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Abstract. Apolipoprotein C-III (APO C-III) is a structural component of very-low- 
density and high-density lipoprotein particles and is an inhibitor of lipoprotein lipase. 
In a study of genetic variation of apolipoproteins in the M ayan population of the Yuca
tan peninsula, we observed a quantitative polymorphism in APO C -III levels. This poly
morphism is expressed as variation in im m unoblot staining intensity following isoelec
tric focusing and as variation in plasm a levels of APO C -III determined by radial im
munodiffusion. This variation is consistent with the presence in Mayans of an allele as
sociated with low levels o f plasma APO C -III which we have designated APO C-III*D. 
Analysis of the distribution of APO C -III levels yields a gene frequency estimate for the 
deficiency allele of 0.59. There is a significant positive correlation between total plasma 
APO C-III levels and total plasma cholesterol and triglyceride levels, the lowest levels of 
cholesterol and triglycerides being seen in individuals homozygous for the deficiency al
lele. This observation is consistent w ith the proposed role o f APO C-III in lipoprotein 
metabolism. Family data to determine w hether this deficiency allele is due to mutation 
at the APO C-III structural locus were no t available. However, molecular analysis using 
cloned probes from the APO A -I/C -III/A -IV  gene cluster revealed no gross DNA rear
rangement or deletion o f sequences in this region in homozygous deficient individuals.

Introduction

Apolipoprotein C -III (APO C -III) is 
the most abundant of the C group apolipo
proteins of human plasma. It is a m ono
meric protein of 79 amino acids contain
ing a carbohydrate side chain com posed 
of galactosamine, galactose and sialic acid

O-linked to a threonine residue at position 
74 [Vaith et al., 1978]. Variation in the 
number of term inal sialic acid residues on 
the carbohydrate side chain gives rise to a 
biochemical polymorphism characterized 
by the presence o f 3 major APO C-III iso
forms in normal plasma. These contain 2 
(APO C-III-2), 1 (APO C-III-1) or 0 (APO



C-III-0) sialic acid residues [Brewer et al., 
1974], respectively. While this intraindi
vidual variation is not under genetic con
trol, Maeda et al. [1987] have reported a 
Thr 74 to Ala 74 mutation which prevents 
O-glycosylation and leads to elevated lev
els of APO-C-III-O in heterozygotes. Ele
vated levels of APO C-III-2, the highly 
sialylated form, have been reported in 
familial type V hyperlipoproteinemia 
[Kashyap et al., 1981a; Holdsworth et al., 
1982].

APO C-III is synthesized primarily by 
the liver as a 99-residue propeptide which 
is cleaved to yield a 20-residue signal pep
tide and mature APO C-III [Levy-Wilson 
et al., 1984; Sharpe et al., 1984; Karatha- 
nasis et al., 1985]. APO C-III accounts for 
50% of the protein in very-low-density li
poprotein (VLDL) particles and 2% of 
that in high-density lipoprotein (HDL) 
particles. While the contribution of APO 
C-III to HDL seems minor, because of the 
high protein content of HDL, 60% of 
plasma APO C-III is associated with HDL 
and about 25% with VLDL [Curry et al., 
1980].

A variety of functions have been attri
buted to APO C-III. APO C-III is an inhib
itor of lipoprotein lipase activity [Brown 
and Baginsky, 1972] and inhibits the he
patic uptake of triglyceride-rich lipopro
teins and their remnants [Shelburne et al., 
1980; Windier et al., 1980; Windier and 
Havel, 1985].

Genetic studies o f APO C-III are lim
ited. A combined deficiency of APO A-I 
and C-III due to a 5.5-kilobase inversion 
in the APO A -I/C -III/A -IV  gene cluster 
on human chromosome l lq  has been de
scribed by Karathanasis et al. [1984]. How
ever, the contribution of the resulting

APO C-III deficiency to the prematur 
coronary artery disease associated wif 
this complex rearrangement could not Ik 
separated from the effects of profouni 
APO A-I deficiency in the same individu 
als. Several DNA polymorphisms 
been reported in this gene cluster and usee 
as markers for association studies, bn 
these studies have yielded little insightintc 
the role of APO C-III in normal lipoDto 1
tein metabolism [Breslow, 1988].

