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Abstract The D2 dopamine receptor (DRD2) plays a
major role in growth hormone (GH) secretion. Recent re-
ports indicate that Taq I A DRD2 gene alleles (A1 and A2)
are related to the function of DRD2. Idiopathic short stat-
ure (ISS) is defined as short stature without accompanying
malnutrition, chronic disease, and endocrinological disor-
ders. However, some reports suggest that ISS is associated
with a mild disturbance of GH secretion. In this study, we
examined the notion that allelic variants of the DRD2 are
associated with ISS. We studied 55 children with ISS aged
8.4 (SD 2.9) years; (group I) and 104 age-matched children
of normal stature (group II). Informed consent was ob-
tained from each child’s parent or guardian. Genomic
DNAs were extracted from peripheral mononuclear cells
and amplified by polymerase chain reaction (PCR). The
PCR products were digested by Taq1 and resolved by elec-
trophoresis. The frequency of the A1 allele was significantly
higher in group I (0.42) than in group II (0.26). The insulin-
like growth factor (IGF)-I ratio (the ratio of the individual
level to the normal mean value according to age at our
laboratory center) was significantly lower in group I than in
group II. When group I was subdivided into group A (with
the A1 allele) and group B (with only the A2 allele), group
A had a significantly lower peak GH response to the l-dopa
test, lower levels of IGF-I, and retarded bone maturation.
These findings indicate that polymorphism of the DRD2
gene may be one genetic factor that affects body height in
childhood, acting through the hypothalamus (GH-releasing
hormone) — pituitary (GH) — IGF-I axis.
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Introduction

Levels of insulin-like growth factor-I (IGF-I) are similar in
identical twins, levels of thyroid hormones are similar in
families with resistance to thyroid hormones, and the 17-
hydroxy-progesterone response to adrenocorticotropic hor-
mone (ACTH) is similar in siblings (Weiss et al. 1993; Kao
et al. 1994; Azziz et al. 1994). These findings suggest that the
blood levels of several hormones are genetically deter-
mined. IGF-I is important for increasing body height in
children and it is produced in a growth hormone (GH)-
dependent manner under ordinary nutritional conditions.
The production and secretion of GH from the pituitary
gland is regulated mainly by two hypothalamic factors: GH-
releasing hormone (GH-RH) and somatostatin. The secre-
tion of hypothalamic factors is regulated by neurons in the
thalamus or brain cortex, with dopamine being an impor-
tant regulatory neurotransmitter of GH-RH release. Acute
administration of l-dopa is generally used in testing GH
secretion.

It has been reported that long-term administration
of dopamine enhanced growth height in children with
idiopathic short stature (ISS) (Huseman 1985). This finding
suggests that there may be a dysfunction of the dopamine
pathway in ISS. Dopamine bioactivity is expressed by
binding between ligands and dopamine receptors. Several
dopamine receptors have been identified, with the D2
dopamine receptor (DRD2) playing a role in GH secretion.
Previous studies have described the Taq I A DRD2 gene
alleles (A1 and A2) (Grandy et al. 1989; Blum et al. 1990;
Grandy et al. 1993). In individuals with the A1 allele, the
binding activity of DRD2 and the mean relative glucose
metabolic rate are significantly reduced (Noble et al. 1991,
Noble et al. 1997, Thompson et al. 1997). A decrease
in the hormone binding capacity is expressed as a
minor dysfunction of the hormone action. Therefore, we
considered that individuals with the A1 allele may have
dysfunctional GH release. In this study we examined the
notion that allelic variants of DRD2 are associated with
ISS.
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Subjects and methods

We studied 159 unrelated Japanese children; 55 children
with ISS (aged 8.4 (SD 2.9) years; group I) and 104 age-
matched children of normal stature (group II). None of the
controls had any chronic organic diseases. Genomic DNAs
of the controls were obtained from peripheral blood
samples given for medical check-up or for testing in acute
inflammatory disease such as bronchitis. The diagnosis of
ISS depended on the following criteria: (1) body height SD
score below 22.0SD, (2) peak GH level higher than 10ng/
ml in at least one of two GH stimulating tests (insulin and
arginine test), and (3) no distinct organic disorders. In-
formed consent was obtained from each child’s parent or
guardian.

