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Prostaglandin D, synthase: a component of human
amniotic fluid and its association with fetal
abnormalities

Dimrtrios N. MeLecos, He Yu, and ELerrHERIOS P. DiamanDIs™

Prostaglandin D, (PGD,) synthase is responsible for PGD,
production in the brain. Western blot analysis of human
amniotic fluid and probing with a polyclonal antibody
against prostate-specific antigen (PSA) revealed a strong
immunoreactive band with a molecular mass of 25 kDa. The
immunoreactive species, which does not react with mono-
clonal anti-PSA antibodies, was purified to homogeneity
from 1 L of amniotic fluid through successive cycles of gel
filtration and ion-exchange chromatography. Amino acid
sequence analysis (15 cycles) revealed that the protein was
highly homologous or identical to PGD, synthase. On
semiquantitative analysis, PGD, synthase concentration
appears to increase dramatically during gestational weeks
12-25 and then declines slowly until term. PGD, synthase
concentration in amniotic fluid was altered in many abnor-
mal pregnancies, most notably its decrease in trisomic
fetuses and fetuses with renal abnormalities.

INDEXING TERMS: prostaglandin D, e fetal development e tri-
somy e prenatal diagnosis e lipocalins

Prenatal screening for fetal abnormalities is now achieved by
measuring fetally derived proteins or steroids in the mother’s
circulation during the second trimester of pregnancy. Such
screening markers include a-fetoprotein, choriogonadotropin,
and estriol. An abnormal screening test is usually accompanied
by amniocentesis and analysis of amniotic fluid components or
cells. Recently, we described the presence in amniotic fluid of
prostate-specific antigen (PSA)', a 33-kDa serine protease
thought to be exclusively produced by prostatic epithelial cells
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[1]. PSA also circulates in maternal serum, and its concentration
increases in amniotic fluid from gestational weeks 11 to 22 and
then stabilizes until delivery. An apparent association exists
between PSA concentrations in amniotic fluid and certain fetal
abnormalities (Melegos DN, et al.; ms. submitted). The role of
PSA in amniotic fluid is currently unknown, but recent data
support the view that PSA may be a growth factor or a growth
factor or cytokine regulator [2].

Prostaglandins are arachidonic acid metabolites with many
biological functions /3]. Prostaglandin D, (PGD,), a potent
inhibitor of platelet aggregation in vitro, is involved in smooth
muscle contraction and relaxation [4/. PGD, has been impli-
cated in a variety of central nervous system functions including
synaptic transmission /5], hypothalamic control of temperature
[6], recovery from seizures [7, 8], and release of lutropin [9].
PGD, is also implicated in sedation and sleep induction [10, 11];
Hayaishi et al. [12-14] have provided strong evidence that
PGD; is involved in sleep induction in rats and monkeys.

Glutathione-independent PGD), synthase (EC 5.3.99.2) cat-
alyzes the conversion of PGH, to PGD, in the presence of
various sulfhydryl compounds /15/. This enzyme is responsible
for the biosynthesis of PGD, in the brain and is localized in the
central nervous system [16]. Postnatally, the cellular localization
of the enzyme changes and now the enzyme is thought to play
important roles in both maturation and maintenance of the
central nervous system.

Previously, Nagata et al. /17, White et al. /18], and Urade et
al. [19] cloned the human and rat PGD, synthase gene and
showed that PGD, synthase belongs to a superfamily of secre-
tory proteins called lipocalins. Lipocalins share a common
feature for binding and transport of small hydrophobic mole-
cules [20]. Among the 16 members of this superfamily, PGD,
synthase shows the greatest homology with a,-microglobulin,
suggesting a close evolutionary relation between these two
proteins [17].

We report here the isolation and identification of PGD,
synthase in human amniotic fluid. It appeared in amniotic fluid
as a 25-kDa protein that reacted with polyclonal but not
monoclonal anti-PSA antibodies on Western blots. Extensive
purification of the protein from amniotic fluids and sequencing
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of 15 amino acids has shown almost complete homology with
PGD, synthase between amino acids 30 and 44. Apparently,
PGD, synthase in amniotic fluid is cleaved, with removal of 7
amino acids from the amino-terminal end; native secreted
PGD, synthase is thought to be released after cleavage of only
the first 22 amino acids [I17]. Semiquantitative assessment of
PGD, synthase concentrations in amniotic fluids from fetuses
with abnormal phenotypic or genotypic characteristics suggests
that some abnormalities are associated with overexpression or
underexpression of PGD, synthase.

Materials and Methods
CLINICAL SPECIMENS
Amniotic fluids of various gestational ages, remaining from
routine testing for fetal abnormalities, were obtained from the
Department of Clinical Biochemistry, The Toronto Hospital
and stored at —20 °C until analysis. Our study was approved by
the ethics committee of The Toronto Hospital.

