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Development of an Immunoassay Specific for the PSA-ACT
Complex Without the Problem of High Background
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We have developed an assay specific for
the PSA-ACT (PSA-al-antichymotrypsin)
complex that effectively diminishes the prob-
lem of high assay background commonly re-
ported by other investigators. The assay
follows a two-site ELISA format. Polyclonal
anti-PSA antibodies were coated on the mi-
croplate to capture the PSA complex from the
serum, whereas the biotinylated anti-ACT
polyclonal antibodies and HRP-conjugated
streptavidin were used for detection. The high
background ordinarily associated with this
assay was greatly reduced when milk casein
was added in addition to albumin for blocking
and when the Super Block™ was also in-
cluded in the diluents for sample dilution and

bodies. The assay has a sensitivity of 0.05
ng/mL. The within-run precision ranges from
4.2—-7.2% and the between-run precision falls
between 5.8-8.5%. Cross reactions withACT
and free PSA (fPSA) are 0.0001% and 0.02%,
respectively. The highest concentration of
PSA-ACT complex in the maternal sera
was < 0.4 ng/mL by this assay, much less
than reported in the literature. Using this im-
proved assay, the sum of fPSAand PSA-ACT
concentrations were less than that of their
corresponding total PSA (tPSA) most of the
time. We believe that this improved assay
should be used to replace the current tPSA
assay for screening, monitoring, and manag-
ing patients with prostate cancer. J. Clin. Lab.
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INTRODUCTION: IMPROVING PROSTATE
CANCER SCREENING

ence of two immunologically detectable PSA isoforms in the
serum also caused problems (1,8,9). Failure to select an anti-

There are two major isoforms of prostate specific antigePnS A-ACT antibody for their kits, which would react equally

(PSA) that are detectable immunologically in the serum: t th both free and complexed PSA, also contributed to the

free PSA (fPSA) and the serum PSA-antichymotrypsin iferent values produced by different commercial kits on the

i . ; same specimens (6).
(PSA-ACT) complex. In patients with prostate cancer, theAS has been demonstrated repeatedly (9—11), there are

majority of the PSA found in the sera is in the form of the . : -
PSA-ACT complex. Asnuch as 95% or more of the total 12"y advantages associated with an assay specific for the

PSA (tPSA) detected in the serum from patients with prostS grzmaﬁt?&- Qg;— ;(r)]r;;::]e: I:eSImalrozl;tfilgi tgf sslli?oig?groffo?nttr:-e
cancer may be comprised of the PSA-ACT complex. How- prep

. assay, making it possible for all commercial kits to produc
ever, the percentage of PSA-ACT complex is much lower Iy Y, arnp N 0 0 procuce
. . . ) . the same values. The assay also should be more specific for
patients with benign prostate diseases, such as benign pr?gétate cancer

tate hyperplasia (BPH) and prostatitis (1,2). It is therefOPeAssays so far developed specifically for the PSA-ACT

likely that serum levels of the PSA-ACT complex are more . . : .
o complex invariably used a two-side, sandwich test format.
specific for prostate cancer.

The PSA test is in great demand. It was the first tumI(:)(r)r example, fche anti-PSA was coated on the solid _phase,
) . such as the microplate, to trap the PSA complex. Anti-ACT

marker used for screening (3). However, it was found only a

few years ago that PSA values produced by different com-

mercial kits were generally not compatible (4,5). The major

discrepancies, as pointed out by several investigators (1,5:69srespondence to: James T. Wu, Dept. of Pathology, Univ. of Utah Health

were due to the different calibrators used and different PS#Aence Complex, Salt Lake City, UT 84132.

values assigned to the calibrators by different kits. The pr@seeived 30 April 1997; Accepted 27 May 1997

© 1998 Wiley-Liss, Inc.
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antibodies were used to react with the trapped PSA-ACT coietinylation
plex for the purpose of detection (12). Itis not possible to, 1o | giotin kit from Pierce was used for the bi-
coat the microwells with anti-ACT antibody to capture thgtin lation of polyclonal anti-ACT antibodies following the
serum PSA-ACTomplex for the assalgecause much higher y oy 9

