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Abstract

A DNA sequence polymorphism, revealed by digestion of human
DNA with the restriction endonuclease Sst-1 and hybridization
with an apolipoprotein A-I complementary DNA clone, has been
shown to be located in or close to the 3' noncoding region of the
apolipoprotein C-III gene. This polymorphism is found in sig-
nificantly increased prevalence (P < 0.001) in Caucasian hyper-
triglyceridemic subjects compared with race-matched controls,
and its distribution in normal individuals of differing racial origins
is reported. Furthermore, no alteration of high density lipoprotein
or apolipoprotein A-I and apolipoprotein C-III phenotypes was
observed in individuals with or without the polymorphism.

Introduction

Hypertriglyceridemia is a common disorder arising from the
overproduction or defective clearance of triglyceride-rich lipo-
proteins. Several studies have indicated that in some cases the
disorder has a familial basis (1). The best-established origins are
for those rare monogenic forms where there is defective clearance
resulting from reduced or absent lipoprotein lipase activity, as
in type 1 hyperlipoproteinemia or the absence ofapolipoprotein
C-II (2), which is an activator ofthe enzyme. Lipoprotein lipase
is the rate-limiting enzyme for the clearance of chylomicrons
and very low density lipoprotein from plasma (3). However, in
the majority of cases, it is not possible to identify the genes
involved, and many familial forms of hypertriglyceridemia do
not show a simple Mendelian pattern of inheritance. This prob-
ably arises from the strong environmental influence on plasma
triglyceride levels, which are markedly affected by intake of car-
bohydrate, fat, and ethanol. Thus, both genetic and environ-
mental factors may contribute to the expression of the disease.

The analysis of genetic abnormalities can be determined di-
rectly in an individual's DNA by using gene-specific DNA probes
(4) even when there is no identifiable phenotypic variation. Hu-
man DNA shows variation in the nucleotide sequence that can
be detected by differences in the size of the discrete DNA frag-
ments produced by digestion with restriction endonucleases when
hybridized with the DNA probes. These are not necessarily of
any pathologic significance but can serve as markers for particular
alleles. The use of these restriction fragment length polymor-
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phisms (RFLP)1 allows direct analysis of the variations in ge-
notype associated with disorders that may have a familial com-
ponent. Differences in the hybridization patterns identify dif-
ferent alleles and can be used to determine differences in allele
frequency associated with a particular disease compared with
the frequency in the general population or to study co-inheritance
of a gene and a disease within families. This approach has gen-
erally been used in the study of monogenic disorders displaying
simple Mendelian inheritance, but it can be equally applicable
to metabolic disorders where there is a strong genetic component
interacting with environmental factors.

The study of RFLP around the gene coding for apolipopro-
tein A- 1 (apo A-1), the major apoprotein of high density lipo-
protein (HDL), has demonstrated a polymorphic restriction site
for the endonuclease Sst- 1 in the 3' flanking region of the gene.
With the use of a complementary DNA (cDNA) cloned from
the messenger RNA (mRNA) of apo A-l as a hybridization
probe, two types of alleles were demonstrated. The common
allele, found in >95% of our local population, generates 5.7-
kilobase (kb) and 4.2-kb A- 1 gene fragments with the restriction
endonuclease Sst- 1. With the uncommon allele, a 3.2-kb frag-
ment is found instead of the 4.2-kb fragment. This difference
arises from the presence of an additional Sst- I recognition site.
Although the uncommon allele is found in <5% of the control
group, it was demonstrated in 12 out of 28 patients with types
IV and V hyperlipidemia (5).

Karathanasis et al. (6) have shown that the gene coding for
apolipoprotein C-III (apo C-III) is situated 2.6 kb from the 3'
end of the apo A- 1 gene. Thus the polymorphic site should be
within or close to the apo C-III gene. The 3' noncoding region
of the gene contains a possible site for this polymorphism (6).
Both apoprotein A- I and C-III have important roles in the me-
tabolism of triglyceride-rich lipoproteins, apoprotein A-1 being
a major component of HDL, which serves as an acceptor for
surface components of very low density lipoprotein (VLDL) and
chylomicrons during their catabolism. Apoprotein C-III is the
major low molecular weight apoprotein of VLDL and chylo-
microns and may modulate hydrolysis of triglyceride-rich li-
poproteins by lipoprotein lipase (7) and also influence the hepatic
uptake of chylomicron remnants (8). The DNA sequence vari-
ation in this gene cluster revealed by the RFLP with Sst- l, which
is associated with hypertriglyceridemia, could affect the regu-
lation of the C-Ill gene or be a marker for an abnormality in
the structure or regulation of the genes coding for A- I or C-III.
Alternatively, it could be in linkage disequilibrium with another
gene involved in lipoprotein metabolism. To characterize this
polymorphism further both at the genetic and phenotypic level,
we have determined the lipoprotein and apoprotein levels of

