in a number of organ systems, such as the central nervous system, the

hypothalamus pituitary system, the gastrointestinal tract, the exocrine and endocrine pancreas
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and the immune system. Somatostatin is an important regulating peptide, which exerts
inhibitory effects on the secretion of growth hormones (Reichlin, 1983). The somatostatin
receptors (smsr) are over-expressed on most human cancers, e.g. small cell lung cancers,
breast tumours, brain tumours, lymphomas, prostate cancer etc. (Reubi et al., 1990). Until
now, five different human somatostatin receptor subtypes, smsrl-smsr5, have been cloned and
characterised (Reisine and Bell, 1995). Natural somatostatin has too short a biological half-
life (< 3 min) to be clinically useful. Therefore many somatostatin analogues with extended
half-life have been developed. The most well known and clinically established is the
octreotide, a cyclic octapeptide with an improved specificity and a half-life of about 90 min
(Bauer et al., 1982; Weckbecker et al., 1992). Recently it was reported that “octreotate”, the
carboxylic acid derivative of octreotide, offers improved pharmacological properties and

could thercfore be an interesting alternative to octreotide (De Jong et al., 1998).

1.3 Conjugate design

A tumour-targeting compound often consists of three basic parts, i.e. targeting molecule,
carrier, and drug. The targeting molecule serves as the tumour specific moiety, the carrier as
the vehicle, and the drug as the therapeutic moiety. Examples are macromolecules, such as
antibodies (both targeting molecule and carrier) and its fragments, or small biomolecules like
peptide constructs and other synthetic constructs. Drug in this context has a general meaning,
i.e. toxin, chemotherapeutic agent, or radionuclide. The different parts of a targeting conjugate
are linked together by chemical methods, e.g. a drug linked directly to the peptide, or a drug
coupled to a spacer that is linked to the peptide. The linker between two parts can be a simple
hydrocarbon chain, polymer, or bifunctional chelating agent (BFCA) depending on the nature

of the constituents.

The choice of chemical method should be based on appropriate criteria, for example, the
naturc of the rcactive groups on the targcting molcculc and the drug, the in vivo stability of
the conjugate etc. The possibility of polymer formation during the coupling reaction and

possible adverse effects on the biological activity of conjugate need also to be considered.

The reactive groups in antibodies and peptides that can be used for modification are found in

the side chains of the amino acids. They include amino, carboxyl, disulphide, hydroxyl,
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imidazol, phenol, and thiol groups. The most widely used are carboxyl and amino groups.
Some reactive groups may also be introduced to antibodies by the use of heterobifunctional
cross-linkers (Means and Feeney, 1990). These methods have been applied most frequently in
protein conjugation, e.g. the use of N-suucinimidyl-3 (2-pyridyldithio) propionate (SPDP) for

the linking of toxins to antibodies (Carlsson et al., 1977).

In order to increase the number of drug molecules that can be carried by targeting molecules,
inert spacers or intermediaries can be used. The drug is reacted with the intermediary and the
resulting complex is then coupled resulting in the targeting conjugate. Several intermediaries
have been used, e.g. modified dextran (Rowland 1977; Manabe et al., 1984), poly-amino

acids (Kato et al., 1984), and human serum albumin (Pietersz et al., 1988).

When the drug is a chemotherapeutic agent with low molecular weight, its functional groups
require careful consideration in order to preserve the drug activity (Pietersz, 1990). The
carboxyl group has often been used because it allows mild coupling methods, e.g. the water-
soluble carbodiimide, which links the carboxyl group with a free amine group of the
counterpart (Hurwitz et al., 1975). Other useful reactive groups include amino, hydroxyl, and
vicinal dihydroxyl groups. Incorporation of functional reactive groups to drugs may also be

possible, e.g. by introduction of protected thiols using SPDP.

When the drug is a radiometal, the bifunctional chelating agent (BFCA), which strongly
coordinates to metal ion, is attached to the targeting molecule. The resulting conjugate can
subsequently be labelled with the appropriate radioactive metal ion, e. g. coupling of DTPA to
antibodies and subsequent labelling with '''In (Hnatowich et al., 1983). The selection of

BFCA is largely determined by the nature and oxidation state of the radiometal.

Antibodies and peptides have been radiolabelled with reduced technetium-99m. Two labelling
methods have been used, the direct method and the bifunctional chelates method. In the direct
method, reduced *™Tc is bound to sulfhydryls produced by the reduction of disulphide
bridges in an antibody or a peptide (Thakur et al., 1993). This method is easy to carry out.
However, very little is known about the number of donor atoms and the coordination
geometry around the Tc centre. There is little control over the stability of the **™Tc complex

(Eckelman, 1990). This method applies only to antibodies, antibody fragments and some
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peptides, since small peptides do not always have disulphide bonds or in some cases the

disulphide bond may be essential for the biological activity.

Examples of bifunctional chelators are DTPA (Lanteingne and Hnatowich, 1984), N,S, (Rao
et al., 1990), N3S (Fritzberg et al., 1988), BATOs (Linder et al., 1991) and HYNIC (Abrams et
al., 1990). These BFCAs can be used in two ways; the prelabelling approach and the
postlabelling approach. In the prelabelling approach, the BECA is labelled with **"Tc first and
then conjugated to an antibody or a peptide (Fritzberg et al., 1988). In this approach, the
chemistry is better defined, and the protein or peptide is not exposed to the adverse conditions
that might be used in the chelation step. However, it is too complex and time-consuming for
routine clinical use. In the postlabelling approach, a BFCA is covalently attached to an
antibody or a peptide (o form a conjugate and then radiolabelled with **™Te. This approach
combines the ease of direct labelling with well-defined chemistry of the preformed chelate

approach. Indirect labelling is thus the most practical method.

