
Is Prostate-Specific Antigen Present
in Female Serum?

To the Editor:
Prostate-specific antigen (PSA) is a
tumor marker widely used for the
diagnosis and management of pa-
tients with prostate cancer. Despite
the original notion that PSA was a
prostatic tissue-specific marker, it
is now well accepted that PSA can
be found in many nonprostatic tis-
sues and fluids [1]. With the advent
of highly sensitive methods for
measuring trace amounts of PSA, it
became possible to show that fe-
male sera demonstrate PSA immu-
noreactivity [2– 4]. If PSA immuno-
assays with detection limits of ;1
ng/L are used, then ;50% of fe-
male sera are positive for PSA.
However, because of very low con-
centrations of PSA in female serum,
it is impossible to characterize the
immunoreactivity in detail and
prove that it indeed represents PSA
and not immunoassay noise (cross-
reactivity or nonspecific effects) [5].
Here, we describe a method that
demonstrates that the immunoreac-
tivity in female serum is not due to
nonspecific effects of the immuno-
assay used.

We first developed a method that
is capable of recognizing purified
seminal plasma PSA down to 0.25
ng/L. This assay is essentially iden-
tical to the one described by us
previously [6], but we replaced
the final time-resolved fluorometric
measurement of alkaline phos-
phatase with a chemiluminescence
detection method using the sub-
strate CDP-StarTM from Tropix, Inc.
Substrate incubation was for 15 min
at room temperature. The monoclo-
nal antibodies used in this assay are
the same as in our previous assays
[6]. This PSA assay uses a mouse
monoclonal capture antibody en-
coded 8301 and a biotinylated
mouse monoclonal detection anti-
body encoded 8311 (both from Di-
agnostic Systems Laboratories). For
nonspecificity studies, we used an-
other mouse monoclonal antibody—
against a-fetoprotein (AFP)—from
the same manufacturer.

The detection limit of this assay,
defined as the concentration of PSA
that corresponds to the signal of the
zero calibrator plus 2 SD, was 0.25
ng/L. Currently, no commercial as-
say measures PSA concentrations
,10 ng/L.

To study whether the PSA immu-
noreactivity in female serum is in-
deed specific, we followed this
method. We selected 12 female sera
that were tested by the PSA assay
reported previously [6] and had
immunoreactivity of 0 –550 ng/L.
We then prepared two 400-mL ali-
quots per sample. To the first ali-
quot we added 1 mL (1 mg) of the
8301 PSA antibody, and to the sec-
ond aliquot we added 1 mL (1 mg) of
the AFP antibody. We then incu-
bated both aliquots for 4 h at room
temperature. All aliquots were as-
sayed in triplicate, and PSA concen-
trations were determined from the
calibration curve (data not shown).

Table 1 summarizes the PSA
concentrations in antibody-supple-
mented female sera. Clearly, PSA
immunoreactivity was detected in
all sera supplemented with the AFP
antibody (control), but it essentially
disappeared when the sera were
supplemented with the 8301 anti-
body, which is identical to the
immobilized capture antibody. Im-
munoreactive amounts of unsup-

plemented sera were identical to
the concentrations in the sera to
which the anti-AFP antibody was
added (data not shown). These data
support the view that the measured
immunoreactivity is PSA specific,
because the matrices of the two
aliquots of each sample were essen-
tially identical and contained the
same amounts of the added mouse
monoclonal antibodies. The PSA
immunoreactivity from the one ali-
quot disappeared because it reacted
with the 8301 antibody and thus
became incapable of binding to the
same antibody in the solid phase.

These data support the view that
PSA is a normal constituent of fe-
male serum. Possible diagnostic ap-
plications of PSA measurements in
female serum have been proposed
recently [7–10].
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Table 1. PSA concentrations in
antibody-supplemented female sera.

