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ABSTRACT To study apolipoprotein A-II, a simple,
precise, and accurate immunodiffusion assay was de-
veloped and applied in a population sample of in-
dustrial employees. Apolipoprotein A-II (A-II) did not
increase with age in men (r = —0.20, n = 172), but
showed a slight increase with age in women (0.1
mg/dl per yr, r = 0.20, n = 188). A-II correlated sig-
nificantly with apolipoprotein A-I (A-I) (r = 0.71)
and high density lipoprotein (HDL) cholesterol (men,
r = 0.64; women, r = 0.49). The A-I/A-II ratio was
significantly related to HDL cholesterol (men, r = 0.29;
women, 7 = 0.44). Women on no medication (n = 92)
had A-II levels similar to men (34+5 and 33+5
mg/dl, mean+SD, respectively), whereas women on
oral contraceptives or estrogens had significantly
higher levels (39+6 mg/dl, n =75, P <0.01). The
plasma A-I/A-II weight ratio was 3.6+0.4 for men and
3.8+0.5 for women. In the d = 1.10-1.21 subfraction,
both males and females had similar A-I1, A-II, and HDL
cholesterol levels (men: mean, 97, 27, and 32 mg/dl,
respectively; women: mean, 104, 28, and 36 mg/dl,
respectively). Women had approximately twice the
amount of A-I, A-II, and HDL cholesterol than
men in the d = 1.063-1.10 fraction (men: mean,
10, 2, and 10 mg/dl, respectively; women: mean, 24,
4, and 19 mg/dl, respectively). The A-I/A-II weight
ratio in the d = 1.063-1.10 fraction (men, 5.1+0.7;
women, 6.1+1.3) was significantly greater (P < 0.01)
than that in the d = 1.10-1.21 fraction (men, 3.7
+0.2; women, 3.8+0.2). Furthermore, the weight ratio
of cholesterol to total apoprotein A in the d = 1.063-
1.10 fraction (men, 0.75+0.09; women, 0.67+0.05) was
significantly higher (P < 0.01) than that found in the
d = 1.10-1.21 fraction (men, 0.26+0.04, women, 0.28
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+0.05). Thus, the compositions of HDL hydrated
density subclasses are significantly different from
each other. These results suggest that the differences
in HDL between men and women are due primarily
to differences in the relative proportions of HDL sub-
classes rather than to the intrinsic differences in HDL
structure.

INTRODUCTION

High density lipoproteins (HDL),! via their interac-
tion with lecithin-cholesterol acyltransferase, play a
central role in cholesterol transport and metabolism
(1). Most HDL molecules contain two major polypep-
tides, A-I and A-II (2-5). Although apolipoprotein A-I
(A-I) has been shown to activate the lecithin-choles-
terol acyltransferase enzyme (6), a specific functional
role of apolipoprotein A-II (A-II) has yet to be docu-
mented. A simple, specific, and accurate method for
quantitation of A-II has been needed to clarify its
role in HDL structure and metabolism. The present
investigation describes a simple, yet precise and
accurate, radial immunodiffusion assay for human
plasma A-II. Furthermore, this assay has been applied
to characterize the relationship of A-II values to HDL-
cholesterol and A-I, age, sex, hormonal status, and
lipid values and to assess the A-II levels in plasma
ultracentrifugal fractions.

METHODS

Antigen and antisera preparation. HDL of d = 1.125-
1.21 was isolated from individual donors by ultracentrifuga-
tion. The nonprotein solvent density of plasma from a nor-
molipidemic fasting adult was adjusted to 1.21 g/ml with
solid KBr. Ultracentrifugation was then performed in a
60 Ti rotor (Beckman Instruments, Inc., Palo Alto, Calif.)

