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Abstract Polyunsaturated fatty acids are known to affect plas- 
ma lipids and lipoproteins but there is no information on the 
effect of essential fatty acid (EFA) deficiency on lipoprotein com- 
position. The purpose of this study was to characterize lipopro- 
teins from 17 cystic fibrosis (CF) patients in relationship to their 
EFA status (eicosatrienoic/arachidonic acid ratio) and compare 
them with those of 10 healthy siblings (SIB) and of i0 unrelated 
controls. In 7 EFA-deficient (EFAD) and 10 EFA-sufficient (EFAS) 
patients, hypocholesterolemia was associated with a decrease of 
HDL-cholesterol and of LDL-cholesterol which was more marked 
in the EFAD group. Similarly, although triglyceride enrichment 
of VLDL, LDL, HDL2, and HDL3 with a concomitant reduc- 
tion of cholesteryl esters from all particles except HDL, was ob- 
served in both CF groups, it was more sizable in the EFAD 
patients. These changes led to an increase in the particle size of 
VLDL, LDL, and HDL2 whereas the distribution of HDLs was 
skewed to smaller particles. Alterations in the apoprotein com- 
position of particles were greater in EFAD than in EFAS. A de- 
crease of total postheparin lipolytic activity was observed in the 
two groups of CF patients as well as in siblings. It was entirely 
accounted for by hepatic lipase @mol FFA/mI per h) which was 
more severely diminished in EFAD (2.8 * 0.6) than in EFAS 
(4.4 i 0.7) and SIB (5.1 f 0.5). Although the two groups of 
CF children differed in terms of growth, seventy of malabsorp- 
tion, and vitamin E status, these data suggest that disturbance 
of lipoprotein concentration, composition, size, and metabolism 
(hepatic lipase) may be in part related to EFA deficiency. Further 
studies are necessary to explore the effect of EFA deficiency on 
hepatic lipase activity.- Levy, E., G. Lepage, M. Bendayan, N. 
Ronco, L. Thibault, N. Galeano, L. Smith, and C. C. Roy. 
Decreased hepatic lipase activity and lipoprotein abnormalities 
in cystic fibrosis patients: their relationship to essential fatty acid 
deficiency. J. Lipid Res. 1989. 30: 1197-1209. 
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Cystic fibrosis (CF) is the most common inherited dis- 
order; it is transmitted in an autosomal recessive manner 
and affects 1 in 2000 live births in the United States. The 
disease is characterized by metabolic, gastrointestinal, 
pulmonary, and nutritional disturbances. Although the 

defective gene is associated with abnormal regulation of 
the activity of the C1- channel, the primary biochemical 
defect is not yet understood (1). 

Among the nutritional alterations present in CF pa- 
tients, those related to abnormalities of essential fatty 
acids (EFA) are receiving increased attention (2). Changes 
in plasma fatty acids include an increase of palmitic 
(16:0), palmitoleic [16:1 (n-g)], oleic acid (18:1), and eico- 
satrienoic [20:3 (n-9)], while linoleic [18:2 (n-6)] and ara- 
chidonic [20:4 (n-6)] acids are decreased in all lipid 
fractions from blood and tissues (3). Malabsorption of FA 
and reduced dietary intake of fats containing 18:2 (n-6), 
have been proposed to account for the abnormal fatty acid 
profiles (4,5). Other investigators have proposed that an 
enzymatic defect in fatty acid desaturation was directly 
related to the basic gene defect (6). More recently, it has 
been suggested that there is disordered regulation of the 
release of arachidonic acid from membranes (7). Thus, 
EFA deficiency may have far reaching consequences on 
membrane fluidity and function (8) as well as on the me- 
tabolism of eicosanoids (9), on inflammatory response 
(lo), and lung function (11). 

The only study of lipoproteins in CF (12) is limited in 
scope and does not provide characterization of their core 
and surface components, nor does it address their particle 
size and apoprotein patterns. Although there is evidence 
that EFA may affect lipoprotein concentration and com- 

Abbreviations: ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; CE, cholesteryl ester; CF, cystic fibrosis; EFA, essen- 
tial fatty acid; EFAD, EFA-deficient; EFAS, EFA-suficient; FC, free cho- 
lesterol; FFA, free fatty acid; GGT, y-glutamyl transpeptidase; HDL, 
high density lipoprotein; HL, hepatic lipase; IDL, intermediate density 
lipoprotein; LDL, low density lipoprotein; LPL, lipoprotein lipase; 
PHLA, post-heparin lipolytic activity; PL, phospholipid; PR, protein; 
SIB, sibling; TC, total cholesterol; TG, triglyceride; VLDL, very low 
density lipoprotein. 
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position (13-16), no study has assessed the relationship 
between EFA status and lipoproteins in CF. 