The technetium core determines the design of the BFCA framework and the choice of donor
atoms. Most of *"Tc complexes are based on Tc(V)oxo or octahedral Tc(III) cores
(Johannsen and Spies, 1996). The organometallic low-oxidation state **"Tc agent is less
common, but the Tc(I) oxidation state has particular advantages due to the kinetic inertness
inherent in its low-spin d° configuration (Salmain et al., 1993; Top et al., 1995). The
convenient and fully aqueous synthesis of [**™Tc(OHa);(CO);]", Te(I) core has recently been
developed (Alberto et al., 1998). The three water molecules coordinated to the highly inert
#MTe(CO); core are readily substituted by a variety of functional groups such as amines,
thioethers, thiols and phosphines (Resigys et al., 1998; Alberto et al., 1999; Schibli et al, 1999;
Pietzsch et al, 2000). The **™Tc(CO); core has been used to label derivatized antibodies and
peptides to form in vivo stable radioconjugates (Egli et al., 1999, Waibel et al, 1999).

Reduced technetium also forms stable complexcs with carbohydrates (Dc Kicvet, 1981).
Since the chemistry of rhenium is similar to that of technetium, it may be possible to adapt
some of the labelling methods that have been developed for **"Tc. However, the synthesis of

rhenium complexes is considerably more difficult because rhenium is more prone to

reoxidation and transchelation (Deutsch et al., 1986).
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Also other metallic radionuclides have been used to label antibodies or peptides by the BFCA
approach, e.g. "' (Bakker et al., 1991), Ny (De Jong et al, 1997, Otte et al., 1997), S4cu
(Anderson etal., 1995), and ’**Ga (Smith-Jones et al., 1994).

Radioiodine can label antibodies or peptides through their existing tyrosine residues using the
Chloramine-T method (Greenwood et al., 1963) and lodogen method (Salacinski et al., 1981).
If tyrosine residues are missing, radiolabelling is carried out via lysine residues by using the
Bolton-Hunter reagent, which is a radio-iodinated tyrosine linked with a N-

hydroxysuccinimide ester reactive with amine side groups (Bolton and Hunter, 1973).
1.4 Dextran

Dextran is a synthetic polymer of a-D-glucose, presenting 95% of a-1,6-linked linear glucose
units with 5% of a-1,3-linked moieties as side chains. A part of a dextran chain is shown in
Figure 1. The dextran is synthesised from sucrose by microorganisms of the lactobacillus
family or by cell-free systems containing dextran sucrase. The native dextran is a mixture of
polymers of different molecular weights ranging from oligo- to macropolysaccharides.
Fractions of dextran with a narrow molecular weight range are produced by acid or alkaline
hydrolysis of the native dextran mixture, and then by repeated fractionation and precipitation
of the hydrolysate (Molteni, 1979; Schacht, 1987). The term “weight average molecular
weight” is normally used to define dextran. This means that the average molecular weight of
the macromolecules is determined in proportion by weight (Molteni, 1979). Dextrans with

broad and narrow average molecular weights are commercially available.

on o

on

Figure 1. The structure of dextran chain
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Dextrans are uncharged and freely soluble in aqueous solution. They are very stable in
solution. Dextrans are inert in biological systems and do not affect cell viability. Dextran has
been clinically used as a plasma expander to improve blood circulation, to prevent blood

platelet aggregation and as blood substitute for several decades (De Belder, 1990).

Dextran has low immunogenicity. Clinical dextran (40 and 70 kDa) does not stimulate
formation of antibodies. However, immunogenicity increases with increasing molecular
weight and the degree of branching of the polysaccharide chain (Schacht, 1987). The risk of
side effects when using clinical dextran is now very low. In very rare cases, anaphylactic
reactions have occurred and to prevent this a dextran hapten (m.w. 1000) was given prior to

the injection of clinical dextran.

The fate of dextran in the blood circulation depends on its molecular weight. The dextran
40kDa is completely excreted through the kidneys within 48 h. Dextran above the kidney
threshold (~50 kDa) can remain in the blood circulation for two or three days and is slowly
oxidised (Molteni, 1979; Schacht, 1987). Eventually they are internalised by the
reticuloendothelial system (RES) where they are slowly degraded to glucose units by

dextranases (Molteni, 1979).

Because of excellent physicochemical properties and numerous reactive hydroxyl groups
available for drug fixation, dextran has been used as a macromolecular carrier of drugs,
enzymes, hormones, and antibodies (Molteni, 1979). The aims of conjugation to dextran
might be to prolong in vivo half-life, to increase the stability in vivo, to facilitate targeting of a

drug, or to decrease antigenicity of the protein moiety.

Different methods have been developed for chemical modification, i.e. activation of the
hydroxyl groups in the dextran, making them reactive towards ligands with the appropriate

function group.

One method employs cyanolating agents such as cyanogen bromide (CNBr) or l-cyano-4-
dimethylamino pyridinium (CDAP) (Kagedahl and Akerstrom, 1970; Kohn and Wilchek,
1984). The dextran is activated with CDAP or CNBr to yield cyanate esters and

imidocarbonates that react with primary amines of a ligand to form isourea bonds. The most
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frequently used method is the periodate oxidation method (Foster, 1975; Bernstein et al.,
1978; Hurwitz et al., 1978). Dextran is activated with sodium periodate to yield aldehydes
that can react with amines of a ligand to form unstable Schiff bonds. The Schiff bonds are
reduced with cyanoborohydride to form stable amine bonds (Borch et al., 1971). Both of
these common methods have advantages and disadvantages. All cyanogen bromide based
methods are more or less toxic and may be difficult to control when activating a soluble
polymer like dextran resulting in unwanted cross-linking. The periodate oxidation method is
mild, and the polyaldehyde-dextran is relatively stable in aqueous solution, but requires a

second step, reductive amination.

1.5 Dextran conjugates
1.5.1 Conjugates with drugs

Dextran has been used in tumour targeting for therapeutic applications (Bernstein et al., 1978;
Hurwitz, 1983). The approach has been both “passive” targeting and specific targeting.
Passive targeting means the targeting depends on unspecific interactions (Maeda et al., 1992;
Seymour, 1992), and specific targeting means dextran-drug conjugates coupled to tumour
specific moieties (Noguchi et al., 1992). The drugs utilised were different chemotherapeutic

agents.