Genomic DNAs were extracted from peripheral blood
by a standard method and amplified by polymerase chain
reaction (PCR) to determine the polymorphic Taq1 A site
of DRD2. The primers used had the following sequences:
59-CCGTCGACCCTTCCTGAGTGTCATCA-39 and 59-
CCGTCGACGGCTGGCCAAGTTGTCTA-39, and a
310-bp fragment was amplified (Noble 1994). The amplifica-
tion was carried out in a 100-µl reaction mixture, using 1µg
genomic DNA, 2.5µl AmpliTaq DNA polymerase, and the
recommended buffer provided by the manufacturer (Perkin
Elmer, Branchburg, New Jersey, USA). After initial dena-
turation at 94°C for 5min, the DNA was amplified by 35
cycles of denaturation at 94°C for 60s, annealing at 58°C for
60s, and extension at 72°C for 60s, using a thermocycler
(Astec, Tokyo, Japan). A final extension at 72°C for 5min
was added after the last cycle. The 310-bp PCR products
(10µl) were digested by a Taq1 restriction enzyme (Takara
Shuzo, Kyoto, Japan) at 65°C for 3h. The digested products
were resolved by electrophoresis in a 4% agarose gel con-
taining ethidium bromide. The A1/A2 genotype is revealed
by 310-, 180- and 130-bp fragments. The A2/A2 genotype is
indicated by two fragments of 180- and 130-bp, and the A1/
A1 genotype is represented by the uncleaved 310-bp frag-
ment (Noble et al. 1994).

Blood IGF-I, GH, thyroid-stimulating hormone (TSH),
and free thyroxine (T4) levels were determined using com-
mercially available kits — Somatomedin-C RIA (Chiba
Corning, Tokyo, Japan), Ab beads h-GH-Eiken (Eiken,
Tokyo, Japan), Spak S-TSH (Daiichi Radioisotope, Tokyo,
Japan), and Graozyme-N-Free T4-M (Wako Jyunyaku,
Tokyo, Japan), respectively. Blood IGF-I levels were ex-
pressed as the ratio of the individual value to the normal
mean value according to age at our laboratory center.

The l-dopa test was performed in the children with ISS.
At 0900h on the morning after an overnight fast, the
antecubital vein was cannulated. l-Dopa was administered
orally at a dose of 10mg/kg body weight at 0min, and blood
was sampled every 30min for 2h. Other GH provocation
tests were performed using insulin (0.1U/kg) or arginine
(0.5g/kg). Body height was measured with a stadiometer
with a direct read-off counter. Bone maturation was deter-
mined using the TW2 method (TW2 is not an abbreviation)
(Tanner et al. 1983).

The ø2 test was used to assess significant differences in
the frequencies of the A1 and A2 allele between the two
groups. The clinical characteristics and blood hormone
levels in each group were compared using Student’s t-test.
A level of P , 0.05 was considered statistically significant.

Results

The clinical characteristics of each group are presented in
Table 1. Age and serum thyroid hormone levels did not
differ significantly among the groups. The IGF-I ratio was
significantly lower in group I than in group II.

The allelic frequency in each group is presented in Table
2. The A1 allele frequency was significantly higher in group
I (0.42) than in Group II (0.26) (P , 0.01). The observed
genotype frequencies in groups I and II did not deviate
from those predicted by Hardy-Weinberg’s law.

In accordance with a report that individuals with the A1
allele had reduced DRD2 binding activity (Noble 1991), we
subdivided group I into group A (with the A1 allele) and
group B (with only the A2 allele). The clinical characteris-
tics of each of these groups are shown in Table 3. There
were no significant differences in age, height, or thyroid
hormone levels. However, group A had a lower peak
GH response to the l-dopa test than group B (P , 0.05).
Group A also had a significantly lower IGF-I ratio (P ,
0.01) and slightly retarded bone maturation, determined as
the ratio of bone age, defined as TW2 method, to chrono-
logical age (P , 0.01).

Table 1 Clinical characteristics and blood levels of hormones in
subjects in groups I and II

Group I Group II
(children (age-matched
with ISS) controls) P

n 55 104
Age (years) 8.4 6 2.9 8.0 6 2.0 NS
Sex (male/female) 33/22 56/48 NS
Height, SD 22.72 6 0.31 20.01 6 0.95 ,0.01
IGF-I (ratio) 0.65 6 0.20 0.95 6 0.23 ,0.01
TSH (µU/ml) 2.2 6 1.0 2.5 6 1.2 NS
Free T4 (ng/dl) 1.1 6 0.2 1.2 6 0.2 NS

Data values are means 6 SD
ISS, Idiopathic short stature; IGF-I, insulion-like growth hormone-I;
TSH, thyroid-stimulating hormone; T4, thyroxine; NS, not significant

