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ABSTRACT. Apolipoprotein A-1 (Apo A-1) is the major 
protein constituent of high-density lipoprotein (HDL) and 
Apo A-1 plays an important role in lipid metabolism and 
may be protective against atherosclerosis in adults. How- 
ever, little is known about HDL and Apo A-l in the 
developing human fetus. Herein we investigated the rela- 
tionship of Apo A-1 levels in umbilical cord blood at 
delivery to gestational age and HDL cholesterol. Fetal 
plasma levels of Apo A-1, which were not correlated with 
those in maternal plasma, were significantly lower among 
newborns delivered at 21-26 wk gestation (52 + 4.4 mg/ 
dl, mean + SE) than in those delivered at 33-34 wk 
gestation (87 1 5.8 mg/dl). Thereafter, the mean umbilical 
cord plasma levels of Apo A-1 remained relatively constant 
(101 mg/dl at 39-40 wk of gestation). We found no signif- 
icant correlations between Apo A-1 levels and fetal sex, 
race, or delivery method. At equivalent gestational ages 
and birth weights, however, Apo A-1 levels in white new- 
borns tended to be lower than those in black infants. The 
Apo A-1/HDL cholesterol ratio in umbilical cord blood 
rose progressively from 2.5 (27-28 wk gestation) to 3.8 at 
term, due largely to increased Apo A-1 levels but little 
change in the mean HDL cholesterol levels, which ranged 
from 22-24 mg/dl at each gestational period. These results 
are suggestive that fetal plasma Apo A-1 is derived solely 
from fetal sources and that the rate of production and/or 
clearance of Apo A-1 is altered during the latter third of 
human intrauterine development. (Pediatr Res 23: 348- 
351,1988) 

Abbreviations 

Apo A-1, apolipoprotein A-1 
HDL, high-density lipoprotein 
LDL, low-density lipoprotein 

Apo A-1 is the major protein constituent of HDL, which plays 
a major role in cholesterol metabolism by virtue of its capacity 
for activating lecithin-cholesterol acyltransferase and transport- 
ing cholesterol from extrahepatic tissues (1). Thus, HDL is 
thought to be of importance in counteracting the atherogenic 
effects of excess cholesterol deposition from LDL, and high 
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plasma levels of Apo A-1 and/or HDL are now considered to 
afford some protection against atherosclerosis (2). 

Despite the recognized importance of Apo A- 1, very little is 
established concerning the ontogeny and regulation of produc- 
tion of this protein in humans. By virtue of our interest in the 
milieu of the fetus during normal and abnormal intrauterine 
development, we sought to define the ontogeny of umbilical cord 
blood levels of Apo A-1 during the latter half of gestation in 
newborns of women whose pregnancies were uncomplicated. 

MATERIALS AND METHODS 

Mixed (arterial and venous) umbilical cord blood was obtained 
at delivery from 165 newborns of women having no pregnancy 
complications other than multiple gestation or premature deliv- 
ery in some. None of the women was treated with glucocortico- 
steroids in an effort to accelerate fetal lung maturation. Matched 
sets of maternal venous, umbilical venous, and umbilical arterial 
blood samples also were obtained at the time of delivery of 15 
women at term (38-40 wk gestation). Gestational age, expressed 
as wk since the last menstrual period, was established based on 
menstrual history, obstetrical findings, and the Dubowitz exam- 
ination of the newborn. Data pertaining to newborn weight, sex, 
and race as well as delivery method were available on all but 
eight, nine, 11, and six newborns, respectively. Blood was col- 
lected either into tubes containing EDTA as anticoagulant or 
allowed to clot. Plasma or serum was obtained after centrifuga- 
tion of tubes and stored frozen at -20" C until assay. Informed 
consent was obtained from the women who participated in this 
study. The study was reviewed and approved by the Institutional 
Review Boards of the University of Texas Health Science Center 
at Dallas and of the University of Alabama at Birmingham, 
School of Medicine. 