'Abbreviations used in this paper: A-1, apolipoprotein
A-I; A-II, apolipoprotein A-1I; HDL, high density lipoprotein;
PAGE, polyacrylamide gel electrophoresis; RID, radial
immunodiffusion; SDS, sodium dodecyl sulfate; TMU,
1,1,3,3-tetramethylurea.
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at 50,000 rpm at 10°C for 28 h. The top 10 ml of each
tube was diluted to 1.125 g/ml with 1 mM disodium
EDTA, pH 7.4, and then recentrifuged at 50,000 rpm for
26 h. After removing the top one-third by tube slicing, the
bottom 1.125-1.21 HDL fraction was brought to 6 M guani-
dine hydrochloride, and incubated at 37°C for 3 h. It was
then dialyzed against a KBr solution of d = 1.21, and centri-
fuged at 50,000 rpm for 24 h. The resulting top fraction,
containing primarily A-II and the C apoproteins, was dialyzed
against 0.15M NaCl, 1 mM disodium EDTA, pH 7.4, then
delipidated with ether-ethanol (7). This delipidated prepara-
tion was chromatographed on DEAE cellulose, equilibrated
with 0.03 M Tris-HCl (pH 8.0) containing 6 M urea, and
was then eluted with a linear gradient of NaCl from 0 to
0.125 M NaCl (8) to yield purified A-II.

Antisera to A-II was prepared by a method similar to
that previously described for A-I (9).

A-Il standards and quality control samples. A-1I was
prepared by centrifugation and ion-exchange chromatography
as outlined above. The A-II preparation was dialyzed against
5 mM NH,HCO;, pH 8.0, and assessed for protein content
by the method of Lowry et al. (10). To assess the relation-
ship between A-II and mass, duplicate amino acid analysis
was performed on two A-II standards and the molar con-
tent of A-II was calculated on the basis of the molar con-
tent of alanine (11). Amino acid composition was determined
with a JLC-5AH automatic analyzer (Joel [U.S.A.] Inc.,
Automated Analyzer Division, Crawford, N.].) using a single
column packed with Durrum DC-1A resin (Durrum Chemical
Corp., Palo Alto, Calif.). Protein samples were hydrolyzed in
6M HCI for 24 h at 110°C under N,. Elemental carbon,
hydrogen, and nitrogen analysis was also performed on
these preparations. The A-II standard was diluted with 8.4 M
1,1,3,3-tetramethylurea (TMU) from Burdick & Jackson
Laboratories, Inc., Muskegon, Mich., and then 0.01 M Tris-
HCIl buffer, pH 8.0, in 8 M Ultra-pure urea (Tris-urea)
from Schwarz/Mann Div., Becton, Dickinson & Co., Orange-
burg, N. Y., was added to give six different protein con-
centrations ranging from 1.6 to 5.5 mg/dl.

Quality control samples were prepared from three plasma
pools. 0.5-ml aliquots of these plasma pools were stored
in sealed Wheaton vials (Wheaton Scientific Div., Wheaton
Industries, Millville, N. J.) at —20°C until the day of immuno-
chemical analysis.

Plasma samples. Plasma samples were obtained after
an overnight (12-14 h) fast from adult industrial employees
participating in a population study of the prevalence of
hyperlipoproteinemia being conducted at the Northwest
Lipid Research Clinic, Seattle, Wash. The present sample of
this population, selected independently of lipid levels, was
nearly identical to that previously studied for plasma A-I
levels (9). Venous blood was drawn in Vacutainer tubes
(Becton, Dickinson & Co., Rutherford, N.J.) containing
disodium EDTA, 1 mg/dl, according to standardized
conditions (12), and promptly separated by low speed cen-
trifugation at 4°C. Plasma samples were stored at —20°C with
0.05% (weight/volume) sodium azide in sealed Wheaton vials.

Radial immunodiffusion (RID) procedure. The RID pro-
cedure for the quantitation of A-II was similar to that de-
scribed for A-I (9). A given volume of plasma or plasma
fraction, usually 50 ul, was diluted with an equal volume of
TMU and mixed. The TMU-plasma mixture was diluted
with a fivefold volume of Tris-urea and incubated for a
minimum of 30 min at room temperature. Agarose RID
plates were prepared as previously described (13). Specifi-
cally, A-II antiserum was diluted to a desired concentra-
tion (1:12-1:18) with 0.02 M Tris-HCI buffer, pH 8.0, con-
taining 0.15 M NaCl, 1 mM disodium EDTA, 0.05% (weight/
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volume) sodium azide, and 1% (weight/volume) bovine
serum albumin. 11 ml of diluted anti-A-II serum was heated
to 55°C and added to an equal volume of 2% (weight/volume)
melted agarose solution cooled to 55°C. This anti-
serum-agarose solution was mixed thoroughly and immedi-
ately poured into a prewarmed 125 x 125 x 12-mm glass dish
precoated with 1% (weight/volume) silicone. The mixture
was left to solidify on a level surface for approximately 30
min. 100 antigen wells of 1.8 mm diameter were punched out
at 11-mm intervals (center to center) using a brass needle.
4 ul of each sample was added in duplicate wells chosen
in different quadrants on the plates. Two different standard
preparations with six dilutions per standard were added to
each plate. The plates were placed in a humid chamber in
a level position at 37°C until the precipitate rings attained
their final size (48-72 h). The ring-shaped immunoprecipi-
tates were measured in 0.1-mm units using a micrometer lens
(Bausch & Lomb Inc., Rochester, N. Y.).

