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Abstract Detailed plasma lipoprotein analyses were con- 
ducted on 16 familial combined hyperlipidemic (FCHL) pro- 
bands, all their available family members (n = 106) together 
with 12 normolipidemic control families (n = 63), and the 
results were assessed in relation to a C,,,-T polymorphism in 
exon 3 of the apoC-I11 gene. The frequency of the TI,, geno- 
type (CT + TT) was significantly elevated in the probands 
relative to control subjects (0.64 vs. 0.36; P < 0.01) and was 
associated with elevated concentrations of plasma triglyceride 
(P < 0.02) and apoC-I11 (P < 0.03), VLDL cholesterol (P < 
0.005), VLDL triglyceride (P < 0.009), IDL cholesterol (P < 
0.01), and IDL triglyceride (P < 0.007). The TllW genotype 
was also associated with elevations in VLDLapoB (P < 0.005) 
and IDLapoB (P < 0.04) indicating a relationship between 
this variation and an increased number of triglyceride-rich 
particles. These findings were confined to the hyperlipidemic 
members of the FCHL families and showed a strong geno- 
type-status interaction (P < O . O O l ) . l  It is of considerable 
clinical relevance that the apoC-111 gene may be acting as a 
modifier gene that is only expressed in the presence of other 
factors (e.g., increased VLDL flux, low LPL activity) and there- 
fore may predispose those members of FCHL families car- 
rying the TllW allele to express the FCHL phenotype.-Ri- 
balta, J., A. E. La Vie, J. C. V a k e ,  S. Humphries, P. R. 
Turner, and L. Masma. A variation in the apolipoprotein G 
I11 gene is associated with an increased number of circulating 
VLDL and IDL particles in familial combined hyperlipidemia. 
J. Lipid RES. 1997. 38: 1061-1069. 
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quently observed among survivors of a premature myo- 
cardial infarction (1, 2). Since then it has been shown 
to be a highly heterogeneous disorder (3, 4) and, al- 
though the hyperlipidemia does not normally manifest 
before the age of 20 years (5), the presence of the FCHL 
phenotype among children of affected families has 
been reported (6). Also, FCHL phenotype may vary 
among family members and, over a temporal sequence, 
even in the individual patient (7), with phenotypes IIa, 
IIb, or lV hyperlipidemia being expressed (8). 

An increased flux of apolipoprotein (apo) B of very 
low density lipoprotein (VLDL), together with a de- 
creased catabolism of triglyceride-rich VLDL and IDL 
has been reported in these patients (9-12). These meta- 
bolic data strongly suggest the apoB gene as a candidate 
in FCHL, but as several studies have demonstrated that 
apoB does not play a major role in FCHL (13,14), other 
modulators of the metabolism of apokontaining lipo- 
proteins are being studied. One such is apoC-I11 which 
is known to inhibit lipoprotein lipase (LPL) activity in 
vitro (15-17). A decreased LPL activity has been sug- 
gested to affect the hepatic re-uptake of nascent VLDL 
particles (18). Excess of apoGIII delays, by displace- 
ment of apoE, the clearance of IDL particles from 
plasma (19, 20) and causes hypertriglyceridemia in 

Familial combined hyperlipidemia (FCHL) was first 
described in 1973 as a new, autosomal dominant, ge- 
netic disorder with an estimated prevalence of 0.5-2% 
in the general population and was a condition fre- 

Abbreviations: FCHL, familial combined hyperlipidemia; VLDL, 
very low density lipoprotein; IDL, intermediate density lipoprotein; 
LDL, low density lipoprotein; HDL, high density lipoprotein; apo, 
apolipoprotein; LPL, lipoprotein lipase; CAD, coronary artery dis- 
ease; PCR, polymerase chain reaction; Chol, cholesterol; Trig, triglyc- 
eride; HL, hyperlipidemis; NL, normolipidemic. 

'To whom correspondence should be addressed. 

