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Abstract With the advent of nocturnal intragastric feeding
which protects against acute metabolic complications and pro-
motes growth, patients with glycogen storage disease type I are
attracting less attention. However, several biochemical alterations
persist and suggest that the long-term risk of atherosclerotic
heart disease remains high. Persisting hypertriglyceridemia and
hypercholesterolemia were found in seven glycogen storage dis-
ease type I subjects, six of them following 5-6 yr of nocturnal
intragastric feeding. When compared to ten age-matched
controls, the patients showed significantly (P < 0.001) higher
low density lipoprotein cholesterol (LDL-C) (247.7 + 46.8 vs.
115.3 + 5.0 mg/dl) and lower high density lipoprotein choles-
terol (HDL-C) (26.4 + 3.4 vs. 55.8 + 2.9 mg/dl). Triglyceride
(TG) enrichment with cholesteryl ester depletion characterized
the lipoprotein classes. The diameters of very low density
lipoproteins (VLDL) and LDL were larger, while that of HDL
was smaller and consistent with the predominance of the HDL;
subclass and a lower apoA-1/apoA-II ratio. The raised levels of
TG appeared attributable not only to the well-described lipo-
genesis, but also to impaired catabolism of fat, as evidenced by
the significantly (P < 0.001) decreased activity of both
peripheral lipoprotein lipase (3.17 + 0.43 vs. 14.15 + 0.50 gmol
FFA . ml™" - hr'!) and hepatic lipase (1.88 + 0.30 vs. 4.83 + 0.90).
This may well explain the high concentration of intermediate
density lipoprotein (IDL) and the impaired conversion of HDL;
to HDL,. Low apoC-II/apoC-III, could be related to defective
lipoprotein lipase activity. il These data suggest that glycogen
storage disease type I patients on nocturnal intragastric feeding
remain at risk for atherosclerosis and its complications.— Levy,
E., L. A, Thibault, C. C. Roy, M. Bendayan, G. Lepage, and
J. Letarte. Circulating lipids and lipoproteins in glycogen
storage disease type I with nocturnal intragastric feeding.
J- Lipid Res. 1988. 29: 215-226.
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Glycogen storage disease type I (GSD-I) is an inborn
error of carbohydrate metabolism characterized by glyco-
gen and lipid accumulation mainly in the liver, hypoglyce-

mia, lactacidemia, and hyperuricemia (1). In addition,
persistently high levels of triglycerides and total choles-
terol have been described (2-6). A few studies have
reported increased concentrations of very low density and
low density lipoproteins but only partial chemical analyses
have been carried out (5-7).

Thus, complete characterization of lipoprotein abnor-
malities, with regard to the core and the surface shell
components on the one hand and to particle size and apo-
protein pattern by different gel preparation on the other,
were not performed.

Continuous nocturnal intragastric feeding (NIF) in
combination with frequent daytime feedings reportedly
leads to an effective improvement in clinical and biochem-
ical abnormalities associated with GSD-I (8-10). However,
close examination of the literature reveals a complete lack
of description of lipoprotein composition and metabolism
following introduction of this new therapeutic approach.
Therefore, it was of interest to study lipoprotein composi-
tion in patients with GSD-I managed with this mode of
treatment. Because of the relationship between hyperlipo-
proteinemias and coronary heart disease (11, 12), special
attention was focused on the risk factors in view of their
implication and the possibility of mitigating them.

In our study, lipids and lipoproteins were quantified in
patients with GSD-I. A full characterization of the differ-
ent classes of lipoproteins was carried out. Because of the

Abbreviations: NIF, nocturnal intragastric feeding; GSD-I, glycogen
storage disease type I; HDL, high density lipoproteins; IDL, intermedi-
ate density lipoproteins; LDL, low density lipoproteins; VLDL, very low
density lipoproteins; CM, chylomicrons; TC, total cholesterol; FC, free
cholesterol; PL, phospholipid; TG, triglyceride; CE, cholesteryl ester;
FFA, free fatty acids; HL, hepatic lipase; LPL, lipoprotein lipase.
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close relationship between hyperlipidemia and interaction
between lipoproteins, circulating postheparin lipoprotein
and hepatic lipase were determined.

