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Abstract Type V hyperlipoproteinemia is characterized by ele- 
vations of chylomicron (CM) and very low density lipoprotein 
(VLDL) triglycerides. The development of this lipid disorder 
involves a multitude of metabolic derangements including 
deficient clearance of triglycerides and/or their increased output 
aggravated by obesity, diabetes, alcohol intake, or use of some 
hormones. Some studies have suggested that the apolipoprotein 
E4 phenotype is involved in this dyslipoproteinemia but this 
concept is still a matter of controversy. Therefore, we deter- 
mined the apoE phenotype in 21 patients with severe hypertri- 
glyceridemia classified as type V. Their apoE4 gene frequency 
was 0.595 which is 2.6-fold higher (P < 0.001) than that in the 
Finnish population. Correspondingly, their apoE3 gene fre- 
quency was lower than that in the normal population. No differ- 
ences were noted in plasma lipoproteins of the apoE4 pheno- 
types and the other type V subjects. The apolipoprotein C-I1 
and C-111 distribution was similar to that in normolipidemic 
subjects. I The results suggest that apoE4 may be involved in 
the development of type V hyperlipoproteinemia. - Kuusi, T., 
M-R. Taskinen, T. Solakivi, and R. Kauppinen-Makelin. 
Role of apolipoproteins E and C in type V hyperlipopro- 
teinemia. J Lipid Res. 1988. 29: 293-298. 
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Apolipoprotein E is a normal constituent of plasma 
chylomicrons (CM) and very low density lipoproteins 
(VLDL) (1). This apolipoprotein is supposed to mediate 
the hepatic uptake of CM and VLDL remnants through 
its ability to bind to the high affinity B/E receptors on 
the liver cell surface (2). ApoE also has a function in 
the transport of cholesterol by the high density lipo- 
proteins (HDL) (2, 3). This apolipoprotein has a genetic 
polymorphism with three common alleles E2, E3, and E4 
which determine six different phenotypes (E2/2, E3/3, 
E4/4, E4/2, E4/3, and E3/2) (4, 5 ) .  ApoE2 is a nonfunc- 
tional mutant having a single amino acid interchange 
(arg 158-+cys 158) which makes it unable to bind to the 
B/E receptor (6). The apoE2/2 phenotype is a prerequisite 
for the development of type 111 hyperlipoproteinemia (7). 
The other mutant, apoE4, has a single cys-arg inter- 
change at the locus 112 (8). It has been suggested that this 

apoE plays a role in the development of type V hyperlipo- 
proteinemia, but this concept is still a matter of con- 
troversy (9-12). 

Type V hyperlipoproteinemia is a complex lipid dis- 
order which is characterized by the presence of both fast- 
ing chylomicronemia and an elevation of the VLDL level 
(13). Most patients with type V hyperlipoproteinemia 
have a dual defect in triglyceride metabolism, showing 
both overproduction of triglycerides and a clearance 
defect of VLDL. This form of hyperlipoproteinemia is 
relieved by a fat-free diet and/or is converted to type IV 
hyperlipoproteinemia. O n  the other hand, type V hyper- 
lipoproteinemia is aggravated by factors causing en- 
hanced output of triglycerides, such as poor control of dia- 
betes, obesity, or alcohol intake, which lead to the exces- 
sive accumulation of CM and VLDL (13). Since the 
phenotype of the type V patients can vary considerably, 
a group of patients with a long follow-up in the Lipid 
Outpatient Clinic was selected to evaluate the significance 
of apoE phenotype in type V hyperlipoproteinemia. In 
addition we examined their apoC-II/C-I11 distribution 
because decreased ratio of these apolipoproteins has been 
suggested to be causally related to severe hypertriglyc- 
eridemia (14). 

