
Abstract. Background/Aim: Prostate-specific membrane
antigen (PSMA) is emerging as a target for treatment of
castration-resistant prostate cancer (CRPC) while its up-
regulated in the majority of CRPC tumors. The most common
approach is targeted radionuclide therapy. Materials and
Methods: The PSMA binding pharmacophore Glu-Urea-
Lysine (GUL) and lysine were conjugated to oxidized dextran
with reductive amination and subsequently labelled with
fluorosceinisothiocyanate (FITC). Three prostate cancer cell
lines were used for binding studies, 22Rv1 (PSMA positive),
DU145 (PSMA negative) and PC3 (PSMA negative). Binding
images were obtained by fluorescence microscopy. Results:
PDC binding was recorded on the 22Rv1 cell line while the
negative cell lines showed no or slight background binding.
PDC binding could be inhibited by pre-incubation with a
molar excess of unlabelled PDC. Conclusion: This is a novel
template for PSMA targeted CRPC therapy, either using
cytostatics or radionuclides. 

The definition of castration-resistant prostate cancer
(CRPC) is any progression, biochemical or clinical, that
takes place in the presence of castrate level testosterone
values (1). The possibilities to treat this stage of prostate
cancer (Pca) have changed in a positive direction during
the past 12 years. Before 2004, treatment options for
CRPC patients were limited to palliative chemotherapy
(mitoxantrone), best supportive care and palliative
radiation therapy/corticosteroids, all without any overall
survival benefit. In 2004 it was reported that docetaxel
could improve the survival and it became the standard for
several years (2, 3). Later that decade, carbazitaxel was
introduced, a development from docetaxel (4). After 2010,
three new drugs positively affecting overall survival have

been introduced, abiraterone (5), enzalutamide (6) and
Radium-223 (7). These new drugs for treatment of CRPC
have additional patient benefits improving quality of life,
e.g. decreasing associated pain and delaying skeletal
morbidity. In spite of these significant improvements the
average survival time of the CRPC patient continues to be
rather short. When calculating the median survival time for
CRPC patients participating in a large number of phase 3
trials, the survival figure is only 19 months (8).
Consequently, the need for new effective CRPC therapies
continues to be big and current research is looking for new
CRPC exclusive targets. One promising target is prostate
specific membrane antigen (PSMA) and radiolabelled
PSMA binding ligands are considered as a milestone in
CRPC management (9). PSMA is a type II integral
membrane glycoprotein and is a homologue of folate
hydrolase I (10). It is frequently expressed in tumor
neovasculature and is considered a reliable marker for Pca.
Increasing PSMA expression correlates with Pca grade and
almost all CRPC cases have up-regulated PSMA
expression (11), seemingly making it an ideal target for
targeted therapy. Among the first PSMA targeting agents
was 111In-capromab, an Indium-111 labelled anti-PSMA
antibody for diagnostic purposes. However, because of
inherent limitations resulting in low tumor to background
ratios, its application has remained limited (12). New anti-
PSMA antibodies have been developed with promising
properties (13, 14), however still with their major
limitation of long circulating half-life and poor tumor
penetration, all due to the molecular weight of antibodies.
To overcome some of these limitations, small-molecule
PSMA binding inhibitor ligands are being investigated,
mostly for imaging purposes labelled with suitable
radionuclides (15). The compounds can be classified into
three groups, urea-glutamate based, phosphoramidates and
2-(phosphinylmethyl)pentanedioic acids.

The present study describes the synthesis and PSMA
binding of a Glu-Urea-Lys-Dextran conjugate (PDC). This
construct is polydisperse, owing to its dextran backbone,
with an average molecular weight of that of an IgG fragment
(Fv) i.e. approximately 25 kD.
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Materials and Methods

PDC for fluorescence microscopy, synthesis. Dextran 40 PhEUR
(Pharmacosmos AS, Holboek, Denmark) was used as conjugate
backbone. Sodium metaperiodate (Merck AG, Darmstadt, Germany)
was used for oxidation/activation. L-Lysine (Sigma Aldrich,
Stockholm, Sweden) and the PSMA ligand Glutamate-Urea-Lysine
(GUL) were used for the conjugation (Peptides & Elephants,
Potsdam, Germany). Sodium cyanoborohydride (Sigma Aldrich,
Stockholm, Sweden) was used for reductive amination. PD-10
disposable Sephadex G-25 columns were used for separation and
purification (G&E Biotech AB, Uppsala, Sweden). FITC was from
Sigma Aldrich, Stockholm, Sweden.

