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INTRODUCTION

Development of an IRMA for total-PSA was taken up in our laboratories
(Isotope Division, Bhabha Atomic Research Centre, Mumbai, India) and efforts were made to
obtain monoclonals for PSA at our laboratory. Following the guidelines laid at the first
meeting of this CRP we have used the reagents supplied by the Agency as well as our in-
house reagents, and attempted to develop assay procedures for measuring total-PSA in human
sera. The work carried out is detailed below.

WORK CARRIED OUT

Standard PSA: PSA from two different resources were tried as possible
standard PSA materials. These include PSA purified from seminal plasma (as outlined as an
annexe in the report of the first meeting) with the help of a collaborating institute, (Institute of
Research in Reproduction, Mumbai, India- IRR) and the PSA supplied by the Agency (from
Dr. Suresh's laboratory). The partially purified PSA preparations from IRR were found to be
of high potency, although not equivalent to the protein content. When tested on SDS-PAGE.
these showed several bands of proteins. This prompted us to further purify the fractions by
HPLC (in collaboration with IRR). The purified fractions showed single bands in SDS-PAGE
at molecular weight ~ 30,000 similar to a commercial preparation (Scripps). But, on testing
the potency, it was found that the potency was far less (at least 100 times lesser) than that
expected from the protein content.

The partially pure fractions were used for the immunisation of mice (for
monoclonal antibodies) while to obtain PSA to be used as standards in the assay, native-
PAGE of the partially purified fractions was carried out at preparative levels. There were
protein bands of several molecular weights and the different protein fractions were identified,
cut and eluted out into buffer. These were then concentrated, lyophilised and stored at a
minimum of 1 mg/ml protein level in tris buffer (0.1 M, pH 8). The potency of these
preparations was estimated by a commercial IRMA kit. The bands that exhibited the best
potency were then tested as standards during the assay optimization stage. The PAGE purified
preparations and the PSA supplied by the Agency were explored for use as standards after
estimating their potency using a commercial IRMA kit. In all, PSA from five sources - three
from commercial kits, the supplied PSA and the in-house PSA preparation could be compared
among each other.

Antibodies: Monoclonal antibodies were raised against PSA at our
laboratory using the partially pure PSA preparation to immunise the BALB/c mice. Binding to
I25I-PSA and anti-mouse antibody-ALP enzyme assay were both used to identify the antibody
secreting wells. Initial attempt made in April 98 was not successful although there were
several growth positive clones. A second attempt in August 98 bore better results. A large
number of wells (~ 22 %) were growth positive, of which nearly 88% were immunoreactive
(binding I25I-PSA and anti-mouse antibody-ALP). With passage of time, 35 wells had
stabilised with positive response. The best among them, 4A6, exhibiting high binding with
I25I-PSA (55%) was used for limiting dilution to pick single clones. Many other less binding
wells were mixed and a limiting dilution was carried out on the mixed cells too. There were
79 positive clones from the 4A6 while none from the mixed clone. All the 79 wells with
single clones were grown to confluence and frozen for further studies. Out of these, six sturdy



ones were grown as ascites in mice. The secreted antibodies were purified (by caprylic acid
precipitation, ammonium sulphate precipitation and dialysis), concentrated and studied for
their usability as coating antibody or as tracer antibody.

In order to test the usability of in-house antibodies, the supplied
antibodies, namely Mab 66 and Mab 10 were used for comparison. Using the Mab 10 tracer,
all the antibodies to be tested including Mab 66, were coated on tube surfaces and checked for
binding. Table-1 shows the binding of the selected six antibodies (coated to the tubes) to Mab
10 tracer at two different levels of PSA standards.

Table -1 : Testing of the suitability of the in-house Mabs for coating

Mab - description

66

19

2S

17

18.3

18.1

1B2

% B/T

lOng/ml

4.7

5.5

3.3

9.6

8.5

2.3

0.8

200 ng/ml

33

33

27

25

22

19

3.6

It was observed that except 1B2 the rest five were responding to the
changes in PSA concentration. Mab 19 and 2S were quite comparable to the Mab 66 and
hence were pursued further for use as coating antibody.

