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Abstract Patients with diabetes commonly manifest hyper-
triglyceridemia along with decreased adipose tissue lipopro-
tein lipase (LPL) activity, and improved diabetes control
tends to reverse these abnormalities. To better understand
the mechanism of regulation of LPL in diabetes, 11 diabetic
patients (3 type I, 8 type II) were brought under improved
glycemic control, and adipose tissue LPL gene expression
was assessed by performing paired fat biopsies. Six of the 11
patients attained improved control with insulin, with a
decrease in glycohemoglobin (glyc Hgb) from 13.8+0.9 to
10.4+0.6%; 5 patients attained improved control with
glyburide (glyc Hgb fell from 14.2 £ 2.4 to 8.8+ 0.6%), and
together they demonstrated a lowering of serum triglycerides
and total cholesterol. No changes were observed in HDL
cholesterol. Improved diabetes control resulted in a sig-
nificant increase in LPL activity in both the heparin-
releasable (HR) and extractable (EXT) fractions of adipose
tissue, as well as in LPL immunoreactive mass. The change in
LPL activity with improved control was variable, and showed
a positive correlation with the HDL levels prior to treatment
(r=0.74, P<0.02). When adipose tissue was pulse-labeled
with [33S]methionine, there was an increase in isotope incor-
poration into LPL after treatment, indicating an increase in
LPL synthetic rate. However, improved diabetes control
resulted in no significant change in LPL mRNA levels. E
Thus, improved glycemic control resulted in an increase in
LPL activity which correlated with each patient’s basal high
density lipoprotein. This increase in LPL activity was accom-
panied by an increase in LPL immunoreactive mass, and an
increase in LPL synthesis. Since there was no change in LPL
mRNA levels, these data suggest that LPL regulation in these
patients occurs at a translational level or through a possible
change in degradation.—Simsolo, R. B., J. M. Ong, B. Saf-
fari, and P. A. Kern. Effect of improved diabetes control on
the expression of lipoprotein lipase in human adipose tissue.
J. Lipid Res. 1992. 33: 89-95.

Supplementary key words insulin e glyburide e high density lipo-
protein ® messenger RNA e translation

Lipoprotein lipase (LPL) is present mainly in
adipose tissue and muscle, and is the rate-limiting en-
zyme in triglyceride-rich lipoprotein metabolism (1).
Deficiencies in LPL play an important role in the
pathophysiology of hyperlipidemia in a number of im-
portant clinical conditions, among the most common
of which is poorly controlled diabetes. Numerous

studies have described decreases in LPL catalytic ac-
tivity in the adipose tissue (2-4) or the post-heparin
plasma (5, 6) of both insulin-dependent (IDD) and
non-insulin-dependent diabetics (NIDD) who are
under poor glycemic control. Subsequent treatment of
these patients has been shown to increase the level of
lipoprotein lipase, coincident with a fall in plasma
triglycerides. However, previous studies have studied
only LPL catalytic activity and have not examined the
mechanism of regulation of LPL. With the recent
development of high quality ant-LPL antibodies (7)
and the LPL ¢cDNA (8), more detailed studies of LPL
gene expression are now possible.

Recent studies from our laboratory and that of
others have demonstrated that the mechanism of reg-
ulation of LPL varies with different regulatory events.
For example, insulin added to isolated rat adipocytes
in vitro increased LPL activity through an increase in
LPL mRNA levels (9). On the other hand, feeding in-
creased LPL activity due to posttranslational effects
(10, 11), whereas weight loss in obese subjects in-
creased LPL due to an increase in LPL mRNA levels
(12). Therefore, to study the defect in LPL regulation
in diabetes, we examined the mechanism of regulation
of adipose tissue LPL after improvement of glycemic
control either with insulin or sulfonylurea drug treat-
ment.

