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ABSTRACT 

 

Contributions of CAG Repeat Length  

in the Androgen Receptor Gene  

and Androgen Profiles  

to Premature Pubarche in Korean Girls 

 

Min Jae Kang 

College of Medicine, Department of Pediatrics 

The Graduate School 

Seoul National University 

 

Introduction: Because not all premature pubarche (PP) children exhibit 

increased androgen levels, the sensitivity of the pilosebaceous unit to the 

androgen receptor (AR) might influence the development of the condition. 

There are ethnic differences in the CAG repeat length in exon 1 of the AR 

gene, which exhibits an inverse relationship to AR sensitivity; however, no 

Asian studies on PP have been reported, including Korea. Therefore, the aims 

of the present study were to examine the clinical and hormonal characteristics 

and AR CAG repeat length, and then assess their contributions to PP in 

Korean girls. 

Methods: Forty-eight subjects were enrolled and classified into three groups 

as follows: PP (16 girls), normal pubarche (NP, 16 girls), and normal controls 

(NC, 8 girls and 8 boys). Anthropometric measurements were collected, and 
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the levels of the hormones, including dehydroepiandrosterone (DHEA), 

dehydroepiandrosterone sulfate (DHEAS), 17-hydroxyprogesterone (17-OHP), 

androstenedione (AD), and total testosterone (TT), were measured. Free 

testosterone (FT) levels and free androgen index (FAI) values were calculated 

using the TT and sex hormone-binding globulin data. X-chromosome 

inactivation (XCI) analysis was used to calculate methylation-weighted (MW) 

average CAG repeat lengths. 

Results: The median ages at diagnosis of pubarche were 7.4 years in the PP 

group and 8.9 years in the NP group. Anthropometric data and fasting glucose 

and insulin levels were similar among all three groups. The levels of 17-OHP, 

DHEAS, AD, FT, and FAI were similar in the PP and NP groups. The PP 

group exhibited a higher DHEAS:DHEA ratio than the NP group (P=0.014). 

The medians and interquartile ranges of the MW average CAG repeat length 

of the AR gene were 22.4 (21.3-23.3) for all subjects and did not differ among 

the PP (median, 22.3), NP (median, 22.4), and NC (median, 22.2) groups. The 

MW average CAG repeat lengths in the PP and NP groups did not correlate 

with DHEAS (r=-0.060, P=0.745) or FT (r=0.223, P=0.221) levels. The XCI 

proportion tended to be higher in the PP group (71.9%) than in the NP (65.6%) 

or NC (60.4%) groups, although it did not reach statistical significance (PP vs. 

NP, P=0.130; PP vs. NC, P=0.490).  

Conclusions: The CAG repeat length of the AR gene was not involved in the 

development of PP in Korean girls. However, excessive adrenal androgen 

levels, particularly those caused by increased sulfotransferase activity, might 

be important in the pathogenesis of PP, although further work is required. 

------------------------------------- 

Keywords: Adrenarche, Pubarche, Androgen receptor, Trinucleotide repeats 

Student number: 2011-30530   
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INTRODUCTION 

 

Premature pubarche (PP) is characterized by the appearance of pubic and 

axillary hair prior to the age of 8 years in girls and 9 years in boys [1]. These 

physical manifestations are triggered by an increase in adrenal androgen 

levels, the onset of which is termed adrenarche. Adrenarche gradually begins 

between 6 and 8 years of age, thus approximately 2 years before the onset of 

gonadal maturation [1-3]. Although concentrations and production rates of 

cortisol remain constant, the urinary excretion levels and circulating 

concentrations of dehydroepiandrosterone (DHEA), dehydroepiandrosterone 

sulfate (DHEAS), and androstenedione (AD) increase progressively [2]; a 

DHEAS level greater than 40 μg/dL is usually considered to reflect 

adrenarche [3]. Hormonal changes in adrenarche cause not only the 

development of axillary and pubic hair but also other signs including body 

odor, acne, oily hair, and a transient acceleration of linear growth and bone 

maturation [2].  

Girls are more frequently affected by PP than are boys; the gender ratio is 

about 10:1 [4, 5]. The overall prevalence of PP is not known precisely but 

ethnic differences exist. In the USA, 9.5% of Black girls and 1.4% of White 

girls have pubic hair of at least Tanner stage II at 6 years of age [6]. In 

Lithuania, 0.8% of girls have PP at 7 years of age [7]. In Turkey, 4.6% of girls 

younger than 8 years have PP [8]. No report on PP in Asia (including Korea) 



2 

 

 

has yet been published, but the prevalence of PP is estimated to be lower in 

Korea than in Western countries. 

DHEA, formed by the desulfation of DHEAS, is metabolized to AD and 

testosterone in specific tissues including androgen-dependent hair follicles 

and sebaceous glands [9]. As with all steroid hormones, the binding of 

androgens to the androgen receptor (AR) triggers a conformational change in 

the AR-androgen complex, which is then transported into the nucleus where it 

binds to DNA [9]. Numerous endogenous or exogenous signals that stimulate 

the secretion of adrenal androgen secretions have been proposed [1, 10-12] 

but not all PP children exhibit increased androgen levels [13]. Therefore, the 

response of the pilosebaceous unit to androgens may also influence the 

development of the condition. 

The AR gene is located on the X-chromosome at Xq11.2-12 and consists of 

an N-terminal transactivating domain, a DNA-binding domain, and a C-

terminal ligand-binding domain [14]. The ligand-bound AR binds in turn to 

androgen-response elements in the promoter region of target genes, thus 

influencing transcription rates [9, 15]. The response of target tissues to 

androgens is thus determined by functional aspects of the AR, including its 

sensitivity. The N-terminal domain of the AR gene contains a highly 

polymorphic region in which a variable number of CAG repeats in exon 1 

encodes a polyglutamine tract [16]. An inverse relationship between CAG 

repeat length and AR sensitivity has been reported in several studies on both 

PP [17, 18] and other hyperandrogenic conditions [19-23]. The mean CAG 
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repeat length varies ethnically, and has been reported to be relatively longer in 

Asians [24-26].  

Dose compensation of X-linked genes is achieved via transcriptional 

repression of one of the two female X chromosomes during early 

development; inactivation is random in each cell [27]. Methylation is an 

important means of silencing gene expression during X-chromosome 

inactivation (XCI). In other words, the X-chromosome becomes inactivated 

when certain sites are methylated. Methylation-sensitive sites near the CAG 

repeats of exon 1 of the AR gene have been shown to correlate with XCI [28].  

The aim of the present study was to examine the clinical and hormonal 

characteristics of Korean girls with PP. Based on the assumption that the AR 

sensitivity of PP girls might differ from that of girls with normal pubarche 

(NP), the CAG repeat length of the AR gene (adjusted for XCI) was 

investigated to identify its relationships with levels of androgens and to define 

factors that contribute to PP.  
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MATERIALS AND METHODS 

 

Subjects 

Between October 2011 and November 2013, 48 subjects were enrolled in the 

present study. The inclusion criteria for the 16 girls with PP were as follows: 

presence of pubic and/or axillary hair; no sign of breast budding; and PP onset 

before 8 years of age. PP subjects were enrolled from six hospitals: five from 

Seoul National University Hospital (Seoul); four from Seoul National 

University Bundang Hospital (Seongnam); three from Bundang Jesaeng 

Hospital (Seongnam); two from Inje University Busan Paik Hospital (Pusan); 

one from Inje University Ilsan Paik Hospital (Goyang); and one from Eulji 

University General Hospital (Seoul). The inclusion criteria for the 16 girls 

with NP were as follows: presence of pubic and/or axillary hair; breast 

development or not; and onset after 8 years of age. The normal controls (NC) 

who had no signs of pubarche or gonadarche were eight girls and eight boys 

younger than 8 years and 9 years of age, respectively. The NP and NC 

subjects were enrolled from Seoul National University Hospital. Neither the 

PP nor NC subjects had any sign of gonadarche; the only difference between 

the PP and NC groups was the presence of pubic or axillary hair. Therefore, 

eight boys were included in the NC group because no hormonal differences 

between the genders are evident before the onset of gonadarche. Other signs 

of adrenarche, including oily hair, body odor, and acne, were also assessed. 

The pubic and axillary hairs were thoroughly inspected. Pubertal stage was 
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evaluated via both inspection and palpation of breasts or testes, by two 

pediatric endocrinologists. A change in scalp or axillary odor was considered 

to be an adult-type body odor. If parents complained that their child’s hair was 

greasy, or needed daily washing, the hair was considered to be oily. No 

subject had taken any medication known to affect the adrenal axis for at least 

3 months prior to the study. All subjects were ethnically Korean. 

