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Abstract: Recent reports indicate that the clinical usefulness of prostate specific antigen (PSA),
particulary in the differentiation of benign prostate hyperplasia from prostate cancer, can be
improved by measuring the amount of free PSA in serum. Measuring free PSA is especially
useful in attempts to improve diagnositc performance of PSA in the diagnostic gray zone of total
PSA. The objective of this study was to develop free PSA assay kit using sandwich microplate
enzyme immunoassay format. We chose a test format with polyclonal anti-PSA antibodies coated
on the wells and monoclonal anti-free PSA antibodies for quantification to gain higher test
sensitivity. We adpoted 50 uL of specimen and 2 hours of first incubation time with detecting
antibody for free PSA EIA format using microplate. The within-day and between-day precision
(%CV) in the high and low concentration ranges were below 4%. The correlation coefficient
between in-house free PSA assay and commercial assay kit was 1=0.9965 (slope=0.0984, y
intercept=0.0173, N=27). No hook effect was found by 40 ng/mL and correlation coefficient (r)
value of the fitted linear regression was over 0.995. The recovery tests were in the range of 98.9~
104.1% for free PSA. In conclusion, in-house free PSA enzyme immuno assay is cost effective,
simple and rapid and could be useful for the prognosis after theraphy as well as for the
differential diagnosis between prostate cancer and benign prostate hyperplasia.
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INTRODUCTION

Prostaie-specific antigen (PSA) is a 32 kDa
single chain glycoprotein serine protease with
a chymotrypsin like specificity exclusively pro-
duced by the secretory epithelium of the pro-
state gland(8). PSA is normally secreted into
the seminal fluid, and plays a functional role in
the cleavage of the seminal vesicle proteins®.
Only low level of PSA is normally present in
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the blood stream, and increasing serum con-
centrations are indicative of prostatic pathol-
ogy, including benign prostatic hyperplasia
and cancer of the prostate®”. Determination of
total PSA has widely been used for detection
and management of patients with prostatic
cancer, and considered as the superior sero-
310 Even
though the total PSA assay is relatively tissue

logical marker for prostate cancer

specific, it is unfortunately not specific for pro-
state cancer. Patients with benign prostate dise-
ases, such as benign prostate hyperplasia and
prostatitis, also may produce total PSA with
values that may overlap with those found in
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prostate cancer'”. The ability to identify pa-
tients with elevated total PSA values, though
only benign cases of a disease, would help to
avoid the performance of many unnecessary
biopsies'”. It was recognised only recently that
serum total PSA exists at least in two major
forms namely free PSA and PSA-o;-an-
tichymotrypsin (PSA-ACT) complex"®?. Free
PSA occurs in lower concentration and is prob-
ably an inactive form of PSA. It has been
known that in most cases sera from patients
with prostate cancer contains over 95% PSA-
ACT complex, only a very small portion of
the serum total PSA is in the free form'?, It
turned out that sera from benign prostate
diseases were usually associated with higher
percentage of free PSA, whereas a smaller per-
centage of free PSA was usually found in sera
from patients with prostate cancer”. Therefore,
measuring free PSA could be useful in attem-
pts to differentiate between benign and malig-
nant prostate diseases”. Recently several com-
mercialized kits using various principles have
been introduced to determine serum free PSA.
In this study, an enzyme immuno assay for
free PSA on the microplate following sand-
wich format was established.

MATERIALS AND METHODS

Bovine serum albumin (BSA), tween 20,
casein, tetramethylbenzidine (TMB) substrate
and thimerosal were all purchased from Sigma
(St Louis, Mo, USA). Microplates used for
this assays were obtained from Nunc Co.
(Roskilde, Denmark). The polyclonal anti-PSA
and monoclonal anti-free PSA were purchased
from DAKO Co. (Glostrup, Denmark). Sheep
anti-rabbit IgG horseradish peroxide conjugate
solution was obtained from Biodesign Co.
(Kennebunk, Maine).

Coating the microplate

For coating to the 96 well microplate, 100
uL of polyclonal anti-PSA (5 ug/mL in 0.1 M

carbonate buffer, Dako Co, Glostrup, Denmark)
was added to each well. After overnight in-
cubation at 4C, the coating solution was re-
moved and dried. Then 250 pL of blocking
solution (0.05% casein in PBS) was added to
each well.

Preparation of calibrator

For free PSA determination, sera at various
free PSA levels obtained from Seoul Clinical
Laboratory were pooled and used for control.
Calibrator grade free PSA antigen isolated and
purified from LNCaP cells was from Dr. Wu
in University of Utah (USA). The free PSA
value of the calibrator was assayed by comm-
ercial kit (CanAg Co., Gothenburg, Sweden).