METHODS

Subjects studied

Seven patients with a diagnosis of GSD-I, documented
by abnormal storage of liver glycogen and by glucose-6-
phosphatase deficiency, were studied. Six of them on
diazoxide (5 mg/kg per day) were studied before and
during NIF. NIF consisted of the intragastric infusion of
a high carbohydrate formula (Vivonex HN, Norwich
Eaton) at night (one-third of the estimated caloric
requirements) with frequent daytime feedings. The com-
position of the daily diet was 60-70% carbohydrate,
15-20% protein, and the rest was fat. Patient compliance
with the dietary treatment was evaluated closely by the
team nutritionist during many follow-up visits through
regular dietary recall of energy intake and assessment of
compliance to the diet. All the patients successfully com-
plied with the nightly placement of the nasogastric tube
and respected a schedule of frequent daytime meals. The
long-term follow-up (4-6 yr) showed a distinct improve-
ment in their clinical condition, growth, and biochemical
abnormalities. Muscle strength improved and there was
correction of the chronic metabolic acidosis and of the
clotting defect related to platelet function. A significant
increase (8.0 £ 8.4 to 22.4 + 3.4 mg/dl, P < 0.001) of
glucose levels measured 4 hr after a feeding was observed.
It was accompanied by a significant decrease (P < 0.05)
of lactic acid from 94.8 + 7 to 58 + 10 mg/dl, of uric acid
from 13.5 + 1.4 to 8.6 + 1.0 mg/dl, and of SGPT from
193 + 49 to 52 + 11.8 U/L. Both insulin and growth hor-
mone levels showed an elevation from 4.8 + 0.85 to
18.8 + 3.2 pU/ml (P < 0.05) and from 1.23 + 0.46 to
4.09 + 0.97 ng/ml (P < 0.05), respectively.

The patients were hospitalized a few days before the
special studies to be reported. They were given their cal-
culated caloric requirements. Venous blood samples were
collected after 4 hr of fasting following NIF. Ten age-
matched healthy children and adolescents were used as
controls. Informed consent was obtained from the patients
or their parents and permission to conduct the study was
obtained from the Ethics Committee of 'Hépital Sainte-
Justine.

Isolation of lipoproteins

Blood was collected in 1 mM disodium EDTA and
0.05% sodium azide from GSD-I patients and controls.
Plasma was separated by low speed centrifugation (3,000
rpm, 30 min) at 4°C. The lipoprotein fractions were iso-
lated by sequential ultracentrifugation according to Havel,
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Eder, and Bragdon (13) with a Ti-50 rotor in a Beckman
Model L5-65 ultracentrifuge. After removal of chylo-
microns (CM) by preliminary centrifugation (25,000 rpm,
30 min), very low density (VLDL), low density (LDL),
and intermediate density (IDL) lipoproteins were sepa-
rated at densities of 1.006 g/ml, 1.019 g/ml, and 1.063
g/ml, respectively, centrifuging at 100,000 ¢ for 18 hr at
5°C. The high density lipoprotein (HDL) fraction was
obtained by adjusting the LDL infranatant to d 1.21 g/ml
and by centrifuging for 48 hr. Each lipoprotein fraction
was washed by its equilibrium density and dialyzed ex-
haustively against 0.15 M NaCl, 0.001 M EDTA, pH 7.0,
at 4°C. In a second phase of this study, HDL subclasses
(HDL,, d 1.125 g/ml and HDL;, d 1.21 g/ml) were 1solated.

Lipid and lipoprotein analysis

Lipoprotein-protein (PR) was determined according to
Lowry et al. (14) with bovine serum albumin as a standard.
Phospholipids (PL) were measured by the Bartlett method
(15) and triglycerides (TG) by a commercial kit (Boehringer
Mannheim, Montreal). Total (TC) and free (FC) choles-
terol were quantitated by the oxidase-esterase method
(16) using the Boehringer kit. Cholesteryl ester (CE) was
calculated as the difference between total and unesterified
cholesterol. HDL-cholesterol (HDL-C) was measured
after precipitation of very low and low density lipoproteins
with phosphotungstic acid (17). LDL-cholesterol (LDL-C)
was determined using polyvinylsulfate (Boehringer Mann-
heim) (18). VLDL cholesterol was calculated from the
difference between cholesterol in the polyvinylsulfate
supernatant and HDL-cholesterol. The apolipoprotein
(apo) content of lipoproteins was examined by electropho-
resis in SDS-polyacrylamide gel (SDS-PAGE) (19) or sub-
jected to tetramethylurea gel electrophoresis (TMU gel)
(20). The densitometric distribution of apolipoproteins
was assayed as described previously (21). Plasma was also
subjected to agarose gel electrophoresis as described
previously (22). Electron microscopy of lipoprotein parti-
cles was performed on a Zeiss EM-10, using negative
staining with 1% phosphotungstic acid (pH 7.2) as de-
scribed previously (23). The diameter of 500-800 particles
was then determined. Total fatty acids (FA) and free fatty
acids (FFA) were measured with an improved method
described previously (24). The technique consists of a
I-hr direct transesterification procedure, carried out in
methanol-benzene 4:1 with acetyl chloride. L-Carnitine
(25) and apoB (26) were also determined.

Lipolytic activity measurement

Postheparin plasma was taken by venous puncture 10
min after an intravenous injection of heparin (10 units/kg
body weight) (27). Lipolytic activity was measured with
an emulsion of tri[1-'*CJoleoyl glycerol as substrate (28).
Hepatic triglyceride lipase (HL) activity was assayed in
the presence of protamine sulfate which was verified to

2102 ‘6T aunr uo sanb Aq Bio 1 mmm woly papeojumod


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

[

inhibit completely peripheral lipoprotein lipase (LPL).
Extraction of FFA was performed by the procedure of
Belfrage and Vaughan (29) as previously described (30).

