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Abstract Apolipoprotein L is a newly recognized compo-
nent of human plasma lipoproteins. Mainly associated with
apoA-I-containing lipoproteins, it is a marker of distinct HDL
subpopulations. In an effort to gain inference as to its as yet
unknown function, we studied biological determinants of
apoL levels in human plasma. The distribution of apoL in
normal subjects is asymmetric, with marked skewing toward
higher values. No difference was found in apoL concentra-
tions between males and females, but we observed an eleva-
tion of apoL in primary hypercholesterolemia (10.1 vs. 8.5

 

m

 

g/mL in control), in endogenous hypertriglyceridemia
(13.8 

 

m

 

g/mL, 

 

P

 

 

 

,

 

 0.001), combined hyperlipidemia pheno-
type (18.7 g/mL, 

 

P

 

 

 

,

 

 0.0001), and in patients with type II di-
abetes (16.2 

 

m

 

g/mL, 

 

P

 

 

 

,

 

 0.02) who were hyperlipidemic.
Significant positive correlations were observed between
apoL and the log of plasma triglycerides in normolipidemia
(0.446, 

 

P

 

 

 

,

 

 0.0001), endogenous hypertriglyceridemia
(0.435, 

 

P

 

 

 

,

 

 0.01), primary hypercholesterolemia (0.66, 

 

P

 

 

 

,

 

0.02), combined hyperlipidemia (0.396, 

 

P

 

 

 

,

 

 0.04), hypo-
alphalipoproteinemia (0.701, 

 

P

 

 

 

,

 

 0.005), and type II diabe-
tes with hyperlipidemia (0.602, 

 

P

 

 

 

,

 

 0.01). Apolipoprotein L
levels were also correlated with total cholesterol in normolip-
idemia (0.257, 

 

P

 

 

 

,

 

 0.004), endogenous hypertriglyceridemia
(0.446, 

 

P

 

 

 

5

 

 0.001), and non-insulin-dependent diabetes melli-
tus (NIDDM) (0.548, 

 

P

 

 

 

,

 

 0.02). No significant correlation
was found between apoL and body mass index, age, sex,
HDL-cholesterol or fasting glucose and glycohemoglobin lev-
els. ApoL levels in plasma of patients with primary choles-
teryl ester transfer protein deficiency significantly increased
(7.1 

 

6

 

 0.5 vs. 5.47 

 

6

 

 0.27, 

 

P

 

 

 

,

 

 0.006).
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A protective effect against the development of athero-
sclerotic disease is attributed to high density lipoproteins
(HDL) on the basis of their key roles in reverse choles-
terol transport (1–5) and perhaps also their antioxidant
properties 

 

vis à vis

 

 other lipoproteins (6–8). However,
these processes will not be fully understood until the com-
ponents of HDL and their architecture are better defined
at a molecular level.

Understanding of the native molecular speciation of
HDL is organic to the development of mechanistic
models for the critical function of HDL in lipid transport
and in the prevention of arteriosclerosis. The historical
classification of HDL has been based on ultracentrifuga-
tion that resolves two major classes: HDL

 

2

 

 and HDL

 

3

 

 (9,
10). However this technique has been shown to bring
about the decomposition and loss of some native molecu-
lar species of HDL (11, 12). A newer and less disruptive
method of isolation is immunoaffinity chromatography,
capable of separating lipoproteins on the basis of differences
in apolipoprotein content (12, 13). This technique has been
used to study two major classes of apolipoprotein A-I (apoA-
I)-containing lipoproteins: particles containing apoA-I with-
out apoA-II [Lp(A-I)] or particles containing apoA-I and
apoA-II [Lp(A-I:A-II)] (14–17). However the apolipoprotein
content of HDL is still more complex, and this dichotomous
subdivision of HDL [Lp(A-I), Lp(A-I:A-II)] is insufficient to
reveal the true array of HDL particles in plasma. Indeed,

 