Journal of Lipid Research Volume 38, 1997 1061 

 by guest, on June 18, 2012
w

w
w

.jlr.org
D

ow
nloaded from

 

http://www.jlr.org/


transgenic mice (21). Increased concentrations of 
apoC-I11 have been observed in FCHL patients (22) 
and, in case/control studies, is also associated with the 
risk of coronary artery disease (CAD); elevated apoC- 
I11 concentrations were found in patients with carotid 
artery disease (23) and its concentration in the high 
density lipoprotein (HDL) fraction was reported as the 
best predictor of CAD progression (24). 

Genetic data suggest that variations at the AI-CIII-AIV 
locus may be associated with the triglyceride distribu- 
tions in a normal population as well as with the FCHL 
phenotype in a subset of hyperlipidemic patients (25- 
28). The aim of the present study was to investigate the 
effect of a common variation in the apoC-I11 gene on 
lipoprotein distributions in a group of well-character- 
ized FCHL subjects and family members compared to 
an equivalent group of clinically healthy control individ- 
uals. 

MATERIALS AND METHODS 

Subjects 

All subjects recruited into the study gave fully in- 
formed written consent and the protocol was approved 
by the Scientific and Ethical Committee of the Hospital 
Universitari de Sant Joan. 

FCHL families 

Sixteen index patients diagnosed as having FCHL 
were recruited from the Lipid Clinic of the Hospital 
Universitari de San t Joan in Reus (Spain). Diagnosis was 
based on the subject having plasma concentrations of 
cholesterol (chol) and triglycerides (trig) 2 6.4 mmol/ 
L and 2 2.8 mmol/L, respectively, detected at any time 
in the clinical history and at least one first degree rela- 
tive with a hyperlipoproteinemic phenotype different 
from that of the proband. 

Biochemical analyses were conducted to rule out sec- 
ondary causes of hyperlipidemia and apoE genotyping 
was performed to exclude type I11 hyperlipidemia. All 
index subjects were on lipid-lowering diet and had been 
taken off lipid-lowering medication for a period of at 
least 2 months when recalled for the study. All available 
family members of index patients were recruited and 
totaled 106 individuals. At inclusion in the study, hyper- 
lipidemic relatives (n = 32)  were assigned the FCHL 
phenotype on the basis of the one lipid measurement 
if they presented plasma cholesterol concentrations 2 
6.4 mmol/L and/or plasma triglycerides 2 2.8 mmol/ 
L or elevated above the 95th percentile for age and gen- 
der in the case of children below the age of 19 years. 

Relatives who did not meet these criteria (n = 74) were 
assigned the normolipidemic status. 

Normolipidemic control families 

Sixty three individuals belonging to 12 normolipi- 
demic families volunteered to participate and were in- 
cluded as controls in this study. The families were from 
among the clinical and laboratory staff. Subjects under- 
going lipid-lowering therapy or with secondary causes 
of hyperlipidemia were excluded. None of the families 
met the criteria to be classified as FCHL. 

Unrelated normolipidemic controls 

Fifty four unrelated healthy normolipidemic controls 
were included in the study exclusively for comparison 
of allele and genotypic frequencies. 

Analytical methods 

A 10-ml venous blood sample was withdrawn after an 
overnight fast of 12 h. Triglycerides and cholesterol in 
plasma and lipoprotein fractions were measured using 
enzymatic kits (Boehringer Mannheim, Germany) 
adapted for a Cobas Mira centrifugal analyzer (Roche 
Pharmaceuticals, Switzerland) with Precilip EL8 and 
PrecinormB (Boehringer Mannheim, Germany) as 
quality controls. Immuno-turbidometry was used for the 
measurement of the apolipoproteins using specific anti- 
serum purchased from Boehringer Mannheim, Ger- 
many (for apoA-I and apoB), Daiichi Chemicals,Japan 
(for apoC-I1 and apoC-111), and Incstar Corporation, 
Stillwater, MN (for Lp [ a] ) . 