The present study was, therefore, designed to examine 
lipid profiles and lipoproteins and to measure lipoprotein 
lipase activity in two groups of C F  patients with and with- 
out biochemical evidence of EFA deficiency. The CF chil- 
dren were compared to non-CF siblings who, in turn, were 
contrasted with healthy unrelated controls. 
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METHODS 

Subjects 

Out of the total of 297 children and adolescents attend- 
ing the CF clinic, 163 patients were examined for EFA de- 
ficiency. Seventy seven were found to be > 2 SD above the 
mean (E * SD) of 0.021 f 0.001 for the plasma ratio of 
eicosatrienoic (Mead) acid/arachidonic acid [20:3 (n-9)/ 
20:4 (n-S)] obtained in 44 healthy controls. Ten CF sub- 
jects who were EFA-sufficient (EFAS) and 7 EFA-deficient 
(EFAD) were recruited for the present study (Table 1). 
There was no difference between the two groups in terms 
of age and clinical score (17). Using growth charts for 
French Canadian children (18) they did not differ in their 
z scores for weight, but the EFAD group had lower height 
scores. The EFAS group with a 20:3 (n-9)/20:4 (n-6) ratio 
< 0.02 had a modest degree of steatorrhea persisting des- 
pite pancreatic enzymes, normal levels of vitamin E, and 
liver function tests that were within normal limits. In con- 
trast, the EFAD patients with a 20:3 (n-9)/20:4 (n- 6) 
ratio > 0.10 had a twofold higher fecal fat loss and vitamin 
E deficiency. Three of the 7 children in the EFAD group 
had biochemical (Table 1) and ultrasound evidence of 
chronic liver disease. This accounted for the higher levels 
of alanine aminotransferase (ALT) and of y-glutamyl 
transpeptidase (GGT) (Table 2). However, since these 3 
patients did not differ from the 4 others with EFAD in 
terms of plasma lipids, lipoprotein composition and lipo- 
protein lipase activity, they were considered as one group. 

Ten age-matched non-CF siblings served as controls for 
the two CF groups. An equal number of healthy controls 
with no evidence of malnutrition, gastrointestinal or 
hepatobiliary disease were also studied and compared to 
siblings of the CF children. Informed consent was obtained 
from the parents and the project was approved by the 
Ethics Committee of Stedustine Hospital. 

Isolation of lipoproteins 
Blood samples were collected in 1 mg/ml EDTA after a 

12-h overnight fast and plasma was separated immediate- 
ly by low speed centrifugation (2,500 rpm, 20 min) at 
4OC. The lipoprotein fractions were isolated by discontin- 
uous density gradient ultracentrifugation in a Beckman 
L5-65 preparative ultracentrifuge using a Ti-50 rotor as 
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previously reported (19). Briefly, after preliminary centri- 
fugation to remove chylomicrons (25,000 rpm, 30 min), 
very low density (VLDL), intermediate density (IDL), 
and low density (LDL) lipoproteins were isolated at densi- 
ties of 1.006 g/ml, 1.019 g/ml, and 1.063 g/ml, respectively, 
running at 100,000 g for 18 h at 5OC. The separation of 
high density lipoprotein (HDL) subpopulations was per- 
formed at 100,000 g for 48 h at the following densities: 
1.125 g/ml for HDL:, and 1.21 g/ml for HDL3. The lipo- 
protein fractions were washed with salt solutions of their 
equilibrium density and dialyzed intensively against 0.15 
M NaCl, 0.001 M EDTA, pH 7.0. 

Lipid and lipoprotein analyses 
The concentrations of total cholesterol (E), free cho- 

lesterol (FC), and triglycerides (TG) were determined en- 
zymatically by a commercial kit (Boehringer Mannheim, 
Montreal) as reported previously (19). Cholesteryl esters 
(CE) were calculated as the difference between total and 
unesterified cholesterol x 1.7. Lipoprotein-protein (PR) 
was quantified according to Lowry et al. (20) with bovine 
serum albumin as a standard. Phospholipids were mea- 
sured by the Bartlett method (21). HDL-cholesterol 
(HDL-C) was determined after precipitation of VLDL 
and LDL with phosphotungstic acid (22) while LDL-cho- 
lesterol (LDL-C) was measured using polyvinylsulfate 
(Boehringer Mannheim) (23). VLDL-cholesterol (VLDL- 
C) was calculated from the difference between cholesterol 
in the polyvinylsulfate supernatant and HDL-C. Plasma 
concentration of apoB was determined by nephelometry 
using a commercial standard supplied by Hoerscht- 
Behring. 