PSA AND PGD, SYNTHASE PREPARATIONS

Highly purified preparations of PSA and PSA-a,-antichymot-
rypsin complex (PSA-ACT) were provided by Tom Stamey,
Stanford University, Stanford, CA. Purified PGD, synthase,
isolated from human brain, was a gift from O. Hayaishi, Osaka
Bioscience Centre, Osaka, Japan.

MEASUREMENT OF PSA

"The concentration of amniotic fluid PSA was measured with an
immunofluorometric procedure described in detail elsewhere
[21]. This assay was based on a mouse monoclonal capture
antibody, a biotinylated rabbit polyclonal antibody, alkaline
phosphatase-conjugated streptavidin, and the fluorogenic sub-
strate 5'-fluorosalicyl phosphate. The delayed fluorescence gen-
erated by 5'-fluorosalicylate, Tb**, and EDTA was measured
with time-resolved fluorometry [22]. The PSA assay can quan-
tify PSA at concentrations of 0.01 pg/L or higher. Other
versions of the PSA immunofluorometric procedure, used to
identify PGD, synthase, are described later in the text. These
assays are based on the general principles described for the PSA
immunofluorometric procedure /21].

WESTERN BLOT ANALYSIS

All reagents and equipment for Western blot analysis were
purchased from Novex (San Diego, CA). The manufacturer’s
protocols were followed throughout. Samples for Western blot
analysis were electrophoresed under reducing (with mercapto-
ethanol) and nonreducing (no mercaptoethanol) conditions on
8-16% gradient polyacrylamide minigels, and proteins were
electrotransferred to Hybond-ECL nitrocellulose membranes
(Amersham International, Arlington Heights, IL). Membranes
were blocked for 1 h and processed further as recommended by
the manufacturer of the ECL-Western blot detection kit (Am-
ersham). Briefly, the membranes were probed with either a
rabbit polyclonal anti-PSA antibody (Medix Biotech, Foster
City, CA; 1 g/L, diluted 1000-fold in the blocking buffer) or a
mouse monoclonal anti-PSA antibody [clone 2E1(F5), 1 g/L,
diluted 2000-fold in the blocking buffer; a gift from T. Stamey].
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Similar experiments were performed with nonimmune rabbit
serum and a rabbit antibody against human brain PGD, syn-
thase (a gift from O. Hayaishi). The membranes were then
washed and reacted with a horseradish peroxidase-conjugated
secondary anti-rabbit or anti-mouse antibody. The enzyme
activity on the membranes was revealed by chemiluminescence
captured on x-ray film. Biotinylated molecular mass markers
were visualized by reacting with a streptavidin-horseradish
peroxidase conjugate added simultaneously with the anti-rabbit
antibody.

HPLC

Characterization of the PSA immunoreactivity and purification
of PGD, synthase were achieved with HPLC. The gel filtration
chromatography was performed on a Shimadzu HPLC system
(Shimadzu Corp., Kyoto, Japan), run isocratically with a mobile
phase of 0.1 mol/L Na,SO,-0.1 mol/L. NaH,PO,, pH 6.80.
Flow rate was 0.5 mL/min. We used a Bio-Sil SEC-250, 600 X
7.5 mm (Bio-Rad Labs., Richmond, CA) column calibrated with
a molecular mass calibrator solution from Bio-Rad. Fractions of
0.5 mL were analyzed for PSA by the immunofluorometric
procedure or analyzed by Western blot to detect PGD, syn-
thase. For preparative purposes, the fractions were collected,
pooled, and preconcentrated. Preconcentration was achieved by
ultrafiltration on Centriprep 10 preconcentration modules from
Amicon (Amicon Division, W. R. Grace and Co., Beverly, MA).
These disposable devices were used as recommended by the
manufacturer. Amniotic fluid was preconcentrated by the same
method.

PGD, synthase was further purified by a second HPLC
procedure based on ion-exchange chromatography. This gra-
dient method involves two mobile phases: solution A, a 0.02
mol/L Tris buffer, pH 9.20; and solution B, 0.02 mol/L Tris
buffer, pH 7.50, containing 1 mol/L NaCl. The gradient elution
program was as follows: 0-10 min, solution A; 10-60 min,
linear gradient from 100% A to 100% B. The flow rate was 0.5
mL/min. The column used was a Mono Q fast-protein liquid
chromatography anion-exchange column (Pharmacia, Piscat-
away, NJ). Fractions were collected, pooled, and preconcen-
trated as necessary with Amicon Centriprep 10 modules.