Sequential preparative ultracentrifugation 

Lipoproteins were separated by sequential prepara- 
tive ultracentrifugation (29), using a Kontron 45.6 
fixed-angle rotor in a Centrikon 75 (Kontron Instru- 
ments, Italy). The lipoprotein fractions isolated were 
VLDL (d < 1.006 g/ml), IDL (d 1.006-1.019 g/ml), 
and LDL (d 1.019-1.063 g/ml). Total HDL and HDL, 
cholesterol were measured subsequent to the precipita- 
tion of the apoB-containing lipoproteins with polyethyl- 
ene glycol (Immuno AG, Austria). HDLB cholesterol 
was calculated from the difference between total HDL 
and HDL! cholesterol. 

DNA analyses 

DNA was extracted from an aliquot of frozen white 
cells by the salting out method (30). PCR was carried 
out to amplify the region containing the CIlo,,-T transi- 
tion which results in a nonfunctional polymorphism in 
exon 3 of the apoC-I11 gene (31). The reaction mixture 
(50 pl) for amplification contained 250 ng of each of 
the two primers (Boehringer Mannheim, Germany), 5’ 
primer, 5’-CAATGGGTGGTCAAGCAGAAGC-3’ and 3’ 
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TABLE 1. 

Relatives 

Plasma lipid concentrations, in mmol/L, of the 16 FCHL probands 

Chol Trig 
~~ 

Family All <19 yr Proband Age Sex A / B A / B HDI,c ApoE 

Yr mmol/L 
1 9 2 1 51 M 7.1/6.5 3.1/2.9 I .2 3/4 
2 6 0 2 29 M 8.1/6.8 3.0/2.0 1.1 3/3 
3 9 0 3 54 F 8.7/6.0 4.8/2.6 I .7 3 / 3  
4 3 1 4 48 M 8.7/8.2 3.3 /3 .3  I .4 3/4 
5 17 4 5 42 M 6.9/5.5 6.5/2.1 1 .o 3/3 
6 7 3 6 44 M 6.4/5.8 5.0/2.4 0.9 3 / 3  
7 10 1 7 54 M 7.8/6.5 6.6/2.0 1.1 3/3 
8 5 0 8 59 F 7.0/6.1 4.4/2.8 1.5 3/3 
9 7 1 9 62 M 8.3/6.7 3.3/3.1 1.1 3/3 

10 6 1 10 47 M 7.3/6.3 4.5/3.2 0.7 3/4 
11 5 2 11 46 M 6.9/6.7 6 3 / 2 2  0.7 3/4 
12 9 3 12 57 F 9.4/7.6 3.2/2.9 1.3 3 / 3  
13 7 2 13 51 M 7 3 / 8 2  3.6/3.5 2.1 3/4 
14 6 1 14 53 M 6.3/5.2 9.1/1.5 I .7 3/3 
15 5 3 15 36 M 6.6/6.3 3.9/1.9 0.9 3 / 3  
16 11 5 16 32 M 9.8/7.6 5.9/2.1 0.9 3 / 3  

All 122 29 48(9) 7.7(1.0) 4.8(1.7) l.Z(O.4) 

Plasma concentrations of cholesterol (Chol), triglyceride (Trig), and HDL cholesterol (HDLc) and apoE 
(apoE) genotype. Allelic frequencies of apoE are 0.84 for E3 and 0.15 for E4 among probands. Cholesterol 
and triglyceride mean values correspond to column A and are expressed as mean (SD). Column A Maximum 
values for plasma lipid concentrations obtained from patients’ files during long-term follow-up (minimum of 
1 year in all cases). Column B: Values obtained on entry into the study. Mean values expressed as mean (SD). 

primer, 5’ GAGCACCTCCATTCCATTG’ITGG3’, 200 
ng of genomic DNA and 1 U of Taq polymerase (Boeh- 
ringer Mannheim, Germany). Magnesium concentra- 
tion in the reaction buffer was 1.5 mM. The reactions 
were performed on a Hybaid Omnigene thermocycler 
at 95°C for 5 min, 55°C for 1 min, and 72°C for 2 min 
followed by 35 cycles at 95°C for 1 min, 55°C for 1 min, 
and 72°C for 2 min. PCR products were run on a 2% 
agarose gel and double-blotted on hybond-N+ mem- 
brane (Amersham International, U.K.) . Membranes 
were hybridized as described elsewhere (31) with oligo- 
nucleotides C: 5’-ATGCAGGGCTACATGAA, T: 5’-TTC 
ATGTAACCCTGCAT (Boehringer Mannheim, Ger- 
many). 

