Very-Low-Density Lipoprotein of Uremic Patients Is a Poor Substrate for Bovine
- Lipoprotein Lipase In Vitro
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Very~low-density lipoprotein (VLDL) from 10 hemodialysis patients and 10 healthy controls was studied with respect to the
substrate characteristics for bovine milk lipoprotein. lipase (LPL). Compared with the control subjects, the hemodialysis
patients had significantly higher serum triglyceride and apolipoprofein B-associated apolipoprotein Clll concentrations (1.03 =
0.31v 1.98 + 0.86 mmol/L and 0.004 £ 0.002 v 0.011 + 0. 005 g/L, respectlvely) lower serum high-density lipoprotein {HDL)
cholesterol and apolipoprotein Al concentrations (1.33 = 0.37 v 0.95 = 0.31 mmol/L and 1.29+0.25 v 1.09 0.23 g/L,
respectlvely) and lower postheparin plasma LPL activity (82 + 24 v 35 = 14 mU/mL). There were also significant increases in
the relative fat content and diameter of VLDL particles from patients versus controls. VLDL was labeled with a fluorescent
phospholipid analog, DHPE, and the rate of the lipolytic reaction with purified bovine milk LPL was estimated from the increase
in fluorescence intensity at 490 nm. There was no mgmﬁcant difference between initial reaction velocities in the study groups,
but VLDL particles from hemodialysis patients were lipolyzed to a significantly lesser extent than those from healthy controls
{mean increase in fluorescence intensity after completmn of the reaction, 95 + 36 v 140 + 43 arbltrary units). These results are
in accordance with the accumulation of remnant particles reported to occur in uremia ‘despite only a moderately increased

serum triglyceride conceptration.
Copyright © 7996 by W.B. Saunders Company

HE DYSLIPOPROTEINEMIA of uremia is character-
ized by moderate hypertriglyceridemia,'? low serum
high-density lipoprotein (HDL) cholesterol,? and accumula-
tion of remnant particles.*® There is evidence that this is
primarily caused by impaired catabolism of tnglycerlde -rich
lipoproteins.” Hydrolysis of triglycerides by lipoprotein
lipase (LPL) is the rate-limiting step in the catabolism of
triglyceride-rich lipoproteins. Impaired triglyceride catabo-
lism in uremic patients could be caused by decreased
activity of LPL or by poor substrate function of the
triglyceride-rich lipoproteins, very-low- -density lipoprotein
(VLDL) and chylomicrons. Accordingly, the decreased
activity of postheparin plasma LPL in uremic patients
reported by several groups’® is probably an important
etiologic factor for the hypertriglyceridemia in this patient
category. However, there are many reports of composi-
tional changes in the VLDL fraction of uremic patients,
such as relative cholesterol enrichment,*!® increased apoli-
poprotein CIII concentration, and decreased apolipopro-
tein CII/CIII ratio.)'"13 Apolipoprotein CIII in uremic
patients has also been found to be relatively rich in sialic
acid,’® a biochemical variant that has been associated with
hypertriglyceridemia.’ In addition, substances retained by
the kidneys might interact with the surface of the lipopro-
teins, eg, by carbamylation. All these compositional changes
might alter the substrate function of VLDL particles of
uremic patients.
In the present study, rates of lipolysis of VLDL particles
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from hemodialysis patients and healthy controls were
compared by the method described by Johnson et al, 1517
using VLDL labeled with a fluorescent phospholipid analog
as a substrate for bovine milk LPL.

SUBJECTS AND METHODS
Patients

Ten hemodialysis patients and 10 healthy controls were included
in the study. There were five men and five women in each group.
The median age of the patients was 55 years (range, 36 to 70), and
controls, 45 years (range, 28 to 75). The patients had no other
diseases known to affect triglyceride metabolism. They were on
bicarbonate dialysis 4 to 6 hours three times per week. Dialysis-
associated anticoagulation was achieved with unfractionated hepa-
rin. The patients were chosen to cover a spectrum of triglyceride
concentrations representative of hemodialysis patients, ie, from
normal to moderately elevated.