In a study of the occurrence and fre
quency of genetically determined varia
tion in the apolipoprotein genes in the 
M ayan population of the Yucatan penin
sula, we observed interindividual varia
tion in the intensity of staining of APO 
C -III isoprotein bands after isoelectric 
focusing (IEF), which suggested the pres 
ence of a deficiency allele. We present evi
dence for a quantitative polymorphism at 
the APO C-III locus among Mayans.

Materials and Methods

Sam ple  Collection
The lowland M aya Indians inhabit the Yucati 

peninsula and other parts o f  Central America, ft 
population examined in this report was collecK 
from  a series o f  local villages, all but one practi®; 
slash-and-burn (rotated-field) agriculture in the Y« 
cat&n. Samples were collected in 1985 and 1987 a: 
part o f  a study o f chronic disease risk factors >[ 
Am erindians. Ten to twenty milliliters of EDft 
anticoagulated whole blood were drawn into vacu- 
tainers, maintained on wet ice and returned to It' 
laboratory within 3-5 days.

IE F /Im m u n o b lo ttin g
T yping o f  APO A-I, A-II, A-IV and C-II bv nt' 

row-range, thin-layer IEF followed by immunobte 
ting was performed after the method of Kambob‘; 
al. [1987]; APO C -III typing followed the sa« 
m ethod with the fo llow ing modifications. The fr

gradient was established with I!".. Pharrnalyte pH  
4.2-4.9 (Pharmacia. I'ppsala. Sw eden), gels were 
prefocused for .'0 min at 1,000 V. 10 W, 250 tnA, and 
then focused at 2,000 V, 30 W, 250 in A. for 3 h. G els  
were blotted lor 2 li under a 1 -kg weight and sequen
tially probed with m onospecific, p o ly c lo n a l, goat 
antihuman APO C-111 (l)a iich i, T o k y o , Japan) 
followed by rabbit antigoat Ig(> conjugated  with 
bacterial alkaline phosphatase for 2 h each. APO  
C-IIIisoprotein hands were visualized by histochem - 
ical staining of alkaline phosphatase as described  
elsewhere[Kamboh et al., 19N7],

A P O  C - l l l  Q u a n t i t a t i o n

Plasma APO C - III was quantitated by single ra
dial immunodiffusion (SR11)] [Nlancini et al., 1965] 
using commercial plates and control standards from  
Daiichi. Means of triplicate determ inations were 
computed from APO C -III standards included  on  
each plate, after incubation at room tem perature for 
48 and 72 h. Total plasma cholesterol and trigly
ceride levels were determined m anually using enzy
matic methods [Allen et al.. 197-1: B u c o lo a n d  D avid, 
1973],

DNA A n a l y s i s

High-molecular-weight genom ic D N A  w as iso 
lated from  f ro z e n  buffy coats and Southern blot anal
ysis of th e  A P O  A-I C-III A-IV gene cluster carried 
out as d e sc r ib e d  b y  Cole ct al. [19X9] using the D N A  
probespA12.2 and pA13.2 described elsew here [Kess- 
lingetal., 19X5, 19X8],

S ta tis tic a l A n a ly s is

Resolution of the overall distribution o f  APO  C- 
III levels into component gaussian distributions was 
done by the method of Bhattacharya [1967], In this 
method, the number of com ponent d istributions, 
means and variances o f the com ponents and the m ix
ture proportions are estimated by app roxim ating  the 
density within a frequency class by a cubic  and the 
logarithm of class frequency by a quadratic.

To test the null hypothesis o f  equality o f  m ean  
cholesterol levels among APO C -III genotypic  
classes we have used analysis o f covariance. Since  
there were dissimilarities in the distributions o f  c o n 
comitant variables in the various g en otyp ic  classes, 
we adjusted the individual cholesterol va lues w ith re
spect to these concomitant variables and then tested  
the equality of adjusted mean cholesterol values.
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Fig. 1. A PO  C-III IE F/im m unoblot patterns ob
served in the M ayan population. Plasma samples 
from ind ividuals hom ozygous for the normal allele 
are show n in lanes 1 and 4. Samples from  individuals 
presum ed to be hom ozygous for the deficiency allele 
are show n in lanes 3 and 6, and sam ples from pre
sum ed heterozygotes are shown in lanes 2 and 5.
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Fig. 2. IE F /im m unoblot patterns for APO A-I, 
A -II, A -IV  and C-II from individuals with various 
APO C -III phenotypes. Sample order is the same as 
in figure 1.