Statistical analyses 

The X2-test was used to compare the frequency of the 
Tlloo genotypes among groups. The Z-test for compari- 
son of proportions was used to compare allele frequen- 
cies. ANOVA was performed to compare the means of 
the lipid, lipoprotein and apolipoprotein data adjusted 
for age, gender, and BMI, and log transformed when 
the variables were not normally distributed. The Bon- 
ferroni corrected-t-test was used to adjust the accep 
tance level when multiple measurements were made. 
Comparisons using unadjusted data were with the Stu- 
dent’s t-test. One-way ANOVA was used to assess linear- 
ity between genotypes and lipid parameters. Deviation 
from Hardy Weinberg equilibrium was tested with the 
x 2  goodness-of-fit test. Results are expressed as means 

and standard deviations. Statistical significance was ac- 
cepted at the 0.05 level. 

RESULTS 

Probands’ lipid profiles on selection together with 
the family-member composition is presented in Table 
1. When recalled for the study, five out of 16 FCHL pro- 
bands showed a clear normolipidemic phenotype in 
contrast to the hyperlipidemia noted in the extensive 
clinical history. Table 2 contains the data on the rela- 
tives of FCHL probands who were assigned hyperlipid- 
emic (HL) or normolipidemic (NL) status according to 
their plasma cholesterol and triglyceride concentra- 

TABLE 2. 

Variable 

Number 

Gender (M/F) 
BMI (kg/m2) 
Diastolic BP 
Systolic BP 

Age 

Biometric characteristics of the groups studied 

HIirel NI.-re1 Control5 Probands 

16 32 74 63 
48 (9)“’ 37(24) 33(20)’ 42(19) 
13/3*h‘ 13/19 31/43 30/33  
29.3(3.7)“”‘ 25.4(5.8) 24.5(5.9) 23.9(3.3) 
81(9)h 76(19) 71(15)’ 76(11) 
128(13)” 129(27)” 119(23) 125(18) 

~ 

Values expressed as mean (SD). Gender Male/Female. Hyperlip- 

“Significantly different from HLrel. 
”Significantly different from NL-rel. 
‘Significantly different from controls. 

idemic (HL-rel) and normolipidemic (NL-rel) relatives. 
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TABLE 3. Lipid, lipoprotein, and apolipoprotein concentrations in the study groups 

Variable 
Prohand\ H L r d  N L r d  (:ontrols 
n = I6 I1 = Y2 n = 74 I 1  = 63 

Plasma Chol 
Plasma Trig 
VLDL 

Chol 
Trig 
ApoB 

Chol 
Trig 
ApoB 

Chol 
Trig 
ApoB 

IDL 

LDI. 

HDL, 
HDLI 
Total HDL 
Plasma apoA-I 
Plasma apoB 
Plasma apoC11 
Plasma apoC-I11 
L,p[al 

6.41(1.07)"' 
2.32 (0.70) "," 

0.90 (0.3 1 ) ,'"', 
I .5 6 (0.50) ".' 
24.39(11.78)'" 

0.46 (0.19) ''.' 
0.31 (0.09)',' 
8.72(.5.35) 

4.21(0.85)".' 
0.43 (0.1 3) ''.' 
95.63 ( 1 6.34) ".' 
0.13(0.06) 
0.78(0.19) 
O.y'L(O.21 ) '  
113.25(20.52) 
130.31 ( 19.74) ',' 
6.85 ( 1 2 4 )  
15.17(2.97)"' 
20.83( 19.50) 

6.1 2(  1.02)b, 
1.36(0.82)b-' 

0.77(0.73)", 
0.41 (0.47)".' 

1 4.77(20.92)f' 

0.25 (0.27) b t  

6.83(6.52) 

3.02(0.91)"' 
0.28(0.10)"' 
90.07( 18.76)".' 
0.21 (0.10) 

I .07(0.28) 
lZ'(0.34) 
128.63(24.16) 
107.44(27.17)"' 
6.26( 1.40)".' 

