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Measurement of the Serum Lipoprotein Lipase Concentration Is Useful for
Studying Triglyceride Metabolism: Comparison With Postheparin Plasma

Tsutomu Hirano, Fumi Nishioka, and Toru Murakami

he catalytically inactive form of lipoprotein lipase (LPL) is detectable at high levels in serum, although its physiologic role

emains unknown. The aim of this study was to elucidate the clinical significance of serum LPL compared with postheparin

PL or the net increment (�) of LPL (postheparin � preheparin LPL). We measured the LPL mass before and 15 minutes after

he injection of heparin in 164 subjects with hyperlipidemia. LPL mass was measured by a sensitive sandwich enzyme-linked

mmunosorbent assay (ELISA). Serum LPL was one fifth of the postheparin LPL concentration. There was a weak correlation

etween the serum LPL and postheparin LPL concentrations (r � .225, P < .005). The � LPL concentration was strongly related

o the postheparin LPL concentration (r � .965, P < .0001), but not to the preheparin LPL mass, suggesting that the weak

orrelation between serum LPL and postheparin LPL levels was attributable to contamination of postheparin plasma by

re-existing LPL (preheparin LPL). Both serum and postheparin LPL were significantly lower in diabetic patients and in

ubjects with high levels of triglyceride or low levels of high-density lipoprotein (HDL). Serum LPL was correlated negatively

ith triglyceride, remnants, and insulin resistance and was positively correlated with HDL cholesterol and low-density

ipoprotein (LDL) size. Postheparin LPL was strongly correlated with HDL cholesterol, but not with other parameters, as was

erum LPL. � LPL mass did not show a closer association with triglyceride metabolism than postheparin LPL or preheparin

PL. In conclusion, serum LPL measurement is simple and seems to be useful for studying triglyceride metabolism.
2004 Elsevier Inc. All rights reserved.
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IPOPROTEIN LIPASE (LPL) is a key enzyme in triglyc-
eride-rich lipoprotein metabolism that has lipolytic activ-

ty and promotes hepatic uptake of lipoprotein particles.1-4 A
igh level of LPL mass, the catalytically inactive form, is
etectable in nonheparinized serum,5 although its physiologic
ole remains unknown. There have been several reports that the
erum LPL mass shows a significant association with the
lasma triglyceride or high-density lipoprotein (HDL) choles-
erol concentrations.6-8 Shirai and colleagues6 demonstrated
hat the preheparin plasma LPL mass is decreased in hypertri-
lyceridemic6 or diabetic subjects9 and is increased by the
dministration of bezafibrate10 or insulin,9 which are known to
timulate LPL synthesis. There have been some reports that
erum LPL concentration is very low or not detectable in
atients with LPL deficiency.11,12 These data suggest that al-
hough serum LPL is catalytically inactive, its mass reflects the
evel of systemic LPL biosynthesis. However, it remains un-
lear whether serum LPL mass is closely associated with li-
oprotein metabolism in a way similar to postheparin plasma
PL.
Measurement of the postheparin LPL activity or mass is a

tandard method for evaluating this enzyme, but it is not
erformed as a routine clinical examination, because it requires
eparin injection and a fairly long waiting time (10 to 15
inutes) before harvesting the postheparin plasma sample.
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herefore, it is attractive to explore the clinical significance of
he serum LPL concentration. In the present study, we inves-
igated the relationship between serum LPL and various param-
ters associated with the action of this enzyme and compared
he results with data on postheprin LPL.

MATERIALS AND METHODS

ubjects

We enrolled 164 hypercholesterolemic subjects with a total choles-
erol level greater than 220 mg/dL detected by routine medical check-
ps, including type 2 diabetic patients. All subjects were essentially
ealthy and were not suffering from liver, kidney, or heart disease,
nfections, or cancer. They were treated with diet plus a statin for at
east 3 months (n � 84) or else were treated by diet alone without any
ipid-lowering agent (n � 80). The statins used for treatment consisted
f atorvastatin (n � 31, 10 mg/d), pravastatin (n � 27, 10 to 20 mg),
imvastatin (n � 15, 10 mg/d), and fluvastatin (n � 11, 20 mg/d). In
reliminary experiments, we found that statins did not alter the LPL
ass in serum or postheparin plasma. Forty patients with type 2

iabetes included in this study were treated with diet alone or with diet
lus sulfonylureas, �-glucosidase inhibitors, or metformin. Patients
reated with insulin or thiazolidinediones were excluded. Blood sam-
les were collected at least 3 months after starting treatment with diet
r statin therapy.