) . instruction of the kit inserf’he molar ratio of biotin t&nti-
serumACT concentrations than PSACT concentrations . . C . .
. ) . .~ ACT antibodies was maintained 4f1.The resulting reaction
are present in the serum. Howewvesing anti-ACTanti-

body for detection results in a high assay backgrounrHI.Xture after removal of unreacted biotin by centrifugation

Apparently as pointed out by Lilja et al. (13), anothelvas washed once and then concentrated by Centricon-30.

protease—namelgathepsin G—in the serum will form a . . . : —

complex with serumACT and will bind to the microplate. Coating Microplate W ith Anti-PSA Antibodies

The use of enzyme-conjugated anti-ACT for detection mayA total of 100puL Dako polyclonal anti-PSA antibody (5

raise the assay background because the anti-ACT antibpdymL) in 0.1 M carbonate bigf, pH 9.6 was added to each

may also react with the cathepsin G-ACT complex boumetll and incubated overnight at 4°@fter the wells were

to the microplate surfac&his high assay background fre-emptied, 25@L blocking solution (1% BSA + 0.05% casein

guently associated with the serum PSA-ACT assay ha$.05%Tween 20 in PBS) was added, and the microplate

been the principadbstacle to the widespread application aflas incubated overnight at 4°The microplate was allowed

this test. to dry after the blocking solution was aspirated and discarded.
After repeated trial and errowe eventually found two Plates should be stored in a sealed bag at 4°C with desiccant.

ways to improve the assay that avoided the problem of high

assay backgroundhere are so many advantages to meas@wsA-ACT Assay (in-house)

ing serum PSA-ACT complex alone over measuring a mix- ) . )
ture of free and complex PSA, as the current tPSA assay- PiPette SQL of Super Block (1:4 diluted with bigf)

does. Howeveiin the near future we need to reestablish tf&'d then SQL of sample or control into each microwell.

normal reference range as well as the age-dependent refef- Incubate for 1 hr at rt. with constant shaking.

ence ranges for the serum PSA-ACT assay in order to ims- Wash the wells three times, each with 2600f Wash

prove the screening, monitoring, and management of patierfition (0.05%ween in PBS). o _
with prostate cancer 4. Just prior to use, mix equal volumes of biotinylated anti-

ACT antibody (1:2,000) with Streptavidin-HRP in Super
Block (1:2,000 diluted with 1:4 diluted Super Blockdd
100pL of the mixture to each well.

We obtained Super Block from S@R Laboratories (Lo- 5. I_ncubate for 1 hr a’F rt. vyith constant shaking. Repeat
gan, UT). BSABovine serum albumin, fractiov), Tween Washing (same as described in Step 3). .
20, casein, and thimerosal were all purchased from Sigma (St Color development (10 min.) with the addition of 100
Louis, MO). Polyclonal anti-PSA antibodies came from Dakd- TMB solution to each well.
(Carpinteria, CA). Sheep antirabbit IgG HRP-conjugate so-
lution was obtained from BioDesign International (KenndRESULTS
bunk, ME).TMB substrate kit came from Pierce (RockfordEffect of Super Block
IL). Both polyclonal anti-PSA and polyclonal rabbit antihu-
manACT antibodies were from Dako. HRP-streptavidin was Traditionally, 1% BSAhas been used for blocking after
purchased from Zymed Laboratory (South San Franciscoating the antibody on the solid phase. For the majority of
CA). Microtiter Strips (immulon 4) were from Dynatech Laboimmunoassays, the use of 1% Bl&#s been &ctive in block-
ratories (ChantillyVA). NHS-LC-Biotin Kit andTMB Sub- ing any remaining reactive sites on the solid ph@ke.use
strate were purchased from Pierce (Rockford, IL), amflanti-ACT antibodies as detecting antibody and the likely
HybritechTandem E kits were purchased from Hybritech (Sdninding of cathepsin G-ACT complex to the microplate fre-
Diego, CA). guently gave high assay backgrounds for this a&agk-