Lipid and lipoprotein analyses. Cholesterol and glyceride
were analyzed with the Technicon AutoAnalyzer II (Techni-
con Instruments Corp., Tarrytown, N. Y.) (12, 14). For choles-
terol analysis, the coefficient of variation was <4% and ac-
curacy was within 5% of the target value; for glyceride
analysis, the coefficient of variation was <5% and accuracy
was within 10%. To measure HDL cholesterol, 0.15 ml of
1 M MnCl, and 0.12 ml of 35 mg/ml heparin (Riker Labora-
tories, Northridge, Calif.) were added to a 3-ml aliquot of
plasma, and cholesterol determination was performed on
the supernatant fraction (12). A-I was analyzed by the RID
method of Albers et al. (9).

The cholesterol and A-I and A-II contents of various
ultracentrifugal fractions were determined. To prepare these
fractions, fresh plasma from three to four donors of the same
sex was pooled, and 4-ml aliquots were adjusted to the non-
protein solvent density of 1.10 g/ml with solid KBr, over-
layered with 2 ml of KBr solution of d = 1.10, and centrifuged
in a 40.3 Ti rotor at 39,000 rpm at 16°C for 48 h. The top
2.5 ml containing the d = 1.10 fraction was carefully aspirated
with a Pasteur pipette, dialyzed against 0.15 M NaCl, 1 mM
disodium EDTA, pH 7.4 (saline-EDTA), and saved for
cholesterol and A-I and A-II analyses. The bottom fraction,
constituting the d > 1.10 fraction, was either similarly
dialyzed and retained for lipid and apolipoprotein analyses,
or adjusted to d = 1.21 g/ml with solid KBr and overlayered
with approximately 2 ml of KBr solution of d = 1.21, and
then centrifuged as before but for 28 h. To prepare the
d = 1.063-1.10 fraction, the d < 1.10 fraction was diluted
with 1 mM disodium EDTA, pH 7.4, to a density of 1.063,
then overlayered with approximately 2 ml of KBr solution
of d = 1.063 and centrifuged for 28 h. The top 3.5 ml of the
d =121 spin and the bottom 3.5 ml of the d = 1.063 spin
which contained the d = 1.10-1.21 and d = 1.063-1.10 frac-
tions, respectively, were dialyzed against saline-EDTA and
saved for cholesterol, A-I, and A-II analyses.

For preparation of the HDL fractions for polyacrylamide
gel electrophoresis, the d = 1.063-1.10 and 1.10-1.21 frac-
tions were recentrifuged at d = 1.10 and 1.21, respectively,
for 40 h to remove traces of albumin.

Quantitation of A-I and A-I1 by polyacrylamide gel electro-
phoresis. Polyacrylamide disc gels of the size described by
Kane et al. (15) were used.

The d = 1.063-1.10 and d = 1.10-1.21 HDL fractions,
washed free of albumin, were delipidated by ether-ethanol
(3:1), dried under nitrogen, and redissolved in a Tris-TMU
mixture (one part of 0.03 M Tris-HCI, pH 8.0, with one part
of stock TMU). A-I and A-II standards in which identity,
purity, and mass had been established by amino acid
analysis, elemental carbon, hydrogen, and nitrogen analysis,



FIGURE 1 SDS polyacrylamide gel electrophoresis of A-II.
40 pug of A-II was preincubated with 1% SDS and 1% B-
mercaptoethanol for 2 min at 100°C.

sodium dodecyl sulfate (SDS) polyacrylamide gel electro-
phoresis, and Lowry protein determination were similarly
dissolved. Four different volumes (80-200 ul) of apo A-I
(50-150 pg) and apo A-II (20-60 ug) standards, and two
different volumes of each HDL fraction were applied on the
gels. Bromophenol blue and sucrose solution (80% weight/
volume) were added to each sample and mixed. Electro-
phoresis and gel staining were carried out according to the
method of Kane et al. (15). Gels were destained in 7% acetic
acid in a circulating destainer (Hoefer Scientific Instruments,
San Francisco, Calif.) until a clear background was attained.
Densitometric scanning was performed on an integrated
densitometer (Quick Scan and Quick Quant II, Helena
Laboratories, Beaumont, Tex.).