Similarly, tracers were made using the in-house antibodies and tested for
binding on Mab 66 coated surfaces. As expected, antibodies which were similar to Mab66
(table 1), did not exhibit any binding to Mab 66 coated tubes. But, 1B2, the only antibody that
did not bind to Mab 10 tracer very well, did not prove to be a good tracer antibody either.
Hence, radioiodinated Mab 10 was used as the tracer for our development studies. However,
to test the retention of immunoreactivity after radioiodination of our antibodies, these were
reacted with PSA in Mab 10 coated tubes. Tracers made from all the antibodies except 1B2
bound to the tubes proving that the radioiodination was not damaging the molecules or
hampering their immunoreactivity.

Independently, a system of Mab 66 coated tubes and Mab 10 tracer was
optimised. This served as an authentic system to test the in-house reagents.

Tracer: Mab 10 supplied by the Agency and the in-house monoclonal
antibodies were labelled with I2SI using Chloramine-T as the oxidant. Radiolabelling was
carried out along the lines discussed in the last meeting. In a nutshell, 10 \±g Mab (10 p.L) was
taken in a tube to which 30 uL 0.5 M phosphate buffer. 3.7 MBq (100 uCi) l25INa and 12 (ig



J-7
Chloramine-T (10-20 uL) were added serially and mixed for 120 seconds. The reaction was
stopped by the addition of 100 fig sodium metabisulfate (100 uL) and the radiolabelled
antibody was purified by gel filtration over a Sephadex G 75 column (30 x 1 cm). The tracer
was eluted with 0.05 M phosphate buffer containing 0.1% BSA and refrigerated after
appropriate dilution in the same buffer. The percentage iodination yield and the purity of the
peak fractions were estimated by paper electrophoresis. Typically, 50-60 % radioiodination
yield was obtained resulting in a specific activity of 6-7 jj.Ci/p,g. The non-specific binding
(zero binding) was < 0.5 % and the tracer was stable at least for 30 days.
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Figure 1 : Typical Elution Profile of the radioiodinated Mab

Radioiodinated PSA was prepared and used for screening the antibody
secreting clones. Pure PSA from Scripps, USA, which was also radioiodinated in similar lines
gave poor yields and poor quality tracer that was very unstable (<10 days), despite several
efforts.

Separation Matrix: Coated tubes and magnetic cellulose were tried as the
two possible solid matrices for separation.

Tubes with extra surface area (star tubes) as well as plain tubes were
tested. Coating was tried both by

1. passive coating, wherein ~ 1 p.g antibody/tube was added in 0.1 M
bicarbonate buffer at pH 8.5 and left over night; and

2. chemical coupling after activating the polymer surface with gluteraldehyde.
In this case, the tubes were initially treated with 2.5% gluteraldehyde in
bicarbonate buffer for 18 h at 4°C followed by 1 jag Mab solution in bicarbonate
buffer for 18 h at 4°C. They were then blocked with 0.2% BSA in borate buffer for
18hat4°C.



In both cases, the tubes were thoroughly washed with buffer containing
Tween-20 after each step. The tubes were dried and stored cold in airtight bags. Contrary to
our expectations, the chemical coupling of antibodies did not give encouraging results. The
larger surfaced star tubes also failed to show any advantage over the plain tubes. Passive
coating was successful and gave reproducible results. Hence, in all the optimization
experiments, ordinary tubes coated by passive coating were used. The intra- and inter- assay
variations were around 10 % and 15% respectively and the stability of the coated tubes was
poor at -10-15 days. Efforts to improve these characteristics by varying the coating matrices
and coating procedure are being pursued. Table-2 illustrates the results obtained with the
antibody coating of tubes and the effect of amount of coating antibody is seen in table-3.