All serum specimens used for comparing the sum of serimg with traditional 1% BSA did not give us the low assay
concentrations of fPSA and PSA-ACT complex with the sbackground desiredhe addition of casein with 1% BSA
rum concentrations of tPSA were obtained from the Depaitie blocking solution resulted in considerable improvement
ment of Urology at the University of Utah Health Sciendd 2). Following the additional use of a @0 serum sample,
Complex, Salt Lake CityThe diagnoses of these specimense did not experience as manyfidifilties as described by
were lagely determined by biopsi€Bhe maternal sera usedother investigators with this assay (13), even before the Su-
for various experiments of this study were obtained froper Block became available.
Special Chemistry Laboratory ARUP, which were sentto  Super Block is a new product that recently became com-
ARUP for screening neural tube defect. mercially available and has been found to be &ctie

MATERIALS AND METHODS
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blocking agent in many solid phase immunoassays and for
Western blots. Howeveawhen we compared the Super Block
with a traditional blocking agent, such as 1% BSA, we found BSA & BSA
that it did not lower the assay background descéfrely as 0.4
when it was used as a dilueAs shown in Figure 1, the use
of Super Block only reduced the background to 0.3 ng/mL
not as low as when Super Block was included in the diluent&’ 0.3
(close to 0.1 ng/mL). Female sera have been used to ché&k
the assay background, since it was assumed that they did &gt
contain any PSAut all other serum proteins, suchfGT 4 0.2 -
and cathepsin G. <
We found that it was mostfettive to reduce the assay back- £
ground if we not only diluted the serum specimen with Sup 0.1 4
Block but also included the Super Block in the diluent for anti-
ACT antibodies (Fig. 2). In fact, the results shown in Figure 2
indicate that including Super Block in the diluent for the dilu- o
tion of anti-ACTantibodies (BSA& S) is more dctive than

including Super Block only during sample dilution (S & BSA)'.:ig- 2. Effect of Super Block as diluent for only one or two steps during the
assay; 5QL female serum containing undetectable PSA was used as sample
in the PSA-ACTassay Super Block was included in either the diluent for
sample dilution (1:1 dilution) and/or in the diluent for anti-ACT antibodies.

Effect of Sample V olume

Apparently the volume of serum specimen used for the
assay can have an impact on the assay backgdsiatiown in the diluent, up to 8QL of serum could be accommodated
in Figure 3, when Super Block was not included in the diluenigithout raising the background. Using aglar aliquot of se-
a very high assay background was observed with femaleggn has the advantage of increasing the assay sensitivity and
rum. However high assay background could be greatly redso improving the precision at the low sample concentration
duced if a smaller amount of serum was used for the aseaygeWe concluded that a sample size oftiGvhen mixed
(such as uL). The success we had with our earlier PSAwith 50uL of Super Block provides a digient level of sen-
ACT assay had to do not only with the use of casein asigvity for our needs.
blocking agent, but also because we used oniyl2€erum
for the assay (12). Howeverhen Super Block was includedTotal PSA vs. Sum of fPSA Plus PSA-ACT

Although there are only two major PSA isoforms detect-

0.8 . . . .
e able immunologically in the serum, other PSA isoforms could
=N \\
g 'g 0.6 - \yllell used for blocking 10 l ]
) ; S 3 i | W Sul
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Diluent +casein  (1:4diluted) (undiluted)
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Fig. 1. Effect of Super Block on the assay background when used either

for blocking or as diluentSThe efects (expressed as ng/mEPSA-ACT) Assay Diluent

were determined when assayed on a female specimen known to give high

assay background. Undiluted Super Block was used either for blockingFag. 3. Effect of the composition of assay diluent and sample size on the
used as diluents for the sample dilution |ghO+ 50pL) and for the dilution assay background/alues listed on top of the bars are assay background
of anti-ACT antibodies. Listed on the x-axis are compositions of varioegpressed as concentration of PSA-AG&e legends of Figures 1 and 2 for
diluents used for purpose of comparison. other details.
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also contribute to the value of total PSA determined by tbembined values of free PSA and PSA-ACT assays (Fig. 4).
current tPSA assays. In fact, we found low immunoreactivimong a total of 70 specimens, there were only two speci-
with PSA-A2M @2 macroglobulin) in a tPSA assay (14)mens where the concentrations of fPSA and PSA-ACT com-
PSA-AT (antitrypsin) complex could also contribute to thplex was slightly above that of tPSA.