METHODS

Human Subjects

Eleven diabetic patients who were under suboptimal
glycemic control were recruited from the outpatient
clinic and gave informed consent to the procedure. No

Abbreviations: LPL, lipoprotein lipase; PBS, phosphate-buffered
saline; HR, heparin-releasable LPL; EXT, extractable LPL; ELISA,
enzyme-inked immunosorbent assay; IDD, insulin-dependent
diabetes; NIDD, non-insulin-dependent diabetes; BMI, body mass
index; Glyc Hgb, glycohemoglobin; HDL, high density lipoprotein;
VLDL, very low density lipoprotein.
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patient was taking any medication or had any concur-
rent illness likely to affect lipid metabolism. The day
prior to the biopsy the patients were placed on an
isocaloric diet, consisting of 50% carbohydrate, 20%
protein, and 30% fat, and they presented to the clinic
after fasting for 12 h. A subcutaneous fat biopsy was
performed from the lower abdominal wall. The biopsy
was performed as described previously (10) by infiltrat-
ing 1% lidocaine (without epinephrine) in a square
pattern, followed by a 3-cm incision and removal of 3
to 10 g fat. A portion of the excised tissue was placed
into iced phosphate-buffered saline (PBS) and pro-
cessed immediately for LPL activity, immunoreactive
protein, and synthetic rate as described below. A
second portion of the adipose tissue was immediately
frozen in liquid nitrogen and stored at -70°C for sub-
sequent RNA isolation. All subjects tolerated the proce-
dure well. In addition, blood samples were obtained
for glucose, insulin, glycated hemogiobin, and lipids.
Patients were then treated either with insulin or
glyburide, depending on clinical circumstances, to
achieve improved glycemic control. After 3 months of
improved glycemic control, patients were again placed
on the same standardized diet and reported in the fast-
ing state for an adipose tissue biopsy from the contra-
lateral lower abdominal wall.

Six of the eleven patients were treated with insulin
after the first biopsy was performed. This group con-
sisted of three type I diabetics who were on a subopti-
mal insulin regimen and three type II diabetics who
were failures on oral agents. The patients on oral
agents were withdrawn from the drug 48 h prior to the
first fat biopsy, which did not result in any acute change

in fasting blood glucose. The remaining five patients
were newly discovered type II diabetics and were
treated with glyburide. The characteristics of all the
patients recruited for this study are shown in Table 1.

LPL catalytic activity

LPL activity was separated into two fractions, as de-
scribed previously (10): activity released with heparin
(HR) and activity extracted from the tissue after the
heparin release (EXT). Adipose tissue was minced and
incubated with 13 pg/ml heparin (Fisher Scientific
Co.) in PBS for 30 min at 37°C. An aliquot of buffer
was then assayed for HR LPL activity as described
below. The heparin-treated tissue was then washed
once with PBS and the extractable fraction was pre-
pared by homogenizing the tissue in buffer containing
deoxycholate and heparin, as described previously (10,
13). The sample was centrifuged, and the aqueous
layer was collected and assayed for EXT LPL activity in
duplicate. Total adipose LPL activity was computed as
the sum of HR and EXT, which has been validated pre-
viously (14).

The LPL activity assay was performed as described
previously (15) using a [*H]triolein-containing sub-
strate emulsified with lecithin, and containing normal
human serum as a source of apoC-II. Samples were in-
cubated with the substrate solution for 45 min at 37°C,
and 3H-labeled free fatty acids were separated by the
method of Belfrage and Vaughan (16). LPL activity was
expressed in nEq FFA released/min per 108 cells, and
cell number was determined according to the method
of DiGirolamo et al. (17).

TABLE 1 Clinical characteristics of the patients

Patient No. BMI
Sex Age Ry

Glyc Hb

Glucose TG HDL-C Chol

Diabetes Type B A B

A B A B A B A B A

yr kg/m2

11 M 42 INS 234 243 131
21 M 44 INS 235 244 100
31 F 31 INS 219 241 14.9
4 11 F 32 INS 582 598 150
5 1I F 65 INS 310 310 158
6 II M 46 INS 389 411 142
711 M 57 GLY 431 431 8.7
8 II M 36 GLY 239 26.1 231
9 II M 54 GLY 347 361 119
10 11 M 41 GLY 225 21.7 139
11 11 M 59 GLY 340 340 144
Mean + 46 323 332% 141
SEM 3 34 34 1.1