Blood Sampling and VLDL Isolation

Blood samples were collected after an overnight fast (12 hours),
from hemodialysis patients 48 to 72 hours after dialysis. Heparin 50
1U/kg body weight was injected, and a blood sample was collected
15 minutes later for LPL activity analysis. The blood sample was
immediately chilled on ice and centrifuged within 1 hour. Serum
and plasma samples were stored at —20°C until analysis, with the
exception of a 15- to 20-mL aliquot of preheparin-EDTA plasma,
which was used for preparation of VLDL. This plasma was
ultracentrifuged in Beckman Ti 50 rotor for 24 hours at 40,000 rpm
at 8°C. VLDL was aspirated from the top of the tube and
ultracentrifuged again under the same conditions at a density of
1.006 g/mL. The VLDL sample was then dialyzed for 24 hours
against a 0.01-mol/L Tris chloride buffer (pH 7.4) containing 0.15
mol/L NaCl. The molecular weight cutoff of the dialysis membrane
was 12 to 14 kd.

Lipolysis

VLDL was labeled with the fluorescent probe, N-(5-dimethyl-
aminonapthalene-1-sulfonyl)-1,2-dihexadecanoyl-sn-glycero-3-phos-
phoethanolamine ([DHPE] Molecular Probes, Eugene, OR). The
molar ratio of VLDL triglyceride to DHPE was 40:1.'16 The
mixture of VLDL and DHPE, the latter dissolved in chloroform,
was vortexed for 15 seconds and sonicated in a water bath for 8
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minutes at 23°C. The mixture was then allowed to equilibrate at
4°C for at least 1 hour before use. The test tubes were not covered,
to allow the chloroform to evaporate.

The substrate mixture was composed of 0.3 pmol labeled VLDL
triglycerides, 100 wL 20% fatty acid—free human serum albumin,
and a buffer (0.15 mol/L NaCl and 0.05 mol/L Tris hydrochloride,
pH 7.4) in a final volume of 1 mL. The cuvette was placed in a
Perkin Elmer LS fluorometer at 37°C, and the fluorescence
intensity was recorded (excitation 340 nm, emission 490 nm). The
reaction was started by adding 30 pL purified bovine milk LPL.
The increase in fluorescence intensity was monitored for 60
minutes. The initial velocity of the reaction was calculated from the
ascending linear portion of the fluorescence intensity curve. The
extent of lipolysis was expressed as the increase in fluorescence
intensity after 60 minutes and the ratio of final to initial fluores-
cence intensities (Fgo/Fo).

Analyses were performed in duplicate within 36 hours of the end
of the VLDL isolation procedure. Plasma samples from a patient
and a healthy control were ultracentrifuged in the same run. The
corresponding VLDL samples were dialyzed in the same bath and
labeled simultaneously, and the reactions were performed succes-
sively. Repeated analyses of the same VLDL sample stored at 4°C
showed a durability of approximately 10 days. The interassay
variation was less than 5%.

LPL Isolation

Purified bovine milk LPL was isolated and provided by Bengts-
son and Olivecrona.’® The specific activity was 500 pmol fatty
acid/min - mg with triolein as substrate. LPL (0.26 mg/mL) was
diluted 1:9 in 1.0 mol/L Na(Cl, 0.01 mol/L Tris hydrochloride, and 1
mg/mL bovine serum albumin and stored at —70°C.

Lipid, Lipoprotein, Apolipoprotein, and Lipase Analyses

Lipids were analyzed with enzymatic methods (Boehringer,
Mannheim, Germany). Serum HDL cholesterol concentrations
were measured after precipitation of VLDL cholesterol and
low-density lipoprotein (LDL) cholesterol with dextran sulfate and
magnesium chloride.!® The analytical imprecision was less than
3%. Serum LDL cholesterol concentrations were calculated accord-
ing to the Friedewald formula.?0

Serum apolipoprotein Al and apolipoprotein B concentrations
were measured by immunoturbidimetry with reagents from Roche
(Basel, Switzerland).

Serum concentrations of apolipoprotein CIII, total and non—
apolipoprotein B-associated, were analyzed by electroimmunodif-
fusion. Serum apolipoprotein B-associated apolipoprotein CIII
concentrations were obtained by subtraction; serum apolipopro-
tein B~associated apolipoprotein E concentrations were obtained
by the same procedure. Apolipoprotein CIII and E analyses were
performed at Institut Pasteur (Lille, France).