Statistical analyses. The significance of statistical differ-
ences between mean values of various parameters were
analyzed using the Student’s t test. Pearsons’ correlation
coefficient, r, was used to show the degree of linear associa-
tion between the different variables. The significance of
r is found from the t-distribution using the formula ¢,_,
=rV(n — 2)/(1 — r? (16). Correlation coefficients and fre-
quency distributions were analyzed with a standard Statistical
Package for Social Sciences program (17) on the Control Data
Corp. 6400 series (Minneapolis, Minn.) at the University of
Washington computer center.

RESULTS

Characterization of A-II standard. Amino acid
analysis of three separate preparations of A-II were
nearly identical to that published (with no detectable
histidine or arginine) (11). Furthermore, the A-II
preparation migrated as a single band in SDS gel
electrophoresis (18) with an apparent molecular weight
of the reduced form of 8,700 (Fig. 1). 1 mg of A-II
determined by the Lowry method was equivalent to
1.04 mg by elemental carbon, hydrogen, and nitrogen
analysis and 0.96 mg by amino acid analysis. There-
fore, the Lowry protein value was used to assess A-I1
mass.

Immunoassay validation. The rabbit anti-human
A-II sera produced a single precipitate arc of identity
between delipidated HDL (apo-HDL) and purified

A-II in gel diffusion plates, but did not react with
human serum albumin, apoproteins A-I, C-1, C-I1, C-I1I,
D, or the “arginine-rich peptide”. The relationship
between the square of the diameter of the precipitate
ring and the amount of A-II was linear over the range
of 0.8-7.2 mg/dl (r = 0.995+0.004, n = 36). The diam-
eters of the precipitate rings ranged from 3.2 mm for
the 0.8-mg/dl standard to a maximum of 8.5 mm for the
7.2-mg/dl standard.

Apo-A-II standards diluted in either Tris buffer,
Tris-urea, or TMU plus Tris-urea gave precipitate
rings of comparable diameters, indicating that neither
7.2 M urea nor 0.84 M TMU affected final precipitate
ring size (Fig. 2). When various dilutions of plasma
were prepared separately in each of these diluents,
only TMU plus Tris-urea gave a dilution curve parallel
to the standard (Fig. 3), whereas in Tris buffer and
Tris-urea, the apparent A-II concentration increased
with increasing dilution. Thus, combination of TMU
and Tris-urea is a valid diluent for plasma samples.

A-II values obtained on 48 plasma samples delipi-
dated with ether-ethanol (3:1) were slightly lower (93
+9%) than those obtained by the standard RID method
using undelipidated plasma in the presence of TMU.
In an additional experiment, A-II standard was added
to each of two plasma pools. Eight aliquots of each of
these mixtures of plasma and A-II were delipidated.
The recovery of the added A-II averaged 94+6%.
Thus, taking into consideration the approximate 6%
loss of A-II which occurred during delipidation, the
A-II values obtained on delipidated plasma were
comparable to those obtained by the TMU procedure.

The effect of freezing and thawing on the plasma A-II
level by RID was also studied. Six plasma samples
were stored in sealed Wheaton vials for 4 wk at
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FIGURE 2 Relationship of precipitate ring size to A-II
concentration. 50 ul of stock A-II standard in 0.01 M Tris-
HCI buffer, pH 8, diluted with 450 ul of 0.01 M Tris-
HCI buffer, pH 8 (O), or Tris buffer with 8 M urea, desig-
nated Tris-urea (A), or with 50 ul TMU plus 400 ul Tris-
urea (X).
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FiGURE 3 Comparison of plasma in various diluents with
the A-II standard. 50 ul of whole plasma or plasma dilutions
diluted with 450 ul of 0.01 M Tris-HCI buffer, pH 8 (O), or
Tris buffer with 8 M urea, designated Tris-urea (A), or with
50 ul TMU plus 400 pul Tris-urea (X) as compared to A-II
standard diluted with TMU plus Tris-urea (@).

