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Objective: To examine if prostate-specific antigen (PSA) is present
in amniotic fluid or maternal serum during pregnancy and if its pres-
ence is associated with fetal abnormalities.

Methods: Samples tested included amniotic fluids from 853 preg-
nant women for whom amniocentesis was performed; 312 nonpreg-
nant women who donated blood; 259 pregnant women who donated
blood at various gestational ages. Amniotic fluid or serum PSA was
measured with an ultrasensitive time-resolved immunofluorometric
procedure. 372 pregnancies were studied for the presence of geno-
typic or phenotypic fetal abnormalities.

Results: PSA was present in most amniotic fluids; the median PSA
concentration increased from gestational week 11 to 22 and stabi-
lized thereafter until delivery. The most prominent PSA concentration
change occurred during gestational weeks 13-14. Pregnant women
had significantly higher serum PSA concentrations than nonpregnant
women; the pattern of serum PSA concentration change during preg-
nancy was similar to that of amniotic fluid; however, serum PSA
concentrations were lower by a factor of 20-40. No association ex-
isted between amniotic fluid PSA and maternal age, gender of fetus,
or length of abstinence of mother from sexual intercourse. After ges-
tational week 15, fetuses with trisomy 21 or 18, anencephaly, or
renal disorders were associated with low amniotic fluid PSA levels.
Conclusion: Our data suggest that PSA may play a role in fetal
development, especially at gestational ages between 13-20 weeks.
The diagnostic usefulness of PSA in identifying fetal abnormalities
remains to be determined.

KEY WORDS: prostate-specific antigen; amniotic fluid;
serum constituents; fetal development; fetal abnormali-
ties; growth factor regulator.

Introduction

Prostate-speciﬁc antigen (PSA), a 33 kDa serine
protease present at high levels in seminal fluid
was, until recently, considered a highly specific bio-
chemical marker of prostatic epithelial cells (1,2).
We have recently reported that PSA is present in
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30% of female breast tumors and provided evidence
that this marker may be a new favorable prognostic
indicator for breast cancer (3). In vitro stimulation of
breast cancer cell lines with various steroids, pri-
marily progestins, androgens, and glucocorticoste-
roids, induced the production of PSA (4). Expression
of PSA in the healthy female breast was also dem-
onstrated in women receiving oral contraceptives
(5). Recent findings suggest that the presence of
PSA in breast tumors is closely associated with ste-
roid hormone receptor-positive cells (6).

The association of the placenta with increased
production of steroid hormones during pregnancy
(7), has prompted us to search and detect PSA in
pregnancy-associated fluids, such as amniotic fluid
(8) and milk of lactating women (9). Our findings of
PSA in various tumors, stimulated normal breast,
amniotic fluid, breast milk, and data presented by
others for normal endometrium (10), suggest that
PSA may not simply represent another fetoplacental
tumor marker. PSA may be involved as a growth
factor or as a growth-factor regulator in normal and
malignant tissue growth and development.

The purpose of this study was to correlate amni-
otic fluid PSA levels with pregnancies characterized
by either normal or abnormal outcome. We were also
interested in confirming and characterizing PSA
presence in maternal serum.

Materials and methods
METHODOLOGY

PSA determinations were performed using a
highly sensitive and specific immunofluorometric
procedure described in detail elsewhere (11). All as-
says were run in duplicate.

SAMPLES

The ultrasensitive PSA immunofluorometric pro-
cedure was used to assay 1424 samples in total. Of
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these, 853 were amniotic fluids and 571 were sera.
Of the amniotic fluid specimens, 813 were from cal-
endar year 1993 routine amniotic fluid alpha-
fetoprotein or bilirubin analysis for diagnosis of neu-
ral tube defects and assessment of possible Rhesus
incompatibility, respectively. Twenty-four amniotic
fluids were fresh specimens used for PSA stability
studies, 16 amniotic fluids were defined as term (col-
lected during labor) and were provided by Dr. V.
Davies, Toronto East General Hospital, Toronto,
Ontario. The amniotic fluids were kept frozen at
-20 °C until analysis, unless otherwise specified. Of
the 571 sera, 312 were from nonpregnant females
and 212 from pregnant women of various gestational
ages. The remaining 47 sera were defined as mater-
nal sera at term and represent leftovers from rou-
tine prelabor biochemical screening tests. All sera
were stored at —20 °C until analysis.

Our study has been approved by the Ethics Com-
mittee of the Toronto Hospital, Toronto, Canada.