easurement of LPL

Serum LPL mass and postheparin LPL mass were measured by the
ensitive sandwich enzyme-linked immunosorbent assay (ELISA).
LISA, originally described by Kobayashi et al,13 is commercially
vailable as a test kit (LPL-ELISA Daiichi; Daiichi Chemical, Tokyo,
apan) that contains polyclonal and monoclonal antibodies against
ovine milk LPL. The lower limit of detection was 0.5 ng/mL, while
he interassay coefficient of variation (CV) was 3% and the intra-assay
V was 6%. Postheparin plasma samples were taken 15 minutes after
eparin injection (30 U/kg). Changes of LPL mass before and after
eparin injection were assessed, and there was an excellent correlation
etween LPL mass and activity in postheparin plasma as reported

13
lsewhere.
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527SERUM LPL AND TG METABOLISM
ther Measurements

All measurements, including LPL mass, were performed in the
orning after an overnight fast. Very–low-density lipoprotein (VLDL)

density �1.006 g/mL) was separated by ultracentrifugation using a
itachi CP-65G (Hitachi, Tokyo, Japan) with an RP 55T-708 rotor

Hitachi). The average LDL particle diameter was measured by gradi-
nt (2% to 16%) denaturing polyacrylamide gel electrophoresis accord-
ng to the method of Krauss et al.14 Remnant-like particle (RLP)
holesterol was measured with an affinity column containing anti-
polipoprotein (apo) A1 and B100 monoclonal antibodies.15 Immuno-
eactive insulin (IRI) was measured by radioimmunoassay using a
ommercially available test kit (Shionogi Pharmaceutical, Osaka, Ja-
an). Insulin resistance was estimated by the homeostasis model as-
essment-insulin resistance (HOMA-IR) as a simple calculation based
n fasting insulin and glucose levels (insulin (�U/mL) � glucose
mg/100 mL)/405).16 Plasma triglyceride, cholesterol, and free fatty
cid levels were measured by enzymatic methods. HDL cholesterol was
easured in the plasma after polyanion precipitation of apo B-contain-

ng lipoproteins. LDL cholesterol was measured directly by the ho-
ogenous method, as described previously.17 Plasma apo AI, B, CII,
III, and E levels were determined by immunoturbidometric assay

Daiichi Pure Chemicals).

Table 1. General Characteristics of Total Subjects

Male
(n � 96)

Female
(n � 68) P Value

Age (yr) 52 � 12 56 � 7 �.02
Body mass index 24.6 � 3.8 23.7 � 3.6 NS
Preheparin LPL mass (ng/mL) 48 � 21 67 � 21 �.0001
Postheparin LPL mass (ng/mL) 242 � 82 280 � 98 �.01
�-LPL mass (ng/mL) 197 � 81 212 � 93 NS
Triglyceride (mg/dL) 182 � 122 114 � 54 �.0001
HDL-C (mg/dL) 54 � 12 61 � 10 �.0005
Total-C (mg/dL) 218 � 44 222 � 39 NS
LDL-C (mg/dL) 145 � 48 153 � 39 NS
Statin user* (n (%)) 54 (56) 30 (44) NS
Diabetes (n (%)) 32 (33) 9 (13) �.005

NOTE. Data represent mean � SD.
Abbreviations: NS, not significant (P � .05); C, cholesterol; �-LPL
ass, postheparin LPL minus preheparin LPL.
*Atorvastatin 10 mg (n � 31); pravastatin 10 to 20 mg (n � 27);

imvastatin 5 to 10 mg (n � 15); fluvastatin 20 to 40 mg (n � 11).

