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Selenoprotein P is a selenium-rich extracellular protein and is the major selenoprotein in plasma. Although the
biological function of selenoprotein P has not been established, we have recently shown that selenoprotein P has
phospholipid hydroperoxide glutathione peroxidase-like activity. To study the structure and function of selenoprotein
P, we produced monoclonal antibodies against human selenoprotein P. Immunization of rats with purified selenoprotein
P was followed by hybridization, cloning, and the establishment of eleven hybridomas producing specific antibodies
against human selenoprotein P.  With the addition of six kinds of insoluble rat anti-human selenoprotein P mono-
clonal antibodies to human plasma, the selenium concentration of the supernatant was decreased to 47% of the
control. This suggests that selenoprotein P constituted 53% of total plasma selenium. Western blot analysis of the
immunoprecipitate from human plasma showed that the antibodies specifically bound to a 69 kDa protein, repre-
senting selenoprotein P. Next, we developed an enzyme-linked immunosorbent assay for selenoprotein P using two
monoclonal antibodies. The plasma concentration of selenoprotein P in 77 normal individuals was 5.3 ± 1.1 µg/ml.
Because preferential depletion of selenoprotein P by low density lipoprotein (LDL)-apheresis has been reported, we
next measured selenoprotein P concentration of plasma samples from patients before and after LDL-apheresis. We
confirmed that the plasma concentration of selenoprotein P was decreased from 5.7 to 2.3 µg/ml by LDL-apheresis.
This result shows that this assay provides a reliable means of measuring the content of selenoprotein P in plasma.
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INTRODUCTION

Selenium is an essential trace element and a de-
ficiency of this element allows the development of
a cardiomyopathy known as Keshan disease in
China.1) Epidemiological and animal studies also
show that selenium deficiency predisposes to sev-
eral pathological conditions, such as cancer, coro-
nary heart disease and liver necrosis.2–5) It was
thought that selenium exerts its biological effects as
a constituent of selenoproteins and that the patho-
logical conditions associated with selenium defi-
ciency are due to a decrease in selenoproteins. Ex-
tracellular glutathione peroxidase (eGPx) and
selenoprotein P both exist as selenoprotein in hu-
man plasma.6,7) eGPx, catalyzes the reduction of

hydrogen peroxide and phospholipid hydroperoxide
in the presence of glutathione,8,9) and contains one
selenium atom, in the form of selenocysteine, in the
active site per subunit, which is encoded by the opal
codon, UGA.10) On the other hand, selenoprotein P
is a selenium-rich protein.11,12) The cDNA sequence
suggests that selenoprotein P contains
10 selenocysteines encoded by UGA stop codons in
the open reading frame of its mRNA.13,14) Several
lines of evidence in vivo also suggest that
selenoprotein P is a free radical scavenger.15,16) Re-
cently, we demonstrated that selenoprotein P can
reduce phospholipid hydroperoxide in the presence
of glutathione.17)

In this paper, we report the production of anti-
bodies against human selenoprotein P by using a
method of preparing rat-monoclonal antibody-pro-
ducing hybridomas. By utilizing these antibodies,
we analyzed the selenium content and form of
selenoprotein P in human plasma, developed a reli-
able enzyme-linked immunosorbent assay (ELISA)
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for human selenoprotein P, and finally applied it to
plasma samples from normal individuals and patients
treated by LDL-apheresis.

MATERIALS AND METHODS

Preparation of Monoclonal Antibody against
Selenoprotein P —–—  A technique for preparing hy-
bridomas producing rat monoclonal antibodies was
used in this study.18,19) Human selenoprotein P was
purified as described previously.17) Eight-week-old
female WKY/NCrj rats were injected via their hind
footpads with an emulsion containing purified hu-
man selenoprotein P and Freund’s complete adju-
vant. The animals were sacrificed 2–5 weeks after
initial immunization. The cells from enlarged me-
dial iliac lymph nodes were used for cell fusion, fol-
lowed by hybridization, cloning, and the establish-
ment of hybridomas. Screening for the production
of anti-human selenoprotein P antibodies was done
by solid-phase ELISA. The class and subclass of rat
monoclonal antibodies was determined using a Rat
MonoAb ID/SP Kit (Zymed Laboratories Inc., South
San Francisco, CA, U.S.A.). Monoclonal antibod-
ies were purified from culture media in which hy-
bridomas were growing, using 40% saturated am-
monium sulfate precipitation and DE-52 column
chromatography (Whatman Int., Kent, U.K.).
Immunoprecipitation and Immunoblotting of
Selenoprotein P —–—  Six monoclonal antibodies
(BD1, BD3, BF2, AE2, AH5 and AA3) were used
for this study. The six antibodies were coupled to
Sepharose 4B (Amersham Pharmacia Biotech,
Uppsala, Sweden) by using cyanogen bromide.20)