STATISTICAL ANALYSIS AND DATA INTEGRITY

Statistical calculations were performed using soft-
ware SAS (SAS Institute, Cary, NC, U.S.A.), and
MINITAB 8® (Minitab, Inc., State College, PA,
U.8.A.). Data integrity was maintaind primarily
with the relational database management system
Microsoft ACCESS® 2.0 (Microsoft Corp., Redmond,
WA, U.S.A).

Results

The stability of PSA in amniotic fluid was exam-
ined under various incubation times and tempera-
tures. One study involved 12 fresh amniotic fluids
that were stored in aliquots at 4 °C and -20 °C for 4
months. Another study included 12 fresh amniotic
fluids that were analyzed for PSA the day of collec-
tion and at 1 week and 2 weeks after storing them in
aliquots at -70 °C, -20 °C, room temperature, and
37 °C (air oven). These studies revealed that PSA
immunoreactivity was stable (x10%) at all tempera-
tures and periods tested. We have concluded that
the immunoreactive PSA concentrations measured
in the aliquots stored at —20 °C for about 4 months
accurately represent PSA concentrations at the time
of amniocentesis.

Amniotic fluid PSA concentration from pregnan-
cies with normal fetuses increases with completed
gestational age from week 11 through 21 (Figure 1).
Although the number of amniotic fluid samples be-
tween gestational ages 22 to 38 weeks was small, we
were able to show a plateau of PSA concentration
during this period. At term (gestational week 39
(Figure 1), the median PSA concentration is reduced
from about 1 pg/Li to about 0.4 pg/L. The greatest
PSA concentration change in amniotic fluid occurs
at gestational weeks 13—-22. Before gestational week

556

14, the PSA concentration in amniotic fluid is rela-
tively very low. Numerical data on PSA and alpha-
fetoprotein (AFP) concentration in amniotic fluid
per completed gestational week are shown in Table
1. Samples from abnormal pregnancy outcomes were
excluded from the statistical analysis.

We have analyzed 571 sera for PSA, of which 312
were from nonpregnant women. From the 312 sera
belonging to nonpregnant women, 167 (54%) had
PSA concentrations <0.001 pg/L. However, only 36
sera from pregnant women (14%) had PSA concen-
trations <0.001 pg/L (X2 = 97.0,df = 1, p < 0.0001).
At the level of 0.002 png/L, which is the analytical
detection limit of the assay, the percentages of PSA-
negative sera from nonpregnant and pregnant
women were 60% and 18%, respectively (X2 = 100,
df = 1, p < 0.0001). At the cutoff level of 0.01 pg/L,
which is the biological detection limit of the assay,
the percentages of PSA-negative sera from the non-
pregnant and pregnant women were 82% and 48%,
respectively (X2 = 75.8, df = 1, p < 0.0001). Serum
PSA concentrations in pregnant women are signifi-
cantly higher than the serum PSA concentrations of
nonpregnant women, as further judged by compar-
ing medians with the Mann-Whitney test (Table 2).
The ratio of amniotic fluid PSA over maternal serum
PSA for gestational weeks 15 to 39 ranges from 19 to
42 with a mean of 29 (Table 2).

Numerical data on the amniotic fluid AFP concen-
tration per gestational week for 772 amniotic fluids
is presented in Table 1. The known decrease of AFP
concentration in amniotic fluid starting from gesta-
tional age of 13 weeks was confirmed.

We investigated the possible association between
amniotic fluid PSA concentration and maternal age,
fetal gender, and maternal abstinence from sexual
intercourse during pregnancy. The maternal age ef-
fect was examined by categorizing patients with
known age into 3 age groups (i.e., <35 years (178
patients), 35-36 years (183 patients) or >36 years
(200 patients). Amniotic fluid PSA concentration
was categorized in 4 groups [i.e., PSA < 0.098 pg/L
(142 patients), 0.098-0.22 ug/L. (134 patients), 0.23—
0.55 pg/L (131 patients) and >0.55 pg/L (154 pa-
tients)]. Chi-square analysis at 3 different gesta-
tional age groups (i.e., <15 weeks, 15-16 weeks, >16
weeks) revealed no statistically significant associa-
tion between PSA concentration and maternal age
{(p values > 0.20 in all cases).

