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Prostaglandin D synthase (PGD synthase) or B-trace protein is a major
constituent of human cerebrospinal fluid (CSF) representing ~3% of the
total CSF protein. We have recently developed a highly specific im-
munofluorometric assay for PGD synthase, which enabled us to quan-
tify the presence of PGD synthase in fluids and tissues not associated
with the CNS. In this report we provide quantitative data of the pres-
ence of PGD synthase in CSF and serum from 302 subjects with various
neurological diseases and symptoms. PGD synthase levels in CSF are
approximately 35-fold higher than those of serum, with a median con-
centration of 11299 ug/L. A statistically significant association of PGD
synthase concentration in CSF was observed with both patient age and
gender. There was no correlation between PGD synthase concentration
in serum and patient age or gender. To evaluate the clinical utility of
PGD synthase in diagnosing neurological diseases, the distribution pat-
tern of PGD synthase in CSF and serum was examined for each neuro-
pathology of 268 patients whose diagnosis was known. No statistical
difference was observed between PGD synthase concentration in the
CSF (129 cases) or the serum (94 cases) of multiple sclerosis afflicted
subjects in comparison to all other patients studied. The distribution
pattern was also not different for PGD synthase levels in CSF of pa-
tients with HIV/AIDS related neuropathies, viral meningitis and
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fibromyalgia. We conclude that PGD synthase measurement presents
no clinical utility in diagnosing neurological disorders in adulthood.
PGD synthase may have a physiological and/or pathological role in the
developing brain and in neurodegenerative diseases.

Keywords: PGD synthase; B-trace; cerebrospinal fluid; serum; multiple sclerosis;
neurological disorders

Introduction

Beta-trace (B-trace) protein is a major polypeptide constituent of the
human CSF representing ~3% of total CSF protein."* The distribution,
synthesis and metabolism of B-trace in normal and pathological condi-
tions was studied extensively by Olsson with a polyclonal antibody and
semiquantitative radial immunodiffusion assays for B-trace.> When the
B-trace concentrations in CSF of patients with various neurological dis-
eases were initially compared to those of healthy, age-matched controls,
no significant differences could be found.*

The primary function of B-trace protein was unknown until
recently, when its structural identity to that of the PGD synthase was
described.>” PGD synthase, a secreted protein,’ catalyzes the conversion
of PGH, to PGD, in the brain.® Hayaishi has provided strong evidence of
PGD synthase and PGD, involvement in sleep induction.” The cloning
of human PGD synthase gene revealed that PGD synthase is a member
of the lipocalin superfamily, consisting of secretory hydrophobic mole-
cule transporters.'®"! PGD synthase represents the only lipocalin known
thus far to be associated with enzymatic activity.’

We have recently isolated and identified PGD synthase in human
amniotic fluid.'* The development of a highly specific immuno-
fluorometric assay for PGD synthase, enabled us to determine and quan-
tify the presence of PGD synthase in fluids and tissues not associated
with the CNS."® PGD synthase was found in male and female serum,
male and female fetal serum, amniotic fluid, seminal plasma, breast cyst
fluid, breast discharge fluid, breast milk, breast tumor extracts, various
fetal tissues, and placental extracts.

The limited diagnostic utility of most CSF biochemical analyses due
to variables such as patient's age, blood-CSF barrier competence, and
neurological disease states, among others, have been reviewed else-
where.!* Recently, a study employing capillary-zone electrophoresis
methodology for the analysis of PGD synthase in CSF, indicated in-
creased concentration levels with patients that had multiple sclerosis."
In the present communication we describe the distribution of PGD syn-
thase concentrations in CSF and serum of subjects with various neuro-
logical disorders, employing a newly-developed highly-specific
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immunofluorometric assay. This study was undertaken in order to ex-
amine if the measurement of PGD synthase levels in CSF or serum has
any diagnostic application.

Materials and Methods

Clinical Specimens

CSF and serum samples from patients with various neuropathological
and psychoneurotic symptoms were collected at the Ottawa General
Hospital. Samples were kept in -20°C until analysis.

