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INTRODUCTION

Cancer is one of the major reasons for mortality and a great deal of research goes
on in many areas related to cancer all through the world. The concept of "tumor markers"
has greatly aided the management of cancer, especially for follow up of the treated
patients. Immunoassays that are used for measurement of sub-picomolar quantities of
biomolecules such as hormones have been developed for the measurement of tumor
markers too and these are widely used for monitoring the patients. The current
co-ordinated research program on "Development of Immunometric Assays for the Tumor
Makers: PSA, free PSA and TPS" was born out of the advise from a group of specialists
from the field oncology and nuclear medicine who met to discuss initially (Advisory
Group Meeting, Colombo, August 1996) to identify the most appropriate markers and
later (Consultants' Meeting, Glasgow, 21-25 April 1997) to identify the details of the
procedure to follow.

Prostate Specific Antigen is a protease enzyme belonging to the kallikrein family
and has a molecular weight of 26-33 kDa. PSA is present mainly in seminal plasma. In
serum the concentrations are low and PSA is found mostly (-80%) bound to proteins
such as a-1-antichymotrypsin (ACT, a protease inhibitor) and the rest as free. In the
recent times, the ratio of free to bound PSA has been noticed to be of great diagnostic
value in the differential diagnosis of prostate cancer from benign prosthetic hyperplasia.
PSA is a tumor marker that is nearly ideal and the levels of PSA are used for screening,
staging, post-therapy monitoring and prognosticating prostate cancer. Being a marker of
proven utility, PSA would be a good marker to begin working with.

On the other hand, Tissue Polypeptide Antigen, TPS, is a cytokeratin, that is still
being studied for its utility in various types of cancers. TPS was included in the scope of
CRP for development of an assay. Thus this CRP covers PSA, a marker that is well
established whose development would certainly be of value to each participating country
and TPS, another marker that has a lot of research potential. Ten laboratories that have
adequate experience with development of immunoassays and immunometric assays have
been included to participate in the CRP . This would result in quick development of
assays as well as in accruing a sizable data on the various aspects of development that
could be useful for other aspirants wanting to develop these assays.

The first Research Co-ordination Meeting of this group was held in Vienna from
9-12 December 1997 to review the plans of each participant and the steps to be taken to
realize the goal of this CRP. The meeting was attended by participants from the ten
laboratories (as listed in the Appendix).



SUMMARY OF THE REVIEW PRESENTATIONS

Dr. Mavanur Suresh from the University of Alberta gave a review talk on "PSA-
Biochemistry, Immunochemistry and Immunoassays" and Dr. Meera on the "Radiometric
Assays for the Measurement of PSA, the tumor specific antigen: Current Status and
Aspects of Development". A summary of the review presentations is given in Annex 1.

DISCUSSION OF WORKPLAN

Each participant presented the work plan they propose to follow in the first half of
the CRP duration. After detailed discussion, it was decided that the main thrust will be to
develop IRMA systems for all the three markers - namely, total PSA, free PSA and TPS.
All the participating laboratories would follow a certain common line of working. Apart
from this, the individual laboratories could take up the research tasks of their interest and
work on that. The results thus obtained could however be discussed for the benefit of
others.

Based on the technical discussions, it was recommended that a sandwich IRMA
system, using a pair of well characterized monoclonal antibodies and pure PSA
calibrators would be ideal to develop. It was felt that since the process of development of
assays for free and total PSA were very similar and involved common reagents such as
the antibody in solid phase, standard PSA calibrators etc. it would be prudent to develop
both the assays simultaneously. Dr. Ana Robles , Uruguay, would be developing the
assays for free PSA and TPS as their lab already has an assay for PSA standardized. The
key reagents involved in IRMA development were individually discussed in detail as
given below.

Monoclonal Antibodies : It was realized that a set of three monoclonals would be
adequate for developing IRMAs for both free-PSA and total-PSA; two of them specific
against determinant sites on the PSA that are removed from the ACT binding sites and
the third towards a site that is involved in ACT binding. The first two monoclonals, one
being used as the capture antibody and the other used for making tracer could give an
"equimolar assay" for total PSA. One of the first two when used as capture antibody
along with a tracer made of the third could take care of development of free PSA assay.
Dr. Suresh said he has access to the first two antibodies and he could look into the
possibility of sourcing the third one. Alternate sources of antibodies were also looked
into. Fitzgerald was identified as one of the sources who has several matched pairs of
antibodies. However, the antibodies in such cases will need to be tested fully for
"equimolar" response. It was strongly felt that in the long run, the participants should
identify a source of antibodies which could be continuous. The most desirable situation



would be for each laboratory to raise their own monoclonal antibodies. This could be
feasible since many of the participating laboratories, namely China, Cuba, Malaysia,
India and Iran have their monoclonal antibody labs. This would guarantee a sustained
supply of antibodies for large scale supply at a later stage. Alternately, the labs could try
and buy such clones or find a source of antibodies that is dependable for a long term
supply. Dr. Acevedo from Cuba would attempt to make monoclonal antibodies for PSA
and, if successful to get the right clones, supply to other participants. He has provided a
working protocol for immunization, fusion, screening, production of ascites and
purification of the antibodies which is included in the Annex.

Of the two monoclonals, one would be used as the capture antibody to be tagged
to the solid phase matrix and the other as the tracer. It was estimated that ~ 5 mg of Mab
would be sufficient per lab as the capture antibody for the assay development. This was
calculated assuming that 1 (ig of antibody would be required for each tube or well for
coating and 5 mg would be sufficient for ~ 5000 tubes. 0.5 mg of the antibody for tracer
would be sufficient for optimization for each lab since each iodination may be performed
using 10-15 [ig of the antibody.

Purified PSA for preparation of Calibrators and Immunogen : The complexity of PSA
molecule and its presence in multiple forms in serum was discussed. The instability of
PSA in serum, the autocatalytic activity of PSA and the effect of these on preparation of
stable PSA standards, storage of PSA standards & samples were also discussed.
Dr. Ana Robles from Uruguay has been using the female serum as the serum matrix for
the standards and has had no problems thus far. However, the possible technical problems
due to instability and binding to ACT were raised and discussed. Dr. Suresh said he
would communicate the published information on the preparation of stable PSA
standards. Dr. Ana Robles proposed the use of protease inhibitor such as Trasylol (Bayer)
to stabilize the PSA standards and she would do the initial experiments on this subject.

It was felt that most countries have fertility clinics which can be used as a source
of seminal plasma. PSA could hence be purified with moderate efforts. A typical working
protocols being used at the Institute of Research in Reproduction, India, for PSA
purification from human seminal plasma is included in the Annex. Substantially pure
PSA(~80%) could be used as the immunogen to develop ones own monoclonals by the
labs. On further purification, to ~ 98% purity, the PSA could be used for preparation of
PSA calibrators. However, in such cases, the PSA will necessarily need to be calibrated
against authentic standards (Hybritech kit or Gold standard from Stanford).



Depending on the capabilities of the individual laboratories, it was decided that
Dr. Ion from Greece and Dr. Meera from India would look into the possibilities of
purifying PSA from seminal plasma and supplying to other participants. Dr. Acevedo
from Cuba would look into the possibility of making PSA by recombinant DNA
technique and also making the Mabs for PSA using the PSA that could be supplied to
him. To begin with, however, all the laboratories were advised to buy the pure PSA.

Solid Phase Matrix: The varying interests of the groups in the choice of solid support was
noted. It was decided that each laboratory will make their own choice, although in general
it was preferred to have a coated tube based system since it will have a greater
acceptability to the user labs. Dr. Ana Robles has provided their working protocol for
coating tubes in a small scale, Dr. Ion has provided a similar working protocol for coating
beads (included in the Annex). These can be followed by the participants initially and
modified to suit their reagents and requirements.

Radiolabelled Tracer: Many methods for the preparation of radiolabelled antibodies were
proposed and discussed in the meeting, and it was decided to leave the choice of
iodination protocol to the individual labs since most of the participants have good
experience in radioiodination. The labeling procedure used by Dr. Ana Robles and found
to work well with several monoclonals and large proteins is given in the Annex as a
sample recipe.

It was advised that other reagents such as PSA-ACT, porcine kallikreins, PAP etc.
that are available commercially, should be procured for checking the cross reactivity.
Human glandular kallikrein, or hK2, is also desirable for testing the cross reaction, but is
not at present available commercially. Dr. Suresh would provide the information whether
this could be available from some laboratory working on hK2 preparation.

There were several other technical details that were discussed; such as
radiolabelling procedures, the stability of standards, storage of standards, storage of
monoclonals, cross-reactivity of the monoclonals with different kallikreins, matrix related
problems, RIA vs IRMA, purification of the PSA from seminal plasma, and so on.



RECOMMENDATIONS

Based on the detailed discussions on all the aspects of development of the IRMAs
for total PSA and free PSA the following steps were recommended.

1. All the laboratories would develop IRMAs for free and total PSA (except
Uruguay which will develop free PSA and TPS assays).

2. All the laboratories will aim at having coated tubes as the solid phase of
separation although depending on the experience of the individual labs, other
solid phases could also be tried.

3. The CRP aims also at exchange of information and materials when possible. It
was recommended that not only the monoclonals raised by a few of the labs (say
Cuba), could be supplied to the other participants for their assays, but also other
materials such as coated tubes etc. could be exchanged between the participants at
no cost wherever possible.

4. The key reagents - namely the matched monoclonal antibodies and purified PSA
are expected to be shipped to the user labs within two-three months. The
importance of having a communication between the participants was realized and
it was recommended that the participant labs send periodical reports on the
progress made to Dr. D.V.S. Narasimhan. He could compile them and circulate
among the rest of the participants.

CONCLUSION

The meeting discussed all salient aspects of the IRMA development for PSA and
TPS. The modalities of working out the plans were thoroughly considered and the key
inputs for the program to take off were identified. In conclusion, all the nine contract
holding participants would develop the IRMAs for PSA (free and total) and TPS
(Uruguay).

NEXT PAGE(S)
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ANNEX 1

Summary of Review Presentations bv Dr. Suresh and Dr. Meera Venkatesh:

Radiometric Assays for PSA-Biochemistry. Immunochemistrv and Current Status
and Aspects of Development

Introduction

Tumor markers have been of great interest to the oncologists and a lot of work has
been carried out in this area in the past twenty - twenty five years. There has been a
multi-pronged approach to this subject; the identification of a tumor marker,
establishment of a method of measurement, study of the tumor marker levels & their
correlation under various conditions connected to the diseased state, etc. Such multi-
disciplinary studies have thrown a fair deal of light into this complex subject of tumor
markers, their role in detection of cancers and in management of the disease. The initial
enthusiasm of being able to detect a variety of cancers in their preliminary stages for their
successful treatment has now waned. This is due to the experience of the researchers all
over the world and the retrospective analyses of the results wherein most markers failed
to meet the high expectations of an ideal marker. An ideal marker is defined in many
reviews. In short, the marker is expected to be 1. 100% specific; i.e. should be
expressed only when the particular type of tumour is present; i.e. no false positives,
negative in disease-free condition. 2. 100% sensitive; i.e. should be always expressed by
the particular type of tumor; i.e. no false negatives and ability to detect micro-
metastasis. 3. Levels reflect the status of the disease and tumor burden. 4. Levels not
subject to fluctuations in stable diseased state. 5. Prognosticate the risk.

Some of the tumor markers that were initially promising were found to be present
in many other pathological conditions also, while some others were not always expressed
in a particular type of cancer. Such variations in the expression of the marker have led to
the concepts of specificity and sensitivity and tumor associated antigens are now
evaluated on the basis of their specificity and sensitivity for the particular cancer.