Fig 1. (A) Correlation between serum LPL and postheparin LPL ma

� .0038. (B) Correlation between �-LDL and postheparin LPL mass
< .0001. (C) There was no correlation between serum LPL and �-LPL m
tatistics

Statistical significance was estimated by Student’s unpaired t test.
orrelation coefficients between 2 variables were determined by Pear-

on’s simple linear regression analysis. Stepwise multiple regression
nalysis was performed to assess the independent association of the
aluables. P � .05 was considered significant.

RESULTS

Table 1 shows serum and postheparin LPL mass and the
lasma lipid profile of 164 hyperlipidemic subjects treated with
iet alone or diet plus statins. Half of the subjects were given
tatins. Serum LPL and postheparin LPL mass were signifi-
antly lower in males than in females, and serum LPL mass was
bout one fifth of the postheparin LPL mass. A significant gender
ifference was not observed in the case of �-LPL mass (posthep-
rin LPL � serum LPL). The serum triglyceride level was signif-
cantly higher, and HDL cholesterol was lower in males than in
emales. When the serum and postheparin LPL mass values were
djusted for the serum triglyceride level, the gender difference
f LPL mass was no longer significant (data not shown).
Fig 1 demonstrates the correlation between serum LPL and

ostheparin LPL concentration in all subjects. There was a
eak correlation between these variables (y � 0.059X � 40.6,
� .225, P � .0038). The �-LPL concentration was substan-

ially related to the postheparin LPL concentration (y �
.941X � 40.6, r � .965, P � .0001), but not to the preheparin
PL mass (r � .12, not significant [NS]).
Table 2 shows serum LPL, postheparin LPL mass, and the

erum lipid profile in subjects with or without type 2 diabetes.
he diabetic patients had hyperglycemia with a normal insulin

evel, so they had a higher HOMA-IR level. Serum triglyceride,
otal cholesterol, LDL cholesterol, and HDL cholesterol levels
ere comparable between diabetic and nondiabetic subjects,

xcept that diabetics had higher free fatty acid levels. Serum
PL mass was significantly lower in diabetic patients than in
ondiabetic subjects. Postheparin LPL and �-LPL mass was
lso significantly lower in diabetics than nondiabetics. The
iabetic patients were treated with diet alone or oral hypogly-
emic agents, but we did not observe significant differences of

e equation of the linear regression line is y � 0.059X � 40.6, r � .225,

equation of the linear regression line is y � 0.941X � 40.6, r � .965,
ss. Th

. The
ass. �-LPL � postheparin LPL mass � serum LPL mass.
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528 HIRANO, NISHIOKA, AND MURAKAMI
erum LPL or postheparin LPL between the treatments (data
ot shown).
Table 3 shows serum and postheparin LPL concentrations in

ubjects with or without hypertriglyceridemia (triglyceride
150 mg/dL) or low HDL cholesterolemia (HDL cholesterol
40 mg/dL). Serum LPL mass in subjects with hypertriglyc-

ridemia, low HDL cholesterol, or both was significantly lower
han in subjects with normal levels of triglyceride and HDL
holesterol. Subjects with hypertriglyceridemia or low HDL
holesterol levels had a lower postheparin LPL mass than the
ubjects with normotriglyceridemia and normal HDL choles-
erol level. There were no significant differences of �-LPL
etween the subjects with or without hypertriglyceridemia or
ow HDL cholesterol.

There was a significant inverse correlation between serum
PL mass and triglyceride, but the association between post-
eparin LPL and triglyceride did not attain statistical signifi-
ance, as indicated in Table 4. However, because serum tri-
lyceride showed a skewed distribution, logarithmically
ransformed triglyceride data were used to re-examine the cor-
elation with serum LPL or postheparin LPL. Fig 2 shows a
ignificant correlation between serum LPL and log triglyceride
r � �.310, P � .0001) (Fig 2A), as well as between posthep-
rin LPL and log triglyceride (r � .240, P � .0019) (Fig 2B).
tepwise multiple regression analysis revealed that the signif-