Abbreviations: apo, apolipoprotein; BMI, body mass index; BSA,
bovine serum albumin; CETP, cholesteryl ester transfer protein;
ELISA, enzyme-linked immunosorbent assay; HbA1c, glycohemoglo-
bin; HDL, high density lipoprotein; LCAT, lecithin–cholesterol acyl-
transferase; LDL, low density lipoprotein; PBS, phosphate-buffered sa-
line; PLTP, phospholipid transfer protein; TG, triglycerides; TMB,
3,3

 

9

 

,5,5

 

9

 

-tetramethylbenzidine.
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HDL particles containing apoA-I and apoA-IV or apoA-I
and apoE have been separated by immunoaffinity (18–
20). Moreover, important constituents such as lecithin–
cholesterol acyltransferase (LCAT), cholesterol ester
transfer protein (CETP), and phospholipid transfer pro-
tein (PLTP) are also associated with subspecies of HDL
(14, 21, 22).

We have reported a new HDL apolipoprotein, apolipo-
protein L (23). The product of a gene on chromosome 22
is a single peptide of 372 amino acids in its secreted form
that has no sequence homology with any of the previously
recognized apolipoprotein families. ApoL cDNA was cloned
from pancreas RNA. Entirely bound to lipoproteins, apoL
was found to be a marker of a distinct subpopulation of
HDL, representing about 10% of the apoA-I-containing
lipoproteins, and distributed in two HDL subpopulations
of large particle diameter (12.2–17 and 10.4–12.2 nm). No
function has yet been found for apoL. However, its strong
association with apoA-I-containing lipoproteins suggests a
significant role in HDL metabolism. Study of the biological
determinants of levels of apoL in human plasma may pro-
vide clues to its role in lipoprotein metabolism.

In the current study, we have explored the influence of
gender, body mass index, age, total cholesterol, triglycer-
ides, apoA-I, HDL-cholesterol, and low density lipoprotein
(LDL)-cholesterol levels on the concentration of apoL in
normolipidemic plasma as well as in plasma from individ-
uals with lipoprotein disorders and type II diabetes.

MATERIALS AND METHODS

 

Study population

 

Two hundred and twenty-nine subjects were selected for this
study. Of these, 135 were healthy normolipidemic subjects (64
males, 71 females) ranging in age from 23 to 90 years of age.
Their mean total plasma cholesterol and triglyceride levels
were below 250 and 180 mg/dL, respectively. Ninety-six were
patients with primary dyslipoproteinemia. Among them, 14 (11
males, 3 females) had primary hypercholesterolemia with LDL-
cholesterol 

 

.

 

190 mg/dL and plasma triglycerides 

 

,

 

160 mg/
dL. Thirty-two (26 males, 6 females) had predominant in-
creases in plasma triglycerides (endogenous lipidemia) (mean
level, 1,007.3 

 

6

 

 156.6 mg/dL), all with LDL-cholesterol 

 

,

 

160
mg. Twenty-six (12 males, 14 females) had combined lipidemia
with LDL-cholesterol of 198 

 

6

 

 16.5 mg/dL and triglycerides of
412.8 

 

6

 

 73.7 mg/dL. Thirteen (12 males, 1 female) were classi-
fied as having hypoalphalipoproteinemia because they had
HDL-cholesterol 

 

,

 

35 and 

 

,

 

30 mg/dL for females and males,
respectively. Finally, 21 (5 males, 16 females) were patients with
type II diabetes, treated with hypoglycemic drugs. Total plasma
cholesterol and triglycerides among the diabetic subjects
ranged from 145 to 360 mg/dL and from 103 to 582 mg/dL,
respectively. None of the subjects in this study were receiving
drugs known to affect lipoprotein metabolism. Subjects defi -
cient in cholesteryl ester transfer protein (CETP) were also
studied. Plasma from 6 Japanese subjects (4 males, 2 females)
with homozygosity or combined heterozygosity were studied.
Their CETP activity ranged from 0 to 23% of normal control
values (11.5 

 

6

 

 4.5%). All six had at least one allele for the in-
tron 14 (

 

1

 

1 G:A) mutation, and one was homozygous. Three
were also heterozygous for the D442G mutation and one for

G181X. A second mutation was not detected in the remaining
patient, but his CETP activity was extremely low (4.6% of nor-
mal). Because it is well documented that lipid profiles differ be-
tween Japanese and American subjects six normolipidemic sub-
jects (4 males, 2 females) from the same geographic area were
studied as controls. These 12 subjects were not included in the
population study. The study was approved by the Committee
on Human Research of the University of California, San Fran-
cisco (San Francisco, CA). Written consent was obtained for
venipuncture and collection of personal data from the individ-
ual studied.