total PSA concentration even though the serum concentra-

tion of PSA-A' complex could be very lavhe detecting PSA-ACT Concentrations in Female Sera

anti-PSA a_ntlbody used in the tI_DSA assay can react with PSQNe also determined the PSA-AQBncentrations in a
molecules in any form to a varying degree. Consequéehdy

value of total PSA determined by the tPSA assay may incl oup of female maternal sera sent to us for screening neural

contributions from all PSA isoforms in addition to fPSA an% E]zget:ceihsq?nd?g:’/g dsggxfg?reaas\;zrag\a\?alse\rlﬁl,llfhetlg\r/ver
PSA-ACT complex. In other words, there should be ne s y P y

prise if the serum values of total PSA are greater than the LS{IH%n that reported by Lilja et al. (13is is additional evi-

of serum concentrations of fPSA and PSA-ACT compleﬁ.ence proving that the problem of high assay background
. ad been eliminated or greatly reduced by the current PSA-

However due to the problems of high assay background, \EX%T assay (Fig. 5)

frequently found the reverse was also often true. Before the Yy (F19.9).

Super Block was available, we found that the concentratig -

of both free and complex PSA were greater than that of tP§§araCte”St'CS of the Improved PSA-ACT  Assay

in approximately one-fourth of the specimens we assayedThe overall assay characteristics of the improved PSA-ACT

even when casein was used as a blocking agent and onlye®0 are listed irTable 1. Because we biotinylated our anti-

pL serum specimen was used (Fig. 4). Howgafer includ- ACT antibodies and used the HRP-streptavidin for quantifi-

ing Super Block in the diluents, as the result of reduced assagion, the high diihity between streptavidin and biotin

backgrounds, almost all tPSA values became greater tharafh@ved us to premix the biotinylated anti-ACT antibodies

" PSA 2
0 fPSA+PSA-ACT

20

-
=]
i

—
]
|

Conc. of tPSA or (fPSA + PSA-ACT)
(ng/mL)

0.4 -

OOO OO

i © Oo poO
L Bb 00 o

PSA-ACT Assay (ng/mL)

Specimens with Increasing tPSA Conc. 0-

Fig. 4. Comparison of tPSA concentration with combined concentrations

of fPSAand PSA-ACTcomplex on the same specimereues of total PSA Ma ternal Serllm

were assayed by Hybritedandem E kits whereas the fP&Ad PSA-ACT

concentrations were determined separately by two in-house kits. Fig. 5. PSA-ACT concentrations measured in the maternal sera.
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TABLE 1. Characteristics of Improved PSA-ACTAssay
Assay format (add figure) Microplate two-site ELISA E
Sample volume recommended 50 pL =

Sensitivity! 0.05 ng/mL

Calibrators Pooled sera from cancer patients (0 tci%
10 ng/mL) -+
Assay precision -
Within day CV =6.3% (6.4 + 0.4 ng/mL, N=12) e
CV = 6.8% (4.6 + 0.31 ng/mL, N=12) o,
CV=4.2% (2.4+0.1ng/mL, N=14) &
CV =7.2% (1.1  0.08 ng/mL, N=14) &=
Day-to-day CV=85%(4.7+04ngimL, N4 S
CV = 5.8% (2.4 + 0.14 ng/mL, N=14) "E
CV=7.1% (1.4 £0.1 ng/mL, N=12) &
Crossreactivity with fPSA <0.02% 2]
Crossreactivity witiACT® <0.0001% 2
®Results of 12 determinations (mean + 2SD) using 1% BSA (zero calibrator)

containing no PSA.

Pvalue provided by PSA-ACTEssay on specimen containing only fPSA
isoform.

“Value provided by the PSA-ACAssay on specimen containing pMeT.