PROTEIN MICROSEQUENCING

The purified protein was microsequenced with a Porton Model
2090 gas-phase microsequencer with on-line phenylthiohydan-
toin amino acid analysis. After 15 sequencing cycles, the result-
ant sequence was compared with sequences deposited in NBRF-
PIR databases. Homology searching was done with DNASIS
software.

Results
The PSA concentration in amniotic fluid is <0.005 ug/L at
gestational weeks =12 but rises quickly to concentrations of ~1
ug/L during gestational weeks 14-22 (Melegos DN et al., ms.
submitted). PSA concentrations fluctuate at ~0.3-0.6 ug/L
until delivery. Two molecular forms of PSA exist in amniotic
fluid (Fig. 1): a minor form (molecular mass ~100 kDa)
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Fig. 1. HPLC of two amniotic fluids and assay of the HPLC fractions with

a PSA immunoassay [22].

Details of the HPLC procedure and the PSA assay are described under Materials
and Methods. Amniotic fluids contained ~14 ug/L (upper panel) and ~500
ug/L (lower panel) PSA. PSA immunoreactivity elutes in two peaks at fractions
30 and 39. The first peak, corresponding to a molecular mass of ~100 kDa,
represents PSA-ACT. The second peak, corresponding to a molecular mass of
~33 kDa, represents free PSA. In HPLC, PGD, synthase coelutes with free PSA
at fraction 39 = 1.

represents PSA-ACT; the major form (molecular mass 33 kDa)
represents free PSA.

Western blot analysis of mercaptoethanol-reduced amniotic
fluids and probing of the electrotransferred proteins with a
polyclonal rabbit anti-PSA antibody reveals the presence of
intense immunoreactive bands with a molecular mass of ~25
kDa. The 25-kDa bands are distinct from the bands correspond-
ing to PSA that appear at molecular mass ~~33 kDa (Fig. 2). In
the same experiment without mercaptoethanol reduction, the
25- and 33-kDa bands overlap on the Western blot (Fig. 3).
When the blot was probed with a monoclonal anti-PSA anti-
body, only the 33-kDa PSA molecule was detected (Figs. 2C and
3C). When the blot was probed with nonimmune rabbit serum,
no bands were detected in the region of 25-33 kDa (Figs. 2B and
3B). These data suggest that the immunoreactive bands appear-
ing on Western blots at 25 kDa with the polyclonal anti-PSA
antibodies represent non-PSA cross-reacting proteins or frag-
mented PSA that are recognized by the polyclonal but not by the
monoclonal anti-PSA antibody. Figs. 2 and 3 (panel A in both
blots) also show that the 25-kDa immunoreactive bands, recog-
nized only by the PSA rabbit polyclonal antibody, are very weak
at 11 weeks of gestation (lane 4); they progressively increase in
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Fig. 2. Western blot analysis.

Samples were electrophoresed on 8—-16% gradient polyacrylamide minigels with
mercaptoethanol reduction, electrotransferred to nitrocellulose membranes, and
probed with a rabbit polyclonal anti-PSA antibody (A), rabbit nonimmune serum
(B), or a mouse monoclonal anti-PSA antibody (C). Detection was achieved by a
technique involving horseradish peroxidase-conjugated secondary anti-rabbit (A,
B) or anti-mouse antibody (C) and chemiluminescence. Lane 1, purified seminal
plasma PSA (barely visible in lane 1 of A only). Lane 2, PSA-ACT. This complex is
destroyed and becomes undetectable when the sample is reduced with mercap-
toethanol. Lane 3, one amniotic fluid (AF) containing high concentrations of PSA.
Lanes 4-9, amniotic fluids at gestational weeks 11, 14, 17, 20, 25, and 40
(term), respectively. PSA was loaded at 300 pg (/ane 1), 220 pg (lane 2), and
2000 pg (lane 3) per lane. The amount of PSA loaded in lanes 4-9, <10
pg/lane, could not be detected by Western blot. Under reducing conditions, the
detectability of PSA and PSA-ACT on Western blots is reduced (/anes 1 and 2).
For data discussion, see text. Arrows indicate position of PSA and the 25-kDa
band. Note that all amniotic fluids (lanes 3-9) contain prominent 25-kDa bands.
These bands are not visualized with either nonimmune rabbit serum (B) or a
monoclonal anti-PSA antibody (C). PSA in lane 3 can be detected with the
monoclonal antibody.

concentration until gestational weeks 20-25 and then decline
slightly at term.

Figs. 2 and 3 demonstrate that (2) the bands recognized at
molecular mass 25 kDa in amniotic fluids are caused by inter-
actions of amniotic fluid protein(s) with antibodies present in
the polyclonal PSA antiserum and not with nonimmune rabbit
IgG, since these proteins were not visualized by nonimmune
rabbit IgG (panels B); (b) these protein(s) are not recognized by
monoclonal anti-PSA antibodies (panels C), suggesting that they
do not represent true PSA; (¢) the concentration of these
proteins changes in amniotic fluid during the progression of
pregnancy.

