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Cholesteryl ester transfer protein (CETP) is a major determinant of the plasma high-density lipoprotein cholesterol (HDL-C)
level and plays an important role in the reverse cholesterol transport system. The purpose of this study was to determine the
effect of acute hyperinsulinemia on plasma CETP activity in normal subjects and patients with non-insulin- -dependent diabetes
mellitus (NIDDM). Hyperinsulinemia was achieved using the hypermsullnemlc euglycemic clamp. CETP activity was deter-
mined as the transfer of radiolabeled cholesterol in HDL; to acceptor Ilpoprotem Mean plasma CETP activity during an insulin
infusion in both subject groups was slgnlflcantly decreased compared with the mean basal activity. Suppression of plasma
CETP activity in the NIDDM patients was significantly less than in the normal subjects (—4.2% = 7.9% v —9.6% * 6.4%,
P < .02). Regression analysis showed that this suppression was correlated with plasma nonesterified fatty acid (NEFA) levels
after the clamp and with the magnitude of the NEFA decrease (r = .318, P < .02 and r = .292, P < .05, respectively). The data

suggest that acute hyperinsiilinemia reduces plasma CETP activity through a decrease in plasma NEFA.
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LASMA CHOLESTERYL ESTER transfer protein (CETP)
mediates the transfer of cholesteryl esters and partial
transfer of phospholipids among lipoproteins. CETP transfers
the net mass of cholesteryl esters from high-density lipoprotein
(HDL) to very—low-density lipoprotein (VLDL) in exchange for
triglycerides.’?> CETP is a major determinant of plasma HDL
cholesterol (HDL-C) levels and an important modulator of the
composition of plasma lipoproteins. CETP is also involved in
the reverse cholesterol transport system in lipoprotein metabo-
lism."> Many factors may potentially influence CETP activity.
The concentration and composition of acceptor lipoproteins are
known to be important factors. Increasing the amount of
triglyceride and nonesterified fatty acid (NEFA) in VLDL
particles has been shown to enhance CETP-mediated transfer of
cholesteryl esters from HDL to VLDL.? Plasma CETP is
associated with HDL particles,* and apolipoprotein A-I (apoA-I)
and apoA-II; of which HDL particles are composed, have been
shown to modulate CETP activity.>7 ApoA-I may activate or
inhibit cholesteryl ester transfer,> and apoA-II may inhibit the
transfer.5 _
~ Patients with non-insulin-dependent diabetes mellitus
(NIDDM) frequently exhibit an increase in apoB-containing
lipoproteins and a decrease in HDL in plasma. In. NIDDM
patients, the transfer of cholesteryl esters has been shown to be
either decreased® or increased.® Normal'® or enhanced!! transfer
has also been reported in patients with insulin-dependent
diabetes mellitus. Accelerated transfer may be associated with
intensive subcutaneous insulin therapy.!? However, the develop-
ment of acute hyperinsulinemia during hyperinsulinemic-
euglycemic clamping suppressed plasma CETP activity in
patients with NIDDM.!3 The relationship between exogenous
insulin and plasma CETP activity has not been established. The
purpose of the present study was to evaluate the effect of acute
hyperinsulinemia on plasma CETP activity in patients with
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NIDDM and in healthy subjects. The factors involved in
changing CETP activity during hyperinsulinemia were also
investigated.

SUBJECTS AND METHODS
Subjects

Patients with NIDDM (n = 29) were recruited from among outpa-
tients and inpatients of our Department of Internal Medicine. Normal
subjects (n = 22) were recruited from the hospital staff and were
ascertained to be healthy by physical and laboratory examination.
NIDDM was diagnosed according to the criteria of the World Health
Organization.!* Excluded from the study were patients receiving insulin
therapy or drugs known to affect lipid metabolism or patients with an
obvious primary lipid disorder (familial combined hyperlipoprotein-
emia or familial hypercholesterolemia), renal disease (including dia-
betic nephropathy; urinary albumin excretion rate >200 pg/min),
hypothyroidism, liver disease, or severe obesity (body mass index
[BMI] >>35 kg/m?). In all subjects, two CETP gene mutations (Asp**? to
Gly in exon 15'% and G to A in intron 14'6) common in Japanese!” were
analyzed by the polymerase chain reaction—restriction fragment length
polymorphism method,!” with some modifications. Subjects with one of
the CETP mutations were excluded. In NIDDM patients, diabetes was
managed by diet alone in 11, and 18 patients required a sulfonylurea
drug. The use of all drugs was suspended for 24 hours before the study.
Informed consent was obtained from ail subjects prior to inclusion in
the study.