Apolipoprotein content of individual plasma lipopro- 
teins was qualitatively assayed using both SDS (24) and 
urea (25) polyacrylamide electrophoresis. The gels were 
stained for 1 h with Coomassie blue and destained in 7 %  
acetic acid. The bands for apolipoproteins were identified 
by comparison with the mobility of apolipoprotein stan- 
dards and also by standards of molecular weight. The 
densitometric distribution of apolipoproteins was assayed 
as described previously (19). Electron microscopy of lipo- 
protein particles was performed on a Zeiss EM-10, using 
negative staining with 1% phosphotungstic acid (pH 7.2) 
as described previously (19). The diameter of 200-300 
particles was then determined. 

Lipolytic activity measurement 
For assay of lipolytic activities, heparin was injected in- 

travenously (10 units/kg body weight) and blood was 
taken 10 min later (26). Total lipolytic activity was mea- 
sured in plasma with an emulsion of tri[l-'4C]oleoylgly- 
cero1 as substrate (27). Hepatic lipase (HL) was quan- 
tified in the presence of protamine sulfate and lipoprotein 
lipase activity (LPL) was calculated as the difference be- 
tween total lipase activity and HL activity. Extraction of 

FFA was performed by the procedure of Belfrage and 
Vaughan as previously described (28). 

Statistical anaylsis 
All values were expressed as the mean f standard er- 

ror (SEM). Statistical differences were assessed by analy- 
sis of variance for groups of unequal size and by Student's 
two-tail t-test unless indicated otherwise. 

RESULTS 

Plasma lipids 

Although both groups with CF demonstrated abnormal 
values for plasma lipids, lipoproteins, and apolipopro- 
teins, the group with EFA deficiency was more severely 
affected (Table 3). Triglyceride levels were higher in both 
groups of CF patients and there was a decrease in both 
total and free cholesterol, but it was more pronounced in 
EFAD than in EFAS when compared to siblings. In addi- 
tion, only the EFAD group had a level of PL below that 
of siblings. The hypocholesterolemia was closely asso- 
ciated with a significant decrease of LDL-C, particularly 
marked in EFAD, and of HDL-C which affected both 
groups equally. As a result, the HDL/LDL ratio was signifi- 
cantly higher in EFAD children than in both EFAS and in 
siblings. On the other hand, VLDL-C levels were only mar- 
ginally higher in both CF groups. As expected from the 
LDL-C and HDL-C findings, there was a more substantial 
decrease of apoB and apoA-I in the EFAD population. The 
only significant changes found between the groups of sib- 
lings and controls involved VLDL-C and HDL-C. The for- 
mer had higher concentrations of VLDL-C and lower 
concentrations of HDL-C. 

Lipid and apolipoprotein composition of lipoproteins 
The composition of the lipoprotein classes obtained 

with sequential ultracentrifugation is reported in Table 4, 
and the results for EFAD patients with and without liver 
disease in Table 5 .  All lipoprotein fractions from CF pa- 
tients were TG-enriched. There was no difference be- 
tween the CF groups, except for the TG of the LDL 
fraction which was higher in the EFAD children. A reduc- 
tion of C E  was observed in the VLDL, LDL, and HDL3 
fractions of CF subjects but particularly in EFAD. With 
regard to FC, a lower proportion was detected in EFAD 
than in EFAS but it involved only the VLDL fraction. 
Table 4 shows that both PL and proteins were only margi- 
nally affected. 

The major changes in the lipoprotein composition, i.e., 
triglyceride enrichment and cholesteryl ester depletion, 
led to abnormal TG/PL and CE/PL ratios. Furthermore, 
the ratio of core constituents (TG and CE) to surface com- 
ponents (FC, PL, PR) of all lipoprotein fractions except 
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for HDLZ were altered. They showed an increment in 
VLDL and LDL with a significant decrease in HDL3, 
more pronounced in EFAD than in EFAS. Since the 
TG + CE/FC + PL + PR ratio can be used to make 
inference of the size of spherical lipoprotein particles, the 
altered ratios in CF suggested that VLDL, LDL, and 
HDLl particles would be larger while HDL3 particles 
would be smaller. Electron microscopy of CF plasma lipo- 
proteins corroborated the biochemical estimation of par- 
ticle size (Fig. 1). Thus, in CF, the diameter of VLDL, 
LDL, and HDLz was greater and that of HDL3 smaller. 
The partitioning of particles according to particle size 
differed between the two groups of CF (Fig. la, Ib, IC, Id). 
For example, the distribution of VLDL was skewed to par- 
ticles of increased size and this was more apparent in 
EFAD than in EFAS (Fig. la); an opposite trend was no- 
ticed with respect to HDL3 (Fig. Id). Even though regular 
and spherical shape generally characterized the CF lipo- 
protein particles, an abnormal form of high density lipo- 
proteins migrating with the HDL fraction was found in 
one EFAD patient with liver disease. These discoid lipo- 
proteins had the appearance of LPX. 