VLDL total cholesterol, free cholesterol, triglyceride, and phos-
pholipid concentrations were analyzed by enzymatic methods
(Boehringer, and Wako, Neuss, Germany [phospholipids]). Esteri-
fied VLDL cholesterol concentrations were obtained by subtract-
ing free cholesterol from total cholesterol. VLDL protein concen-
trations were analyzed using the Lowry method.?! The relative
VLDL content of all components (weight/weight) was calculated.

LPL activity was measured with a direct and selective method
using sonicated [*H]-trioleoylglycerol emulsion, stabilized by phos-
phatidyl choline, as substrate.?> Albumin was added to the sub-
strate after sonication. The reaction was performed at pH 8.0 with
0.15 mol/L NaCl and in the presence of serum. One milliunit of
lipase activity represents the release of 1 nmol fatty acid per
minute. The intraassay variation was less than 4%.
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Electron Microscopy

Fresh VLLDL particles from eight patients in each group were
examined. They were negatively stained by sodium phosphotung-
state and examined with a JEM 100 CX electron microscope
(JEOL, Tokyo, Japan). Photomicrographs were taken at a magnifi-
cation of 33,000. These were, in turn, photographically magnified
by a factor of 7.4. The diameters of 100 free-standing particles were
measured by a scale. To adjust for the flattening of the most
triglyceride-rich particles during staining, the correction formula of
Glomset et al>® was applied to particles greater than 35 nm in
diameter.

Statistical Methods

The data were evaluated with the Mann-Whitney U test and the
Spearman rank correlation test.

RESULTS

Under our experimental conditions, fluorescence inten-
sity increased rapidly after addition of bovine LPL. The
reaction approached steady state after about 30 minutes
(Fig 1). Values recorded after 60 minutes were only
marginally higher than those at 30 minutes. Increases in
fluorescence intensity were significantly lower in patients
than in controls (Table 1). However, there was no signifi-
cant difference between initial reaction velocities of the
study groups. Initial fluorescence intensities were similar in
both groups.

Patients had significantly higher serum triglyceride and
apolipoprotein B-associated apolipoprotein CII concentra-
tions, lower serum HDL cholestero] and apolipoprotein Al
concentrations, and lower plasma LPL activities than con-
trols (Table 2). Serum triglyceride concentrations were
directly correlated with apolipoprotein B-associated apoli-
poprotein CIII levels (r = .64, P < .01) and inversely corre-
lated with plasma LPL activities (r = —.51, P < .05). There
were no differences between serum total cholesterol, apoli-
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Fig 1. Increases in fluorescence intensity {arbitrary units) in DHPE-
labeled VLDL from hemodialysis patients and healthy controls dur-
ing incubation with bovine milk LPL in the presence of albumin
{mean + SD).
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Table 1. Lipolysis of DHPE-Labeled VLDL From Hemodialysis
Patients and Healthy Controls Induced by Bovine Milk LPL

{(mean = SD}
Parameter Patients Controls P
Initial velocity (U/min) 19.1+45 224 +73 NS

Increase in F intensity after
60 minutes (U)
Feo/Fo

140 + 43 <.05
22+03 <.05

95 + 36
1.9+ 0.3
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Table 3. Composition of VLDL From Hemodialysis Patients
and Healthy Controls (% wt/wt, mean + SD)

Variable Patients Controls P
Triglyceride 53,1 + 2.3 47.3 £12.0 NS
Free cholesterol 6.3 £0.7 50+ 06 <.05
Esterified cholesterol 65+ 1.8 4.7 + 1.4 <.05
Phospholipid 15.2 = 1.2 131 1.7 <.05
Protein 189+ 5.0 29.9 + 13.9 NS

Abbreviations: U, arbitrary fluorescence unit; F, fluorescence at a
given time (minutes).

poprotein B, and apolipoprotein B-associated apolipopro-
tein E concentrations of the two groups. The relative
contents of free cholesterol, esterified cholesterol, and
phospholipids were significantly higher and relative protein
contents were slightly lower in VLDL from the patients.
There was not a significant difference between the groups
regarding relative VLDL triglyceride contents (Table 3).