Several tumor associated antigens or tumor markers (such as CEA, CA 15.3,
CA-125, PSA etc.) are being measured in the cancer centres on regular basis. Although
all of them may not fit the description of an ideal marker, they have proven useful in
management of cancer, especially in the post-therapy monitoring.
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Classification of Cancer Markers

Specific Antigens eg: idiotypes of B-cell tumors

Tumor-Associated Antigens

Small molecular weight markers eg: polyamines

Macromolecular antigens f ~; '."[$$*

Isoenzymes eg: PAP, PLAP ^ .

Hormones & receptors eg: hCG, IL-2, ER growth

Oncogenes & products eg: c-myc gene and protein

Tumor-associated glycoconjugates -.-.-

Glycoproteins: eg: CA19-9,MUC-I (CA15.3) ,C|L'

Glycolipids eg: GM2, GD2, Le"

<.<-f\ *-

r, cyfokines

Prostate Specific Antigen or PSA is the most promising marker and satisfies
nearly all the requirements of an ideal tumor marker. Apart from being a desirable
marker, it is associated with prostate cancer which is fairly common, especially in males
over 50 years of age. PSA which has a molecular weight of 26 ~ 33 kDa (reported values
vary, perhaps due to the method of molecular weight determination; the protein part is
supposed to have a M.W of ~ 26,000 kDa) is a protease enzyme belonging to the
Kallikrein family, secreted by the normal prostate glands. The extra-cellular protease
inhibitors such as al-antichymotrypsin (alACT) and a-2-macroglobulin complex most
of the PSA thus resulting in multiple molecular forms of circulating PSA.
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PSA: Biochemistry & Immunochemistry

• 33kD Single Chain Glycoprotein- 6kb Gene Product ©JDPhromosoi

• Secreted by Prostatic Epithelium ••••"*'."•*

• Serine Protease - Chymotrypsin Like

• Homology With Kallikrein Family - Common AncestraltSene

• Major protein in Seminal Plasma -•• - -

PSA: Structure & Function

• A Linear Protein of 237 Amino Acids

• Calculated MW is 26.1

• Determined MW-Gel Filtration = 32-34kD, Mass Spectrometry = 28.5

• PSA is a Glycoprotein (8% sugar) with an N-Iinked Oligosaccharide on
aspargine-45

• 4.84% hexose, 2.87% hexosamine & 0.25% sialic acid (Microheterogettiety)



PSA: Molecular Forms

IPSA-ACT (alpha-1-antichymotrypsin)

^PSA-AMG (alpha-2-macroglobulin)

PSA-PCI (protein C inhibitor, a 57kD glycoprotein serpin)

Recombinant PSA (aglycoprotein?)

PSA:

• 84°/

• 73°/

Homology

b Nucleotide

b Homology

• Low Homology

• 60°/o Homology

to Kallikreins

Homology With Human

With Human Pancreatic

Glandular

Kallikrein

With human Serum kallikrein

With Porcine Pancreatic kallikrein

Kallikrein (hK2)

(hKl)

(pKl)

PSA: Function
J y.

• Liquefy Seminal Coagulum by rapidly cleaving Seminogelin I & II

• Cleave Insulin-like Growth Factor modulating Prostate Cancer

• Release of Bioactive Kinin-like Fertilization factor
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PSA has been extensively studied in the recent past, and a good deal of
information has accrued as a result. It is now proven beyond doubts that post-therapy
monitoring and management of prostate cancer is best done by estimating the serum PSA
levels. Screening of high risk population is routinely performed in several countries, as
the reports in the past two years show, although this may not be so in many others.
However, use of PSA levels for prognosis of the disease and follow-up after therapy are
very common in most countries. The knowledge that the fraction of PSA that exists in the
free form can be used to differentiate the benign prostate hyperplasia from the malignant
cancer of prostate has added a new dimension to the estimation of PSA levels and has
resulted in the free-PSA and total-PSA concepts. At the research level, PSA values are
used for a large number of studies such as testing the efficacy of the various treatment
modalities, staging the bone metastasis, studies on free/total PSA levels in other
malignant conditions and so on.

PSA: Clinical Chemistry

• Healthy Male Blood Plasma- 95th Percentile ~4ng/ml

• Substantial Increases in Prostate Cancer and Stage of Disease

• Moderate increase in Benign Prostatic Hyperplasia (BPH)

• Slight increase due to physical or surgical trauma to prostate

PROSTRATE CANCER IS NOW THE MOST COMMON FORM OF MALE
MALIGNANCY EXCEEDING LUNG CANCER

165,000 OF NEW CASES IN 1993 AND -35,000 (21%) WOULD SUCCUMB
TO THE DISEASE

50 YEAR OLD N. AMERICAN HAS

40% chance of developing microscopic Prostrate Cancer

10% chance of being diagnosed

2-3% chance of dying from it
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Oo November 7th 1992 the American Cancer Society stated that ~

"ACS RECOMMENDS ANNUAL EXAMINATION FOR EARLY DETECTION
OF PROSTRATE CANCER WITH DIGITAL RECTAL EXAMINATION <DRE)
and iERUM PROSTRATE-SPECIFIC ANTIGEN |PS^^SEGINNING AT
lGE§0" '":A: '•••:.-.;• • ?:'-•*•:•:•:'

With the knowledge gained thus far, it can be said with certainty that assays for
PSA are very useful in the management of prostate cancer at all stages; namely,
screening, staging, post-therapy monitoring and prognosticating. The development of a
valid assay for the measurement of PSA levels, both free and total will have to be planned
with care due to the complexity involved. There are several points to be considered.

1. Type of the Assay: Radioimmunoassay vs. Immunoradiometric Assay:

The merits and demerits of IRMAs and RIAs have been often discussed. In case
of tumor markers, IRMAs are specially preferred due to

(i) the need for highly sensitive assay systems -- both for quick sensing of a
relapse when patients are regularly checked after therapy and for screening to
pick up the cases of cancer at a very early stage (where the marker is not
present in normal conditions)

(ii) the need for specificity in measurement - since the tumor marker is often a
huge molecule with several epitopes.

In the case of PSA, all the commercial assays are IRMAs and any effort to
develop new assays should also aim at an IRMA (though PSA is normally present in
small amounts and an ultra-sensitive assay may not be required for screening purpose).
Apart from the above mentioned general considerations that favor an IRMA for PSA, its
presence in multiple forms in the circulation makes it further necessary to have an IRMA
to assure the right specificity.

2. Choice & Source of Antibodies:

Unlike most other radiometric assays where the antigen would be in a single form,
PSA is present in multiple forms (free and as a complex) and the ratio is not a fixed one.
This would mean that all the major reagents - standard PSA calibrators, PSA antibodies
to be used and the radiolabelled antibody would have to be chosen judiciously. There
have been reports in the recent times on the discrepancies in the results of total-PSA
analysis when performed using different kits. The discrepancies are often attributed to the
dissimilar reactions between the antibodies and the multiple forms of the antigen. In other
words, "skewedness" in the assay resulting due to the different cross-reactions of the
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antibodies towards the different forms of circulating PSA, would lead to errors and non-
agreement of results. This has resulted in the concept of "equimolar" assays, i.e. the
assays which detect the free as well as the complexed PSA with the same reactivity. Even
in the case of free PSA analysis, there have been reports pointing out the non-
conformation of the results obtained with different kits. To obtain a valid assay system
for total-PSA, the best option would be to utilize the antibodies that bind to the
determinants on PSA that are removed from the ACT binding areas (alACT is the major
complexing protein and hence to study the bound PSA, PSA-ACT complex is used).

If a pair of such antibodies is not available or not affordable, and the assay is
skewed, the standard preparation will need re-calibration based on an accepted assay
system. This can be tested by estimating the levels in samples with varying amounts of
free-PSA standards, PSA-ACT complexes and mixtures in various proportions. If the
assay is skewed, the recovery would not be 100%. A system which has lesser affinity for
PSA-ACT complex will yield lower than expected levels and vice-versa). In the case of
free-PSA, one of the antibodies will necessarily have to bind to a determinant on PSA
that is involved in binding to ACT. This will preclude the bound PSA-ACT complex
from giving any signal.

As one of the antibody is labeled in an IRMA system, a pure preparation suitable
for labeling is required. A well documented data of the antibodies from the different
commercial suppliers is now available. The choice of mono-mono or monopoly matched
pairs are available for PSA-total, and to some extent free-PSA. With I25I as the radiolabel
of choice, the labeling procedures are fairly standardized to obtain a pure tracer
preparation. The further choice as to which of the antibodies should be labeled, if both
preparations are reasonably pure and amenable for radio-iodination, will need to be tested
by actual experiments.

3. Standard PSA Calibrators:

Although the antibodies are the prime reagents that have to "see" or "react" with
the right antigenic determinants, the standard calibrators play a very important role when
a "skewed" assay has to be optimized and calibrated to give "correct" results. Such re-
calibration of the standards would indeed impart some error in the results depending on
the percentage of PSA in the bound form. For example, if the system has 100% cross-
reaction with the free form of PSA and 80% with the bound form, then a sample with
10% free PSA will yield a result that will be underestimated by 18%. In this case the
standards are in free form. In another sample with 20% PSA in free form the results will
be underestimated by 16%. In other words, since most of the PSA in serum is in bound
form, the net result will be underestimated in such a situation. If the calibrator here is
recalibrated to match the bound PSA levels, i.e. 100% cross reaction with bound PSA and
hence 125% with free PSA, then the same samples as above will give results that are
overestimated by 2.5% and 5% respectively. Such a simple re-calibration, usually results
in over estimation between 2-7%, which is tolerable. However, researchers have studied
the use of standards that match the actual situation better than using 100% free PSA, by
preparing a mixture of 10% free and 90% PS A-ACT complex as the standard. The
stability of the standards thus prepared will have to be thoroughly studied - especially
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since the free-PSA is not very stable and tends to get bound to the protease inhibitors
such as ACT. Use of lyophilized standards and storage at <-40 °C may be the best for a
long shelf life. If the standards are to be in the 'free serum1 matrix, a thorough study of the
stability is warranted especially in skewed assay systems with specially prepared
standards. In the case of free PSA assay, the standards would be 100% free PSA and the
stability of the standards will have to be studied in a similar manner.

4. Separation System:

The separation system in IRMA needs to be a solid-phase based one and the most
suitable separation reagent for an IRMA is a subject that has several facets to it; such as
the ease of preparation, the types of errors associated with it, the ease of usage,
availability, the cost and so on. For a laboratory aspiring to develop its own system, the
ease of preparation is the prime concern and the weightage for ease of handling (user
friendliness) has to be lowered, since often the two considerations point to different
choices! For example, coated tubes are the most attractive from the users point of view,
which however is a difficult proposition from the manufacturers point (reproducibility,
storage, economy of antibodies, coating technology etc.). Particulates such as magnetic
cellulose etc. coupled chemically to the antibody, (or with the second antibody for a more
general reagent) would be the most suitable for small scale manufacturing laboratories.
Assuming that particle based separation system will be the most suitable one from the
point of practicality for a manufacturing laboratory, a further aspect that may merit
attention is the use of Biotin-Avidin system to achieve quick separation. Avidin bound
magnetic particles could be added at the end of the reaction wherein the primary reagents
(the radiolabelled monoclonal, the standard/sample and the capture antibody) and the
biotinilated second antibody (anti-capture antibody — importance of species) are reacted
in the liquid phase. Biotinilated second antibody and avidin are both easily available from
various manufacturers and if coupling of avidin on the particles could be achieved by the
laboratory, this strategy would result in a good assay. Alternately, the second antibody
bound magnetic particles/solid phase could be used for separation as is the practice in
many IRMAs.