Female
serum

PSA,a ng/L, in serum supplemented with

Anti-AFP
(control) Anti-PSA

1 0.27 NDb

2 1.26 ND
3 4.22 ND
4 8.83 0.28
5 9.50 ND
6 10.87 ND
7 11.05 ND
8 15.94 ND
9 17.17 ND

10 17.20 ND
11 536.96 ND
12 554.11 ND

a PSA not detected: calculated according to the
calibration curve. All samples were run in triplicate.

b ND, PSA ,0.25 ng/L (the detection limit of
the assay).
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g-Hydroxybutyrate Concentrations in
Pre- and Postmortem Blood and Urine

To the Editor:
With g-hydroxybutyrate (GHB) be-
coming popular as a drug of abuse in
the US and elsewhere [1], we are
receiving increasing requests for the
analytical determination of GHB in
blood or urine in criminal investiga-
tions, especially in sexual assault
cases. In a recent report of a fatal
poisoning with GHB, the victim had
a postmortem blood GHB concentra-
tion of 27 mg/L [2], and another
three GHB-related fatalities were re-
ported with postmortem blood GHB
concentrations of 52–121 mg/L [3].

As a part of a validation study
before instituting a GC-MS method
described by others [4], we tested for
GHB presence in a series of forensic
specimens submitted routinely to us
by law enforcement agencies and
medical examiner offices in cases not
known to be GHB-related. No GHB
was detected (detection limit, 1
mg/L) in the blood or urine of liv-
ing persons or in postmortem urine,
but very substantial concentrations,
ranging from 3.2 to 168 mg/L, were
found in 15 of 20 autopsy blood
specimens (Table 1). Reanalysis of
these 20 blood specimens by gas
chromatography with flame-ioniza-
tion detection on a packed column
[5] gave similar qualitative and
quantitative results.

These results have great potential
significance to the interpretation of
postmortem blood GHB concentra-
tions, because the concentration

range of this apparent “endogenous”
GHB overlaps that known to pro-
duce clinical effects in patients re-
ceiving the drug as an anesthetic
agent [6] as well as the concentra-
tions reported to be associated with
fatal reactions in medicolegal inves-
tigations [2, 3]. The fact that substan-
tial GHB concentrations are found in
the blood of deceased persons but
not in living persons suggests that
GHB is a product of postmortem
decomposition.

We are unable to state from our
data whether factors such as envi-
ronmental temperature or storage
time contribute to an increase in
postmortem blood GHB concentra-
tions. However, we suggest that
analysis of GHB in urine, in which
the concentrations tend to parallel
those in blood but are ;10-fold
greater [6], would produce more
meaningful results in the investiga-
tion of drug-related death.
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Joint Limiting Values of N,
Mean, and SD

To the Editor:
A graphical Win32 computer pro-
gram for variance function estima-
tion [1] is currently under develop-
ment in this department, and design
of the data entry module produced
an interesting “impossible values”
issue. The program incorporates two
distinct data entry spreadsheets: (a) a
grid for entering or importing sets of
raw replicated measurements (e.g.,
runs of QC or other precision re-
sults), and (b) a grid for entering sets
of values of N, mean, and SD (e.g., to
allow estimation of a variance func-
tion from the summarized precision
data often found in the literature).
Restricting raw measurements to a
sensible laboratory oriented range
(e.g., 0–107) is a simple matter, but
constraining values of N, mean, and
SD was more problematic. Suppose,
for example, a user enters N 5 10,
mean 5 1.0, and SD 5 10 000; each
value is within numerical limits, but
clearly there is no distribution of 10
values ($0) that can simultaneously
have the mean 5 1.0 and SD 5
10 000. Allowing the manipulation of
impossible values is unsatisfying and
might also cause numerical instability
or even failures if users experiment
with highly extreme combinations.

The limiting relationship is sur-
prisingly simple; the largest observ-
able SD for any set of N values
($0) is

SDmax 5 ÎN 3 mean.

Thus, in addition to initial data entry
constraints (e.g., N $2, mean and SD
$0, and all values less than a defined
upper limit), the following rules can

Table 1. GHB concentrations in blood
(n 5 20) and urine (n 5 8) by GC-MS.

Specimen

GHB concn., mg/L

Ave. Range

Living persons
Blood 0 0–0
Urine 0 0–0

Deceased persons
Blood 25 0–168
Urine 0 0–0
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