cant associations of log triglyceride with serum LPL and

Table 2. Comparison of Metabolic Parameters Between

Diabetic and Nondiabetic Subjects

Type 2 DM Non DM P Value

No. (M:F) 41 (32:9) 124 (64:59)
Age 57 � 11 52 � 10 �.0001
Body mass index 23.5 � 3.0 24.5 � 4.0 NS
Hemoglobin A1c (%) 8.5 � 2.4 5.2 � 0.4 �.0001
Glucose (mg/dL) 165 � 64 96 � 9 �.0001
IRI (�U/mL) 5.1 � 1 4.9 � 1 NS
HOMA-IR 2.0 � 1.4 1.2 � 0.9 �.0001
Triglyceride (mg/dL) 158 � 86 152 � 111 NS
Free fatty acid (�mol/L) 775 � 380 464 � 213 �.0001
HDL-C (mg/dL) 56 � 16 57 � 13 NS
LDL-C (mg/dL) 145 � 55 150 � 41 NS
Preheparin LPL (ng/mL) 44 � 21 60 � 23 �.0005
Postheparin LPL (ng/mL) 222 � 78 270 � 91 �.005
�-LPL mass (ng/mL) 177 � 81 212 � 87 �.05

Abbreviations: IRI, immunoreactive insulin; DM, diabetes mellitus;
S, not significant; HOMA-IR, homeostasis model assessment-insulin

esistance.

Table 3. Comparison of Metabolic Pa

Normo TG With Normo HDL-C

No. (M:F) 107 (49:58)
TG (mg/dL) 102 � 30
HDL-C (mg/L) 61 � 13
Preheparin LPL mass (ng/mL) 61 � 22
Postheparin LPL mass (ng/mL) 275 � 93
�-LPL mass (ng/mL) 214 � 87
Abbreviations: TG, triglyceride; hyper TG (�150 mg/dL); low HDL-C (�40
ostheparin LPL were independent of each other (F values
ere 12.7 and 5.6, respectively).
Fig 3 shows the significant correlations (P � .0001) between

DL cholesterol and serum LPL (r � .337) or postheparin LPL
r � .464). The correlation coefficient (r value) was stronger
or postheparin LPL than serum LPL, but stepwise multiple
egression analysis revealed that these significant associations
f HDL cholesterol with serum LPL and postheparin LPL were
ndependent of each other (F values were 12.3 and 34.6, re-
pectively).

Table 4 shows the simple correlations of serum LPL, post-
eparin LPL, or �-LPL with various parameters in all of the
ubjects. Serum LPL was negatively correlated with body mass
ndex, serum triglyceride, apo B, CII, CIII, and E, VLDL
riglyceride, VLDL cholesterol, and RLP cholesterol, while it
as positively correlated with HDL cholesterol, apo A1, and
DL size. In contrast, postheparin LPL did not have a signif-

ters Between Dyslipidemic Subjects

Hyper TG Low HDL-C Hyper TG With Low HDL-C

42 (34:8) 6 (5:1) 9 (8:1)
262 � 117* 113 � 21 302 � 143*
52 � 7* 38 � 1* 37 � 2*
49 � 25* 42 � 25† 40 � 13*

239 � 70† 185 � 56† 217 � 93
190 � 81 144 � 70 177 � 103

Table 4. Correlations of Serum LPL and Postheparin Plasma LPL

Concentrations With Various Parameters

Preheparin
LPL Mass P

Postheparin
LPL Mass P

Delta-LPL
Mass P

Age �0.105 NS �0.020 NS �0.109 NS
Body mass

index �0.285 �.0005 0.021 NS 0.086 NS
Total-C �0.060 NS �0.085 NS 0.075 NS
Triglyceride �0.303 �.0001 �0.064 NS 0.005 NS
HDL-C 0.337 �.0001 0.452 �.0001 0.384 �.0001
LDL-C �0.065 NS �0.015 NS �0.024 NS
RLP-C �0.185 �.02 �0.027 NS 0.015 NS
VLDL-TG �0.267 �.001 �0.013 NS 0.052 NS
VLDL-C �0.082 NS �0.001 NS 0.020 NS
Apo AI 0.283 �.0005 0.440 �.0001 0.377 �.0001
Apo B �0.078 NS �0.069 NS �0.045 NS
Apo CII �0.267 �.001 �0.011 NS 0.042 NS
Apo CIII �0.258 �.001 �0.047 NS 0.099 NS
Apo E �0.174 �.05 0.159 �.05 0.209 �.01
Mean LDL

diameter 0.181 �.02 0.081 NS 0.035 NS
Free fatty

acid �0.379 �.0001 �0.040 NS 0.125 NS
Glucose �0.231 �.005 �0.094 NS �0.048 NS
Hemoglobin