 

Blood collection and lipid determination

 

Blood was drawn from subjects who had fasted for 10 h and
the blood was immediately cooled to 4

 

8

 

C in the presence of the
following substances: EDTA, 0.08% (w/v); sodium azide, 0.1%
(w/v); benzamidine, 50 

 

m

 

g/mL; 

 

«

 

-amino caproic acid, 300 

 

m

 

g/
mL; and gentamicin sulfate, 10 

 

m

 

g/mL. The plasma was sepa-
rated by centrifugation of the blood at 1000 

 

g

 

 at 4

 

8

 

C for 20 min
and aliquots were kept at 

 

2

 

80

 

8

 

C until analysis. Total cholesterol
and triglyceride levels in plasma were determined by standard
chemical techniques. The cholesterol content of lipoprotein
fractions was measured on lipoproteins separated by sequential
ultracentrifugation (9).

 

ELISA methods

 

Total apoA-I was measured by enzyme-linked immunosorbent
assay (ELISA) as described previously (24). ApoL was quantified
by a competitive ELISA designed in our laboratory. Briefly, 96-well
plates were coated with 100 

 

m

 

L per well of immunopurified A-I-
containing lipoproteins diluted to 5 

 

m

 

g/mL in saline–phosphate
buffer (NaCl, 0.15 

 

m

 

; Na

 

2

 

HPO

 

4

 

, 10 m

 

m

 

; NaH

 

2

 

PO

 

4

 

?

 

H

 

2

 

O, 1 m

 

m

 

;
pH 7.5) (PBS) and incubated for 16 h at 4

 

8

 

C. The plates were
then washed 6 times with wash buffer (PBS, 0.05% Tween 20)
and blocked with 3% bovine serum albumin (BSA) in PBS for 45
min at 25

 

8

 

C with shaking. Before being used, plates were then
washed 6 times with wash buffer. Samples and standards were
prepared as follows: A series of dilutions of plasma was incu-
bated with a constant amount of rabbit anti-human apoL anti-
body (diluted 4000 times in PBS, 0.1% BSA) for 16 h at 4

 

8

 

C. To
measure the uncoupled antibodies, each sample was then added
to the plate in a volume of 100 

 

m

 

L per well for 30 min at 25

 

8

 

C.
After incubation, plates were washed 6 times with wash buffer
and bound antibodies were detected by addition of 100 

 

m

 

L of
anti-rabbit antibody conjugated to horseradish peroxidase (30
min at 25

 

8

 

C). After 6 washes, secondary antibodies were quanti-
tated colorimetrically with 100 

 

m

 

L per well of 3,3

 

9

 

,5,5

 

9

 

-tetrameth-
ylbenzidine (TMB) (Kirkegaard & Perry, Gaithersburg, MA).
After the reaction was stopped, the optical density of the reac-
tion product was measured at 450 nm with an automated plate
reader (Molecular Devices, Menlo Park, CA). Typically, the apoL
ELISA exhibits coefficients of variation, inter- and intraassay re-
spectively, of 12.5 and 11%. We did not find any systematic differ-
ence between the concentration of apoL measured in fresh
plasma and frozen plasma (

 

2

 

70

 

8

 

C).