1. Abbreviations used in this paper: apo, apolipoprotein; kb, kilobase;
RFLP, restriction fragment length polymorphism.
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individuals with different genotypes to establish whether there
is any difference in the levels of apoprotein A-1, HDL, or in
C-III isoforms.

The DNA polymorphism has also been investigated to dem-
onstrate whether the polymorphism in hypertriglyceridemic
subjects is located within the C-III gene and is thus revealed by
hybridization with an apo C-III gene probe which covers the 3'
end of the C-Ill gene. Finally, because the frequency of DNA
polymorphisms can show wide racial differences, we have studied
the distribution of the different alleles in various racial groups.

Methods

Subjects. Hypertriglyceridemic subjects were selected from the lipid clinic
at St. Bartholomew's Hospital. Hypertriglyceridemia was diagnosed when
three fasting serum samples contained triglyceride concentrations > 2
mmol/liter. They were comprised of 13 females and 61 males. 19 ofthe
patients had noninsulin-dependent diabetes. The mean values for cho-
lesterol in the group were 8.2±1.8 mmol/liter and for triglycerides
12.7±19.4 mmol/liter. The Caucasian control subjects were normal
healthy males attending a health screening center who had normal fasting
triglyceride values (<2 mmol/liter on a single estimation). Control subjects
were also chosen from different racial groups from the local population
who were screened for hypertriglyceridemia.

Lipoproteins. VLDL triglyceride, HDL cholesterol, and low density
lipoprotein (LDL) cholesterol were measured by ultracentrifugation and
precipitation with heparin/MnCl2 according to the Lipid Research Clinics
standard procedure (9). The analysis of cholesterol and triglyceride in
serum and lipoprotein fractions was performed using fully enzymatic
methods (Boehringer Corporation, Ltd., United Kingdom).

Apoproteins. Apoprotein A-) was measured by single radial immu-
nodiffusion using prepared plates and standards according to the man-
ufacturer's instructions (Immuno AG, Vienna, Austria).

VLDL was isolated by ultracentrifugation in 0.195 mmol/liter NaCl,
0.2 mmol/liter EDTA at 40,000 rpm for 16 h in a 8 X 50-ml angle head
rotor. HDL was isolated by gradient density centrifugation according to
the procedure of Havel (10) and then purified by ultracentrifugation at
density 1.20 for 30 h at 50,000 rpm in a 8 X 20-ml angle head rotor.

Lipoproteins were delipidated with ethanol/ether (10) and then the
apoproteins were dissolved in freshly prepared urea (6 mol/liter). Apo
VLDL was subjected to flatbed isoelectric focusing as described previously
(1 1). Apo HDL was focused in vertical rods at pH 4-7 using the procedure
of Swaney and Gidez (12).

A-i genotyping. DNA was prepared from the nuclear fraction ofblood
lysed with Triton X-100 using the procedure of Kunkel et al. ( 13). 10 ml
of frozen whole blood in EDTA was thawed, diluted with 90 ml of cold
buffer (0.32 mmol/liter sucrose; 10 mmol/liter Tris, pH 7.5; 5 mmol/
liter MgCI2; and 1% vol/vol Triton X-100), and centrifuged at 10C and
5,000 g for 10 min. The pellet was resuspended in 5 ml of0.075 mmol/
liter NaCI-EDTA, and 250 Ml of 10 g/dl sodium dodecyl sulphate and
100 Ml of 10 mg/ml proteinase K was added and the suspension was
incubated for 16 h at 370C. It was then mixed with 5 ml of phenol and
then the phenol was extracted by the addition of 5 ml of chloroform/
octanol (24:1 vol/vol). The mixture was centrifuged to separate the phases,
and then the aqueous phase was extracted with an equal volume ofchlo-
roform/octanol. DNA was precipitated from the aqueous phase by ad-
dition of 2 vol of ethanol and then redissolved in 10 mmol/liter Tris-
1 mmol/liter EDTA, pH 7.4, over a period of 48 h.