Table - 2 : Results of the antibody coating of polystyrene tubes

PSA (ng/mL)

Plain Tubes

Physical Adsorption

Active Coating

Star Tubes

Physical Adsorption

Active Coating

%B/T

2 10 50 100

0.9 2.3 11.7 19.1

Negligible binding in all tubes

0.7 2.0 12.3 18.9

Negligible binding in all tubes

Tracer ~ 15 ng/80,000 cpm, 3h reaction, R.T.

Table-3 : Effect of the amount of coating antibody on binding

Mab(19) amount

(ig/tube

0.5

1

2

5

20

% B/T at different PSA levels (ng/mL)

1.5

0.4

0.3

0.6

0.8

-

5

1.5

3.5

3.3

3.8

3.2

10

3.3

8.6

7.1

8.3

-

50

9.4

23.5

19

25

19.3

100

9.5

25

22

27

-

* Tracer ~ 15 ng/80,000 cpm, 3h reaction, R.T.

Magnetic cellulose that was existing in our laboratories was used for
these studies and were not fresh. 200 mg of particles in 5 mL suspension was activated with
carbonyl diimidazole, coupled to Mab (in bicarbonate buffer, 18h, R.T.) and then blocked
with Glycine. The detailed procedure given in the earlier TECDOC on this subject was



followed. The coated magnetic cellulose particles were stored as suspension at 2.5 mg/ml in
0.05M phosphate buffer. The effect of amount of antibody coated cellulose on the binding at
different PSA levels is shown in table-4. The variation due to the presence of serum is also
depicted in the same table.

Table-4 : Effect of amount of Mab coated magnetic particles on the binding

Amount of Mab* % B/T at different PSA Levels (ng/ml)

1 2 5 50 100

Binding without serum

1

2.5

5

1.2

1.3

1.7

5.0

6.0

7.0

14.0

22.0

26.0

Binding with addition of 100 juL PSA free human serum

2.5

7.5

0.4

1.2

1.3

2.3

8.6

9.7

11.0

13.4

* This refers to the amount of antibody(Mab 2S) spent and not the amount actually
present in the particles

15 ng/80,000 cpm tracer Mab 10, reaction 3 h, R.T.

It was observed that the although magnetic cellulose particles could be
coated with antibodies and used in the assay, the amount of particulates needed per tube was
high and far more antibody had to be spent compared to the coated tubes. It is presumed that
the coating efficiency was poor, perhaps due to the age of the particles (they formed clumps
and settled very rapidly at the bottom of the tube) which has in effect led to the poor economy
of the antibodies. The precision was far better than the coated tubes (<5% variations in our
case and ~2% variations with IZTOP kit which also uses magnetic cellulose coated particles).
However, as seen in table-4, addition of serum had pronounced effect on binding when the
magnetic particles were used while in the case of tubes, the binding decreased just by 1 or 2
%. It was decided to explore magnetic cellulose particles as the coating matrix further using
fresh particles.

Assay Optimization and Validation: The supplied reagents Mab 66 and
Mab 10 and the in-house reagents were used and optimized for obtaining a feasible assay-
procedure. Initially Mab 66 and Mab 10 tracer were used to optimize an IRMA system. This
system was compared with a commercial IRMA kit (IZTOP) and was then in turn used for
comparing different systems developed using in-house reagents. As mentioned earlier, among
the six in-house monoclonal antibodies tested, few could be used as coating antibody (with
Mab 10 tracer) while none could be used as the tracer antibody.

IRMAs could be optimized using the supplied reagents (Mab66 +
Mab 10) and with Mab 19 or 2S (in-house Mabs) + Mab 10. In each case, assays were
developed with the in-house PSA. the supplied PSA and the standards from a commercial kit



(IZTOP, Hungary). Assays were carried out for 3 h at ambient temperature and optimised for
100 uL serum sample, 100 ^L tracer antibody and 300 \xL PBS buffer (pH 7.5), 0.5% BSA. A
typical set of results on the tracer amount optimization is shown in table-5. Based on these
results, 15 ng/tube of tracer was used in most experiments, to obtain reasonable lowest
detection limit and range.