Anthropometric data were obtained for each subject. Height (cm) was 

measured twice to the first decimal place using a Harpenden stadiometer 

(Holtain Ltd., Crosswell, UK), and weight (kg) was measured to the first 

decimal place using a digital scale (150A, Cas Co. Ltd., Seoul, Korea). The 

body mass index (BMI: kg/m2) was calculated by dividing the weight by the 

height squared. The Z-scores of height, weight, and BMI were derived from 

Korean growth data published by the Korea Centers for Disease Control and 

Prevention [29]. Waist circumference (WC) was measured horizontally 

around the level of the navel. Bone age (BA) was determined using the 

method of Greulich and Pyle [30].  

 

Blood sampling and ACTH stimulation test 

Blood was taken from all subjects early in the morning after at least 8 h of 

fasting. PP girls underwent a standard-dose adrenocorticotropic hormone 

(ACTH) stimulation test to measure 17-hydroxyprogesterone (17-OHP) levels 

to exclude nonclassic congenital adrenal hyperplasia. An indwelling catheter 

was inserted at least 10 min before sampling to allow adaptation. Then, 250 
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µg of tetracosactide acetate (Synacthen, Ciba Geigy, Basel, Switzerland) was 

administered intravenously to stimulate adrenal steroidogenesis and hormone 

release. Blood was collected immediately before and 1 h after injection of 

Synacthen. A peak concentration of 17-OHP of less than 15 ng/mL was 

considered normal [31].  

Samples were centrifuged and separated, and the resulting sera samples were 

stored -20°C prior to analysis. 

 

Hormone assays 

The plasma concentrations of total testosterone (TT), AD, DHEAS, and 17-

OHP were measured via solid-phase radioimmunoassay, using the Coat-A-

Count assay (Siemens Medical Solutions Diagnostics, Los Angeles, CA, 

USA). The intra- and inter-assay coefficients of variation (CVs) of TT, AD, 

DHEAS, and 17-OHP were 5.0-10.0%, 3.2-9.4%, 3.8-5.3%, and 3.5-7.1%, 

respectively; and 5.9-12.0%, 4.1-15.6%, 6.3-11.0%, and 5.0-11.0%, 

respectively.  

The plasma concentrations of sex hormone-binding globulin (SHBG) and 

DHEA were measured via enzyme-linked immunosorbent assay using 

commercial kits (Alpco Diagnostic, Salem, NH, USA). The intra- and inter-

assay CVs of SHBG and DHEA were 3.0-8.6% and 3.8-6.9%, respectively; 

and 7.2-11.6% and 3.7-10.0%, respectively.  

The plasma concentrations of free testosterone (FT) were calculated from the 

plasma concentrations of TT and SHBG using the following equation [32]: FT 
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= {TT – (N)(FT)}/{(KT)(SHBG) – (KT)(TT) + (N)(KT)(FT)}, where FT is 

expressed in pmol/L; TT is nmol/L, SHBG is nmol/L; KT is the association 

constant of SHBG for testosterone (1.0 × 109 L/mol); N is (KA)(CA)+1, where 

KA is the association constant of albumin for testosterone (3.6 × 104 L/mol); 

and CA is albumin concentration (4.3 g/dL). The free androgen index (FAI) 

was calculated from TT and SHBG values as follows: FAI= 100 × TT / 

SHBG, with both TT and SHBG expressed in nmol/L [33]. 

Plasma glucose levels were measured using an enzymatic reference method 

employing hexokinase, and plasma levels of insulin were measured using an 

electrochemiluminesence immunoassay (Roche Diagnostics, Indianapolis, IN, 

USA). The intra- and inter-assay CVs of insulin were 2.5-2.8% and 1.9-2.0%, 

respectively. Homeostasis model assessment of insulin resistance (HOMA-IR) 

was calculated from fasting plasma glucose and insulin levels using the 

following equation: HOMA-IR= glucose (mg/dL) × insulin (μIU/mL) / 405 

[34].  

 

Assessment of steroidogenic enzyme activities 

The activities of steroidogenic enzymes were indirectly estimated by 

calculating serum steroid concentration ratios because direct measurements 

were not available. The estimated enzyme activities were as follows: 

 

DHEAS to DHEA ratio: sulfotransferase activity 

AD to DHEA ratio: 3ß-hydroysteroid dehydrogenase (3ß-HSD) activity 
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DHEA to 17-OHP ratio: 17, 20-lyase activity 

TT to AD ratio: 17ß-hydroysteroid dehydrogenase (17ß-HSD) activity 

 

CAG repeat length determination 

Genomic DNA was isolated from peripheral blood leukocytes using Wizard 

DNA extraction kits (Qiagen, QIAGEN GmbH, Hilden, Germany). The total 

volume of each polymerase chain reaction (PCR) mixture was 50 μL and 

contained 0.05μg genomic DNA, 0.03 μM each of upstream and downstream 

primers, 5 μL buffer (300 mM Tris-HCl [pH 9.0], 300 mM K+ and NH4
+, 20 

mM Mg2+), 10 mM deoxynuceleotide triphosphates, 1.5 U Taq DNA 

polymerase (iNtRON Biotechnology, Seongnam, Korea), and 32.7 μL 

distilled water. The oligonucleotide primers used for PCR were as follows: 

upstream primer, 6FAM-5’-TCCAGAATCTGTTCCAGAGCGTGC-3’ and 

downstream primer, 5’-GCTGTGAAGGTTGCTGTTCCTCAT-3’. Following 

initial denaturation (4 min at 94 ºC), all samples were subjected to 35 cycles 

of PCR at 94 ºC for 40 s, 64 ºC for 40 s, and 72 ºC for 1 min, with a final 

extension of 10 min at 72 ºC.  

The size of the PCR products was determined by estimating the peak height 

using Peak Scanner software ver. 1.0 (Perkin Elmer Applied Biosystems, 

Foster City, CA, USA). Samples from five homozygous girls and eight boys 

were cross-checked by direct sequencing.  
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X-chromosome inactivation analysis 

An XCI assay based on the methylation pattern of the AR gene has been 

described previously [28, 35]. The methylation-sensitive restriction enzymes 

HpaII and HhaI, sites which lie close to the AR gene CAG repeats, digest 

only unmethylated (active X-chromosome) DNA and thus render subsequent 

PCR amplification impossible. Therefore, post-digestion PCR products are 

indicative of the presence of methylated (inactive X-chromosome) DNA 

sequences only. The technique described previously was used [28, 36]. 

Briefly, a 300 ng DNA sample was digested at 37 ºC for 1 h with 10 U HpaII 

(TaKaRa Bio Inc., Shiga, Japan) and 10 U HhaI (TaKaRa Bio Inc.) in a total 

volume of 20 μL. The reactions were stopped by denaturation prior to PCR, as 

described above. The sizes of digested PCR products were determined using 

the same method. 

To compensate for unequal amplification of alleles, the values of digested 

samples were normalized to those of undigested samples as follows: 

inactivation percentage (%) = (peak height ratio of two alleles of digested 

DNA / peak height ratio of two alleles of undigested DNA) × 100. Thus, the 

methylation-weighted (MW) biallelic means of the CAG repeat length were 

estimated by multiplying each allele of a genotypic pair by the percentage of 

its total expression (100 minus the inactivation percentage) and summing 

these two adjusted values, as described previously [2, 17, 21, 37]. The 

skewing criteria for XCI varies among studies: 70% [36], 80% [38], and 90% 

have been employed [39, 40]. In the current study, skewing of the X 
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chromosome was defined if the percentage activity of a single allele was ≥ 80% 

in heterozygous samples [38]. 

 

Statistics 

All data are presented as medians with interquartile ranges. The Mann-

Whitney U test or the Chi-squared test was used to explore differences 

between the two groups classified by onset and presence of pubarche. 

Wilcoxon’s signed-rank test was used to compare paired data from the ACTH 

stimulation test in PP girls. Spearman’s correlation coefficients were 

calculated to explore possible associations between two continuous 

parameters. All hormonal variables were highly skewed and logarithmic 

transformation was performed prior to the logistic regression analysis used to 

define risk factors associated with PP, after controlling for other variables. A 

comparison of CAG repeat lengths between the 16 PP girls and 205 healthy 

premenopausal females who had no features of polycystic ovarian syndrome 

in a study published previously [20] was also performed using Mann-Whitney 

U tests. All statistical analyses were performed using PASW Statistics 18.0 

for Windows (Chicago, IL, USA). P-values < 0.05 were considered 

significant. For comparisons involving CAG repeat lengths, statistical powers 

(1 minus the ß error probability) were calculated using G*Power 3.1.0 

(University of Kiel, Kiel, Germany). 

