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ABSTRACT. Human growth hormone (hGH) is known to
consist of several molecular forms. We examined the mo-
lecular nature of circulating hGH in 18 normal children
and compared the resulting patterns to those previously
obtained in adults. hGH secretion was stimulated with 1.-
dopa, the hormonal forms were extracted from plasma by
immunoadsorbent chromatography, and their molecular
nature was analyzed by polyacrylamide gel electrophoresis.
Circulating monomeric hGH consisted of 73% hGHaux,
16% hGHx, and 10% of an acidic hGH from (N, -acylated
or deamidated hGH). These relative proportions are indis-
tinguishable from those found in the plasma of adults. No
age or sex differences in the circulating hGH pattern were
found. We conclude that the types and proportions of hGH
forms in the blood of normal children are the same as those
previously established in adults. These data provide a
framework against which children with postulated struc-
turally abnormal (“bioinactive”) hGH can be compared.
(Pediatr Res 22: 21-22, 1987)

Abbreviations

hGH, human growth hormone
PAGE, polyacrylamide gel electrophoresis
SDS, sodium dodecyl sulfate

hGH consists of scveral distinct molecular forms (1, 2). Recent
evidence has shown that in adult man, at least three monomeric
species and several hGH oligomers circulate in blood (3-7). The
three hGH monomers comprise the 22,000 dalton form
(hGHask), the 20,000 dalton variant (hGHjok), and an acidic
form which has not been structurally elucidated. The latter could
represent N -acylated (8), deamidated (9), cleaved (10, 11), or
glycosylated hGH. Corresponding oligomeric aggregates up to
the pentamer have also been identified in the circulation (7). The
relative proportions of the various molecular forms have been
found to be fairly constant and independent of the type of
secretory stimulus (12). The precise physiological role of the
various hGH forms remains to be elucidated.

To date, such data have only been obtained in adult subjects,
primarily because of the large amount of plasma required for
analysis. Since hGH serves its most conspicuous function in
childhood, it is of interest to extend studies on the circulating
hGH forms to the pediatric age group. The precise definition of
the molecular nature of circulating hGH in normal children is
of particular importance in view of the concept of an abnormal
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“bioinactive hGH™ as a basis for growth failure (13, 14). Recent
improvements in the sensitivity of analytical techniques have
made it possible to achieve that goal.

MATERIALS AND METHODS

Subjects. Eighteen prepubertal children, aged 6-13 yr, partic-
ipated in the study. Eleven were boys and seven were girls. All
underwent a standard L-dopa test (500 mg/m?) and blood was
drawn at 30, 60, and 90 min after administration of the secreta-
gogue. The tests were performed as part of the diagnostic proce-
dures for short stature. All children had normal growth
velocity. Ethical considerations prompted us to perform phar-
macological testing and venipunctures only in children where a
medical indication existed. Following full diagnostic work-up, all
children were found to have normal endocrine function and no
identifiable disease. The subsequent clinical course over a 2-yr
period confirmed this assessment. All children had peak hGH
responses exceeding 7 ng/ml (range 9.7-35.6 ng/ml) after L-
dopa. Blood samples obtained at the time of spontaneous eleva-
tion of hGH in two children were also included. The procedures
had been approved by the Institutional Review Boards for Hu-
man Experimentation at both participating institutions.

Analysis. Plasma from one to three time points was pooled to
yield a minimum quantity of hGH of 20 ng (range 20-108 ng).
hGH and all its variants were then extracted from plasma by
immunoadsorbent chromatography as described in detail previ-
ously (3). The extracted hGH was analyzed for molecular variants
by PAGE under nondenaturing conditions at pH 7.5 in a discon-
tinuous TES-acetate-chloride-Bistris buffer system. Expertmental
details of these procedures have been reported previously (3, 15).
Gels were sliced into 1-mm thick slices, slices were eluted, and
eluates were assayed for hGH by radioimmunoassay. In all PAGE
runs, known hGH forms were included as electrophoretic stan-
dards. Immunoreactive peaks in the slice eluates were classified
with respect to their molecular nature i.e. which hGH form they
represented, and then quantitated by peak integration as de-
scribed previously (12). Comparison with analogous data in adult
man, or between boys and girls, was made using the ¢ statistic.

RESULTS

A composite gel profile of plasma hGH from all children is
shown in Figure 1. It is evident that hGH,.« is the dominant
molecular species. There is also evidence for the presence of
hGH,ok and a faster-migrating form (acidic hGH). The latter
may represent N, -acylated or deamidated hGH. The profilc is
very similar to those previously reported for adult subjects (4, 5,
12). No new or previously unrecognized hGH forms were seen.
Quantitation of the 3 hGH forms in individual subjects yielded
data tabulated in Table 1. There was no significant difference
between the hGH forms circulating in boys or girls. Data from
all children were therefore pooled. The relative proportions of
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Fig. 1. Composite PAGE profile of plasma hGH in 18 children.
Plasma extracts were run in native PAGE at pH 7.5, gels sliced into 1-
mm slices, and slice eluates assayed for hGH. Individual profiles were
normalized by equalizing the hGHa,x peak height to 10 ng and propor-
tionate adjustment of the entire profile in order to permit statistical
treatment (3). 20K and 22K denote the positions of hGHaox and hGHaox,
respectively, in the gel. Bars denote SEM and the hatched area denotes
the undetectable range.

Table 1. Proportions of molecular forms of hGH in plasma
(mean £ SEM and range)

hGsz)( hGHz()K Acidic hGH
(%) (%) (%)

Adults 770 £ 1.1 158+ 1.0 9.1 £09
age 21-47 yr (68-88)* (8-23) (3-20)
(n=22)

Children 73.0 £ 2.1 163+ 1.8 10.3+0.9
age 6-13 yr (60-86) (8-30) (6-15)
(n=18)

NS NS p=0.08

* Numbers in parentheses are ranges.

the three plasma hGH forms in children were not significantly
different from those in adults (Table 1), although acidic hGH
was marginally more abundant in the children (Table 1).

DISCUSSION

The present study extends our previous observations on the
molecular forms of hGH in blood to include children. The data
show that the same three monomeric forms of hGH that circulate
in adult man are present in children of various ages. Moreover,
the relative proportions of these hGH forms are very similar in
children and adults. We observed no sex difference or changes
in the proportions as a function of age. It thus appears that the
mixture of circulating hGH variants is relatively constant under
a large variety of circumstances.

The limited amount of plasma available for study in those
pediatric samples precluded analysis in all three electrophoretic
systems that we have employed previously (i.e. native PAGE,
SDS-PAGE, and isoelectric focusing). However, extensive expe-

rience with all three systems has convinced us that native PAGE
at pH 7.5 provides the best resolution of hGH variants. The use
of that system was therefore judged sufficient for the purposes of
the present study, as previously discussed for adult plasma (12).

Further application of the techniques developed for examining
circulating hGH forms to disorders with abnormal growth may
help elucidate their nature. In this regard, it will be particularly
interesting to determine whether short children with normal
immunoassayable and presumed bioinactive hGH (13, 14, 16)
have aberrant molecular hGH forms as the basis of their short
stature.

In summary, we find that the hGH forms circulating in chil-
dren of various ages are qualitatively and quantitatively the same
as in adults. The extensive data collected in the latter are therefore
representative for the pediatric population. There appears to be
no additional hGH form(s) expressed during childhood.
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