The gender of the fetus also was not associated
with the PSA concentration in amniotic fluid (Table
3). From the 157 fetuses with known gender, 73
were females and 84 were males. The median PSA
concentration in females was 0.37 pg/L (0.19-0.51,
95% confidence interval) and in males was 0.24 pg/L
(0.19-0.35, 95% confidence interval). The p value for
comparing the medians with the Mann-Whitney test
was 0.43.

We collected 16 amniotic fluids during labor and
examined the association between PSA concentra-
tion and length of maternal abstinence from sexual
intercourse (Figure 2). The data suggest no associa-
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Figure 1 — PSA concentration in 777 amniotic fluids from normal pregnancies vs the completed gestational week. The
solid line connects the median PSA concentration per gestational week. Gestational week 39 represents amniotic fluids
collected at term, during labor. For numerical data, see Table 1.

tion between these two parameters (Pearson corre-
lation coefficient r = 0.101, p = 0.71).

We further studied pregnancy outcomes in cases
where medial history reports, ultrasound reports,
amniotic fluid AFP screening reports, and/or surgi-
cal pathology reports were available. From the 372
cases with sufficient information, we identified 324
pregnancies associated with normal fetuses/
newborns and 48 pregnancies associated with fe-
tuses/newborns with phenotypic/genotypic abnor-
malities. Table 4 describes some fetal abnormalities
identified along with gestational week, PSA concen-
tration in amniotic fluid, the multiple of median
(MOM) of PSA per case, and the percentile of PSA
concentration per gestational week for each case.
Abnormalities not shown in Table 4 included fetal
heart malformations, nuchal swelling with clubbed
feet, omphalocele, enlarged cerebellum, hydroceph-
alus, Dandy-Walker syndrome, spina bifida, choroid
plexus cyst, osteogenesis imperfecta, lemon-shaped
head, and microcephaly. Although the number of ab-
normalities is relatively small and does not allow
general conclusions, the following comments apply.
Cases with reference numbers 1, 3, 4, 13, 15, 24, and

CLINICAL BIOCHEMISTRY, VOLUME 29, DECEMBER 1996

37 were diagnosed as trisomic. Four of them had
MOM below 0.15, 1 had a MOM value of 0.61, and 2
others had MOM values above 1.00. The latter 2,
however, were from gestational ages 13 and 14
weeks. Our data with trisomic cases preliminarily
suggest that the PSA concentration in amniotic
fluid, especially after the gestational week 15, is
likely to be reduced. Another case with suspected
trisomy 21 (case 42) also had a low amniotic fluid
PSA (MOM = 0.054). Four (cases 18, 19, 33, and 46)
were fetuses with anencephaly. The PSA concentra-
tion in these cases was relatively low (0.12, 0.61,
0.49, and 0.04 MOM). Two other fetuses, associated
with renal malformations (cases 17 and 21) had very
low PSA concentration in amniotic fluid (MOM of
0.006 and 0.06). From the 2 cases of Turner’s syn-
drome (number 2 and 31) 1 had a very high amniotic
fluid PSA value (MOM = 34). From the other
samples, notable levels of PSA were seen in cases 28
(cystic mass with large diverticulum, clubbed feet,
MOM = 0.03), case 10 (2 vessel cord, choroid plexus
cysts, MOM = 0.10), case 29 (osteogenesis imper-
fecta, MOM = 2.2) case 22 (hydrops, horseshoe right
kidney, MOM = 3.15), case 11 (Arnold-Chiari mal-
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TaBLE 1
Prostate-Specific Antigen (PSA) and Alpha-Fetoprotein (AFP) Concentrations in
Amniotic Fluid per Gestational Week

Gestational Sample Median PSA, pg/L Median AFP, mg/L
week™* number (95% confidence interval)t (95% confidence interval)+

11 25 0.001 (0.001-0.0048) 16.4 (14.9-17.9)
12 34 0.022 (0.008-0.027) 18.7 (17.8-20.0)
13 13 0.046 (0.015-0.20) 20.7 (16.4-23.7)
14 929 0.19 (0.15-0.26) 19.1 (18.1-19.9)
15 214 0.23 (0.18-0.27) 16.8 (16.2 -17.4)
16 134% 0.24 (0.19-0.29) 14.6 (13.9-15.7)
17 87 0.25 (0.20-0.30) 11.5(10.6-12.9)
18 47 0.33 (0.16-0.62) 9.8(8.9-11.1)
19 32§ 0.75 (0.50-1.30) 7.6 (6.3-8.1)
20 231 0.71 (0.25-1.52) 8.0 (6.7-10.2)
21 7 1.69 (0.41-3.06) 4.5 (3.7-6.8)
22 5 1.60# 3.2
23 3 2.56 ND**
24 2 0.67 ND
25 2 2.13 ND
26 3 0.81 ND
27 4 0.79 ND
29 8 0.88 (0.25-3.04) ND
31 3 0.88 ND
32 2 1.82 ND
33 2 1.95 ND
34 69 0.70 (0.12-1.94) 1.0
35 6 1.05 (0.13-3.17) ND
39 16 0.37 (0.24-0.72) ND

* Based on completed gestational weeks. Amniotic fluids associated with phenotypic
abnormalities were excluded from the analysis.