Activation and conjugation. 30 mg of dextran was mixed with 18mg
of sodium periodate in 1ml of distilled H2O and the pH was
adjusted to 1,6 with H2SO4. The mixture was incubated on a
magnetic stirrer for 45 min, at room temperature and in the dark.

Conjugation: 30mg of activated dextran was mixed with 20 mg
GUL in 1 ml 0.2 M Sodium phosphate buffer at pH 7,4+5 mg
sodium cyanoborohydride and then incubated in the dark at room
temperature for 120 min on a magnetic stirrer. After 120 min, 12
mg lysine was added and the incubation continued for an
additional 60 min. After 4 h of total incubation, the solution was
purified on a PD-10 column using 20 mM borate buffer at pH 9,5
as eluent. 

FITC labelling: 15 mg of conjugate in 1ml borate buffer at pH
9,5 was mixed with 50 μg FITC and incubated in the dark at room
temperature for 18 h. After incubation, the conjugate was purified
on a PD10 column and eluted in sodium acetate at pH 6.

Cell line and culture conditions. The human metastatic prostate
carcinoma cell lines 22Rv1, DU145 and PC3 obtained from the
American Type Culture Collection (ATCC, Teddington, U.K. .
The cell lines were cultured in 5 ml dishes (Falcon, Fisher
Scientific, Göteborg, Sweden) with RPMI 1640 (Sigma Aldrich,
Stockholm, Sweden). 2 mM glutamine (Sigma Aldrich,
Stockholm, Sweden), 10% fetal calf serum (Life Technologies,
Carlsbad, USA) and 1% penicillin/streptomycin (Gibco, Fischer
Scientific, Göteborg, Sweden) were added to the media. The cells
were kept in a 37˚C incubator with humidified air and 5% CO2.
The culture medium was changed twice a week. Cells were
removed from the dishes by treatment with trypsin (0,5 g)-EDTA
(0,2 g) (Sigma Aldrich, Stockholm, Sweden). The cells were
seeded on 8 chamber glasses 50,000 in each well, 2 wells for each
cell line. Following incubation for 24 h, the cells were rinsed in
phosphate buffered saline (PBS) and incubated with PDC-FITC
conjugate with or without blocking/inhibition with molar excess
of unlabelled PDC (all in PBS at room temperature). PDC at a
concentration of 25 μM was used to inhibit the PDC-FITC
conjugate PSMA binding. After 10 min the PDC-FITC conjugate
was added at a concentration of 2.5 μM. The cells without
blocking were only treated with PDC-FITC at 2.5 μM for 10 min.
After another 10 min the cells were rinsed carefully in PBS and
fixed in 4% formaldehyde for 10 min. The slides were then
mounted with mounting media with DAPI (4’,6-Diamidino-2-
Phenylindole Dihydrochloride, Vectashield, Vector labs,
Burlingame, California USA). The slides were visualised in a
Zeiss microscope and photos were obtained using Axiovision
software.

PDC, GUL substitution: In order to facilitate optimisation and
analysis of the conjugation of GUL, in a separate synthesis, as
described above, para-amino-benzoic acid (PABA, Sigma Aldrich,
Darmstadt, Germany) was included in the GUL synthesis i.e. PABA
was substituted to the lysine residue of GUL (Peptides & Elephants,
Potsdam, Germany) and conjugation to dextran was done through
the aromatic amine of PABA. Hence a PABA standard curve was
prepared at A280 using a spectrophotometer (Genesis 10S,
ThermoFisher Scientific, Göteborg, Sweden) and was used for
determination of GUL conjugate substitution.