Methodology

PGD synthase determinations were performed using a highly sensitive
and specific immunofluorometric procedure described in detail else-
where.!® Briefly, the PGD synthase assay uses a mouse monoclonal anti-
PGD synthase capture antibody coated to polystyrene microtiter wells,
a biotinylated mouse monoclonal anti-PGD synthase detection anti-
body, and alkaline phosphatase-labeled streptavidin (SA-ALP). In the as-
say, 50 pL of a 1000-fold diluted CSF sample in a 6% bovine serum
albumin (BSA) diluent is incubated with the coating antibody in the
presence of 50 pL of assay buffer containing the detection antibody. Se-
rum samples were diluted 100-fold in 6% BSA. After 2h incubation fol-
lowed by washing x6, the SA-ALP conjugate is added for 15 min.,
followed by another washing x6. The activity of ALP is then measured
by adding the substrate 5-fluorosalicylphosphate, incubating for 10 min.
and then by adding a Tb* and EDTA-containing developing solution.
After 1 min. the fluorescence is measured in the time-resolved
fluorometric mode. This assay has a detection limit of 0.2 ug/L of PGD
synthase. All assays were run in duplicate.

TasLE 1. The distributions of age and PGD synthase in CSF and serum from patients with
various neurological disorders.

N Range Mean (SD)' 25" Percentile ~ Median 75" Percentile
CSF PGD 299  2339-71282 11884 (5574) 8860 11299 13876
synthase (pug/L)
Serum PGD 191 61-20498 454 (1467) 243 320 436
synthase (pg/L)
Age 282 3-79 42 32 40 49

1. SD: standard deviation
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Ficure 1. Correlation of PGD synthase concentration in serum vs PGD synthase concentration
in CSF. Two extreme cases were not included in the graph; one with a CSF PGD synthase
concentration of 71282 pg/L and a serum PGD synthase concentration of 212 pg/L, and the
other with 7965 pug/L and 20498 pg/L, respectively.

Results

Determination for PGD synthase concentration was performed in
299 CSFs and 191 sera from 302 subjects with 73 different types of neu-
rological disorders. The diagnosis was available for 268 subjects, while
patient age and gender information was provided for 282 and 270 cases,
respectively. The distribution of PGD synthase concentration in all
CSFs and sera tested along with patient age are shown in Table 1. The
PGD synthase values in CSF, PGD synthase values in serum, and sub-
jeet age data, are nearly normally distributed.

PGD synthase was detected in all CSFs and sera analyzed. PGD syn-
thase levels in CSF are approximately 35-fold higher than those of se-
rum. Regression analysis of PGD synthase concentrations in CSF and
matched serum indicated that there is no statistical linear association
between the two parameters (Figure 1, Pearson correlation coefficient =
0.077, p = 0.30).

The possible association between patient age and PGD synthase lev-
els in CSF and serum was examined. Regression analysis of PGD syn-
thase concentrations in CSF and subject age indicated a linear
association when all values were included in the analysis (Figure 2A,
N = 281, r = 0.21, p < 0.001). Similar analysis was performed after sepa-
rating the CSFs according to patient gender. We found a stronger linear
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Ficure 2. Correlation of PGD synthase concentration in CSF and patient age. (A) Scatterplot of
PGD synthase concentration in CSF vs age of both male and female patients. (B) PGD
synthase concentration in CSF vs age of male patients. (C) PGD synthase concentration in
CSF vs age of female patients. Scatterplots in panels (A) and (C) do not include a 35 year old
female patient whose CSF PGD synthase concentration was 71282 pg/l.

association between PGD synthase levels in CSF and age among males
(Figure 2B, N = 84, r = 0.31, p = 0.005) than females (Figure 2C, N = 184,
r = 0.16, p = 0.026). The association between PGD synthase concentra-
tion in CSF and patient age was further demonstrated by contingency
table and chi-square analysis {Table 2). Similarly to the data of regres-
sion analysis we found that older patients tended to have higher PGD
synthase concentration in CSF (p < 0.001).

We have also studied the possible association between PGD synthase
concentration in serum and patient age. We used both regression analy-
sis and contingency tables and chi-square tests. We found no statisti-
cally significant association either by using all the data together (N =
178, r = 0.032, p = 0.75) or after separating males (N = 58, r = 0.044,
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TasLE 2. Association between PGD synthase concentration in CSF, and patient age.

Age, years CSF PGD synthase, pg/L '
0-8861 8862-11299 11300-13877 13878-71282
0-32 29 15 17 10
33-39 19 20 14 13
40-49 11 21 23 19
50-79 12 10 18 30
Missing 4 9 3 2
Total 75 75 75 74

1. Categorization according to four quartiles

2. Chi-square= 31.0; degrees of freedom= 9; p< 0.001 (two tailed)

p = 0.66) and females (N = 111, r = 0.059, p = 0.62). The chi-square test
for the analysis performed similarly to Table 2 gave a p value of 0.93.