To exclude the possibility that the immunoreactive bands at
25 kDa represent fragmented human IgG interacting with
rabbit IgG, we analyzed by Western blot human IgG under
conditions similar to those of Figs. 2 and 3. These data showed
that human IgG interacts somewhat with rabbit IgG, but the
immunoreactive bands detected on Western blots without mer-
captoethanol reduction appear at a molecular mass of ~180 kDa
(the molecular mass of IgiG). We also found these bands after
probing the membranes with nonimmune rabbit IgG (data not
shown). Thus we concluded that human IgG does not contrib-
ute to the appearance of the 25-kDa bands on the Western blots
shown in Figs. 2 and 3.
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Fig. 3. Western blot analysis.

Samples were electrophoresed on 8-16% gradient polyacrylamide minigels
without mercaptoethanol reduction, electrotransferred to nitocellulose mem-
branes, and probed with a rabbit polyclonal anti-PSA antibody (A), rabbit
nonimmune serum (B), or a mouse monoclonal anti-PSA antibody (C). Detection
was achieved by a technique involving horseradish peroxidase-conjugated sec-
ondary anti-rabbit (A, B) or antimouse (C) antibody and chemiluminescence.
Lane 1, purified seminal plasma PSA; /ane 2, PSA-ACT (molecular mass ~~100
kDa); /ane 3, one amniotic fluid (AF) containing high concentrations of free PSA
and low concentrations of PSA-ACT; /anes 4-9, amniotic fluids at gestational
weeks 11, 14, 17, 20, 25, and 40 (term), respectively. PSA was loaded at 300
pg (/ane 1), 220 pg (lane 2), and 2000 pg (lane 3) per lane. The PSA loaded in
lanes 4-9, <10 pg/lane, was not detectable with the Western blot technique.
For data discussion, see text. Upper arrow shows position of the PSA-ACT
complex; lower arrow shows the position of PSA and the 25-kDa bands, which
overlap under nonreducing conditions. Note that the monoclonal anti-PSA
antibody recognizes PSA in Janes 1 and 3 and PSA-ACT in /ane 2. No PSA
immunoreactivity is seen in /anes 4-9 with the monoclonal antibody.

We also considered the possibility that the 25-kDa band
appearing on Western blots may represent PSA, a PSA frag-
ment, or a cross-reacting protein noncovalently bound to am-
niotic fluid components. The bound moiety may be released
during the polyacrylamide gel electrophoresis step, thus becom-
ing detectable only on Western blot analysis. We considered
this because the 25-kDa band is not measurable by the immun-
ofluorometric ELISA-type PSA assay. Many amniotic fluids
with prominent 25-kDa bands on Western blots were negative
for PSA as measured by the immunofluorometric procedure. As
a check for the possibility that the 25-kDa band represents PSA,
a PSA fragment, or a non-PSA cross-reactive protein bound to
amniotic fluid components, we separated amniotic fluids on a gel
filtration column under native conditions by HPLC, collected
the HPLC fractions, and then subjected the fractions to West-
ern blot analysis. We hypothesized that if the 25-kDa band
represented a protein bound to amniotic fluid components, it
would elute from the HPLC column as a higher-molecular-mass
protein recognized on the Western blot as a 25-kDa band.
These experiments have clearly shown that the 25-kDa band
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elutes from the HPLC column as a protein with a molecular
mass of 25-kDa. These data exclude the possibility that the
protein was bound to amniotic fluid components before the
Western blot analysis (data not shown) and are further con-
firmed by Fig. 3, which shows that the band of interest appears
at a molecular mass of 25-30 kDa on Western blots performed
under nonreducing conditions. Under these conditions, and in
the HPLC procedure (Fig. 1), PSA-ACT, a well known com-
plexed form of PSA, elutes as a protein with an apparent
molecular mass of ~~100 kDa.

Our finding that the 25-kDa band reacted with the poly-
clonal anti-PSA antibody on Western blots but not with the
monoclonal anti-PSA antibody and that the same band was not
recognized by our immunofluorometric PSA assay (monoclonal
coating antibody; polyclonal detection antibody identical to the
one used for Western blot) prompted us to check the possibility
that if the 25-kDa band represented a PSA fragment, this
fragment could be recognized by immunofluorometric proce-
dures developed either with monoclonal coating antibodies
recognizing different epitopes or with methods based exclusively
on polyclonal coating and detection antibodies. Such assays were
developed with three monoclonal antibodies for coating, three
polyclonal antibodies for detection, or combinations of only
polyclonal antibodies for coating and detection. In all assays,
detection antibodies were biotinylated, and the final step in-
volved streptavidin conjugated to alkaline phosphatase as de-
scribed in the published PSA procedure /21]. Although we were
able to set up operational assays that could measure efficiently
free PSA and PSA-ACT complexes, none of the assays was able
to recognize the amniotic fluid 25-kDa protein (data not
shown).