Several drugs have been coupled to dextran, alone or in association with antibodies (Bernstein
et al., 1978; Kojima et al., 1980; Hurwitz, 1983; Manabe et al., 1984; Sezaki and Hashida,
1984; Takakura et al., 1987a; Heindel et al., 1990; Noguchi et al., 1992). For example,
daunomycin, doxorubicin, methotrexate, and mitomycin C have been coupled to dextran and

tested as polymeric chemotherapeutic agents.

In the late 1970s, Bernstein showed that dextran coupled to daunomycin, produced a
conjugate with greater therapeutic activity than the free drug and with decreased toxicity
(Bernstein et al., 1978), subsequently, doxorubicin was coupled to dextran 70 kDa. The
conjugate had higher plasma concentration, persisted longer in the circulation and an

improved therapeutic efficacy compared to the free drug (Fujita et al., 1991).
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Methotrexate-dextran conjugates have been tested on mice inoculated with L1210 tumour
cells. The conjugates were significantly more effective. The ability of macromolecules to
remain in the peritoneal cavily hias been postulated as an important factor for their action

(Sezaki and Hashida, 1984).

The chemical properties of dextran-drug conjugates are of importance for their ability to
target tumours in vivo. Studies have revealed that the electric charge and molecular weight of
the dextran drug conjugate affects its pharmacokinctic bchaviour (Takakura ct al., 1987a, b).
Dextran-mitomycin C (MMCD) conjugate with a cationic charge exhibited a high affinity for
cell surface in vitro and showed stronger cytotoxicity compared with free mitomycin C or
anionic MMCD conjugate. It is more suitable for local than for intravenous administration
because of rapid removal from circulation, due to interaction with the reticuloendothelial
system (RES). When the conjugates were injected intravenously, the corresponding anionic
MMCD conjugate had a longer circulation time due to less interactions with RES. This
resulted in higher tumour accumulation. It showed a stronger anti-tumour effect on the
subcutaneous S-180 tumour in mice than an equitoxic dose of free mitomycin C (Takakura et

al., 1987a, b).

The anionic MMCD was also conjugated to a monoclonal antibody mAb A7 to enhance the
delivery of mitomycin C to the target tumour tissues. The pharmacological activity of
mitomycin C in A7-MMCD conjugate was preserved. In addition, A7-MMCD exhibited
about a 14-fold greater cytotoxicity than anionic MMCD (Noguchi et al., 1992).

Other examples of dextran-linked drugs coupled to antibodies are cytosine arabinoside

(Hurwitz et al., 1985), bleomycin (Manabe et al., 1983), and chlorin e¢ (Oseroff et al., 1986).

1.5.2 Conjugates with peptides

Dextran protects conjugated drugs and polypeptides from biodegradation (Sherwood et al.,
1977; Melton et al., 1986). This may be an important advantage, enabling the use of peptides
with short in vivo half-lives coupled to dextran for tumour targeting applications. For
example, epidermal growth factor (EGF) and somatostatin have been coupled and tested as

prototypes of tumour targeting compounds. The dextran moieties provide a spacer to attach
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therapeutic radionuclides or other cytotoxic substances at a suitable distance from the antigen-

or receptor-binding site.

The EGF-dextran conjugate bound specifically to EGF receptors on cultured glioma cells and
showed prolonged blood retention time compared to free EGF, especially when the dextran
chain was long (Andersson et al., 1991; Lindstrom and Carlsson, 1993). The EGF-dextran
conjugates were radiolabelled with "°Br for positron emission tomography (Zhao et al., 1999)
and with *'I for radionuclide therapy of EGF-receptor expressed tumours. "°'I radiolabelled
EGF-dextran conjugate was to a large extent internalised in tumour cells, and the associated
radioactivity was retained inside the cells for at least 20-24 h. Therapeutic effect improved
compared with native EGF (Andersson et al., 1992). The boron compound, sulthydryl boron
hydride has also been coupled to EGF-dextran for the boron neutron capture therapy
application (Gedda et al., 1996). However, with therapeutic amounts of boron atoms coupled
to the EGF-dextran, there are significant problems associated with preserving EGF receptor

binding activity.

The somatostatin-dextran conjugate retained specific binding to somatostatin receptors and
showed a strong enhancement of the in vivo half-life (Holmberg et al., 1994, 1995a). The
dextran protected the peptide moiety from enzymatic degradation. This conjugate has also

been radiolabelled with **Tc via the dextran spacer (Holmberg et al., 1995b).

The insulin-dextran conjugate showed increased plasma half-life compared to free insulin.
The mean absorption time of the insulin-dextran conjugate was not significantly different
from that of free insulin. The insulin receptor-binding constant of the conjugate compared

well with that of native insulin (Baudys et al., 1998).

1.5.3 Other dextran conjugates

Dextran-DTPA-Gd*" has been used as contrast agents for nuclear magnetic resonance
imaging with good paramagnetic properties and long intravascular persistence (Rebizak et al.,
1997, 1998). Radiolabelled dextran with **™Tc has been used for angiocardiography and
lymphoscintigraphic applications (Henze et al., 1982a, b). Recently, its application has been

extended to diagnosis of intestinal inflammation (Lahoti et al., 1999).
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AIMS OF THE STUDY

To investigate the behaviour of charge-modified dextran after intravesical instillation in

patients with supertficial urinary bladder cancer.

To develop a cytotoxic formulation of cationic dextran using three human urinary bladder

cancer cell-lines.

To develop a simple and reproducible method for labelling dextran derivatives with

rhenium-188.

To develop an alternative method for labelling somatostatin-dextran conjugates with

technetium-99m.