19.65 ( 16.25) 

0.17 (0.12) ''' 

13.99(5.05)", 

4.42(0.82) 
0.88 (0.42) 

0.21 (0.22) 
0.42(0.33) 
5.67(7.36) 

0.14(0.10) 

4.59(1.68) 

2.89(0.70) 
0.22 (0.08) 
64.59( 17.12) 
0.20(0.15)' 
0.98 (0.28) 
1.20(0.30) 
114.85(18.57) 
7 I .70( 18.72)' 
5.23 (0 .82)  ' 
10.77(2.45) 
l9.20( 17.95) 

0.12(0.06) 

5.08 (0.9 9) 
I.06(0.61) 

0.23(0.20) 
0.49(0.47) 
10.16( 11 .00) 

0.17(0.12) 
0.12(0.06) 
5.07(3.20) 

3.36(0.76) 
0.25(0.09) 
7'2.95 ( 16.90) 
0.29(0.20) 
1.06(0.22) 
1.35(0.33) 
123.89( 18.79) 
87.53 (23.24) 
4.59(0.42) 
11.04(1.s2) 
24.03( 14.72) 

Hyperlipidemic (HLrel) and normolipidemic (NL-rel) relatives. Cholesterol and triglycerides in plasma 
and all fractions are expressed as mmol/L. Apolipoproteins in plasma and all fractions and Lp[a] are expressed 
in mg/dl. Statistical differences assessed by ANOVA with data adjusted for age, gender, and BMI. All v;dut,5 

expressed as means (SD). 
"Significantly different compared to HL relatives 
"Significantly different compared to N1, relatives 
'Significantly different compared to controls. 

tions together with a further group containing the con- 
trol family members. FCHL probands had a signifi- 
cantly increased BMI and proportion of male subjects 
compared to HL relatives, NL relatives, and control sub- 
jects together with elevated diastolic and systolic blood 
pressure compared to NL relatives. FCHL probands 
were significantly older than their relatives but not dif- 
ferent from the control subjects. NL relatives were sig- 
nificantly younger and had lower diastolic blood pres- 
sure than control subjects. The proportion of 
premenopausal women in the NL group (n = 35,47%) 
and in controls (n = 26, 41%) was not significantly dif- 
ferent. Fourteen of the 29 children below the age of 19 
years in the FCHL families had concentrations of either 
plasma cholesterol, plasma triglycerides or LDL-chol 2 
95th percentile or HDL-chol I 5th percentile cut-off 
for age and gender for a Spanish population (32). Eight 
of them were below the age of 15 years. 

Plasma lipids, lipoproteins, and apolipoproteins mea- 
sured in the FCHL probands, HL, NL, and control 
group are summarized in Table 3 and the differences 
were assessed on data adjusted for BMI, gender, and 
age. Probands and HL relatives had significantly ele- 
vated concentrations of cholesterol and triglycerides 
(plasma, VLDL, IDL, and LDL) as well as increased con- 
centrations of apoB (plasma, VLDL, LDL,) and plasma 

apoC-I1 and C-Ill compared to NL relatives and con- 
trols. FCHL probands had significantly higher concen- 
trations of plasma triglycerides and VLDL-chol than 
their HL relatives. Plasma apoB, VLDL-apoB, and 
HDL2-chol were significantly increased and apoC-I1 was 
significantly decreased in the control group compared 
to NL relatives. The apoA-I/total HDL-chol ratio was 
significantly higher ( P  < 0.0001) in FCHL probands 
(125.7 % 13.7) and HL relatives (112.3 % 27.5) com- 
pared to NL relatives (97.9 t 13.8) and control subjects 
(95.2 t 14.0). 

Clloo-T polymorphism in the apoGIII gene 
The distributions of genotypic and allelic frequencies 

in the different groups are displayed in Fig. 1. The ob- 
served frequencies of the CC, CT, and TT genotypes in 
FCHL and control families were not different from 
those predicted by the Hardy-Weinberg distribution. 