5. Assay Optimization:

Assay optimization is a familiar step for those involved in immunoassay
developments. In the first phase, optimization of the reagent concentrations as well as
reaction conditions such as temperature, time, nature, ionic strength and pH of the buffer
need to be carried out with care to obtain the assay with necessary sensitivity, range and
minimum errors. Imprecision Profiles would aid in decision making in many such
optimizations. In the second phase, the possible cross-reactivities, their management,
need for any additives, presence of "hook effect" etc. are studied. The optimized assay
should have the required analytical as well as functional sensitivity, no effects of cross-
reacting analogs, the required working range and minimum possible errors (intra and inter
assay precisions). In the case of total PSA, a range of 0-50/100 ng/mL, absence of hook-
effect until a concentration of -100/150 ng/mL, minimum detectable dose of
0.005 ng/mL (biological sensitivity could be ~ 0.02 ng/mL), equal cross-reaction with
both PSA complex and free PSA, non-cross reaction with the other antigens of kallekrein
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family(PAP) would be desirable. If equal crossreaction with PSA complex and free PSA
is not achievable, the standard should be prepared and calibrated to result in minimum
possible errors as discussed earlier. For a free-PSA assay, the range could be 0-20 ng/mL
and the sensitivity of 0.005 ng/mL may be adequate. It is desirable to have the random
errors within limits of 57% for intra-assay C.V and -10% for inter-assay C.V. The assay
components and the storage conditions should be also conducive to obtain a stable assay
system and hence the stability studies would form the final aspect of the optimization.

6. Assay Validation:

Finally, the optimized assay has to be evaluated for its validity of correctness of
the reported value. In other words the sample-standard identity has to be established, by
testing for parallelism, recovery of the added standards (here in the case of total PSA, as
discussed earlier, equimolar response of the system towards free PSA and bound PSA
would influence the recovery results), by calibration against international reference
materials, comparison with an authentic method (could be a well established procedure or
kit), and blind analysis of authentic samples. The establishment of stability of the
reagents of the assay and repeatability (QC analysis - between batches) would also
necessary for a valid assay.

7. Sample collection, storage, sample bank:

There have been reports in the recent times on the half life of PSA complex and
free PSA in the body and their stability when the sample is stored. PSA complex has a
half life of 2-3 days in the body while f-PSA has a half life of ~ 110 minutes. The
stability of PSA complex and free PSA in the collected serum samples are also on the
same lines. It is found that estimation of PSA complex yields fairly close results when
stored for a few hours at ambient temperature, for a long time when stored at 4 °C or
frozen. However, free-PSA values keep depleting with time and the extent of depletion
depends on the time, temperature of storage and the nature of the sample(serum, heparin-
plasma or EDTA-plasma). Thus, it is essential to take great care in collection and storage
of samples, especially when free PSA has to be measured. If a sample bank has to be set
up as envisaged as a part of this CRP, the following precautions would perhaps be
necessary. Blood samples should be collected using EDTA as the anti-coagulant, if
possible in cold tubes and the plasma separated immediately. The plasma should be
stored at < -70 °C after aliquoting into three or four aliquots of 0.4-0.5 mL each, in
properly labeled air-tight vials. Although the immediate aim of this CRP is the
development of total-PSA assay system, free-PSA is a desirable next step that a
laboratory should take and the serum bank will have to be built up with a broader
perspective.

In conclusion, Prostate Specific Antigen is indeed a very useful marker of prostate
cancers and could be used for screening, staging, differential diagnosis, prognosticating
and post-therapy monitoring. Development of an assay for PSA measurement would be
beneficial to the health program of the country - to manage prostate cancers, one of the
major cancers that affect men. For a health program at a national level, wherein the
economy would be an important consideration, in-house assay systems would be highly
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beneficial. In order to achieve this goal in reasonable time, the strategy of buying the raw
reagents such as the matched pair of antibodies, separation phase (magnetic particles or
other) and concentrating on the optimization of the reagents would be an ideal one.
Understanding the nature of the PSA antigen is important for a valid assay as each step
(such as selection of the appropriate antibodies, preparation of most suitable standard
calibrator, sample collection and storage etc.) of the assay, f/t ratios of PSA have been
proved to be of immense value in the differential diagnosis of prostate disorders (cancer
and benign hypertrophy) and hence Free PSA assays have been gaining a lot of attention
in the recent times. It would be hence prudent to plan and work towards the development
of free PSA assay right from the beginning. Building up a good sample bank would not
only help in validating the PSA assays, but would also help to retrospectively analyze any
other marker at a later stage.
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[.INTRODUCTION

The immunoassays such as RIA and IRMA are now widely used through the world for the
quantitation of a variety of substances in the biological fluid for their high sensibility and
specificity which required simple equipments

These techniques are also very used in Algeria for an effective amelioration of public heath
The assays kits of RIA/IRMA of thyroid hormones are the most used, followed by peptidic
hormones, steroids hormones and IRMA Tumor Markers (T.M) kits.

In spite of the important demand, of tumor markers kits for the diagnosis and follow up of cancers
their use are always insuffisant due to the high cost

The A1EA has starting the project RAF/6/018 for the period 1997 - 2001 on the theme « The
Consolidation Capability of Radioimmunoassays for Tumor Markers » that Algeria is joined, will
allow certainly to cover in the first phase the request of reagents for IRMA « T M » retained in the
programme of this project and in the second phase to gi\ e the possibility of our country to produce
local reagents for IRMA assays « T.M »

The research contrat programme proposed by IAEA on the theme « The Developments of IRMA
Tumor Markers Kits » of prostate specific Antigen (PSA) and Tissue Polypeptide Specific Antigen
(TPS) will allowed us to produce localy with best quality-price, the main reagents for PSA and TPS
IRMA assays kits for diagnosis and follow up the prostate and breast cancers which are \er\
spready in the country

This report include the following points

-Generalitfrjon the use of tumor markers in Algeria
-Programme for the Development of the PSA IRMA assav

*Shedule of protocoles applied for each reagents
* Annual planning for assessing the programme activities
-Conclusion
-Annex The need of chemical and biological reagents for the project
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II. GENERALIT*bON THE USE OF TUMOR MARKERS ASSAYS IN ALGERIA.

1- COMMONEST CANCHRS IN THI-COIJNTOY

The commonest five cancers for male and female are represented as follow

Male Female

-Lung -Breast
Stomach -Col-Uterus
Nephretic tractus -Colon-Rectum

-Colon-Rectum -Ovarium
-Bladder -Gall-bladder
-Annual incidence of cancers

-M = 74,4/100.000
-F = 77,3/100.000

2 EXISTING AVAILABLE FACILITIES AND MANPOWER IN THK COUNTRY

2.1 Number of cancer treatment facilities

-Hospital with cancer traitement facilities 5
-Radiotherapy center: 5
-Medical oncology department 5

2 2 Number of oncologists currantly practicing

-Medical oncologists about : 10
-Radiation oncologists about 20

2.3 Available facilities for follow-up cancers patients :

The available facilities for follow-up of cancers patients are indicated as follow
-Clinical examination
- X-ray and other simple tests
- Ultra sound
- Bone scane
- LT/MRJ
- Mamography

N.B : These informations are obtained from the cancers register of Algiers 1995 ami from
Medical Oncology Department.

} LAHORATORII S USKR

The laboratories using the kits of 1RMA Tumor Markers are eight (08)
These laboratories are divided mainly at the hospitals in the North of the COUIHIA

-In ihe Centre (Algiers) 04
-In the West (Sidi-Bcl-Abbes. Tlemcen) o:
-In the Liast (Constantinc) 01
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All of these laboratories have qualified staff and adequat materiels to carry out all the RIA/1RMA
assays and others similar methods

4 TlDi KITS ()!• Till' MAIN TUMOR MARKERS US1-O IN Till- COUNTRY

The number of T.M imported from 1990 to 1996 the mean price and the number of patients treated
are presented in the table-I

Table I - Tumor Markers kits data imported from 1990 to 1996

KITS

HTG

BHCG

HTC

CE A

A F P

Number of
Kits imported
1990- 1996

184

58

49

45

12

Mean price/Kit
(U.S$)

400

392

460

360

240

Number of
patients treated

by Kit

40

-«-

-«-

-«-

Total number >
of patients
treated

7360

2320

1960

1800

480

Cost of the ;
Assay by ,
patient ',
(usjj _;

io ;

9,8 ;

11 4

9

I 6

The number of Tumor Markers kits (table-I) imported during the period 1990-1996 didn't reflect
the real demand of the users laboratories
This perturbation of tumor markers kits imported for 1RMA assays are due to the high cost of these
reagents and to the actuel hard economical situation of the country
We notice on the table I that the price of the assay per patient is about (8US $)

All the kits mentionned on the table-1 are imported from CIS-Bio International (FRANCE)
The kits of PSA tumor marker are not imported during this period.
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5 ESTIMATIONS OF TUMOR MARKERS NEEDED J-OR mi' YEAR 1998

The estimation of IRMA Tumor Markers kits for the year 1998 are shown on the table-2

Table-2 Needs of Tumor markers kits for the year 1998

KITS

H.C.G

C.E.A

A F P

P S A

H C T

Ca-19-9

Ca-125

Ca-15-3

H.T.G

P A P

Number of kits

74

68

57

44

42

39

37

31

29

16

N.B Informations obtained from users laboratories
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III. DEVELOPMENT PROGRAMME OF THE MAIN REAGENTS FOR PSA IRMA ASSAY :

III. 1 MAIN STKPS OF EXPERIMENTAL PROTOCOL TO PRHPARL THK [RACIER 125 I - Mab -ANTI-PSA

1.1 : Radioiodination of Monoclonal antibody Anti-PSA

The preparation of radiolabelled of MAb-I-125 Anti-PSA with high purity and good specific
activity can be carried out by two comparatives methods based on the use of iodination agents
chloromine-T and N Bromosuccinimid.
-The optimization of radioiodination parameters will be realized (reagents concentration, reaction
time etc )

1.2 Purification of the tracer :

The purification of the tracer from chemicals and radiochemicals impurities can be carried out by
column chromatography over Sephadex -G-25 gel or Sephacryl S-300, superfine with appropriate
buffer

1.3. Evaluation and standardization of the tracer :

The evaluation of MAb-I-125- Anti-PSA can be carried out by the estimation of the parameters
mentionned as follow :
• Radiochemical purity (P.R.C) using physico-chemicals methods (i.e : Electrophoresis)
• Immunological activity : Estimation of the ratio of std max x 100 and std»x 100 of differents

T T
purified fractions

• Determination of specific activity
• Study of the stability of standardized and non standardized tracer under differents storage

conditions (+4, -20°C) over time and possibility of lyophilization
Standardization of the tracer by dilution with appropriate buffer to obtain a volumic

concentration of 350 000 CPM/ml

1.4 Comparative study with commercial kit of P.S.A.

1.5 Choice of the best radioiodination agents between chloramine - T and
N-Bromosuccinimid.
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Ill-2 MAIN STKPSOF EXPERIMENTAL PROIOCOI. I-OR PREPARATION OI P S A STANDARDS

2.1 Preparation of PSA standards :

The preparation of PSA standards with differents concentrations are mentionned below

(O, 1 4,7,17,5,35,70,175 and 350 ug/L) can be carried out by pure form of imported antigen for
PSA diluted in the appropriate matrice (i e humain serum), according to the protocol provided by
the research agreement (RA) holders

2.2 Calibration of P.S.A standards

-The prepared standards of P S A will be calibrated against references prepations (studie of
parallelisme between the two standards curves), with determination of the dose at 20, 50, and 90%
binding .
-The determination of the recuperation test
-The determination of the dilution test

III-3 : M A I N STEPS O F EXPERIMENTAL PROTOCOL FOR THE PRODUCTION OF ANTISERUM

A N T I - P S A .