Apolipoprotein distribution in isolated VLDL is illus- 
trated in Fig. 2. The 10% SDS-PAGE analysis showed 
that the apoA-I and apoA-IV were increased in both 
groups of patients, but to a higher extent in EFAD for 
apoA-I. This was confirmed by densitometric distribution 
of VLDL apolipoproteins (Table 6). SDS-PAGE on 4% 
gels was performed to study the profile of apoB. There was 
no consistent difference between the apoB patterns of 
VLDL and LDL of patients, siblings, and controls (gel not 
shown). The apoC family was analyzed on tetramethyl 
urea (TMU) gels. Densitometric scanning of gels from 
samples of delipidated VLDL protein showed mean (2-111 
C-I11 ratios that did not differ between four CF children 
(two from each group) and three siblings. Values of 0.19 
and 0.21 obtained in two controls were higher (P = 0.028, 
Mann Witney U test) than those measured in CF children 
(0.135 * 0.005) and siblings (0.153 +. 0.021) (Fig. 3). 
ApoA-I and apoA-I1 determined by 15% SDS-PAGE in 
HDL fractions are shown in Fig. 4. ApoA-I/apoA-I1 
ratios were higher in the HDLz (Fig. 4a) and lower in 
HDL3 fractions (Fig. 4b) of both CF groups than in the 
siblings. Again, the changes in the EFAD group (11.1 and 
5.51) were more pronounced than in the EFAS group 
(9.32 and 7.71) and in the siblings (5.23 and 8.56). 

Plasma lipoprotein lipase activity 
In order to determine whether impaired TG hydrolysis 

could account for the relative TG enrichment of CF lipo- 
proteins, total heparin plasma lipoprotein lipase activity 
was measured (Table 7). Postheparin lipolytic activity 
(PHLA) was lower in EFAD than in siblings and there 
was a slight but significant difference between the two pa- 
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TABLE 4. Chemical composition of lipoproteins 

Weight Ratios 
Composition 

Lipoprotein TG 

VLDL (1.006 g/ml) 
EFAS 59.71 f 0.94 
EFAD 58.29 f 2.19 
SIB 52.95 * 1.14 
EFAS vs SIB P 0.001 
EFAD vs SIB P 0.05 
EFAS vs EFAD P NS 

LDL (1.019<d<1.063 g/ml) 
EFAS 8.65 f 0.68 
EFAD 14.68 f 1.39 
SIB 5.94 f 0.69 
EFAS vs SIB P 0.02 
EFAD vs SIB P 0.001 
EFAS vs EFAD P 0.005 

HDL2 (1.063<d<1.125 glml) 
EFAS 6.22 f 0.64 
EFAD 7.48 i 0.59 
SIB 3.24 i 0.42 

EFAS vs SIB P 0.005 
EFAD vs SIB P 0.001 
EFAS vs EFAD P NS 

EFAS 3.26 f 0.35 
EFAD 3 43 f 0.40 
SIB 2.31 i 0.25 

HDLs (1.125<d<1.21 g/ml) 