The 25-kDa band does not seem to be uniquely present in
amniotic fluids. We have previously identified PSA in milk of
lactating women /23], breast cyst fluid /24/, normal breast tissue
extracts [25], and breast tumors [26-28]. Western blot analysis
of these biological fluids and extracts gave the results seen in Fig.
4. The highest concentrations were in amniotic fluid, milk, and
cyst fluid, preliminarily suggesting that this protein is also
secreted by breast epithelial cells.

Our strategy to purify and sequence the 25-kDa band present
in amniotic fluids is as follows: One liter of starting material
(pooled amniotic fluid leftover samples from women at gesta-
tional weeks 20-25 who underwent amniocentesis for bilirubin
monitoring) was centrifuged, filtered through a 0.45-um (pore
size) filter, and then preconcentrated fivefold with a Centricon
ultrafiltration module. Experiments have shown that when
ultrafiltration membranes with a 10-kDa cutoff were used, the
25-kDa protein was detected by Western blot only in the
retained material. No protein penetrated the filter (data not
shown). The preconcentrated amniotic fluid (~200 mL, PSA
concentration ~4 ug/L) was then separated on a gel-filtration
HPLC column (injected 2 mL at a time), and the fractions were
collected. Fractions from each injection were pooled and ana-
lyzed by the immunofluorometric procedure (to localize the
elution of true PSA) and by Western blot (to localize the elution
of the 25-kDa band). Both PSA and the 25-kDa band eluted
near each other, and the fractions containing these proteins were
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Fig. 4. Western blot analysis.

Samples were electrophoresed on 8-16% gradient polyacrylamide minigels with
mercaptoethanol reduction, electrotransferred to nitrocellulose membranes, and
probed with a rabbit polyclonal anti-PSA antibody. Detection was achieved by a
technique involving a horseradish peroxidase-conjugated secondary anti-rabbit
antibody and chemiluminescence. Lane 1, human milk from a lactating woman,
negative for PSA; lane 2, human milk positive for PSA (8.7 ug/L); lane 3, breast
cyst fluid negative for PSA; lane 4, breast cyst fluid positive for PSA (110 pg/L);
lanes 5 and 6, two normal female breast extracts negative for PSA; lane 7,
breast tumor extract negative for PSA; lane 8, breast tumor extract positive for
PSA (18 pg/L); lane 9, amniotic fluid (AF) containing both free PSA (500 ug/L)
and the 25-kDa band; /ane 10, amniotic fluid at 24 gestational weeks (AF-24)
negative for PSA. PSA-positive bands appear in /anes 2, 4, 8, and 9; the 25-kDa
band appears in /lanes 2, and 4-10. The two breast tumors contain additional
bands of unknown nature with molecular masses of ~37 kDa.

pooled, preconcentrated with Centricon filters, and rechro-
matographed on the same column. Three successive cycles of
the same procedure gave a solution containing amniotic fluid
proteins with molecular masses of 30 = 10 kDa. This solution
was highly enriched in the 25-kDa protein, as judged by
Western blot analysis.

Further purification of the 25-kDa protein was achieved with
ion-exchange gradient chromatography on a Mono Q column.
The protein mixture from the previous chromatography was
injected, the proteins were eluted with a pH and salt gradient,
and fractions were collected and analyzed by Western blot to
localize the 25-kDa band. A typical ion-exchange chromatogram
is shown in Fig. 5. The 25-kDa protein elutes at fraction 18 *
1. Under these conditions, PSA elutes at fraction 21. Successive
rechromatography of fractions 18 * 1 gave a final solution
containing only one protein on HPLC separation that does not
contain any PSA immunoreactivity.

Results of microsequencing (15 cycles) of the purified protein
are shown in Fig. 6. The isolated protein was highly homolo-
gous to the human PGD, synthase, the sequence of which has
been published on the basis of analysis of cDNAs isolated from
human and rat brain [17-19].

Further confirmation that the immunoreactive 25-kDa band
is indeed PGD, synthase came from the following experiments:
(4) We raised a polyclonal rabbit antibody against a highly
purified 25-kDa band from amniotic fluids; () we have obtained
highly purified PGD, synthase isolated from human brain, and
polyclonal antibodies against brain PGD, synthase from O.
Hayaishi; (c) we have performed Western blot analysis using
amniotic fluids and brain-type PGD, synthase as samples and
probed with a PSA polyclonal antibody, the newly developed
antibody, and the antibody against brain PGD, synthase. The
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Fig. 5. Final purification of the 25-kDa protein with ion-exchange
chromatography.