Comparisons of allelic and genotype frequencies 
were made with a control group of 54 unrelated subjecb 
(M/F 40/14) of mean age 32 2 10, BMI 23.8 ? 4.5, 
plasma cholesterol 5.04 t 1.06, and triglycerides 0.94 
+- 0.62. Frequencies of the T,loo genotypes were signifi- 
cantly higher among FCHL probands (0.64; P < 0.01) 
and HL relatives (0.50; P < 0.001) compared to con- 
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* 
0.64 

Fig. 1. Genotype (a/=) and allelic frequencies of the minor al- 
lele (T) in FCHL families: probands. hyperlipidemic relatives (HL 
rel). nonnolipidemic relatives (NLrel). and unrelated controls. 'Sta- 
tistically different from controls; probands (P < 0.01); HLrel (P < 
0.001). 

trol subjects (0.36). NL relatives did not show higher 
frequencies of the Tllm genotype compared with con- 
trols (0.43 and 0.36, respectively). The same, albeit 
nonsignificant, trend was observed with regard to the 
allelic frequencies (0.36, 0.31, 0.25, and 0.20; pr- 
bands, HL relatives, NL relatives and controls, respec- 
tively). 

The association of the TIlB genotype with plasma l ip  
ids, lipoproteins and apolipoproteins was studied sepa- 
rately in FCHL and control families and the results are 
summarized in Table 4. Within the FCHL families, the 
T allele showed a clear association with an increased 
concentration of plasma triglycerides, apolipoproteins 
GI11 and A-I as well as components (Chol, Trig, and 
apoB) of VLDL and IDL. Conversely, none of these as- 
sociations was observed within the control families. As- 
sessed by multiple regression ANOVA after adjustment 
for age, BMI, and gender, there was a strongly signifi- 
cant interaction (P < 0.001) between the effect of the 
T allele and subject status (FCHLfamily member or 
control-family member) in the above-mentioned pa- 
rameters. The effect of the Tllm genotype on lipids and 
apolipoproteins, which was observed to be confined to 
FCHL families, was then assessed in the hyperlipidemic 
with respect to the normolipidemic family members. 
The results showed that the T allele was associated with 
elevated concentrations of all parameters only in HL 
subjects (probands and HL relatives) while no differ- 
ences were observed between genotypes in NL relatives. 
Even when FCHL probands were removed from the sta- 
tistical analyses, the T allele still showed an association 
with elevated concentrations of VLDL (Chol, Trig, 
apoB), IDLTrig, and apolipoproteins A-I and GIII. 

TABLE 4. Lipid, lipoprotein, and apolipoprotein parameten in subjects From FCHL families and control 
families based on genotype 

FCHL Families Control Families 

cc Cr/n cc Cr/n 
Variable n = 62 n = S  n = 3 9  n = 24 

Plasma Chol 4.98(1.14) 5.28( 1.28) 4.89(0.96) 5.27(0.81) 
Plasma Trig lM(1.23) 1.45(1.00)' 0.95 (0.38) 0.97(0.45) 
VLDL 

Chol 0.27(0.49) 0.45(0.50)' 0.20(0.15) O.lg(0.17) 
0.41 (0.32) Trig 0.55 (0.97) 0.79(0.81) ' 0.42(0.31) 

ApoB 6.99( 10.03) 14.68( 17.08)' 8.37(8.33) 8.63(5.01) 

Chol 0.17(0.12) 0.25(0.25)' 0.15(0.08) 0.16(0.16) 
Trig 0.14(0.11) 0.17(0.13)' 0.1 1 (0.05) 0.1 l(0.07) 
ApoB 4.96(2.36) S.Sl(5.36). 4.77( 3.31 ) 5.29( 3.38) 

Chol 3.38(0.98) 3.37( 1.03) 3.23(0.78) S.sS(0.67) 
Trig 0.25(0.12) 0.27(0.11) 0.23 (0.08) 0.26(0.11) 