< vy < Wy <
—_— — o~

w
o

PSA-ACT Calibrator (ng/mL)

with the HRP-streptavidin and used in a single additigm. Fig- 7. Effect of sample size on the shape of the calibration cite.
also changed our sample volume from20to 50 uL. As calibration curve will not be linear when using G0 sample size. Com-

. . ’ puter curve fitting program should be used to construct the calibration curve.
reported earlier (12), our PSA-ACT assay did not cross-react
with either fPSAor ACT to any significant extent. In Figure
6, we also demonstrated that there was fexefn the PSA- DISCUSSION

ACT determination in the presence of as much as 50% fPSA. importance of measuring specifically the serum PSA-
in the serum sample, a situation frequently encountered,i

) : dA'&T complex is not only because the serum concentration of
sera from benign prostate diseases.

- - PSA-ACT is closely associated with the progression and re-
The dose résponse curves shown in F|gure .7 |nd_|cate t&%@sion of prostate cancbut also due to the fact that many
our current assaysing 5QuL of sample, has limited linear

ity | trationTheref " h technical problems found with the tPSA assay will be avoided.
:‘gulrn ;?gcme(;grasloar:/ailzlﬁeogi, tﬁ?amgrsr Fz;tc;grf;?ise'r?ll\jlcole%qr example, the problem of selecting antibodies for the as-
P ' P %;é will be greatly simplified.he problem of calibrator prepa-

lar Device, Menlo Park, CA) should be used to construct t ion also will be much easier to manage because we no longer

calibration curve. Failure to use a computer program for CUYE o 1o deal with two PSA isoforms whose serum ratio con-

fitting could result in serious errors (15). It should be not : . . . )
that the PSA-ACT calibrator when stored lyophilized zstantly varies with the total PSA concentration. Since the PSA

—20°C is stable for at least seven months (Fig. 8).
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Fig. 6. Effect of % fPSAon the determination of PSA-A@bncentration Month (Stored lyophilized, 20° C)

by the PSA-ACTassayFree PSAconcentration, up to 50%, had néeet
on the PSA-ACTassay Fig. 8. Stability of lyophilized PSA-ACT calibrators stored at —20°C.
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ACT assay measures only a single molecular species, weptustate canceWe noticed that during monitoring treatment
not have to be concerned about the troublesome subjeabfgirostate cancer patients, the changes of tPSA might some-
“equal molarity” as we would for the tPS#sayWe found times be due to changes of fP&Ad not PSA-ACTwhich
sometimes that the increase of the tPSA value was due teauld lead to misinterpretation of the test redik. are also
increase of fPSA and not PSA-ACT complex. Since the ilpoking into the possibility of expression fPSA as ratio of
crease of fPSA and the increase of PSA-ACT concentratidRSA/PSA-ACT to avoid the contributions from various mi-
carry diferent clinical meanings, conceivably the increase nbr PSA complexes to the tPSA value that we know very little
tPSA may not always associated with progression of prostaboutWe believe that the availability of the PSA-A@3say
cancer Contributions from many other serum PiSéforms will provide more precise and accurate screening and im-
to the tPSA value can further distort the clinical implicatioproved management of patients with prostate cancer
of tPSA. Aside from serum fPSAnd the PSA-ACTcom-
plex, we know very little about the associated clinical sigseFERENCES
nificance of all the other PSi8oforms.The measurement of
the PSA-ACT complex also can help to distinguish prostafe Wu JT. Assay for prostate specific antigen (PSA): Current problems
cancer from benign prostate diseases. Because of the highe#"d Possible solutions.Clin LabAnal 8:51-62, 1994.
% fPSA associated with benign prostate diseases, serum fr(z)'nVMVu JT Serum prostate specific antigen assay —An updatstern J
: . ! ed (Epitomes-Pathology) 162:447-448, 1995.

BPH patients, for example, contains lower PSA-ACT concer: catalonanJ, Smith DS, RatlffT, et al.: Measurement of prostate-spe-
tration, whereas the PSA-ACT concentration associated with cific antigen in serum as a screening test for prostate canéargl J
prostate cancer remains high due to low % fPSA in the serum.Med 324:1156-1161, 1991.