Hyperinsulinemic-Euglycemic Clamp

. All subjects were admitted to the hospital at 8 aM after a 12-hour fast.
They were studied in the supine position. The hyperinsulinemic-
euglycemic clamp'®1? was accomplished by use of an artificial pancreas
(model STS-22; Nikkiso, Tokyo, Japan). Hyperinsulinemia was estab-
lished by 15 minutes of priming with an insulin infusion (Humulin R,
Novo Nordisk, Copenhagen, Denmark) and maintained by a constant
infusion (1.12 mU/kg/min) via a cubital vein. Plasma glucose concentra-
tions were measured continuously by the artificial pancreas and
maintained at 90 mg/dL by a variable-rate infusion of 20% glucose into
another cubital vein.

Blood samples were obtained immediately before initiation of the
hyperinsulinemic clamp and after the 2-hour point of the clamp. Plasma
immunoreactive insulin (IRI), lipids (total choléster(_)l, triglyceride, and
NEFA), and HDL-C levels were measured with a radioimmunoassay kit
(Insulin Riabead II; Dinabot, Tokyo, Japan), enzymatic methods
(Nescauto VL TC and Nescauto VL TG; Nippon Shyoji, Osaka, Japan,
and NEFA-HA-test Wako; Wako Pure Chemical Industries, Osaka,
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Japan), and a precipitation method (Determiner-L. HDL-C; Kyowa
Medex, Tokyo, Japan), respectively. The LDL-cholesterol (LDL-C)
level was calculated by Friedewald’s formula.?? Plasma apoA-I, apoA-
II, and apoB levels were measured at the initial point using an
immunoturbiditry method (ApoA-I Auto2, ApoA-II Auto2, and ApoB
Auto2; Daiichi Pure Chemicals, Tokyo, Japan). The mean glucose
infusion rate ([GIR] milligrams per kilogram per minute) during the
final 30 minutes of the clamp was used as an overall measure of insulin
action on glucose metabolism.

The intraabdominal visceral fat area and subcutaneous fat area were
obtained by computed tomography at the level of the umbilicus. Values
were calculated using imaging software (NIH image, version 3.1; by
Wayne Rashand, National Institutes of Health, Bethesda, MD). The
ratio of visceral fat area to subcutaneous fat area was calculated.

Plasma CETP Activity

Plasma CETP activity was determined according to the method of
Albers et al,”! with a slight modification. Briefly, plasma was obtained
from fasting normolipidemic volunteers and pooled. The acceptor
lipoprotein of density less than 1.060 g/mL and the plasma fraction of
density greater than 1.125 g/mL were isolated by preparative ultracentri-
fugation and dialyzed against a Tris buffer (10 mmol/L. Tris, 150
mmol/L. NaCl, 2 mmol/L. EDTA-2Na, and 0.01% NaNs, pH 7.4). The
fraction of density less than 1.060 g/mL was diluted to a final
cholesterol concentration of 200 mg/dL. The plasma fraction of density
greater than 1.125 g/mL was incubated at 37°C for 18 hours in the
presence of “C-cholesterol. Subsequently, the density of the plasma
fraction was adjusted to 1.210 g/mL, and it was subjected to ultracentri-
fugation to obtain 1“C-labeled HDL;. The exogenous HDL; fraction
(100 pL; cholesterol concentration, 50 mg/dL) and exogenous acceptor
fraction (150 pul.) were mixed with 10 pL plasma (as a source of CETP)
and diluted to 600 puL with Tris buffer. The amount of radioactivity
transferred during incubations in the absence of experimental plasma
served as the nonspecific activity blank. Transfer of labeled HDL;
cholesterol ester to the acceptor fraction was determined after incuba-
tion for 16 hours at 37°C. HDL; and acceptor lipoproteins of density
less than 1.060 g/ml were separated by heparin-MnCl, precipitation,
and radioactivity in the supernatant (HDL;3) was determined by a liquid
scintillation counter. CETP activity is expressed as the percentage of
14C-labeled cholesterol loss in the supernatant (HDL;) during incuba-
tion per 10 pL plasma volume per 16 hours. All samples for CETP
analysis were stored at —80°C and measured in duplicate.

Statistical Analyses

All data are presented as the mean £ SD. The mean values between
the two groups were compared by Student’s unpaired ¢ test, and values
obtained before and after the euglycemic clamp were compared by
Student’s paired ¢ test. Multiple regression analysis for changes in
plasma CETP activity was conducted using the stepwise method with
other independent variables. Statistical significance was defined as
P <.05.