Assay procedure for the determination of
free PSA

Fifty microliter of anti-free PSA solution were
dispensed to each well and 50 puL of assay
standard, control or samples were added to as-
signed well of microplate. After incubation for
2 hours at room temperature with constant
shaking on rotator, each well was washed three
times with 250 pL of wash solution (PBS con-
taining 0.05% tween-20). Then 100 pL of anti-
mouse HRP conjugate (1:5,000 dilution) was
added. After incubation for 1 hour at room
temperature, each well was washed three times
with 250 puL of wash solution. One hundred
microliter of TMB substrate solution was add-
ed to each well and incubated for 10 min at
room temperature. Finally 100 pL of stop solu-
tion (1 N H,SO;) was added and the absor-
bance of free PSA was measured at 450 nm
within 15 minutes.

Specimens

Forteen serum specimens obtained from Seoul
Clinical Laboratory were used for the com-
parison study.

Calculation

Within-run assay and between-run assay vari-
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ations were monitored with three control pre-
parations (representing high, low and middle
range values).

RESULTS
Adjustment of free PSA EIA parameters

As shown in Fig. 1, increase in the sample
volume from 10 pl to 50 pl represented ap-
parently higher absorbance. By increasing the
first incubation time with detection antibody
from 1 hour to 2 hour, the absorbance was in-
creased, whereas the second incubation time
did not show a significant effect on absor-
bance (Fig. 2). In order to complete the assay

Table 1. Precision test of free PSA assay

Between-Run assay

Controls Mean CV (%) Replicate No.

High 4631014 3.10 4
Medium 1.34+0.04 2.64 4
Low 0461+0.02  3.69 4

Within-Run assay

Controls Mean CV (%) Replicate No.
High 4401014 321 9
Medium 136005 3.38 9
Low 0.43+0.01 3.29 9

Absorbance of free PSA

free PSA (ng/mt)

Fig. 1. Effects of the sample volume in free PSA
assay.

rapidly, we decided to adopt 2 hour/ 1 hour ar-
rangement (first incubation time with detecting
antibody/ second incubation time with IgG-
HRP conjugate).

Precision and detection limit of free PSA
assay

Intra-assay (within run) and inter-assay (bet-
ween run) precision tests were shown in Table
1. The coefficient variation (CV) of precision
tests of control samples were lower than 4.0%.
The detection limit of the free PSA EIA assay
using 50 pL of sample is less than 0.1 ng/mL
defined as the concentration corresponding to
the mean of the absorbance values for the zero
standard +2 standard deviations (mean value+
2 SD).

Recovery and linear regression tests

Spiked serum samples were prepared by ad-
ding aliquots of a sample with highly elevated
free PSA to normal serum samples. The re-

Absorbance of free PSA

0 1 2 3 4 5
Concentration of free PSA {(ng/mL)
Fig. 2. Differences of absorbance in accordance
with incubation time in free PSA assay.

TYPE  First incubation
time with
detection antibody

Incubation time with
HRP conjugate

A 3 hour 1 hour
B 2 hour 2 hour
C 2 hour 1 hour
D 1 hour 30 min
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Fig. 3. Linear regression test of free PSA assay
in three patient samples.

Patient 1: y=0.998x+1.015 r=0.996
Patient 2: y=0.997x — 1.028 r=0.997
Patient 3: y=0.965x+0.724 r=0.995

Table 2. Recovery test of free PSA assay

Added Expected Measured Recovery
(ng/ml)  (ng/ml)  (ng/mlL) (%)
S: 0.75

S, + 32 3.95 391 98.9
S, + 25 325 331 101.8
S+ 1.2 1.95 1.96 100.5
S + 0.7 1.45 1.51 104.1

covery of the free PSA antigen were in the
range 98.9~104.1% for free PSA (Table 2).
For linearity test, patient samples were serially
diluted to 100%, 80%, 60%, 40%, 20% with
sample diluent. Mean correlation coefficient
value (r) of three patient samples were over
0.995 (Fig. 3). No hook effect has been not-
iced with samples up to 40 ng/mL.