mg% mg % mg% mg%
9.0 253 97 106 74 35 30 155 132
94 238 122 266 111 43 36 209 195
9.1 259 181 137 177 58 56 177 179
111 255 124 148 140 59 43 230 206
12.3 200 169 56 53 49 59 142 159
11.6 242 237 234 175 45 60 280 238
77 169 157 271 216 40 40 226 217
79 355 80 163 133 30 29 198 143
83 235 142 259 211 22 24 194 176
10.8 165 140 139 102 44 48 167 140
95 236 104 535 242 25 28 229 212

9.7 237 141* 205 145* 41 41 201  182%
0.5 15 13 40 18 4 4 12 11

Abbreviations: BMI, body mass index; Glyc Hb, glycated hemoglobin; TG, triglyceride; HDL-C, HDL. cholesterol; Chol, cholesterol; B, before

diabetes control; A, after diabetes control.
*P < 0.05 versus before diabetes control.
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LPL immunoreactive mass

For determining LPL immunoreactive mass, tissue
samples were prepared as described above for the LPL
activity assay, except for the addition of protease in-
hibitors (18). The enzyme-linked immunosorbent assay
(ELISA) for measuring LPL immunoreactive mass was
described previously, and data were expressed as
ng immunoreactive LPL/10% cells (18). In brief, a mi-
crotiter plate was coated with affinity-purified chicken
anti-LPL antibody, and samples and bovine LPL stand-
ards were applied in a buffer containing 1 M NaCl,
0.1% Triton X-100, 0.1% albumin, protease inhibitors,
and 25 mM TrisHCl (pH 7.4). Biotinylated anti-LPL
antibody was then added, followed by the addition of
streptavidin-horseradish peroxidase (Bethesda Re-
search Laboratories). The plate was developed and
quantitated on an ELISA plate reader at 490 nm.
Samples from before and after diabetes control were
assayed in duplicate on the same ELISA plate to mini-
mize interassay variation.

LPL synthetic rate

Adipose tissue was minced, washed three times with
methionine-free Medium 199 (Irvine Scientific, Santa
Ana, CA), and incubated in the same medium for 1 h
at 37°C in preparation for radiolabeling. After this, the
tissue was minced, and metabolically labeled with 50
uCi of [¥S]methionine for 30 min. Lysis buffer was
then added to give a final lysate concentration of 0.02
M sodium phosphate (pH 7.5), 0.2 mM NaCl, 2% (v/v)
Triton X-100, 1% (w/v) sodium deoxycholate, 0.2%
(w/v) sodium dodecyl sulfate, 5 mM EDTA, and 1 mM
phenylmethylsulfonyl fluoride. The samples were im-
munoprecipitated, as described previously (9), and
analyzed using a 10% SDS-polyacrylamide gel. After
autoradiography the intensity of the bands was quan-
titated by laser densitometry.

To control for minor differences in labeling condi-
tions between biopsies, as well as for isotopic decay of
the ¥S, an aliquot of adipose tissue extract was
precipitated with trichloroacetic acid (TCA) at the
time of immunoprecipitation and SDS PAGE. The im-
munoprecipitates were then loaded onto the gel in
proportion to the total TCA-precipitable counts.

Extraction of RNA and Northern analysis

Isolation of RNA from adipose tissue was performed
according to the guanidinium~phenol—chloroform
method (19) and RNA was quantitated spectropho-
tometrically. As described previously (9), the extracted
RNA samples were electrophoresed on a 2.2 M formal-
dehyde-1% agarose gel and transferred onto a nylon
membrane (Hybond-N; Amersham Corp.) for North-
ern blot analysis. Northern blots were loaded with

equal quantities of total RNA. The blotted membranes
were hybridized to *2P-labeled cDNA probes coding for
human LPL (8) and gamma-actin (20). Hybridization
and washing of the membranes were as described pre-
viously (10) and the images were then quantitated by
autoradiography and laser densitometry.