Table 2 Dopamine D2 receptor genotypes and allelic frequency in
subjects in groups I and II

Allelic
No. with genotype frequency

Group n A1/A1 A1/A2 A2/A2 A1 A2

I 55 11 24 20 0.42 0.58
II 104 8 39 57 0.26 0.74

A1 frequency was higher in group I than in group II (P , 0.01)
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DRD2 gene remains controversial, however. Some re-
searchers did not find a significantly higher frequency of
subjects with the A1 allele in alcoholic groups (Bolos et al.
1990; Gelernter et al. 1991). Of interest, administration of
the DRD2 agonist, bromocriptine, alleviated alcoholism to
a greater extent in patients with the A1 allele than in pa-
tients with only the A2 allele (Lawford et al. 1995). As
mentioned in our Introduction, some reports indicate that
individuals with the A1 allele have a low binding capacity
for dopamine and reduced dopaminergic function. These
reports support the notion that the A1 allele of DRD2
affects the action of dopamine in the central nevous system.
In the endocrine system, dopamine stimulates GH secretion
through GH-releasing hormone by binding to DRD2.
Dopamine administration alone or in combination with ex-
ogenous human GH increases the height of some children
with intranterine growth retardation caused by reduced pi-
tuitary function (Huseman, 1985). Therefore, it is suggested
that endogenous central dopaminergic dysfunction affects
body height through decreased GH secretion.

ISS is considered to be a condition with a heterogeneous
pathogenesis. Most individuals with ISS present with mild
or moderately short stature. Bercu and Diamond (1986)
reported that ISS was associated with a mild GH deficiency,
which presents with normal secretion in response to pro-
vocative stimuli, decreased nocturnal GH secretion, and
low blood levels of IGF-I. In addition to low IGF-I levels,
retarded bone maturation is an important marker of GH
deficiency. In the present study, the children with ISS and
the A1 allele had retarded bone maturation and low levels
of blood IGF-I. In addition, these children had a slightly
lower GH response to the l-dopa test than the subjects with
only the A2 allele. These clinical findings are in agreement
with the characteristics of mild GH deficiency. Therefore,
our data suggest that individuals with the A1 allele may
have a mild dysfunction of GH secretion associated with
defects in the dopamine pathway.

Many complex interrelated factors may be involved in
the genetic determination of body height. We consider that
DRD2 gene polymorphism may be one of these factors.
Our study was done in a rather limited number of subjects.
Therefore, to confirm our speculation, independent studies
of much larger groups of subjects and other ethnic groups
are needed.
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Discussion

In this study, the frequency of the A1 allele of the DRD2
gene was significantly higher in children with ISS than in the
controls. In addition, the ISS group with the A1 allele had
a lower GH response to the l-dopa test, lower levels of
IGF-I, and slightly retarded bone maturation compared
with these parameters in the ISS group with only the A2
allele. These findings indicate that polymorphism of the
DRD2 gene may be one genetic factor that affects body
height in childhood, acting through the hypothalamus
(GH-RH) — pituitary (GH) — IGF-I axis.

The reported A1 allele frequency of the DRD2 gene in
Japanese controls differs with reports (Arinami et al. 1993;
Kono et al. 1997), although that in our study is lower than
that reported by others. The reason for this discrepancy
is not clear, but it may be explained by differences in the
characteristics of control subjects. The reports cited above
disregarded the height of the subjects and we selected only
children with normal stature as controls.

The Taq I allele of the DRD2 gene varies in the 39-side
portion outside the last exon (Grandy et al. 1989). Although
the reason for the relation between polymorphism in this
portion and some phenotypes remains unclear, there are
some possible explanations. First, this polymorphism is bio-
logically relevant to short stature. Second, the polymor-
phism is in linkage disequilibrium with biologically relevant
variability elsewhere in the DRD2 gene. Third, the poly-
morphism is in disequilibrium with genetic variability
in an adjacent gene. The position of polymorphism in the 39
end of the last exon of DRD2 suggests that if the polymor-
phism is biologically relevant, the most likely mode of
action would be through modulation of transcription or
splicing.

The presence of the A1 allele of the DRD2 gene has
been reported to be closely linked to neuropsychiatric dis-
eases such as Tourette’s syndrome, attention deficit hyper-
activity disorder, and alcoholism (Blum et al. 1990; Blum et
al. 1991; Comings et al. 1991; Berman and Noble 1995). An
association between aloholism and the A1 allele of the
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