A1c �0.187 �.005 �0.176 �.05 �0.148 NS
IRI �0.165 NS �0.031 NS 0.0025 NS
HOMA-IR �0.233 �.01 �0.064 NS �0.019 NS

NOTE. n � 165.
Abbreviation: NS, not significant.
rame
mg/dL). *P � .01, †P � .05 v normo TG with normo HDL-C.
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529SERUM LPL AND TG METABOLISM
cant association with serum triglyceride, apoproteins, VLDLs,
LP cholesterol, or LDL size, but there was a stronger inverse
ssociation with HDL cholesterol and apo A1. Serum LPL was
ignificantly correlated with free fatty acid, fasting plasma
lucose, hemoglobin A1c, and HOMA-IR, whereas postheparin
PL was not. �-LPL had similar associations with the various
arameters as those found for postheparin LPL.

DISCUSSION

Measurement of LPL activity in postheparin plasma is a
tandard procedure for the assay of LPL in vivo. However, this
ctivity rapidly decreases at room temperature,1 which makes it
ifficult to use for general clinical examination. Furthermore,
here are various methods for the measurement of LPL activity,
nd a standard method has not yet been established. Therefore,
he normal/abnormal range has not been decided. Measurement
f LPL mass in postheparin plasma overcomes these problems.
owever, this mass method also needs heparin injection. It is

till a matter of debate as to how much heparin should be
njected and when the postheparin sample should be taken to
btain the maximum value of LPL mass or activity in posthep-
rin plasma. Heparin injection occasionally promotes bleeding,
hich might be dangerous for patients with a peptic ulcer or
roliferative diabetic retinopathy. Thus, postheparin LPL mass
etermination also has problems that interfere with becoming a
idely used examination.
Nonheparinized serum contains a considerable LPL mass,

ut the activity of triglyceride hydrolysis is very low. Watson
t al18 tried to measure this low LPL activity by increasing the

Fig 2. (A) Correlation between

erum LPL mass and logarith-

ically transformed triglyceride

evels. (B) Correlation between

ostheparin LPL mass and loga-

ithmically transformed triglycer-

de levels.
erum volume and prolonging the incubation time, but they did
ot find a meaningful association between preheparin LPL
ctivity and lipoprotein concentrations, suggesting that serum
PL does not play a significant role in lipid metabolism

hrough its lipolytic activity. Recent studies have revealed that
atalytically inactive LDL can act as a ligand for lipoprotein
eceptors or glucosaminoglycans in the liver.2,3,19 Thus, cata-
ytically inactive serum LPL might participate in lipoprotein
etabolism via its ligand function. There have been several

tudies indicating a significant correlation between serum LPL
nd lipoprotein concentrations.6-10 Tornvall et al8 reported that
erum LPL mass showed an inverse correlation with triglycer-
de and a positive correlation with HDL cholesterol in patients
ith coronary heart disease (CHD), whereas they failed to
bserve these correlations in control subjects. Watanabe et al6

nd Saito et al7 did find a significant correlation between serum
PL mass and triglyceride or HDL cholesterol in non-CHD
ubjects. However, because few studies have involved the
easurement of pre- and postheparin LPL mass simulta-

eously, it is poorly understood how strongly the serum LPL
ass is associated with lipoprotein metabolism when compared
ith postheparin LPL, and whether measurement of serum LPL

an be used as a substitute for the postheparin LPL assay. The
im of the present study was to address these issues.