After the addition of varying amounts of the six an-
tibody-conjugated Sepharose 4B to human plasma,
the selenium content of the supernatant was mea-
sured as described previously.17) The six antibody-
conjugated Sepharose 4B was applied to plasma and
incubated for 1 hr at 4°C. The column was washed
by phosphate buffered saline (PBS) and eluted with
PBS containing 0.8% SDS, 0.004% bromophenol
blue, 0.004% malachite green and 4% glycerol.
Samples were subjected to SDS-polyacrylamide gel
electrophoresis in slab gels (12.5% gel) under non-
reducing or reducing conditions, according to the
method of Laemmli.21) After electrophoresis, proteins
in the gel were electroblotted onto a polyvinylidene
difluoride membrane (Millipore Co., Bedford, MA,
U.S.A.). Proteins in the membrane was detected by
six horseradish peroxidase (HRP)-conjugated mono-

clonal antibodies, which were conjugated with HRP
according to the methods of Nakane et al.22) HRP-
labeled bands were detected using an enhanced
chemiluminescence kit (Amersham Pharmacia
Biotech, Uppsala, Sweden).
The Sandwich ELISA Procedure —–—  Ninety-six-
well microtiter plates were coated for 18 hr at 4°C
with 100 µl of rat anti-human selenoprotein P mono-
clonal antibody BD1 (5 µg/ml) in 0.05 M sodium
bicarbonate buffer, pH 9.6. The wells were washed
three times with PBS containing 0.05% Tween 20,
and incubated at 37°C with 150 µl of Block Ace for
1 hr. After washing the wells three times, 50 µl of
selenoprotein P standard or plasma sample (diluted
with PBS, containing 0.05% Tween 20 and 0.1%
bovine serum albumin, PBS-Tween-BSA) was added
to each well, and incubated at 37°C for 1 hr. After
washing the wells three times, 50 µl of HRP-conju-
gated rat anti-human selenoprotein P monoclonal
antibody AH5 (20 µg/ml) was added, and incubated
at 37°C for 1 hr. Finally, the plates were washed three
times, and dried by shaking. Fifty microliters of
TMB+ (DAKO Co., Carpinteria, CA, U.S.A.) was
added to each well, and the enzyme-substrate reac-
tion was allowed to proceed for 30 min in the dark.
The reactions were stopped by the addition of 50 µl
of 1 M sulphuric acid to each well. The absorbances
were read at 450 nm in a Dual Wavelength Flying
Spot Scanning Densitometer CS-9300 PC. Wells re-
ceiving all reagents apart from serum sample were
used as blanks.
Blood Samples and Biochemical Analysis of Vol-
unteers and Patients —–—  Seventy-three healthy
adult volunteers (50 males and 23 females, aged
54.0 ± 7.2 years) participated in this study. The pa-
tients treated by LDL-apheresis all had familial hy-
percholesterolemia, and five of them had severe
coronary artery disease. Diagnoses were based on
pedigree analysis and Achilles tendon thickness. All
patients received oral drug therapy first, and those
for whom this therapy was unsuccessful received
LDL-apheresis. They were treated LDL-apheresis
at 2-week intervals, and 3 to 4 liters of plasma was
treated at each apheresis. Pre-treatment blood was
drawn from the vein of the patients at the first
apheresis and the post-treatment blood samples were
obtained at an end of apheresis. The blood was
sampled into glass tubes containing EDTA (1 mg/
ml blood), immediately separated to plasma by cen-
trifugation for 15 min at 1700 g, and each plasma
sample was kept at –80°C until measurement. Sele-
nium concentration was determined according to the
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fluorometric method of Bayfield and Romalis.23) To-
tal plasma cholesterol was measured using an enzy-
matic method. LDL cholesterol concentration was
measured directly using a homogenous method
(Daiichi Chemical Inc., Tokyo, Japan).