4°C or —20°C. During this time the frozen samples
were thawed for 4-8 h once weekly. The A-II con-
centration of the samples repeatedly frozen and
thawed agreed within 5% with the A-II levels of the
corresponding aliquots stored at 4°C.

An assessment of between-assay reproducibility was
also performed by including aliquots of the three
quality control pools in each assay. The means and
SD of these pools were as follows: 24.8+1.5 mg/dl,
n = 32; 33.7+1.2 mg/d], n = 25; and 40.9+1.6 mg/dl,
n = 25. Hence, the between-assay coefficient of varia-
tion ranged from 4 to 6%.

‘A-1, A-I1, and cholesterol content in ultracentrifugal
fractions. Plasma ultracentrifugal fractions from
six male and six female pools were analyzed for A-I,
A-I1, and cholesterol (Tables I and II). Women had
approximately twice the amount of A-I, A-II, and HDL
cholesterol than men in the d = 1.063-1.10 fraction. In
contrast, women had only slightly more A-I, A-II,
and HDL cholesterol than men in the d = 1.10-
1.21 fraction. The A-I/A-II weight ratio in the d
= 1.063-1.10 fraction was significantly greater (P
< 0.01) than that found in the d = 1.10-1.21 fraction
for both men and women. Furthermore, the weight
ratio of cholesterol to apoprotein A in the d = 1.063-
1.10 fraction (men, 0.75+£0.09; women 0.67+0.05) was
significantly higher (P < 0.01) than that found in the
d = 1.10-1.21 fraction (men, 0.26+0.04; women, 0.28
+0.05). The A-I/A-II ratio or cholesterol/apoprotein A
ratio was not significantly different between men
and women for either the d = 1.063-1.10 fraction or
the d = 1.10-1.21 fraction.
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The A-I and A-II levels in the d < 1.10 fraction was
nearly identical to that in the d = 1.063-1.10 fraction,
indicating that on the average only 0.7% of the total
A-I and A-IT was found in the d < 1.063 fraction. A
similar comparison between the d = 1.10-1.21 fraction
and the d > 1.10 fraction indicates that whereas 2.7%
of total plasma A-II was found in the d > 1.21 frac-
tion, approximately 10% of total plasma A-1 was found
in this fraction.

TABLE I
A-I and A-II Content in Ultracentrifugal Fractions

Ultracentrifugal fractions*

d =1.063 d=1.10
d<1.10 -1.10 -121 d> 110
Males
A-1, mg/dl 12.3 9.0 79.0 92.0
10.4 10.3 110.2 120.9
9.7 10.7 101.3 114.0
14.3 14.2 96.8 109.9
134 11.2 98.9 1114
6.3 6.6 96.8 105.2
1112291 103+25 972102  108.9:9.8
A-11, mg/dl 2.6 2.1 234 22.8
2.4 2.2 29.0 29.2
1.9 1.9 27.3 29.0
2.5 2.7 26.1 26.1
24 1.8 25.8 28.4
1.1 14 279 29.1
2.2+0.6 2.0+0.4 26.6+2.0 27.4+2.6
A-T/A-I1, 4.7 4.3 34 4.0
weight ratio 4.3 4.7 3.8 4.1
5.1 5.6 3.7 3.9
5.7 53 3.7 4.2
5.6 6.2 3.8 3.9
5.7 4.7 3.5 3.6
5.2+0.6 5.1x0.7 3.7£0.2 4.0+0.2
Females
A-1, mg/dl 17.0 18.0 113.7 121.1
23.7 21.7 108.9 116.3
21.9 21.8 91.3 107.1
28.0 28.8 109.0 114.6
24.5 28.8 105.3 108.2
24.8 24.1 98.4 112.7
23337  238+43 1044282  113.3:52
A-I1, mg/dl 39 4.0 317 30.8
4.0 4.2 31.6 29.7
4.1 4.0 24.0 26.3
38 3.9 274 29.9
3.2 3.6 26.7 26.3
3.8 4.0 25.2 27.5
3.8+0.3 3.9+0.2 27.7+3.2 28.4+2.0
A-V/A-I1, 4.4 4.5 3.6 3.9
weight ratio 5.9 5.2 3.4 3.9
5.3 5.5 3.8 4.1
74 7.4 4.0 3.8
7.7 8.0 3.9 4.1
6.5 6.0 3.9 4.0
6.2+1.3 6.1x1.3 3.8+£0.2 4.0x0.1
* Each number rep ts li in analysis on ultracentrifugal fractions
from individual plasma pools Each pool is made up of three to four different
plasmas.
{ Mean+SD.