PDC, conjugation of radio nuclide metal chelator: To demonstrate
the versatility of the PDC conjugate, Gd.(2-4aminobenzyl)-1,4,7,10-
tetraaazacyclodocecane-1,4,7,10-tetraacetate (DOTA, from
Macrocyclics inc, Texas, USA) was included in the conjugation
synthesis described above i.e. after the GUL coupling, 40 mg DOTA
was added, together with 12 mg lysine. Hence, a DOTA standard
curve was prepared at A280 using a spectrophotometer (Genesis 10S,
ThermoFisher Scientific, Göteborg, Sweden) and was used for
determination of DOTA-Gd conjugate substitution.

Results

The principal molecular structure of PDC and the different
ligands are illustrated in Figure 1.

On average, 15-20 GUL ligands were conjugated yielding
high PSMA avidity. When DOTA was conjugated, on
average, 5-20 DOTA could be coupled, depending on the
conditions chosen. In general, when coupling radio metal
chelators, like the model compound used (DOTA), it is
possible to modulate the number of chelators conjugated by
modifying coupling time and molar proportions. When radio
labelling PDC with therapeutic nuclides is desired, only a
few conjugated chelates is required.

For the fluorescence microscopy studies to estimate PDC
binding to PSMA positive tumor cells, PDC was FITC
labelled. PDC-NH2 reacted with FITC-N=C=S yielding
PDC-FITC through a resulting thiourea bond.

Binding of PDC-FITC (2.5 μM) to PSMA positive cell-
line 22Rv1 is shown in Figure 2.

Background binding of the PDC-FITC conjugate (2.5 μM)
to PSMA negative cell-lines DU-145 and PC3 is shown in
Figures 3 and 4.

Binding of PDC-FITC (2.5 μM) to PSMA positive cell-
line 22Rv1 inhibited by pre-incubation with molar excess of
PDC without label (25μM) is shown in Figure 5.

Substitution with DOTA did not seem to affect the PDC
binding to the PSMA positive cell line and nor did conjugated
PABA substituted GUL have any apparent negative effect on
the PDC binding. Excess free GUL ligand could inhibit the
PDC-FITC binding but seemed to be displaced by PDC-FITC
probably due to the superior avidity of the conjugate. Pre-
incubation with unlabelled PDC effectively inhibited the PDC-
FITC binding. PDC without conjugated GUL could not inhibit
the PDC-FITC binding to the 22Rv1 cell line. Hence, the PDC
binding is apparently PSMA specific. 
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Discussion

The management of CRPC cancer remains a challenge in
spite of significant progress during the last decade. CRPC
continues to be incurable and eventually all patients succumb
to their disease with an average overall survival of
approximately 19 months (16). The progress in terms of
prolongation of survival is limited to a handful of drugs
currently approved for CRPC treatment, i.e. docetaxel,
cabazitaxel, abiraterone, enzalutamide and radium-223. The
average survival advantage is between 1.9 to 5.2 months.
The most favourable order to use these drugs remains to be
established.

PSMA is expressed in the vast majority of CRPC lesions,
in soft tissue as well as in bone metastasis, and appears to
be a highly suitable target for diagnostic and therapeutic
intervention (17, 18). Due to inherent unfavourable
properties of monoclonal antibodies, e.g. long systemic half-
life and poor tumor penetration, PSMA radionuclide
targeting currently appears to be mostly focused on using
small molecule PSMA binding ligands. The small molecule
pharmacophore is radiolabelled by introducing a radio metal
chelator often via a spacer (19). Human studies are
explorative and the majority are for diagnostic purposes
using PET imaging with ligands labelled with 68Ga and 18F,
demonstrating superior efficacy compared to standard
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Figure 1. Showing PDC, the dextran-lysine-GUL conjugate, the GUL pharmacophore labelled with PABA and the DOTA benzyl-amine. 



imaging modalities (20). Improved diagnostic procedures
impact treatment planning and spare the patient other
diagnostic investigations, and help selecting those patients
that would benefit from PSMA targeted therapy. 