To investigate the in vivo properties of somatostatin-dextran’® conjugates in normal mice

and evaluate its in vitro receptor binding properties.
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3. MATERIALS AND METHODS
3.1 Chemicals and reagents

Freeze-dried dextran with a mean molecular weight of 40 kDa or 70 kDa was used as
conjugate backbone (Centre for Surface Biotechnology, Uppsala, Sweden). Sodium
metaperiodate (Merck AG, Darmstadt, Germany) was used for dextran activation. Sodium
cyanoborohydride (Chemicon, Stockholm, Sweden) was used for reductive amination. L-
lysine, L-cysteine, L-histidine, taurine (Merck-Schuchardt, Darmstadt, Germany), epirubicin
(Pharmacia & Upjohn, Stockholm, Sweden) and somatostatin (Ferring, Arnzneimittel,
Germany) were used for dextran conjugation. '**I-Bolton-Hunter regent was obtained from
Amersham International (Buckinghamshire, Great Britain). P"Te and ¥ Re were eluted from
alumina-based *’Mo/*”™Tc and "*W/'"**Re generator with saline solution, respectively
(manufactured at MAP Medical Technologies Oy, Finland). All other reagents were
purchased from commercial suppliers and were of analytical grade and used without further

purification.
3.2 Conjugate preparation
3.2.1 Activation and conjugation procedures

All the conjugates described in this thesis were synthesised based on the dextran periodate
oxidationmethod. The activation and conjugation procedures for each conjugate are described
in detail in papers I-V. Briefly, 20 mg of dextran were dissolved in 1.0 ml 0.1 M sodium
acetate buffer at pH 5.5. Thereafter, 6.0 mg of sodium periodate was added, the solution was
then incubated under a magnetic stirring in the dark at room temperature. The reaction was
allowed to process for 5-16 h. After incubation, the activated dextran was purified on a PD-10
disposable Sephadex G25 column (Pharmacia Amersham Biotech AB, Uppsala, Sweden)
equilibrated with buffer solution. To 10 mg of activated dextran in 1.0 ml buffer solution, the
conjugated ligand (see Table 1), 2.0 mg of sodium cyanoborohydride were added. The
solution was incubated with gentle shaking in the dark at room temperature or at 5°C for 5 -
24 h. Finally, the reaction mixture was purified on a PD-10 column. The conjugates prepared

in this study are summarised in Table 1. Column A lists the dextran molecular weight and
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aclivation titne, Colutn B lists the ligand solutions (o which the activated dextran was added.
In column C, the solution added to the conjugation vials after the respective incubation times
given. Total conjugation time is obtained by addition of incubation times given in columns B

and C (in parenthesis).

Table 1. Summary of the conjugates used in papers I-V.

Conjugate A B C

Paper I

Lysine-Dx* (cationic) Dx** (24 h) lysinel (24 h)

Taurine-Dx*° (anionic) Dx* (24 h) taurine' (24 h)

Paper I1

Lysine-Dx4O (cationic) Dx* (18 h) lysine2 (5h)

Epirubicin-Dx* Dx** (18 h)  epirubicin® (18 h)
Epilubicin-Dx4O-lysine (cationic)  Dx™ (18 h) epimbicin2 (18 h) lysine2 (3 h)
Paper 111

Cysteine-Dx70 Dx" (5 h) cysteine1 (16 h)

Paper IV

Somatostatin-Dx**-histidine Dx* (15h) somatostatin® (4 h) histidine® (3 h)
Somatostatin-Dx* Dx* (15h) somatostatin® (4 h)

Paper V

Somatostatin-Dx’’-taurine Dx’ (15h) somatostatin® (4 h) taurine’ (3 h)

1. ligandin 0.1 M pH 8.2 NaHCO3 bufter, incubated at room temperature
2. ligandin 0.1 M pH 6.5 sodium acetate buffer, incubated at room temperature

3. ligand in 0.2 M pH 6.0 sodium acetate buffer, incubated at 5°C

3.2.2 Conjugate analysis

3.2.2.1 Dextran determination

The dextran content of the conjugate was determined by using the Anthrone method (Scott
and Melvin, 1953). A standard solution was prepared contained 5 —100 pg/ml dextran. To 1.0

ml of purified conjugate was added 2.0 ml of Anthrone reagent. The blue-green colour formed

was compared with that of the standards.
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3.2.2.2 Determination of ligand concentrations

The content of epirubicin (paper II) and somatostatin (papers IV and V) in the dextran
conjugate was determined by UV spectrophotometer at 280 nm. The standard curves were
prepared. The conjugate sample was measured at the same absorbency, compared with the

standards, and the ligand concentration of conjugate was determined.

The sulfhydryl concentrations in cysteine-dextran70 conjugate (paper 11I) was determined with
Ellamn's reagent, 5,5'-dithio bis(2-nitrobenzoic acid) (DTNB), in a colorimetric assay
(Ellman, 1959). The conjugate samples were incubated with an excess of DTNB and the
absorbency at 412 nm was measured after 20 min. Absorbency readings were correlated with

a standard curve generated from a series of cysteine standards (8 -80 pM).
3.3 Radiolabelling of conjugates
3.3.1 Radiolabelling with *™Tc¢

The charge-modified dextran conjugates (paper 1) were labelled with *™Tc as previously
described (Holmberg et al., 1995b). Briefly, to 0.5 ml of conjugate (100 pg dextran) in 0.15 M
NaCl solution was added 40 pg of SnCl; in 10 pl of ethanol. After mixing, 150 MBq of
PmTe0, solution was added, and the solution was incubated for 15 min at room temperature.
After incubation, the radiolabelled conjugate was purified on a PD-10 column (eluted in 0.15

M NaCl). The eluate was sterilised with 0.22 pum filter and diluted in 150 ml saline.

