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We developed a simple method to detect
apolipoprotein E (Apo E) polymorphism
distribution in approximately 20 mL of
unconcentrated cerebrospinal fluid (CSF).
A combination of isoelectric focusing in 3 M
urea gel and immunoblotting was em-
ployed. Apo E phenotypes were identified
in CSF samples from 45 patients with
probable Alzheimer disease (AD), 15 with

multiple sclerosis (MS), and 25 with other
neurological diseases (OND). When the
data were compared with a set of matched
plasma samples, the results were identical.
The method is useful for Apo E phenotyp-
ing from fresh or frozen unconcentrated
CSF, when blood or plasma is not avail-
able. J. Clin. Lab. Anal. 17:18–21, 2003.
�c 2003 Wiley-Liss, Inc.
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INTRODUCTION

Apolipoprotein E (Apo E) is a 34-kd polymorphic
protein that is involved in the transportation and
redistribution of lipids among various tissues (1). There
are three major isoforms of Apo E that have been
detected in human plasma: Apo E2, Apo E3, and Apo
E4. They are products of three alleles (E2, E3, and E4) at
a single gene locus on chromosome 19 (2,3). As a result,
six Apo E phenotypes (E2/2, E2/3, E2/4, E3/3, E3/4, and
E4/4) are possible. E3 is the most common Apo E
isoform, whereas E4 and E2 are less common. Apo E4
differs from Apo E3 due to the presence of arginine
instead of cysteine at residue 112, while ApoE2 differs
from Apo E3 due to the presence of cysteine rather than
arginine at residue 158.

The major apolipoproteins in cerebrospinal fluid
(CSF) are E and A-1 (4). ApoE is present in CSF at
3–5% of the plasma concentration (4,5). A number of
studies have shown a strong association of Apo E
isoforms with certain neurological diseases. The Apo E
E4 allele is a significant risk factor for the development
of sporadic and familial late-onset Alzheimer disease
(AD) (5–7). Apo E4 has also been implicated in
development of Creuzfeldt-Jacob disease (8) and Par-
kinson disease (9). Recent reports also show a link

between Apo E E4 allele and the progression of multiple
sclerosis (MS) (10,11).

A number of investigators have analyzed Apo E
phenotyping in plasma or sera by isoelectric focusing
(IEF) followed by immunoblottting (12–15). Recently
investigators have examined Apo E isoforms in blood
samples by using the polymerase chain reaction (PCR)
method (6,7). However, no information has been
reported concerning Apo E phenotyping of unconcen-
trated CSF. We report a simple and accurate method for
Apo E phenotyping, in unconcentrated CSF and
matched pairs of plasma or serum, using modified IEF
and immunoblotting (14). Since both Apo E phenotyp-
ing and genotyping techniques have been used to
determine ApoE polymorphism, we examined the
isoforms of a number of AD and control plasma
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samples by phenotyping, and compared them to those
found by genotyping.

MATERIALS AND METHODS

Subjects

The study included matched pairs of CSF and plasma
or sera samples from 45 patients with probable AD, 15
patients with relapsing-remitting multiple sclerosis
(MS), and 25 patients with other neurological diseases
(OND). The OND group involved Lyme disease
(n¼ 13), central nervous system lupus (n¼ 2), poly-
neuropathy (n¼ 2), Guillain-Barre syndrome (n¼ 2),
seizure (n¼ 3), and headache (n¼ 3). The AD patients
ranged in age from 60 to 80 years (mean 71 years), and
the OND group from 44 to 63 years (mean 53 years). In
addition, we also included plasma and blood from 24
patients with probable AD, and from 31 elderly
nondemented controls, and compared the Apo E
polymorphism by both phenotyping and genotyping
methods.

Apo E Phenotyping

Sample preparation

Fifty mL of CSF were pretreated with 6.25 mL of 5
mM dithiothreitol (DTT), 1% (v/v) Tween-20. Twenty
mL each of serum and plasma were treated with 180 mL
of the DTT solution. The samples were incubated for 18
hr at 41C.

Isoelectric Focusing and Immunoblotting

CleanGel IEF (Amersham Pharmacia Biotech, Piscat-
away, NJ), a dehydrated polyacrylamide gel, was cut in
half and rehydrated in 5.25 mL in a solution containing
3 M urea, 0.12 mL pH 4.5–5.4 Pharmalyte, and 0.24 mL
pH 5–8 Pharmalyte (Amersham Pharmacia Biotech,
Piscataway, NJ). The gel was placed in a plastic bag on a
rocker and rehydrated for 72 hr at 41C. The rehydrated
gel was placed on a precooled flatbed electrophoresis
unit, and prefocusing was carried out at 1,000 V, 50 mA,
and 25 W for 30 min. The cathode and anode solutions
were 1 M sodium hydroxide and 1 M phosphoric acid,
respectively. A sample wick was dipped into CSF or
plasma, and approximately 15–20 mL were applied on
the gel 5 mm from the cathode. Focusing was continued
at 1,600 V, 50 mA, and 25 W for 30 min. The sample
wicks were removed and focusing was continued at
2,000 V, 25 mA, and 25 W for 2 hr (14). After focusing,
the gel was rinsed in Tris-buffered saline (TBS), pH 8.0,
and the protein was transferred by simple diffusion as
previously described (13).