Statistical analysis

All values were expressed as the mean t standard
error (SEM). Statistical differences were assessed by the
Student’s two-tail ¢-test.

RESULTS

Plasma lipids

The different characteristics of GSD-I subjects and the
changes in their TG and TC levels under NIF are shown
in Table 1. Hypertriglyceridemia and hypercholesterol-
emia, although reduced by the treatment, were not restored
to normal. Thus, at the time of this study, abnormally
elevated values of TG, TC, and apoB were observed
(Table 2). In contrast to FFA levels, which did not differ
from controls, total fatty acids were markedly increased
(941.6 + 192.5 vs. 238.1 + 11.0 mg/dl). Carnitine levels
were also found to be higher. The percentage esterifica-
tion of cholesterol was significantly reduced in patients
when compared to controls (60.9 + 3.1 vs. 74.1 £ 0.7%).
As expected, because of the high plasma cholesterol con-
centration, VLDL- and LDL-cholesterol were increased
(Table 3). This 50% increase of VLDL-C and LDL-C
was associated with a 53% reduction of HDL-C. Differ-
ences between GSD-I patients and controls became more
marked when these parameters were expressed as ratios.
The HDL-C to TC ratio was 0.0 + 0.02 versus
0.30 + 0.01 in controls. The corresponding ratio for
HDL-C to LDL-C in patients was 0.13 + 0.02 and
0.49 + 0.02 in controls. The latter as well as HDL-C
levels were mostly below the 5th percentile for age- and
sex-matched controls of the large LRC study.

Using semiquantitative agarose gel electrophoresis, an
a-lipoprotein proportion averaging 2.8 + 0.99% was
found before NIF. This a-lipoprotein proportion was
markedly (P < 0.01) elevated to 9.54 + 2.27% during
NIF therapy (Fig. 1). However, it remained significantly
lower (P < 0.001) than the mean of controls 35.0 + 5.1%
(Fig. 1). In association with the diminished percentage of
a-lipoprotein, an excessive proportion of pre-g8- and §-
lipoprotein was recorded. The heterogeneity of the elec-
trophoretic patterns on agarose gel is illustrated in Fig. 1.
In some cases of GSD-I, there was a strong pre-83-
lipoprotein peak and a reduced B peak, while other
individuals presented only one major peak in the 8
region. These lipoprotein profiles during NIF were not
substantially different from those observed prior to NIF,
except for a-lipoproteins reported before.

Lipid and apoprotein composition of lipoproteins

By sequential ultracentrifugation, plasma lipoproteins
of GSD-I were isolated at densities 1.006 g/ml, 1.063 g/ml,
and 1.21 g/ml which correspond to VLDL, LDL, and
HDL, respectively (Table 4). All these classes were
triglyceride-enriched and poorer in CE. Free cholesterol
(FC) was also lower except in HDL. PL were normal in
VLDL and LDL, and significantly higher in HDL. Protein
was increased in LDL only. As expected from these
changes in lipoprotein components, particle size was also
affected. The diameter of VLDL was greater (398 + 18
vs. 309 + 12 A, P < 0.05), although differences with
respect to the ratios TG/PL and TG + CE/FC + PL +
PR were not significant between GSD-I and controls. It
should be noted that the mass ratio of core constituents
(TG + CE) to surface constituents (FC + PR + PL) can
be used to make inference on the size of spherical lipo-
protein particles. In general, lighter and larger popula-
tions are relatively enriched with core components as
compared to denser and smaller particles. The calculated
value of these ratios and diameter measurements indicated

TABLE 1. Characteristics of GSD-I subjects

TG Range TC Range
Hepatomegaly  Duration
Subject  Sex Age Height Height-Age  Weight-Age Z Score” of NIF? - NIF + NIF - NIF + NIF
yr, month cm yr, month yr, month yr mg/dl mg/dl

1 F 10, 3 117.9 7 6,3 25.2 6 1290 + 117 776 + 75° 353 + 32 313 + 12°
2 F 18, 4 156.9 14 17 18.1 5 377 + 37 207 + 13° 318 + 30 200 + 9°
3 M 22,6 159.4 15, 4 14 26.6 5 2444 + 142 1088 + 147° 399 + 25 320 & 23°
4 M 20 158.6 15, 6 16 22.2 5 1147 + 55 703 + 29° 287 + 8 224 + 14
5 F 17,7 136.4 10, 4 12,5 19.7 565 + 52 220 + 8

6 ¥ 15,9 144.4 11, 8 12, 10 15 4 1470 + 85 491 + 46° 415 + 24 280 + 7
7 F 26 145.4 11,9 13, 8 19.6 5 4016 + 146 1646 + 139° 1061 + 49 497 + 29°

“Z score is the index demonstrating the deviation of the actual liver weight from the ideal weight, calculated according to McAfee et al. (31).

!NIF, nocturnal intragastric feeding.

‘Values of TG and TC are mean + SEM. Differences between untreated and treated patients are significant at a level of at least P < 0.05.