 

 



11 

 

 

Ethics statement 

This study protocol was approved by the Institutional Review Board of Seoul 

National University Hospital (approval no.: H-1107-102-370) and the relevant 

boards of each participating hospital. Written informed consent was obtained 

from all patients and all of their parents at the beginning of the study. 
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RESULTS 

 

Clinical characteristics of the study subjects (Table 1) 

The median age at examination did not differ between the PP and NC groups. 

The median age at diagnosis of pubarche (7.4 years in the PP group and 8.9 

years in the NP group) differed significantly between the two groups 

(P<0.001). Neither birth weight nor gestational age differed among the three 

groups. Height, weight, and BMI Z-scores were slightly lower in the NC 

group than the PP group, but these differences were not significant. 

Of the 16 girls in the PP group, all presented with pubic hair and four 

presented with axillary hair. Oily hair, body odor, and acne were evident in 

two subjects. Of the 16 girls in the NP group, Tanner breast stage II was 

evident in seven individuals upon physical examination. Pubic and axillary 

hairs were present in 14 and six subjects, respectively; four individuals had 

both types of hair. Oily hair and acne were evident in 10 and nine subjects, 

respectively, thus at frequencies significantly higher than in the PP group (oily 

hair, P=0.009; acne, P=0.023). Of the 16 NP girls, seven complained of body 

odor. BA was advanced relative to chronological age in the NP group, 

regardless of the Tanner breast stage, compared to the PP and NC groups (NP 

vs. PP, P=0.004; NP vs. NC, P=0.003). 
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Biochemical characteristics of subjects (Tables 2 & 3) 

Fasting glucose and insulin levels, and HOMA-IR did not differ among the 

three groups. Plasma insulin-like growth factor 1 (IGF-1) levels were lower in 

the NC group than the PP group but upon logistic regression analysis, the 

difference was not statistically significant after correction for other factors 

such as height Z-score and BA (P=0.090). 

Although plasma ACTH levels were similar among the three groups, the 

plasma levels of 17-OHP, DHEAS, DHEA, AD, and FT were significantly 

higher in the PP group than the NC group (17-OHP, P=0.001; DHEAS, 

P<0.001; DHEA, P=0.001; AD, P<0.001; FT, P<0.001). The plasma levels of 

17-OHP, DHEAS, AD, and FT were similar in the PP and NP groups. FAI 

was higher in the PP and NP groups compared to the NC group (PP & NP vs. 

NC, P<0.001; PP vs. NP, P=0.381). The plasma concentrations of DHEAS 

were not correlated with age at diagnosis in PP and NP subjects (Fig. 1A, 

r=0.159, P=0.384, n=32), even when the MW average CAG repeat length was 

corrected (Fig. 1B, r=0.140, P=0.444, n=32). Upon logistic regression 

analysis evaluating the plasma levels of DHEAS, DHEA, AD, and FT 

together, no single hormone was associated significantly with an increased 

risk of PP compared to NC. The plasma levels of SHBG, which were 

negatively correlated with BMI Z-scores (r=-0.502, P<0.001, n=48) and WC 

(r=-0.502, P<0.001, n=48), did not differ among the three groups. No 

biochemical values differed between genders in the NC group. 
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Stimulated (by ACTH) plasma levels of 17-OHP allowed nonclassic 

congenital adrenal hyperplasia to be excluded in all PP subjects. Plasma levels 

of DHEAS were not affected by 250 μg ACTH. However, the stimulated 

plasma levels of DHEA, AD, and FT were significantly higher than their basal 

levels (Table 3).  

 

Indirect indices of enzyme activities (Tables 4 & 5) 

Indirect indices of enzyme activities were compared between the PP and NP 

groups. The PP group had a higher DHEAS:DHEA ratio than did the NP 

group. The AD:DHEA ratio was higher but the DHEA:17-OHP ratio was 

lower in the PP group than in the NP group. The TT:AD ratio did not differ 

between the two groups (Table 4). 

Upon ACTH stimulation, the DHEAS:DHEA ratio, AD:DHEA ratio, and 

DHEA:17-OHP ratios decreased, but the TT:AD ratio did not change in the 

PP group (Table 5). 

 

CAG repeat length in the androgen receptor gene  

In all subjects, the medians and interquartile ranges of the average and MW 

average CAG repeat length in the AR gene were 22.5 (21.0-23.9) and 22.4 

(21.3-23.3), respectively. Calculations of skewness and kurtosis revealed that 

the distribution was less skewed and more leptokurtic after MW-base 

calculations of CAG repeat length (Fig. 2). 
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The MW average CAG repeat length in the PP group was no shorter than 

were those in the NP and NC groups (Table 6). The long-allele and average 

CAG repeat lengths were shorter in the NC group than the NP group. The 

statistical power of each comparison of CAG repeat length was < 0.80, except 

for the comparison of the long-allele CAG repeat length between the NP and 

NC groups (power=0.87). No differences were found in the median numbers 

of CAG repeat lengths between the 16 PP girls and 205 healthy 

premenopausal females [20], whether analyzed using biallelic means (22.0 in 

PP vs. 23.0 in healthy premenopausal females; P=0.139) or separately for 

short alleles (21.0 in PP vs. 22.0 in healthy premenopausal females; P=0.130) 

and long alleles (24.0 in PP vs. 24.0 in healthy premenopausal females; 

P=0.486). 

In PP and NP subjects, the MW average CAG repeat length was not correlated 

with age at diagnosis of pubarche (Fig. 1C, r=0.211, P=0.247, n=32). BMI Z-

score, BA advancement, and HOMA-IR did not exhibit any relationship with 

the MW average CAG repeat length in subjects with pubarche.  

 

X chromosome inactivation  

Of the 40 girls, 35 (87.5%) were heterozygous for CAG repeats of different 

length. The XCI percentage of the nondominant allele tended to be higher in 

the PP group (71.9 %) than in the NP (65.6%) and NC (60.4%) groups, but 

the difference was not statistically significant (PP vs. NP, P=0.130; PP vs. NC, 

P=0.490). The number of subjects exhibiting skewed XCI was four, one, and 
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two in the PP, NP, and NC groups, respectively. The methylation percentages 

of the short-allele CAG repeat (PP, 54%; NP, 38%; and NC, 59%) did not 

significantly differ between the three groups (PP vs. NP, P=0.963; PP vs. NC, 

P=0.148). The distributions of the expression percentage of long and short 

alleles were not associated with their CAG repeat lengths (Fig. 3). 

 

Correlation between CAG repeat length and androgen levels (Fig. 4) 

Subjects with pubarche (the PP and NP groups) were divided into the two 

groups based on the 90th percentiles of the plasma androgen levels from the 

NC group. The cut-off point for the plasma levels of DHEAS, DHEA, and FT 

were 730 ng/mL, 6.18 ng/mL, and 2.50 pmol/L, respectively. The MW 

average CAG repeat lengths did not differ between the two groups. Upon 

simple correlation analysis, the MW average CAG repeat length did not 

correlate with the plasma levels of DHEAS (r=-0.060, P=0.745, n=32), 

DHEA (r=0.108, P=0.558, n=32), or FT (r=0.223, P=0.221, n=32), in such 

subjects.
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Table 1. Clinical characteristics of subjects 

 PP (n=16) NP (n =16) NC (n =16) 

Age at examination (years) 1, 2 7.7 (7.1~8.3) 9.1 (8.5~9.7) 7.8 (7.2~8.4) 

Birth weight (kg) 3.0 (2.8~3.3) 2.9 (2.7~3.1) 3.1 (2.8~3.4) 

GA (weeks) 40.0 (38.5~40.0) 40.0 (40.0~40.0) 40.0 (39.2~40.0) 

Height Z-score 0.49 (0.15~1.13) 0.71 (-0.04~1.47) 0.06 (-1.44~0.86) 

Weight Z-score 0.66 (0.27~0.90) 0.70 (-0.14~1.19) -0.41 (-1.16~1.22) 

BMI Z-score 0.27 (0.10~0.75) 0.54 (-0.34~1.01) 0.05 (-0.85~1.05) 

WC (cm) 1 57.0 (55.0~60.0) 64.3 (57.3~69.4) 55.0 (52.0~65.5) 

BA (years) 1, 2 9.0 (7.5~10.0) 11.0 (10.0~11.5) 7.5 (5.1~9.4) 

BA-CA (years) 1, 2 0.7 (0.2~1.2) 1.8 (1.2~2.4) -0.1 (-2.0~1.5) 

Data are expressed as medians (with interquartile ranges).  