 

Statistical methods

 

The results are given as means 

 

6

 

 standard error. Data were
analyzed to determine whether they were normally distributed.
When they were not, log transformation was applied to correct
skewness and kurtosis. Correlations were determined by
univariate linear regression analysis. When necessar y, multiple
stepwise regression was used to confirm significant indepen-
dent correlation. Nonparametric tests (Mann –Whitney) were
performed to determine significant differences between two
groups.
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RESULTS

 

Normolipidemic population

 

One hundred and thirty-five healthy subjects were stud-
ied (71 females, 64 males). Plasma lipid and lipoprotein
values are presented in 

 

Table 1

 

. No significant difference
in apoL levels between men and women was found for age
(

 

P

 

 

 

<

 

 0.5), triglycerides (

 

P

 

 

 

<

 

 0.48), LDL-cholesterol (

 

P

 

 

 

<

 

0.9), apoA-I (

 

P

 

 

 

<

 

 0.19), or total cholesterol (

 

P

 

 

 

<

 

 0.09).
HDL-cholesterol was significantly higher (

 

P

 

 

 

<

 

 0.0004) in
the female population. No significant difference in plasma
apoL level was found between women and men (

 

P

 

 

 

,

 

0.68). Moreover, apoL exhibited a distribution (

 

Fig. 1

 

) in
the normal population with significant skew toward
higher levels (skewness, 1.48). Among the women, 30
were postmenopausal. No difference in the plasma apoL
concentration was found between pre- and postmeno-
pausal females. Therefore we did not differentiate these
groups for the remainder of the study.

Univariate linear analysis showed that three parameters
correlated significantly with apoL. The two strongest were
total cholesterol (r 

 

5

 

 0.306, P , 0.0005) and log of triglyc-

erides (log TG) (r 5 0.446, P , 0.0001). Plasma LDL-
cholesterol was also significantly correlated with apoL (r 5
0.257, P , 0.004). On the other hand, no correlation be-
tween apoL and apoA-I, body mass index (BMI), or age
was found. To determine which of these three parameters
were independently correlated with apoL we performed
multiple stepwise regression. All seven parameters were
used in this model. We found that total cholesterol and
log TG were independent covariates influencing plasma
apoL concentration in our normolipidemic population.

Dyslipoproteinemic populations
As shown in Table 2, patients with endogenous hyper-

triglyceridemia had elevated mean plasma triglycerides
(1,007.3 6 156 mg/dL) and normal mean levels of LDL-
cholesterol (96.4 6 5.4 mg/dL). Total cholesterol was also
significantly higher (P , 0.0001) whereas HDL-cholesterol
was lower than that of the normal population (P ,
0.0001). Patients with primary hypercholesterolemia had
elevated mean total cholesterol and LDL-cholesterol levels,
307.2 and 229.9 mg/dL, respectively. Plasma triglycerides,
although within the normal range, were also significantly
higher than in the control group (138.3 mg/dL). The
group with combined lipidemia exhibited elevated mean
levels of total cholesterol, LDL-cholesterol, and triglycer-
ides (348.1, 198.2, and 412.8 mg/dL, respectively). Patients
with hypoalphalipoproteinemia had lower plasma apoA-I
and HDL-cholesterol levels (1.04 and 28.1 mg/dL, respec-
tively) and slightly higher mean triglyceride levels (148.2
mg/dL) than the normolipidemic subjects (P , 0.001).

Except in the HDL-deficient population, plasma apoL
concentrations were higher than in the normolipidemic
individuals, particularly in primary endogenous hypertri-
glyceridemia and combined hyperlipidemia (13.8 mg/mL,
P , 0.02; 18.7 mg/mL, P , 0.0001, respectively). Plasma
apoL levels were also significantly higher among the pa-
tients with type II diabetes (16.2 mg/mL, P , 0.03). More-
over those patients also had higher levels of total choles-
terol, triglycerides, and LDL-cholesterol (239.1 mg/dL, P ,
0.0001; 250.6 mg/dL, P , 0.0001; and 159.1 mg/dL,
P , 0.001, respectively) than did normal subjects.