EFAS vs SIB P 0.05 
EFAD vs SIB P 0.05 
EFAS vs EFAD P NS 

CE 

7.96 f 0.34 
6.26 f 0.28 

10.08 f 0.45 
0.02 
0.001 
0.005 

37.23 f 0.95 
31.88 f 2.02 
37.84 f 1.01 

NS 
0.02 
0.001 

29.93 f 1.79 
25.10 f 2.09 
26.76 f 1.26 

NS 
NS 
NS 

20.71 f 0.74 
17.64 f 0.95 
22.41 0.72 

NS 
0.001 
0.025 

FC 

4.04 f 0.09 
3.76 f 0.16 
4.79 k 0.26 

0.02 
0.005 

NS 

11.22 f 0.43 
11.32 f 0.77 
11.20 f 0.15 

NS 
NS 
NS 

7.07 f 0.29 
7.02 f 0.18 
6.72 i 0.31 

NS 
NS 
NS 

2.92 f 0.10 
2.73 f 0.12 
2.91 f 0.09 

NS 
NS 
NS 

PL 

16.80 + 0.33 
16.71 f 1.08 
18.39 f 0.62 

0.05 
NS 
NS 

18.17 i 0.63 
20.33 i 0.69 
19.16 i 0.68 

NS 
NS 
0.05 

25.53 f 0.83 
27.02 f 1.55 
26.74 f 0.78 

NS 
NS 
NS 

25.75 i 0.46 
25.44 f 1.41 
25.31 f 0.26 

NS 
NS 
NS 

PR 

11.46 f 0.90 
11.72 f 0.81 
13.90 f 1.34 

NS 
NS 
NS 

24.70 f 0.75 
21.70 f 1.16 
25.81 f 0.94 

NS 
0.02 
0.05 

32.86 f 1.12 
33.90 f 0.99 
35.76 f 1.30 

NS 
NS 
NS 

47.28 f 0.99 
50.67 f 2.35 
46.98 f 0.69 

NS 
NS 
NS 

TG + CE 
TGIPL CEIPL FC + PL + PR 

3.57 f 0.09 0.48 i 0.03 2.11 f 0.09 
3.57 f 0.25 0.38 f 0.02 1.94 f 0.16 
2.92 f 0.14 0.56 f 0.04 1.73 i 0.10 

0.005 NS 0.02 
0.05 0.005 NS 

NS 0.02 NS 

0.48 f 0.04 2.07 f 0.10 0.85 i 0.02 
0.72 f 0.08 1.58 f 0.13 0.88 f 0.04 
0.32 f 0.04 2.00 f 0.09 0.78 f 0.02 

0.01 NS 0.02 
0.001 0.02 0.05 
0.02 0.01 NS 

0.25 f 0.03 1.20 f 0.10 0.56 i 0.04 
0.26 f 0.03 0.97 f 0.14 0.48 f 0.05 
0.13 f 0.06 1.01 f 0.07 0.44 f 0.03 

0.005 NS NS 
0.005 NS NS 

NS NS NS 

0.13 f 0.01 0.81 f 0.03 0.32 f 0.01 
0.13 f 0.01 0.70 f 0.03 0.27 f 0.02 
0.09 f 0.01 0.89 + 0.03 0.33 f 0.01 

0.05 NS NS 
0.025 0.001 0.005 

NS 0.05 0.025 

Data are means i SEM; TG, triglyceride; CE, cholesteryl ester; FC, free cholesterol, PL, phospholipid; PR, protein; NS, nonsignificant. 

tient groups. When hepatic lipase and extrahepatic lipo- 
protein lipase activities were differentiated by selective 
inhibition of the h e r  enzyme by preincubation with pro- 
tamine sulfate, at decreased activity of PHLA was entirely 
accounted for by a decrease in hepatic lipase (HL) which 
was more pronounced in the group with EFA deficiency 
(Table 7). This was well reflected by the HL/LPL ratios. 
Of interest was the lower level of lipolytic activity in sib- 
lings by comparison with normal subjects. The chief con- 
tributing factor for this significant drop was again HL 
activity. Similarly, the results for EFAD patients with and 
without liver disease (Table 8) showed no significant 
differences, and the decreased hepatic lipase activity cor- 
related best with indices of EFAD. 

DISCUSSION 

Essential fatty acid deficiency has been amply docu- 
mented in CF (29-35). Although the classical definition of 
EFA deficiency is based on a ratio of 20:3 (n-9)/20:4 (n-6) 

larger than 0.2, this criterion is rarely met in C F  patients 
(35). Recently, a more accurate and sensitive method was 
used for the measurement of fatty acids in plasma and 
phospholipids of red cells and platelets. It has allowed us 
to document a high incidence of EFA deficiency using a 
ratio of 20:3 (n-9)/20:4 (n-6) greater than 0.1 (36). Con- 
centrations of lipoproteins in C F  have been examined in 
a single study (12) but neither lipoprotein composition 
and size nor the major enzymatic activity responsible for 
their metabolism was determined. As PUFA are known to 
affect plasma lipids and lipoprotein composition (13- 16) 
as well as lipoprotein lipase activity (37,38), which is also 
modulated by the nutritional status (39,40), the purpose 
of this study was to characterize lipoproteins from CF pa- 
tients in relationship with their EFA status. 