SUBJECTS AND METHODS 

Patients 
Twenty-one unrelated probands with type V hyper- 

lipoproteinemia, eighteen men and three women, were 
recruited for the study in 1985-1986 from the Lipid Out- 

Abbreviations: CM, chylomicrons; VLDL, very low density lipo- 
proteins; HDL, high density lipoproteins; LDL, low density lipopro- 
teins; IDL, intermediate density lipoproteins; HL, hepatic lipase; LPL, 
lipoprotein lipase; IEF, isoelectric focusing. 
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patient Clinic of the Meilahti Hospital. The type V diag- 
nosis was based on the level of plasma triglycerides above 
1000 mg/dl, the presence of chylomicrons upon ultracen- 
trifugation, and on the exclusion of lipoprotein lipase 
(LPL) and apoC-I1 deficiencies. The patients were aged 
between 30 and 58 yr with mean f SEM of 45.2 f 0.84 
yr; the mean f SEM relative body weight was 127.3 
3.0% (range 108-159%). Secondary causes of hypertri- 
glyceridemia other than diabetes (52%) and obesity were 
excluded. The purpose of the study was explained to the 
patients and informed consent was obtained. The study 
protocol was approved by the Ethical Committee of 
Meilahti Hospital. Blood samples for lipoprotein and 
apolipoprotein analysis were taken in the morning at 
8 AM after an overnight fast. This was followed by 
intravenous injection of 100 IU/kg of heparin for the col- 
lection of postheparin plasma into precooled tubes 5 and 
15 min later. 

Controls 

The reference values of serum lipoproteins and 
postheparin plasma lipase activities were from 24 women 
and 50 men from the staff of Meilahti Hospital and from 
the office staff of two companies. They volunteered in 
response to a written invitation. The mean * SEM age 
was 47.0 * 1.2 yr (range 30-62 yr) for men and 46.4 +_ 1.7 
yr (range 30-62 yr) for women. The mean relative body 
weight was 112.6 * 2.1% (range 83.6-157.6%) in men and 
110.6 * 3.3% (range 85.7-146.9%) in women. The apo- 
lipoprotein C distribution was studied in a subgroup of 
eleven normolipidemic subjects. 

Lipid and lipoprotein analyses 

Serum and lipoprotein cholesterol and triglyceride con- 
centrations were determined enzymatically with commer- 
cially available kits from Boehringer GmbH, FRG (No 
236691 and No 297771, respectively) in a Kone Olli-C 
analyzer (Kone Ltd., Espoo, Finland). C M  were sepa- 
rated by ultracentrifugation for 30 min at 2 x lo4 rpm 
using a Kontron T F T  45.6 rotor in a Beckman L7-70 
ultracentrifuge. VLDL, LDL, and HDL were then iso- 
lated by sequential ultracentrifugation at lo5 g,, and at 
+4OC (15). We used spinning times of 18 hr, 20 hr, and 
72 hr at densities of 1.006 g/ml, 1.063 g/ml, and 1.21 g/ml 
for the separation of VLDL, LDL, and HDL, respec- 
tively. The postheparin plasma lipoprotein lipase (LPL) 
and hepatic lipase (HL) were determined by an immuno- 
chemical assay using specific anti-HL serum for the inac- 
tivation of HL in the assay of LPL (16). 

cubated with either 10 pl of 10% (w/v) cystamine (Sigma, 
St. Louis, MO) in 0.1 M ammonium bicarbonate or 10 pl 
of mercaptoethanol for 3 hr at 37OC followed by delipida- 
tion with ethanol-ethyl ether 3:l and 3:2 (v/v), and finally 
by two extractions with ethyl ether. The proteins were 
dried under nitrogen, followed by an overnight incubation 
at room temperature in 100 pl of a solution containing 
8 M urea and 20% (w/v) sucrose in 10 mM Tris-HC1 
buffer, pH 8.6. The solution for the 2-mercaptoethanol- 
treated sample also contained 10 mM dithiothreitol. 
ApoE phenotyping was carried out by the isoelectric 
focusing (IEF) method of Pagnan et al. (17) with modifica- 
tions described in detail earlier (18, 19). Briefly, 1.5-mm 
thick polyacrylamide gels were used in an LKB 2001 
vertical electrophoresis unit with 2 Ampholine, pH 4-6 
(LKB, Bromma, Sweden) in 8 M urea. Aliquots (60 pl) of 
the sample and the cystamine-treated sample were pipetted 
after the polymerization of the gels into adjacent slots 
filled with 25 pl/ml Ampholine in 5% (w/v) sucrose. The 
gel was then focused for 40 min at 300 volts followed by 
4 hr at 500 volts, fixed and stained using Coomassie BB 
R-250. They were then destained until the background 
was clear. 