To determine the existence of any correlation between
apoL and these parameters in the dyslipoproteinemic
population, we performed univariate linear regression
analysis. There was a significant correlation between
plasma apoL concentration and log TG (r 5 0.66, P ,
0.026; r 5 0.435, P , 0.01; r 5 0.39, P , 0.04; r 5 0.70,

TABLE 1. Lipids, lipoproteins, and other characteristics of normolipidemic men and women

TC TG HDL-C LDL-C BMI AGE A-I L

mg/dL kg/m2 yrs mg/mL mg/mL

Male (n 5 64) 171.6 6 6.7 94.1 6 7.6 46.2 6 1.8 115.4 6 6.18 28.5 6 1.17 43 6 2.1 1.21 6 0.03 7.2 6 0.4
Female (n 5 71) 181.5 6 6.5 77.1 6 6.1 68.6 6 5.7 105.9 6 4.7 30.9 6 2.21 56 6 2.1 1.35 6 0.04 9.7 6 0.9

P value 0.09 0.48 0.0004 0.9 0.11 0.5 0.19 0.68

Abbreviations: TC, total plasma cholesterol; TG, plasma triglycerides; HDL-C, high density lipoprotein-cholesterol; LDL-C, low density lipoprotein-
cholesterol; BMI, body mass index; A-I, apolipoprotein A-I; L, apolipoprotein L.

Values given as means 6 SE

Fig. 1. Frequency distribution of apolipoprotein L concentration
in plasma samples from 135 normolipidemic subjects.
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P , 0.005; and r 5 0.60, P , 0.01; for primary hypercho-
lesterolemia, endogenous hyper-triglyceridemia, combined
hyperlipidemia, hypoalphalipoproteinemia, and type II dia-
betes, respectively). Moreover, we also found a relation-
ship between apoL and total cholesterol in patient groups
with primary endogenous hypertriglyceridemia and with
type II diabetes (r 5 0.446, P , 0.001; r 5 0.548, P , 0.02,
respectively) and LDL-cholesterol was correlated with
apoL in the combined hyperlipidemia population (r 5
0.554, P , 0.002). No significant correlation was found
between apoL and glycohemoglobin (HbA1c) levels or
glycemia among the type II diabetes patients. Multiple
stepwise regression analysis showed that log TG was in all
groups an independent covariate influencing plasma
apoL concentration. Moreover, in the combined hyperlip-
idemia population LDL-cholesterol was found to be an in-
dependent covariate as total cholesterol was in the group
with type II diabetes.

CETP-deficient population
Because of the difference existing between Japanese

and western populations regarding their lipid profiles and
cardiovascular risk, the CETP-deficient subjects were stud-
ied separately and were compared with 6 normolipidemic
subjects from the same region of Japan. As shown in Table 3,
CETP-deficient patients had markedly higher plasma

levels of HDL-cholesterol and apolipoprotein A-I than did
normal subjects (131.8 6 16.7 vs. 53.3 6 3.6, P , 0.003
and 2.69 6 0.2 vs. 1.57 6 0.1, P , 0.01, respectively).
Plasma apoL concentrations were also significantly in-
creased (7.1 6 0.5 vs. 5.47 6 0.25, P , 0.006).

DISCUSSION

Knowledge of the molecular speciation of HDL and of
the protein constituents of HDL particles is crucial for our
understanding of HDL metabolism. Indeed, even low-
abundance proteins can be extremely important in HDL
metabolism, for example, lecithin–cholesterol acyltrans-
ferase (LCAT), cholesteryl ester transfer protein (CETP),
or phospholipid transfer protein (PLTP). We reported a
new HDL apolipoprotein, apoL (23). Virtually associated
only with HDL particles, apoL is a marker of HDL subpop-
ulation. Having no homology with any known protein, no
prediction of its function based on primary structure has
been possible. In this report we quantified apoL mass in
plasma from normolipidemic subjects and dyslipopro-
teinemic patients and identified some determinants of
apoL levels. Among normolipidemic subjects, no signifi-
cant difference was found between males and females,
yielding a mean value of 8.5 mg of apoL per mL of plasma,
in agreement with a preliminary report in which only 5