We have further examined if the PGD synthase concentration in CSF
or serum is associated with patient gender. For this analysis we used
both the Mann-Whitney test and chi-square analysis. For chi-square
analysis, we separated the PGD synthase concentration into four quarti-
les in a manner similar to the data of Table 2. Our analysis (Table 3) has
shown that there is a small but statistically significant increase of PGD
synthase in CSF from males in comparison to females. However, no
such difference was observed for serum (Table 3).

To explore whether PGD synthase concentrations in CSF are specific
or reflect general changes in CSF protein concentrations, we have corre-

TaBLE 3. Associations between PGD synthase concentration in CSF or serum and patient
gender.

Median PGD synthase, pg/L.  p, Mann Whitney test  p, Chi-square '

Male CSF (N= 84) 12610

Female CSF (N= 184) 11101 0.0042 0.04
Male serum (N= 58) 335

Female serum (N=111) 308 0.12 0.49

1. For chi-square analysis the PGD synthase concentrations were categorized in four
quartiles

2. Comparison between males and females
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lated albumin and IgG levels with PGD synthase from CSF, patient age
and gender. There was no significant linear association between PGD
synthase and albumin (N = 287, r = 0.11, p = 0.058) or IgG levels (N =
282, r = 0.036, p = 0.55) in CSF. When patient age was correlated with
albumin and IgG concentrations, no linear associations were observed
(N =281, r = 0.048, p = 0.42; for albumin, and N = 277, r = -0.08, p =
0.18; for IgG). Although no statistical difference was observed between
the male and female IgG levels (Mann-Whitney p = 0.10), we found a
statistical difference between the male and female albumin concentra-
tions in CSF (Mann-Whitney p < 0.001}. For patients for whom we had
both CSF and serum, we calculated the CSF/serum PGD synthase ratio
and correlated it with the IgG index or patient age. We found no correla-
tion between these parameters.

Among the group of all patients studied there were 73 different
neuropathologies. The most prevalent group was diagnosed with multi-
ple sclerosis (MS). From the MS patients, we had CSF from 129 and se-
rum from 94. All other patient groups had a few patients each which
made statistical interpretation of the data difficult. In order to examine
if there is any difference between PGD synthase concentration in CSF or

TasLE 4. Comparison of PGD synthase concentration in CSF or serum between Multiplé
Sclerosis patients and non-Muttiple Sclerosis patients.

Patient group CSF PGD synthase, pg/L
0-8861 8862-11299 11300-13877 13878-71282
Multiple Sclerosis (N= 129) 32 31 36 30
Non-multiple Sclerosis (N= 136) 37 35 30 34

Chi-square= 1.22; degrees of freedom=3; p= 0.75 (two-tailed)

Patient group Serum PGD synthase, pg/L '
0-243 244-320 321-436 437-20498
Multiple Sclerosis (N= 94) 24 31 22 17
Non-multiple Sclerosis (N= 77) 19 16 18 23

Chi-square= 4.82; degrees of freedom=3; p=0.19 (two-tailed)

1. The four categories are the quartiles of the CSF and serum concentration of PGD

synthase for all patients
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Ficure 3. Distribution of PGD synthase concentration in CSF from various neurolagical
diseases and symptoms included in this study. The only two cases from this study with
cerebrovascular disease (CVD) are included in this figure to indicate their relatively low CSF
PGD synthase concentration. Cases with CSF PGD synthase concentration outside the 10th
and 90th percentile are plotted where statistically permissible. Two patients with CSF PGD
synthase concentration of 27153 pg/L and 71282 pg/L were not included in the multiple
sclerosis boxplot.

serum between MS and non-MS patients, we performed chi-square
analysis as shown in Table 4. We found no evidence for increased or de-
creased concentrations of PGD synthase in either CSF or serum. We
have further plotted the PGD synthase concentration in CSF of various
diseases for which we had at least 5 patients (Figure 3). We included in
the plot 2 patients with cerebral vascular disease who appeared to have
very low levels of CSF PGD synthase. We could not establish any clear
difference in PGD synthase levels in CSF between the various groups of
patients.

