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Introduction

PSA is a single chain polypeptide glycoprotein which is believed to be associated
with a single N-linked carbohydrate chain or perhaps with four carbohydrate side chains (Che
et al, 1984; Hara and Kimura, 1989). It has a molecular weight of 90,000 - 100,000 by gel
filtration (from serum samples) but with a molecular weight of 30,000 - 40,000 when
separated by SDS in polyacrylamide gel electrophoresis (Wang et al., 1981). Its larger size
was recently reported to be attributed to the complexing of PSA a, -Antichymotrypsin , a
serine protease inhibitor (Lilja et al., 1991). It is well established as a tumour marker which
detects and monitors prostate cancer patients following surgical prostatectomy for recurrence
(Stanley et al., 1989).

Prostatic carcinoma has been the cause of death in the male population in most
developing nations such as the United States. The death rate in the US has increased
significantly from 14/100,000 in 1930 to 23/100,000 in 1985 (Cooner et al., 1990). It has
been estimated that there would be approximately 192,000 new cases of PSA reported in the
US in 1992 and these would mean that 1 of every 11 men would develop these disease, which
represents a mortality rate of approximately 34,000 (Boring, Squires and Tong, 1992).

Epidemiological studies which relates to the number of registered prostatic
carcinoma cases and its mortality rate in Malaysia's male population has yet to be
documented. However it is envisaged that such phenomenal trend of mortality similar to the
developing nations (example in the US) may already had been encountered in this region.

The development and application of in-vitro immunoassays for PSA is now
considered as being the most useful analytical method for screening prostatic cancer.
Initially, most of these assays for PSA has been either RIA or IRMA, the later is more
favourable because of its relatively higher sensitivity and specificity (Oesterling, 1991). The
Tandem-R test for PSA (Hybritech, San Diego, CA) for instant is an IRMA, approved and
licensed by the US Food and Drug Administration, and was the most widely used assay in the
US, until recently, when it started to be replaced by non-radioisotope techniques (Linsteadt et
al., 1990). However radioisotope techniques have the advantage of being extremely robust
and academic and not implicated with legislations which incur to control laws of patterned
protection. This would permit the transfer of its technology to many countries in the
developing world which has the facilities to conduct radioisotope work.

Research Objectives

(1) To establish a protocol for biotinylation of monoclonal antibody, mabs or polyclonal
antibody against the antigen, PSA. This shall include the purifying procedure using size
exclusion chromatography on HPLC for use in binding assays to determine its binding
capacity with PSA.
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(2) To establish an immunoassay protocol for IRMAs, using the technique of
immobilizing the capture mabs on solid phase (surfaces of polystyrene) and the radioiodine
labeled streptavidin-biotinylated bridge system. This will include optimization of the assay
design and a Quality Control Assessment with the inclusion of standards derived from the
Agency and subsequent work to determine its sensitivity (Minimum Detection Limit) and
working range (the phenomenon of Hooke's Effect). An in-house quality control would also
be useful to determine the assay's suitability for screening the tumour marker from patient
samples obtained from neighboring hospitals (such as the Science University of Malaysia
Hospital and the National University Hospital) and private clinical pathology laboratory
(such as the Pantai Medical Centre) which compare concurrently the results with existing
commercial immunoassay kits (RIA/IRMA). These work and that described earlier in (1)
shall be done entirely at MINT.

(3) To perform an external coordinated external Quality Control Assurance Programme
with other research institutes (such as the Department of Immunology, Medical faculty,
Science University of Malaysia and government hospitals) in Malaysia on several batches of
the IRMA kits (produced at MINT and proven to be suitable for screening PSA in human
serum from in-house Quality Control datas, as mentioned earlier in (2) ). This coordinated
work shall include analyzing and documenting all values obtained from a group of patient's
sample in clinical conditions such as batch to batch variation, inter and intra-assay variations
and mean values for negative and positive controls. Statistical evaluation of reproducibilities
to all values obtained will be documented using suitable softwares that are currently available
(or obtained from the agency). In relation to this, studies will also include to determine
normal values from healthy volunteers of the male sex, age variations and discriminating
positive cancer from normals. This would establish the certainty of these antigens as tumour
markers in relation with the manifestation of the disease and perhaps other prognostic
factors.