TABLE 2. Plasma parameters of dislipoproteinemic populations

TC TG HDL-C LDL-C A-I L HbA1 Glc

mg/dL mg/mL mg/mL % g/L

Normal (n 5 135) 180.6 6 4.4 83.6 6 4.3 59.1 6 3.14 113.3 6 3.8 1.29 6 0.04 8.5 6 0.5 ND ND
Endogenous hypertriglyceridemia

(n 5 32) 345.3 6 35.9c 1007.3 6 156.6c 31.3 6 1.4c 96.4 6 5.4 1.34 6 0.05 13.8 6 2a ND ND
Primary hypercholesterolemia

(n 5 14) 307.2 6 19.8c 138.3 6 7.98c 55 6 4.1 229.9 6 17.9c 1.65 6 0.1 10.1 6 1.1 ND ND
Combined hyperlipidemia

(n 5 27) 348.1 6 23.3c 412.8 6 73.7c 43.7 6 2.1c 198 6 16.5c 1.53 6 0.07 18.7 6 2.9c ND ND
Hypoalphalioproteinemia

(n 5 13) 185.2 6 13.2 148.2 6 14.4c 28.1 6 2.1c 135.6 6 12 1.04 6 0.07 9.2 6 1.1 ND ND
NIDDM (n 5 21) 239.1 6 13.5c 250.6 6 29.9c 42.2 6 2.5c 159.1 6 13.1b 1.36 6 0.03 16.2 6 3.8a 8.06 6 0.4 1.77 6 0.11

Abbreviations: TC, total plasma cholesterol; TG, plasma triglycerides; HDL-C, high density lipoprotein-cholesterol; LDL-C, low density lipoprotein-
cholesterol; A-I, apolipoprotein A-I; L, apolipoprotein L; HbA1, glycohemoglobin; Glc, glucose; ND, not determined.

Values given as means 6 SE.
a P , 0.03.
b P , 0.001.
c P , 0.0002.

TABLE 3. Plasma parameters of CETP deficiency subjects

Plasma VLDL LDL HDL

C TG C TG C TG C TG ApoA-I ApoL

mg/mL mg/mL

CETP def. 
(n 5 6) 265.6 6 34.2 132.8 6 38.3 13.1 6 6 89.6 6 38.5 120.6 6 14.4 32 6 4.3 131.8 6 16.7 11.1 6 1.1 2.69 6 0.2 7.1 6 0.5

Control
(n 5 6) 202.5 6 19.7 65.6 6 9.4 6 6 1.5 27.5 6 5.8 143.1 6 16.3 20.5 6 3.7 53.3 6 3.6 17.6 6 1.8 1.57 6 0.11 5.47 6 0.27

P value 0.05 0.29 0.63 0.17 0.17 0.05 0.003 0.01 0.006 0.006

See Table 2 footnote for abbreviations; values given as means 6 SE.
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subjects were studied (23). Moreover, apoL was found to
be distributed asymmetrically, with a pronounced skew
to higher values, resembling the distribution of total cho-
lesterol, triglycerides, and pre-b1-HDL in the general pop-
ulation. Interestingly, we found a highly significant and in-
dependent correlation between apoL and total plasma
cholesterol and triglyceride levels in normolipidemic sub-
jects. In contrast, HDL-cholesterol was not correlated with
apoL even though HDL particles are the main carriers of
apoL in plasma (23). This suggests that apoL-containing
particles constitute a subpopulation that is not influenced
by the cholesterol content of HDL among normolip-
idemic subjects. A lack of correlation with the plasma con-
tent of apoA-I is consistent with this finding and the obser-
vation that apoL-containing particles account for no more
than 10% of HDL mass, distributed among two HDL pop-
ulations of large particle diameter. No significant correla-
tion was found between apoL and BMI or age.

