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Abstract 1 

Context: Premature adrenarche in girls is defined biochemically by an increase in adrenal 2 

androgen (DHEA and DHEAS) levels above the age-specific reference range before age 8 years. 3 

Recently, increased levels of 11-oxyandrogens have also been observed in girls with premature 4 

adrenarche and it is hypothesized that epigenetic modifications, specifically CpG methylation, may 5 

affect gene expression and/or activity of steroidogenic enzymes.  6 

Objective: To determine whether circulating DHEAS levels in pre-pubertal girls are associated with 7 

methylation status of genes involved in DHEAS and 11-oxyandrogen steroidogenesis.  8 

Design and Methods: Ninety-seven healthy girls followed since the age of 3 years were classified, 9 

according to DHEAS serum concentration at age 6-7 years, as normal DHEAS (< 42 μg/dL [75th 10 

percentile for population]) or high DHEAS (≥ 42 μg/dL). At Tanner stage 2, methylation status of 11 

CpG sites located in genes SULT2A1, HSD11B1, HSD11B2, CYP11B1, HSD17B2 and HSD17B5 were 12 

analyzed in genomic DNA from peripheral blood leukocytes either by Methylation-Sensitive 13 

Restriction Enzymes Quantitative PCR assay or by Melting Curve Analysis Methylation assay. 14 

Results: Significantly lower methylation levels were detected in the CYP11B1 gene in girls with high 15 

versus normal serum DHEAS, with no differences found in the other genes. In addition, we found a 16 

significant inverse correlation between CYP11B1 methylation and insulin level at Tanner 1 and BMI 17 

at Tanner 1 and 2 in the whole cohort. 18 

Conclusion: These results suggest that a lower methylation of CYP11B1 could be a mechanism 19 

contributing to increased concentrations of 11-oxyandrogens in premature adrenarche and to the 20 

associated metabolic risk. 21 

 22 

 23 

 24 

 25 



Introduction 26 

Adrenarche denotes the maturation of the adrenal gland zona reticularis, the principal site where 27 

adrenal androgens are synthesized (1). This developmental process precedes and is independent 28 

from gonadarche. Premature adrenarche (PA), described by Silverman and co-workers (2), is 29 

defined by the precocious appearance of adrenarche’s clinical signs, such as axillary or pubic hair 30 

or adult body odor, before age 8 years in girls and age 9 years in boys (3)—accompanied by 31 

elevated age and sex-adjusted DHEA and DHEAS levels (DHEAS ≥∼40 μg/dL) (4, 5). Premature 32 

adrenarche is more frequent in girls than in boys (6).  33 

Although PA is a diagnosis of exclusion, studies in the last two decades suggest that this condition 34 

is associated with higher BMI (7-10) and cardiometabolic risk (11-17). However, the association of 35 

prepubertal obesity with increased androgen may be transient and mediated mainly by increased 36 

BMI (18). Also, previously described associations may depend on the prevalence of low birth 37 

weight and ethnic background of the study population (19, 13). Although different molecular 38 

etiologies have been postulated for PA (20-23), its molecular basis remains unresolved. 39 

Dehydroepiandrosterone (DHEA) and DHEA-sulphate (DHEAS) have been the "traditional" markers 40 

of adrenarche onset (24, 25), but recently the adrenal gland has also been shown to produce 11-41 

oxyandrogens in addition to the classical androgenic steroids (Supplementary Figure 1) (26, 27). 42 

11-Oxyandrogens are fully active androgens, with androgen activity comparable to their 11-deoxy 43 

analogs, and are increased in girls with PA (28). Moreover, it was recently shown that the activity 44 

of 17β-Hydroxysteroid dehydrogenase (HSD17B), which is involved in 11-oxyandrogen synthesis, is 45 

higher in girls with PA than in age-matched controls (29). 46 

Epigenetic modifications, among them cytosine methylation at dinucleotide CpG, are involved in 47 

gene expression control according to a tightly regulated epigenetic program that is also affected 48 

by the environment (30). Epigenetic control of some genes that code for enzymes that participate 49 



in the synthetic pathway to 11-oxyandrogens (e.g., CYP11B1, HSD11B2, HSD17B2 and SULT2A1) 50 

has also been described (31-35). Consequently, we sought to determine whether there are 51 

differences in the methylation status of CpG sites associated with DHEAS and 11-oxyandrogen 52 

steroidogenic genes between pre-pubertal girls with normal (<42.0 µg/dL [75th percentile for 53 

population]) and those with high (≥42.0 µg/dL) DHEAS levels as a marker of earlier adrenarche.   54 

 55 

 56 

Subjects, Materials and Methods 57 

 58 

Study population 59 

Study subjects were a subset of the longitudinal Growth and Obesity Cohort Study (GOCS) in 60 

Santiago, Chile. This cohort study was initiated in 2006 with recruitment of children from ages 2.6 61 

to 4.0 years who fulfilled these inclusion criteria: 1) singletons born in 2002-2003, 2) with birth 62 

weight between 2,500 and 4,500 g, 3) gestational age 37 to 42 weeks, and 4) absence of physical 63 

conditions known to affect normal development. The GOCS children are representative of the low 64 

to middle-income families served by the public nursery schools (5, 9). Of the total cohort, 602 are 65 

girls. Among the 166 girls with a peripheral blood specimen collected at Tanner breast stage 2 and 66 

a prepubertal serum DHEAS determination at age ~7 years, we selected 97 girls with normal BMI-67 