The somatostatin-dextran-histidine conjugate was labelled with *™Tc by using **™Tc(CO);
core, based on technetium organometallic chemistry (paper IV). The organometallic precursor
#MTc(CO)s was prepared according to a published procedure (Alberto et al., 1998). A 0.5 ml
of somatostatin-dextran-histidine conjugate (5.0 mg/ml in 0.2 M acetate buffer pH 6.0) was
mixed with 0.5 ml of an aqueous solution of PMTe(CO);3. The solution was incubated for 30
min at 37°C under nitrogen atmosphere. After labelling, the radiolabelled conjugate was

purified on PD-10 column. More details of the method are described in paper IV.
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3.3.2 Radiolabelling with "*Re

The cysleine-dealian conjugate was labelled with " Re by a Ganschelation method using
"% Re-gluconate as transchelator (paper I1I). Complexation of '®*Re was achieved with the
sodium gluconate in 0.2 M sodium acetate buffer at pH 5.0. Reduced '®Re in 0.5 M gluconate
were transchelated to the cysteine-dextran conjugate in 0.2 M sodium acetate at pH 5.5 by
incubating equivalent volumes in a sealed vial at room temperature for 90 min. This was
followed by filtration through a 0.22 pm filtcr. Purification of thc final product, '**Rc-
cysteine-dextran, was achieved by using a PD-10 column. To the purified 188Re-cysteine-
dextran was added 0.5 ml ascorbic acid solution (120 mg/ml in saline solution) to protect the

conjugate from radiolysis. The details of labelling methods are presented in paper III.
3.3.3 Radiolabelling with ">

The radiolabelling of somatostatin-dextran’’~taurine conjugate (paper V) with '*°’I was
performed according to Bolton-Hunter method (1973). Brietly, the conjugate was dissolved in
a 0.2 M borate buffer pH 8.5. Five hundred puCi of '*’I-Bolton-Hunter reagent were added to
100 g of the conjugate in 500 pl borate buffer and incubated at room temperature for 30 min.
The reaction was terminated by adding 500 ul 0.1 M phosphate buffer pH 7.0 containing
0.05% Tween 20. The solution was purified on a PD-10 column. The eluate was sterile-
filtrated with 0.22 pm filter. The radiolabelling of Tyr*-octreotide with '*°I was performed by
chloramine-T method as described previously (Bakker et al., 1990). The details of labelling

methods are described in paper V.
3.3.4 Quality control

The techniques used for quality control of radiolabelled conjugates in the present study are
instant thin-layer chromatography (ITLC, Gelman Science Inc., Ann Abbor, MI) with 85%
methanol as eluant, size exclusion chromatography (PD-10 column) and high performance
liquid chromatography (HPLC). A size-exclusion HPLC was carried out on a Superdex 200
HR 10/30 column (Pharmacia Biotech AB, Uppsala, Sweden) with 0.05 M sodium phosphate

buffered saline solution at pH 7.4 as a mobile phase. The apparatus was Gilson system (USA)
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with a Jasco UV-975 for the absorbency detection and a radioactive detector (Bioscan, USA).

The details of the methods are presented in papers 111, IV and V.
3.3.5 Stability of the *"Tc and '**Re radiolabelled conjugates

The in vitro stability of **"Tc and '**Re labelled conjugates were determined using cysteine
challenge assay as previously reported (Hnatowich et al., 1994). Briefly, a fresh cysteine
solution in phosphate buffered saline at pH 7.0 was prepared and serially diluted with the
same buffer. The different amounts of radiolabelled conjugate in cysteine solution were
incubated at 37°C for 1 h. After incubation, each solution was analysed by size-exclusion
chromatography (PD-10 column) or ITLC (85% methanol as solvent). The details of the

methods are described in papers III and IV.

The stability of **Tc labelled somatostatin-dextran-histidine conjugate in serum was
determined by size-exclusion HPLC (paper IV). Typically, 500 pl of radiolabelled conjugate

was added to 500 pl fresh human serum. The solution was incubated at 37°C, and samples

were taken at different time points for HPLC analysis (5 min — 24 h).

3.4 In vitro testing

3.4.1 Cytotoxic effect of cationic dextran (paper 1I)

The cytotoxic effect of cationic dextran derivatives on urinary bladder cancer cell-lines was
investigated by using a fluorometric cytotoxicity assay as described by Larsson and Nygren
(1989). Briefly, three human bladder cancer cell-lines J82, TCCsup and 5637 (ATTC,
Manassas, USA) were used. About 10,000 cells in culture medium were seeded into the wells
of flat-bottomed 96-well microtiter plates (Falcon, Becton Dickinson, Meylan, France).
Dextran, cationic dextran, cationic epirubicin-dextran, epirubicin-dextran and epirubicin (at
equimolar concentration) were added at two concentrations, 6 M and 12 pM. After 72 h of
incubation the microtiter plates were centrifuged (200 g for 3 min), and the medium was
removed. The cells were washed once with 0.15 M phosphate buffered saline at pH 7.4. A
200ul of fluorescein diacetate (Sigma, Sweden) solution in PBS (10 ug/ml) was added to each

well. The plates were then incubated for 30 min at 37°C. The emitted fluorescence of the
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samples was counted with a scanning fluorometcr {Fluoroscan 2, Labsystems, Finland}). The

data were transferred to a Macintosh SE computer and the results were calculated.
3.4.2 Receptor-binding assay of somatostatin-dextran’® (paper V)

The radioligand binding studies were performed as described previously (Maina et al., 1994).
Briefly, the rat cortex membranes were diluted to 50 ug protein per assay tube with binding
buffer (50 mM Tris-HCI, pH 7.5; 2 mM MgCl,; 0.5% BSA; 1.0 pg/ml aprotinin). Binding
assays consisted of 50 pl of '®I-Tyr’-octreotide (100 000 cpm) and 50 pl binding buffer or
increasing concentration of somatostatin-dextran’® and 200 pl membrane suspension. The
lubes were incubated for 60 min at roomn lemperature. The incubation was stopped by rapid
filtration over glass fibre filters (Whatman GF/C, pre-soaked in 1% BSA) and subsequently
washed with 40 ml of 154 mM NaCl/10 mM Tris buffer (pH 7.5, 4°C). Specific radioligand
binding was detined as total binding minus non-specitic binding. 't'he experiments were

carried out in triplicate. The data were analysed by competition curve analysis.
3.5 In vivo testing
3.5.1 In vivo behaviour of **™Tc labelled charge modified dextran (paper I)