Levy et al. Hyperlipidemia in GSD-I 217

2102 ‘6T aunr uo sanb Aq BioJj-mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

[

TABLE 2. Plasma lipid, apoB, and carnitine determinations
CE as %
Subject Total FA FFA TG PL TC FC of TC ApoB’ Carnitine
mg/dl %o mg/dl umol/dl
GSD-I
1 1154 64.1 1025 550 344 129 63 238 7.7
2 379 39.1 161 410 222 61 73 159 5.8
3 1730 70.7 1465 620 400 189 53 345 6.0
4 1003 32.6 930 490 250 113 54 111 9.0
5 678 52.4 533 370 194 73 62 185 7.7
6 705 48.0 491 390 280 89 69 277 5.9
7 3240 1030 650 313 52 294 6.9
Mean + SEM  941.6 + 1925 51.1 + 6.0 1121 + 338 551 + 87 334 + 59 138 + 33 609 + 3.1 230 + 31 7.0 + 0.4
Controls
Mean + SEM  238.1 + 11.0 342 + 5.1 65 + 3 194 + 12 179 + 9 47 + 3 74.1 + 0.7 112 + 19 46 + 0.5
P < 0.005 NS 0.02 0.005 0.02 0.02 0.00t 0.005 0.005

Data are means + SEM of the seven GSD-I patients following NIF and ten controls who participated in the study.

“ApoB was determined by radioimmunoassay.

that LDL particles were larger (242 + 3 vs. 219 + 3 A,
P < 0.005) and HDL smaller (85 + 4 vs. 106 + 12 A,
P < 0.05). In view of the fact that LDL isolation at
d 1.006 to 1.063 g/ml included IDL, the LDL alterations
could account for IDL inclusion. So, in a second step in
this study, IDL and LDL were isolated at d 1.006 to 1.019
g/ml and 1.019 to 1.063 g/ml, respectively, and lipid and
protein analyses were carried out. Persistent compositional
abnormalities were observed in pure LDL fraction
(Table 4). However, on the basis of core constituents to
surface constituents, the LDL fraction free of IDL seemed
to contain smaller particles than the corresponding
plasma LDL of controls (0.59 + 0.03 vs. 0.91 + 0.06,
P < 0.005). When the data from GSD-I IDL fractions
were compared to those of IDL from normal subjects,
differences relative to the composition and to the size were

found. The contribution of TG to total IDL mass increased
while that of CE and FC decreased. No consistent
changes were found in PL and PR. Hence, the weight
ratio of TG/PL and TG + CE/FC + PL + PR increased,
inferring, thereby, that the IDL particles of GSD-I
patients are larger.

The 10% SDS-PAGE showed an apolipoprotein distri-
bution in isolated VLDL, which differed from that obtained
from normal subjects (Fig. 2A). More specifically, there
were visible bands close to apoB-100 as well as to apoE.
In addition, both apoB-100 and apoE appeared to be
more abundant. To assess the contribution of intestinal
lipoproteins to total VLDL, SDS-PAGE using 4% acryla-
mide was performed. The presence of low molecular
weight apoB (B-48) was demonstrated (Fig. 2B). In LDL
1solated from patients and controls there were no consis-
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TABLE 3. Lipoprotein cholesterol levels with HDL/LDL and HDL/TC ratios
Cholesterol Percentiles®
Subject VLDL LDL HDL HDL/LDL HDL/TC HDL HDL/LDL HDL/TC
mg/dl
GSD-I
1 60 253 31 0.12 0.09 <5 <5 <5
2 22 161 39 0.24 0.18 >10 <15 =10
3 72 295 33 0.11 0.08 >10 <5 <35
4 39 184 24 0.13 0.10 <3 <5 <5
5 43 135 16 0.12 0.08 <5 <5 <5
6 49 206 28 0.14 0.10 <5 <5 <5
7 136 500 14 0.03 0.02 <5 <5 <5
Mean + SEM 60.1 + 14.0 247.7 + 46.8 264 + 3.4 0.13 + 0.02 0.10 + 0.02
Controls (n = 15)
Mean + SEM 14.2 + 1.4 1153 + 5.0 55.8 + 2.9 0.49 + 0.02 0.30 + 0.01 50 50 50
P < 0.001 0.001 0.001 0.001 0.05

Biochemical parameters were measured in GSD-I patients following NIF.
“Deduced from prevalence study reported by Lipid Research Clinics (LRC) (32, 33).
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Fig. 1. Lipoprotein electrophoresis of plasma from a normal subject
(c) and from GSD-I patients (1-7) (upper panel). With this technique,
B-lipoproteins, pre-B-lipoproteins (pre-B), and a-lipoproteins (o) are
visualized (by oil red O). The integrated scan (lower panel) provides
evidence for 1) lower proportion (%) of a-fraction in GSD-I when
compared to controls; and 2) different lipoprotein profiles in GSD-1.