RESULTS

Subject Characteristics and Plasma Levels of IRI, Lipids, and
Lipoproteins Before and After a 2-Hour Euglycemic Clamp

The mean age and the ratio of visceral fat area to subcutane-
ous fat area of the NIDDM patients were significantly higher
than those of the control subjects, whereas the BMI was not
different between the two groups (Table 1).

Among the subjects in each group, the IRI level after the
euglycemic clamp was significantly increased over the initial
level, although the mean level did not differ between the groups
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Table 1. Clinical Features of the Control Subjects
and NIDDM Patients

Variable Control (n = 22) NIDDM (n = 29}
Age {yr) 39+7 b5 10*
Sex (M/F) 10/12 18/11
BMI {kg/m?) 233+ 3.7 244+ 4.0
V/S ratio 0.46 = 0.23 0.87 £ 0.51*
FPG (mg/dL) 91 =10 133 = 52*
Hemoglobin A (%) 54+ 0.4 8.5 + 2,2%

Abbreviations: FPG, fasting plasma glucose; V/S ratio, ratio of
abdominal visceral fat area to subcutaneous fat area.
*P < ,01 vnormal subjects (Student’s unpaired ttest).

(Table 2). The GIR in NIDDM patients was significantly lower
than in the control subjects. Mean total cholesterol and triglyc-
eride levels both before and after the euglycemic clamp were
significantly higher in NIDDM patients than in control subjects.
Plasma levels of LDL-C and apoB were significantly higher in
patients with NIDDM. The mean HDL-C level was significantly
lower in NIDDM patients. NEFA levels before the clamp did
not differ between the groups, but after the clamp NEFA in
NIDDM patients was significantly higher than in control
subjects. Plasma levels of total cholesterol, triglyceride, LDL-C,
HDL-C, and NEFA were significantly decreased after the clamp

Table 2. Plasma IR, Lipids, and Lipoproteins Before and After the
2-Hour Euglycemic Clamp and Baseline Apolipoprotein Levels
in Normal Subjects and NIDDM Patients

Parameter Controf NIDDM
IRl {(pU/mL)

Before 8.7 = 8.3 79 =565
After 83 + 278 89 + 29§
AIRI (%) 1,490 * 1,250 1,620 + 1,020
GIR (mg/kg/min) 8.1+ 2.6 5.4 + 2.3%

TC (mg/dL)

Before 180 = 28 201 = 31*

After 165 = 25§ 184 + 281§
ATC (%) -8.1*=55 —-8.1+6.6
TG {mg/dL)

Before 91+ 44 136 = 72*%

After 68 = 31§ 111 = 63§
ATG (%) -23.6 =117 -19.0 + 8.9
HDL-C (mg/dL)

Before 62 = 18 48 + 16%

After 57 + 168 46 + 1518
AHDL-C (%) -7.0x5.2 —6.1+ 88
LDL-C (mg/dL)

Before 100 + 24 125 + 29%

After 94 + 228 117 + 28%8§
ALDL-C (%) -5.0 +9.8 -6.5 = 10.6
NEFA (mEq/L)

Before 0.45 = 0.22 0.55 = 0.19

After 0.036 + 0.0288 0.097 + 0.086%§
ANEFA (%) -89.9 + 95 -81.6 = 16.7*
ApoA-I, before (mg/dL) 144 * 26 125 = 28*
ApoA-ll, before (mg/dL) 35 +6 32+7
ApoB, before (mg/dL}) 94 + 21 117 = 28t

Abbreviations: TC, total cholesterol; TG, triglycerides.

*P <.05, TP < .02, #P < .01: vnormal subjects (Student’s unpaired t
test).

§P < .01 vvalue before clamp (Student’s paired ttest).
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Table 3. Plasma CETP Activity Before and After the 2-Hour
Euglycemic Clamp in Control Subjects and NIDDM Patients

ARIl ET AL

Table 4. Multiple Regression Analysis of the Change (%} in Plasma
CETP Activity During the Euglycemic Clamp

Parameter All{n =51) Normal(n =22) NIDDM (n = 29) Variable Estimate F Ratio P
Before (%/10 uL/16 h) 28.6 = 6.1 295 + 7.4 28.1 = 5.0 ApoA-ll (mg/dL) ~0.517 6.36 .016
After (%/10 pL/16 h) 26.9 = 6.2*  26.8 * 7.4% 26.9 *+ 5.3*% BMI (kg/m2) 0.723 5.12 .029
Change (%) —-65 =77 -9.6 6.4 -4.2 = 7.9t Age (yr) 0.177 3.72 .061

*P < .01, vbefore (Student’s paired ttest). HDL-C (mg/dL) 0.141 2.97 092
NEFA (mEg/dL) 6.65 1.61 21

TP < .02 vnormal (Student’s unpaired ttest).

compared with the initial levels within each group. However,
except for NEFA, the magnitude of the changes (percent) did
not differ significantly between the two groups. The change in
NEFA in NIDDM patients was significantly smaller than the
change in control subjects.

