
SCIENTIFIC BACKGROUND OF THE PROJECT

A. Significance of overall problem

Prostate Specific Antigen (PSA) is a serine protease (33KDa) secreted

almost exclusively by prostatic epithelial cells, exhibiting kallikrein-like

properties in the liquifaction of semen (1). Serum PSA levels are increased

when normal glandular structure is disrupted by benign or malignant tumor or

inflammation (2). Serum PSA levels are directly proportional to tumor volume,

and PSA has been extensively used as marker for monitoring of progression of

Prostate cancer (PCa). Moreover PSA has been used for rapid screening

among asymptomatic men in US. Even a single measurement of PSA is found

highly informative as it has detected the 80% of all aggressive cancers

diagnosed within 5 years. However from a recent clinical study it was

suggested that more data are needed to imply the use of PSA screening alone

for tumor diagnosis or it rather should be concurrently used in combination with

other examinations such as rectal examination, ultrasound etc (3).

Apart from the biological variation between samples many workers have

seen differences in the measurement of PSA using different commercial PSA

kits (4). This is mainly attributed to the heterogeneity of PSA molecule within

semen/blood fluids. While a substantial percentage of free PSA form is found in

the semen, an also substantial portion is found in the blood serum in complex

form with serum proteins such as Antichymothrypsin (ACT) or to a2M (a2-

Macroglobulin) or other protease inhibitors (5). It seems that the portions that

bind to serum proteins are the enzymatically active PSA forms of PSA in

semen, before this is released in the general circulation (4). However it was

lately pointed out that these bound forms of PSA (complex PSA) exist in

different portions in patients serum depending on whether this is taken from

Benign Prostate Hypertrophy (BPH) or from PCa.

Such heterogeneity in PSA has affected seriously the quality of PSA kits,

primarily in terms of kits standards (lack of universal PSA standard) and in
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terms of antibody specificity (capturing either some, or all PSA forms, or free

PSA alone) and finally in terms of variant affinity (the difference in molecular

size between free PSA and complex PSA favors the recognition of the smaller

molecule i.e. free PSA causing distortion in assay precision) (6, 7). Another

common problem seen in kits measuring free PSA and using standards from

semen where free PSA form is about 50%, is to read low free PSA in PCa

(where only 15% of PSA is in free form) and high free PSA in BPH (where free

PSA exist at a level of about 50%) (8).

The above data bring us to the need for designing a simple, reliable,

sensitive and easy to perform radioimmunometric assay(s) on PSA, which it is

anticipated it will also improve the state of art of PSA assays, and give further

insight on PSA molecule level as such.

Related work

The development of commercial PSA kits produced in the last years goes in

hand with the identification and isolation of important PSA forms in semen or

serum for prostate cancer diagnosis (PCa).

The designed so far kits are directed towards the estimation of (a.) free PSA

(b.) total PSA or (c.) complex PSA i.e. ACT-PSA, a2M-PSA etc using mainly

non-isotopic methods (9,10, 11, 12). The mere use of either free PSA or total

PSA assays have led to significant differences in PSA values among kits. While

free PSA kits have high specificity and sensitivity (13), alone they may not be

reliable tests for prostate cancer diagnosis because of variance in standards

(14). The ACT-PSA kits on the other hand suffer from molecule interference

problems, lack of sensitivity/specificity, difficulty in finding standard source, and

standard instability (7).

Moreover, the above are especially important for PSA values between 4 and

10ng/ml (3). This is a gray area for BPH and PCa. Quite frequently the

46



presence of different portions of free and complex PSA in the two groups of

patients lead to overestimation or underestimation of PSA and thus to wrong

prognosis.

To overcome this problem, in the last 3-4 years, several groups have used

the calculation of free PSA to total PSA ratio and ended with better

discrimination between benign prostate hyperplasia and prostate cancer (1, 10).

This approach is going to be followed in this proposal.

Scientific scope of the project

The main objective of the proposed project is the development of

radioimmunometric assay(s) for the determination of free and total PSA in

serum samples from normal and pathological individuals (BPH, PCa).

This will be achieved by:

A. Selection of appropriate antibody pairs (capture and labelled antibody) for

determination of total PSA (free and complex) and for determination of free

PSA. From bibliography we have already spotted some antibody pairs.

B. Radiolabelling of antibodies. Several labelling and purification procedures will

be followed in order to obtain the required analytical sensitivity and dynamic

range of the assays. Special attention will be given to the affinity constant as

well as to the stability of the radiolabelled molecules.

C. Development of protocols for immobilisation of capture antibodies. We will use

several solid support formats (plastic tubes, beads and magnetizable

particles). Direct adsorption or covalent binding will be used.

Immunoadsorption through immobilised second antibody will be also tested in

order to decrease the preparation cost of the solid phase reagents.
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D. Preparation of standards of suitable purity levels. We will test different PSA-

free matrices (Bovine serum, buffer solutions etc.) in order to select the most

appropriate among them in terms of low background determination and low

reagents cost.

E. Optimisation of the immunoassays conditions for the free PSA and total PSA

(e.g. assay buffers, incubation time, temperature, one or two step procedure,

washings).

F. Optimisation and standardisation of assay protocols for kit production.

G. Production of kits for distribution in clinical laboratories in Greece for

comparison with commercial kits.

H. Evaluation of the developed assays in real clinical conditions using well

characterised human serum samples. This will be performed in co-operation

with the Hellenic Society for Tumor Markers, and other anticancer institutions

and hospital clinicians of long standing relation.

Work plan of first year

1. Selection of antibody pairs

Appropriate antibody pairs for the determination of free and total PSA will be

selected. In case that the IAEA will provide us with the appropriate antibodies this

step will concentrate only o the determination to the specific characteristics of the

antibodies provided.

2. Radiolabellinq of antibodies

Several labelling and purification procedures will be followed in order to obtain the

required analytical sensitivity and dynamic range of the assays. Direct and indirect



labelling of the biomolecules will be followed. The effect of labelling on the affinity

constant as well as on the stability of the radiolabelled molecules will be studied.

3. Development of protocols for immobilisation of capture antibodies

We will use several solid support formats (plastic tubes, beads and magnetizable

particles). Direct adsorption or covalent binding will be used. Immunoadsorption

through immobilised second antibody will be also tested in order to decrease the

preparation cost of the solid phase reagents. Several parameters such as the pH and

the ionic strength of the coating solution, as well as the incubation time and

temperature of the coating protocol will be established trough this study.

4. Investigation for standards preparation

We will test different PSA-free matrices (Bovine serum, buffer solutions etc.) in

order to select the most appropriate among them. The materials will be judged on the

grounds of low background determination and low reagents cost and minimum

interference with assay results.

Further optimization of the assay conditions for kit production will be performed in

the second year whereas the evaluation of the kit in real clinical conditions will be

performed in the third year of the project.
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