T Based on the gestational week median and calculated with the sign test; a non-
parametric procedure, using Minitab 8% software. § 133 samples for AFP data. § 33
samples for AFP data. ' 22 samples for AFP data. { 1 sample for AFP data. # 95%
confidence interval has not been calculated when sample number was less than 6.
** ND,no data available for these gestational ages.

formation, spina bifida, clubbed feet, MOM = 4.7), prenatal screening report did not specify the details
case 30 (nuchal thickening, small stomach, palatal of the ultrasound abnormality, and there was no ul-
and labial clefts, MOM = 4.23) and case 26 (the trasound report available, MOM = 13.1).

TABLE 2
Prostate-Specific Antigen Concentration in the Serum of Nonpregnant and
Pregnant Women

Gestational = Sample Median, pg/L Ratio
week* number (95% confidence interval)¥ p valuei (AF-PSA/MS-PSA)§

Nonpregnant 312! 0.001 (0.001-0.002) - -

15 36 0.0075 (0.0027-0.013) 0.0002 29.9

16 91 0.012 (0.0087-0.017) <0.0001 19.9

17 45 0.010 (0.0055-0.014) <0.0001 28.1

18 21 0.017 (0.0097-0.034) <0.0001 194

19 10 0.028 (0.011-0.048) <0.0001 23.0

20 9 0.013 (0.0015-0.034) <0.0079 42.0

39 47 0.009 (0.007-0.019) <0.0001 41.1

* Based on completed gestational weeks. T Based on the gestational weak median and
calculated with the sign test; a non-parametric procedure. $ Mann-Whitney test com-
paring median serum PSA concentration between non-pregnant women and women at
various gestational weeks. § AF-PSA, amniotic fluid PSA concentration; MS-PSA, ma-
ternal serum PSA concentration. ' 167 samples (54%) had the value of 0.001 wg/L or
lower.
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TaBLE 3
Association Between Amniotic Fluid PSA Concentration and Fetal Gender

Fetal Median PSA, pg/L
gender Amniotic fluid PSA, pg/L* (95% CID)t
<0.098 0.098-0.22 0.23-0.55 >0.55 -
Female
n =173 15(20.6%) 16(21.9%) 18 (24.7%) 24(32.9%) 0.37(0.19-0.51)
Male
(n =84) 20(23.8%) 20(23.8%) 22(26.2%) 22(26.2%) 0.24(0.19-0.35)

* X2 = (.88, degrees of freedom = 3, p = 0.83 for the Chi-square test comparing PSA
distribution in male and female fetuses. ¥ p = 0.43 median comparison by the Mann-

Whitney test; CI = confidence interval.

Discussion

Prostate-specific antigen (PSA), a serine protease,
until recently was considered a very specific bio-
chemical marker thought to be exclusively produced
by the epithelial cells of the prostate (1,2). Because
of its tissue specificity, PSA has been proposed as a
valuable marker for prostate cancer screening, diag-
nosis, and postsurgical monitoring of prostate can-
cer patients, as well as for the detection of microme-
tastasis (12,13). PSA presence in nonprostatic tu-
mors has been reported as an extremely rare event
(14). Recently, we have demonstrated that PSA is

produced by 30% of breast tumors, and provided evi-
dence that this marker may be a new favorable prog-
nostic indicator of the disease (3). We have also re-
ported that PSA production is mediated by steroid
hormone receptors, predominantly the progesterone
receptor in breast tumors (4,6), and in healthy
breasts of oral contraceptive users (5).