(4) Validation of these in-house IRMA kits in clinical conditions through the Quality
Assessment Programme would be useful in improving further (if necessary) the need to
enhance the performance of these kits for better sensitivity and working range. These
documented quality control results in clinical conditions will provide vital clinical trial datas
and stability studies apart from logistics during the supplying and distribution of these IRMA
kits to various research institutes, government hospitals and clinical laboratories in Malaysia.

Proposed Method

i) Biotinylation Procedure

The following solution were added into 2 ml capacity tube (designated as tube 1):

3.5 mg Immunopure NHS-LC-Biotin, Sulphosuccimidyl-6-(biotinamido) Hexanoate, m.wt :
556.58, Pierce Catalogue No. 21335.,

25 u! Dimethylsulphoxide (DMSO).,

150 \i\ 0.1M Phosphate, pH 7.6

Transfer 100 \i\ of the monoclonal antibody solution (Iu,g/u1) into 1 ml microfuge tube.,

Pipette 10 ul of the solution from tube 1 into the tube containing the monoclonal antibody
solution.,

Vortex and leave to incubate for 2 hr., 4 °C,
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The biotinylated monoclonal antibody was separated from excess biotin molecules using
HPLC system, Waters 486 (UV detector) with a TSK Gel column, the elution buffer being
0.01M Phosphate Buffer Saline, pH 7.8 where 1 ml fractions were collected following
elution with this buffer.

ii) Proposed 2-Site Immunoassay

Strips of transparent microtitre wells (8 wells/strip) from NUNC (Maxisorp) were used.

These wells are easily detached from its frame which allows radioactivity to be determine
(cpm) individually from each well.

The generalized procedure in using the proposed streptavidin-biotin system in this
immunoassay comprises of 3 steps, each separated by washings :

(a) incubation of the coated antibody with the antigen and biotinylated antibody.,

(b) incubation with the streptavidin labeled iodine-125 (Code : IM 236, Amersham).,

(c) measurement of the bound labeled streptavidin by radioactive counter.

The capture antibody, preferably a monoclonal antibody with a high affinity constant is
coated in 0.1 M Sodium Carbonate buffer, pH 9.6 at a concentration of 1 p.g/ml. This
antibody solution is dispensed into microtitrewells and incubated overnight at 4° C before
use.

The washing solution comprised of Phosphate Buffer Saline, pH 8.0 containing 0.1 %
Tween-20.

Hi) Proposed A ssay s Protocol

The coated wells are blocked with 1% Bovine Serum Albumin, BSA to prevent non-specific
binding prior before use.

The wells are washed 5 times. PSA standards and biotinylated antibody solutions (polyclonal
or monoclonal) are added into the wells and incubated overnight, 4° C.

p

The wells are washed 5 times. Labeled streptavidin-iodine 125 solution ( /T approximately
50 - 70% of Total Counts) is added and incubate approximately for 4 hr. at ambient
temperature.,

The wells are again washed 5 times.

The wells are individually detached from its frame i.e. by snapping off each wells from each
other and placing them individually into each counting tube. The number of counts of each
wells, cpm are determined by the T- counter.
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There are several advantages in using the streptavidin-biotin system :

(1) The glycoprotein avidin is a 67 kDa protein found in egg white and biotin, known as
vitamin H is present in most cells in small amounts. Avidin has an extremely strong
interaction with biotin with an association constant of 1015 L mol"1 (Wilchek and Bayer,
1984), among the highest formation affinity reported, which is about 103 - 10" times greater
than the interaction of ligands with antibody (Diamandis and Christopoulos, 1991).

(2) Biotin being a small molecule of 244.3 Da can be introduced into most biological active
macromolecules (e.g. enzymes and antibodies) without altering or effecting their biological
activities, thus permitting a stable biotinylated product.

(3) Streptavidin possesses four binding sites per molecule, which enable it to create multiple
polymers with biotinylated moieties (Hsu, Raine and Fanger, 1981).
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