15-20 Mg of DNA was digested with 2 U Sst l/,gg DNA (Bethesda
Research Laboratories) for 16 h. The restricted DNA was electrophoresed
in 0.85% agarose at 2 V/cm for 16 h and then transferred to nitrocellulose
membranes by Southern blotting (14). The filters were preincubated in
50% formamide, 3X standard saline citrate, 20 ug/ml herring sperm
DNA, 2 mg/ml polyvinylpyrrolidine, 2 mg/ml Ficoll, and 2 mg/ml bovine
serum albumin for 16-24 h at 420C. Hybridization was carried out in
the same medium with the addition of 0.1 g/ml dextran sulphate and 5

X 106 cpm of 32P-labeled genomic A-l or C-Ill probe for 24-36 h at
420C. The filters were washed successively with 3X, I X, and 0.1 X stan-
dard saline citrate for 30 min at 620C and then autoradiographed for 2-
7 d at -70'C. The M-1 3 clones used in the hybridization were prepared
from subclones ofthe human genomic library as described (15), or from
a human liver cDNA library. They were labeled using the primer exten-
sion procedure as described to an activity of I X 108 cpm/ug.

Results

Sst-1 polymorphism in the A-i-C-III gene cluster and hyper-
triglyceridemia. Digestion ofDNA from normolipidemic Cau-
casian individuals with Sst-1 commonly yields two fragments,
5.7 and 4.2 kb long, which hybridize to the apo A-I probe. They
arise from intragenic cleavage in the third exon of the A-I gene
and in the 5' and 3' flanking regions. A different allele is found
in some individuals who yield a 3.2-kb fragment instead of the
4.2-kb fragment. Heterozygotes for the uncommon allele show
both 3.2- and 4.2-kb fragments (Fig. 1). The 3.2-kb allele was
not found in any of 52 male Caucasians who had fasting plasma
triglycerides below 2 mmol/liter. However, the 3.2-kb allele was
found in 30% of Caucasian subjects with type IV and V hy-
pertriglyceridemia (Table I). In our sample, three subjects were
homozygous for the 3.2-kb allele, 23 were heterozygous, and 48
showed the normal pattern. There was no difference in the fre-
quency of the 3.2-kb allele in hypertriglyceridemics with or
without type 2 diabetes.

Distribution ofthe polymorphism in racial and ethnic groups.
Whereas the 3.2-kb allele is rare in normolipidemic Caucasians,
it was found in much greater frequency among normolipidemic
individuals from different racial groups. It was found in -65%
of Chinese and in 30% of Africans and Indian Asians. Gene
frequencies in the different racial groups are given in Table I.
There was no significant difference in triglyceride levels between
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Figure 1. Map of the apo A-l and C-Ill genes with the Sst-l sites and
the polymorphic locus. The polymorphic Sst- I site is indicated ( 1 ).
Note that the polymorphic locus is due to the creation of a new Sst- I
site at the 3' end of the C-IIIgene so that 3.2- and 1-kb fragments are
produced instead of a 4.2-kb fragment. The blotting patterns illus-
trated are those obtained with the different genotypes, i.e., homozy-
gous for the 4.2- or 3.2-kb alleles and heterozygotes, when each is hy-
bridized with an A-) genomic probe or a C-Ill genomic probe.
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Table L Frequency ofthe Polymorphic Sst-1 Site (3.2-kb Allele) at
the 3' End ofthe apo C-III Gene in Various Racial Groups and in
Normolipidemic and Hypertriglyceridemic Caucasians

Number with
3.2-kb allele

Number of Homo- Hetero- Frequency of
Group individuals zygotes zygotes 3.2-kb allele

n
Normolipidemic

Chinese 20 6 7 0.475
Japanese 21 0 8 0.19
Africans 20 0 6 0.15
Indian Asians 28 0 10 0.18
Caucasians 52 0 0 0

Hypertriglyceridemic*
Caucasian 74 3 23 0.19

* Analysis of difference between number of Caucasian hypertriglyceri-
demic subjects with the 3.2-kb allele compared with the Caucasian
control subjects x2 = 23.0 (P < 0.001).

the different genotypes among the non-Caucasian racial groups.
Autoradiograms showing the polymorphism in Chinese subjects
and the lack ofthe polymorphism in normolipidemic Caucasians
are shown in Figure 2.