Serum LPL mass and postheparin LPL mass were signifi-
antly lower in males than females, which was a finding in
greement with previous reports.6,7 However, this difference of
he LPL mass disappeared when adjusted for triglyceride, sug-

Fig 3. (A) Correlation between

serum LPL mass and HDL choles-

terol levels. (B) Correlation be-

tween postheparin LPL mass and
HDL cholesterol levels.
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530 HIRANO, NISHIOKA, AND MURAKAMI
esting that LPL is closely associated with triglyceride metab-
lism in both sexes.
The LPL gene has an insulin-sensitive element that promotes

PL biosynthesis,20 therefore, LPL production is expected to
e reduced in type 2 diabetic patients who are characterized by
nadequate insulin action. Insulin resistance, as estimated by
he HOMA index, was significantly associated with serum
PL, but not with postheparin plasma LPL, suggesting that
erum LPL more sensitively reflects insulin-mediated LPL syn-
hesis. Shirai et al21 demonstrated that troglitazone, an enhancer
f insulin action, or insulin injection significantly increase the
erum LPL mass. Further studies will be needed to determine
hether insulin-mediated LPL production is more clearly de-

ected by assay of serum than postheparin plasma.
As shown in Table 3, the serum LPL concentration was

ignificantly decreased in subjects with hypertriglyceridemia
nd/or low HDL cholesterol levels. A significant correlation
etween serum LPL mass and the serum triglyceride or HDL
holesterol levels (shown in Figs 2 and 3) supports the data in
able 3, and suggest that serum LPL is significantly associated
ith triglyceride metabolism. Postheparin LPL mass was also
ecreased in subjects with hypertriglyceridemia or low HDL
holesterol levels. However, the correlation of postheparin LPL
ith triglyceride level was weaker than that of serum LPL
ass. There have been a number of studies showing a signif-

cant correlation between the plasma triglyceride level and
ostheparin LPL activity or mass, but the correlations were
elatively weak8,18 and did not far exceed the correlation be-
ween serum LPL mass and triglyceride reported elsewhere.6,7

ornvall et al8 reported that postheparin LPL mass was not
orrelated with VLDL triglyceride in CHD patients, but prehe-
arin LPL mass was. Taken together, it seems that serum LPL
oncentration is more closely associated with triglyceride than
ostheparin LPL.
Postheparin LPL was significantly associated with HDL cho-

esterol levels, showing a stronger correlation coefficient than

hat of serum LPL. It has consistently been reported that post- p
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eparin LPL has a closer correlation with HDL cholesterol than
ith triglyceride.8,22 The functionally active LPL released after
eparin injection may play a more important role in the pro-
uction and maturation of HDL than inactive serum LPL.
evertheless, serum LPL mass was correlated with HDL cho-

esterol levels, independently of the postheparin LPL mass,
uggesting that serum LPL also reflects lipolysis of triglycer-
de-rich lipoproteins to generate HDL.

Serum LPL, but not postheparin LPL, showed an inverse
orrelation with RLP cholesterol and a positive correlation with
DL size, which are newly recognized risk factors for
HD.23,24 LDL size14,23 and RLP cholesterol15,24 both have a

ubstantial association with serum triglyceride. Thus, the stron-
er association of triglyceride with serum LPL than with post-
eparin LPL could explain why serum LPL had a significant
ssociation with RLP cholesterol or LDL size, but postheparin
PL did not. A low serum LPL mass may become a new CHD

isk factor for integrating the atherogenic lipoprotein profile,
uch as small dense LDL, increased remnants, and low HDL
holesterol. Indeed, it has been reported that patients with CHD
ave lower serum LPL levels than normal controls.25,26

We assumed that heparin-releasable LPL (�-LPL mass:
ostheparin LPL � preheparin LPL) has more clinical signif-
cance than postheparin LPL or preheparin LPL. Contrary to
ur expectation, however, �-LPL mass was only related to
ostheparin LPL, but did not show a more meaningful associ-
tion with triglyceride metabolism than postheparin LPL or
reheparin LPL. The weak correlation between postheparin
PL and preheparin LPL may be attributable to contamination
f postheparin plasma by preexisting LPL (preheparin LPL).
In conclusion, serum LPL mass may reflect systemic LPL

iosynthesis. Measurement of the serum LPL concentration is
simple and useful method for investigating LPL-mediated

ipoprotein metabolism. Because a low serum LPL level seems
o be closely associated with “the metabolic syndrome,” the
ext step will be investigation of the use of serum LPL to

redict coronary heart disease in large populations.
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