1 P <0.05, Normal Pubarche group vs. Normal Control group 

2 P <0.05, Premature Pubarche group vs. Normal Pubarche group 

Abbreviations: PP, premature pubarche; NP, normal pubarche; NC, normal control; GA, gestational age; BMI, body mass index; WC, waist 

circumference; BA, bone age; CA, chronologic age. 
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Table 2. Biochemical characteristics of subjects 

 PP (n=16) NP (n =16) NC (n =16) 

Glucose (mg/dL) 82.5 (76.8~94.8) 89.0 (83.0~101.0) 91.5 (86.3~104.0) 

Insulin (μIU/mL)  8.4 (5.6~12.0) 9.6 (6.6~17.4) 7.0 (5.6~15.4) 

HOMA-IR 1.87 (1.04~2.80) 2.69 (1.42~3.57) 1.72 (1.28~3.47) 

IGF-1 (ng/mL) 1, 3 291 (209.4~387.0) 339 (294.5~396.5) 209 (131.0~250.0) 

ACTH (pg/mL) 24.2 (18.3~38.4) 27.0 (20.7~38.8) 25.5 (14.3~38.0) 

Cortisol (μg/dL) 3 11.0 (7.7~15.9) 9.2 (6.1~12.1) 7.4 (5.2~10.6) 

17-OHP (ng/mL) 1, 3 1.05 (0.75~1.78) 0.93 (0.69~1.28) 0.42 (0.28~0.71) 

DHEAS (ng/mL) 1, 3 741 (458~1070) 910 (762~1060) 368 (213~483) 

DHEA (ng/mL) 1, 2, 3 4.59 (3.66~5.87) 7.24 (4.67~11.54) 1.55 (0.58~2.72) 

AD (ng/mL) 1, 3 0.96 (0.87~1.09) 1.12 (0.85~1.40) 0.35 (0.12~0.65) 

SHBG (nmol/L) 69.1 (50.0~111.3) 75.6 (40.7~103.0) 99.6 (58.0~146.0) 

TT (ng/mL) 1, 3 0.05 (0.03~0.08) 0.06 (0.02~0.13) 0.001 (0.001~0.011) 

FT (pmol/L) 1, 3 1.76 (1.02~3.00) 2.79 (0.56~6.08) 0.04 (0.02~0.38) 

FAI 1, 3 0.22 (0.13~0.41) 0.40 (0.07~0.92) 0.006 (0.003~0.056) 
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Data are expressed as medians (with interquartile ranges). 

1 P <0.05, Normal Pubarche group vs. Normal Control group  

2 P <0.05, Premature Pubarche group vs. Normal Pubarche group 

3 P <0.05, Premature Pubarche group vs. Normal Control group 

Abbreviations: PP, premature pubarche; NP, normal pubarche; NC, normal control; HOMA-IR, homeostatic model assessment of insulin 

resistance; IGF-1, insulin like growth factor-1; ACTH, adrenocorticotrophic hormone; 17-OHP, 17-hydroxyprogesterone; DHEAS, 

dehydroepiandrosterone sulfate; DHEA, dehydroepiandrosterone; AD, androstenedione; SHBG, sex hormone-binding globulin; TT, total 

testosterone; FT, free testosterone; FAI, free androgen index. 

 

 

 

 

 

 

 



20 

 

 

Figure 1. 

(A)  (B)  (C)  

 

Plasma dehydroepiandrosterone sulfate (DHEAS) levels (A); DHEAS:methylation-weighted (MW) average CAG repeat length ratio (B); and 

MW average CAG repeat lengths (C), were not correlated with age at diagnosis of subjects with premature and normal pubarche. 
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 Table 3. Results of the ACTH stimulation test in subjects with premature pubarche 

 Basal Stimulated P-value 

Cortisol (μg/dL) 11.0 (7.7~15.9) 28.9 (24.6~37.6) <0.001 

17-OHP (ng/mL) 1.05 (0.75~1.78) 3.92 (3.17~5.76) <0.001 

DHEAS (ng/mL) 741 (458~1070) 691 (439~950) 0.650 

DHEA (ng/mL) 4.59 (3.66~5.87) 8.37 (4.61~10.34) <0.001 

AD (ng/mL) 0.96 (0.87~1.09) 1.24 (1.00~1.53) 0.002 

SHBG (nmol/L) 69.1 (50.0~111.3) 61.7 (44.5~117.8) 0.015 

TT (ng/mL) 0.05 (0.03~0.08) 0.06 (0.04~0.09) 0.063 

FT (pmol/L) 1.76 (1.02~3.00) 2.47 (1.70~3.60) 0.039 

Data are expressed as medians (with interquartile ranges). 

Abbreviations: 17-OHP, 17-hydroxyprogesterone; DHEAS, dehydroepiandrosterone sulfate; DHEA, dehydroepiandrosterone; AD, 

androstenedione; SHBG, sex hormone-binding globulin; TT, total testosterone; FT, free testosterone.  
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Table 4. Indirect indices of enzyme activities in subjects with pubarche 

 

 

 

 

 

 

Data are expressed as medians (with interquartile ranges). 

Abbreviations: PP, premature pubarche; NP, normal pubarche; DHEAS, dehydroepiandrosterone sulfate; DHEA, dehydroepiandrosterone; AD, 

androstenedione; SHBG, sex hormone-binding globulin; 17-OHP, 17-hydroxyprogesterone; TT, total testosterone. 

 

 

 

 

 

 PP (n=16) NP (n =16) P-value 

DHEAS:DHEA ratio 191.9 (126.4~232.7) 130.4 (78.6~171.2) 0.014 

AD:DHEA ratio 0.23 (0.18~0.29) 0.15 (0.11~0.23) 0.011 

DHEA:17OHP ratio 4.13 (2.70~5.62) 6.86 (5.13~9.37) 0.006 

TT:AD ratio 0.05 (0.03~0.08) 0.05 (0.03~0.09) 0.940 
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Table 5. Indirect indices of enzyme activities upon ACTH stimulation in subjects with premature pubarche 

 Basal Stimulated P-value 

DHEAS:DHEA ratio 191.9 (126.4~232.7) 111.1 (85.3~129.1) 0.001 

AD:DHEA ratio 0.23 (0.18~0.29) 0.17 (0.13~0.24) 0.003 

DHEA:17-OHP ratio 4.13 (2.70~5.62) 2.05 (1.15~2.59) 0.001 

TT:AD ratio 0.05 (0.03~0.08) 0.04 (0.04~0.06) 0.609 

Data are expressed as medians (with interquartile ranges). 

Abbreviations: DHEAS, dehydroepiandrosterone sulfate; DHEA, dehydroepiandrosterone; AD, androstenedione; SHBG, sex hormone-

binding globulin; 17-OHP, 17-hydroxyprogesterone; TT, total testosterone. 
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Figure 2.  

(A) (B)  

 

Distributions of average (A) and methylation-weighted average (B) CAG repeat lengths of the androgen receptor gene are shown. The 

skewness and kurtosis were -0.552 and 0.359 in Fig. A, respectively, and -0.350 and 1.390 in Fig. B, respectively.  
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Table 6. CAG repeat lengths of the androgen receptor gene in subjects 

 PP (n=16) NP (n =16) NC (n =16) 

Long allele of CAG length1 24.0 (21.3~26.8) 

24.1 

24.5 (23.0~27.0) 

25.1 

23.0 (20.3~24.0) 

21.9 

Short allele of CAG length 21.0 (17.5~22.0) 

20.4 

22.0 (21.0~23.0) 

21.6 

20.5 (17.0~22.8) 

20.3 

Average CAG length1 22.0 (20.6~23.9) 

22.3 

23.0 (22.1~24.9) 

23.3 

21.5 (20.0~23.0) 

21.1 

MW average CAG length 22.3 (20.7~23.2) 

22.3 

22.4 (22.1~24.8) 

23.3 

22.2 (20.3~23.2) 

21.5 

Data are expressed as medians (with interquartile ranges), and means. 