Apolipoprotein C-I1 and C-I11 determination 

This was carried out according to the method of 
Catapano et al. (20) modified for slab gels. VLDL was 
first isolated by ultracentrifugation for 18 hr at lo5 gau in 
the Beckman L7-70 ultracentrifuge. This was followed by 
delipidation of an aliquot containing 200 pg of protein 
with acetone-diethyl ether 1:l (v/v). The dried proteins 
were then dissolved in 6 M urea in 10 mM Tris-HC1 
buffer, pH 8.2, followed by IEF (in the LKB slab gel ap- 
paratus described above) with Ampholine, pH 3.5-6.5, 
for 2 hr at a constant power of 25 W. The gels were then 
fixed, stained with Coomassie blue BB R-250, and de- 
stained as described above. The areas of apoC-I1 and 
C-111-0, -1, and -2 were then measured with an ultraviolet 
scanner. 

Statistical methods 

The statistical analysis of the data was carried out using 
the BMDP software (BMDP Statistical Software Inc., Los 
Angeles, CA) in a Digital Vax computer. The observed and 
expected phenotype frequencies were tested by the chi- 
square test, and the differences between the mean values 
by unpaired t-test. The standard deviations of the gene 
frequencies were calculated as described earlier (19). 

ApoE phenotyping RESULTS 
Lipoproteins of density < 1.019 g/ml were separated in 

the Beckman L7-70 ultracentrifuge operated at lo5 gnu for 
18 hr. Duplicate aliquots (50-100 pg of protein) were in- 

Plasma lipid and lipoprotein cholesterol concentrations 
for the type V patients are compared to the lipid values 
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TABLE 1. Lipoproteins and postheparin plasma lipoprotein lipase and hepatic lipase activities for 
type V patients and normal healthy subiects 

Men Women 

Type v Normal Type " Normal 
(n  = 18) (n = 50) (n = 3) (n = 24) 

Triglycerides, mg/dl 1332 * 307 127 f 10" 841 + 175 92 f 11" 

LDL-C, mg/dl 88 + 13 153 f 5" 78 f 9 129 + 6" 
HDL-C, mg/dl 52 f 2" 30 + 1 60 f 2" 

33 * 24.9 f l.Ob 15.9 f 3.5 27.2 f 1.5b Lipoprotein lipase (pmol/hr per ml) 19.5 f 1.5 
Hepatic lipase (Fmol/hr per ml) 35.2 + 3.6 30.6 f 1.9 '  31.0 + 3.6 18.7 1.1' 

Cholesterol, mg/dl 345 f 37 243 f 8b 249 f 43 210 f 9 

Values are given as means f SEM. 
"P < 0,001; 'P < 0.01; 'not significant; denotes statistical significance ofdifference between type V patients and 

control subjects by unpaired f-test 

of 74 normal subjects in Table 1. The mean plasma 
triglyceride concentration of all type V patients was 
1262 k 266 mg/dl and the corresponding cholesterol con- 
centration was 330 k 33 mg/dl. Thus, the patients had 
higher serum cholesterol levels than the heaithy subjects, 
although both LDL and HDL cholesterol were lower than 
in normal subjects. The VLDL cholesterol/plasma tri- 
glyceride ratio of type V subjects was 0.22 which is com- 
parable with reported values in the literature (9). Table 1 
also includes the postheparin plasma LPL and HL activi- 
ties. Thus, the LPL activities were lower in both male and 
female type V patients in comparison with the normo- 
lipidemic subjects (P < 0.01 in both sexes). The range of 
LPL values in type V patients was from 3.95 to 29.9 
pmol/hr per ml. The hepatic lipase activities of type V 
patients were similar in men but higher in women 
(P < 0.01) in comparison with the corresponding values 
in normal subjects (Table 1). 

The distributions of apoC-I1 and C-I11 were inves- 
tigated to evaluate their possible contribution to the 
type V hyperlipoproteinemia (Table 2). The distribution 
of the C apolipoproteins appeared to be comparable with 
that observed in 11 normal subjects thereby excluding an 
abnormal apoC-II/C-I11 ratio as a cause for hyper- 
triglyceridemia. 