RESULTS

Using purified selenoprotein P as an antigen,
11 hybridomas were obtained by using a method for
preparing hybridomas producing rat monoclonal
antibodies. The properties of these antibodies are
summarized in Table 1. These monoclonal antibod-
ies can be used for ELISA, and six of them can be

used for immunoblot.
Figure 1A shows the immunoprecipitation of

selenoprotein P in human plasma. Plasma Se was
decreased in a dose–dependent manner. The decrease
reached a constant at 47% of the control. Next, we
conducted immunoblot analysis (Fig. 1B). A major
69 kDa band could be detected on the immunoblot,
while a weaker stained band with a higher molecu-
lar mass could also detected under non-reducing
conditions, but not under reducing conditions (data
not shown).

We developed an ELISA for selenoprotein P.
Selenoprotein P purified from human plasma was
serially diluted and introduced into the wells of
microtiter plates coated with the anti-selenoprotein
P monoclonal antibody, BD1. A typical standard
curve is shown in Fig. 2. To examine the possibility
of assaying selenoprotein P in plasma, the plasma
was diluted 10- to 1000-fold. The relationship was
linear for immunoreactive selenoprotein P at a dilu-
tion of over 30- to 200-fold (data not shown). Ac-
cordingly, plasma samples were routinely diluted
100-fold with PBS-Tween-BSA before use. We have
found this assay to be highly reproducible when iden-
tical samples are compared in either intra-assay or
inter-assay, with the relative standard deviations
within triplicate determinations were 4.0% and 7.7%,
respectively. The plasma concentration of selenium
in 73 normal individuals was 116 ± 17 ng/ml and that
of selenoprotein P was 5.3 ± 1.1 µg/ml. There was

Fig. 1. Immunoprecipitation and Immunoblot Analysis of Selenoprotein P in Human Plasma
A, After the addition of varying amounts of the six antibody-conjugated Sepharose 4B to human plasma, the selenium content of the supernatant

was measured as described “Material and Methods.” B, After the addition of six monoclonal antibody-conjugated-Sepharose 4B to human plasma, the
immunoprecipitate was subjected to immunoblot analysis. Molecular mass standard locations are shown on the left.

Table 1. Properties of Rat Anti-Human SeP Monoclonal Anti-
bodies

subclass L chain immunoblotting

AA3 IgG1 κ ++

AB1 IgG1 κ −
AE2 IgG1 κ +

AH5 IgG1 κ ++

BD1 IgG2a κ +++

BD3 IgG2a κ ++

BF2 IgG1 κ +

DH6 IgG1 κ −
DH7 IgG1 κ −
DH9 IgG1 κ −
DC12 IgG1 κ −
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no correlation between selenoprotein P and selenium
in healthy subjects (data not shown). Selenoprotein
P concentrations for each age group and gender are
shown in Fig. 3, and no significant differences were
observed between age and gender.

Because the preferential depletion of
selenoprotein P by LDL-apheresis has been re-
ported,24) we measured selenoprotein P concentra-

tion of plasma samples from patients before and af-
ter LDL-apheresis using our assay system. We found
that total cholesterol and LDL cholesterol were de-
creased to 49% and 38%, respectively, after treat-
ment. Significant decreases were also observed in
plasma selenium and selenoprotein P concentrations
after treatment (Table 2).