TABLE II
Cholesterol Content in Ultracentrifugal Fractions

Cholesterol*

Ultracentrifugal

fractions Male Female
mg/dl
d =1.063-1.10 9.5 14.0
9.2 18.1
8.4 17.6
14.0 23.9
8.6 19.3
9.9+2.3% 18.6+3.6
d=1.10-121 25.7 32.8
315 31.7
28.2 28.1
37.0 46.0
38.9 39.2
324 38.9
32.3+5.0 36.1+6.5

* Each number represents cholesterol analysis on ultra-
centrifugal fractions from individual plasma pools.
1 Mean+SD.

Quantitation of A-I and A-II on plasma HDL frac-
tions from two male and two female pools by the RID
method was compared to an independent estimation
of these apoproteins by polyacrylamide gel electro-
phoresis (PAGE) and quantitative densitometry. The
concentration of A-I and A-II by the RID method was
comparable to that obtained by the PAGE procedure
for both the d = 1.10-1.21 fraction and the d = 1.063-
1.10 fraction (Table III). Furthermore, the A-I/A-II
ratios for these HDL fractions were comparable to
those obtained on the previous ultracentrifugal frac-
tions (compare Tables I and III). Again, the A-I/A-II
ratio in the d = 1.063-1.10 fraction was significantly
greater than that found in the d = 1.10-1.21 fraction
for both men and women, whereas the A-I/A-II ratio
in either HDL fraction was not significantly different
between men and women.

Plasma A-II levels in population study subjects.
For men, the frequency distribution of plasma A-II
values was approximately normal but slightly posi-
tively skewed (skewness, 0.59; kurtosis, 0.68) with a
mean and median of 33 mg/dl (Table IV and Fig. 4).
The 10th percentile cutpoint was 28 mg/dl and the 90th
percentile was 39 mg/dl. The distribution of A-II
levels for the 92 women taking no medication was
approximately normal (skewness, 0.25; kurtosis, 0.02)
with a mean and median of 34 mg/dl. Their nonage
adjusted percentile cutpoints were similar to men
(10th percentile, 25 mg/dl; and 90th percentile, 40
mg/dl). Women taking estrogen-containing medica-
tions had an A-II distribution shifted to higher values
with a mean of 39 mg/dl and a 90th percentile cut-

point of 45 mg/dl. Specifically, women who had taken
no medication for 2 wk before blood drawing showed
a significantly lower A-II level (P < 0.001) than
women taking estrogen or combination estrogen-pro-
gestational preparations. However, no difference was
evident in A-II level between the group taking estro-
gens alone versus those taking combination oral con-
traceptives.

Table V presents plasma A-II levels by age decade
in population study subjects. Plasma A-II did not in-
crease with age in men (r = 0.02), but showed a slight
increase with age in all women (0.1 mg/dl per yr)
(r =0.20, P <0.003). This was restricted, however,
to those taking no medication. Thus, whereas the A-I1
levels among women on no medication showed a sig-
nificant positive correlation with age (r = 0.40, P
< 0.001), among women on estrogenic hormones A-I1
did not increase significantly with age (r = 0.17, P
< 0.07, Table VI).

Correlation of plasma A-II with plasma A-I and
lipid (Table VI). Plasma A-II was highly correlated
with plasma A-I (r = 0.71 for men and 0.72 for all
women), and HDL cholesterol (r = 0.64 for men and
0.49 for all women). The A-II HDL cholesterol correla-
tion was stronger for women on hormones (r = 0.56)
than for those on no medication (r = 0.39). A-1 was
highly correlated with HDL cholesterol for all four
groups examined (r =0.78-0.72). A-II was only
weakly correlated with total cholesterol in both men
and women (r = 0.26 for men, and 0.32 for all women).
However, A-II was not correlated with non-HDL
cholesterol (total cholesterol minus HDL cholesterol).
A-II did not correlate with log triglyceride in men
but was significantly related to triglyceride in women
(r = 0.36, P <0.001). The A-I/A-II weight ratio was