The gradient elution profile is shown by broken lines. Solutions A and B used for
gradient elution are described under Materials and Methods. All HPLC fractions
were Western-blotted; results are summarized on the top of the figure. Rechro-
matography of fraction 18, which contained the 25-kDa band, resulted in the
elution of only one peak. The purified 25-kDa band was subjected to protein
microsequencing. Under these chromatographic conditions, PSA elutes at frac-
tion 21.

data (Fig. 7) show similar results for all three antibodies that
recognized the 25-kDa bands in amniotic fluids as well as the
purified brain PGD, synthase.

Preliminary analysis of human amniotic fluids for PGD,
synthase enzymatic activity, with radiolabeled PGH, as sub-
strate, showed that PGD, could be generated from PGH,,
consistent with the suggestion that PGD, synthase in amniotic
fluid is enzymatically active (data not shown). We also showed
that the newly developed antibody and the antibody against
brain PGD, synthase did not cross-react with PSA on Western
blots, even when PSA was tested at concentrations up to
423 000 000 wg/L. Further analysis confirmed the presence of
PGD, synthase in seminal plasma.

The concentrations of PGD, synthase in amniotic fluids
from normal pregnancies and pregnancies associated with vari-
ous fetal abnormalities were assessed semiquantitatively by
Western blot analysis with the polyclonal anti-PSA antibody.
Preliminary results are presented in Fig. 8 and Table 1. Appar-
ently, certain fetal abnormalities are associated with underex-
pression and overexpression of PGD, synthase in amniotic fluid.

Discussion

PGD, synthase, which regulates the concentrations of PGD,,
may play important roles in both maturation and maintenance of
the central nervous system. It has recently been found there
associated with tissues such as retina and cochlea; postnatal
changes in the cellular localization of this enzyme were found in
the brain and cochlea.

Various groups have isolated cDNAs coding for the PGD,
synthase gene [17-19] from mRNA extracted from human or
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Table 1. Fetal abnormalities and semiquantitative amniotic fluid concentrations of PGD, synthase.

Case no. Fetal abnormality Gest. week PGD, synthase?
1 Down syndrome 12 <
2 Turner syndrome 12 <
3 Down syndrome 13 <
4 Down syndrome 14 J
5 Demise of fetus; no positive fetal heart 14 !
6 Moderate nuchal swelling, oligohydramnios, clubbed feet 15 l
7 Omphalocele containing liver, gut, and part of stomach 15 1
8 Large fetal cerebellum 16 !
9 Arnold-Chiari malformation 16 !

10 Two-vessel cord, large bilateral choroid plexus cysts 16 l
12 Hydrocephalus 16 !
13 Down syndrome 16 l
14 AF-AFP screening states that it has abnormal ultrasound 16 l
15 Trisomy 18 17 l
16 Dandy-Walker syndrome 17 1
17 Nuchal hygroma, anasarca, hydronephrosis 18 |
18 Anencephaly 18 <
19 Anencephaly 18 l
20 Chromosomal abnormality in one of the twins 18 <
20 Chromosomal abnormality, neural tube defect of lower twin 18 <
21 Multicystic renal dysplasia, low-set ears, infraorbital folds 18 l
22 Hydrops, horseshoe right kidney, 11 ribs on one side 18 <
23 Large bilateral choroid plexus cysts (1 and 2 cm) 18 <
25 Large echogenic kidneys, 11 pairs of ribs 18 <
26 AF-AFP screening states that it has abnormal ultrasound 18 <
27 Arnold-Chiari type of signs, with neural tube defects 18 |
28 Cystic mass with large diverticulum, clubbed feet 19 1
28 Cystic mass with large diverticulum, clubbed feet 21 l
29 Osteogenesis imperfecta 19 <«
30 Nuchal thickening, small stomach, palatal and labial clefts 19 e
31 Turner syndrome 19 <
33 Anencephaly 19 <
34 Borderline thickening of nuchal fold 20 <~
35 Cystic hygroma in the posterior nuchal region 20 <
36 Midline defect in cerebellum, suspicion of Dandy—Walker syndrome 20 l
37 Down syndrome 21 <
38 AF-AFP report indicated ultrasound abnormality, stillbirth 21 <«
39 Amniotic band syndrome; exencephaly 21 R
40 Arnold—Chiari malformation, spina bifida 21 <
41 Semilobular holoprosencephalus, neural tube defect, cord 22 <
42 Borderline of nuchal fold increase, suspicion of trisomy 21 22 1
43 Hydrocephalus, polyhydramnios, atrial septal defect 22 <>
44 Arnold—Chiari malformation; lemon-shaped head 22 <
45 Chiari malformation, ventriculomegaly, clubbed feet 23 <
46 Anencephaly 23 <
47 Lemon-shaped head, open neural tube defect, clubbed feet 23 1