3.1 Production of the antiserum anti-PSA

The production of the antiserum anti-PSA can be carried out by injection of appropriate immunogen
of PSA emulsified in Freund's adjuvant into experimental animals (rabbits) according to the
protocole provided by the R A Holder or that retained during the meeting

3.2 Characterization of Antiserum anti-PSA :

For estimating the quality of the antisera produced, the following parameters will be assessed

• Titer estimation,
• Sensitivity
• Specificity studies

These parameters will be with studied with double antibody PSA (imported R1A Kit)

3,;3 Purification of antiserum :

-The best antisera will be purified by precipitation methods(ammonium sulfate or caprylic acid)

-Determination of the concentration of antiserum
-Another purification chromatoeraphv methods can be used
-The purified antisera will bo used for coating solid phase (imported beads, or magnetisable
particles)
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Ill- 4 MAIN STEPS OF EXPERIMENTAL PROTOCOL FOR THE DEVELOPMENT OF THE
SOLID PHASE

4.1 : Choice of separation techniques for PSA IRMA assay :

The choice of solid phase method will be retained during the meeting
We propose two solids phases polystyrene beads and magnetisable particles

4.2 Coating of pure antiserum anti-PSA to polystyrene beads or magnetisable particles :

The coating of pure anti-PSA (imported and localy prepared) to polystyrene beads or magnetisable
particles can be carried out.

4.3 Optimization of coating :

To estimate the quality of coating the following parameters will be setting up

-temperature
-PH
-Time of reaction
-Concentration of the reagents

4.4. Optimization of separation system (Free and Bound).

The parameters which will be studied are
-PH
-Time of reaction (incubation)
-Temperature
-Washing, cycle of washing

4.5 Studies of stability over period of time under differents conditions of storage .
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Ill.5 MAINS STEPS OF EXPERIMENTAL PROTOCOL OF THE DESIGN OF PSA IRMA
ASSAYS

The optimization assays and the validation of the kits for the PSA IRMA assay constitued with the
reagents prepared locally are presented as follow :

5.1 assay optimization :

- Kinetic of antigen - antibody reaction
- Optimization of incubation conditions
- optimization of antibody concentrations

5.2 Validation of IRMA PSA assay :

- Estimation of range and sensitivity
-recovery test
-paralleliom test.
-effect of protein concentration
-intra and inter assay coefficient of variation (reproductibility of the assay)
-comparative studies with commercial kits
-clinical analysis with normal patients serums
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IV ANNUAL SCHEDULE OF THE RESEARCH PROGRAMME

The annual schedule activities programme for development of the main reagents PSA IRMA assa>
are presented on the table-3

Table-3 Annual Schedule of research programme (1997/1998)

M O N T H S

Activities J M ! A M J J O N D
1 Providing the
primary materiel from
outside sources

X

2. Production of PSA
tracer radioiodination
purification and
evaluation of
radiolabelled Mab-I
125-Anti-PSA

X X

3 Preparation and
evaluation of PSA
standards
preparation of Qc
materiel

X X X

4 Production and
caracterization of
polyclonal antibody
anti-PSA for solid
phase preparation

purification of PSA
antiserum

X X X X X

5. Preparation and
; evaluation of solid
1 phase using imported
bead and pure anti-
PSA

• 6 Preparation and
! evaluation of solid
j phase using imported
• bead and localy
! produced anti-PSA

7 Assay design

X X x ! x

X X X

x | X ; x
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V. CONCLUSION

The realization and the succesful of this project will be efficient by an effective contribution of the
differents involved parts
The proposed programme for the development of the main reagents which constitute the
PSA/IRAM kits i s charged enough to be performed in a year This programme should be studied
very well during this meeting
The progress of the activities depend on providing needs of imported reagents mentionned in annex
of this programme
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Table-4 NEEDS OF CHEMICALS AND BIOLOGICALS REAGENTS

Produits Fournisseur References Quanlite Utilisation

Na 2H P04 SIGMA S7907 l K g Buffer solution

2 NaH2P04. H20 S9638 l K g

3 Nad S7653 1 Kg

4 Sodium Azide S8032 lOOgr Add In Buffer

5 EDTA (Na2EDTA-2H20) E 1644 SOOgr

6 Triton X-100 T9284 500ml

7 Bovine Serum Albumin A 3059 IQxlOg

8 Bovine gamma globuline G7516 30x10 gr

,9 Pure Antigen of PS A
VIA NETRJA
OR WHO

Standards. Qc and
Immunization

10 Pure Antiserum Anti-PSA
dgG)

Preparation of solid
phase separation
systeme

1 1 Monoclonal Antibody
Anti-PSA

2x1 mg Preparation of Mab-3-
125 anti-PSA

12. Caprylic Acid SIGMA lOxlgr

13 Ammonium Sulfate

Purification of
antiserum

kgs

14 Polyotyrene beads VIA NETR1A
OR WHO

2000
beads

Antibody coating

15 Glutaral de hyde SIGMA G 5882

16 1 Ethy-3 (3-Dimcthy
i Aminopropyl) carbodimide
!(EDAC)

E 1769

2x10ml

5x1 gr

For coupling Antibod;*

35



SUITE Table- 4.

19. Iodine- 125

20. N- Bromosuccinimid

Commercial kit of PSA
-PSA beads
-PSA standards (lml) plus QC

- 1-125-Anti-PSA
- Tracer (37Okbq)

Nordion

Sigma

NETRIA
OR ODERS
SOURCES

25grs

2000
4 sets
5 vials

B9252

For Iodination (tracer)

Labelling

Comparatives studies
Of PS A reagents
prepared localy
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Presentation for the First Research Co-ordination Meeting
— Development of Kits for Radioimmunometricassays for Tumour Markers

Liu Yibing

(Department of Isotope, China Institute of Atomic Energy, Beijing. China 102413)

China Institute of Atomic Energy is a multi-disciplinary institute. It
was established in 1950's and equipped with three research reactors (10
MW heavy water research reactor, 3.5 MW light water swimming pool
reactor, 27 KW mini-reactor). It is composed of following departments:
Department of Nuclear Physics, Department of Reactor Engineering and
Technology, Department of Radiochemistry, Department of Nuclear
Techniques, Division of Computer Application, Division of Health
Physics, Division of Radiation Metrology, Tandem Accelerator Nuclear
Physics Lab. and Department of Isotope.

Our department is Department of Isotope, and is also National
Research Center of Isotope Engineering and Technology. There are about
more than 500 staff in it (including more than twenty Prof.). It composed
of the following Lab.: Radiopharmaceutical and Radioisotope,
Radioimmunoassay and Labeled Compound, Radiosource, Cyclotron and
Quality Control Lab.

Radioimmunoassay and Labeled Compound Lab. is the earliest and
biggest center which supply RJA reagents in China. We started the
research on RIA reagents in the middle of 1970's. Now we can produce
more than 80 kinds of RIA kits including thyroid function and newborn
screening, tumor markers, kidney function, diabetes-related, fertility and
pregnancy monitoring and diagnosis of hepatitis B&C. There are over
1000 hospitals and research organizations using our reagents. Cancer is
a disease which endanger human life. There are about 1.6 million new
cancer patient and 800 thousand persons died of cancer every year in our
country. We have been paying attention to development of tumor
markers RIA reagents since we started the research on RIA reagents.
The first kit which we produced was Rocket Electrophoresis
Radioautograph of AFP. In 1980's we developed AFP, CEA, HCG and
Ferritin RIA kits. Now RIA reagents for tumor markers have become
important part of our products . Besides the products above mentioned
we also can produce calcitonin RIA, thyroidglobulin RIA and CA125
IRMA.

In early 1990's we established a monoclonal antibody Lab. and this
Lab. have been working for the preparation of the monoclonal antibody
to tumor markers. Up to now, we have got AFP, CEA and PAP
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monoclonal antibodies and established AFP IRMA and CEA IRMA
methodology with AFP McAb and CEA McAb which have been
obtained by us.

In a few years ago we began to research on the technique of coated
tubes because it is a very simple and easy separation method in RIA at
present. Now this technique has been used for AFP IRMA, CEA IRMA,
CA125 IRMA and TSH IRMA.

Cancer is very threatening for human. We would like to keep
working for the development of tumor makers RIA reagents. In this
CRP, we would like to carry out the following work:

1. Purification of PSA from human seminal fluid and preparation of
PSA polyclonal antibody and monoclonal antibody.

2. Development of PSA IRMA kit and research on free PSA IRMA
methodology.

3. Production of TPS polyclonal antibody and establishment of TPS
RIA methodology.

During the first year , we are going to do the following work:

Purification of PSA from human seminal fluid
1. Centrifuge human seminal fluid to remove cells.
2. Isolate PSA from human seminal fluid by salt fraction (saturated

50% (NH4)2SO4).
3. Purify PSA by DEAE- and Sephadex G100 chromatography to

obtain pure PSA.
4. Assay purity of PSA purified by PAGE and SDS-PAGE and

measure the cone, of PSA in UV meter.

Preparation of PSA polyclonal antibody
1. Immunize sheep with pure PSA
Dose of immunization 220 fig /sheep
Boost Every four weeks
Time 6-8 times
2. Characterization of PSA antiserum by RIA: including titer,

affinity constants and cross-reaction.

Preparation of PSA monoclonal antibody
1. Immunize mice with pure PSA
2. Fuse mice spleen cell and myaloma cells under 50% PEG
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3. Screen hybridom cells which secrete PSA monoclonal antibody
byRIA

4. Cloning cell which secrete PSA monoclonal antibody by limited
dilution method

5. Purify PSA monoclonal antibody by octanoic acid
6. Research on iodonation of PSA monoclonal antibody with 125-

iodoin

NEXT PAGE(S)
left BLANK
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DIVISION OF IMMUNOTECHNOLOGY AND DIAGNOSTICS
Center for Genetic Engineering and Biotechnology

Ave. 31 entre 158 y 190, Cubanacan, Playa, La Habana 10600, Cuba

Phone: 53-7-218008, 218466,218164. Fax: 53-7-218070,336008.

e-mail: Jorge.Gavilondo@cigb.edu.cu

Regarding to PSA CIGB- IAEA project we will be generated a panel of monoclonal antibodies against
prostatic specific antigen (PSA) free and complexed to a1 antichymotrysin, and tissue polypeptide specific
(TPS) antigen as potentially useful markers for the diagnosis of prostate and breast cancer using IRMA or
RIA. The panel of monoclonal antibodies would be distributed in Cuba and another countries for the
development of diagnostic Kits.

The detailed objetives of our contract are:

1. To obtain a panel of monoclonal antibodies against prostatic specific antigen (PSA) complexed to a1
antichymotrysin.

2. To obtain a panel of monoclonal antibodies against free PSA.
3. To study the potential use for detect free or complexed PSA in the serum of patients with benign

prostatic hypertrophy or prostatic neoplasia.
4. To obtain a panel of monoclonal antibodies against TPS.
5. To develop and validate IRMA or RIA assays using the panel of monoclonal antibodies.

The objectives are designed according to the present knowledge on the field of monoclonal antibodies and
diagnostic kits. Basic techniques for developing monoclonal antibodies (Mabs) have been used in our
division for more than 10 years. The possibility to acquire commercial PSA antigen could reduced the
overall time to obtain the Mabs, according with our experience. All these aspects support the idea that the
proposing Cuban institutes are able to develop this research project and that its benefits will be applicable
in the country and in the region.

We proposed a detailed objetives for the first year in order to:

1.- Immunisation of Balb/c mice with prostatic specific antigen (PSA).
2.- Generation of Monoclonal Antibodies (Mabs) against PSA bound to <x1 antichymotrysin.
3.- Characterisation of the Mabs panel with serum from patients with benign prostatic hypertrophy or
prostatic neoplasia.
4.- Development of a sera panel for prostate cancer diagnostic studies.
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Facilities for the development of this project are present in our division. We have a Monoclonal Antibodies
Laboratory at the CIGB, Division of Immunotechnology and Diagnostics, supplied with 2 laminar box,
centrifuges, microscopes and one incubator CO2 supplied. Our Immunology Laboratory at the CIGB,
Division of Immunotechnology and Diagnostics of CIGB, have been equippe with electrophoresis system
(Sigma, USA), centrifuges (Eppendorf, Germany), medical freezers (-70°C and -20°C), (Sanyo, Japan),
Personal Computer (Acer, USA) and other general facilities.
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Institute of Radioisotopes and Radiodiagnostic Products
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Athens GREECE
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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
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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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Radiometric assays for the measurement of PSA

A report for the co-ordinators' meeting (09-12 Dec 1997, Vienna)

Meera Venkatesh, Isotope Division, Bhabha Atomic Research Centre, India.