Correlation with commercialized EIA kit

The results using in-house free PSA EIA
were correlated well with those from the com-
mercialized assay at both low and elevated
free PSA concentrations. Fig. 4 shows the ove-
rall correlation at a PSA concentration range
from zero to 4 ng/mL (r=0.9965, slope=0.0984,
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Fig. 4. Correlation study between in-house free
PSA assay and CanAg EIA kit.

y=0.0984x0.0+ 1734, r=0.9965

y intercept=0.0173, N=27).
DISCUSSION

PSA has been shown to form stable com-
plexes with different anti-proteases, and the do-
minating proportion of PSA in patient serum
occur in complex with antichymotrypsin (PSA-
ACT)'®. However there were large variations
in the relation between free PSA and PSA-
ACT complex between different individuals.
Studies have also indicated that the proportion
of free PSA was higher in benign prostatic
disease as compared with prostatic cancer”.
The discovery that PSA exists in the serum in
different molecular forms and the development
of assays for free PSA represent a major ad-
vancement in the diagnosis of early, curable
prostate cancer'>®. Catalona and coworkers”
reported that high concentration of free PSA
was closely related with prostatic cancer when
the total PSA value was in the normal ranges.
However, the measurement of free PSA alone
can’ be misleading, because very high free
PSA could be found in cancer patients. When
the total PSA value is in the range of 4.0 to
10.0 ng/mL, analysis of free PSA improves the
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specificity of the PSA test™¥.

Several recent reports of the clinical sig-
nificance of free PSA led to develop free PSA
commercialized kits by immuno assay with
sandwich or competitive principle with radio-
isotope or enzyme labeling. Recently environ-
mental and biohazard problem are making la-
boratories to convert radioisotopic immunoa-
ssay (RIA) to enzyme immuno assay (EIA)".
Other chemiluminescent immunoassay (CLIA)
reagent was developed by some commercial
company. However its application could be li-
mited due to need for an expensive equipment.

In the present study, microplate EIA of free
PSA was developed using sandwich format.
Microplate EIA format in our opinion is the
most cost effective and it can be applicable by
manual method or using any auto microplate
system. Moreover, the higher affinity between
the coated antibody and antigen in the speci-
men showed the higher sensitivity of the assay.
Therefore the use of polyclonal antibody-con-
jugated polystyrene plates and sandwich design
we adopted for free PSA assay allowed the
- coverage of a wide linear range of free PSA
concentration without sacrificing accuracy at
both low and high levels'. Several other as-
say parameters can be optimized to improve
the sensitivity of microplate assay, such as the
total reaction volume, the surface area of the
solid phase, the concentration of the sample,
the incubation time between the coated an-
tibody and free PSA, between the antibody-
bound free PSA and the detecting antibody,
and the final volume of the color development
system for the enzymatic reaction’®. To de-
velop the sensitive and simple free PSA EIA
assay, we tried to adjuét several parameters.
Two different sample volumes from each speci-
men, 10 pL and 50 pL, were tried for the as-
say in order not only to further increase test
sensitivity and improve precision at both low
and highly elevated free PSA conentrations,
but also to widen the assay concentration
range. The 10 pL of specimen showed a dis-

tinct decrease of absorbance, whereas proper
optical density was observed using 50 pL of
specimen (Fig. 1). We also compared the first
and second incubation times with detecting an-
tibody and enzyme conjugate, respectively (Fig.
2). In this experiment, the detecting antibody
was added for the first incubation time be-
cause concentration of free PSA is very low in
serum. The reaction of one hour of first in-
cubation was too weak, whereas two hour in-
cubation represented a better standared curve
(Fig. 2). Therefore, 50 uL of specimen and 2
hour/1 hour incubation time (detecting antibody/
enzyme conjugate) were adopted in our mi-
croplate EIA format. The possibility of pro-
longing the incubation time any further be-
came impractical as far as turn-around time
was concerned. The in-house free PSA EIA kit
represented below 4% of coefficient variations
(%CV) in precision tests including between-run
assay and within-run assay (Table 1). Recovery
test was in the range of 98.9%~104.1%
(Table 2) and the coefficient correlations of
linear regression in three patient samples were
over 0.995 (Fig. 3). The results of random
samples (N=27) of in-house free PSA assay
were consistant to those of commercialized as-
say with low and high range of concentration
(1=0.9965) (Fig. 4).

Even though EIA method is useful for rou-
tine laboratory work, it can produce the "hook
effect” when the specimen contains highly ele-
vated concentrations of free PSA. When an as-
say with the sandwich design involves only
one incubation, the excessive amounts of free
PSA will bind and saturate both the solid
phase-coated and the enzyme-conjugated an-
tibodies simultaneously, preventing from the
binding of the enzyme-conjugated antibody to
the solid phase'. Consequently a false low
value will be produced. The fact that the hook
effect is still observable at extremely elevated
free PSA concentrations indicates that excess
free PSA cannot be removed entirely by wash-
ing. The "hook effect” was not found in our
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free PSA assay by 40 ng/mL. From this study,
a free PSA enzyme immuno assay developed
by using microplate format is so simple and ra-
pid it could be useful for routine clinical la-
boratory work.
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