76.54( 21.09) 71.90(2?.35) 70.33 ( 17.85) 77.84( 13.77) 
0.18(0.15) 0.20(0.11) 0.30(0.25) 0.27(0.12) HDL, 

HDL, 0.93(0.27) 1.02(0.29) 1.05(0.20) 1.09(0.25) 
Total HDL 1.1 3( 0.30) 1.23(0.35) 1.35(0.37) 1.36(0.27) 
Plasma apoA-I 113.52( 18.14) 122.96(23.20)' 122.15( 18.56) 121.49( 18.96) 
Plasma a p B  86.72( 31 96) 90.12(33.16) 84.29(20.99) 89.67( 19.91) 
Plasma apoGlI 5.59( 1.63) 5.77( 1.30) 4.52(0.40) 4.SO(0.36) 
Plasma apoGIII 11.51 (4.71) 

IDL 

LDL 

ApoB 

12.75(4.65)* 10.78 ( 1.26) 11.34(2.07) 

Cholesterol and triglycerides in plasma and all fractions M expressed as mmol/L Apolipoproteins in 
plasma and all Fractions are expressed in mg/dl. All values expressed as means (SD). Statistical differences 
assessed by ANOVA with data adjusted for age. gender, and BMI. 

'P < 0.05; 'P < 0.01; 'P < 0.001 compared to the CC genotype in FCHL families. 
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Fq. 4. Genotype-status interaction in relation to concentrations of plasma triglycerides, VLDLchol, VLDLtrig. VLDLapoB, apoGIII. and 
apoA-I. Note: gene dosage observed only among the hyperlipidemic members of FCHL families. *Statistically significant linear correlation. 

As a significant association between the T allele and 
differences in lipid and apolipoprotein parameters 
was detected only among HL subjects, analysis of gene- 
dosage effect was performed4n this group. The linear 
relationship between genotypes and those parameters 
that were affected by the T allele was assessed by one- 
way ANOVA. Significant gene-dosage effects were ob 
served for plasma triglyceride (P < 0.02), VLDLChol 
(P < 0.01), VLDLTrig (P < 0.01), VLDLapoB (P < 
0.0003), apoA-I (P < 0.002), and apoCIII (P < 0.0005) 
(Fig. 2). 

DISCUSSION 

FCHL has traditionally been considered a disorder 
with a late onset (1, 2) where a hyperlipidemic profile 
is not observed before the age of 20 years. However, 
in agreement with the report of Comer, Coates, and 
Gallagher (6) we have observed that almost 50% of 
FCHL children below the age of 19 express hyperlipid- 
emia that was characterized by plasma cholesterol or 
triglyceride concentrations above the 95th percentile 
and often accompanied by high LDLChol levels (32). 
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This indicates that individuals affected by FCHL may 
already express hyperlipidemia at early stages in life and 
could partially explain the increased risk for CAD seen 
in adult FCHL patients. Parameters associated with 
CAD risk, such as male gender and increased age, were 
over-represented among FCHL probands and might be 
responsible for additional differences observed in BMI 
and blood pressure. 

The hyperlipidemic phenotype can vary in FCHL pa- 
tients over time. This was the case in 5 of the 16 well- 
characterized FCHL probands included in the study 
who, in contrast to the hyperlipidemia observed during 
a previous extensive follow-up, presented with a clear 
normolipidemic profile at the time of sampling for the 
present study. It confirms the variable expression of hy- 
perlipidemia in these patients and is reflected in the 
only moderately high mean plasma cholesterol and tri- 
glyceride concentrations in the group of FCHL pro- 
bands who, incidentally, had been on a period of dietary 
restriction. 

As expected for the phenotypic expression of FCHL, 
increased plasma lipid concentrations, lipidenriched li- 
poprotein fractions (VLDL, IDL, LDL), and elevated 
apoB concentrations were found in subjects expressing 
the FCHL phenotype. These are well-assessed metabolic 
features extensively reported in relation to FCHL (9- 
12). 