ADO A- 1 in nonfractionated serum and ~ l a s m a  was measured 
by aAdouble-antibody radioimmunoassay method using reagents 
generously provided by Ventrex Laboratories, Inc. The primary 
antiserum was a mouse monoclonal anti Apo A-1 antibody, and 
the second antibody was a goat anti-mouse IgG antibody. The 
assay standard was calibrated against the IUIS/WHO reference 
standard (CDC 1 883). The within- and between-assay coefficients 
of variation for the Apo A-1 assay were 3.1 and 4.4%, respec- 
tively. Because we had either plasma or serum samples for use 
herein, but not both in most instances, we sought to determine 
whether there were any systematic differences in the concentra- 
tion of Apo A- 1 in umbilical serum and plasma. Mixed umbilical 
cord blood from term newborns was drained into tubes contain- 
ing EDTA and also into tubes containing no anticoagulant (n = 
five matched pairs). The resulting plasma and serum samples 
were assayed for Apo A-1 in the same assay procedure. The 
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average difference between the pairs was 2.48% of the mean level 
of Apo A- 1 for the paired samples, a value roughly equivalent to 
the within-assay coefficient of variation for the assay. The con- 
centrations of Apo A-1 in serum (107 k 2.3 mg/dl, mean f SE) 
and in plasma (106 a 2.3 mg/dl) from these five newborns were 
indistinguishable ( p  > 0.05, paired t test). We also tested the 
stability of Apo A-1 during long-term freezing of samples: the 
mean Apo A-1 level in fresh (<2 months storage) cord serum 
and plasma from 23 infants (39-43 wk gestation) was 99.2 mg/ 
dl; that in 11 similar-aged infants whose serum and plasma 
samples had been stored frozen for 2-9 yr before assay was 99.4 
mg/dl. Thus, for the ontogenetic analyses, Apo A-1 levels deter- 
mined from both fresh and long-term frozen serum or plasma 
samples were combined for statistical purposes. 

Using serum from a group of newborns (n = 69) representative 
of most of the gestational period of interest, we also quantified 
the levels of HDL cholesterol. Lipoproteins were fractionated 
according to a modification of the micromethods of Bronzert 
and Brewer (3). Briefly stated, 175- h1 aliquots of serum, which 
were adjusted to a density of 1.06 g/ml by the addition of 
crystalline KBr, were centrifuged in a Beckman LP-42 Ti (1 5" C, 
40,000 rpm, 200,252 x g,,) in a Beckman L8-70 ultracentrifuge 
for 2.5-5 h. rather than for 2.5 h in a Beckman airfuge (100,000 
rpm; 135,000 x g,, as originally described (3). The variation in 
centrifugation time between 2.5-5 h, which was performed for 
the sake of convenience, did not cause any significant changes 
in HDL cholesterol levels obtained in a pool of cord serum. 
Cholesterol in the infranate fraction (HDL) was measured by use 
of a Beckman Cholesterol Analyzer 2 in which a microenzymatic 
method was used (3). The within- and between-assay coefficients 
of variation for cholesterol quantification were both 4 % .  The 
data were subjected to linear regression analysis, paired t test, 
Shapiro-Wilk test (to test for normalcy of data distribution), 
analysis of variance, analysis of covariance, and Tukey's Stu- 
dentized range test by use of Statistical Analysis System. 

RESULTS 

Relation between maternal venous, umbilical arterial, and 
umbilical venous serum levels of Apo A-I. At term there was a 
highly significant and positive relation (r = 0.848, p < 0.001) 
between levels of Apo A-1 in umbilical arterial and umbilical 
venous sera (Fig. 1). The levels of Apo A-1 in umbilical arterial 
serum (106 k 1.1 mg/dl, mean + SE) were sllghtly higher, 
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Fig. 1. Relationship among Apo A- 1 levels in matched sets of mater- 
nal venous, umbilical venous, and umbilical arterial plasma at term. The 
data for 15 pregnant women and their newborns are plotted individually. 

although not significantly so ( p  = 0.33, paired t test), than in 
matched umbilical venous serum (104 f 1.0 mg/dl). However, 
we found no correlation between Apo A-1 levels in maternal 
venous serum and those in either umbilical arterial or umbilical 
venous serum (Fig. 1). 

Ontogeny of Apo A-1 in mixed umbilical cord blood. When 
grouped as a function of gestational age at delivery of the 
newborn infants, the levels of Apo A-1 in umbilical cord blood 
varied significantly during the interval of 2 1-43 wk gestation (F 
= 4.63, p < 0.001). There was a progressive increase in the levels 
of Apo A- 1 in mixed umbilical cord blood of newborns delivered 
between 21 and 34 wk gestation; among newborns delivered 
thereafter, there was little change as a function of gestational age 
at delivery in umbilical cord blood levels of Apo A-1 (Table 1). 
The concentrations of Apo A-1 in mixed umbilical cord blood 
of newborns delivered at 39-40 wk (10 1 k 5.3 mg/dl) and at 4 1- 
43 wk (95 f 7.0 mg/dl) were significantly higher ( p  < 0.05) than 
those in newborns delivered at 21-26 wk gestation (52 f 4.4 mg/ 
dl). Apo A-1 levels among infants delivered at 35-36 and 37-38 
wk gestation were somewhat lower than those at 33-34 and at 
39-43 wk gestation. During the interval of 2 1-34 wk gestation, 
there was a weak but significant positive correlation between 
Apo A-1 levels and gestational age (r = 0.143, p = 0.002) and 
between Apo A-1 levels and newborn weight (r  = 0.144, p = 
0.003). Among newborns delivered thereafter there was no cor- 
relation between Apo A- 1 levels and gestational age or newborn 
weight. 