On the basis of the relationship that exists between
apoL and total cholesterol and triglycerides in normolip-
idemic subjects, we analyzed plasma from four groups of
subjects with hyperlipidemia. Except for the hypoalphali-
poproteinemia population, where the plasma apoL con-
centration was normal, endogenous hypertriglyceridemia,
primary hypercholesterolemia, and combined hyperlip-
idemia populations had higher levels of apoL in plasma.
However, data concerning patients with primary hyper-
cholesterolemia failed to reach significance, probably be-
cause of the low number of subjects in this population.
Moreover, similar to the finding among the control sub-
jects, apoL was significantly correlated with plasma triglyc-
eride in all lipoprotein disorders studied, suggesting that
the levels of apoL in these phenotypes is not a reflection
of the dyslipoproteinema per se, but a result of the in-
crease of triglyceride levels in plasma.

LCAT is believed to be crucial in HDL metabolism.
Cholesterol is esterified by this enzyme and transferred to
the hydrophobic cores of HDL particles, which then be-
come larger. It has been reported that plasma LCAT activ-
ity is positively correlated with plasma triglyceride (25). It
is then tempting to speculate on the existence of a rela-
tionship between apoL, present in large HDL, and LCAT
activity. ApoL-containing lipoproteins could be an inter-
mediate HDL population generated by LCAT activity. This
hypothesis is supported by our study of CETP-deficient
plasma. Indeed, CETP deficiency presents a unique op-
portunity to analyze apoL mass in plasma where HDL ca-
tabolism is reduced. The hyperalphalipoproteinemia of
CETP deficiency is characterized by the presence of large
HDL2-like particles (26) enriched in cholesteryl ester by
LCAT activity. Our finding shows that in this disorder,
plasma apoL levels are significantly increased. Moreover,
as previously reported (26), plasma from CETP-deficient
individuals shows a significant increase in HDL-cholesterol
and apoA-I. This suggests a possible role of LCAT in the
generation of apoL-containing HDL particles.

Finally, we analyzed apoL mass in the plasma of subjects
with type II diabetes. We found significant increases in
plasma apoL levels in this population, in which total cho-

lesterol and triglycerides were also increased. It is likely
that the significant increase in apoL in these patients is re-
lated to the dyslipidemia per se. Indeed, we observed, as
in the normal population, a significant relationship be-
tween apoL and plasma triglyceride and cholesterol,
whereas no correlation was found with either fasting glyc-
emia or HbA1c. Furthermore, the increase in plasma
apoL concentration in type II diabetes disappears when
apoL levels are normalized for the plasma triglyceride con-
centrations. Increased LCAT activity has been observed in
diabetic subjects with hypertriglyceridemia (27). This ob-
servation is consistent with our hypothesis involving LCAT
activity in the metabolism of apoL-containing HDL parti-
cles. LCAT activity may favor the accumulation of apoL in
large cholesterol-enriched HDL particles.

The increase in apoL content of plasma with increasing
triglyceride levels cannot be explained by LCAT activity
alone and must be a reflection of some process that is un-
related to the accumulation of cholesteryl ester-rich HDL,
because it is known that there is increased transfer of cho-
lesteryl ester from HDL to the core region of triglyceride-
rich lipoproteins with increasing plasma triglyceride levels.
Indeed, the lipoproteins in which apoL is carried are still
unknown in patients with hypertriglyceridemia.

In conclusion, we have found a significant correlation
between apoL and triglycerides in plasma in normolip-
idemic subjects as well as patients with primary hypercho-
lesterolemia, endogenous hypertriglyceridemia, combined
hyperlipidemia, hypoalphalipoproteinemia, and type II
diabetes with hypertriglyceridemia. To a lesser extent,
apolipoprotein L levels were also correlated with plasma
cholesterol levels, possibly reflecting in part increases in
total plasma cholesterol levels that are associated with in-
creased content of triglyceride-rich lipoproteins. No rela-
tionship was found with HDL-cholesterol or apoA-I levels,
suggesting that apoL content of HDL is dependent on
some pathway that leads selectively to the generation of a
subpopulation HDL particles of large diameter with which
apoL is associated, perhaps involving the generation of cho-
lesteryl ester by LCAT. The mechanism underlying the rela-
tionship between triglyceride and apoL is still unknown;
however, the presence of a minor portion of apoL on triglyc-
eride-rich lipoproteins suggests that the generation of apoL-
containing HDL species could be linked to lipolysis.
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