Table - 5 : Effect of the tracer amount on binding

Tracer

ng/tube

3.2

7.5

15

30

% B/T at different PSA levels

1

1.9

2.4

1.3

0.5

5

12.8

11.5

6.1

1.7

10

22.8

22.0

11.4

4.0

50

31.2

30.0

24.4

13.2

100

33.0

30.0

28.0

14.7

In-house standards, Mab 19 capture Ab (2 u.g/tube), reaction 3 h, R.T.

The assays developed at our laboratory had a sensitivity of-0.5-1 ng/ml
while the commercial kit used (IZTOP, Hungary) had far better sensitivity at ~0.1ng/ml.
Typical standard curves obtained using the different standards as well as different antibody
combinations are shown in the figures 2-5. Standard curves obtained with Mab 66 and some
of the in-house antibodies were similar. Mab 2S is depicted here as an example (figures 2,3).
However, there are differences between the standard curves when using the commercial
IZTOP standards (figure 4) and for the Mab 66 system with the three different standards
(figure 5). With the limited amounts of the other two commercial standards from kits (DPC
and DSL) standard curves were set up. These were closer to the standards supplied by
Dr Suresh (Univ. of Alberta, UA). These results lay emphasis on the need for proper
calibration of the standards.

F i g u r e 2 : PSA IRMA Standard Curves with Standards Supplied (Dr. Suresh)
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Figure 3 PSA IRMA Standard Curves with the in-house Standards
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PSA-IRMA Standard Curves with IZTOP Standards
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Figure 5 PSA IRMA Standard Curves, Mab 66 with different standard
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Several samples were obtained from the local cancer hospital (Tata Memorial
Hospital, Mumbai, India) which had been analysed by ELISA method for PSA levels. The
optimized systems were then used for sample analysis and compared. A commercial IRMA kit
was also used to measure PSA levels in the samples. The sample values obtained by the
various procedures were then compared with each other. Although the standard curves were
obtained with reasonable efforts, the sample analyses results were complicated. On analysing
the standards from three different commercial kits (DSL, DPC and IZTOP) as well as
analysing the same samples in different optimised assay systems, it was found that the values
did not always match with that supplied by the hospital (ELISA method). This was especially
so in the case of samples having very high PSA values (which could perhaps be attributed to
'"hook effect"). Even the standards from different kits did not match well. The in-house
standards also seemed to need further attention and calibration at the stage of sample analysis,
although at the assay development stage the standard curves were very similar to the other
systems! The sample results from ten typical samples are shown in table -6.

Table -6 : Typical sample values (ng/mL) obtained using different assay systems

Sample no:

1

2

3

4

5

6

7

8

9

10

TMH values

ELISA kit

1.1

1.5

2.3

3.0

3.5

7.0

11.5

16.0

34.2

450

IZTOP

Mag. Cell.

0.32

1.8

2.8

3.0

5.0

4.0

55.0

24.0

35.0

17.0

Coated tubes, Mab 10 tracer

Mab66

2.0

2.0

1.8

2.0

4.0

1.8

60.0

10.0

10.0

70.0

Mab 19

2.0

5.0

2.0

2.0

2.0

2.0

26.0

2.0

8.0

26.0

Mab2S

4.0

3.5

2.2

2.0

5.5

2.0

19.0

3.0

7.5

36.0

Although the correlation with the supplied values (TMH, ELISA kit) was not very
encouraging, barring a few sample results (1 or 2), the results correlated reasonably well (y
-0.8-0.9). Between the developed systems the co-relation was very good (0.92 - 0.98).

CONCLUSION

In conclusion it was found that
1. An IRMA system can be optimized with the supplied reagents with ease,
2. A thorough optimization is possible with a larger amount of reagents,
3. Coated tubes are feasible but need improved stability and magnetic cellulose particles

should be explored as possible solid matrix for coating,
4. Standard PSA preparation is an important problem to be addressed as suggested by the

discrepancies in the sample values obtained (both sporadic and regular) when different
standards are used.