2 Concentration of AF PGD,, synthase reported as increased ( 1 ), decreased ( | ), or unaltered (<) in comparison with control amniotic fluids from normal pregnancies

of the same gestational week.
AF, amniotic fluid; AFP, a-fetoprotein.

animal brain. The deduced amino acid sequence consists of 190
amino acids with a calculated molecular mass of 21 016 Da [17].
However, the molecular mass of the mature secreted protein
may be higher, since there are two potential N-glycosylation
sites. PGD), synthase contains signal sequences that are cleaved
off before secretion (Fig. 6). PGD, synthase belongs to a

superfamily of various 160-190-amino acid secretory proteins,
sharing a common feature for binding and transport of small
hydrophobic molecules (lipocalins). Among all lipocalins, PGD,
synthase shares extensive homology with «,-microglobulin /17].

We previously identified PSA as a component of amniotic
fluid /1], normal female breast [25], breast milk [25], breast
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Fig. 6. Found amino acid sequence and its comparison with reported amino acid sequences of PGD, synthase.

Sequence A44455 was reported by White et al. for human PGD, synthase[18]. HBDS2 and HBDS1 are sequences reported by Nagata et al. for human PGD, synthase
[17]. RBDS is a sequence of PGD,, synthase from the rat as reported by Urade et al. {19]. The amino acid identity in the first two cycles of the sequencing was ambiguous
as shown. Arrows indicate proteolytic sites for removal of the signal peptide, as suggested by Nagata et al. [17].

tumors [26-28], and breast cyst fluid [24/. During Western blot
analysis of these extracts and fluids, we identified, especially in
amniotic fluid, a highly intense immunoreactive band with a
molecular mass of ~25 kDa. This band was seen only with
polyclonal anti-PSA antibodies; monoclonal anti-PSA antibod-
ies or nonimmune rabbit serum were unreactive.

We have extensively purified the 25-kDa band by gel filtra-
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Fig. 7. Western blot analysis.

Samples were electrophoresed on 8-16% gradient polyacrylamide minigels with
mercaptoethanol reduction, electrotransferred to nitrocellulose membranes, and
probed with a rabbit anti-PSA antibody (A), a rabbit antibody raised against
purified PGD, synthase from amniotic fluid (B), and a rabbit antibody raised
against purified PGD, synthase from human brain. Lane 1, purified seminal
plasma PSA (2 ng in A and 10 ng in B and C); lanes 2-4, human amniotic fluids
of gestational ages 14, 20, and 40 weeks, respectively; lane 5, blots A and B,
purified human brain PGD,, synthase (1 ug). A faint PSA band is shown in lane 1A
at ~~33 kDa. In all cases the 25-kDa band, corresponding to PGD,, synthase,
is more intense at 20 weeks of gestation.
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Fig. 8. Western blot analysis of amniotic fluids from normal and
abnormal fetuses.

C-AF, control amniotic fluid containing both PSA and the 25-kDa band (positions
shown by arrows). C-G16, C-G17, and C-G18 are amniotic fluids from normal
pregnancies at gestational weeks 16, 17, and 18, respectively. AF-13-G16 to
AF-26-G18 are amniotic fluids from abnormal pregnancies with a case number
(e.g., 13) followed by the gestational weeks (e.g., G16). All cases studied are
listed in Table 1, along with the pregnancy outcomes and semiquantitative
concentrations of the 25-kDa protein.

tion and ion-exchange HPLC. Sequencing showed that the
25-kDa band shared extensive homology with PGD, synthase
(Fig. 6). In our sequencing procedure, the first cycle yielded
three possible amino acids, one of which is V in position 30. The
second cycle yielded two possible amino acids, one of which is Q
in position 31. All other cycles yielded unique amino acids
identical to the amino acid sequence of PGD, synthase. These
data, and the close agreement between the predicted and found
molecular mass of PGD, synthase, strongly suggest that the
25-kDa band in amniotic fluids is indeed PGD, synthase, and
are further confirmed by Western blot analysis of purified brain
PGD, synthase with both newly developed and already estab-
lished anti-PGD, synthase antibodies (Fig. 7). Nagata et al. [17]
proposed that PGD), synthase is synthesized as a preprotein that
is cleaved between amino acids 22 and 23 to remove the signal
peptide. In our protein sequence, the first amino acid appears to
be V in position 30. Apparently, the additional seven amino
acids may be cleaved by an amniotic fluid protease between
amino acids S and V.