VLDL diameters were significantly increased in patients
as compared with controls, with a mean increase of 15%
(Table 4). The total range of diameters was 15 to 68 nm. Pa-
tients had significantly more particles in the 51- to 68-nm
range and significantly fewer particles in the 15- to 32-nm
range (Table 4).

Correlations between increases in fluorescence intensity
and other variables in all study subjects are shown in Table
5. When tested separately for each group, most of these
relations remained significant in the control group (Table
5), but in the patient group, correlations between increases
in fluorescence intensity and other variables did not reach
statistical significance. There was a significant inverse
correlation between initial reaction velocities and serum

triglyceride concentrations in all study subjects (r = —.50,
P < .029) and in healthy controls (r = —.77, P < .022), but
not in uremic patients (r = —.31, NS).

DISCUSSION

Lipolysis of VLDL particles from hemodialysis patients
and healthy controls was monitored in vitro. This was
achieved using a fluorescent phospholipid analog (DHPE),
which can be incorporated into VLDL and hydrolyzed by
LPL. A marked increase in fluorescence intensity occurs
when lyso-DHPE is liberated from DHPE-VLDL and
bound by albumin.!6 The increase in fluorescence intensity

Table 2. Serum Lipid, Lipoprotein, and Apolipoprotein
Concentrations and LPL Activities of Hemodialysis Patients
and Healthy Controls (mean = SD)

Variable Patients Controls P
Cholesterol (mmol/L) 5.1+ 1.1 5.5+ 1.0 NS
HDL cholesterol {mmol/L) 0.95 + 0.31 1.33 £ 0.37 <.05
LDL cholesterol {(mmol/L) 3.2x10 3710 NS
Triglycerides (mmol/L) 1.98 + 0.86 1.03 £ 0.31 <.05
Apo Al (g/L) 1.09+023 129+02 <.05
Apo B (g/L) 1.04 +0.35 1.00x0.26 NS

Apo B-associated apo Cllt {g/L) 0.011 = 0.005 0.004 = 0.002 <.01
Apo B-associated apo E (g/L) 0.011 = 0.006 0.013 + 0.010 NS
LPL activity {mU/mL) 35+ 14 82+ 24 <.01

Abbreviation: apo, apolipoprotein,

has been shown to correlate well with the release of fatty
acids,® thus providing a sensitive method for monitoring
the lipolysis of triglyceride-rich lipoproteins. There was no
significant difference between the study groups in terms of
initial reaction velocities. On the other hand, the extent of
lipolysis of VLDL particles was significantly less for hemo-
dialysis patients versus controls.

VLDL particles from hemodialysis patients contained
relatively more cholesterol and phospholipids than those
from healthy controls. They were also increased in diam-
eter. The relative contents of free cholesterol and phospho-
lipids, as well as particle diameters, correlated inversely
with the extent of lipolysis. Thus, an increase in cholesterol
and phospholipids at the VLDL surface and an increase in
particle size might interfere with the lipolytic process. The
same applies to an increase in serum apolipoprotein B-as-
sociated apolipoprotein CIII concentration. However, causal
connections cannot be claimed. The fact that correlations
between increases in fluorescence intensity and other
variables were not statistically significant in the patient
group probably depends on the multifactorial nature of
uremic dyslipoproteinemia, in combination with the rela-
tively small size of the group.

Since the incubations were performed with an excess of
enzyme, the effective substrate concentrations (ie, VLDL
surface areas) were rate-limiting. The mean difference in
diameter of 15% equals approximately a 50% difference in
VLDL particle volume and a 30% difference in VLDL
particle surface area. There would therefore be a difference
in total VLDL surface areas available for interaction with
the enzyme between reaction mixtures containing the same
amount of VLDL triglycerides from hemodialysis patients
and controls. The mean total VLDL surface area was
estimated to be 15% smaller in incubations with patients’
samples, allowing LPL less access to VLDL lipids. This can
account for the tendency for slower initial reaction velocity
in the patients as compared with the controls, a difference
amounting to 17%, although not statistically significant.
After taking this into consideration, initial reaction veloci-
ties seemed to be almost identical in the study groups. The
reactions were allowed to proceed to completion. The total