Prostate Specific Antigen, a serine protease enzyme, of M.W ~ 26-33 kDa,

(variations in the MW to an extent due to the various methods used for MW determination

and the protein part of the molecule is believed to be -26 kDa) is widely considered to be

a very useful marker for prostate cancer. It satisfies nearly all the requirements of an ideal

"Tumour Marker" and has hence attracted a lot of attention in the past decade. PSA is

present in multiple forms in serum, with an appreciable fraction (~ 80%) bound to the

protease inhibitor a-1-antichymotrypsin (ACT) and to a small extent to other proteins such

as a-2-macroglobulin (AMG) leaving the rest in the free form. The total PSA levels have

been reported to have ~ 80% sensitivity and ~ 60% specificity towards the detection of

prostate cancer. The lack of specificity occurs mainly due to the high levels of t-PSA in

benign prostatic hypertrophy(BPH) apart from the cancer. The concept of free PSA has

been introduced in the recent past and the ratio of free/total PSA levels have been shown

to be advantageous in the differential diagnosis of BPH from prostate cancer (specificity

increased to -80%). The f/t ratio is considered to be particularly useful in the grey zones

of decision making (t-PSA levels 4-20 ng/mL).

The need for the development of assays for total and free PSA is felt due to

a the high incidence of prostate cancers being detected currently

b the high cost of tests (higher for free PSA assay, and the cost becomes an important

parameter when a patient has to be regularly monitored after therapy) that is not

affordable for many patients

c the potential for research in the area of prostate cancer management where the PSA

(total & free) assays will be of great help.

The tumour marker assays are generally immunometric for achieving high

sensitivity (to detect micro-metastasis at the early stage, or for early detection in a

screening procedure, when the marker is absent under normal conditions). PSA is present

at < 4 ng/mL level in the normal population and for screening, a very sensitive assay may
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not be needed. However for post-therapy monitoring after prostatectomy, the assay will

need to be highly sensitive. An IRMA would perhaps be the best choice In the case of

PSA, the specificity of measuring the bound PSA-ACT complex and the free PSA need to

be the same to get the "correct" values of PSA levels. Such "equimolar" assays would

require the right combination of antibodies for the IRMA development and properly

calibrated standards. It is hence planned to develop the following systems:

(i) IRMA for total-PSA with a minimum detectable limit of- 0.005 ng/mL and a wide

standard range (0.02-100 ng/mL) with perhaps ten standards. This system could be

used in two ranges, with one being super-sensitive for detection of micro-metastasis

and the other for screening purposes

(ii) IRMA for free-PSA with a sensitivity of - 0.005 ng/mL and a set of appropriate

standards ranging from 0.01-20 ng/mL.

To achieve this the main reagents required would be

a Antibodies:

A matched pair of specific antibodies, preferably both monoclonals would be

preferred Although many IRMAs are developed with mono/poly antibody

combinations, in the case of PSA to avoid any skewedness due to the multiple form of

PSA in serum, it is decided to get a matched pair of properly oriented (antigenic

determinant biding sites) antibodies. However, if the cost of the antibodies is far too

high, then the best possible combination to give minimum skewedness is proposed In

such a case the standards will be specially prepared to counteract the effect due to

"non-equimolarity". Some commercial manufacturers who are supplying such matched

pairs have been identified A yet other point that will be considered is the cross-

reaction of these antibodies against other Kallikrein molecules such as PAP Request

will be made for antibodies that have negligible cross-reaction with PAP and if possible

with other kallikreins that are available

b Standard PSA Calibrators : The type of standards to be used in the t-PSA assay

would be decided based on the kind of antibodies we can get If the antibodies are well

matched and have equimolar response towards the free and bound PSA. we plan to

make standards from free PSA and validate using a commercial kit. If there is

difference in the antibodies' cross-reaction towards the free PSA and PSA-ACT , then
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initially we would test the extent of skewedness, although the sim at all times will be to

have as error free an assay as possible. In case a skewed assay is unavoidable (mainly

due to the cost) a mixture of 10-15% free-PSA and 90-85% PS A-ACT complex would

be made, calibrated against a known standard (or a commercial kit) and then used The

stability of such standards on storage would be studied thoroughly as a part of assay

optimisation and validation. Both PSA and PSA-ACT complex are available from

reputed manufacturer Development of an assay for PSA was already planned in our

lab and as an initial step we had obtained PSA purified from human semen from an

institute that was engaged in research in reproduction (their aim was to separate

'inhibin1 another protein in semen, and hence we could obtain nearly pure PSA which

is expected to give a very pure preparation on further purification by gel-filtration)

This product will be independently tested for suitability for making the standards In

the case of free-PSA we would use free-PSA as standards. However, the undesirable

effect of serum components on free-PSA stability is reported and hence we will have

to find out the exact ways to make the free-PSA standards.

c Separation System : The solid phase to be used as the separation system is an

important step in the development of an IRMA, especially when a regular production

and supply is considered Although coated tubes is the most attractive from the point

of users and as the latest state of art technology, our earlier experiences with coated

tubes have not been too good. Good systems have been developed at a low scale of

coating but we have found high imprecision, batch to batch variances etc. with the

coated tubes. Moreover the antibody amount required for coating the tubes is much

more than a system such as magnetic cellulose With these points in mind, our aim is to

try and make a sturdy solid phase if possible with coated beads or with magnetic

cellulose The strategy as to whether to coat with the primary antibodies or second

antibodies or with avidin (to be used with biotinylated primary or second antibody) is

also being considered Second antibody coating or avidin coating of the solid phase

may give us a more general reagent which could be used in many other systems The

reaction would in these cases be in a single liquid phase with better reaction rate and

precision. Initially coating with both primary and second antibodies would be tried and

if good binding can be still obtained, we would prefer second antibody coating

However, if not, as some of our previous experiences have been, we would go ahead
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and cost with the primary antibody Biotin-avidin system will be explored at a later

stage after initial optimisation

d Matrix supplement or free serum : Since the female serum is free of PSA we

originally thought of using female serum screened for the absence of AIDS and

hepatitis viruses as free serum. However, since the instability of free PSA in serum due

to the presence of ACT and other binding proteins is known, we would now prefer to

avoid usage of any serum and test if a buffer solution with serum components could be

used If not, we shall try and look for an animal serum substitute.

Local Production of the Reagents and Development of the Assay

Once the matched antibodies are obtained, the solid phase antibody and the tracer would be

made at our lab using the routine procedues we generally follow The tracer stability will be studied

with respect to the oxidant used for lodination (Chloramine-T or Jodogen). the specific activity (3-

15)j.Ci /u.g) and the storage conditions (frozen. 4 C and lyophilised at 4 C).

As mentioned earlier the possibility of purifying the PSA from seminal plasma in

collaboration with another institute will be explored The PSA thus prepared will be thoroughly

calibrated using a commercial kit and if found suitable will be used in preparing the calibration

standards in the assay kits.

After preparing the main reagents - namely the standard calibrators, we propose to

systematical^ optimise the various reaction conditions and the reagent concentrations to achieve

our goals of the IRMAs for free and total PSA The initial assay system will then be fine tuned with

the help of imprecision profiles Care will be taken to eliminate the hook effect up to a dose of ~

150 ng/mL Alternately a two step assay with a washing step in between would be followed if the

hook effect cannot be eliminated The optimised assay would then be validated by the standard

validation procedures such as parallelism testing by dilution of samples, recover} of the added

standard to the samples and the external quality control analysis using authentic samples The

assay will be assessed for its analytical sensitivity, inter and intra assay variations and stability

From the cancer institute near by. we have collected samples of known prostate cancer

patients. These will be analysed by the developed method as a comparison A more systematic

method of sample collection from known prostate cancer patients would be undertaken to set up a

sample bank In this case care will be taken to collect the samples as plasma over EDTA and store

the sample aliquoted at < -40 C
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First Research Co-ordination Meeting of the Co-ordinated Research Programme on :

DEVELOPMENT OF KITS FOR RADIOIMMUNOMETRIC
ASSAYS OF TUMOUR MARKERS

Proposed Procedures.

IAEA research contract No. IRA / 9820 : " Development of IRMA reagent and methodology for PSA "

Dr. Reza Najafi
Radioisotope Department
Nuclear Research Center ( NRC )
Atomic Energy Organization of Iran ( AEOI)

Scientific Staffs, in the Radioimmunoassay Section :

N. Khansari Immunologist (PhD)
P. Zarsav Biologist (BSC)
M. Moharamzadeh Biologist (BSC)
B. Mahdiani Biologist (BSC)

1-ACTIVITIES AND EXPERIMENTS IN RADIOISOTOPE DEPARTMENT

Radioisotope Department of NRC consists of 3 main groups :

1 - PRODUCTION
2 - QUALITY CONTROL
3 - INDUSTRIAL APPLICATIONS

Production Group is divided into following sections and laboratories :

-Industrial radioisotope lab, produces Co-60 and Ir-192 for gauging methods and gamma
Radiography.

- radiopharmaceutical lab, provides all necessary radiopharmaceuticais and radioisotopes for
nuclear medicine centers such as Tc-99m Generators , Sodium Iodide (1-131), Sodium Phosphate
(P-32), Chromic Phosphate Colloid ( P-32 ).

- Invivo kit preparation lab , produces all types of Tc-99m Kits including MIBI, ECD , EC , etc.

We are also going to set up two new labs, one for Monoclonal Antibodies Labeling and the other
will be specialized for Monoclonal Antibody Production , using in Radiopharmaceuticais and R1A
&IRMA Kits.
Finally , RIA lab that now is involved for implementation of the project, has started it's
experiments by labeling the thyroid hormones and TSH monoclonal antibody.
Our scientific staff in this section have good and enough knowledge and are well trained during
last 2 - 3 years in the field of I-12 5_labelling, preparation and quality control ofpolyclonal

antibodies , coating techniques of antibodies on beads and other relevant experiences .
We are largely indebted to the IAEA for supporting related projects by arranging experts
mission .training our staff and supplying some necessary equipments and materials to implement
these projects .
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2-BACKGROUNDS

The PSA test is a solid phase two-site immunoassay . Rabbit anti PSA is coated or bound on
surface of solid phase and monoclonal anti PSA labeled with 1-125 .The PSA molecules
present in the standard solution or serum are " Sandwiched" between the two antibodies .

After formation of coated antibody-antigen-labeled antibody complex , the unbound labeled
antibody will removed by washing . The complex is measured by gamma counter. The concentration
of analyte is proportional to the counts of test sample .
In order to develop kits for IRMA PSA , it should be prepared three essential reagents :

Antibody coated solid phase, labeled antibody, standards and finally optimizing them to obtain an standard
curve fit to measure specimen PSA in desired range of concentration .
The type of solid phase and procedure(s) to coat or bind to antibody, is still main debatable
subject in development and setting up RLA / IRMA kits .