Localization of the polymorphic Sst-1 restriction site. This
polymorphism is located in the 3' flanking region of the A-1
gene and previous mapping data has indicated that it arises from
the creation of an additional Sst-l recognition site (Fig. 1 and
Reference 6). Because the apo C-III gene is located 2.6 kb from
the 3' end of the A-l gene, the polymorphism should also be
detected with a C-III probe. In order to establish this, Sst-l digests
ofDNA from individuals homozygous for the 4.2-kb allele and
hypertriglyceridemic subjects homozygous or heterozygous for
the 3.2-kb allele were hybridized with a genomic C-III probe.
An autoradiogram ofa filter showing the resulting hybridization
pattern is shown in Fig. 3. Homozygotes for the common allele
produce 4.2-kb fragments hybridizing with the C-III probe, the
same as with the A-1 probe, whereas homozygotes for the un-
common allele produce 3.2- and 1-kb fragments. All three bands
are found with heterozygotes. The same hybridization patterns
with the A-l and C-III probes were found with DNA from nor-
molipidemic Chinese individuals. It follows that the polymorphic
restriction site is within the common 4.2-kb fragment and is
detected by hybridization with a C-Ill probe which spans the
restriction site and reveals a 3.2- and 1-kb fragment in individuals
showing a 3.2-kb fiagment with the A-I probe. This confirms
the observation (6) that the polymorphic site is located in or
close to the 3' end ofthe C-III gene and furthermore that it arises
from a new Sst-l site, 3' ofthe nonpolymorphic Sst-l within the
C-III gene. The restriction sites within the A-1-C-III gene cluster,
together with the blotting patterns produced with the two probes,
are illustrated in Fig. 1. If the polymorphic restriction site is
different between Caucasian hypertriglyceridemics and other ra-
cial groups, one can calculate from sequence data of the 3'-end
of the C-III gene that the minimum size difference of the 1-kb
fiagment should be 45 base-pairs (bp) and therefore detectable
by electrophoresis. We have determined the size ofthis fragment
by hybridization with the C-Ill probe and can find no difference

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

.AJ

.. ..
...~ ~ ~~~~~~~~~~~

..5.7 kb ,I,,*

4.2 kb -t

a

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

"w t.b. ;t%-

:O W

toWV4

P3w.W 5.7KD

_o - @40 :':',, 4.2 kb

W.4 3.2 kb

9

b

Figure 2. Autoradiograms of Sst-l digests ofDNA with the A-l probe.
(a) Normolipidemic Caucasians; (b) normolipidemic Chinese. 15 jsg of
DNA was digested with Sst-l, electrophoresed in 0.85% agarose, and
Southern blotted onto nitrocellulose. The filters were hybridized with
a 32P-labeled M-13 genomic A-l probe and autoradiographed. Tracks
4, 12, and 16 are homozygous for the 3.2-kb allele. Tracks 2, 5, 6, 7,
10, 1 1, and 13 are heterozygous.

between the size of the band in Oriental or Caucasian subjects
(Fig. 4). Thus the site appears to be identical.

The Mendelian inheritance of the uncommon allele was
shown in a two-generation family in which one parent and two
children were heterozygous for the allele (Fig. 5). The parent
with the 3.2-kb allele was hypertriglyceridemic, and both children
had triglyceride levels above normal for their age.

Apoprotein and lipoprotein levels in hypertriglyceridemic in-
dividuals with the different genotypes. To establish whether there
was any phenotypic difference between hypertriglyceridemic in-
dividuals and the different genotypes expressed as an alteration
of HDL or apoprotein levels, we compared the levels of apo-
protein A-1 and HDL in hypertriglyceridemic subjects with the
different A-1 genotypes and our Caucasian control group. Plasma
HDL levels were reduced compared with those of controls, but
this was irrespective of genotype (Table II). This reduction of
HDL is typical ofhypertriglyceridemia whatever the cause. There
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Figure 5. Inheritance of the 3.2-kb A- I allele and hypertriglycerid-
emia. The proband (1) was hypertriglyceridemic and the mother (2) is
normolipidemic. The children, (3) aged 12 yr and (4) aged 11 yr, had
triglyceride values above normal for their age. The child (5), age 18 yr,
was normolipidemic.

9,

Figure 3. Autoradiogram of an Sst-l digest of hypertriglyceridemic in-
dividuals with different A-I-C-Il genotypes hybridized with the C-HI
probe. Tracks 1, 6, 7, 10, and II are individuals homozygous for the
3.2-kb allele; tracks 2, 4, 5, and 12 are individuals homozygous for the
4.2-kb allele; tracks 3, 8, and 9 are heterozygotes. Note: individuals
with the 3.2-kb allele all show a 1-kb fragment hybridizing with the
C-m probe.