Statistics

All data were expressed as the mean *+ SEM and were
analyzed nonparametrically using the Wilcoxon
matched-paired singed-rank test for paired data, and
the Mann-Whitmey rank sum test for nonpaired data,
and the Spearman Rank Correlation Coefficient for
trends.

RESULTS

Treatment with either insulin or glyburide led to
similar improvements in glycemic control, as shown by
the significant fall in glycohemoglobin and fasting
glucose (Table 1). In addition, there was a significant
decrease in plasma triglycerides and cholesterol,
without change in HDL cholesterol. There was a slight
increase in body weight in most of the patients.

Improved glycemic control resulted in a significant
increase in HR, EXT, and total LPL activity (Fig. 1,
panel A). Prior to improved control, HR LPL activity
was 0.97£0.52 nEq FFA released/min per 106 cells,
and increased to 1.64 % 0.69; and EXT LPL activity was
0.28+0.17 and increased to 1.08+0.33 nEq FFA
released/min per 10°% cells following treatment. The
levels of both HR and EXT LPL immunoreactive mass
also increased from 2.39+0.62 to 5.15+ 1.76 ng/108
cells, and from 6.24 1 1.06 to 17.0 + 4.89 ng/10° cells,
respectively, suggesting that the increase in LPL activity
was due to an increase in LPL protein (Fig. 1, panel B).

Although diabetes control resulted in overall in-
creases in LPL activity, there was variability among
patients in the LPL changes. This variability could not
be accounted for by the type of diabetes, the degree of
obesity, or the magnitude of change in glycohemo-
globin. However, a significant relationship was ob-
served between the change in adipose LPL activity and
the basal HDL level. As shown in Fig. 2, there was a
significant correlation between HDL prior to treat-
ment, and the change in LPL with treatment.

To further examine the mechanism of the increase
in LPL with treatment, [*¥*S]methionine pulse-labeling
of adipose tissue was performed, along with mRNA ex-
traction and Northern blotting. Fig. 3 illustrates the
data of two representative patients who demonstrated
large increases in LPL activity and mass. As can be
seen, there were increases in {¥S]methionine incorpor-
ation into LPL, indicating an increase in LPL synthetic
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Fig. 1. Effect of diabetes control on LPL activity and immunoreac-
tive mass. Fasting adipose tissue biopsies were performed on 11 sub-
jects before and 3 months after attainment of improved glycemic
control of their diabetes. P< 0.05 versus before treatment.

(L]

rate. As shown in the Northern blots from the same
patients (second panel) there were no changes in LPL
mRNA levels after improved glycemic control, when
compared to the gamma-actin mRNA level.

RNA was extracted and Northern blots were per-
formed on all 11 patients, and the results are sum-
marized in Fig. 4. The data are expressed as the
LPL/gamma-actin ratio, using laser densitometry to
quantitate the image, standardized to the LPL/gamma-

@ Insulin
51 O Clyburide

r=0.714 (p(0.02)

Change in LPL
(nEq/min/106 cells)

T —

20 30 40 50 60

HDL (mg/dl)

Fig. 2. Relationship between change in LPL with improved diabetes
control and basal HDL levels prior to treatment.
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actin ratio from the first biopsy. Although some
patients showed small increases in LPL. mRNA after im-
proved glycemic control, these changes were not con-
sistently seen, were not statistically significant, and
could not explain the changes in synthetic rate and
mass. Thus, the increase in LPL synthesis in response
to treatment was not accompanied by a corresponding
change in mRNA levels, suggesting that glycemic con-
trol in diabetic patients regulates LPL post-transcrip-
tionally.

DISCUSSION

Hypertriglyceridemia is a common lipid abnormality
in patients with diabetes (21), and can result from a
combination of two abnormalities: overproduction of
VLDL by the liver, and diminished removal of
triglyceride-rich lipoprotein, caused by reduced LPL
activity (22, 23). Patients who are hyperinsulinemic, in-
cluding obese nondiabetic patients, tend to manifest
hypertriglyceridemia predominantly due to VLDL
overproduction, whereas insulinopenic diabetics tend
to have more of a triglyceride removal defect. Never-
theless, patients with poorly controlled diabetes
uniformly demonstrate a reduction in plasma trigly-
cerides with improved glycemic control.