Results

In a general survey of gene and gene 
product variation at apolipoprotein loci in 
a Mayan population from the Yucatan 
peninsula, Mexico, we observed a clear 
quantitative variation in the products of 
the APO C-III locus which suggested the 
presence of an allele associated with 
decreased levels of APO C-III. Figure 1 
shows the IEF/immunoblot phenotypes 
observed in the plasma of individuals of 
3 postulated APO C-III genotypes. The 
usual IEF/im m unoblot phenotype con
sists of 3 prominent APO C-III isoprotein 
bands focusing in the pH range 4.2-4.9. 
These correspond to the asialo form of the 
mature protein, APO C-III-0, and the sial- 
ylated forms containing 1, APO C -III-1, 
or 2, APO C-III-2, terminal sialic acid res
idues. A second pattern consisting of the 3 
normal isoforms, but at greatly reduced 
staining intensity, and a third pattern of 
intermediate intensity were observed. Oc
casional splitting of the APO C-III-0 band 
was seen in these samples. Haase et al. 
[1988] have suggested that this is due to in 
vivo proteolysis of the mature protein.

In order to rule out the possibility that 
the observed APO C-III patterns resulted 
from sample degradation, plasma samples 
of all 3 phenotypes were analyzed for 
variation in the products of the APO A-I, 
A-II, A-IV and C-II loci (fig. 2) as well as 
at the APO H and APO E loci (data not 
shown). Among individuals of the various 
APO C-III phenotypes, variation at the 
other apolipoprotein loci is minimal and 
does not correlate with APO C-III pheno
type. This suggests that the quantitative 
APO C-III variation is not due to sample 
degradation or to gross dyslipoprotein-

emia. The latter point was verified by d 
term ination of quantitative levels of chi 
lesterol. Variation in sample loading w 
controlled by using multiple immunoblo 
from single gels as described by Kambc 
etal. [1987].

In order to test whether the variatic 
detected by the IEF/immunoblot proc. 
dure represents true quantitative variation 
in plasm a APO C-III, we determined totai 
plasma APO C-III levels by SRID forthe 
entire sample. Figure 3 depicts the fie 
quency distribution of APO C-III levels 
among Mayans. The observed distribution 
deviates significantly from the normal dis 
tribution, and inspection of the distribi 
tion suggests some underlying heteroge
neity. Resolution of the distribution inti 
its underlying gaussian components by the 
procedure of Bhattacharya [1967] gave 
evidence of 4 overlapping normal distri
butions. The component distributions 
have estimated mean (± SE) APO C-III 
concentrations of 3.0 (± 0.23), 7.6 (±0.17), 
12.4 (± 0.25) and 17.4 (± 0.51) mg/dl. Ik 
estimated mixture proportions were, re 
spectively, 0.1308, 0.5773, 0.2277 and 
0.0639. From the estimated SE of the mean 
values, it is clear that the overlaps amonf 
the 4 component distributions are not 
large; that is, the distributions are fairly 
well separated. The mean of the upper 1 
distributions, 12.4 and 17.4 mg/dl, are sim
ilar to those reported by Gross et al. [1983) 
in a European population. For an individ
ual, the quantitative level suggested b) 
IEF/im m unoblot staining intensity is re
flected in its total plasma APO C-III level 

We propose that the IEF/immunoblot 
data and APO C-III quantitative data are 
explained by the presence of a mutant al’ 
lele at the APO C-III locus in the Mavar.
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Fig. 3. Distribution o f  plasm a APO C-III levels in the M ayan population o f  the Yucatan peninsula.