Discussion

The study of PGD, has long been neglected by most investigators since
it was considered to be a minor PG and biologically inactive. It was later
realized that the high levels of PGD, in the human brain were associ-
ated with the mechanism of physiological sleep induction.’ Biochemical
and molecular evidence now support the view of a PGD synthase activ-
ity in the mechanism of sleep regulation. %'
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Recent studies indicated that human PGD synthase is homologous to
human B-trace.>” The distribution, synthesis, and metabolism of B-trace
was pioneered by Olsson in the early 70's. Olsson reported synthesis of
B-trace protein from white CNS matter.!” A study conducted to investi-
gate immunoglobulin alterations in multiple sclerosis patients, indi-
cated that patients with severe disability and a long duration“of the
disease (>10 years) had the highest content of B-trace protein in their
CSF.!8 Olsson attributed the increased level of B-trace protein in CSF to
the degree of brain matter destruction associated with the disease stage
of patients with multiple sclerosis.

We have recently developed a two-site immunofluorometric assay for
PGD synthase.!? To investigate the diagnostic utility of PGD synthase
in various neurological conditions, we have determined the PGD syn-
thase concentration in CSF and serum from 302 patients. PGD synthase
was present in various amounts in all CSFs and sera examined from pa-
tients with neuropathies. Our results, without referring to a particular
neuropathy, indicate that older subjects (the majority chronically ill)
tend to have higher PGD synthase levels in their CSF. It appears that
the increasing change of CSF-PGD synthase levels with patient age is
specific, independent of patient gender, and they do not reflect changes
of albumin and IgG in CSF. However, the increased levels of PGD syn-
thase in CSF from males in comparison to females, could be attributed
to their total protein level difference. Our results showed that albumin
concentrations differ with patient gender.

In addition, our results indicate that there is no clinical utility for
PGD synthase in CSF or serum for diagnosing neurological diseases.
Specifically, we found no association of CSF PGD synthase concentra-
tion or the CSF/serum PGD synthase ratio with an individual group of
neuropathy. Presently, an IgG index of >1 (the quotient of the CSF/ se-
rum ratios of IgG and albumin) is a valuable biochemical support for the
clinical diagnosis of neurodegenerative diseases.'” There was no evi-
dence of an association between our CSF/serum PGD synthase ratio and
the IgG index. No aberrant levels of PGD synthase were observed in the
CSF of multiple sclerotic patients. However, no associations were con-
ducted between CSE-PGD synthase levels and the severity or the stage
of multiple sclerosis. Relatively very low PGD synthase levels were
found in the CSF and their corresponding serum from the two only pa-
tients in this study afflicted with cerebrovascular disease. Since this pa-
tient number is small, the finding needs confirmation with more
subjects.

Olsson demonstrated that secreted PGD synthase (B-trace) is also pre-
sent in genital tissues.® Our ongoing studies indicate that the PGD syn-
thase concentration in CSF is approximately 10 times higher than that
in the seminal plasma and 20 times higher than that in the amniotic
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fluid."® PGD synthase levels in the CSF are approximately 35 times
greater than that in the serum. Considerable progress has been made to
elucidate the site of PGD synthase expression and function. Although
cultured astrocytes and leptomeningeal cells have the potential to pro-
duce PGD synthase, the major site of production in the human brain
appears to be the epithelial cells of the choroid plexus.?*?* PGD synthase
is now thought to play an important role in the maturation of the CNS,
since the cellular location of the enzyme changes postnatally.” Due to
its highly specific expression at blood-tissue barriers during em-
bryogenesis, it recently has been suggested that PGD synthase could
have a role in the maturation and/or maintenance of the blood-
cerebrospinal, blood-retina, blood-aqueous humor, and blood-testis bar-
riers.” We have recently demonstrated the presence of PGD synthase in
amniotic fluid and its association with gestational age.'? Since PGD syn-
thase is a lipophilic ligand-carrier protein (lipocalin}, it is also proposed
that secreted PGD synthase may act as an essential hydrophobic mole-
cule transporter during fetal development.?

Although our results indicate that the determination of CSF PGD
synthase is of no clinical utility in the diagnosis of neurological disor-
ders, nevertheless we believe that PGD synthase activity is of pathobi-
ological importance. An increased synthesis of PGD synthase was
observed in CSF of patients after the onset of a stroke during the repair
of the damaged brain.* It is therefore possible that PGD synthase over-
expression may be a component of a physiological response to the post-
damaged homeostatic imbalance of the brain. This may explain the as-
sociation of PGD synthase and patient age in CSF that was observed in
this study.

In summary we provided quantitative evidence of the presence of se-
creted PGD synthase or B-trace in CSF and serum from subjects with
various neurological diseases and symptoms. We conclude that PGD
synthase presents no clinical utility in diagnosing neurological disorders
in adulthood. The physiological and/or homeostatic role of secreted
PGD synthase in the developing brain and in neurodegenerative diseases
needs further investigation.
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