HT 1 HT 2 01 02

was no significant difference in A-I levels between subjects with
the different genotypes (Table II).

Isoelectric focusing ofapoprotein A-i and apoprotein C-III.
Isoelectric focusing of apo HDL in the range pH 4-7 showed
that the isoelectric point of the main apo A- I isoform (5.5-5.6)
was identical in hypertriglyceridemic individuals with either the
3.2 or 4.2-kb allele. The proportions of the isoforms of apo
C-Ill, apo C-III-O, -1, and -2 were determined by isoelectric fo-
cusing and scanning densitometry ofapo VLDL from individuals
with the different genotypes. There was no significant difference
between the proportions of the different sialylated forms of C-
III or in the ratio of C-II/III (Table III).

Discussion

This report demonstrates that the DNA polymorphism originally
described in the 3' flanking region of the A-I gene is located
within the gene for apo C-Ill, and furthermore that it may provide
a genetic marker for some forms of hypertriglyceridemia because
one particular allele, producing 3.2-kb DNA fragments hybrid-
izing with the apo A- I or C-III gene probe is found in a much
higher proportion ofCaucasian individuals with hypertriglycer-

4.3 kb

Figure 4. An autoradiogram of Sst-
1 digests ofDNA from hypertriglyc-
eridemic and Oriental normolipi-
demic subjects hybridized with a

full-length cDNA apo C-III probe.
Note that there are no differences
in size of the 1.0-kb fiagment be-
tween Oriental and Caucasian sub-
jects. Abbreviations: HTI, hyper-
triglyceridemic homozygous-rare
individual; HT2, hypertriglycerid-
emic heterozygous subject; 01, nor-

molipidemic Oriental subject; 02,
normolipidemic Oriental
subject.

Table II. Apoprotein A-i and HDL Levels in Hypertriglyceridemic
Subjects with Different A-I-C-III Alleles

Group n Apoprotein A-I HDL dchlesterol

giliter mmod/fiter
Hypertriglyceridemic

subjects with
3.2-kb allele 12* 1.29±0.33 0.86±0.17

Hypertriglyceridemic
subjects without
3.2-kb allele 9 1.18±0.29 0.84+0.31

Normolipidemic
control subjects 21 1.24±0.34 1.22±0.31

* The 12 hypertriglyceridemic subjects with the 3.2-kb allele include
two homozygotes and 10 heterozygotes. Results are meansistandard
deviations.
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Table III. Apoprotein C Composition of Triglyceride-rich
Lipoproteins ofHypertriglyceridemic Subjects
Possessing the 3.2-kb C-III Allele Compared
to Hypertriglyceridemic Subjects with the Common Genotype

% total apoprotein C

Hypertriglyceridemia n C-II C-III-2 C-III-I C-III-0

with 3.2-kb allele* 8 17.5±3.6 26.2±6.5 49.1±7.0 8.9±3.1
with 4.2-kb allele 6 21.0±4.4 25.6±6.6 46.9±7.6 5.8±4.1

* Includes two homozygotes for 3.2-kb allele. All the subjects were
Caucasian. The % apoprotein composition was determined by scan-
ning densitometry of isoelectric focusing gels of apo VLDL. The val-
ues are not corrected for differences in chromogenicity between C-II
and C-Ill. Results are means±standard deviations.

idemia when compared with a racially matched control group.
In fact, the 3.2-kb allele was not found in any of 52 normoli-
pidemic control subjects but was found in 30% of individuals
with primary hypertriglyceridemia or diabetic hypertriglycerid-
emia.

The involvement of apolipoproteins in lipoprotein metab-
olism, as activators of enzymes or as ligands for receptors in-
volved in the cellular uptake of lipoproteins, suggest that ab-
normalities of apolipoproteins, either structural or regulatory,
may represent some ofthe genetic factors predisposing to hyper-
lipidemia. This is demonstrated by the association of the apo-
protein E-2 allele with type III hyperlipidemia (16) and by the
hypertriglyceridemia found in apo C-II deficiency (3). Abnor-
malities characterized by low levels of apo A- 1, such as fish-eye
disease (17) and Tangier disease (18), or structural abnormalities
of A-l such as A-1 Milano and A-l Marburg (19) are often
accompanied by a disturbance of lipoprotein metabolism re-
sulting in a varying degree of hypertriglyceridemia.