Table 4. Mean Size and Size Distribution of VLDL From
Hemodialysis Patients and Healthy Controls (mean * SD)

Variable Patients Controls P
Mean size (nm) 37.3+33 325+ 37 <.05
15-32 nm (%) 24 + 21 46 = 23 <.05
33-50 nm (%) 67 = 20 52 = 22 NS
51-68 nm (%} 9£5 2=x1 <.05
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Table 5. Correlations Between VLDL Lipolysis In Vitro and Lipid,
Lipoprotein, and Apolipoprotein Concentrations, LPL Activities,
and Relative Contents of VLDL in Hemodialysis Patients
and Healthy Controls

All Subjects Controls
Variable rx P r* P
Serum cholesterol -~.34 NS -.49 NS
Serum HDL cholesterol 38 <.05 .27 NS
Serum LDL cholesterol -.36 NS -67 <.05
Serum trigiycerides -40 <.05 -~64 <.05
Serum apo B-associated apo Cill  ~.49 <.06 -.68 <.05
Serum apo B—associated apo E 12 NS -.18 NS
LPL activity .03 NS -70 <.05
VLDL triglycerides -.10 NS -.13 NS
VLDL free cholesterol —-.65 <.01 —-.69 <.05
VLDL esterified cholesterol -.32 NS -.03 NS
VLDL phospholipid -54 <.05 ~-.58 <.05
VLDL protein .38 NS .25 NS
VLDL diameter -73 <.01 -57 NS

NOTE. VLDL lipolysis represents the increase in fluorescence inten-
sity after 60 minutes incubation of DHPE-labeled VLDL with bovine milk
LPL.

Abbreviation: apo, apolipoprotein.

*Spearman rank correlation coefficient.

VLDL surface area therefore would not be expected to
influence the extent of lipolysis. Thus, the difference in the
extent of lipolysis seems to be due to the inherent character-
istics of VLDL particles.

Postheparin plasma LPL activities were significantly
lower in hemodialysis patients, which probably resulted in a
retardation of the whole lipolytic process in vivo. VLDL
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isolated from the plasma of study objects had been exposed
to lipolytic activity in vivo; in fact, most of the VLDL
particles must have been in a phase somewhere between
secretion and final lipolysis. Due to lower plasma LPL
activities in vivo, it is reasonable to assume that VLDL
isolated from the patients contained a greater proportion of
particles in a state of less advanced lipolysis. A study of
nascent VLDL particles would probably have shown a still
greater difference regarding the extent of lipolysis. It is more
difficult to predict the effect on initial reaction velocities.

Thus, the results of the in vitro experiments cannot be
directly extrapolated to the in vivo situation. After consider-
ing the possible sources of error, it can be concluded that
VLDL particles from the hemodialysis patients were infe-
rior substrates for bovine LPL regarding the extent of
lipolysis. Initial reaction velocities of the study groups are
more difficult to compare, but at any rate, the difference did
not seem to be as pronounced as that for the degree of
lipolysis.

Dyslipoproteinemia in uremia is characterized by the
unique combination of accumulation of remnant particles*$
and only moderate hypertriglyceridemia. The lipolytic pat-
tern of VLDL particles from uremic patients found in the
present in vitro study, ie, resistance to final lipolysis despite
unchanged initial lipolysis, fits well with the features of
uremic dyslipoproteinemia.

ACKNOWLEDGMENT

We are indebted to Tomas Olivecrona for providing purified
bovine milk LPL, and Erik Carlemalm for assistance with electron
microscopy. Anette Jutzeler and Pascal Lebel gave excellent
technical assistance.