TABLE III
A-I and A-II Content in HDL Fractions, Comparison
of PAGE with RID*

Al A-I1 A-V/A-11
Fraction Sex RID PAGE RID PAGE RID PAGE
mg/dl mg/dl weight ratio
d=1.10 F 858 87.1 247 248 35 3.5
-1.21 F 962 993 28.1 302 34 33
M 886 900 242 257 3.7 3.5
M 905 793 253 228 36 3.5
d=1063 F 16.6 13.7 2.5 19 66 72
-1.10 F 13.1 108 19 1.8 69 6.0
M 72 7.5 1.3 1.1 55 6.8
M 116 11.7 2.1 1.9 55 6.2

* Each number represents apolipoprotein analysis on HDL
fractions from individual plasma pools. Each pool is made
up of three plasmas.
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TABLE IV
Plasma A-1I and A-I and HDL-Cholesterol Levels in Population Study Subjects*

Subject group n A-lI

Al HDL CH$ A-UA-IL A-VA-II§
mgldl weight ratio molar ratio
All males 172 33+5 120+20 45+12 3.6:0.4 2.2+0.3
All females 188 36+6 135+25 55+13 3.8+0.5 2.3+0.3
Females
No medication" 92 34+5 13022 54+11 3.9+0.5 2.4+0.3
On estrogen 19 39+5 149+24 61+12 3.9+0.5 24+0.3
On estrogen and
progesterone 56 39+6 140+26 54+15 3.6+0.5 2.2+0.3

* Population study participants were selected independently of their lipid levels. Results are expressed as mean+SD in

milligrams/deciliter with sample size = n.
{ CH refers to cholesterol.

§ Based on an A-I mol wt of 28,300 and an A-II mol wt of 17,400.
Refers to a sample of women from the population study who have taken no medication for 2 wk before blood drawing.

significantly correlated with HDL cholesterol in both
men and women (r = 0.29 for men, 0.44 for all women,
0.55 for women not taking medications, and 0.38 for
women on hormones).

DISCUSSION

The described RID assay for human plasma A-II is
simple, specific, accurate, and precise. Like the re-
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FIGURE 4 Distribution of plasma A-II in males, females
taking no medication, and females taking hormones (oral
contraceptives or estrogen). In the lower histogram, each
bar on the abscissa corresponds to the same 2 mg/dl A-II
range within the same 2 mg/dl interval.
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cently described immunoassay for A-I, this assay, by
using TMU plus Tris-urea in the diluent system,
does not require prior extraction of lipids, utilizes
only 50 ul of plasma sample, and involves only a
minimum of dilution. Furthermore, analysis of frozen
or fresh plasma gives comparable results.

Curry et al. (19) recently reported a rapid electro-
immunoassay for A-II which also did not require
prior extraction of lipids. However, they reported A-11
values of 78+17 mg/dl for men and 83+25 mg/dl for
women, more than double the values which we found,
i.e., 335 for men and 36+6 for women. The reason
for these large differences is not apparent but may, in
part, relate to differences in the antigen preparation
or antibody specificity.

Our RID assay for A-I and A-II appeared accurate
for HDL subfractions. An independent estimate of A-I
and A-II by gel electrophoresis in both the d = 1.063-
1.10 fraction and the d = 1.10-1.21 fraction gave results
comparable to the RID procedure. From the sum
total of A-I and A-II recovered in the d = 1.063-1.21
fraction (Table I) and assuming that A-I and A-II
together account for 90% of the HDL protein, then the
mean total protein content in HDL would be 151
mg/dl for men and 178 mg/dl for women. The con-
centration of HDL protein estimated by sequential
or analytical ultracentrifugation (20-22) or by rate-
zonal ultracentrifugation (23) agrees well with these
estimates. Therefore, the RID assays of the plasma A
proteins as employed in this and the former study (9)
appear reasonably accurate.

Our quantitative immunoassays indicated that the
mean molar ratio of A-I to A-II for HDL is slightly
greater than two. This result agrees well with Fried-
berg and Reynolds (24) who found a molar ratio of
two to one by SDS gel electrophoresis of fluorescence-
tagged HDL apoproteins. Furthermore, our data is con-
sistent with the radioimmunoassay data of Mao et al.



TABLE V
Plasma A-II by Age in Population Study Subjects*

Females
No On
Age All males All females medication} hormones
20-29 34+4 (27) 35+6 (82) 32:4 (37) 38+5(41)
30-39 33+5(53) 35+7 (33) 34+5(19) 40+7 (9)
40-49 34+5 (55) 37+5 (44) 36+4(28) 41+6(11)
50-59 33+5(35) 38+6 (27) 37+2(11) 39+6 (13)
60-65 35 (2) 45 (2) 48 (1) 41 (1)

* Results are expressed as mean+=SD in milligrams per
deciliter with sample size in parentheses.