The data confirm previous observations documenting 
abnormally low plasma levels of LDL and HDL (12) and 
show that more profound alterations were seen in patients 
with EFA deficiency. Hypocholesterolemia has been re- 
ported previously in patients with malabsorption (41) and 
a number of investigators have stressed the role of the in- 
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2 2 testine in regulating plasma lipid and lipoprotein levels 
m ? 9 9 *  W W h  9 9 9 9 * m  (42,43). Excessive losses of both neutral and acidic (bile 

acids) sterols occur in all patients with CF and vary with 
the severity of the malabsorption syndrome (44,45). It is 
therefore likely that both the low total cholesterol and low 

2 s LDL-C result from interruption of the enterohepatic cir- 000 9999*, 
culation (EHC) of bile acids and neutral sterols. 

The contribution of lipoproteins to the hepatic pool of 
cholesterol used for bile acid synthesis and for cholesterol 
secretion in bile is considerable. There is evidence that 
HDL-C is preferentially utilized (46) and that cholesteryl 

m m m  m m N m  z esters constitute a more important substrate than free 
cholesterol (47). It is therefore surprising that HDL were 
more modestly decreased than LDL. This may have to do " 2 d with the relationship between LDL receptors and the 
EHC of cholesterol and bile acids. The return of choles- 
terol to the liver causes feedback inhibition on cholesterol 
synthesis. Similarly, the return of bile acids is thought to 

but this has recently been disputed (49). It is now thought 
i m 

> 222, 2 % 3 k . + Z  ; that the biosynthesis of bile acids is a function of the avail- 
5 N s ability of hepatic cellular cholesterol (50). As CF patients 

Bp 4 2 :  and dietary cholesterol as well as of bile acids, this leads 
Q! 

3 E  w3," 2 Z S i ? O Z  to a reduction of the quantity of cholesterol in the liver cell 
8" W i W w g  and in turn to an increased number of LDL receptors 

which will then take up LDL-C. We would therefore pro- 
pose that in CF there is a reduction in liver cell cholesterol 
through malabsorption of bile acids and cholesterol. This 

receptors which then causes an increased uptake of LDL 
and a fall in plasma LDL levels. 

The fact that all lipoprotein fractions in CF were 
d i L ' + l  & 6 0 & $ 1 m  y.- =-enriched is one of the most important findings of this 
- p ?  -9 - study. Extrahepatic lipoprotein lipase (LPL) is mainly re- 

z 4 1  sponsible for the catabolism of chylomicrons and VLDL 
E 

(51,52). Hepatic lipase (HL), the only fraction of the post- 
1 p: 
n 2 u o  heparin lipolytic activity (PHLA) that was decreased in 
$1 CF, is also active against larger particles but its highest ac- 

tivities are against IDL, LDL, and HDL (53). Deficiency 
of hepatic lipase has previously been reported to be asso- 
ciated with elevations of both LDL and HDL triglycerides 
(54). Our findings confirm this observation. It is unlikely 
that the relative decrease in apoC-I1 and resultant in- O ? Q ! -  -01" - -  y ---9 P 8 crease in the apoC-II/apoC-I11 ratio in the CF children 
and their siblings (Table 6) is responsible for the low hepat- 
ic lipase activity. This is because apoC-I1 activates LPL 
and not HL which is presumably stimulated by apoA-I1 
and inhibited by other apoproteins (55). Hepatic lipase is 

m %  % w  pase activity. Therefore, its decreased activity could ex- 
3 m - m  fi-N-J.= 1 e.% plain the decreased conversion of HDL2 into HDLS 
~ f s s m s s s ~ j  $ 2  particles observed in one study. In view of the decrease of 
a z 0 the apoA-I/apoA-I1 ratio, the fall in HL of CF and siblings 

is possibly secondary to an increase in a@-11. 
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Fig. 1. Electron micrographs and particle size distribution of  VLDL 
(a).  LDL  (b),  HDL? (c), and HDL,  (d) from  EFAS,  EFAD, and SIB. 
The size of  VLDL,  LDL. and HDL2 was larger in  EFAS (434, 262, and 
116 4). and in  EFAD (438, 255, and 112 A )  than  in SIB (386,  243. and 
107 A), whereas that of  HDL, was smaller (63 and 72 vs. 86 A). 
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Fig. 2. SDS-PAGE (12.5% gels) of VLDL-apolipoproteins. The loca- 
tion of apolipoprotein  species  from SIB, EFAS,  and  EFAD  was  identified 
by comparison  with a healthy  subject (CONT) and  with  the  following 
molecular  weight  standards (STD): phosphorylase €3 (92.500), RSA 
(66,200), ovalbumin (45,000). carbonic  anhydrase (31,000). soybean 
trypsin  inhibitor  (21,500).  and  lysozyme (14,400). 