In our experiments , polystyrene beads , because of their easy to coat with antibody as well as
easy to use , can be considered as a desired solid phase .
Most antibodies are passively adsorbed to a plastic surface ( e.g. Polystyrene , Propylene , and
Polyvinyl chloride ) from a diluted buffer. The antibody coated plastic surface , then acts as
solid phase reagent. Poor efficiency and time required to reach equilibrium and also lack of
reproducibility especially batch-to-batch variation between materials , are disadvantages in this
simple coating procedure .
Improvements can be made by coating second antibody on surface of beads , and reaction between
second and primary antibodies .
There is also possible to enhance more coating efficiency of beads by using Staphylococcus -
aureus-Protein A.
Protein A is a major component of staphylococcus aureus cell wall which has an affinity for
FC segment of immunoglobulin G ( IgG ) of some species , including human ; rabbit ; and mice .
This property of Staphylococcal Protein A has made it a very useful tool in the purification of
classes and subclasses of Igs' .

3-WORKPLANE

Based on this background, the following working plan for the first year is formulated :

3 - 1 - PREPARATION OF COATED BEADS

TEST 1 : Direct coating

1 -Add enough volume of 1 , 10 , 100 n g / ml IgG against PSA solution in carbonate buffer
Ph : 9.6 ,degassed and leave at 4° C , 25° C , 37° C overnight.

2 - Aspirate IgG solution from beads , add wash buffer ( PBS + 0.01% Triton + 0.01% Sodium azide ) ,
aspirate again .

3 - Add 1% BSA ( Bovin Serum Albumin ) solution of carbonate buffer to block remaining binding
sites , leave it at 25° C overnight.

4 - Wash with wash buffer by pouring and aspiration for three times .
5 - Add Glazing solution , aspirate , dry using freeze dryer , store at 4° C with desiccant.

PBS : Phosphate buffer 0.025 M , Ph = 7.4 + 0.15 M NaCl
Glazing Solution : 2% Mannitol + 1% Lactose

TEST 2 : Coating with affinity purified second antibody

At first, add second antibody to beads , then PSA antibody , and finally compare with TEST 1 results.
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1 - Add sheep anti-rabbit serum ( diluted 1 : 20 in carbonate buffer PH = 9.6 ) and after degassing ,
leave at 25° C for 3 overnight.

2 - Aspirate , add wash buffer and aspirate again .
3 - Repeat steps 3 , 4 as described in test 1 .
4 - Add PSA polyclonal antibody at different dilutions (e.g. as noted on no. 1 at test 1 ) in

carbonate buffer Ph = 9.6 , degassed and leave for overnight.
5 - Wash three times , glaze , aspirate , dry using freeze dryer, store at 4° C with desiccant.

TEST 3 : Coating with Staphylococcus Aureus Protein A

At first, coat beads using staphylococcus aureus protein A , then repeat procedure listed in test 2 .

1 - Add protein A to beads at different dilutions (e .g . 1 , 3 , 5 , 7 , 1 0 u g / m l ) in coating buffer.
Store at 25° C . Aspirate , Add blocking solution ( 1%BSA in coating buffer ) , leave for 2 - 3
hours , remove blocking solution . Wash three times with wash buffer.

2 - A d d sheep anti-rabbit serum at different dilutions ( e.g. 1 :20 ,1 :40 ,1 :80 in PBS + 0 .1% BSA )
leave in overnight at 25° C . Wash three times with wash buffer.

3 - A d d PSA antibody at different dilutions (e .g . 1:2000, 1:4000, 1:6000 , 1:8000 in P B S + 0.1%
BSA or carbonate buf fer ) , leave for overnight at 25° C , wash three times with phosphate
buffer.
Finally add glazing solution , freeze d ry , store at 4° C with desiccant.

3 - 2 - PREPARATION OF I-125_LABELLED PSA MONOCLONAL ANTIBODY

Chloramin-T technique is method of labeling hormones and peptides used in R1A / IRMA kits .
Purification of radioiodinated PSA monoclonal antibody is performed by chromatography on
sephadex gels. A 30 x 0.9 cm column of G-25 sephadex is suitable for this purification .

Apparently using 1 mCi 1-125/50 ug PSA monoclonal antibody / 20 u g chloramin-T and
20 u g sodium metabisulphite to stop the reaction can be considered as basic procedure .

The main following parameters, should be thoroughly investigated , in order to obtain the maximum
labeling efficiency as well as lowest damage in immunoreactivity :
Reaction Ph ( 7 - 9 ) ;
reaction incubation time ( 10-60 sec ) ;
specific activity and etc.

Due to relatively large molecules of PSA monoclonal antibody and probability loss of immunoreactivity ,
it is recommended to consider alternative labeling methods, first evaluate N-bromosuccinimide
method and if not satisfied , use solid phase lactoproxidase . For purification , using 60 x 0.9 cm

column of sephadex superfine G-100 can be considered if the former smaller column had not
shown enough resolution for separating labeled PSA monoclonal antibody.
Buffer for the reaction is 0.5 M phosphate buffer and for the elution is 0.05 M phosphate buffer
contains 0.1% BSA and 0.02% Sodium Azide .

3 - 3 - PREPARATION OF STANDARDS

PSA standards are prepared by adding purified PSA in 0.1 mol / L Phosphate Buffer Saline ( PBS,
Ph = 7.4 ) to freshly drawn female serum to a final concentration of 200 u g / L , let the PSA
equilibrate with endogenous protease inhibitors for at least 48 h. at 4° C overnight.
Add the prepared serum-complexed PSA stock to fresh female serum to final concentration
typically 100 , 50 , 25 , 10 , 2 ng / ml.

3 - 4 - A S S A Y PROCEDURE

The assay is carried out at ambient temperature at two stages .
At first PSA is eluted from specimen and reacted with anti-PSA coated beads, then by adding
1-125 PSA monoclonal antibody " sandwich " phenomenon occurs . After removing unbound tracer,
beads are counted by gamma counter.
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Typically the following assay protocol can be selected to conduct:

1 - Use 20-50 u 1 standards / sample , 200 - 300 |i 1 0.05 M phosphate buffer Ph = 7.4 in assay
tubes. After adding one coated bead , incubate for 2 hours at room temperature .

2 - Aspirate , washing by wash buffer , add I-125_tracer solution and incubate at room temperature,
aspirate , washing by wash buffer twice , count for 100 seconds.

The optimum incubation time and temperature as well as effect of shaking during incubation , should
be checked .
IRMA standard curve is set up according to above assay protocol ( B/B0 % against
standard concentration).Obtaining Q.C. parameters e.g. nonspecific binding , sensitivity and
reproducibility by inter and intra assay variations and compare with commercial available or
established methods.

4-SCIENTIFIC NOTES

" PSA " is a neutral serine protease actively split the seminal vesicle proteins seminogelin I and II.
Thus liquefying the seminal coagulum . PSA like other serine proteases is mostly complexed with
serum proteins . Alpha-2-Macroglobulin ( AMG ) and Alpha-1-Antichymotrypsin (ACT) which are
two of the major protein protease inhibitors in blood bind strongly with PSA molecules. This binding
causes differences in values obtained with anti-PSA immunoassay and not get the real value of
individual PSA concentration .
Free and ACT-bound forms of PSA are detectable by current PSA immunoassay but the PSA bound
to AMG is so encapsulated by this protein that it's epitopes can not react with antibody . According
to the present scientific reports , that patients with prostate cancer have higher ratio of PSA-ACT to
free PSA than patients with Benign Prostate Hyperplasia ( BPH ) .
For diagnosis of prostate cancer exclusively , it maybe desirable to develop a PSA Immunoradiometric
Assay that detect the free form of PSA and the complexed form of PSA separately . In order to achieve
this aim , it is suggested to use monoclonal antibody to PSA as the capture solid phase and monoclonal
antibody to 1-ACT labeled with 1-125 Performing coating and assay procedures are the same as
described earlier. By using the referred antibodies , it is expected to assay complexed PSA . It is also
possible to assay free PSA by utilizing a monoclonal antibody to an epitope of PSA that is hidden
by 1-ACT.
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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).

References

1) Boring, C.C., Squires, T.S., and Tong, T. (1992). "Cancer Statistics CA." CA Cancer J
Clin. 42 : 19-31.,

2) Chu, TM., Kunyama, M., and Papsidero et al. (1984). "Circulating antibody to prostate
antigen in patients with prostate cancer". Trans Proc 16 : 481 - 486.,

3) Cooner, W.H., Mosley, B.R., Rutherford, C.L., Beard, J.H., Pond, H.S., Terry, W.J., et al.
(1990). "Prostate cancer detection in a clinical urological practice by ultrasonography,
digital rectal examination and prostate specific antigen." J. Urot. 143 : 1146 - 1154.,

4) Diamandis, E.P., and Christopoulos, T.K. (1991). "The Biotm-(Strep)Avidin System :
Principles and Applications in Biotechnology," Clin. Chem. 37/5 : 625 - 636..

5) Hara, M, and Kimura, H. (1989). "Two prostate-specific antigens, gamma-semino
protein and beta-microseminoprotein. " J. Lab Clin Med 113 : 541 - 549.,

6) Hsu, S.M., Raine, L., and Fanger, H. (1981). ""Use of avidin-biotin-peroxidase complex
(ABC) in immunoperoxidase techniques." J. Histochem. Cvtochem. 29 : 577 - 580.,

7) Lilja, H., Christensson, A., Dahlen, U., Matikainen, M-T., Nilsson, O., Pettersson, K...
and Lovgren., T. (1991). "Prostate-specific antigen in serum occurs predominantly in
complex with a,-antichymotrypsin." Clin. Chem 37 : 1618 - 1643.,

8) Lindstedt, G., Jacobson, A., Lundberg, P-A., Hedelin, H., Peterson, S., and Unsgaard, B.
(1990). "Determination of prostate-specific antigen in serum by lmmunoradiomatnc
assay.1 Clin.Chem 36 : 53 - 58.,

9) Oesterling, J.E. (1991). "Prostate specific antigen : a critical assessment of the most
useful tumour marker for adenocarcinoma of the prostate." J. Urol 145 : 907 - 923.,

10) Stanley, T.A., Kabalin, J.N., McNeal, J.E., Johnstone, J.M., Freiha, F., Redwine, E.A.,
and Yang, N. (1989). "Prostate-specific antigen in the diagnosis and treatment of
adenocarcinoma of the prostate. II. Radical prostatectomy treated patients." J. Urol
141 : 1076.,

11) Wang, M.C., Kuriyama, M., Loor, R., Li, S.C., and Chu, T.M. (1981). "Biochemical
characterization of human prostate-specific antigen." Fed. Proc 40: 1564.

12) Wilchek, M., and Bayer, E.A. (1988). "The avtdin-biotin complex in bioanalytical
applications." [Review]. Anal. Biochem. 171 : 1 -32.



XA0054321

Development of RIA Kits for Tumor

Markers Monitoring

Prapaipit Suprarop

Radioimmunoassay Section

Isotope Production Division

Office of Atomic Energy for Peace

Bangkok , THAILAND

Prepared for IAEA First Research Coordination Meeting On

" Development of Kits for Radioimmunometricassay for Tumor Markers "

9-12 December 1997 , Vienna , Austria.

NEXT PAGE(S)
left BLANK

69 '



Development of RIA Kits for Tumor Markers Monitoring

Background

During the last 20 years, the leading cause of death in Thailand has changed

from infectious disease to non-communicable disease. Cancer is now the third

commonest cause of death after accidents and cardiovascular disease. In 1990, the

death rates for all types of cancer in male and female are 58.1 and 39.2 per 100,000

population (age-standardized mortality rate : ASMR ). These recorded mortality rates are

much lower than the incidence rates. From the cancer registries in 1990 , the estimated

age standardized incidence rates : ASR of all cancer in Thailand are 153.6 (M) and

128.5 (F) . These rates have gradually increased over the past decade due to delayed

diagnosis and some diagnosis inaccuracy. The most common cancers in term of ASR

are shown in Table 1.