Five different apoE phenotypes were observed by 
analytical IEF (Table 3). ApoE isoform phenotypes were 
compared with the distribution of apoE phenotypes in 21 
subjects calculated by the Hardy-Weinberg formula using 
the apoE gene frequencies reported earlier for the Finnish 
population (19). More than a half of the normal popula- 
tion has the apoE3/3 phenotype, whereas only 10% of the 
type V subjects had this phenotype. In contrast, about 
81% of the type V subjects had an apoE4-containing 
phenotype which is detectable in only 39% of normal 
Finns. The apoE-phenotype distribution was significantly 
different from that in the normal Finnish population 
(x' = 15.75, P < 0.001). Accordingly, the apoE4 gene 
frequency (k SD) of the type V subjects was 0.595 -+ 0.093 

which is 2.6-fold higher ( P  < 0.001) than the gene 
frequency of 0.227 * 0.013 in the Finnish population (19). 
Instead, the apoE3 gene frequency (k SD) of 0.310 
0.077 in type V hyperlipidemic patients was markedly 
lower than the respective gene frequency (k SD) of 
0.733 k 0.017 in the normal population (P < 0.001). 
Although the apoE gene locus is known to contribute to 
the regulation of plasma lipoproteins, no differences were 
observed in lipoprotein lipids of type V subjects with or 
without the apoE4 isoform (Table 4). 

DISCUSSION 

ApoE phenotypes were first investigated in the associa- 
tion with the type I11 hyperlipoproteinemia (7, 21-23). In 
fact, studies on this lipid disorder led to the discovery of 
the apoE allele system (7). The role of apoE phenotypes 
has also been investigated in other dyslipoproteinemias. 
Interestingly, only in type V hyperlipoproteinemia has 
apoE phenotype appeared to play some role (9, lo). In 
other hyperlipoproteinemias, type I, 11, and type IV, the 
apoE phenotype distribution is comparable with that in 
normolipidemic subjects (10, 21-23). 

TABLE 2. Apolipoprotein C distribution by analytical 
isoelectric focusing 

Type V Subjects Normal Subjects 

% 

ApoC-111-0 8.25 f 0.84 8.21 i 2.48 
ApoC-I1 23.35 f 0.67 21.60 f 0.71 
ApoC-111-1 39.02 i 0.85 
ApoC-111-2 29.20 0.79 28.44 f 1.55 

The gels were scanned and the mean & SEM percentages of the total 
area are given for apoC-111-0, apoC-11, apoC-111-1, and apoC-111-2. Nor- 
mal distribution is for 11 normolipidemic subjects. 

41.91 f 0.98 
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TABLE 3. Observed phenotype frequency of apolipoprotein E in 
type V patients in comparison with those obtained according to 

the Hardy-Weinberg formula for 21 subjects using the 
gene frequencies of the Finnish population (19) 

~ ~~ 

Type V Patients Normal Population 
ApoE Phenotype Observed ( W )  Expect e d 

1 
8 

1 1  
1 

E414 7 (33) 
E413 8 (38) 
E412 3 (14) 0 
E313 2 (10) 
E312 1 (5) 
E212 0 (0) 0 

Recent studies have documented the association between 
high LDL cholesterol and the apoE4 phenotype on one 
hand and low LDL cholesterol and the apoE2 phenotype 
on the other (19, 24-26). Indeed, about 16% of the genetic 
variance of LDL cholesterol is due to variation of the 
apoE gene locus (24). Accordingly, the apoE3/2 subjects 
have about 20% lower and the apoE4/3 subjects 10% 
higher levels of LDL cholesterol than subjects with the 
apoE3/3 phenotype (25). The present type V subjects had 
markedly lower LDL cholesterol concentrations than nor- 
mal subjects although they had increased frequency of 
apoE4 which should elevate the LDL levels. The low LDL 
cholesterol is probably a reason why there were no further 
differences in LDL cholesterol between the type V subjects 
with and without the apoE4 phenotype. The observed 
dissociation between apoE phenotype and LDL choles- 
terol is of interest. Low LDL implies that conversion of 
VLDL to IDL and LDL is impaired or the removal of 
LDL is enhanced. Type V subjects frequently display 
reduced removal capacity of triglyceride-rich particles (13, 
27-30). When VLDL production is excessive, as in 
type V hyperlipidemia, the compensatory capacity of the 
removal system is exceeded. The impaired hydrolysis of 
triglyceride-rich particles interrupts the VLDL-IDL-LDL 
cascade and explains the lowering of both LDL and HDL 
in type V patients (13). In accord with this the post- 
heparin plasma LPL activity was subnormal or within 

low normal range in our type V patients. The LPL 
activity may be selectively deficient in muscle and/or 
adipose tissue in type V hyperlipoproteinemia (13). Un- 
fortunately, the tissue LPL deficiency is not always 
properly reflected in the postheparin plasma LPL activity 
(13). However, some patients had totally normal LPL 
activity as well as normal apoC-I1 and C-111. In these 
subjects other unknown pathophysiological mechanisms 
must prevail. 