tent differences. The separation of VLDL-apoC on a
TMU gel is illustrated in Fig. 3. In six separate experi-
ments, the VLDL from GSD-I patients clearly showed a
markedly elevated proportion of apoC-III, which led to a
decrease of the C-1I/C-III; ratio calculated from densito-

metric scans (Fig. 3). Significant differences were equally
observed in the A-I/A-II ratio from integrated densitomet-
ric tracings of HDL submitted to 15% SDS-PAGE (Fig. 4).
A representative and reproducible densitometric scan of
the apoC and apoA regions is shown in Fig. 5 which illus-
trates the good resolution of apolipoproteins obtained by
polyacrylamide gel electrophoresis. In view of the altera-
tions in the composition of LDL and HDL, we examined
the level of IDL and the subpopulations of HDL in a
second part of the study. Table 5 shows that GSD-I
patients had increased IDL concentrations (92.5 + 15.4
vs. 34.0 + 5.3 mg/dl). The lower values of total HDL
(15.5 + 25.5vs. 229.0 + 5.8 mg/dl) were totally accounted
for by the pronounced decrease of HDL, (50.0 + 22.0 vs.
130.0 + 7.6 mg/dl).

Lipoprotein lipase activity

Hypertriglyceridemia was associated with a 78 + 2.9%
decrease of total postheparin lipolytic activity (3.11 + 0.4
vs. 14.15 + 0.50 pmol FFA.ml™.hr™ in controls) in
response to NIF (Table 6). The most affected was hepatic
lipase (HL) activity. Expressed as a percent of decrease
from the mean of control values, HL activity was 86.2 +
2.4% versus 61.2 + 6.2% for LPL activity. Moreover, a
change in the pattern was observed in GSD-I. While HL
was the predominant activity in the plasma of controls,
LPL activity was the major component in the plasma of

GSD-I. This was well reflected by the HL/LPL ratio

TABLE 4. Chemical composition of lipoprotein

Composition Weight Ratios
TG TG + CE
Lipoprotein TG CE FC PL PR® PL FC + PL + PR
mg/100 mg of lipoprotein

VLDL (d 1.006 g/ml)

Controls 56.1 + 1.0 10.5 + 1.1 5.7 + 0.3 16.5 + 0.2 10.1 + 0.7 3.40 + 0.07 2.15 + 0.24

GSD-I 62.4 + 1.9 6.5 + 0.1 48 + 0.2 16.9 + 0.2 9.5 + 0.5 3.70 + 0.16 2.09 + 0.21

P< 0.02 0.005 0.05 NS’ NS NS NS
IDL (1.006 <d <1.019 g/ml)

Controls 21.6 + 1.4 21.8 + 2.1 7.4 + 0.7 31.6 + 3.2 17.5 + 0.3 0.74 + 0.10 0.79 + 0.08

GSD-1 424 + 1.9 7.4 + 0.4 5.8 + 0.4 26.2 + 1.0 18.2 + 0.3 1.62 + 0.0 1.01 + 0.07

P< 0.01 0.001 0.05 NS NS 0.001 NS
LDL (1.019<d<1.063 g/ml)

Controls 6.4 + 0.7 40.3 + 1.5 9.5 + 0.7 22.5 + 0.6 21.3 % 1.2 0.28 + 0.02 0.91 + 0.06

GSD-I 22.0 + 3.3 15.2 + 1.9 6.0 + 0.4 27.2 + 1.0 29.6 + 2.6 0.80 + 0.11 0.59 + 0.03

P < 0.01 0.001 0.005 0.005 0.02 0.001 0.005
LDL (1.006 <d <1.063 g/ml)

Controls 7.8 + 0.3 324 + 1.3 8.4 + 0.4 24.1 + 0.7 26.8 + 0.7 0.32 + 0.01 0.68 + 0.03

GSD-1 27.1 + 1.8 20.8 + 1.2 6.2 + 0.2 23.6 + 0.8 22.2 + 0.3 1.17 £ 0.12 0.92 + 0.03

P < 0.001 0.001 0.001 NS 0.001 0.001 0.001
HDL (1.063<d<1.21 g/ml)

Controls 49 + 0.7 20.5 + 0.2 3.2 + 0.2 24.2 + 1.1 47.2 + 1.4 0.20 + 0.03 0.36 + 0.01

GSD-1 8.2 + 0.7 11.5 £ 1.1 2.6 + 0.3 30.4 + 0.6 47.3 + 1.4 0.27 + 0.03 0.25 + 0.03

P < 0.005 0.001 NS 0.001 NS NS 0.001

Lipoprotein characterization was carried out in GDS-I patients following NIF.

“Protein.