DISCUSSION

Selenoprotein P has been demonstrated to con-
tain more than one selenium atom per polypeptide
chain.25) Although the biological function of
selenoprotein P has not been established, we have
recently shown that selenoprotein P has phospho-
lipid hydroperoxide glutathione peroxidase-like ac-
tivity.17) For further study of the structure and func-
tion of selenoprotein P, we raised monoclonal anti-
bodies against selenoprotein P. By the addition of
six monoclonal antibody-conjugated Sepharose 4B
to plasma, plasma selenium concentration was de-
creased to 47% of the control (Fig. 1A). This sug-
gests that 53% of plasma selenium was associated
with selenoprotein P, and this result is in close agree-
ment with previously reported values.7) Immunoblot
analysis of the immunoprecipitate gave only one
major 69 kDa band (Fig. 1B), suggesting that
selenoprotein P is present in one major form.
Selenoprotein P in human plasma is reported to be
present in two isoforms.7,26) It is probable that a low-
molecular-weight selenoprotein P was produced by
plasma protease in the course of the purification pro-
cedure.

It has been reported that insufficient plasma se-
lenium levels are associated with a decreased sur-
vival rate of human immunodeficiency virus (HIV)-
infected patients, increased rate of cancer incidence
and atherosclerosis.2,3,27) However, it is not known
which selenoprotein is responsible for this effect.

Fig. 3. The Plasma Concentration of Human Selenoprotein P
of Healthy Individuals

Fig. 2. Standard Curve of ELISA for Human Selenoprotein P
The values represent the means ± SEM for triplicate.

Table 2. Plasma Selenium and Selenoprotein Concentrations before and after Treatment of Hypercholesterolaemic Patients by
Apheresis

Hypercholesterolaemic Hypercholesterolaemic Significance

patients before LDL- patients after LDL- (before and after

apheresis (n = 7) apheresis (n = 7) LDL-apheresis)

total cholesterol (mmol/l) 206 (29) 100 (16) p < 0.001

LDL cholesterol (mmol/l) 144 (22) 54 (15) p < 0.001

Se (ng/ml) 121 (13) 85 (15) p < 0.001

SeP (µg/ml) 5.7 (1.1) 2.3 (1.3) p < 0.001

eGPx (mU/ml) 402 (43) 368 (37) —
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To understand the relationship between these dis-
eases and selenoprotein P, we developed an ELISA
for selenoprotein P by using BD1 and AH5. First,
we applied this ELISA to plasma samples from nor-
mal individuals (Table 1). There was no correlation
between selenoprotein P and selenium concentra-
tions. Further, no significant differences were de-
tected between age and gender. This result was in
agreement with that of a previous report.28)

 The relationship between total cholesterol and
LDL cholesterol levels and incidence of coronary
artery disease (CAD) is well established.29,30) Primary
and secondary prevention trials have shown that
lipid-lowering therapy results in a reduced progres-
sion of atherosclerosis.31–33) LDL apheresis, the di-
rect removal of plasma LDL from circulating blood
by using an extracorporeal circulation technique, is
thought to be the most intensive treatment for fa-
milial hypercholesterolemia (FH) with CAD when
plasma LDL levels can not be sufficiently lowered
by drugs. Combined treatment with LDL-apheresis
and cholesterol lowering drugs for patients at high
risk for cardiovascular events arrests further progres-
sion of CAD, and induces functional improvement
of the coronary blood flow.34) On the other hand, it
has been reported that there is a significant inverse
correlation between the plasma selenium level and
severity of coronary atherosclerosis or common ca-
rotid atherosclerosis.3,4) As selenoprotein P reduces
lipid peroxide,17) it might act as an anti-atherogenic
enzyme to prevent the formation of oxidized LDL.
Seven FH subjects in this study were treated with
LDL-apheresis at 2-week intervals for several years.
The ELISA developed by us confirmed that
selenoprotein P levels were reduced by LDL-
apheresis treatment (Table 2). It is conceivable that
apheresis may result in a decrease of plasma sele-
nium and selenoprotein P concentrations each time.
In most cases, the selenoprotein P concentration of
patients before treatment was equal to that of nor-
mal individuals. Therefore, a lower selenoprotein P
level is a possible risk factor for atherosclerotic dis-
ease. If this is the case, it is important to measure
the selenoprotein P level of patients treated with
LDL-apheresis in order to determine whether sele-
nium supplementation is necessary.

The newly developed ELISA provides an easier
and more reliable means of measuring the
selenoprotein P content of plasma, than previously
reported assays for selenoprotein P, such as radio-
immunoassay24,25) or chromatographic assay.35)
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