Table 1 Five leading cancers in Thailand , 1990

Male Female

Liver Cervix

Lung Liver

Stomach Breast

Colon Lung

Oral cavity Oral cavity

IARC Technical Report No 16.1993.
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Prostate cancer is the ninth most common cancer of men in Thailand. Some of

this may be the result of non-detection of latent prostatic cancer. However, over the year

this rate has increased and become the most common male malignancy as a result of

the widespread awareness of screening test and an increase in life expectancy. There is

some evidence that prostate cancer showed strong correlation with the age. The ASR for

this cancer increases after the age of 60 and rise sharply thereafter. ( Fig. 1 )

KB ,000

1000

0- S- 10- Ift-

o—o -• Bangkok Th.IC.nJ ( IH )

Fig. 1 Prostate age-specific incidence rates

Tumors are rarely diagnosed at an earlier stage. Today the monitoring of tumors

are diagnosed at a stage when they have grown to a size of 1-2 cm or more. However,

treatment options depend on the tumor being diagnosed as early as possible. Using

biophysical methods such as X-rays, computer tomography and ultrasound, a tumor can

not be detected until it contains about a 1 milliard ( 10 ) cells. With immunological method

such determination of tumor marker , a tumor containing as few as one million ( 10 ) cells

can be detected .

' IARC Technical Report No 16 .1993
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In Thailand, there are 9 governmental hospitals that carry out tumor marker assay

for routine clinical service. The number of patients are continuously increased as shown

in Table 2 .

Table 2 Total workloads on RIA of tumor markers at seven laboratories in Thailand.

Year

1993 1994 1995

No. of patients 7,948 8,867 10,280

All reagents for tumor markers assays are imported from various manufacturers

mainly CIS bio international. The average cost of these reagents is ranged from 80-150

bath / test ( 2 - 4 dollars / test ) . The screening test for cancers could not be done

especially in other regions of Thailand whose budgets and resoures are so limited. If the

reagents are made locally, many laboratories can perform the tests and use as primary

diagnosis, screening or monitor the course of the disease following treatment . In

addition, these reagents could help clinicians and give complementary information on the

tumor status to improve quality of life in Thailand.

Objective

1. Development of IRMA reagent kits suitable for diagnosing .staging and

monitoring prostrate and breast cancer.

2. Transfer of technology and reagent kits to relevant laboratories in Thailand.

3. Routine distribution of the reagents kits to the end users.

3 Source M Poshyachmda Tumor Marker assay in Thailand Country Report . 1997.
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Workplan :

First Year: Preparation of reagent kits for serum PSA and TPS measurement

First period ( 6 months)

- Radioiodination of monoclonol antibody by proper method

- Preparation of assay components comprises of standard , quality control

and antibody coated tubes.

Second period ( 6 months)

- Optimization of assay technique based on solid phase separation

( plastic tubes, bead or magnetic particles).

- Establishing performance characteristic and validation in clinical

conditions.

Second year : Preparation of reagent kits for serum TPSA detection.

: Organization of training course on the use to locally produced

reagents for IRMA of tumor markers.

Third Year : Preparation of reagent kits for other tumor markers such as AFP,

CEA ,CA 125 and other turner markers that show increasing

trend.
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Preparation of reagent kit for serum PSA

I. Preparation of iodinated tracer

Radioiodination is the process of introducing a radioactive atom of iodine into a

molecule. Most methods of iodination involve an oxidation reaction to release iodine that

is subsequently incorporated into a suitable amino acid residue to form monoiodo and

diiodo tyrosyl residue. ( Fig.2 )

OH OH

CH2 CH2

-- CO - HN - CH - CO -- NH -- - CO - HN - CH - CO - NH -

Monoiodotyrosyl residue Diiodotyrosyl residue

Fig.2 Structure of iodinated tyrosyl residues in a polypeptide.

Many different methods have been used to oxidise iodine such as chloramine T ,

Lactoperoxidase , N-Bromosuccinimide , lodogen. The chloramine T method is used for

labelling soluble proteins to high specific activity. The details of this method are given.

1.1 lodination of monoclonal anti PSA by CT

- dispense 200 (iCi Na125l into a polystyrene tube.

- add 10 JJ.L. 0.25M phosphate buffer and 10 [ig IgG solution

and mix well.

- add 10 u.L chloramine T solution , mix for 20-30 sec.

- add 10 (iL. metabisulphite solution and mix.

- add 500 JJL. iodine and mix.
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1.2 Purification of iodinated tracer by HPLC system (LDL Analytical)

- Apply the mixture to HPLC systems :

: Pump : consta. Metric 3200

: Column ; type Biosep sec-s 3000

; size 300 x 7. 80 mm

: Detector ; UV detector X = 280 nm

; Gamma detector

: Mobile phase ; 0.1 M phosphate buffer pH 7

: Flow rate 1 ml/mm

- collect 1 mm per fraction by fraction collector ( Eldex universal )

- calculate proportion of radioactivity in each peak eluted.

- pool the appropriate fractions (monoclonal anti - PSA iodine '")

1.3 Assessment

- Measurement of radioactivity in corporated into protein by paper

electrophoresis.

- Calculation of specific activity

specific activity = radioactivity of lodinated tracer (u.Ci)

amount of monoclonal anti PSA (u.g)

Preparation of PSA standards

- Add PSA standard into screened normal human serum for the following

dose levels : 0 , 1 , 5 , 15 , 50 , 80 , 120 ng/ml

- Calibration of working PSA standard with reference standard.

- Dispense 1 ml aliquots for each concentration.

- Lyophilization

- Assay with reference standard and labelling with assigned values.
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Ill . Preparation of solid phase Captured anti PSA

In a solid phase separation system , antibody is adsorbed or chemically bound to

a solid matrix. This may be a solid support such as glass or polystyrene in which case

centrifugation is not required. Coating plastic tubes (beads) with antibody is a convenient

method of immobilizing antibody on a solid phase. This coating is non-covalent and is the

result of hydrophobic interaction between the protein and plastic. The details of this

method are given.

- Add antibody at a proper concentration in 0.07 M barbital buffer pH 9

(400 (iL.) to plastic tubes.

- Incubate overnight at 4 C. The antibody solution is then aspirated off.

- The tubes are washed with 0.1 M phosphate buffer pH 7.4 (500 p.L.) to

remove any unbound antibody.

- The tubes are stored at 4 °C until they are needed.

IV. Optimization and validation of assay technique.

- Sample size

- Tracer activity

- Incubation time and incubation temperature

- Separation technique

- Position effect

V. Assay characteristic determination

1) Accuracy

- Recovery test : known quantities of PSA are added into different

serum base pools. The recovery percentage of PSA obtained should

be 100 ±10%.

- Linearity test: real serum samples with high concentration of PSA

diluted to 1:1,1:2, 1:4, 1:8, 1:16
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Results of the observed values from these samples are compared

with the expected values from calculation. They should be well

correlated.

2) Precision

This is evaluated with 3 samples of different concentration ( covering

range of clinical interest ) both in the same assay (intra-assay precision)

and in different assays (inter-assay precision).

3) Specificity

Determine from equivalent displacement measured at 50 % binding.

The antiserum used in the assay should be specific for human PSA and

do not present any cross reaction with PAP.

4) Detection limit

The sensitivity of the method defined as being the minimum detectable

concentration equivalent to twice the standard deviation of the zero-

binding value.

5) Clinical assessment

Finally real patient samples are analyzed by in-house and reference

kits. The result from both methods are compared by regression analysis.

The correlation coefficient will show how well the developed kits could be

used in clinical application.
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Summary

Cancer is still the national health problem in every country. Although significant

progress has been made in the diagnosis and treatment, the mortality rate has not

decreased for the past twenty years. In Thailand, cancer mortality is ranged second from

the top cardiovascular disease. One possible way to decrease the death rate is the early

diagnosis of the disease, particular interest has been put in developing very sensitive,

specific and accurate tool to serve the purpose.

Test for Tumor Markers by immunoassay technique are proved to be useful in

clinical diagnosis for many types of cancers. Some may have limited use due to the lack

of specificity, but many are used to reflect stage and prognosis of disease.

PSA is the marker of choice for diagnosis, staging and follow up of prostate

cancer available at present time. In addition to this many clinicians and scientists have

found the PSA to be;

1) Most reliable prognostic indicator."

2) Very useful in detecting residual and recurrent disease in patients undergoing

radical prostatectomy, radiation therapy or bilateral orchidectomy. "

3) Proportional to the volume of both intracapsular and extracapsular tumor in

untreated prostatic cancer.5

We shall therefore put our effort in developing the best kits to serve all of the needed

clinical applications of prostate carcinomas.

Killian CS. Emnch LJ. Vargas f P . eial Relative reliability of five serially measured markers (or prognosis of progression in prostate cancer

JNC1 1986. 76 179-86

Thomas A, Stamey. M.P. Norman Yang, etal Prostate specific antigen as a serum marker for adenocarcinoma of the prostate New Eng J

of Med Oct 1987 . 317: 909 P16.
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Breast cancer is still a mayor problem, the second death cause in women in Uruguay.
Mamography and ecography are available for control. But early detection is far to be
reached.

Antigens released as consequence of cell activity are sensitive but it is needed a
discrete amount of cells to have at least measurable levels of antigens possible to be
detected by any kit.

At present the span of life of patients suffering breast cancer has increased
significativelly, quality of life is better and remission has been observed in more cases
than ever before due to development of immunology, biotechnology, genetics and due
to the possibility to have sophisticated therapeutic methods.

Thus the most ambitious goal would be to be able to detect cell activity instead of cell
amount As a second look the assessment of other antigens would increase sensitivity
to determine stage of the disease or relapse.

In recent years several tumour markers have been investigated to assess their value as
a tool for early detection or follow up after or during treatment.

It is important to estimate the role of analytical procedures on the results of biological
markers. IRMA has been recognized as a better and more sensitive system than RIA.
Also non isotopic techniques compared with radioactive methodologies are considered
less sensitives.

Early detection is closely related with the reliability and sensitivity of the
methodologies used.

Among analytical procedures in current use IRMA with monoclonal antibodies
immobilized to a solid matrix (coated tube) are first in specificity and sensitivity.

DETAILED OBJECTIVES OF RESEARCH

Develop a kit for the determination of TPS and assess the relevance as tumor
marker in breast cancer.

Study the parameters related with design of the analytical system and its
components.

Evaluate and select control methods for each development step.

Perform the assay on patients clinically diagnosed with the pathology according
with a protocol designed with oncologists.
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It is expected that this research will increase the resources of detection of the disease.

Besides the knowledge will be used in favor of the population and the problems of
early detection of breast cancer.

Detailed work plan for first year including proposed methods or techniques

First year will be devoted to:

- Selection of the methodology to be applied.

In general IRMA is the best choice, with antibody immobilized to a solid phase and a
labelled monoclonal antibody as tracer.

Several monoclonals have been offered for different cytokeratin fragments. The most
recognized is M3 used to isolate the antigen released by MCF7 carcinoma cell line.

- Labelling and quality control of antibodies specific for TPS.

- Preparation and control of Standards used as calibrators.

-Optimization of solid phase.

-Optimization of the IRMA assay developed.

-Determination of normal ranges.

-First trials of samples from known breast cancer patients.
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Monoclonal Antibodies Technology. Protocols

(From: Dr. Boris E. Acevado Castro, Cuba)

Immunization.

The first step in preparing useful monoclonal antibodies (MAbs) is to immunize an

animal (Balb/c for example) with an appropriate antigen.

Methods (only for soluble antigen):

Solubilize selected antigen in Phosphate buffer solution (PBS) at pH 1.2-1 A, ideally at a

final concentration per animal between 10 to 50 |ig/ml.

It is recommended that the antigen under consideration be incorporated into the emulsion

adjuvants in 1:1 volumetric relation. We commonly use Frend's adjuvant (FA) to

prepared inmunized solution. The first immunization should be prepared with complete

FA, and the another could be prepared with incomplete FA.

It is recommended to inject mice with 0.2 ml intraperitoneal (ip) or subcutaneous (sc).