1 Refers to a sample of women from the population study
who have taken no medication for 2 wk before blood drawing.

(25) and agrees well with the ratio of A-I to A-II ob-
tained by column chromatography (3, 4, 26). All the
above results, however, differ from the 1:1 molar
ratio obtained by electroimmunoassay (19).

It has been reported that the molar ratio of A-I and A-II
is the same for the two major HDL subclasses, i.e.,
HDL, and HDL; (24). We found that the molar ratio
of A-I to A-II in the d = 1.063-1.10 fraction (3.2
+0.4 for men, 3.8+0.8 for women) was significantly
higher than that for the d = 1.10-1.21 fraction (2.2
+0.1 for men, and 2.3+0.1 for women). The content
of cholesterol in association with the total A protein
in the lighter HDL density subclass was more than
double that in the heavier density subclass. Further-
more, the ratio of A-I to A-II was positively correlated
with HDL cholesterol levels. These results suggest
that the major structural differences between the HDL
hydrated density subclasses relate to the relative pro-
portions of A-I and A-II. Since the composition of the
HDL subclasses did not differ significantly between
men and women, the differences observed in HDL
composition between men and women, e.g., women’s
total HDL have higher cholesterol to protein ratio and
higher A-I to A-II ratio, primarily reflect the differ-
ences in the relative amounts of the HDL subclasses
rather than differences in HDL structure. It should

be emphasized that our HDL subclasses as isolated
in the angle rotor are operational definitions and do
not directly correspond to the F,, 3.5-9 and F, 4
0-3.5 HDL subclasses as defined by the analytical
ultracentrifuge (27). Since the HDL subclasses, as used
in this study, exhibit hydrated density and size hetero-
geneity, it is reasonable to expect that additional
HDL compositional subclasses are present within
each hydrated density subclass.

We report tentative age- and sex-related normal
values for plasma A-II levels. As one would predict
from the close relationship found between A-I and A-11,
like A-I, A-II did not increase with age in men, but
showed a slight increase with age in women. The
observation that women taking estrogens alone had
higher A-II, A-I, and HDL cholesterol levels than
women on no medication suggests that exogenous
estrogens increase HDL levels. On the other hand,
women on combination estrogen-progestational
preparations had comparable HDL cholesterol, some-
what higher A-I, and significantly higher A-II than
women on no medication. This suggests that the pro-
gestational components of the combination oral con-
traceptives modify the composition of the HDL, thus
altering the estrogen-promoted HDL changes. Addi-
tional studies will be required to clarify the specific
hormonal effects on whole HDL and, especially,
HDL subclasses.

If as suggested, HDL facilitates the clearance of
cholesterol from the arterial wall (28) and modulates
the transendothelial transport of low density lipopro-
tein (29, 30), then high HDL levels or HDL composi-
tional changes which increase HDL cholesterol-
binding capacity may be protective against the pro-
gression of atherosclerosis. Recent epidemiological
data have indicated an inverse relationship between
HDL cholesterol levels and the prevalence of coronary
heart disease (31). An above-average life expectancy
was demonstrated for subjects with high levels of HDL
cholesterol (32). Furthermore, women have lower
risk for coronary disease and higher A-I to A-II
ratios than men. Since A-I/A-II ratios are positively
correlated with HDL cholesterol, factors which raise

TABLE VI
Correlation of Plasma A-II with Plasma A-I and Lipids*

All All Females, no Females on
Relationship males (n = 172) females (n = 188) medication (n = 92) hormones (n = 75)
A-II vs. A-1 0.71 0.72 0.69 0.69
A-IT vs. HDL CH{ 0.64 0.49 0.39 0.56
A-II vs. total CH 0.26 0.32 0.43 0.23
A-II vs. log TG —0.06 (0.202) 0.36 0.43 0.26 (0.011)
A-II vs. age —-0.02 (0.412) 0.20 (0.003) 0.40 0.17 (0.068)

* Correlation coefficient (r) is followed by probability (P) unless P is <0.001.

1 CH, cholesterol, TG, triglyceride.

Plasma Apolipoprotein A-I and A-I1 49



the A-I to A-II ratio may increase HDL cholesterol-
binding capacity.
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