Ten patients with diagnosed (biopsy proven) superficial bladder cancer were included. They
were all males and had a mean age of 64 years. Four of them were instilled with cationic
dextran, three with anionic dextran, and three with neutral dextran. Approximately 60 MBq of
9MT¢ Jabelled charged-modified dextran (100 pg) diluted in 150 ml of saline, was instilled
intravesically through an urethral catheter and then kept in the bladder for 30 min. During the
30 min incubation, the patient was encouraged to move about in bed to improve the
incubation conditions. After incubation, the bladder was washed carefully with 200 ml of
saline. The patient was then moved to the operation theatre. Biopsy samples were taken from
normal and tumour tissue. The samples were weighed and measured in a gamma counter.
The radioactivity per gram of tissue and the quotient of radioactive uptake in tumour tissue to

uptake in normal tissue were calculated.
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1251 Jabelled somatostatin-dextran” (paper V)

3.5.2 Biodistribution of
The '*I labelled somatostatin-dextran’ conjugate was diluted to 1.85 MBq/ml with saline.
Normal mice were injected subcutaneously (s.c.) with 0.1 ml of the conjugate solution. The
mice (three at each time point) were sacrificed by cervical dislocation after 1 h, 4 h, 6 h, 24 h
and 48 h post injection. Samples of blood and organs were collected, i.e. liver, spleen,
stomach, intestine, kidney, adrenals and heart. The organs were carefully rinsed with saline
solution, weighed and the radioactivity was measured in an automatic Nal (Tl) gamma

counter. The percentage of the injected dose per gram of tissue (%I1D/g) was calculated.
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4.1 Preparation of dextran conjugates

The general activation and coupling reactions is illustrated in scheme 1. Dextran is activated
with sodium periodate yielding aldehydes that react with amines forming unstable Schiff

bonds. The Schiff bonds are reduced with cyanoborohydride forming stable amine bonds.

Dx-OH + NalO, === Dx-C-H
o]
il
Dx-C-H + NHy-R =3  Dx-CH=N-R

Dx-CH=N-R + NaCNBH; iy Dx-CH5-NH-R
Scheme 1. Dx, dextran; R, ligand.

The coupling yield was different for each conjugate, depending on varying activation and
coupling conditions. In papers I and II, the ambition was to obtain charge-modified dextran
with a maximum coupling yield. The molar ratio between sodium periodate and dextran
glucose units was 0.5-1. With this activation degree, 10 lysine residues per dextran and 2
epirubicin per dextran were coupled. The lysine coupling to dextran resulted in cationic

dextran derivatives.

In paper III, activated dextran was incubated with cysteine in molar excess, yielding a

coupling efficiency of 10%, i.e. 10-12 cysteine residue were coupled to one dextran chain.

In the papers IV and V, the degree of dextran activation was kept low to minimise changes in
the original dextran structure (cross-linking, partial polymerisation). The molar ratio between
sodium periodate and the dextran glucose units were 0.25. With this activation degree, on
average, three to four somatostatin molecules were coupled per dextran chain. This yield was
highly reproducible and HPLC analysis revealed no polymerisation. The coupling time was

optimised to prevent lysine residues located in the receptor-binding site of somatostatin to be
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involved in the coupling reaction. Coupling for more than 4 h resulted in increasing

involvement of the lysine residues (Figure 2).

50

45

blocked lvsine residues (%)

coupling time (h)

Figure 2. Dextran coupling of somatostatin at pH 6. Relationship between coupling time and lysine involvement
4.2 Radiolabelling of the conjugates

Two different *Tc labelling techniques were used for dextran conjugate labelling. In paper I,
the dextran moiety of the conjugate was labelled with reduced technetium. The mechanism
responsible for labelling of dextran is similar to that in the labelling of glucoheptonate (De
Kievet, 1981). The labelling yield was 70-90% determined by ITLC and gel filtration. The in

vitro and in vivo stability of **Tc-dextran complex is reported to be very good (Henze et al.,

1982a, b).

In paper 1V, the histidine-tagged somatostatin-dextran conjugate was labelled with 9omTe
using *™Tc(CO); core. The organometallic precursor **™Tc(CO); was produced in 90-95%
yield. Only small traces of **"TcO, or *™Tc-tartrate could be detected. The **Tc(CO); was
stable at neutral pH and can be used without purification. The conjugate labelling efficiency
was 65-80% and the radiochemical purity >95% determined by HPLC. Non-specific labelling
of dextran and somatostatin-dextran were < 2%. The radiolabelled conjugate showed similar
HPLC profile as the unlabelled conjugate. The in vitro stability of radiolabelled conjugate in

saline and PBS at pH 5.0, 7.5 and 9.0 was excellent (24 h incubation at room temperature). In
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thc cysteinc challenge assay, 25% of radiolabel was rclcased from conjugate after 1 h
incubation at 37°C (at 1000:1 cysteine to conjugate molar ratio). In serum, 30% of
radioactivity was associated with serum proteins after 24 h incubation at 37°C, but
radiolabelled conjugate revealed no significant reoxidation to *"TcOy,".

188 .
Re using

In paper IlI, the free sulfhydryl of cysteine-dextran conjugate was labelled with
'88Re-gluconate as the transchelator. In optimised conditions, the labelling efficiency was 60-
70% and the radiochemical purity > 95%. '**Re-dextran was stable in 1.0 mM cysteine. More
than 95% of the radioactivity remained associated with the conjugate after 1 h at 37°C. The
presence of an antioxidant (ascorbic acid) prevented radiolysis of the 18R e-dextran (Figure 3),

and good stability was achieved (> 80% intact after storage at 25°C for 24 h).