Relation of Apo A-1 to sex, race, and delivery method. There 
was no significant difference between the mean umbilical cord 
levels of Apo A-1 in 46 male (88.1 k 4.9 mg/dl, 2706 g mean 
body weight) and 49 female (87.5 + 4.1 mg/dl, 2748 g mean 
body weight) infants delivered during the interval of 33-43 wk 
gestation. Among newborns delivered during this same interval, 
the mean Apo A-1 level in 68 newborns delivered vaginally (90.4 
+ 3.4 mg/dl, 2616 g mean body weight) were slightly, although 
not statistically, higher than that in 26 newborns delivered by 
cesarean section (78.3 k 5.5 mg/dl, 2753 g mean body weight). 
There were too few newborns delivered by cesarean section 
before the onset of labor to determine whether the presence of 
labor had any statistically significant effect on Apo A-1 concen- 
trations. We also subdivided the data for Apo A-1 levels as a 
function of race (Table 2). Within each gestational period, the 
mean birth weights and gestational ages of black, white, and 
Latin-American infants were virtually identical. Umbilical cord 
serum levels of Apo A-1 in white infants were consistently lower 
than those in black infants; the differences were, however, not 
statistically significant at any gestational period. Moreover, when 
analysis of covariance was performed in order to adjust for both 
gestational age and birth weight, we found no differences in Apo 
A- 1 levels as a function of race. As appeared to be the case from 
the data in Table 1, there was a slight reduction in Apo A-1 
levels in each racial group when delivery occurred at 35-38 wk 
gestation compared to those at 31-34 and 39-43 wk gestation. 
This reduction does not appear to be attributed to any major 
differences in the frequency of cesarean section deliveries among 
the three time periods: 35-38 wk = 28.9% cesarean section 
deliveries; 31-34 wk = 23.3%; and 39-43 wk = 26.5% cesarean 
section deliveries. 

Relation ofApo A-I to HDL cholesterol. The ratio of Apo A- 

Table 1. Umbilical cord blood levels of Apo A-1 (mgldl) as function of gestational age* 

Gestational age (wk) 
21-26 27-28 29-30 3 1-32 33-34 35-36 37-38 39-40 41-43 

Mean 51.9t 57.6t 63.8'(. 64.9t 86.9 76.9 72.0 101.4 95.2 
SD 13.8 28.1 24.8 21.4 29.3 25.7 25.6 24.9 24.2 
n 10 16 17 24 26 17 21 22 12 

* Data from serum and plasma samples were combined for this analysis. 
t Significantly lower (p  < 0.05) than Apo A-I levels at 33-34 and 39-43 wk of gestation. 
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Table 2. Umbilical cord serum levels of Apo A-I as function of race* 

Gestational age (wk) 

21-30 31-34 35-38 39-43 

B W L B W L B W L B W L 

n 19 19 2 23 18 6 20 11 2 12 5 14 
ApoA-l(mg/ Mean 60.7 53.0 73.5 83.4 76.9 58.3 81.8 70.3 52.0 102 88.6 100 

dl) SD 21.9 24.7 36.1 31.7 21.9 20.0 25.7 20.4 39.6 27.4 21.4 25.8 
Gestational Mean 27.5 27.8 29.8 32.6 32.8 32.5 36.6 36.4 37.0 40.5 40.1 40.4 

age (wk) SD 2.3 1.4 0.4 1.1 1.1 0.8 1.2 1.2 1.4 1.3 1.1 1.4 
Birthwtt(g) Mean 999 1038 1183 1897 1872 1732 2406 2410 2163 3310 3545 3406 

SD 293 301 159 354 243 442 554 583 293 572 556 467 

* B, black; W, white; L, Latin American. 
t Birth weights were missing on six newborns for whom Apo A-1 levels are presented. 

1 (mg/dl) to HDL cholesterol (mg/dl) in mixed umbilical cord 
serum (or plasma) was determined in 69 newborn infants (Fig. 
2). This ratio rose during gestation from 2.5 at 27-28 wk gestation 
to 3.8 at term. There were, however, no statistically significant 
(p > 0.05, analysis of variation) variations in this ratio among 
the various age groups of newborns. The change in the Apo A- 1 
to HDL cholesterol ratio in plasma was attributable to a rise in 
Apo A-1 levels with virtually no change in HDL cholesterol 
levels during the gestational interval that we examined; the mean 
HDL cholesterol level of each gestational age group varied from 
22-24 mg/dl. 