Numerous previous studies have measured LPL ac-
tivity in diabetic patients under a variety of conditions.
When diabetic patients were compared to a suitable
control group, there was a decreased activity of the en-
zyme in both post-heparin plasma (5, 6, 24-26) and
adipose tissue (2-4, 26-28). In addition, when im-
proved diabetes control was achieved with insulin,
there were consistent increases in LPL activity in
adipose tissue both in IDD and NIDD, as well as in-
creases in post-heparin plasma LPL (2-6, 25, 28, 29).
Several studies have also examined improved diabetes
control with sulfonylurea drugs in type II diabetics.
Similar increases in adipose or postheparin plasma
LPL activity were observed (2, 6, 27), although one
study observed no significant change in post-heparin
plasma LPL activity with both glibenclamide and phen-
formin (5).

Previous studies have not examined the mechanism
of regulation of LPL in diabetic patients before and
after glycemic control. With the recent development of
the LPL ¢cDNA (8) and high quality antibodies to LPL
(7), we attempted to determine whether the increase
in adipose tissue LPL after diabetes control was due to
an increase in LPL. mRNA levels, or secondary to post-
transcriptional effects.

In this study, all patients were studied while under
suboptimal glycemic control, and again after 3 months
of improved glycemic control, achieved either with in-
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Fig. 3. Effect of diabetes control on LPL synthesis and LPL. mRNA
levels. LPL synthetic rate (top panel) was assessed by pulse-labeling
with [*’S]methionine for 30 min, followed by immunoprecipitation,
as described in Methods. In the lower panels are the Northern blots
for LPL and gamma-actin from the same two patients. Ethidium
bromide staining of the agarose gels demonstrated rRNA bands that
corresponded closely with the gamma-actin mRNA level. Data from
two representative patients are shown, and the data on LPL activity
and mass are shown at the bottom.

sulin or glyburide. Improved glycemic control resulted
in a significant increase in LPL activity, as has been
previously described. Even though the patients as a
whole increased LPL activity, there was variability in
the LPL changes. These changes in LPL with treat-
ment were significantly correlated with the levels of
HDL prior to treatment, suggesting that HDL levels
may be predictive of the LPL response to improved
diabetes control. This is of interest because of the in-
timate relationship between HDL and LPL-mediated
triglyceride metabolism (30). Previous studies have
noted a positive correlation between HDL cholesterol
and LPL activity in the basal state (31-33). In addition,
a recent study described a polymorphism in the LPL
gene that correlated with HDL levels (34), raising the
possibility that LPL responsiveness and HDL levels may
be genetically regulated.

(5}
o

P
o
o

50

LPL/ACTIN mRNA RATIO
(% of Pre—treatment)

0

PRE POST

Fig. 4. Effect of diabetes control on LPL mRNA. The bars (mean +
SEM) show the LPL/actin mRNA ratio, standardized to the
LPL/actin ratio from the first biopsy, for all 11 patients. Although
some patients demonstrated either an increase or decrease in
LPL/actin ratio after improved diabetes control, these changes were
minor, did not correspond with changes in LPL activity or mass, and
were not statistically significant.

The increase in LPL activity in these patients was ac-
companied by a significant increase in both immuno-
reactive mass and synthetic rate. However, even though
some patients showed small increases in LPL. mRNA
levels, no overall significant change was found in
LPL/gamma-actin mRNA levels, suggesting that gly-
cemic control in diabetic patients resulted in an in-
crease in LPL translation, or perhaps a decreased
degradation of the LPL protein.

A number of studies have examined the regulation
of LPL in relation to insulin and carbohydrate metabo-
lism. In normal subjects, a direct correlation was found
between the increase in adipose tissue HR LPL activity
and insulin levels after a carbohydrate-rich meal (2). In
addition, LPL activity was stimulated when an insulin-
glucose infusion was administered to normal subjects
(35). Obese, hyperinsulinemic subjects have higher
adipose tissue LPL activity when compared to lean sub-
jects (36), and the mechanism of this increased LPL, as
well as the post-prandial increase in LPL, is a post-
translational activation of a previously inactive LPL
protein (10). In diabetic patients, however, insulin or
improved glycemic control seem to operate at a trans-
lational level, since we were able to demonstrate an in-
crease not only in LPL activity but in the total protein
mass and synthetic rate with no changes in LPL. mRNA.