REFERENCES

1. Brunzell JD, Albers JJ, Haas LB, et al: Prevalence of serum
lipid abnormalities in chronic hemodialysis. Metabolism 26:903-
910, 1977

2. Attman PO, Alaupovic P, Gustafsson A: Serum apolipopro-
tein profile of patients with chronic renal failure. Kidney Int
32:368-375, 1987

3. Bagdade JD, Albers JJ: Plasma high-density lipoprotein
concentrations in chronic-hemodialysis and renal-transplant pa-
tients. N Engl J Med 296:1436-1439, 1977

4. Nestel PJ, Fidge NH, Tan MH: Increased lipoprotein rem-
nant formation in chronic renal failure. N Engl J Med 307:329-333,
1982

5. Ron D, Oren I, Aviram M, et al: Accumulation of lipoprotein
remnants in patients with chronic renal failure. Atherosclerosis
46:67-75, 1983

6. Camejo G, Riera G, Lee M, et al: Lipoprotein structural
abnormalities in chronic renal failure with and without hemodialy-
sis. Biomed Biochim Acta 47:239-245, 1988

7. Chan MK, Persaud J, Varghese Z, et al: Pathogenic roles of
post-heparin lipases in lipid abnormalities in hemodialysis patients.
Kidney Int 25:812-818, 1984

8. Crawford GA, Savdie E, Stewart JH: Heparin-released plasma
lipases in chronic renal failure and after transplantation. Clin Sci
57:155-165, 1979

9. Norbeck HE, Carlsson LA: Increased frequency of late pre-g
lipoproteins (LPB) in isolated serum very low density lipoproteins
in uraemia. Eur J Clin Invest 10:423-426, 1980

10. Atger V, Duval F, Frommherz K, et al: Anomalies in
composition of uremic lipoproteins isolated by gradient ultra-
centrifugation: Relative enrichment of HDL in apolipoprotein
CIII at the expense of apolipoprotein A-I. Atherosclerosis 74:75-
83, 1988

11. Staprans I, Feltz JM, Zacherle B: Apoprotein composition
of plasma lipoproteins in uremic patients on hemodialysis. Clin
Chim Acta 93:135-143, 1979

12. Wakabayashi Y, Okubo M, Shimada H, et al: Decreased
VLDL apoprotein CII/apoprotein CIII ratio may be seen in both
normotriglyceridemic and hypertriglyceridemic patients on chronic
hemodialysis treatment. Metabolism 36:815-820, 1987

13. Atger V, Beyne P, Frommherz K, et al: Presence of apo B48,
and relative apo CII deficiency and apo CIII enrichment in uremic
very-low density lipoproteins. Ann Biol Clin 47:497-501, 1989

14. Wang CS, McConathy WIJ, Kloer HU, et al: Modulation of
lipoprotein lipase activity by apolipoproteins: Effect of apolipopro-
tein CIII. J Clin Invest 75:384-390, 1085

15. Johnson JD, Taskinen MR, Matsuoka N, et al: Dansyl
phosphatidylethanolamine-labeled very low density lipoproteins. J
Biol Chem 255:3461-3465, 1980

16. Johnson JD, Taskinen MR, Matsuoka N, et al: On the
mechanism of the lipoprotein lipase-induced fluorescence changes
in dansy! phosphatidylethanolamine-labeled very low density lipo-
proteins. J Biol Chem 255:3466-3471, 1980

17. Taskinen MR, Johnson JD, Kashyap ML, et al: Catabolism



690

of very low density lipoproteins in vitro: A fluorescent phospholipid
method for monitoring lipolysis. J Lipid Res 22:382-385, 1981

18. Bengtsson G, Olivecrona C: Interaction of lipoprotein lipase
with heparin-Sepharose: Evaluation of conditions for affinity
binding. Biochem J 167:109-119, 1977

19. Danielsson B, Ekman R, Fex G, et al: Changes in plasma
high density lipoproteins in chronic male alcoholics during and
after abuse. Scand J Clin Lab Invest 38:113-119, 1978

20. Friedewald WT, Levy R, Fredrickson DS: Estimation of the

ARNADOTTIR ET AL

low-density lipoprotein cholesterol without use of the preparative
ultracentrifuge. Clin Chem 18:499-502, 1972

21. Lowry OH, Rosebrough NJ, Farr AL, et al: Protein measure-
ment with the Folin phenol reagent. J Biol Chem 193:265-275, 1951

22. Nilsson-Ehle P, Ekman R: Rapid, simple and specific assays
for lipoprotein lipase and hepatic lipase. Artery 3:194-209, 1977

23. Glomset JA, Applegate K, Forte T, et al: Abnormalities in
lipoproteins of d < 1.006 g/ml in familial lecithin:cholesterol
acyltransferase deficiency. J Lipid Res 21:1116-1127, 1980