Primary and secondary abnormalities of apo C-III are also
associated with hypertriglyceridemia. Apo C-III is the major low
molecular weight apoprotein of VLDL and chylomicrons and
may influence the clearance of triglyceride-rich lipoproteins by
inhibiting the activity of lipoprotein lipase and also by reducing
the hepatic uptake of triglyceride-rich chylomicron remnants.
An increase in the proportion of the more sialylated isoforms
of apoprotein C-III, apo C-III-2, is found in some patients with
type V hyperlipoproteinemia (20). Their triglyceride-rich lipo-
proteins display impaired interaction with lipoprotein lipase due
to this excess sialylation of apo C-III.

It follows that the association of hypertriglyceridemia with
the uncommon (3.2 kb) allele may be due to the fact that the
polymorphic site may be in a sequence of the C-Ill gene which
regulates its expression, or alternatively, that it is not etiological
but may represent a linkage marker for a structural or functional
abnormality of either apo A-l or C-III or another neighboring
gene involved in lipoprotein metabolism. Although there is a
highly significant association in our Caucasian population be-
tween the 3.2-kb allele and hypertriglyceridemia, we can detect
no phenotypic differences between hypertriglyceridemic indi-
viduals with the 3.2-kb allele and hypertriglyceridemic individ-
uals without it. Furthermore, there is no discernible difference
in the isoelectric points of apo A-1 and apo C-Ill between the
different genotypes nor is there any difference in the proportions

of C-III isoforms. Nevertheless, it is possible that there is a dif-
ference in the rate of induction of apoprotein A- 1 or C-III syn-
thesis between subjects with the different genotypes after a fat
or carbohydrate load and that this would not be revealed by
differences in fasting levels of lipoproteins or apoproteins.

The localization of the polymorphic restriction site to the 3'
end of the apoprotein C-Ill gene is demonstrated by the fact
that individuals' DNA showing 3.2-kb Sst- I fragments hybrid-
izing with an apo A- I probe produce 3.2-kb and 1-kb fragments
hybridizing with a C-IIl probe. In contrast, the common allele
produces 4.2-kb fragments hybridizing with either probe. This
finding is in accord with the genomic mapping of A-1-C-III
gene cluster by Karathanasis et al. (6).

The clustering of the genes coding for apo C-III and apo
A- I within 2.6 kb of each other may be significant with regard
to their roles in lipoprotein metabolism. They are located on
chromosome 11 and convergently transcribed. They probably
arose by duplication from a common ancestral gene. A 6.5-kb
DNA insertion in this gene cluster has been found in two patients
with premature atherosclerosis resulting in complete absence of
both apoproteins A- I and C-III in plasma (21) presumably be-
cause neither gene is transcribed.

The association ofthe 3.2-kb allele with hypertriglyceridemia
may only apply to Caucasians in that it is a relatively common
allele in some other racial groups. For example, it is found in
over 65% of Chinese individuals. It is possible that the poly-
morphic site may be heterogeneous, i.e., the Sst-l site found in
hypertriglyceridemic Caucasians and other racial groups may
be different but situated close enough to produce very similarly
sized restriction fragments. Karathanasis et al. (6) have found a
cDNA with a single C-G transmutation in the 3' noncoding re-
gion ofthe C-Ill mRNA. However, there are four other hexanu-
cleotide sequences close to this side in the 3' end of the gene
where a single nucleotide change would create a new Sst-1 re-
striction site (15). Our hybridization data suggests it is unlikely
that the polymorphic restriction site is different in hypertriglyc-
eridemic Caucasians and in non-Caucasians. Ifthe 3.2-kb allele
is linked to a mutation affecting lipoprotein metabolism either
in the apo A-l or apo C-III genes or a neighboring gene, the
mutation may have arisen after the divergence of the races and
thus not be linked in the non-Caucasians. The difference in fre-
quency of the 3.2-kb allele among various racial groups may be
due to selective pressure for or against this allele or simply due
to neutral drift.

The association ofone particular allele ofthe A-1-C-III gene
cluster with hypertriglyceridemia may be important in under-
standing the genetic basis of some forms of the disease. Further
elucidation of the relationship will require DNA sequencing of
the 3' end of the C-Ill gene in individuals possessing either the
common or uncommon alleles (both in hypertriglyceridemic
Caucasians and in individuals from different racial groups) to
determine the precise nucleotide sequence variation giving rise
to the different restriction site.
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