In vitro studies using adipocytes have examined LPL
regulation by insulin and glucose. Insulin increased
LPL activity in isolated rat adipocytes (37) through an
increase in mRNA levels (9). A recent study has ob-
served no changes in LPL transcription rate with in-
sulin, suggesting that insulin affects LPL mRNA
stability (38). In human adipocytes, high concentra-
tions of insulin are required to stimulate LPL, suggest-
ing an effect mediated by the IGF-I receptor (14).
Other in vitro studies examined the effects of high
glucose on LPL activity in human adipocytes, and
found an inhibition of LPL secretion, along with a
diminished response to several regulations (39).
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In summary, improvement in diabetes control re-
sulted in increased adipose tissue LPL activity, due to
an increase in LPL synthesis. Because there was no in-
crease in LPL mRNA levels, these data suggest that im-
proved diabetes contro] regulates LPL at the level of
translation, or possibly through a change in LPL deg-
radation. These data emphasize the complex nature of
the metabolic regulation of LPL by multiple factors in-
volved in carbohydrate metabolism. B8

We wish to thank Dr. Seymore Levin, Dr. Jack Long, and Ms.
Elizabeth Perry for assistance with patient recruitment, and
Yen-Bou Liu for technical assistance. We also thank Mildred
Wikkeling for assistance with manuscript preparation. Grant
support: American Diabetes Association/California Affiliate
Fellowship Grant, NIH Grant DK 39176, a Career Develop-
ment Award from the Juvenile Diabetes Foundation, and a
grant from the Upjohn Company. This work was done
during the tenure of an Established Investigatorship from
the American Heart Association.

Manuscript received 29 August 1991.

REFERENCES

1. Eckel, R. H. 1989. Lipoprotein lipase: a multifunctional
enzyme relevant to common metabolic diseases. N. Engl.
J. Med. 320: 1060-1068.

2. Pykalisto, O. J.,, P. H. Smith, and J. D. Brunzell. 1975.
Determinants of human adipose tissue lipoprotein
lipase: effect of diabetes and obesity on basal- and diet-
induced activity. J. Clin. Invest. 56: 1108-1117.

3. Taskinen, M. R, and E. A. Nikkila. 1979. Lipoprotein
lipase activity of adipose tissue and skeletal muscle in in-
sulin-deficient human diabetes. Relation to high-density
and very-low-density lipoproteins and response to treat-
ment. Diabetologia. 17: 351-356.

4. Taylor, K. G, D. J. Galton, and G. Holdsworth. 1979. In-
sulinsindependent diabetes: a defect in the activity of
lipoprotein lipase in adipose tissue. Diabetologia. 16: 313
317.

5. ' Nikkila, E. A, J. K Huttunen, and C. Ehnholm. 1977.
Postheparin plasma lipoprotein lipase and hepatic
lipase in diabetes mellitus. Relationship to plasma trigly-
ceride metabolism. Digbetes. 26: 11-21.

6. Pfeifer, M. A,, J. D. Brunzell, J. D. Best, R. G., Jud-
zewitsch, J. B. Halter, and D. Porte, Jr. 1983. The
response of plasma triglyceride, cholesterol, and lipo-
protein lipase to treatment in non-insulin-dependent
diabetic subjects without familial hypertriglyceridemia.
Diabetes. 32: 525-531.

7. Goers, J. W., M. E. Pedersen, P. A. Kern, J. Ong, and M.
C. Schotz. 1987. An enzyme-linked immunoassay for
lipoprotein lipase. Anal. Biochem. 166: 27-35.

8. Wion, K. L, T. G. Kirchgessner, A. J. Lusis, M. C. Schotz,
and R. M. Lawn. 1987. Human lipoprotein lipase com-
plementary DNA sequence. Science. 235: 1638-1641.