Several studies have suggested associations between 
variations at the AI-CIII-AIV gene cluster and FCHL (25, 
26, 33) and a more recent work by Dallinga-Thie et al. 
(28) reports a regulatory role of this gene cluster for 
the expression of FCHL. These variations are thought 
to be in linkage disequilibrium with a functional muta- 
tion (or mutations) in or around the gene cluster. The 
mechanism by which this putative locus might modulate 
lipoprotein metabolism in these patients is not known 
although it is likely to be via the regulation of triglycer- 
ide metabolism (26, 27, 34). To help in clarifying this 
point we studied the associations between the detailed 
lipid profile of subjects with FCHL and a Clloo-T transi- 
tion in exon 3 of the apoC-111 gene. This mutation is 
reported to have a significantly elevated frequency 
among subjects with combined hyperlipidemia (36%) 
and, with a clear effect in elevating the plasma triglycer- 
ide concentrations in these subjects, would appear to 
be, therefore, a useful marker to assess the potential 
effect of the apoC-111 gene in FCHL. This variation does 
not result in an altered protein and is, presumably, act- 
ing as a marker for a functional mutation (or muta- 
tions) elsewhere in the gene cluster, for example, in the 
up-stream region controlling the synthesis of apoC-111 
( 3 5 ) ,  which has been shown to influence triglyceride 
metabolism. The CT and TT genotypes were more fre- 
quent among FCHL probands and HL relatives than in 

controls and allelic frequencies were in agreement with 
those reported by Xu et al. (27). Although, due to small 
numbers, statistical significance was not obtained in all 
cases, the T allele was consistently more frequent in 
those groups expressing hyperlipidemia (probands, HL 
relatives) than in normolipidemic or control subjects, 
suggesting a contributing role of this gene in the devel- 
opment of hyperlipidemia. The T allele was associated 
with higher plasma apoC-I11 and triglyceride concentra- 
tions and also to an enrichment in cholesterol and tri- 
glycerides in VLDL and IDL. Of particular interest is 
the observation that the T allele was associated with in- 
creased content of apoB in VLDL and IDL which can 
be interpreted, on the assumption that VLDL and IDL, 
like LDL, contain one molecule of apoB per particle, 
as an increased number of these particles. Increased 
number of VLDL and IDL particles in FCHL may result 
from hepatic over-production of VLDLapoB and/or 
decreased catabolism of these particles as demonstrated 
by Janus et al. (11). Also, a delayed clearance of post- 
prandial triglyceride-rich lipoproteins has been found 
to be related with changes in apoC-111 concentrations 
in these patients (22). While the genetic bases of this 
accumulation of particles are not clear, our data suggest 
that the apoC-111 gene is, indeed, involved in this pro- 
cess. The observed association between the TI geno- 
type with increased concentrations of apoC-111 and the 
accumulation of VLDL and IDL particles is consistent 
with the reported role of apoC-111 in functionally dis- 
placing apoE and leading to an impaired clearance of 
these lipoprotein particles (19, 20). This, together with 
the lack of association with total plasma apoB levels, sug- 
gests that the apoC-111 gene is most probably affecting 
the catabolism of triglyceride-rich particles rather than 
the overall hepatic synthesis of the lipoproteins. A fur- 
ther metabolic implication is suggested by the observa- 
tion that the accumulation of particles results in denser 
and smaller VLDL particles which, together with IDL, 
rapidly enter the LDL compartment (5) and therefore 
may account for an elevation in LDL, also observed in 
FCHL. 

The association between the rarer T allele and in- 
creased VLDL, IDL, and apoC-I11 was observed in FCHL 
families but was not observed in the control group. 
More importantly, it was observed only among the hy- 
perlipidemic members of the FCHL families. This is of 
considerable clinical relevance as this suggests that, in 
view of the elevated frequency of the Tlloo genotype 
among FCHL subjects, the apoC-111 gene might be pre- 
disposing these individuals to FCHL and that this gene 
might be displaying a modifymg effect in being ex- 
pressed only in the presence of other factors such as 
VLDL overproduction or decreased LPL activity. The 
identification of these factors and the molecular mecha- 
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nism of this interaction will be of importance in under- 
standing the development and variability of the FCHL 
phen0type.l 
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