S
L
% 40 = —O—— Ascorbic acid + Nitrogen (37°C)
0
- 30 b= e @ Nitrogen (37 °C)

20 = eegeees A (37°0)

10 +

0 1 1 1 1

0 5 10 15 20 25

Time (h)

Figure 3. Stability of '8 Re-dextran under different storage conditions
In paper V the radiolabel was '*°I (chloramine T and Bolton-Hunter methods).
4.3 In vitro testing
In the fluorometric cytotoxicity assay, the reference epirubicin showed 90-100% growth
inhibition in all three human bladder cancer cell-lines at 6 and 12 pM concentration. Dextran

alone had no effect on the cell growth. Epirubicin-dextran without cationic moiety showed

35-65% growth inhibition (conccntration dcpendent in all three ccll-lines). Cationic

32



epirubicin-dextran showed 40-95% growth inhibition (concentration dependent). Cationic
dextran (dextran-lysine) showed 5-90% growth inhibition, with a strong effect on the 5637

cell-line (concentration dependent only in 5637). The results are shown in Figure 4.

Dx-Lys Epi-Dx  Epi-Dx-Lys Epi

Figure 4. Growth inhibition of three bladder cancer cell-lines by dextran-lysine (Dx-Lys), epirubicin-dextran
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In Paper V, the binding experiments were performed with rat brain cortex membranes using
155 Tyr-octreotide, a specific ligand for somatostatin receptors. The somatostatin-dextran’
showed high somatostatin receptor binding affinity in the low nanomolar range (ICso ~2.5

nM). The affinity was in the same range as for the octreotide (Figure 5).
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Figure 5. Displacement of '*°I-tyr*-octreotide with increasing concentration of sms-dxtran’® and octreotide

(ICsp octreotide 0.45 + 0.12, slope 1.1; ICsg sms-dextran’® 1.9 = 0.6, slope 1.0)
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4.4 In vivo testing

In paper I, the behaviour of *?™Tc labelled charge modificd dextran after intravesical
instillation in patients with superficial bladder cancer was investigated. Table 2 shows the
quotient and the mean quotient of radioactive uptake in tumour tissue divided with radioactive
uptake in normal bladder tissue. Instillation of cationic dextran yielded very high quotients.
Normal tissue had no uptake (i.e. normal background activity, < 50 cpm/g tissue). Instillation
of anionic dextran yiclded low quoticnts with incrcascd uptakc in normal bladder tissuc
(~6000 cpm/g tissue). Neutral dextran yielded intermediate quotients with normal background
activity. No radioactivity could be detected in blood. The bladder tumours in this investigation
apparently had cation-exchanging properties; their anionic charge interacted with the cationic

charge of the dextran.

Table 2. Quotient and mean quotient of radioactive uptake

Quotient
Dextran Patient 1 Patient 2 Patient 3 Patient 4 Mean / SD
Cationic 550 1510 1750 3000 1702 /1008
Anionic 1.5 1.8 2.5 - 1.93/0.51
Neutral 75 90 110 --- 91.7/17.56

In paper V, the '*I-somatostatin-dextran’® conjugate was injected s.c. in normal mice. The
half-life in blood and the biodistribution in organs were studied. The blood concentration of
' _sms-dextran’® after the s.c. administration gradually increased, reaching a maximum
concentration after 24 h post injection (4.90 % ID/g). After this time point, the blood half-life
was ~27 h (Figure 6).
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Figure 6. The radioactivity in blood at different time points after s.c. injection of '2*1-sms-dextran”’

In the biodistribution study, the relatively high uptake in the adrenals was seen at all time
points. An uptake in stomach was seen indicating certain de-iodination of the radiolabelled

conjugate. The activity in spleen, liver and kidneys increased until 24 h post injection and

then decreased (Figure 7).
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Figure 7. Organ distribution of '*I-sms-dextran™ at different time points after s.c. injection
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This study demonstrates the versalility of dexlran as a4 backboue in (wmour largeling
compounds. Five compounds have been constructed, cationic dextran, cationic epirubicin-
dextran, rhenium-188 labelled cysteine-dextran, somatostatin-dextran’’, and technetium-99m
labelled somatostatin-dextran*’. Each conjugate has interesting applications in oncology, the
cationic dextran derivatives in the treatment of superficial bladder cancer, radioactive
derivatives of somatostatin-dextran for receptor targeting, and somatostatin-dextran as a non-

radioactive pharmaceutical.

Cationie dextran. The finding that superficial bladder tumours could be effectively targeted
by using electrostatic force may have important general implications (paper I). Other tumours
growing in body cavities, e.g. metastatic ovarian cancer (Chen and Berek, 1998; Hofstra et al.,
2000), certain brain tumours (Erlanson et al., 1992; Galanis and Buckner, 2000) may show the
same electrostatic properties as shown in the bladder tumours. This would expand the
relevance of the “ion exchange tumour targeting” concept that was demonstrated in paper I.
There is reason to believe that the charge phenomenon is also present in most other solid
tumours. The “tumour physiognomy” seems to be general, i.e. the blood vessels, the
interstitium, sialic acid on cell membranes, pH etc. (Tannock and Rotin, 1989; Jain, 1990;
Konukoglu et al., 1992). Focusing on superficial bladder cancer, a therapeutic derivative of
cationic dextran was developed in paper II. On all three bladder cancer cell-lines cationic
epirubicin-dextran inhibited cell growth. The cationic moiety of the conjugate enhanced the
growth inhibitory effect. Interestingly, cationic dextran alone without the epirubicin moiety
had a strong growth inhibitory effect on one cell-line. Regarding the mechanism: why did the
cationic moiety increase the growth inhibition? Probably because the positive charge could
interact with the negative charge of the cell membrane thus facilitating the internalisation.
Why did the cationic moiety alone inhibit growth and in only one cell-line? This could be
related to the growth pattern of this cell-line and a certain cytotoxicity of the lysine side group
as demonstrated earlier by Szende and co-workers (Szende, 1993; Szokan et al., 1997). The
reference substance in these experiments, free epirubicin, showed stronger growth inhibition
than the cationic derivative. However this was an in vifro study, and in the in vivo situation
the cationic dextran derivative may have an advantage due to its capacity to accumulate

selectively in the tumour tissue.
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Rhenium-188 labelled dextran. In nuclear oncology, rhenium-188 is a useful radionuclide
because of its nuclear properties. It has beta radiation suitable for therapy but also gamma

radiation making it possible to do imaging simultaneously (Knapp et al., 1997).