1 P <0.05, Normal Pubarche group vs. Normal Control group 

Abbreviations: PP, premature pubarche; NP, normal pubarche; NC, normal control; MW, methylation-weighted. 
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Figure 3.  

(A)  (B)  

 

Distributions of the expression percentages of long (A) and short (B) alleles of the androgen receptor gene were not associated with CAG 

repeat lengths in heterozygous subjects. 
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Figure 4.  

(A)  (B)  (C)  

 

Comparisons of methylation-weighted (MW) average CAG repeat length between two groups with reference to the plasma concentrations of 

dehydroepiandrosterone sulfate (A), dehydroepiandrosterone (B), and free testosterone (C) in subjects with pubarche. When the 90th 

percentiles from the normal control group were used as the cut-off for plasma androgen concentrations, the MW average CAG repeat length 

did not differ between the two groups.  
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DISCUSSION 

 

The plasma levels of adrenal androgens in PP Korean girls were similar to 

those in NP girls. No difference in the MW average CAG repeat length of the 

AR gene, which reflects the transcriptional competence of the receptor, was 

evident among PP, NP, and NC girls. Additionally, the average CAG repeat 

length did not differ between PP girls and healthy premenopausal normal 

controls. No significant association between androgen hormone levels and the 

MW average CAG repeat length was apparent. Therefore, there was no 

evidence that PP girls might have shorter CAG repeat lengths than NP girls. 

However, the DHEAS:DHEA ratio and the XCI percentage were higher in the 

PP than the NP or NC groups, although statistical significance was lacking for 

the XCI percentage comparisons. 

Biochemical changes during normal adrenarche are explained by increases in 

the activities of 17, 20-lyase and sulfotransferase, and decreasing 3ß-HSD 

activity to make the adrenal androgens; DHEAS [41]. DHEA is a biologically 

active hormone that can be converted into AD [42]. However, the half-life of 

DHEA is short (30-60 min) [43], and is affected by circadian rhythm. DHEAS 

has a longer half-life (9-11 h) than does DHEA, and is less affected by 

circadian fluctuations. From the increased sulfotransferase activity (presented 

as DHEAS:DHEA ratio in this study), produced DHEAS is delivered to the 

target tissue in a more stable manner. Thus, the level of DHEAS (rather than 

DHEA) is generally used as an index of biochemical adrenarche. 
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Immunohistochemical experiments have revealed the gene expression pattern 

optimal for DHEAS production in the zona reticularis (ZR), and only the ZR 

expresses high levels of SULT2A1, which sulfates DHEA [44]. A particular 

SNP within the SULT2A1 gene had impact on circulating DHEAS levels, 

which modulated the severity of adrenal androgen excess in patients with 

polycystic ovarian syndrome [45]. Utriainen et al. reported an increased 

plasma DHEAS:DHEA ratio in PP subjects compared with normal controls 

[46], which was consistent with the present study.  

3ß-HSD activity (the AD:DHEA ratio) was higher and 17, 20-lyase activity 

(the DHEA:17-OHP ratio) was lower in the PP group than in the NP group, in 

contrast to the traditional pattern associated with adrenarche. In an ACTH 

stimulation test, all 16 PP girls exhibited stimulated 17-OHP levels below 7.5 

ng/mL; these were considered normal [47]. However, the higher basal 17-

OHP levels in PP and NP subjects compared to NC subjects suggest that, 

overall, adrenal steroidogenesis is stimulated in the former groups. High 3ß-

HSD and low 17, 20-lyase activities during adrenal steroidogenesis trigger 

pathways that increase 17-OHP production. The backdoor pathway of 

androgen biosynthesis features the eventual conversion of 17-OHP into 

dihydrotestosterone, without utilizing AD or testosterone as intermediates 

[48]. In patients with 21-hydroxylase deficiencies, abnormally elevated 17-

OHP is metabolized to dihydrotestosterone, resulting in both pre- and post-

natal virilization. Three pathways have been proposed to be active in 17-OHP 

metabolism; the classical Δ5-pathway, the classical Δ4-pathway, and the 

backdoor pathway [49]. Compared to healthy controls, the relative activities 
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of the backdoor and Δ4-pathways are increased during the neonatal period and 

infancy in patients with congenital adrenal hyperplasia [49]. Although enzyme 

activities were not measured directly, these data suggest that PP girls might 

utilize the backdoor pathway to a greater extent than do NP girls. The TT:AD 

ratio did not differ between PP and NP subjects, but 17ß-HSD activity data 

cannot be interpreted precisely because hormone levels were measured in sera, 

not target tissues. 

Many efforts have been made to identify factors that stimulate adrenarche; 

ACTH, IGF-1, insulin, cortisol, adrenal medulla, and obesity have been 

proposed to play roles [1, 11, 12, 50-55]. The higher IGF-1 levels and 

advanced BA in PP compared to NC girls observed in the current study, 

confirming previous findings [55-57], might be interpreted as the underlying 

mechanisms of the early growth pattern exhibited by PP subjects [58]. 

However, accelerated linear growth and BA advancement are considered to be 

both benign and transient [2], and may not affect final adult height. Fasting 

glucose and insulin levels, and the HOMA-IR were similar among all three 

groups in the present study, in contrast to a report that PP girls have a higher 

prevalence of metabolic syndrome and reduced insulin sensitivity compared 

to normal controls [57]. This might be because only four of the 48 subjects 

had BMI Z-scores over 1.65 (the 95th percentiles) and/or due to ethnic 

differences. ACTH is certainly required for adrenarche, as demonstrated by 

the fact that patients with hypopituitarism do not experience adrenarche [59]. 

However, the physiological dissociation of cortisol and androgens production 

[22] render any trophic effect of ACTH and cortisol on adrenarche difficult to 
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establish. Also, ACTH levels in one-time morning samples may not 

adequately reflect hormonal status.  

In one NP subject with pubarche aged 9.4 years, the plasma level of DHEAS 

was 226 ng/mL and the MW average CAG repeat length 21.0, thus 1.4 units 

shorter than the median value. No functional study was performed in vitro, but 

increased AR transcriptional activity in this subject is suspected. In the PP 

group, two of 16 girls had plasma DHEAS concentrations (256 and 385 

ng/mL) below the adrenarcheal levels described in a previous report [60]. 

However, their MW average CAG repeat lengths were 23.0 and 22.2, 

respectively, suggesting that factors other than adrenarcheal androgen 

concentration per se and the MW average CAG repeat length of the AR gene 

contribute to pubarche. 

Generally, pubic or axillary hair, each of which is a major criterion for the 

diagnosis of PP, is the latest sign of increasing plasma concentrations of 

adrenal androgens. Other sub-features of adrenarche, such as oily hair, acne, 

and body odor, are not diagnostic criteria for PP. However, such sub-features 

were less prevalent in PP than NP girls. Therefore, it is unsafe to eliminate PP 

simply because a child does not have an adult-type body odor. 

The normal distribution of the CAG repeat length has been reported to be 6.0-

39.0 repeats, and approximately 10.0-30.0 in Caucasians [61]. Ethnic 

differences exist; the median lengths is 19.0-20.0 in African-Americans, 21.0-

22.0 in White Caucasians, 22.0-23.0 in Asians, and 23.0 in Hispanics [62, 63]. 

The median and ranges of MW average CAG repeat length were 22.4 (16.0-

27.8) in a total of 48 subjects. No data on the mean CAG repeat length in 
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normal Korean children and adolescents are available, but this result was 

similar to those obtained in adult Korean males (23.0) [64] and females (23.0) 

[20], and slightly greater than those of normal children from different ethnic 

groups: 21.0 in the Netherlands [65], 22.0 in Demark [66], and 21.4 in Finland 

[17] (Table 7).  

In contrast to the initial expectation, the MW average CAG repeat length did 

not differ among the PP, NP, and NC groups. Several explanations for this 

may be considered. First, the median age at pubarche in the NP group was 

lower than that reported elsewhere. Although biochemical adrenarche begins 

around the age of 6.0 years [1], Marshall and Tanner [67] reported that the 

mean age at development of Tanner stage II pubic hair was 11.7 years among 

girls in 1969. Recent studies have suggested that the mean onset age of 

pubarche is around 10.0 years in both Denmark and Lithuania [7, 68] but 12.3 

years, 1 year after breast budding, in Korea [69]. The median age at diagnosis 

of pubarche in NP girls was 8.9 years and only two girls were over 10 years of 

age (10.4 and 10.8 years) when they entered pubarche. Therefore, if PP girls 

were compared with NP girls for whom the pubarcheal age was over 10 years, 

the results might have been different. Also, ethnic differences in pubertal 

timing might mean that selecting an onset age criterion of 8.0 years in girls 

might not be appropriate in Korea. An age younger than 9.0 years might be 

better as a PP inclusion criterion. Second, in studies evaluating significant 

differences in the average CAG repeat length in PP subjects compared to 

normal controls, the mean differences were 0.7 [17, 18] and 0.9 [70] (Table 8). 