DISCUSSION 

The physiological role of HDL in lipid transport as well as the 
capacity for high levels of HDL and Apo A-1 to offer some 
protection against atherosclerosis in adulthood are recognized (1, 
2). It also is reasonably well established that the profile of 
lipoproteins seen in adults are established early in childhood (4, 
5). Whereas the plasma levels of HDL lipids and apolipoproteins 
during various circumstances of postnatal life have been de- 
scribed, there is little information regarding the regulation of 
production and the ontogenetic changes in HDL in the devel- 
oping human fetus. 

In our cross-sectional analysis, we and others (6-9) found that 
fetal plasma levels of Apo A-1 are substantially lower at term 
than are those in adults (2, 5, 7, 8). We found a progressive rise 
in Apo A- 1 levels in umbilical cord blood at the time of delivery 
over the interval of 2 1-34 wk gestation. Thereafter, fetal plasma 
levels of Apo A-1 remained relatively constant through term. 
These results are qualitatively similar to those of Ginsburg and 
Zetterstrom (10) and of Davidsen (1 l), who found, in a much 
smaller series of infants, that maximal HDL (protein) levels were 
achieved by about 33 wk gestation. We found no correlation 
between Apo A-1 levels and fetal sex or mode of delivery. At 
equivalent gestational periods and newborn weights, umbilical 
cord levels of Apo A- 1 consistently tended to be higher, although 
not statistically, in black infants than in white infants. The ratio 
of Apo A-1 to HDL cholesterol in fetal plasma at term (3.8) is 
slightly higher than are values that can be computed for normal 
adults from the data of Naito (3.2) (2) and of Freedman et al. 
(2.3) (5). Our data for the Apo A-1/HDL ratio during gestation, 
although not showing statistically significant changes, is never- 
theless suggestive of a progressive rise in the protein to lipid ratio 
in HDL particles during the third trimester. Such a change is 
perhaps to be expected because we also have found that there is 
a progressive decline of the total and LDL cholesterol levels in 
fetal plasma during the last 8- 12 wk gestation (1 2) that appears 
to be caused by a progressive increase in the rate of assimilation 
of LDL cholesterol by the fetal adrenals for use in steroidogenesis 
(12, 13). Thus, there likely would be progressively less cholesterol 
deposited in other tissues that would be available for incorpora- 
tion into HDL during the same gestational interval. 

GESTATIONAL AGE (weeks) 

Fig. 2. Relationship of Apo A- 1 to HDL cholesterol levels in umbil- 
ical cord plasma during gestation. The ratio of Apo A- 1 (mg/dl) to HDL 
cholesterol (mg/dl) in plasma of each newborn was determined. These 
data are are presented as the mean + SE at each gestational period. 

The mechanisms responsible for the progressive rise in umbil- 
ical cord plasma levels of Apo A-1 during the interval of 21-33 
wk, with no further substantial increases thereafter, are unclear 
at the present. We found no evidence for a maternal or placental 
contribution to fetal plasma Apo A- 1 levels (i.e. no relationship 
between maternal and fetal plasma levels or of a gradient between 
umbilical venous and umbilical arterial levels of Apo A-1). 
Therefore, the ontogenetic changes in fetal plasma levels of Apo 
A-1 probably come about as changes in fetal homeostasis that 
result from either altered rates of synthesis in fetal intestine and 
liver (14) or of clearance in the fetal liver. Sex steroids, and 
especially estrogens, are believed to regulate the synthesis of Apo 
A-1 (14, 15). The temporal pattern of change in fetal plasma 
levels of Apo A-1 and of estrogens are, however, different. 
Whereas maximal levels of Apo A-1 occur before term, umbilical 
cord serum levels of estriol rise progressively from 23-40 wk of 
gestation (1 6), and those of estradiol appear to remain relatively 
constant throughout the third trimester (1 7). Moreover, we find 
that in anencephalic newborns, who have deficiencies in estro- 
gens and several other steroid hormones (1 3, Is), but who are 
hypercholesterolemic (1 3), plasma Apo A- 1 levels are generally 
within the upper limits of the normal range (19). Exposure of 
the fetus to synthetic glucocorticosteroids has been shown to 
increase HDL cholesterol (1 9, 20) as well as Apo A- 1 levels (1 9, 
20). However, there is no correlation between the time course of 
changes in fetal plasma levels of Apo A-1 and those of endoge- 
nous glucocorticosteroids during development (21). Thus, the 
factors that regulate production (as well as plasma clearance) of 
Apo A-1 in the fetus remain to be defined. 
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