For radionuclide therapy targeting PSMA, 177Lu, 90Y and
131I labelled small pharmacophores have been investigated.
Lutetium (177Lu) appears to be the most promising
therapeutic radionuclide, e.g. regarding logistics and
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Figure 2. Fluorescence microscopy, FITC labelled PDC at 2.5 μM binding to PSMA positive cell-line 22Rv1.

Figure 3. Fluorescence microscopy, background binding of FITC labelled PDC at 2.5 μM to PSMA negative cell-line PC3.



especially haematological toxicity, considering the close
proximity between bone lesions and bone marrow. In
general, 177Lu labelled small pharmacophores have shown
promising results with acceptable side effects (21). 

Concerning PSMA targeted delivery of non-radioactive
cytotoxic agents, antibody drug conjugates (ADC) have been
studied using macrolide and dolastatin derivatives as

cytotoxic agents (22). The effect of the ADC therapy seems
modest and with side effects resembling systemic
chemotherapy. There were also issues regarding the stability
of the ADC constructs (linker deconjugation). 

In perspective of this brief overview on agents for PSMA
targeting in CRPC the construct reported in this paper is
novel and different. PDC is a macromolecule with an
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Figure 4. Fluorescence microscopy, background binding of FITC labelled PDC at 2.5 μM to PSMA negative cell-line DU-145.

Figure 5. Fluorescence microscopy, Inhibition of FITC labelled PDC binding to 22Rv1 by unlabelled PDC at 25 μM.



approximate average m.w. of 25 kD, comparable to an
antibody Fv fragment. Experience from similar constructs
indicates a fast circulation clearance, high stability and
beneficial safety profile (23, 24). The substitution of the
PSMA binding pharmacophore can be modulated together
with additional ligands, either a radio metal chelator, as in
this study, DOTA suitable for 177Lu and 68Ga, or a non-
radioactive cytotoxic agent. The resulting PDC conjugate has
superior avidity to the PSMA target, due to the combined
strength of the multiple PSMA binding ligands coupled to
the carbohydrate backbone. PDC can be considered as a
template for PSMA targeting, either using radionuclides as
therapeutic or with non-radioactive cytotoxic agents as a
therapeutic moiety. When possible, as in this study, inclusion
of an aromatic group to the ligands of interest very much
facilitates the optimisation of the synthesis. Like this the
synthesis yield in terms of substitution degree can easily be
determined by spectrophotometric analysis. Concerning
PSMA targeting with non-radioactive agents, for example, in
addition to the PSMA binding moiety, PDC can be
substituted with multiple guanidine side groups making PDC
tumor cell cytotoxic (25). 

On the subject of side-effects (adverse events, AE), the
CRPC patient is often heavily pre-treated and especially
vulnerable to AE that may have a negative effect on the
patient’s quality of life. Although most radiotherapy studies
targeting PSMA report AE as "acceptable", two major risk
organs have been recognized, the salivary glands and the
lacrimal glands which express PSMA and are highly
radiosensitive (26, 27). The radiotherapy may damage/
destroy these structures with resulting xerostomia (XS) and
keratoconjuctivitis sicca (KCS). Both conditions may lead to
serious secondary health issues and can have a very negative
impact on quality of life. Examples of frequent problems
connected with xerostomia contain sore throat, a burning oral
discomfort, difficulty speaking, dysphagia, and dry nasal
mucosa. Individuals with xerostomia also often develop gum
disease and tooth loss. KCS symptoms include constant eye
irritation, burning, itching, sense of pressure, grittiness and
/or foreign body sensation. Consequently, the apparent risk
of these side effects needs to be carefully considered in
PSMA targeted therapy, weighing risk and patient benefit.
Research efforts aiming at protection of these organs during
therapeutic PSMA targeting is desirable.

In summary, this study describes a novel template for
PSMA targeted therapy of CRPC, suitable for either
radionuclides or cytotoxic agents as therapeutic moiety. PDC
might have advantages compared to other constructs,
especially in terms of producibility. Several of the explored
PSMA targeting agents seem technically complicated to
produce at a reasonable cost and therefore are not likely to
become approved products to the benefit of the CRPC
patients. 

Further studies on the in vivo properties of PDC are in
progress and will be reported later. 
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