However, it appears that AR genes with 10.0-30.0 repeats encode functional 
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receptors, as revealed by assays of AR protein levels [71, 72]. Thus it is not 

clear whether mean differences below 1.0 unit lead to phenotypic differences 

in vivo. Third, AR sensitivity is not solely dependent on the CAG repeat 

length in exon 1. For example, exon 1 contains another polymorphic site 

featuring GGN repeats encoding a polyglycine tract. Direct sequencing of 

DNA from normal male controls yielded a mean GGN repeat length of 23.0, 

similar to other studies [63] (data not shown). The most common GGN length 

(23.0) was associated with the highest transactivation capacity [73]. Finally, 

the probability of false-negatives was rather high, which is attributable 

principally to small sample size. This study enrolled PP subjects attending 

leading medical centers over almost 2 years, but ultimately enrolled only 16 

girls, which indicates that the prevalence of PP seems to be low in Korea. 

Nevertheless, the lack of a difference of the average CAG repeat length 

between PP girls and healthy premenopausal women might be a significant 

finding when considering the low prevalence of PP in Korea, although the 

history of PP in 205 healthy premenopausal normal controls from a previously 

published study [20] was not defined. In other words, the similar MW average 

CAG repeat length among PP, NP, and NC girls may be an expected result. 

However, a sufficient number of subjects to provide appropriate statistical 

power will be needed in an extended study. 

The CAG repeats in exon 1 of the AR gene are located in a highly 

polymorphic region [74] with a heterozygosity of 87.5% in the present study. 

A skewed XCI was found to play a role in the hypersensitivity of the AR to 

androgens in females with idiopathic hirsutism [75] and in children with PP 
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[70]. In 35 heterozygous subjects, the XCI percentage and the number of 

skewed XCIs were higher in the PP than in the NP or NC groups, but it did 

not reach statistical significance. Additionally, the expression percentages of 

the long and short alleles were not associated with CAG repeat length. Any 

role for XCI in the pathogenesis of PP remains uncertain, as does whether 

skewed XCI, which is associated with less methylation of the shorter allele 

[75], plays any role. However, the absolute skewness of the average CAG 

repeat length fell to below 0.5 after methylation-induced inactivation. 

Therefore, methylation might function to hold the AR gene dose close to the 

median or mean value to ensure appropriate functioning. 

This is the first study of PP in Asia (including Korea), and the findings are 

meaningful, despite the small number of subjects due to the low prevalence of 

PP. The CAG repeat length of the AR gene was not involved in the 

development of PP in Korean girls. However, excessive adrenal androgen 

levels, particularly caused by increased sulfotransferase activity, were 

important in the pathogenesis of PP. And finally, pathogenic mechanisms 

other than CAG repeat length or androgen levels might play a role, although 

further work will be required to confirm this. 
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Table 7. Published studies on the normal distributions of CAG repeat lengths 

First author (Year) Ethnicity/Population CAG repeat length Reference 

Giwercman et al. (1998) Caucasian 10.0-30.0 [61] 

Buchanan et al. (2004)  

& Davis-Dao et al. (2007) 

African American 19.0-20.0 [62, 63] 

White Caucasian 21.0-22.0 

Asian 22.0-23.0 

Hispanic 23.0 

Kim et al. (2008) Korean 23.0 [64] 

Voorhoeve et al. (2011) Netherlands (children) 21.0 [65] 

Mouritsen et al. (2013) Denmark (children) 22.0 [66] 

Lappalainen et al. (2008) Finland (children) 21.4 [17] 
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Table 8. Published studies on CAG repeat lengths in subjects with premature pubarche 

First author  

(Year) 
Subjects with PP, Age Normal Controls, Age Population 

CAG repeat length 
Reference 

PP NC P-value 

Ibanez et al. 

(2003) 
181 girls, 4-19 years 124 Barcelona control girls 

Spain, 

Belgium 
21.3 22.0 0.003 [18] 

Vottero et al. 

(2006) 
25 girls, 6.4 years 

23 prepubertal girls, 6.1 years 

10 Tanner stage II girls, 11.7 years 
Italy 20.5 21.4 <0.050 [70] 

Lappalainen et al.  

(2008) 
10 boys and 63 girls, 7.4 years 18 boys and 79 girls, 7.6 years 

Finnish 

Caucasian 
20.7 21.4 0.017 [17] 

Abbreviations: PP, premature pubarche; NC, normal control. 

  



37 

 

 

REFERENCES 

  

1. Ibanez L, Dimartino-Nardi J, Potau N, Saenger P. (2000) Premature 

adrenarche-normal variant or forerunner of adult disease? Endocr Rev 21:671-

696. 

2. Parker LN. (1991) Adrenarche. Endocrinol Metab Clin North Am 20:71-83. 

3. Sperling MA. Pediatric endocrinology. 3rd ed: Saunders Elsevier; 2008. 

4. Silverman SH, Migeon C, Rosemberg E, Wilkins L. (1952) Precocious 

growth of sexual hair without other secondary sexual development; premature 

pubarche, a constitutional variation of adolescence. Pediatrics 10:426-432. 

5. Sigurjonsdottir TJ, Hayles AB. (1968) Premature pubarche. Clin Pediatr 

(Phila) 7:29-33. 

6. Herman-Giddens ME, Slora EJ, Wasserman RC, Bourdony CJ, Bhapkar 

MV, et al. (1997) Secondary sexual characteristics and menses in young girls 

seen in office practice: a study from the Pediatric Research in Office Settings 

network. Pediatrics 99:505-512. 

7. Zukauskaite S, Lasiene D, Lasas L, Urbonaite B, Hindmarsh P. (2005) 

Onset of breast and pubic hair development in 1231 preadolescent Lithuanian 

schoolgirls. Arch Dis Child 90:932-936. 

8. Atay Z, Turan S, Guran T, Furman A, Bereket A. (2012) The prevalence and 

risk factors of premature thelarche and pubarche in 4- to 8-year-old girls. Acta 

Paediatr 101:e71-75. 

9. Hoffmann R, Happle R. (2000) Current understanding of androgenetic 



38 

 

 

alopecia. Part I: etiopathogenesis. Eur J Dermatol 10:319-327. 

10. Remer T, Shi L, Buyken AE, Maser-Gluth C, Hartmann MF, et al. (2010) 

Prepubertal adrenarchal androgens and animal protein intake independently 

and differentially influence pubertal timing. J Clin Endocrinol Metab 

95:3002-3009. 

11. Lappalainen S, Voutilainen R, Utriainen P, Laakso M, Jaaskelainen J. 

(2009) Genetic variation of FTO and TCF7L2 in premature adrenarche. 

Metabolism 58:1263-1269. 

12. Topor LS, Asai M, Dunn J, Majzoub JA. (2011) Cortisol stimulates 

secretion of dehydroepiandrosterone in human adrenocortical cells through 

inhibition of 3betaHSD2. J Clin Endocrinol Metab 96:E31-39. 

13. Rosenfield RL. (1994) Normal and almost normal precocious variations in 

pubertal development premature pubarche and premature thelarche revisited. 

Horm Res 41 Suppl 2:7-13. 

14. Brinkmann AO, Faber PW, van Rooij HC, Kuiper GG, Ris C, et al. (1989) 

The human androgen receptor: domain structure, genomic organization and 

regulation of expression. J Steroid Biochem 34:307-310. 

15. Perissi V, Rosenfeld MG. (2005) Controlling nuclear receptors: the 

circular logic of cofactor cycles. Nat Rev Mol Cell Biol 6:542-554. 

16. Lubahn DB, Joseph DR, Sullivan PM, Willard HF, French FS, et al. (1988) 

Cloning of human androgen receptor complementary DNA and localization to 

the X chromosome. Science 240:327-330. 

17. Lappalainen S, Utriainen P, Kuulasmaa T, Voutilainen R, Jaaskelainen J. 

(2008) Androgen receptor gene CAG repeat polymorphism and X-



39 

 

 

chromosome inactivation in children with premature adrenarche. J Clin 

Endocrinol Metab 93:1304-1309. 