Changes in Plasma CETP Activity After a 2-Hour
Euglycemic Clamp

The initial plasma CETP activity was not significantly
different between the groups (Table 3). Plasma CETP activity
after the euglycemic clamp was significantly decreased in both
groups, but the magnitude of the change (percent) in plasma
CETP activity in NIDDM patients was significantly less than in
control subjects.

In 10 subjects (nine NIDDM patients and one control
subject), CETP activity after the clamp was higher than the
initial activity. These subjects had significantly higher mean
NEFA levels after the clamp (0.118 = 0.078 mEq/L) than the
other 41 subjects, whose CETP activity was decreased after the
clamp (0.059 £ 0.068 mEq/L, P < .05), although there was no
significant difference in initial NEFA levels (0.57 = 0.19 v
0.49 = 0.21 mEq/L, respectively) or in plasma IR levels after
the clamp (86 * 33 v 86 * 27 mU/dL, respectively) between
these groups. The change in NEFA after the clamp in these 10
subjects (—76.5% = 16.7%) was significantly smaller than the
change in the other subjects (—87.3% *+ 13.4%, P <.05).
Comparison of the remaining variables showed that only
apoA-II levels (29.5 = 4.2 mg/dL) were lower in the 10
subjects with increased CETP than in the other subjects
(33.9 = 6.5 mg/dL, P < .05).

Relationship Between Change of CETP Activity
and Other Variables

Correlations between the change in plasma CETP activity
and the values for other factors before and after the englycemic

NOTE. See text for independent variables. R = 540, R2 =
(P < .001).

292

clamp were determined. ApoA-II levels before the clamp,
NEFA levels after the clamp, and changes in NEFA were
significantly correlated with the change in plasma CETP
activity (Fig 1). Other factors including plasma triglyceride
level (r = —.032) and the change in it (r = —.121) did not
show any correlation with the CETP change. Table 4 shows the
results of a multiple regression analysis of the changes in
plasma CETP activity and the other variables before the clamp,
using 15 variables; CETP activity, age, sex (male =1 and
female = 2), BMI, GIR, NEFA, plasma IRI, hemoglobin A;.
(percent), apoA-I, apoA-Il, apoB, total cholesterol, triglycer-
ides, HDL-C, and LDL-C. The results indicated that apoA-II
and BMI had significant effects on the change in CETP activity.

DISCUSSION

In this study, plasma CETP activity was suppressed by acute
moderate hyperinsulinemia in both control subjects and NIDDM
patients. The magnitude of the suppression of CETP activity
was smaller in NIDDM patients, and was positively correlated
to both the extent of the acute hyperinsulinemia-induced
decrease in plasma NEFA and the plasma apoA-1I level.

Acute hyperinsulinemia has been shown to decrease hepatic
secretion of VLDL in nondiabetic?? and diabetic?® humans and
in rats.* The reduction of VLDL release from the liver may
decrease the apparent CETP activity in acute hyperinsulinemia
because of the decreased availability of acceptor lipoproteins in
plasma. However, in this study, CETP activity was determined
using exogenous donor and acceptor lipoproteins, and the
plasma sample used as a source of CETP was small. Therefore,
the endogenous lipoproteins in the plasma from these subjects
hardly affected CETP activity. Plasma lipoprotein lipase (LPL)
catalyzes the hydrolysis of triglycerides in lipoproteins and
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Fig 1. Linear regression analysis of the % change in plasma CETP activity versus plasma NEFA after a euglycemic clamp (left}, change in

plasma NEFA (middle), and baseline plasma apoA-ll {right) in all 51 subjects.
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produces NEFA on lipoprotein surfaces. These lipolyzed lipopro-
teins are more efficient acceptors for CETP.? Since insulin is an
activator of LPL, the hyperinsulinemic state may accelerate the
transfer of cholesteryl esters by increasing LPL activity. How-
ever, moderate hyperinsulinemia during the euglycemic clamp
does not appear to influence LPL activity in skeletal muscle? or
in adipose tissue.?® Therefore, LPL probably did not have a
profound effect on CETP activity during the euglycemic clamp
in the present study.