Besides triglyceride enrichment of lipoprotein fractions, 
the most consistent observation in the compositional anal- 
ysis  was a  decrease in cholesteryl esters which particularly 
affected the EFAD group of CF. This indicates  that  there 
is a cholesteryl ester  transfer defect from HDL to LDL 
and  VLDL  or that 1ecithin:cholesterol acyltransferase 
(LCAT) activity is decreased. The possibility that LCAT 
could account for our findings is unlikely since studies 
have shown that LCAT activity is increased in  EFA-defi- 
cient rats (56). Therefore,  the relative decrease of choles- 
teryl esters could perhaps be due to  a reduced activity of 
cholesteryl ester  transfer protein. Although liver disease 
may lead to impairment of cholesterol esterification, it is an 
unlikely explanation since both groups of CF were affected, 
albeit the  EFAD  group was more severely. Several studies 
have reported low hepatic lipase activity in liver disease 
(57)  and  the decrease in enzyme activity correlated with 
the severity of the disease (58). Other investigations have 
described an enzyme depletion in renal insufficiency (59), 
Type I1 hyperlipoproteinemia (60), hypothyroidism (61). 
as well as in a variety of other clinical situations  such as 
alcoholism, viral hepatitis, pancreatitis,  diabetes, and 
protein  malnutrition (62). The findings in our study  that 
the level  of hepatic lipase activity was  lower in EFAD than 
in EFAS cannot be explained by the fact that  three of the 
former  had liver disease since their H L  values were identi- 
cal to those of the EFAD without liver disease. On the 
other  hand,  malnutrition could have  played a role (Table 

The profile and size of lipoproteins were generally con- 
sonant with the  moderate  degree of hypertriglyceridemia 
observed in CF. The  data were consistent with the bio- 
chemical estimation of particle size obtained by calculated 

2). 

TABLE 6. Distribution of  VLDL apolipoproteins after the 
integration of SDS-PAGE densitometric  tracings 

Apolipopmteins (%) 

Subjects B A-IV E A-I C 
~~ ~ ~ 

EFAS 47.0 2.4 10.1 2.7 37.8 
EFAD 40.0 1.6 12.2 16.5 29.6 
SIB 47.6 ND 9.1 1.3 42.0 
Contmls 47.5 ND 21.4 ND 31.0 

Values are  means of measurements  from two subjects  in  each p u p .  
The densitometric  evaluation does not  include  the  albumin  fraction. 

ratios. Although LPX particles were observed in one  pa- 
tient with chronic liver disease, it is clear  that they can  be 
formed in a number of  in  vivo situations  where  the  forma- 
tion of  excess surface material may exceed the  capacity of 
HDL with low cholesteryl esters to  disrupt  the vesicle and 
incorporate its constituents  into HDL. 

The results of this  study showed that  the siblings of C F  
patients  had several biochemical alterations. At the begin- 
ning of this research, siblings were considered as suitable 
controls in order to cancel the environmental  and  nutri- 
tional factors. However, it rapidly  became  evident that 
they differed from healthy subjects in terms of higher 
VLDL-C  and lower HDL-C  as well as HL activity. They 
all had negative sweat tests and  none  had  symptoms sug- 
gestive of CF.  As no tests are currently available to  detect 
heterozygosity, it  is impossible to say whether  the  lipopro- 
tein abnormalities noted are secondary to a basic defect 
present in heterozygotes. Indeed,  the  abnormalities  de- 
scribed as being found in siblings as well as patients  in- 
clude alterations in autonomic  and airway reactivity, the 
release of abnormal lysosomal enzymes, defective &adre- 
nergic responses of sweat glands  in vivo and in vitro, ab- 

E FAS €FAD SIB CONT "- 

c-ll - -"Ill, - 5 C-lll0 - -c-ll12 
- -c-lll, 

Fig. 3. Disc  electrophoresis  of VLDL in  10%  polyacrylamide @Is con- 
taining 8 M urea. 
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One of the  aims of this  study was to  examine  the rela- 

Fig. 4. SDS-polyacrylamide g e l  (15%) electrophoretograms of  HDLa 
(a) and HDL, (b). EFAD gels were  from one patient without (left) and 
one patient with (right) liver disease. 

normalities of prostaglandin  metabolism, disorders of plate- 
let aggregation, and  alterations in the composition of non- 
esterified fatty acids. In view  of the confirmation of de- 
creased secretion of chloride in intestinal cells, it has been 
suggested that  the long-searched-for heterozygote advan- 
tage in CF  may be an inherited resistance to  the noxious 
effects of bacterial toxin causing secretory diarrhea (44, 
63-71). 