18. Ibanez L, Ong KK, Mongan N, Jaaskelainen J, Marcos MV, et al. (2003) 

Androgen receptor gene CAG repeat polymorphism in the development of 

ovarian hyperandrogenism. J Clin Endocrinol Metab 88:3333-3338. 

19. Buchanan G, Need EF, Barrett JM, Bianco-Miotto T, Thompson VC, et al. 

(2011) Corepressor effect on androgen receptor activity varies with the length 

of the CAG encoded polyglutamine repeat and is dependent on 

receptor/corepressor ratio in prostate cancer cells. Mol Cell Endocrinol 

342:20-31. 

20. Kim JJ, Choung SH, Choi YM, Yoon SH, Kim SH, et al. (2008) Androgen 

receptor gene CAG repeat polymorphism in women with polycystic ovary 

syndrome. Fertil Steril 90:2318-2323. 

21. Hickey T, Chandy A, Norman RJ. (2002) The androgen receptor CAG 

repeat polymorphism and X-chromosome inactivation in Australian Caucasian 

women with infertility related to polycystic ovary syndrome. J Clin 

Endocrinol Metab 87:161-165. 

22. McKenna TJ, Fearon U, Clarke D, Cunningham SK. (1997) A critical 

review of the origin and control of adrenal androgens. Baillieres Clin Obstet 

Gynaecol 11:229-248. 

23. Giovannucci E, Stampfer MJ, Krithivas K, Brown M, Dahl D, et al. (1997) 

The CAG repeat within the androgen receptor gene and its relationship to 

prostate cancer. Proc Natl Acad Sci U S A 94:3320-3323. 

24. Ackerman CM, Lowe LP, Lee H, Hayes MG, Dyer AR, et al. (2012) 



40 

 

 

Ethnic variation in allele distribution of the androgen receptor (AR) (CAG)n 

repeat. J Androl 33:210-215. 

25. Lange EM, Sarma AV, Ray A, Wang Y, Ho LA, et al. (2008) The androgen 

receptor CAG and GGN repeat polymorphisms and prostate cancer 

susceptibility in African-American men: results from the Flint Men's Health 

Study. J Hum Genet 53:220-226. 

26. Edwards A, Hammond HA, Jin L, Caskey CT, Chakraborty R. (1992) 

Genetic variation at five trimeric and tetrameric tandem repeat loci in four 

human population groups. Genomics 12:241-253. 

27. Lyon MF. (1972) X-chromosome inactivation and developmental patterns 

in mammals. Biol Rev Camb Philos Soc 47:1-35. 

28. Allen RC, Zoghbi HY, Moseley AB, Rosenblatt HM, Belmont JW. (1992) 

Methylation of HpaII and HhaI sites near the polymorphic CAG repeat in the 

human androgen-receptor gene correlates with X chromosome inactivation. 

Am J Hum Genet 51:1229-1239. 

29. Korea Center for Disease Control and Prevention, The Korean Pediatric 

Society, The Committee for the Development of Growth Standard for Korean 

Children and Adolescents. 2007 Korean Children and Adolescents Growth 

Standard. Available from: http://www.cdc.go.kr/webcdc/. Accessed on July 

2014. 

30. Greulich WW, Pyle SI. Radiographic atlas of skeletal development of the 

hand and wrist. 2nd ed: Stanford University Press; 1959. 

31. Speiser PW, Azziz R, Baskin LS, Ghizzoni L, Hensle TW, et al. (2010) 

Congenital adrenal hyperplasia due to steroid 21-hydroxylase deficiency: an 



41 

 

 

Endocrine Society clinical practice guideline. J Clin Endocrinol Metab 

95:4133-4160. 

32. Vermeulen A, Verdonck L, Kaufman JM. (1999) A critical evaluation of 

simple methods for the estimation of free testosterone in serum. J Clin 

Endocrinol Metab 84:3666-3672. 

33. Mathur RS, Moody LO, Landgrebe S, Williamson HO. (1981) Plasma 

androgens and sex hormone-binding globulin in the evaluation of hirsute 

females. Fertil Steril 35:29-35. 

34. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, et al. 

(1985) Homeostasis model assessment: insulin resistance and beta-cell 

function from fasting plasma glucose and insulin concentrations in man. 

Diabetologia 28:412-419. 

35. Lin CL, Wu HC, Liu TY, Lee MH, Kuo TS, et al. (1997) A portable 

monitor for fetal heart rate and uterine contraction. IEEE Eng Med Biol Mag 

16:80-84. 

36. Yoon SH, Choi YM, Hong MA, Kang BM, Kim JJ, et al. (2008) X 

chromosome inactivation patterns in patients with idiopathic premature 

ovarian failure. Hum Reprod 23:688-692. 

37. Sharp A, Robinson D, Jacobs P. (2000) Age- and tissue-specific variation 

of X chromosome inactivation ratios in normal women. Hum Genet 107:343-

349. 

38. Naumova AK, Plenge RM, Bird LM, Leppert M, Morgan K, et al. (1996) 

Heritability of X chromosome--inactivation phenotype in a large family. Am J 

Hum Genet 58:1111-1119. 



42 

 

 

39. Lanasa MC, Hogge WA, Kubik C, Blancato J, Hoffman EP. (1999) Highly 

skewed X-chromosome inactivation is associated with idiopathic recurrent 

spontaneous abortion. Am J Hum Genet 65:252-254. 

40. Busque L, Mio R, Mattioli J, Brais E, Blais N, et al. (1996) Nonrandom 

X-inactivation patterns in normal females: lyonization ratios vary with age. 

Blood 88:59-65. 

41. Miller WL, Auchus RJ. (2011) The molecular biology, biochemistry, and 

physiology of human steroidogenesis and its disorders. Endocr Rev 32:81-151. 

42. Kim MS, Shigenaga J, Moser A, Grunfeld C, Feingold KR. (2004) 

Suppression of DHEA sulfotransferase (SULT2A1) during the acute-phase 

response. Am J Physiol Endocrinol Metab 287:E731-738. 

43. Kroboth PD, Salek FS, Pittenger AL, Fabian TJ, Frye RF. (1999) DHEA 

and DHEA-S: a review. J Clin Pharmacol 39:327-348. 

44. Suzuki T, Sasano H, Takeyama J, Kaneko C, Freije WA, et al. (2000) 

Developmental changes in steroidogenic enzymes in human postnatal adrenal 

cortex: immunohistochemical studies. Clin Endocrinol (Oxf) 53:739-747. 

45. Goodarzi MO, Antoine HJ, Azziz R. (2007) Genes for enzymes regulating 

dehydroepiandrosterone sulfonation are associated with levels of 

dehydroepiandrosterone sulfate in polycystic ovary syndrome. J Clin 

Endocrinol Metab 92:2659-2664. 

46. Utriainen P. (2009) Premature Adrenarche- Clinical and Metabolic 

Features (Doctoral dissertation) University of Kuopio; Finland. 

47. Dacou-Voutetakis C, Dracopoulou M. (1999) High incidence of molecular 

defects of the CYP21 gene in patients with premature adrenarche. J Clin 



43 

 

 

Endocrinol Metab 84:1570-1574. 

48. Auchus RJ. (2004) The backdoor pathway to dihydrotestosterone. Trends 

Endocrinol Metab 15:432-438. 

49. Kamrath C, Hartmann MF, Wudy SA. (2013) Androgen synthesis in 

patients with congenital adrenal hyperplasia due to 21-hydroxylase deficiency. 

Horm Metab Res 45:86-91. 

50. Shi L, Wudy SA, Buyken AE, Hartmann MF, Remer T. (2009) Body fat 

and animal protein intakes are associated with adrenal androgen secretion in 

children. Am J Clin Nutr 90:1321-1328. 

51. Lappalainen S, Utriainen P, Kuulasmaa T, Voutilainen R, Jaaskelainen J. 

(2008) ACTH receptor promoter polymorphism associates with severity of 

premature adrenarche and modulates hypothalamo-pituitary-adrenal axis in 

children. Pediatr Res 63:410-414. 

52. Dunger DB, Ahmed ML, Ong KK. (2005) Effects of obesity on growth 

and puberty. Best Pract Res Clin Endocrinol Metab 19:375-390. 

53. Ibanez L, Marcos MV, Potau N, White C, Aston CE, et al. (2002) 

Increased frequency of the G972R variant of the insulin receptor substrate-1 

(IRS-1) gene among girls with a history of precocious pubarche. Fertil Steril 

78:1288-1293. 