A protein seemingly identical to PGD, synthase on Western
blots appears to be present in other fluids including breast milk,
breast cyst fluid, normal breast extracts, and breast tumor
extracts. PGD, synthase concentration also appears to change
during pregnancy from very low before gestational week 12 to a
maximum at gestational week 25.

Preliminary analysis of 44 amniotic fluids from abnormal
pregnancies suggested that often the concentration of PGD,
synthase seems to be lower or higher than that of amniotic fluids
of the same gestational age and normal outcome. The most
striking abnormalities shown in Fig. 8 include case 13 (Down
syndrome), case 15 (trisomy 18), case 17 (hydronephrosis), and
case 21 (multicystic renal dysplasia), all with low concentrations
of PGD, synthase, and case 16 (Dandy—Walker syndrome), with
high concentrations of PGD, synthase. We do not as yet have a
quantitative assay for PGD, synthase in amniotic fluid, but
semiquantitative assessment suggests concentrations up to 10
pg/L. On the basis of the molecular mass of PGD, synthase
(lower than a-fetoprotein and PSA), we predicted the probable
presence of PGD, synthase in maternal serum. Preliminary
immunofluorometric assay data confirmed these suggestions
(data not shown).

Homology analysis between amino acid sequences of PGD,
synthase and PSA showed no relation between the two proteins.
We thus postulated that the apparent cross-reactivity of anti-
PSA polyclonal antibodies with PGD, synthase is due to
contaminating anti-PGD, synthase antibodies, probably devel-
oped during immunization with PSA from seminal plasma,
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which contained contaminating amounts of PGD, synthase.
This is plausible because PGD, synthase is also present in
seminal plasma (our findings) and its molecular mass is very
similar to that of PSA. Another possibility is that PSA and PGD,
synthase share a common conformational epitope that is recog-
nized only by a subpopulation of polyclonal anti-PSA antibod-
ies.

PGD, synthase has until now been localized in the brain. In
cerebrospinal fluid, PGD, synthase is present in various glyco-
sylated forms [29-31]. We show here that PGD, synthase is
present in substantial amounts in amniotic fluid and probably in
other fluids, tissue extracts, and breast secretions. The glycosy-
lation pattern of PGD), synthase in amniotic fluid has not yet
been studied. Although we do not yet know the role of PGD,
synthase in amniotic fluid, we speculate that this protein, which
appears in highest concentration during the explosive growth of
the fetus, may be involved in PGD, regulation during this
period. It remains to be seen whether PGD, synthase has a
direct role as a growth factor or cytokine regulator during fetal
development and whether monitoring its concentrations in
amniotic fluid or maternal serum has any diagnostic value.

Previously, Minc-Golomb et al. found that PGE, and PGD,
biosynthesis is severely reduced in trisomy 21 [32]. Our prelim-
inary clinical data support this view; the concentrations of PGD,
synthase, the enzyme responsible for PGD, biosynthesis, are
reduced (Table 1). It remains to be seen whether a close
connection exists between trisomy 21 and reduced concentra-
tions of PGD, synthase and PGD, during embryonal life.
Chaud et al. found hormonal regulation of PGD, by estrogens
and progestins in rat uterine tissue, but the concentrations of the
PGD, synthase were not evaluated [33].

Norwitz et al. studied PGD, production by term human
decidua and concluded that bone marrow-derived cells (macro-
phages) are among the major sources of decidual PGD, at term
[34]. Although the role of prostaglandins in the initiation of
human parturition is not disputed, the specific role of PGD, in
this process is still unclear.

Several investigations showed that PGD, can be produced in
vitro by nonpregnant human endometrium and myometrium
[35], by crude fractions of first-trimester decidua [36/, and by
whole-term placentas /37, 38]. These data support our view that
the enzyme responsible for PGD, biosynthesis, PGD, synthase,
is produced by placental cells and is then secreted into the
amniotic fluid. PGD, synthase appears to be initially produced
in substantial amounts in intrauterine life at about gestational
week 11, and its concentration plateaus around gestational
weeks 20-25. We do not yet know whether PGD), synthase is
secreted as a protein starting at amino acid 30 (Fig. 6) or
whether it is cleaved in amniotic fluid by as yet unknown
proteases.

PGD, is suggested to help regulate cerebral capillary func-
tion [39]. It remains to be seen whether such a role exists for
PGD, in the fetus during the explosive brain development at
gestational weeks 11-22.

We anticipate that demonstration of the presence of PGD,
synthase in human amniotic fluid and its possible association
with certain fetal abnormalities will initiate more research
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aiming to elucidate the role of this enzyme during embryonal
life.
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