Previous investigations have shown that plasma lipid levels®
and CETP activity!® are not altered after infusion of saline
solution. Also, suppression of CETP activity in the present
study was not correlated with the GIR, an indicator of the
amount of glucose solution infused. Therefore, the reduction in
CETP activity observed during the euglycemic clamp is not
caused by a dilution effect of infused glucose solution.

A positive correlation has been observed between plasma
CETP concentration (or the transfer rate of cholesteryl ester
from HDL; to VLDL + LDL) and plasma NEFA level.?” Some
in vitro studies have revealed that olate regulates the secretion
of CETP in cultured CaCo-2 cell lines?® and butyrate, a
short-chain fatty acid, regulates CETP by modulating both the
transcription and the amount of protein secreted in HepG2
cells.?® Plasma lipoprotein-bound NEFA regulates CETP activ-
ity,” and the plasma NEFA concentration may redistribute
NEFA among lipoproteins. Although there was no correlation
between CETP activity and NEFA level before the euglycemic
clamp in the present study, the magnitude of the decrease in
NEFA was correlated with the suppression of CETP activity
during hyperinsulinemia. In addition, the decrease in NEFA was
smaller and suppression of CETP activity was of lesser magni-
tude in NIDDM patients than in control subjects. Nine of 10
subjects in whom CETP activity was not suppressed during the
euglycemic clamp were NIDDM patients. The plasma insulin
level increased sufficiently in each group, but the NEFA
reduction during clamping was smaller in NIDDM patients than
in control subjects. Thus, suppression of CETP activity in acute
hyperinsulinemia is associated with a decreasing level of NEFA
in plasma.

Insulin decreases plasma NEFA mainly due to the suppres-
sion of lipolysis in adipose tissue,® resulting in a decreased
release of NEFA from adipose tissue. The GIR in the present
NIDDM patients was slower than in the controls, indicating that
the NIDDM patients were resistant to insulin. Insulin resistance
has been shown to result in an impaired suppression of plasma
NEFA by insulin.3! This may be a reason for the reduced
suppression of NEFA levels observed in the present NIDDM
patients that resulted in less suppression of CETP activity.
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Sutherland et al’® reported that plasma CETP activity was
suppressed during a euglycemic clamp in NIDDM patients but
not in normal controls, and that plasma IRI levels during an
insulin infusion were lower in controls. The present study found
that CETP activity was suppressed in control subjects and in
NIDDM patients, and the reduction was larger in control
subjects than in NIDDM patients. In addition, IRI levels in all
subjects increased significantly, and levels were similar be-
tween the two groups. However, there is no standard by which
to compare the data obtained by our assay with the data from
other investigators. There is thus the possibility that the
difference between our results and those of Sutherland et al is
due to the different assay used to evaluate CETP activity.

HDL particles are heterogeneous in composition. Two major
apolipoproteins in HDL, apoA-I and apoA-II, have been shown
to play important roles in the transfer of cholesteryl esters.
Transfer rates from LDL to HDL with both apoA-I and apoA-II
were significantly lower than from LDL to HDL with only
apoA-LS The present results indicated that suppression of CETP
during hyperinsulinemia was correlated with the plasma apoA-II
level. The multiple regression analysis also showed that the
initial apoA-II level was the most effective factor in the change
of CETP activity. ApoA-II may be associated with the suppres-
sive effect of insulin on plasma CETP. However, it was reported
that apoA-IT may not inhibit the lipid transfer activity of CETP
in vivo,* and we have no data to interpret the suppression by
apoA-IL.

Although plasma insulin levels during the euglycemic clamp
were slightly higher than the physiological insulin levels
obtained after feeding in the present study, our findings suggest
that postprandial increases in plasma insulin limit the transfer of
cholesteryl ester. Since an increased transfer rate after high-fat/
high-cholesterol meals increases the formation of potentially
atherogenic lipoproteins,®*3¢ the suppressive effect of insulin on
transfer may be a physiological protective action against
overproduction of these lipoproteins. The results of this study
suggest that CETP in diabetic patients may not be sufficiently
suppressed after meals, and may accelerate atherogenic changes
in these patients.

In conclusion, plasma CETP activity, probably a reflection of
the CETP concentration, was suppressed by acute hyperinsulin-
emia associated with decreased plasma NEFA levels. This
suppression was weak in NIDDM patients, perhaps because of
insufficient decreases in plasma NEFA. The relationship be-
tween CETP and insulin with respect to lipoprotein metabolism
and the precise effects of exogenous and endogenous insulin on
CETP activity and on lipid transfer remain to be elucidated.
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