NS, not significant.
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Fig. 2. Sodium dodecyl sulfate polyacrylamide gel electrophoresis showing

VLDL LDL
e —
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— — —— — —_———

B-100 - - U'.

the apolipoprotein composition of VLDL and LDL from patients 3, 4,

and 6 and controls (C, and C;). (A) represents the pattern obtained with 10% gel. About 30 ug of VLDL delipidated with ethanol-ether 3:1 was
applied on the gel under reducing conditions (1% B-mercaptoethanol). Rat HDL and molecular weight standards (STD) were used as reference pro-
teins. STD were phosphorylase B (92,500), BSA (66,200), ovalbumin (45,000), carbonic anhydrase (31,000), and lysozyme (14,400). (B) represents

the pattern of VLDL and LDL obtained with 4% gel. The STD containing

(0.69 + 0.09 vs. 2.48 + 0.76 in controls). NIF seemed to
induce a significant increase of both hepatic and extra-
hepatic lipoprotein lipase activities, but the proportional
contribution of each to the total postheparin lipolytic

B-100 and B-48 was isolated from patients with type I hyperlipidemia.

activity was not changed significantly. We also measured
the in vitro postheparin plasma LPL and HL activities in
some GSD-I patients after addition of inactivated plasma
from normal subjects. Both enzyme activities increased

Fig. 3. Separation of apoVLDL on 10% polyacrylamide gel containing 8 M urea. After delipidation, solubilized
proteins were electrophoresed and the staining was performed with Coomassie Blue. A typical densitometric tracing
of apoproteins is presented in Fig. 5. The C-I1I/C-III, ratios calculated from the corresponding scans are significantly
different (P < 0.05): GSD-I = 0.28 + 0.06 (n = 6); controls = 0.34 + 0.08 (n = 12).
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Fig. 4. Apolipoprotein patterns of HDL fraction (d < 1.21 g/ml) on
15% polyacrylamide gel containing 0.1% SDS. The location of
apolipoprotein species of HDL from patients 1-6 and one control (C)
were identified by comparison with molecular weight standards detailed
in Fig. 2. A typical densitometric tracing is shown in Fig. 5. The A-I/A-11
ratios calculated from the corresponding scans are significantly different
(P < 0.001): GSD-I = 3.09 + 0.48; controls = 5.41 + 0.37.

considerably by 100 to 200%, suggesting that the enzyme
protein concentration was normal.

DISCUSSION

The present study describes abnormalities in plasma
lipids, in the composition and size of lipoproteins, as well
as in some factors that contribute to their interconversion
in seven GSD-I patients, six of whom were on long term
continuous NIF.

There is good evidence that frequent daytime feeding
combined with nocturnal intragastric feeding leads to a
distinct improvement of growth, metabolic complications,
and biochemical features. Although beneficial, the treat-
ment has a limited capacity to return plasma lipids and
lipoproteins towards normal. The biochemical probes and
electron microscopy studies identified several abnormali-
ties. Total FA, FFA| TG, PL, TC, and FC were markedly
elevated despite the compliance of the patients with the
nightly placement of the nasogastric tube and a schedule
of frequent daytime meals. Our present investigation con-
firms previous reports that hyperlipidemia is only partly
corrected with the treatment of glucose-6-phosphatase-
deficient patients by NIF (8, 34-37). These studies have
already reported that following treatment, TG concentra-
tions were substantially lowered, but remained elevated to
varying degrees.

Of major importance was the significant increase in
VLDL-C and LDL-C coupled with a decrease in HDL-C
in the GSD-I patients. This was documented in two ways:
a direct measurement and agarose gel electrophoresis.
Most epidemiological studies have shown that two general
mechanisms are associated with risk of atherosclerosis:
one involves elevated plasma levels of the atherogenic
lipoprotein (LDL) and the second involves a low HDL
concentration resulting in a defective removal of intracel-
lular cholesterol. The GSD-I patients met these criteria
and, in addition, the magnitude of their supposedly anti-
atherogenic subfraction HDL, was affected. It was also pos-
sible to note significant differences in the chemical lipopro-
tein composition. VLDL and LDL (d 1.006-1.063 g/ml)
were TG-enriched. An increased proportion of TG was
largely responsible for their greater size (Fig. 6) and lighter
density given a relative decrease in CE. Since this LDL
population also included IDL that were found to be in-
creased threefold over control values, pure LDL (d 1.019-
1.063 g/ml) were isolated in a second phase of this study.
The same abnormalities were observed but, as expected,
the size of pure LDL particles was smaller. On a weight
percent basis, the HDL class also differed in size and lipid
content. They clearly had more TG and less CE than con-
trols. The observed electron microscopic size of HDL
agreed well with TG + CE/FC + PL + PR ratio and
revealed a smaller diameter in patients. These observa-
tions could be due to the predominance of the smaller and
denser HDL; subpopulation. A virtually identical situation
has been described in cases of severe hypertriglyceridemia.
The HDL particles are smaller in size and they are
cholesteryl ester-poor as well as triglyceride-rich (38, 39).

Why is the percentage of cholesteryl ester molecules
reduced in plasma as well as in all lipoprotein fractions,
and why is HDL, selectively deficient in GSD-I patients?
The results of this study could suggest a direct relation-
ship between the activity of LPL and HDL-C as described
before in other systems and subjects by Nikkila et al.
(40-42) and Huttunen et al. (43). However, the data fit
more conveniently with the concept that nearly all the
variations of plasma HDL concentrations are due to fluc-
tuations in HDL, (44, 45). Hence the combination of
lower HDL, and LPL levels leads to the speculation that
the mechanism of HDL; to HDL, conversion is slowed
because of a limited incorporation of molecules released
from the surface of lipolyzed TG-rich lipoproteins into
HDL; (46). Such a reduced transfer of surface compo-
nents from VLDL to HDL; during lipolysis concomitantly
makes less FC available for esterification and redistribu-
tion. It is known that efficient esterification of cholesterol
is dependent on the activity of LCAT which is stimulated
by apoA-1 (47). The concentration of the latter was
reported to be normal in GSD-I subjects (48).