Briefly, the blot was blocked in 5% nonfat milk in
TBS, rinsed with distilled water, and incubated in goat
antiserum to human Apo E (1:5,000 dilution) (Incstar
Corp., Stillwater, MN) in TBS for 18 hr at 41C with
constant shaking. The blot was washed four times for
5 min in TBS and incubated in rabbit antiserum to goat
IgG conjugated to alkaline phosphatase (1:10,000
dilution) (Biosource International, Camarillo, CA) in
TBS for 2 hr at room temperature. The blot was
developed by incubation at room temperature for 5–10
min in substrate solution: 5-bromo-4-chloro-3-indoxyl
phosphate p-toluidine salt (Sigma Chemicals, St. Louis,
MO); 5 mg/mL in dimethylformamide and nitro blue
tetrazolium chloride (Sigma Chemicals, St. Louis, MO);
and 1 mg/mL in 0.1 M Tris-HCl buffer, pH 9.0, 2 M
MgCl2. When the bands showed a dark purple color, the
enzyme reaction was stopped by rinsing the blot with
distilled water.

Apo E Genotyping

Apo E genotypes of blood samples from the AD and
control groups were determined using the PCR method
as previously described (16). The PCR products were
digested with HhaI and subjected to polyacrylamide gel
electrophoresis. Separated DNA fragments were visua-
lized using ethidium bromide staining.

RESULTS

We examined Apo E polymorphism in a total of 85
matched pairs of CSF and serum samples. Figure 1
shows typical immunoblotting after the IEF patterns of
CSF and serum Apo E phenotypes. Apo E4 showed one
distinct band toward the cathode. Apo E3 had three
distinct bands with different isoelectric points, whereas
Apo E2 showed one band toward the anode. The
matched CSF and serum samples had identical Apo E
phenotypes, but the intensities of the bands differed. The
serum samples had denser bands than the CSF samples.
The matched pairs of plasma and sera showed identical
band patterns (data not shown), indicating that either
fluid is suitable for the determination of Apo E allele
frequencies. The Apo E polymorphism distribution of
the samples is given in Table 1. The higher frequency of
Apo E E4 allele reported in the AD group was consistent
with previous findings (5). The frequency of Apo E E4
allele in patients with MS and OND was similar to that
reported previously (17).

In order to determine whether the Apo E phenotying
results were identical to those from Apo E genotyping,
we examined ApoE isoforms in plasma samples from 24
AD patients and 31 nondemented controls. There was a
96.3% concordance of results between the two methods
(Table 2). The Apo E phenotye and genotype distribu-
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tion was identical in the AD group and in 29 of 31
individuals in the elderly nondemented control group.
Two samples that showed the E4/E3 isoform by
phenotyping showed E4/E4 and E3/E3 by the genotyp-
ing technique.

DISCUSSION

Apo E phenotyping was originally carried out using
IEF of ultracentrifugally isolated very-low-density
lipoprotein (18,19). However, several investigators have
recently reported the use of simple and rapid IEF
following immunoblotting for the detection of ApoE
phenotyping (14,15). Although the latter method was

found to be useful for Apo E phenotyping of plasma
and synovial fluid (20), the Apo E phenotype had not
heretofore been identified in unconcentrated CSF. In a
large number of CSF samples, we showed that the
method is useful for Apo E phenotyping in patients with
neurological diseases.

The differences in CSF and serum Apo E band
intensities (Fig. 1) reflect higher concentrations of
Apo E in serum than in CSF (4,5). The accuracy of
our method was confirmed by comparing the genotype
of blood samples identified by using the PCR method.

Fig. 1. Top: Apo E immunoblots showing five of the six possible phenotypes. Lanes 1–3: MS CSF. Lanes 4 and 5: ApoE standards. Lanes 6–8:

MS sera. Bottom, Lanes 9 and 10: ApoE standards. Lanes 11 and 12: OND serum and CSF. Lanes 13–15: AD CSF.

TABLE 1. ApoE phenotypes in AD, MS and OND CSF

Group ApoE polymorphism distribution

E4/E4 E4/E3 E4/E2 E3/E3 E3/E2 E2/E2

AD (n=45) 8 22 1 13 1 0

MS (n=15) 0 4 0 8 3 0

OND (n=25) 1 4 0 18 2 0

TABLE 2. ApoE phenotype and genotype in AD and control

plasma

Group ApoE polymorphism distribution

E4/E4 E4/E3 E4/E2 E3/E3 E3/E2 E2/E2

AD (n=45)

Phenotype 6 11 1 4 1 1

Genotype 6 11 1 4 1 1

Controls (n=31)

Phenotype 0 7 0 19 5 0

Genotype 1 5 0 20 5 0
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The concordance rate of 96.3% in this study was in
accordance with other studies (14,21). There was
complete agreement between the two methods in AD
patients. The reason for the discrepancy seen in the Apo
E isoforms in two nondemented control samples is not
known. However, it may be due to other Apo E
variants, as reported previously (22).

In the present study we examined Apo E phenotypes
of a small number of MS CSF and sera samples. Our
findings of Apo E isoform distribution between the MS
and OND groups are consistent with published reports
(17). It has been reported that Apo E E4 allele is a high
risk factor for the progression of disability in MS
(10,11). However, other studies could not confirm those
findings (23,24). Further studies with a greater number
of samples from patients with primary progressive MS
are essential to clarify these controversial findings.

Brain banks at medical centers often collect only CSF,
since it is not common practice to collect matching
blood. In such situations our method is very useful for
determining Apo E phenotypes, since only a small
amount of fresh or frozen unconcentrated CSF is
required. In summary, we have developed a simple,
inexpensive, and reliable method for ApoE phenotyping
in unconcentrated CSF. The advantages of our method
are: 1) small volumes; 2) no need for ultracentrifugation
to isolate lipoproteins, or pretreatment with neuramini-
dase; and 3) commercially available rehydrating dry
polyacrylamide gel.
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