9. Ong, J. M, T. G. Kirchgessner, M. C. Schotz, and P. A,
Kern. 1988. Insulin increases the synthetic rate and mes-
senger RNA level of lipoprotein lipase in isolated rat
adipocytes. J. Biol. Chem. 263: 12933-12938.

94  Journal of Lipid Research Volume 33, 1992

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Ong, j. M., and P. A. Kern. 1989. Effect of feeding and
obesity on lipoprotein lipase activity, immunoreactive
protein, and messenger RNA levels in human adipose
dssue. J. Clin. Invest. 84: 305-311.

Doolittle, M. H., O. Ben-Zeev, J. Elovson, D. Martin, and
T. G. Kirchgessner. 1990. The response of lipoprotein
lipase to feeding and fasting. Evidence for posttransla-
tional regulation. J. Biol. Chem. 265: 45704577,

Kern, P. A, J. M. Ong, B. Saffari, and J. Carty. 1990. The
effects of weight loss on the activity and expression of
adipose-tissue lipoprotein lipase in very obese humans.
N. Engl. j. Med. 322: 1053-1059.

Iverius, P-H., and A. M. Ostlund-Lindqvist. 1986.
Preparation, characterization and measurement of lipo-
protein lipase. Methods Enzymol. 129: 691-716.

Kern, P. A, S. Marshall, and R. H. Eckel. 1985. Regula-
tion of lipoprotein lipase in primary cultures of isolated
human adipocytes. j. Clin. Invest. 75: 199-208.
Nilsson-Ehle, P., A. S. Garfinkel, and M. C. Schotz. 1976.
Intra- and extracellular forms of lipoprotein lipase in
adipose tissue. Biochim. Biophys. Acta. 431: 147-153,
Belfrage, P., and M. Vaughan. 1969. Simple liquid-lig-
uid partition system for isolation of labeled oleic acid
from mixture with glycerides. J. Lipid Res. 10: 341-344.
DiGirolamo, M., 8. Mendlinger, and J. W. Fertig. 1971.
A simple method to determine fat cell size and number
in four mammalian species. Am. J. Physiol. 221: 850-858.
Kern, P. A, J. M. Ong, J. W. Goers, and M. E. Pedersen.
1988. Regulation of lipoprotein lipase immunoreactive
mass in isolated human adipocytes. J. Clin. Invest. 81:
398-406.

Chomczynski, P., and N. Sacchi. 1987. Single-step
method of RNA isolation by acid guanidinium thiocyan-
ate-phenol—chloroform extraction. Anal. Biochem. 162:
156-159.

Gunning, P, P. Ponte, H. Okayama, J. Engel, H. Blau,
and L. Kedes. 1983, Isolation and characterization of
full-length ¢cDNA clones for human alpha, beta and
gamma actin mRNA'’s: skeletal but not cytoplasmic actin
have an amino-acid terminal cysteine that is sub-
sequently removed. Mol. Cell. Biol. 3: 787-798.

Garg, A., and 8. M. Grundy. 1990. Management of dys-
lipidemia in NIDDM. Diabetes Care. 13: 153-169.
Reaven, G. M. and M. S. Greenfield. 1981. Diabetic hy-
pertriglyceridemia. Evidence for three clinical syn-
dromes. Diabetes. 30 (Suppl. 2): 66-75.

Howard, B. V. 1987. Lipoprotein metabolism in diabetes
mellitus. J. Lipid Res. 28: 613-628.

Bagdade, ]. D., D. Porte, and E. L. Bierman. 1968. Acute
insulin withdrawal and the regulation of plasma
triglyceride removal in diabetic subjects. Diabetes. 17:
127-132.

Brunzell, ]J. D., D. Porte, and E. L. Bierman. 1975, Re-
versible abnormalities in postheparin lipolytic activity
during the late phase of release in diabetes mellitus
(postheparin lipolytic activity in diabetes). Metabolism.
24: 1123-1137.