It is known that the placenta produces massive
amounts of steroid hormones during pregnancy (7).
Thus we have hypothesized that, during pregnancy,
the PSA gene may also be expressed and the protein
secreted in pregnancy-associated fluids, such as am-
niotic fluid. Our recent study involving PSA immu-
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Figure 2 — Amniotic fluid PSA concentration in 16 amniotic fluids collected at term vs the time of abstinence from sexual
intercourse in weeks. The linear correlation gave the equation y = 0.0076 x + 0.60, r = -0.101, p = 0.71.
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TABLE 4
Fetal Abnormalities and Amniotic Fluid PSA

Gest. PSAin PSA Ranking
Case # Fetal abnormality week pg/L MOM*  percentagef
1 Down’s syndrome 12 0.003 0.14 19
3 Down’s syndrome 13 0.15 3.3 71
4 Down’s syndrome 14 0.22 1.2 54
13 Down’s syndrome 16 0.006 0.02 1
24 Down’s syndrome 18 0.20 0.61 42
37 Down’s syndrome 21 0.066 0.04 17
2 Turner’s syndrome 12 0.75 34 100
31 Turner’s syndrome 19 0.23 0.31 18
15 Trisomy 18 17 0.019 0.08 2.2
18 Anencephaly 18 0.038 0.12 5.1
19 Anencephaly 18 0.20 0.61 41
33 anencephaly 19 0.37 0.49 26
46 Anencephaly 23 0.11 0.04 17
Nuchal hygroma/
17 hydronephrosis 18 0.002 0.006 2
21 Multicystic renal dysplasia 18 0.02 0.06 3.4
Cystic mass with large
28 diverticulum/clubbed feet 19 0.024 0.03 2.6
Arnold-Chiari malformation,
11 spina bifida, clubbed feet 16 1.13 4.7 94.3
Two vessel cord; bilateral
10 choroid plexus cysts 16 0.025 0.10 5.0

* MOM = multiples of median for the corresponding gestational week. { Ranking
% = rank # of AF-PSA concentration (increasing order, adjusted for ties)sample
# x 100; ratio for corresponding gestational week.e corresponding gestational week.

t Ranking %

noreactivity in amniotic fluid (8) indicated the de-
tection of PSA in all amniotic fluids tested, with an
increasing trend between gestational weeks 11 to
21. Speculations about the presence of PSA in am-
niotic fluid and its possible biological role in fetal
growth and development led to the initiation of this
study.

In this paper, we have shown from PSA amniotic
fluid levels representing 777 pregnancies with nor-
mal outcomes of various gestational ages, that the
amniotic fluid PSA concentration, being relatively
very low at gestational age 11 weeks, increases as
pregnancy progresses to 21 weeks (Figure 1). The
PSA medians representing the rest of the PSA levels
between gestational ages 22 to 35 weeks suggest a
plateau of this enzyme concentration in amniotic
fluid. The median representing the PSA concentra-
tion of amniotic fluids obtained at term (depicted in
Figure 1 as gestational age of 39 weeks), indicates a
slight decline of PSA concentration.

The initiation of the rapid increase of amniotic
fluid PSA concentration between gestational ages 11
to 14 weeks coincides with the physiological termi-
nation of fetal organ formation and the onset of fetal
maturation and significant growth. It is known that
physiologic fetal organ maturation and growth
starts at the beginning of the second trimester (7).
Furthermore, the increase of fetal weight between
gestational ages 11 to 16 weeks is approximately
5-fold (15). Amniotic fluid PSA concentration in-
creases, despite the rapid increase of amniotic fluid
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volume during this period, a finding suggesting that
PSA production rapidly increases during gestational
weeks 11-14. We therefore speculate that PSA may
play a biological role in normal fetal growth, devel-
opment, and maintenance starting at the second tri-
mester of pregnancy, independently of infant gender
(16).

We have demonstrated that the PSA concentra-
tion in the serum of pregnant women is significantly
higher than the PSA concentration in the serum of
nonpregnant women (Table 2). We were also able to
demonstrate that maternal serum PSA concentra-
tion changes with gestational age from weeks 15 to
19. The temporal patterns of change of PSA concen-
tration in amniotic fluid and serum are similar, but
the absolute PSA concentration in serum is about
20—40-fold lower than in amniotic fluid. The source
of PSA in maternal serum and amniotic fluid has not
as yet between established. One possibility is that
maternal serum PSA originates from amniotic fluid
PSA through diffusion, and that amniotic fluid PSA
is of fetal origin. However, when we correlated
matched serum and amniotic fluid PSA concentra-
tions from the same patient (142 separate samples),
no correlation was established (data not shown). It is
also possible that serum PSA in pregnant women
originates from the breasts because we have previ-
ously shown that breast epithelial cells can produce
PSA and secrete it into the milk of lactating women
(9) or can produce PSA after stimulation by proges-
tin-containing oral contraceptives (5). The possibil-
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ity that PSA enters the amniotic fluid through sex-
ual intercourse during pregnancy is unlikely be-
cause we have demonstrated previously (8) and in
this study that there is no association between am-
niotic fluid PSA and length of abstinence from sex-
ual intercourse during pregnancy (Figure 2).