The plasma clearance of TG-rich VLDL appears to be
impaired in GSD-I patients. Both LPL and HL were
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Fig. 5. A typical densitometric tracing obtained from VLDL-apoC in 10% polyacrylamide gel containing 8 M

urea (A) and from HDL-apoA in 15% SDS-PAGE (B).

decreased and evidently did not play their usual central
role in lipoprotein catabolism. In view of the possible
competition of the high endogenous TG with the [**C]tri-
olein used for the quantification of postheparin plasma
lipolytic activity, we proceeded with different and prudent
attempts to establish and clarify this important point
definitively. Although the TG were discarded by ultracen-
trifugation (d 1.006 g/ml), the patients’ plasma disclosed
severely affected LPL activity. Moreover, we never ob-
tained a close correlation between LPL activity and TG
levels in GSD-I patients. Finally, when we submitted
some pre- and postheparin plasma to gas-liquid chroma-
tography, after 1 hr incubation at 37°C, FFA determina-
tion revealed a low activity of LPL. Of interest in this
investigation was the finding that HL. was more affected
than LPL as evidenced by the HL. LPL ratio. Without
changing the latter ratio, NIF appeared to improve lipo-
lytic activity but it did not restore it to normal.

Since the role of insulin in activating LPL by increasing
the synthesis of enzyme protein has been demonstrated
(49, 50), perhaps an improvement in the overall control of
insulin secretion resulting from NIF could be at play. It
should be pointed out that our GSD-I patients were treated
before and during NIF therapy with diazoxide, a drug
that is a powerful inhibitor of insulin secretion (51).
Diazoxide is an anti-hypertensive benzothiadazine drug
which is capable of elevating blood glucose concentration
in intact, pancreactomized, and alloxanized animals (52).
Its use in humans was shown to be beneficial in several
clinical conditions, namely hypoglycemia in infants (53),
hyperinsulinism states (54), glycogen storage disease (55,
56), and even in hyperlipidemia (57). Several observations
support pancreatic and extrapancreatic mechanisms in
the diabetogenic activity of diazoxide (58). Our patients
were treated with a small dose of diazoxide before NIF
initiation. This treatment has proved to be useful for the

TABLE 5. IDL and HDL concentrations in GSD-1

Subjects IDL HDL, HDL; Total HDL HDL,/HDL,
mg/dl

Controls 34.0 £ 5.3 130.0 + 7.6 99.0 + 7.1 229.0 + 5.8 1.4 + 0.1

GSD-1 92.5 + 15.4° 50.0 + 22.0° 104.0 + 30.5 155.0 + 25.5 0.7 + 0.3

IDL (d 1.019 g/ml) and HDL subclasses (HDL,, d 1.125 mg/dl; HDL;, d 1.21 g/ml) were isolated by preparative
ultracentrifugation. The values in the table represent the lipoprotein mass in plasma as calculated by lipid and pro-

tein determinations.
“P < 0.01.
*P < 0.005.
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TABLE 6. Postheparin lipolytic activity

Total PHLA® LPL

b

HLf HL/LPL

Subject - NIF + NIF - NIF

+ NIF - NIF + NIF - NIF + NIF

umoles FFA - ml™"« hr™

(% decrease from mean of control values)

GSD-I
1 1.60 3.23 1.02 1.83 0.58 1.40 0.57 0.76
(88.7) (77.2) (78.9) (62.1) (93.8) (85.0)
2 0.55 1.05 0.28 0.71 0.27 0.34 0.96 0.48
(96.1) (92.6) (94.2) (85.3) (97.1) (96.3)
3 1.16 4.18 0.91 2.25 0.25 1.93 0.27 0.86
(91.8) (70.4) (81.1) (54.3) (97.3) (79.3)
4 1.82 4.11 0.93 2.46 0.79 1.65 0.85 0.67
(87.8) (70.9) (80.7) (49.1) (91.5) (82.3)
5 2.75 2.08 0.67 0.32
(80.6) (56.9) (92.8)
6 1.03 2.74 0.66 1.40 0.37 1.34 0.56 0.96
(92.7) (80.6) (86.3) (71.0) (96.0) (85.6)
7 2.08 3.73 1.41 2.66 0.67 1.07 0.47 0.40
(85.3) (73.6) (70.8) (44.9) (92.8) (88.5)
Mean + SEM 1.55 + 0.27 3.17 + 0.47 1.04 + 0.22 1.88 + 0.30 0.51 + 0.08 1.29 + 0.22 0.57 + 0.10 0.69 + 0.09
(89.0 + 1.9) (775 + 3.4) (78.4 + 4.5) (61.2 + 6.2) (945 + 2.3) (86.2 + 2.4)
GSD-I vs. controls P < 0.001 0.001 0.001 0.001 0.001 0.001 0.05 0.05
~NIF vs. +NIF P < 0.02 0.05 0.01 NS
Controls
Mean + SEM 14.15 + 0.50 4.83 + 0.90 9.32 + 1.30 2.48 + 0.76