population which is associated with re
duced levels of plasma APO C-III. We 
have designated the postulated allele as 
APO C-II1*D to indicate a quantitative 
deficiency. Individuals homozygous for 
this allele, APO C-III D-D, have an aver
age plasma APO C-III level of 3.0 m g/dl. 
Heterozygous, APO C-III N-D, and hom o
zygous normal individuals, APO C -III 
N-N, have average plasma APO C-III lev- 
elsof7.6and 12.4 m g/dl, respectively. Us
ing the estimated proportion of the popu
lation having APO C -III concentrations 
corresponding to the 3 component APO 
C-III distributions, we estimated the fre
quencies of the APO C-IJI*N  and APO  
C-11I*D alleles as 0.41 and 0.59, respec
tively. These estimates correspond closely 
to estimated frequencies based on visual 
scoring of APO C-III isoprotein intensity

patterns from the stained gels. While these 
estimates are crude, they indicate that the 
deficiency allele is present at polymorphic 
frequency in the Mayan population. We 
have also tried to fit several plausible 3-al
lele models. We assumed that there are 3 
alleles N (normal), D (deficient) and H 
(high), and estimated allele frequencies 
and then performed goodness-of-fit X2 
tests by assuming that the phenotypic 
classes represented various genotypic 
combinations (for example, that phenotyp
ic class PI corresponded to individuals of 
DD and ND genotypes, P2 corresponded 
to NN, P3 corresponded to HD, and P4 
corresponded to HH and NH genotypes). 
The goodness-of-fit X2 values were signifi
cant at the 5% level for all the various 
phenotype-genotype combinations that 
we tried. In other words, 3-allele models



Table 1. Phenotype and proposed genotype classes, m ean A PO  C -III levels and adjusted cholesterol levs 
in  the M ayans o f  the Yucatan Peninsula

Phenotype
classes

n Proposed
genotypes

M ean APO  C - l l l  
m g /d l

Adjusted mean cholester 
m g/dl

PI 27 D -D 3.0 144 ± 8
P2 47 N -D 7.6 167 ± 6
P3 12 N -N 12.4 140 ± II
P4 9 - 17.4 227 ±  13

do not fit the phenotypic distribution that 
we have observed.

Data on total cholesterol levels were 
available on the 95 individuals for whom 
quantitative APO C-III levels were mea
sured. Since it has been reported that APO 
C-III is an inhibitor of lipoprotein lipase 
activity [Brown and Baginsky, 1972], it 
was of obvious interest to investigate the 
relationship between the APO C -III locus 
and total cholesterol. For this, we first 
computed the correlation coefficient be
tween the APO C-III and total cholesterol 
levels separately for both sexes. The values 
were 0.56 and 0.45 for males and females, 
respectively. Both values are significant at 
the 5% level. In order to determine the im
pact of the deficiency allele on quantita
tive levels of plasma cholesterol, we per
formed an analysis of covariance using 
sex, age, height, weight, and triceps and 
subscapular skinfold thicknesses as covari- 
ates. Individuals were classified into 1 of 4 
classes with respect to APO C -III levels. 
Each individual was assigned to the class 
represented by the nearest estimated mean 
APO C-III level from the prior analysis. 
The adjusted mean cholesterol level was 
computed for each phenotype class. None 
of the regression coefficients associated 
with the covariates was significantly dif

ferent from zero at the 5% level. Thei? 
suits are summarized in table 1. The F ra
tio (=  11.91, d.f. = 3) for testing the equal 
ity of adjusted mean cholesterol levels for 
the 4 APO C-III classes turned out tols 
significant at p <  0.001. For phenotypt 
classes PI, P2 and P4, increasing mean 
APO C -III levels are associated within 
creasing average adjusted cholesterol lev 
els. The failure of the P3 class to conform 
to this pattern may be due to the small | 
sample size in this class (and the resultant 
large SE of mean total cholesterol leveli 
an d /o r due to classification errors. It may 
be noted that even though sex was not a 
significant covariate, since the s a m p le  size 
for males was small, we repeated the anal 
ysis of covariance using females only. The 
results were concordant.