Our experience suggests the sc route is the preferred route. A minimum protocol for

immunizing mice to generate cells for preparing hybridomas is s follows: immunize sc on

day 0, boost sc on day 21, take a trial bleeding on day 26; if antibody titters are

satisfactory, boost ip on day 35 with antigen only, and remove the spleen to obtain cells

for fusion on day 38.

Fusion protocol

The myeloma cell line we are using is X63 Ag8.653. At the moment of fusion myeloma

cells need a good viability (at least a 95%).

1. Remove the spleen cells from immunized mice using sterile conditions. An immune

spleen should yield between 7 a 10 xlO7 nucleated cells.

2. Place the spleen in 20 ml of serum-free RPMI 1640 in a Petri dish. Using a needle and

syringe, inject the spleen with medium to distend and disrupt the spleen stroma and

free the nucleated cells.

3. Flush the cell suspension with a Pasteur pipet to disperse clumps of cells.

4. Centrifuge the spleen cell suspension at 250g for 10 min. Resuspend the pellet in

serum-free RPMI 1640. Determine cell concentration using Neuhabuer chamber.

5. Mix the myeloma cells and spleen cells in a conical 50-ml tube in serum-free RPMI

1640, 1 xlO7spleen cells to 1 xlO6 myeloma cells (ratio 10:1). Centrifuge the mixture
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of cells at 300g for 10 minutes. While the cells are centrifuging, set aside 30 ml of

serum-free RPMI 1640 in another 50-ml tube. Prepare the 50% PEG and place the

timer in the hood.

6. Remove all the supernatant from the cell pellet. Overlay the pellet of cells with 0.5 ml

of 50% PEG with a Pasteur pipet during 1 minute. Then add 5 ml of serum-free RPMI

1640 during 3 minutes. At the end of 3 minutes, add during a minute 15 ml of the

same medium.

7. Centrifuge at 250g for 10 minutes. Gently resuspend the fused cells at a concentration

of 5 xlO4 cells/ml, in a RPMI medium containing serum at 20%, HAT (selective

growth) and antibiotics.

8. Distribute the cell suspension into 96-well-flat-bottom-tissue-culture plates add 0.2 ml

per well. Incubate the plates at 37°C in 5% CO2. Three to 4 days in HAT medium is

sufficient for arresting the proliferation of unfused myeloma cells.

Screening and establishing a Hybridoma line.

The screening could be perform using different immunoassay alternatives (ELISA, RIA,

etc). The principal requisite is have been developed a reproducible method before to

make the fusion. These method could be improve using the serum of mice immunized as

sample.

Approximately 1 week after the fusion, colonies of hybrid cells will be ready to screen.

During the screening, samples of tissue culture media are removed from wells that have

growing hybridomas and are tested for the presence of the desired antibodies. Successful

fusions will produce between 2 000 and 5 000 hybridomas colonies. Depending on the

fusion, individual wells will become ready to screening over 2 to 6 day period. Typically,

the first wells could be ready to screen in day 7 or 8, and most of the wells will need to be

screened within the next 4 or 5 days.

When you detected a possible positive clone, you could transfer hybrids of interest to

24-plates adding 1 ml of HAT medium (RPMI 1640) supplemented with serum at 20%.

Cryopreserve each culture of cells when they have reached at least 3/4 confluency,

2 ampules/cell culture. Save the supematants for further studies.

Regarding to separate the interested cells of irrelevant cells, you must been do a limited

diluted procedures (see Methods in Molecular Biology, vol.46).



Ascitis production.

To produce ascitis the number of cells depend of the every particular clone. Usually we

inoculated ip between 1 to 2 xlO6 cells/ml/mice in PBS buffer.

The animals must be inoculated intraperitonealy with Pristan (Sigma) or mineral oil using

0.5 ml per mice. The inoculation could be occurred 7 to 10 days before to inoculated the

clone. The weight of the animals must be controlled in order to obtain better yield.

The bioreactors are an alternative method to produce AcMs without it have not used

animals models.

IgG purification process on protein A columns.

Mouse antibodies of the IgG, subclass do not have a high affinity for protein A. Every

subclass could be eluted at different peaks using a gradient pH. Usually we use 3M

NaCl/1.5 M Gly pH 8.9 as a coupling buffer. For eluting IgGs we use 0.1M Citric Acid in

a gradient pH (6 to IgG,, 5 to IgG2a or IgG2b, 4 IgG3).

1. Adjust a Sepharose Protein A (Pharmacia) beads using NaCl/1.5 M Gly pH 8.9

(coupling buffer).

2. Diluted the ascitis 1:10 in coupling buffer using a filter paper for remove the

aggregations.

3. Pass the solution trough a Protein A bead column at a standarized flow according your

equipment. The capacity of the Protein A beads for IgGl is approximately 5 mg/ml of

wet beads. Ascitis contain between 1-10 mg/ml.

4. Wash the colums with 10 volumes of coupling buffer.

5. Elute the column with 0.1M Citric Acid in a gradient pH starting at 6 to 4. Collect the

eluate in appropriate tube, and identify the immunoglobulin-containing fractions by

absorbance a 280 nm (1 DO = 0.8 mg/ml).
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Protocol for Antibody Coating of Beads
(From: Dr. I. Christofldis, Greece)

Prepare a purified specific antibody (monoclonal or polyclonal) at a concentration
of 1-10 ng/mL in 50 mM sodium carbonate pH 9.5. For coating polystyrene beads or
balls make enough solution to fully immerse the beads or balls in the antibody solution.
Incubate at 4° C for at least 18 hr or 37° C for at least 90 min.

Immerse and remove the beads or balls at least 5 times in a washing solution
containing PBS pH 7.5 and Tween 20, 0.05%.

Submerge completely the beads or balls in a blocking solution 0.25-1% BSA in
PBS pH 7.2 containing 0.05% between 20. Incubate at least for 30 min at RT.

Wash the balls or beads in PBS-Tween buffer solution.

NEXT PAGE(S)
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Purification of PSA from Human Semen

(From: Dr. Meera Venkatesh, India)

1. Human seminal plasma collected from many volunteers are pooled and passed

through a column of phenyl sepharose equilibriated with 1.25 M ammonium sulphate.

Elution is carried out with 1.25 M ammonium sulphate initially, to remove

the bulk non-adsorbing proteins. Gradient elution of the absorbed proteins

with 0.01 M Tris-HCl, 0.25 M NaCl, pH 7.0 buffer gives a sharp peak

containing PSA. *

2. The absorbed protein peak containing PSA is then lyophilised, redissolved in

Tris-HCl buffer and chromatographed in a Superdex-75 or Sephadex-75 column.

The absorbed proteins elute out as multiple peaks and PSA is eluted as a

sharp peak .*

3. Step 2 is repeated for better purity.

4. The PSA peak is lyophilised, dissolved in Tris-HCl buffer without NaCl

and further purified on an ion exchange column (either anion or cation

exchage columns such as DEAE Sephadex or CM-Sephadex or Mono Q). Gradient

elution using Tris-HCl buffer without NaCl and Tris-HCl buffer with 0.25 M

NaCl resulted in a sharp pure PSA peak (homogenous, sharp single band on

SDS-PAGE).

This procedure is based on that reported by Wang et al., Oncology, 39,1,1982.

* At each stage, PSA has to be identified by an independant method such as

immunodiffusion or an immunoassay.

NEXT PAGE(S)
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Preparation of Antibody Coated Tubes
(From: Dr. Ana Robles, Uruguay)

1. Purification of IgG:

2-4 ml serum at pH 8 with Buffer tris 1M pH 8.

Let serum pass through the column of Sepharose Prot. A (1 - 2 ml).

Wash with: a) Buffer tris 0.1 M pH 8
b) Buffer tris O.OlMpH 8

Elute with Glycine 0.1M pH 3 adding eluant at 0.5 ml fractions and collect in eppendorf
tubes containing 50ul Buffer tris 1M pH 8 to neutralize.

20 fractions are collected. Absorbency at 280nm is measured in each fraction.

Pool is formed with protein fractions.

Dialysis against water is done during 48 hours changing water twice during that lapse.

Regenerate column for future use with 1 wash Urea 2M, second with LiCl 1M and third
wash with Glycine 0.1M pH 2.5

2. Antibody Immobilization on an Activated Solid Phase:

NUNC maxisorp, Star tube 75x12 mm is trade mark for polystyrene tubes from Pharmacia
with less than 5% CV% inhomogeneity in adsorption of IgG and less than 10% for random bias of
any result from mean value. They are kept closed until use. They are not reusable.

The antibody is diluted to a working dilution with buffer carbonate-bicarbonate 0.1M,
pH 9.6 (BCBic). Adequate volume is pipetted into maxisorb NUNC tubes paying attention not to
produce droplets (1/200 dilution and 0.3 ml/tube are used for TSH assays).

An incubation overnight is enough to get maximum IgG binding.

Antibody solution is recovered for further use (after mixing with additional antibody).

Solid phase is subject to washing with phosphate buffer with non-ionic detergent (1 ml PB.5
+ 0.5% Tween 20) and then with pure water.

Tubes are left two hours upside down and kept tightly closed with dissicant at - 20° C.

I NEXT PAGE(S)
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Labeling of IgG Molecules with 1251

(From: Dr. Ana Robles, Uruguay)

Limiting Chloramine-T Method
Chloramine-T in aqueous solutions is rapidly decomposed when present in very low

concentrations.

Most techniques recommend the use of 0.5 -1.0 mg/ml of reagent. Of this a small amount
is used for labeling (for instance 10 (il solution corresponding to 50-100 jag reagent).

Limiting chloramine-T method uses 1.2 u.g reagent and thus the solution is by far more
unstable.

The methodology is based on the use of a very small amount of Chloramine-T and leave the
reaction to proceed until total exhaustion of the oxidant.

A stock solution is prepared fresh at the moment to start labeling and a dilution is performed
to get the correct amount of reagent into labeling vial.

150 mg Chloramine-T are dissolved with 5 ml freshly destilled water.

Stock concentration is 30 mg/ml. It must be used immediately.

Just before use 0.1 ml (3 mg) of this stock are diluted 1 in 250 with phosphate buffer 0.05 M
and 10 |il are added to the labeling vial where the IgG, concentrated buffer and activity have been
added already.

IgG molecules (most monoclonal antibodies) in phosphate buffer 0.05 M pH 7.4 or
glycerol: phosphate 1:1 in 10-50 ng amount per 10-50 fig amount per 10-50 \i\ are pipetted into an
eppendorf tube (capacity 1.5 ml).

10 - 15 jil of phosphate buffer 0.5 M pH 7.5.

Approximately 500 \A Ci 1251 are added.

10 ul (containing 1.2 fig) of diluted solution of Chloramine-T in phosphate buffer.

Mix by gentle agitation during a couple of minutes.

Determine labeling yield by nonspecific precipitation of proteins with trichloroacetic acid
solution 20% concentration (TCA).

Take a l|il aliquot and mix it with 100 |il of bovine serum albumin solution 5% into an
eppendorf tube.

Add 0.9 ml TCA, cup the tube and vortex mix. Centrifuge 3 - 5 minutes at 3000 rpm.

Eppendorf Mini fuges are recommended.
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For an immunoglobulin (150.000 dalton) the activity needed to get an incorporation of
1 atom iodine per IgG molecule with a 50% yield is approximately 300 ^iCi. An excess iodine is
added to be sure the reaction proceeds correctly.

If yield is lower than expected, another aliquot of freshly prepared chloramine-T solution
may be prepared and added following the same steps as before.

Determine yield by TCA method again.

Purification of labeled molecule by gel-permeation with Sephadex G-25 prepackaged
columns Pharmacia PD-10 using PBS-BSA 0.2% as eluent and collecting 0.5 ml fractions.

Labeled IgG is recovered in fraction 6 to 8 and iodine is seen at fraction 13 to 18.
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