“PHLA: Postheparin lipolytic activity.
*LPL: Extrahepatic lipoprotein lipase.
‘HL: Hepatic lipase.

management of hypoglycemia and other biochemical
manifestations. This same therapy, when combined with
frequent daytime feeding and NIF, resulted in increased
and more stable plasma glucose levels as well as in the im-
provement of other biochemical derangements (results
not documented here). We never observed side effects ex-
cept occasional hirsutism. As reported by other workers
in experimental and clinical studies, we noted that diazox-
ide administration led to a substantial fall in plasma TG
and cholesterol concentrations (results not shown). Chait
et al. (59) have already shown that diazoxide caused a
reduction in VLDL production and Eaton and Nye (57)
demonstrated that withdrawal of diazoxide resulted in an
elevation in primary hypertriglyceridemia. These authors
also suggested that the catabolism of VLDL tended to
decrease during diazoxide therapy. It is noteworthy that
LPL in our patient, while insulin-dependent, was not dis-
turbed by the diazoxide administration. Two patients
showed a small LPL increase on diazoxide when compared
to the previous period without diazoxide (results not
reported). Our experience is that the small dose, while
beneficial to the patients, it not sufficient to modify insulin
secretion significantly. In fact, the concentration of circu-
lating insulin was normal in our patients. This could
explain the lack of association between diazoxide treat-

ment and LPL activity. Finally, the single variable in this
study was the addition of NIF. All patients were on di-
azoxide at the same dose, before and after the dietary
change. Thus, whereas diazoxide might potentially influ-
ence lipoprotein metabolism, this is an unlikely explana-
tion for our findings.

In order to gain further insight into the relationship be-
tween the LPL activity and some of the factors leading to
its decrease, two steps were undertaken. One step involved
the measurement of apoC-I1/apoCIII; ratio and the second
involves lipolytic activity determination after the addition
of inactivated plasma. The currently altered apoC-
IT/apoC-III; ratio in VLDL could result in decreased
LPL activity, as supported by a previous investigation of
other pathological states (60) and, hence, defective VLDL
catabolism in our patients. From other reports, we know
that normalization of the apoC-II1/apoC-III ratio parallels
a decrease in VLDL-TG as well as an increase in LPL
activity (61-64). However, this hypothesis can only
explain the decreased LPL activity and does not hold in
the case of HL because its activity is totally independent
of apoC-II and apoC-III. We have also taken into account
the suggestion that FFA could produce LPL inhibition
(63). However, in view of normal FFA concentrations
found in the present study, this type of inhibition is un-
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Fig. 6. Representative electron photomicrographs of negatively stained plasma lipoproteins (at right) and fre-
quency distribution of particle diameter in GSD-I patient, case 4 (at left). The lipoprotein fractions are: a) VLDL;
b) LDL; and ¢) HDL. Each bar represents 500 A. When a minimum of 500 particles from four patients was meas-
ured, the mean + SEM was: VLDL, 394 + 18 versus 309 + 12 A, P < 0.05; LDL, 243 + 3 versus 219 + 3 A,
P < 0.05; and HDL, 85 + 4 versus 106 + 2 A, P < 0.05.

likely to be involved. Carnitine levels were appropriately
high in order to maintain the high rate of oxidation of
long chain fatty acids necessary to prevent increased con-
centrations of FFA.

As alluded to earlier, hyperlipidemia, as seen in GSD-I
patients, may be an important risk factor for heart disease.
At this time, we have not found any clinical signs or symp-
toms of coronary artery disease in our young patients.
However, many epidemiologic studies have defined factors
associated with increased risk of atherosclerotic diseases
long before the sequelae manifest themselves, because
atherosclerosis is a disease which develops silently (65).
Atherosclerotic changes have been observed in arteries of
young asymptomatic children growing up in industrialized
countries (66). Therefore, particular attention should be
given to all children with hyperlipidemia. In this context,
our patients had well-defined biochemical risk factors.
First, they had low HDL-C and high LDL-C concentra-

224 Journal of Lipid Research Volume 29, 1988

tions. Second, the decrease in HDL-C was accompanied
by diminished total HDL and A-I/A-II. Third, the anti-
atherogenic subfraction HDL, was most significantly
affected. Finally, they had a significant degree of hypertri-
glyceridemia which constitutes, in the opinion of some
authors, a significant risk factor for coronary artery dis-
ease (65). We therefore conclude that, even on NIF, GSD-I
patients can be considered at high risk for the development
of coronary artery disease. Studies should be carried out
with the aim of devising new strategies (dietary and lipid-
lowering drugs) in the hope of improving the current
management. B
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