In order to determine whether the pro 
posed deficiency allele was associated 
with a major deletion or rearrangement ot 
DNA sequences in  the APO A-I/C-M' 
A-IV gene cluster, high-molecular-weigkt 
genomic DNA was isolated from 64 in
dividuals representing all 4 phenotype 
classes. Genomic digests were prepared 
with the restriction endonucleases Xmnl- 
PstI, SstI and PvuII. Probe pAI2.2 detects 
an Xm nl polymorphism 5' to the AP̂  
A-I gene, and PstI and SstI polymer-



phisms between the 3 e n d s  o f  A P O  A-1 
and APO C-III genes [K ess ling  et al., 
1985]. Probe pAI3.2 de tec ts  a PvuII  p o ly 
morphism in the first in t ro n  o f  the  A P O  
C-III gene and a seco n d  p o ly m o rp h i s m  
between the APO C - I I I  a n d  A P O  A -IV  
genes. The restriction p a t te rn s  o b se rv e d  
were normal in all p h e n o ty p e  classes, a n d  
interindividual d iffe rences  were res tr ic ted  
to the previously re p o r te d  res t r ic t io n  f r a g 
ment length p o ly m o rp h ism s  (R F L P S ) .  
The frequencies o f  R F L P  alle les in  th e  
A-I/C-lII/A-lV c lus te r  a m o n g  M a y a n s  
have been reported by V a ldez  et al. [1988]. 
No nonrandom a sso c ia t io n  w as n o te d  b e 
tween quantitative p h e n o ty p e  classes a n d  
particular RFLP alle les, b u t  th e  n u m b e r  
of individuals for  w h o m  D N A  ty p in g  
was available (n = 64) w as  n o t  su ff ic ien t  
to detect minor d e p a r tu re s  f ro m  e q u i 
librium.

Discussion

In this study, we have  p re se n te d  s t ro n g  
circumstantial ev idence  fo r  a q u a n t i ta t iv e  
polymorphism affec t ing  p la s m a  levels o f  
APO C-III in the M a y a n s  o f  the  Y u c a ta n  
peninsula, Mexico. W e p ro p o s e  th a t  th is  
variation is due to the  p re se n c e  o f  a n  A P O  
C-III deficiency a lle le  a t  the  A P O  C - I I I  
structural gene locus. H o w e v e r ,  fo rm a l  
proof that the o b se rv ed  v a r ia t io n  is d u e  to  
a mutation in the  A P O  C - I I I  s t ru c tu ra l  
locus requires d e ta i led  f a m ily  s tud ies  o r  
demonstration o f  a  m o le c u la r  defect.  T h e  
products o f  the p r o p o s e d  d e f ic ien cy  a l le le  
are indistinguishable f ro m  the  n o r m a l  
APO C-III as rev a led  b y  I E F / i m m u n o -  
blot analysis, a n d  is su b jec t  to  n o r m a l  
posttranslational g ly c o sy la t io n  (fig. 1). A

preliminary molecular analysis revealed 
no molecular alteration in the APO A -I/ 
C -III/A -IV  gene cluster.

Whatever the molecular basis for this 
phenotype, this study represents the first 
demonstration of APO C-III deficiency 
with an apparent genetic basis. APO C-III 
deficiency has previously been reported in 
association with APO A-I deficiency due 
to a gross rearrangement of DNA se
quences in the APO A-I/C-III/A -IV  clus
ter [Karathanasis et al., 1984], Because of 
the profound effect of APO A-I deficiency 
on lipoprotein levels, it was not possible to 
separate the effect of the concomitant 
APO C-III deficiency on quantitative lev
els of lipoproteins. We have seen that de
ficiency of APO C-III is associated with 
reduced levels of plasma cholesterol. This 
effect may explain why APO C-III defi
ciency has not been reported since indi
viduals with the deficiency would not be 
severely dyslipoproteinemic.

In addition to reduced levels of APO C- 
III due to a postulated deficiency allele, 
we have observed a small proportion of 
individuals (6%) with highly elevated lev
els of APO C-III. This elevation is asso
ciated with the highest observed plasma 
cholesterol levels in this population. Gross 
et al. [1983] have reported a similar obser
vation in a study of APO C-III levels in 
the German population. Whether elevated 
levels of APO C-III and the accompany
ing elevation in cholesterol levels seen in 
the Mayans has a genetic basis remains to 
be determined. It is interesting to note in 
the context that, similar to our observa
tions, Kashyap et al. [1981b] noted high 
cholesterol levels in hyperlipoproteinemic 
patients to be associated with higher APO 
C-III concentrations. The same authors
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