Several patients of the present study had an apoE4- 
containing phenotype. In fact, the distribution of apoE 
phenotypes was closely similar to that observed by 
Ghiselli et al. (9, 10) and Gregg, Zech, and Brewer (12). 
Thus the current data support their proposal for the role 
of apoE4 in the development of type V hyperlipoprotein- 
emia. The majority of the patients in the present study 
had been followed over years because of severe hyper- 
triglyceridemia. This is probably the reason for the 
similarity of the apoE phenotype distribution to that 
observed by Ghiselli et al. (9); this research group also 
studied well-characterized type V patients (12). The 
molecular basis for the accumulation of both CM and 
VLDL in the apoE4 subjects with type V is not estab- 
lished. Recent findings on the role of apoE phenotypes in 
the lipoprotein metabolism in liver and intestine offer 
possibilities for speculation on underlying mechanisms for 
hyperlipidemia in apoE4 subjects. 

ApoE4 is considered to enhance the hepatic uptake of 
remnant lipoproteins, although the receptor binding of 
this isoform in vitro does not differ from that of the most 
common apoE3 isoform (8, 19, 26, 31). In vivo this iso- 
form is catabolized at a rate twice that of the normal 
apoE3 isoform, suggesting that apoE4 is more effective 
than apoE3 in modulating direct C M  and VLDL remnant 
uptake in the liver (31). The consequent down-regulation 
of the B/E receptors by increased cholesterol influx from 
the remnants could explain the elevation of LDL cholesterol 
levels in normolipidemic apoE4 subjects (19, 24-26, 32). 

The elevation of hepatic cholesterol as a result of 
remnant uptake can increase the secretion of biliary 

TABLE 4. Lipoproteins and postheparin plasma lipoprotein lipase and hepatic lipase activities for 
type V men with and without the apoE4 phenotype 

Type V Patients 

Without ApoE4 (n - 3) With ApoE4 (n = 15) 

Triglycerides, mg/dl 1340 f 355 1294 f 625" 
Cholesterol, mg/dl 359 f 43 266 f 28" 

LDL-C, mg/dl 92 f 14 63 f 27a 
HDL-C, mg/dl 34 f 3 24 f 7" 

13.7 ?r. 5.7O 
31.3 f 5.3" 

Lipoprotein lipase, pmollhr per ml 
Hepatic lipase, pmol/hr per ml 

20.7 f 1.3 
36.0 f 4.2 

Values are given as mean + SEM 
"Not significant by unpaired t-test. 
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cholesterol and bile acids (33). Interestingly, the apoE 
phenotype is also involved in the absorption of cholesterol 
from the intestine, apoE4 subjects absorbing cholesterol 
more efficiently than the apoE2 phenotypes (34). Variation 
in cholesterol absorption, on the other hand, explains 
about 15% of the variation of serum LDL cholesterol 
(35). If the bile acid secretion varies according to the apoE 
phenotype, the capacity for micelle formation would be 
different and, consequently, also cholesterol absorption. 
Since absorption of dietary triglycerides also requires 
formation of micelles, the availability of excess bile acids 
would promote the absorption of dietary fats. In fact, the 
apoE4 phenotypes have enhanced clearance of dietary fat 
labeled with retinyl palmitate (36).  

To date, a possible regulatory role for hepatic B/E 
receptors in the metabolism of other (apoE-containing) 
lipoproteins than LDL is totally unknown. It can be 
speculated that the down-regulation of the B/E receptors 
could also contribute to a defective clearance of CM, 
VLDL, and their remnants in the apoE4 phenotype. This 
would be of functional importance if their flux to liver is 
increased by disturbances in normal lipolytic cascade. We 
suggest that the combination of apoE4 phenotype and/or 
enhanced VLDL production together with subnormal or 
low removal capacity aggravates hypertriglyceridemia to 
such an extent that it manifests as type V hyperlipopro- 
teinemia. This outlined hypothesis remains to be estab- 
lished by further studies. 8 
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