tionship  among essential fatty acid deficiency, plasma lip- 
ids, and lipoprotein composition. The hypothesis was that 
PUFA are essential as constituents of triglycerides, phos- 
pholipids, and cholesteryl esters for regulation of the me- 
tabolism of lipoproteins. The evidence indicating an in- 
verse relationship between EFA intake  and  coronary  heart 
disease was  first documented 30 years ago  and is being re- 
surrected with studies showing that PUFA  have a lipid- 
lowering effect (72). There is also work suggesting that 
LPL may  have a  more  pronounced triglyceridase activity 
against  unsaturated fatty acids than  on  saturates (38). In 
many respects, the  lipoprotein compositional changes 
were observed in both CF  groups  buth they were more 
marked in the  children with EFAD. Although speculative, 
it may be suggested that  the exchange protein which plays 
a significant role for the transfer of T G ,  CE, and PL be- 
tween lipoprotein fractions (73) could be affected by  EFA 
deficiency. The fact that EFAD also had lower vitamin  E 
levels brings in another variable. Because of the key role 
of tocopherols as scavengers of free radicals, there have 
been suggestions that  vitamin E deficiency can lead to 
EFA deficiency (74). However, a recent study  has not been 
able  to confirm this (75). Although vitamin  E  supplemen- 
tation has not been shown to alter  lipoprotein  patterns 
(76), there is no  information on the possible effect  of 
vitamin  E deficiency. 

In conclusion, this clinical study of CF  children  attracts 
attention  to significant abnormalities in the  concentration 
and composition of plasma  lipids and lipoproteins as well 
as in hepatic lipase activity. Several changes were more 
prominent in EFAD children who, as a  group,  had  more 
severe intestinal manifestations  and in whom chronic liver 
disease was present in three of  seven. The study of non- 
CF  patients with EFAD but  without  interruption of their 
EHC for sterols and without liver disease would permit  a 
more definitive interpretation of our findings. The obser- 
vations that siblings shared several biochemical altera- 

TABLE 7. Postheparin lipoprotein lipase 

Subjects Total PHLA' LPL' H L' HULPL 

EFAS ( 10) 8.98 + 0.96  4.45 * 0.43  4.41 f 0.75 
EFAD (7) 
SIB (10) 
Controls (10) 13.79 f 0.52  4.01 f 0.65  9.84 f 0.91  2.48 f 0.71 

0.97 f 0.15 
6.08 + 0.80',' 3.69 f 0.44 2.79 f 0.56' 
8.93 f 0 . 7 d  

0.78 f 0.14' 
4.11 f 1.22  5.11 f 0.54j 1.35 f 0.16j 

'PHLA, postheparin lipolytic activity. 
'LPL. extrahepatic lipoprotein lipase. 
'HL, hepatic lipase. 
'P < 0.05, EFAD versus SIB. 
'P < 0.05, EFAD versus EFAS. 
jP < 0.05. SIB versus Controls. 
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TABLE 8. Postheparin lipolytic activity in cystic fibrosis patients 

Subjects Total PHLA LPL HL HIJLPL 

pmol FFA/ml per h 

EFAD, chronic liver disease 
Case 3 4.07 
Case 5 7.17 
Case 9 3.79 

Mean f SE 5.22 f 1.01 
No liver disease 

Case 1 4.45 
Case 2 4.96 
Case 4 9.43 
Case 6 8.04 

Statistics (P) NS 
Correlation with indices of EFAD (r) 

EFAD(n - 7) 

Mean * SE 6.72 f 1.20 

20:3(n-9)/20:4(n-6) 0.21 

20:3(n-9)/20:4(n-6) -0.11 

16: l(n-7)/18:2(n-6)” 0.47 
All CF (n - 17) 

16:l(n-7)/18:2(n-6) - 0.06 

4.02 
3.19 
2.00 

3.13 * 0.90 

2.43 
4.35 
5.12 
4.53 

3.61 f 1.07 
NS 

-0.15 
0.19 

- 0.22 
- 0.09 

1.16 
4.15 
1.96 

2.42 i- 0.89 

2.24 
1.29 
4.78 
3.96 

3.06 i 0.79 
NS 

0.36 
0.51 

0.05 
- 0.05 

0.28 
1.30 
0.98 

0.85 + 0.30 

0.92 
0.30 
0.93 
0.87 

0.75 * 0.87 
NS 

0.53 
0.41 

0.17 
0.06 

“Parameter of EFAD established in parallel study on tissue lipids in CF (ref. 36). 

tions, namely a higher VLDL-C and a lower HDL-C 
along with decreased hepatic lipase activity, need to be ex- 
plored further. I 
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