Taskinen, M. R,, E. A, Nikkila, T. Kuusi, and K. Harmo.
1982. Lipoprotein lipase activity and serum lipoproteins
in untreated type 2 (insulin-independent) diabetes as-
sociated with obesity. Diabetologia. 22: 46-50.

Taskinen, M. R. 1987. Lipoprotein lipase in diabetes.
Diabetes Metab. Rev. 3: 551-570.

Taskinen, M. R., T. Kuusi, E. Helve, E. A. Nikkila, and
H. Yki-Jarvinen. 1988. Insulin therapy induces anti-

210z ‘8T aunr uo ‘1sanb Ag B1o°J|:mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

29.

30.

31.

32.

33.

atherogenic changes of serum lipoproteins in nonin-
sulin-dependent diabetes. Arteriosclerosis. 8: 168-177.
Agardh, C. D., P. Nilsson-Ehle, and B. Schersten. 1982.
Improvement of the plasma lipoprotein pattern after in-
stitution of insulin treatment in diabetes mellitus.
Diabetes Care. 5: 322-325.

Tall, A. R. 1990. Plasma high density lipoproteins. Meta-
bolism and relationship to atherogenesis. J. Clin. Invest.
86: 379-384.

Nikkila, E. A, M. R. Taskinen, and M. Kekki. 1978. Rela-
tion of plasma high density lipoprotein cholesterol to
lipoprotein lipase activity in adipose and skeletal muscle
of man. Atherosclerosis. 29: 497-501.

Magill, P., S. N. Rao, N. E. Miller, A. Nicoll, J. Brunzell,
J- St. Hilaire, and B. Lewis. 1982. Relationships between
the metabolism of high density and very low density
lipoproteins in man: studies of apolipoprotein kinetics
and adipose tissue lipoprotein lipase activity. Eur. J. Clin.
Invest. 12: 113-120.

Applebaum-Bowden, D., S. M. Haffner, P. W. Wahl, . J.
Hoover, G. R. Warnick, J. J. Albers and W. R. Hazzard.
1985. Post-heparin plasma triglyceride lipases: relation-
ships with very low density lipoprotein triglyceride and
high density lipoproteing cholesterol. Arteriosclerosis. 5:
273-282.

34.

35.

36.

37.

38.

39.

Heizmann, C., T. Kirchgessner, P. O. Kwiterovich, J. A.
Ladias, C. Derby, S. E. Antonarakis, and A. J. Lusis. 1991.
DNA polymorphism haplotypes of the human lipopro-
tein lipase gene: possible association with high density
lipoprotein levels. Hum. Genet. 86: 578-584.

Sadur, C. N,, and R. H. Eckel. 1982. Insulin stimulation
of adipose tissue lipoprotein lipase. Use of the eugly-
cemic clamp technique. J. Clin, Invest. 69: 1119-1125.
Eckel, R. H., and T. J. Yost. 1987. Weight reduction in-
creases adipose tissue lipoprotein lipase responsiveness
in obese women. J. Clin. Invest. 80: 992-997.

Eckel, R. H,, J. E. Prasad, P. A. Kern, and S. Marshall.
1984. Insulin regulation of lipoprotein lipase in cultured
isolated rat adipocytes. Endocrinology. 114: 1665-1671.
Raynolds, M. V., P. D. Awald, D. F. Gordon, A. Gutierrez-
Hartmann, D. C. Rule, W. M. Wood, and R. H. Eckel.
1990. Lipoprotein lipase gene expression in rat adipo-
cytes is regulated by isoproterenol and insulin through
different mechanisms. Mol. Endocrinol. 4: 1416-1422.
Kern, P. A,, A. Mandic, and R. H. Eckel. 1987. Regula-
tion of lipoprotein lipase by glucose in primary cultures
of isolated human adipocytes. Relevance to hyper-
triglyceridemia of diabetes. Diabetes. 36: 1238-1245.

Simsolo et al. Effect of diabetes control on LPL 95

210z ‘8T aunr uo ‘1sanb Ag B1o°Jj:mmm woly papeojumoq


http://www.jlr.org/