54. Witchel SF, Smith R, Tomboc M, Aston CE. (2001) Candidate gene 

analysis in premature pubarche and adolescent hyperandrogenism. Fertil 

Steril 75:724-730. 

55. Mesiano S, Katz SL, Lee JY, Jaffe RB. (1997) Insulin-like growth factors 

augment steroid production and expression of steroidogenic enzymes in 



44 

 

 

human fetal adrenal cortical cells: implications for adrenal androgen 

regulation. J Clin Endocrinol Metab 82:1390-1396. 

56. Silfen ME, Manibo AM, Ferin M, McMahon DJ, Levine LS, et al. (2002) 

Elevated free IGF-I levels in prepubertal Hispanic girls with premature 

adrenarche: relationship with hyperandrogenism and insulin sensitivity. J Clin 

Endocrinol Metab 87:398-403. 

57. Ibanez L, Potau N, Zampolli M, Rique S, Saenger P, et al. (1997) 

Hyperinsulinemia and decreased insulin-like growth factor-binding protein-1 

are common features in prepubertal and pubertal girls with a history of 

premature pubarche. J Clin Endocrinol Metab 82:2283-2288. 

58. DeSalvo DJ, Mehra R, Vaidyanathan P, Kaplowitz PB. (2013) In children 

with premature adrenarche, bone age advancement by 2 or more years is 

common and generally benign. J Pediatr Endocrinol Metab 26:215-221. 

59. Auchus RJ. (2011) The physiology and biochemistry of adrenarche. 

Endocr Dev 20:20-27. 

60. Rosenfield RL, Rich BH, Lucky AW. (1982) Adrenarche as a cause of 

benign pseudopuberty in boys. J Pediatr 101:1005-1009. 

61. Giwercman YL, Xu C, Arver S, Pousette A, Reneland R. (1998) No 

association between the androgen receptor gene CAG repeat and impaired 

sperm production in Swedish men. Clin Genet 54:435-436. 

62. Buchanan G, Yang M, Cheong A, Harris JM, Irvine RA, et al. (2004) 

Structural and functional consequences of glutamine tract variation in the 

androgen receptor. Hum Mol Genet 13:1677-1692. 

63. Davis-Dao CA, Tuazon ED, Sokol RZ, Cortessis VK. (2007) Male 



45 

 

 

infertility and variation in CAG repeat length in the androgen receptor gene: a 

meta-analysis. J Clin Endocrinol Metab 92:4319-4326. 

64. Kim WG, Kim TY, Kim JM, Rhee YS, Choi HJ, et al. (2008) CAG 

Repeats in the Androgen Receptor Polymorphism do not Correlate with 

Thyrotoxic Periodic Paralysis. Journal of Korean Endocrine Society 23:117. 

65. Voorhoeve PG, van Mechelen W, Uitterlinden AG, Delemarre-van de 

Waal HA, Lamberts SW. (2011) Androgen receptor gene CAG repeat 

polymorphism in longitudinal height and body composition in children and 

adolescents. Clin Endocrinol (Oxf) 74:732-735. 

66. Mouritsen A, Hagen CP, Sorensen K, Aksglaede L, Mieritz MG, et al. 

(2013) Androgen receptor CAG repeat length is associated with body fat and 

serum SHBG in boys: a prospective cohort study. J Clin Endocrinol Metab 

98:E605-609. 

67. Marshall WA, Tanner JM. (1969) Variations in pattern of pubertal changes 

in girls. Arch Dis Child 44:291-303. 

68. Mouritsen A, Aksglaede L, Soerensen K, Hagen CP, Petersen JH, et al. 

(2013) The pubertal transition in 179 healthy Danish children: associations 

between pubarche, adrenarche, gonadarche, and body composition. Eur J 

Endocrinol 168:129-136. 

69. Park MJ, Lee IS, Shin EK, Joung H, Cho SI. (2006) The timing of sexual 

maturation and secular trends of menarchial age in Korean adolescents. 

Korean Journal of Pediatrics 49:610-616. 

70. Vottero A, Capelletti M, Giuliodori S, Viani I, Ziveri M, et al. (2006) 

Decreased androgen receptor gene methylation in premature pubarche: a 



46 

 

 

novel pathogenetic mechanism? J Clin Endocrinol Metab 91:968-972. 

71. Nenonen H, Bjork C, Skjaerpe PA, Giwercman A, Rylander L, et al. (2010) 

CAG repeat number is not inversely associated with androgen receptor 

activity in vitro. Mol Hum Reprod 16:153-157. 

72. Lieberman AP, Robins DM. (2008) The androgen receptor's 

CAG/glutamine tract in mouse models of neurological disease and cancer. J 

Alzheimers Dis 14:247-255. 

73. Lundin KB, Giwercman A, Dizeyi N, Giwercman YL. (2007) Functional 

in vitro characterisation of the androgen receptor GGN polymorphism. Mol 

Cell Endocrinol 264:184-187. 

74. Brown CJ, Robinson WP. (2000) The causes and consequences of random 

and non-random X chromosome inactivation in humans. Clin Genet 58:353-

363. 

75. Vottero A, Stratakis CA, Ghizzoni L, Longui CA, Karl M, et al. (1999) 

Androgen receptor-mediated hypersensitivity to androgens in women with 

nonhyperandrogenic hirsutism: skewing of X-chromosome inactivation. J 

Clin Endocrinol Metab 84:1091-1095. 

  



47 

 

 

국   

 

: 조 모 생증에  안드 겐 르몬이 항상 증가 어 있는 

것  아니므 , 털 름샘 내 안드 겐 용체  민도가 향  

미   있다. 그 민도  역  상 이 있는 것  알 진 

안드 겐 용체 자  첫번째 엑손 내 CAG 염 복 이는 

인종마다 다르다. 그러나 재 지 한국  포함하여 아시아인에  

조 모 생증에 한 보고는 없다. 라  본 연구  목  한국 

여아에  조 모 생증  임상 양상  르몬  특 과 CAG 

염 복 이  상  분 하여 조 모 생증에 미 는 

향에 해  알아보고자 하 다.  

법: 48 명  상  조 모 생군 (premature pubarche, PP, 16 명 

여아), 상 모 생군 (normal pubarch, NP, 16 명 여아), 상 조군 

(normal control, NC, 8 명 여아  8 명 남아)  3 군  분류하 다. 

신체계 과 dehydroepiandrosterone (DHEA), dehydroepiandrosterone 

sulfate (DHEAS), 17-hydroxyprogesterone (17-OHP), androstenedione (AD), 

total testosterone (TT) 등  르몬  하 다. Free testosterone 

(FT)과 free androgen index (FAI)  TT  sex hormone-binding globulin 

값에  계산하 다. X 염색체 불  (X-chromosome inactivation, 

XCI)를 고 하여 틸  보  평균 CAG 염 복 이를 

분 하 다.  
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결과: 모 생  진단한 나이는 앙값이 PP군에  7.4 , NP군에  

8.9 다. 신체계  결과  공복 당  인슐린 농도는  군이 

슷하 다. 17-OHP, DHEAS, AD, FT, FAI 결과는 PP군과 NP군 간  

차이는 없었다. 그러나 PP군에  DHEAS:DHEA 가 NP군에 해 

미 있게 높았다 (P=0.014). 틸  보  평균 CAG 염 복 

이는 체 48명에  앙값 (사분 범 )이 22.4 (21.3-23.3) 고, 

PP군 ( 앙값 22.3), NP군 ( 앙값 22.4), NC군 ( 앙값 22.2) 간  

미 있는 차이는 없었다. 모 생군에  틸  보  평균 

CAG 염 복 이는 DHEAS (r=-0.060, P=0.745)  FT (r=0.223, 

P=0.221) 농도  양  상  보이지 않았다. XCI  PP군 

(71.9%)에  NP군 (65.6%) 또는 NC군 (60.4%)보다 높  경향  

보 나 통계  하지 않았다 (PP vs. NP, P=0.130; PP vs. NC, 

P=0.490).  

결 : 한국 여아에  CAG 염 복 이는 PP 생과 이 

없었다. 안드 겐 르몬  과다, 특히 sulfotransferase 도  

증가가 PP 생에 요할 것  생각 나, 추가  연구가 필요할 

것이다.  

------------------------------------- 

주요어 : 부신피질 , 모 생, 안드 겐 용체, 삼염 복 

학  번 : 2011-30530  
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