In paper III, dextran was labelled with '**Re in a similar way as with the antibody direct
labelling method employed by Rhodes et al. (1996). Cysteine residues were coupled to the
dextran resulting in free sulfhydryls available for rhenium chelation. '**Re-gluconate was
used as transchelator. There are advantages when using this method, e.g. simple procedures
and reproducible results. The labelling yield was good, 60-70%. In the presence of an
antioxidant like ascorbic acid, the '®®Re-dextran was very stable. The relative drawback of this
method is that an inert atmosphere during all the conjugate synthesis and the labelling
procedure is necessary. The presence of oxygen results in oxidation of the sulfhydryls
resulting in poor radiolabelling yield. It would be desirable and would improve the versatility
of the method if the labelling efficiency could be improved (i.e. >95%). This would exclude
the last purification step. To improve the efficiency of the dextran labelling, a new '**Re
transchelator may be employed during the '**Re reduction. Another possibility could be to
couple a suitable "**Re chelator to dextran, such as the MAGs facilitating the '®*Re complex

(Guhlke et al., 1998).

It would be relatively easy to make the rhenium-188 labelled dextran cationic by coupling an
additional side group, for example lysine. That would yield a '**Re labelled cationic dextran
with several interesting oncology applications as previously discussed. It may not be suitable
for bladder cancer application, however for treatment of metastatic ovarian cancer and
possibly certain brain tumours it could become useful. For intratumoural treatment of
inoperable solid tumours (intratumoural injection) the '®Re labelled dextran derivative could

also be an alternative.

Somatostatin dextran. Papers IV and V deal with somatostatin-dextran’’. This construct, a
conjugate between natural somatostatin and dextran, was first described by Holmberg et al.
(1994, 1995a). The construct described in this thesis is of high molecular weight (~75 kDa)
intended to have long in vivo half-life. In paper 1V the conjugate served as a template for
radiolabelling with technetium-99m. The **"Te-tricarbonyl method was adapted for

technetium-99m labelling of the somatostatin-dextran. Histidine residues were coupled to the
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advantage of this method is that it employs “non-reducing” conditions thus not affecting
sensitive S-S bonds essential for the biological activity of the peptide (Marmion et al., 1999;
Knight et al., 2000). Another advantage is that since Tc(I) complexes possess a d® low-spin
electronic configuration they are kinetically very stable. This methodology could be possibly

used for labelling with '®''%®

Re for therapeutic applications. This is due to the similar physical
and chemical properties of technetium-99m and rhenium-188 (Deutsch et al., 1986).

Preliminary experiments indicate that this is indeed possible.

The general ambition is to develop a “kit formulation” for the radiolabelling of somatostatin-
dextran allowing technetium labelling for diagnosis and rhenium labelling for therapy.
However one important drawback of this method was discovered, radiolabelled conjugate was
not stable in serum environment, i.e. the radiolabel interacted with serum proteins (30% after
24 h incubation at 37°C). This could be explained by the coordination properties al the Tc
centre. The histidine residues in the somatostatin-dextran-histidine conjugate were similar to
that of C-terminal histidine within a peptide chain and provided a bidentate coordinating
ligand system for radiolabelling. The radiolabelled complex offers one free coordination site
for free ligands. This free coordination site resulted in the exchange of the substitution of the
labile water molecules by functional groups of serum proteins. A possible improvement could
be the use of a tridentate coordinating ligand system, since then there is no free coordination

site for incoming ligands. Further development is necessary to obtain an ideal formulation.

In paper V the goal was to determine the blood half-life, the biodistribution and obtain an
indication of the relative receptor affinity of the somatostatin-dextran conjugate. Since this
formulation is intended as a “cold” pharmaceutical with long in vivo half-life, a large clinical
dextran was used as backbone (on average 70 kDa). The resulting blood half-life was ~27 h
after s.c. administration and degradation followed the normal route of a dextran above the
kidney threshold (Arturson and Wallenius, 1964). The binding alflinity (o the somatostatin
receptor was in the nM range, approximately the same as the reference ligand (i.e. octreotide).
Rat brain cortex membranes were used as the receptor source (expressing receptor subtype 2).
The long blood half-life and high receptor affinity are important findings in this study. Long
half-life makes it practical to use in the clinic and increases the probability to reach

therapeutic concentrations. High affinity to the target receptor is of importance and since
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somatostatin receptors have five subtypes, a ligand having affinity to all five subtypes would
be desirable. In a recent study, the somatostatin-dextran’ showed indeed high affinity to all
five subtypes (Wulbrand et al., 2000). These properties of somatostatin-dextran’, long in vivo
half-life and “pan-affinity” are unique for this compound. Additionally, the pan-affinity has
important implications also for the radioactive derivative indicating new possibilities for
somatostatin receptor scintigraphy/therapy. The non-radioactive somatostatin-dextran’® is

currently being evaluated in a clinical phase I-II study.

Conclusion. This thesis demonstrates the versatility of dextran in the context of tumour
targeting. A new approach to targeting has been established together with new dextran
derivatives for therapy (I, 1I). Radiochemistry for rhenium-188 and technetium-99m has been
developed for the dextran derivatives (I1I, IV). Important properties of the somatostatin-
dextran have been determined (V). The clinical relevance of these properties is currently
being evaluated in phase I-II studies. The development of radioactive derivative of

somatostatin-dextran is in progress.

Each part of the study indicates and exemplifies new possibilities and applications for

treatment and diagnosis of cancer.
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