To further support our hypothesis that PSA may
play a role in normal fetal development, we have
examined the outcomes of 372 pregnancies. From
these, 48 were associated with phenotypic abnor-
malities of the fetus/mewborn. For each abnormal
pregnancy, we have established the multiple of me-
dian of the PSA concentration in amniotic fluid and
the percentile of PSA concentration per gestational
week. We found evidence that fetuses with trisomy
18 or 21 were associated with low PSA concentra-
tions in amniotic fluid when the gestational age was
15 weeks or older. A similar trend was also seen in
anencephalic fetuses and fetuses with renal abnor-
malities. More extensive studies will be necessary to
validate these preliminary findings.

Our data demonstrate that PSA in amniotic fluid
appears initially at very low concentrations, but its
concentration rapidly increases around 14 weeks
gestation, continues to rise up to weeks 19-20, and
then plateaus. This pattern is likely to reflect the
rate of production of PSA by the fetal tissue, which
seems to be maximal between gestational weeks 14—
20. The fetal tissues that might express PSA are
currently unknown but they don’t seem to be gender
specific.

The maternal serum PSA concentration changes
with gestational age but still remains at relatively
very low levels (<0.03 ug/L) that are measurable
only with highly sensitive PSA techniques. It ap-
pears that, to study in detail the possible diagnostic
value of maternal PSA concentration as a screening
test for fetal abnormalities, we will need to develop
techniques that could accurately measure PSA down
to 0.001 pg/L.

Recent data on prostatic tissues support the view
that PSA may be involved in growth regulation of
mammary and other tissues. The sequence of PSA
shows extensive homology with y-nerve growth fac-
tor (66%), epidermal growth factor binding protein
(53%), and o-nerve growth factor (51%) (17). PSA
can hydrolyze insulin A and B chains and recombi-
nant interleukin-2 (17). In addition, PSA can enzy-
matically digest insulin-like growth factor binding
protein III (IGFBP-3), which constitutes the major
binding protein of insulin-like growth factor I (IGF-
1). This activity is thought to regulate IGF-1 concen-
tration through its release from IGFBP-3 (18). Other
findings further support the hypothesis that PSA is
a regulator of IGFBP-2 and IGFBP-3 in patients
with prostate cancer (19). Low levels of PSA were
also found to act as mitogens for osteoblast cells
through the activation of latent human transform-
ing growth factor-B (TGF-B), and act as proteolytic
modulators of cell adhesion (20). Others have shown
that PSA binds and inactivates protein C inhibitor
(21). A recent study shows that PSA is expressed in
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the human endometrium and may have a potential
local regulatory role in uterine function (10). Our
findings suggest that PSA can no longer be consid-
ered as a specific prostatic marker and as a physi-
ological molecule associated only with semen lique-
faction. PSA should be regarded as a molecule that
could be expressed by many different steroid hor-
mone receptor-positive cells in various tissues.

In this study, we have provided evidence that the
PSA gene is expressed by fetal tissue during gesta-
tional age 14—20 weeks and that PSA concentrations
in amniotic fluid and maternal serum change during
this period in a temporally similar fashion. We have
further shown that low and high amniotic fluid PSA
concentrations were found in certain phenotypic fe-
tal abnormalities. Recently, many investigators
have shown that a number of serine proteases and
other proteolytic enzymes are expressed very early
during pregnancy and that they may play a role in
embryonal implantation and the development of the
placenta or fetus (22). Our demonstration here that
PSA, a serine protease, is also expressed during a
specified gestational period suggests that this mol-
ecule may play a role in embryonic implantation,
growth, and development. This notion is supported
by recent data suggesting that PSA is a growth-
factor regulator and by data presented here indicat-
ing that PSA under- or overexpression is found in
the amniotic fluid from certain fetal abnormalities.
Moreover, PSA seems to be associated with other
healthy and malignant tissues in adulthood. The ac-
cumulating indications that PSA has as yet uniden-
tified biclogical functions need to be investigated.
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