The mechanism in which Super Block works to reduce the Chan DWBruzek DJ, Oestlering JE, et al.: Prostate-specific antigen as

. . . . a marker for prostate cancek: monoclonal and a polyclonal immu-
assay background is uncle@fithout knowing the chemical noassay compare@lin Chem3:1916-1920, 1987.

composition of Super Block, it is practically impossible t0s. Horton GL, Bahnson RR, Daft M, et al.: Rifences in values obtained

know exactly why it worksThe efectiveness of Super Block  with 2 assays of prostate specific antigétirol 139:762, 1988.

apparently has to do with the prevention of nonspecific bind- Graves HCBWehner N, Stamey: Comparison of a polyclonal and

ing of anti-ACTantibodiesAs shown in Figure 2, Super Block monoclonal immunoassay for PSA: Need for an international antigen
L . . standardJ Urol 144:1516-1522, 1990.

Was efe_ctlve In redu_cmg the_assay baCkgrou_nd when mCIUdeF.] ChristenssorA, Laurell CB, Lilja H: Enzymatic activity of prostate-

in the diluent for anti-ACRntibody more efective than when specific antigen and its reactions with extracellular serine proteinase

used during sample dilution. Since Super Block did not ap- inhibitors. Eur J Biocheml94:755-763, 1990.

pear to interfere with the assay in any fashion, we decided3oChristenssoa, Bjork T, Nilsson O, et al.: Serum prostate specific anti-

include it in the diluents for both sample dilution and dilution 9€" complexed to al-antichymotrypsin as an indicator of prostate can-

. . . . . . cer J Urol 150:100-105, 1993.
of the detectlng anti-ACT antibodies in order to achieve 9 Lilja H, CockettATK, Abrahamsson P-A: Prostate specific antigen pre-

maximum efect. dominantly forms a complex with alphal-antichymotrypsin in blood.
Conceivably all commercial kits in the future could pro-  CancerSupplement 70:230-234, 1992.

duce identical values for the same specimen if they all adoptedtilia H, Christenssor, Dahlen U, et al.: Prostate-specific antigen in
the PSA-ACTassaylt also should be noted that, in our expe- serum occurs predominantly in complex vaith AntichymotrypsinClin

. Chem37:1618-1625, 1991.

rience, some abnormal tPSA Valu_es' between 4-10 n_g/nl]:l‘.’Stenman UH, Leinonen Alfthan H, et al.:A complex between pros-
were falsely elevated due to the high percent of fPSA in the tate-specific antigen in serum aod.-Antichymotrypsin is the major
sample. Specimens with a high percentage of fPSA are sup<orm of prostate-specific antigen in serum of patients with prostatic can-
posedly associated with good prognodike current tPSA cer: Assay of the Complex Improves Clinical Sensitivity for Cancer

assay may provide misleading information regarding diseageC2" Re®1:222-226, 1991.
Replacing tPSA by PSA-ACT test would dimirl1?' Wu JT, and Stephenson RA: Microplate assays for free PSA, PSA-ACT
prognoses. p g y and total PSA: assay characteristics, selection of calibrators and in vitro

ish these types of problems. stability studies. Proceeding for the 1st International Consultation on
We are now in the process of establishing normal-refer Prostate Cancel997, p 159-168.

ence level for serum PSA-ACT complex and levels of PSA3. PSA-ACThigh background paper '
ACT in prostate cancer patients and patients with benith W J% Zhang PWangT et al.: Evaluation of free PSioforms, PSA

. . . complex formation and specificity of anti-PSA antibodies by HPLC and
prostate dlsea_se_We are al_so making _an attempt_ to find out PAGE-immunoblotting techniqued.Clin LabAnal 9:1-14, 1995.
what are the clinical benefits of replacing tPSA with the PSAs. wu JT, Liu GH, Zhang P: Béct of denaturation and curve fitting on the
ACT assay during monitoring the disease for patients with accuracy of microplate fPSA assay (submitted).
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