SDS (-2 to +2) for the current study. Informed consent was obtained from all parents or guardians 68 

of children before data and sample collection. The Ethics Committee of the Institute of Nutrition 69 

and Food Technology, University of Chile, approved the study protocol. 70 

At age ~7 years, a single pediatric endocrinologist (VM) had assessed breast development by 71 

palpation and classified girls according to Tanner stages (36). Clinical signs of androgen action 72 

were also evaluated (e.g., pubarche and subsequent pubic hair stages). Thereafter, every 6 73 



months, a single dietitian (same sex), trained specially for this purpose and with permanent 74 

supervision of a single pediatric endocrinologist (V.M.), evaluated secondary sex characteristics 75 

(Kappa = 0.9). Anthropometric measures (weight and height) were collected using standardized 76 

protocols by a single dietitian (same sex) (37).  Body mass index (BMI) was estimated by dividing 77 

weight (kg) by height squared (m2). Height-for-age, weight-for-age and BMI-for-age standard 78 

deviation scores (SDS) were determined based on the World Health Organization growth 79 

reference (38). Plasma levels of insulin (IU/mL) were measured by colorimetric methods (39) and 80 

serum glucose concentrations were assessed by enzymatic colorimetric techniques (HUMAN, 81 

Gesellschaft fur Biochemica und Diagnostica, Wiesbaden, Germany). 82 

At age ~7 years, a fasting venous sample was collected (8 to 12 am) in girls with confirmed 83 

absence of fever (<37.5ºC) and other symptoms of acute infection. Serum DHEAS was determined 84 

by competitive specific binding RIA supplied by DIAsource ImmunoAssays (Ottignies-Louvain-la-85 

Neuve, Belgium). Next, a biochemical cut-off for early adrenarche was defined by circulating 86 

DHEAS concentration ≥42.0 µg/dl (75th percentile for the age ~7 COGS population) as previously 87 

described (9). Girls with serum DHEAS ≥42.0 µg/dL were designated as high DHEAS (HD), and those 88 

with DHEAS <42.0 µg/dL were designated as normal DHEAS (ND). During Tanner breast stage 2 89 

(T2), genomic DNA was obtained from a buffy coat of a peripheral blood sample for DNA 90 

methylation analysis. 91 

DNA methylation measurements 92 

We evaluated the methylation status of CpG sites within or close to genes involved in 11-93 

oxyandrogen biosynthesis (CYP11B1, HSD11B2, HSD11B1, HSD17B2, and HSD17B5)—and in gene 94 

SULT2A1, which is involved in DHEAS synthesis (Table 1, Supplementary Figure 1). The different 95 

CpG sites were selected from a previous DNA methylation microarray data analysis 96 



(MethylationEPIC 850k array) performed in 85 girls from the same cohort (68 ND and 17 HD) 97 

(Diana Ponce et al., unpublished observations). For CYP11B1 and HSD11B2, Methylation-Sensitive 98 

High-Resolution Melting Analysis (MS-HRMA) was applied (40). For this analysis, 100 ng of 99 

genomic DNA (obtained at Tanner 2) was sodium bisulfate-treated and purified using the 100 

Methylamp one-step DNA modification kit (Epigentek Group Inc., USA) according to the 101 

manufacturer's protocol. Next, 2 µL of bisulfite-modified DNA was incubated with 1X HOT FirePol® 102 

EvaGreen® HRM (Solis BioDyne, Estonia) and 0.5 µM of each primer in a total volume of 10 µL. 103 

Primer sets were designed with the open access MethPrimer software, available at 104 

http://www.urogene.org/methprimer/index1.html (Table 1). A Polymerase chain reaction was 105 

performed in CFX96 Real-Time PCR equipment (Bio-Rad) as follows: pre-incubation for 15 min at 106 

95oC and 40 cycles of denaturation for 15 sec at 95oC, annealing for 20 sec at 60oC and extension 107 

for 20 sec at 72oC. A High-resolution melting curve was obtained in a 60oC to 90oC interval with a 108 

rise of 0.1oC for each 5 seconds. All reactions were run in triplicates. The Methylation status was 109 

determined by the quantitative method described by Smith and co-workers (41) where the T50 110 

(the temperature at which 50% of the molecules in the PCR product are melted) of each sample 111 

was compared to a standard curve generated with a different admixture of completely methylated 112 

and unmethylated bisulfite converted human DNA (EpiTect PCR Control DNA Set, Qiagen, 113 

Germany).  114 

For SULT2A1, HSD11B1, HSD17B2 and HSD17B5 a Methylation-Sensitive Restriction Enzymes–115 

quantitative PCR assay (MSRE-qPCR) was applied (42, 43). Briefly, 70 ng of genomic DNA (obtained 116 

at Tanner 2) was incubated in the presence of the appropriated methylation-sensitive restriction 117 

enzyme (Thermo Scientific, Lithuania) (Table 1) according to the manufacturer's protocol (digested 118 

DNA), or 50% v/v glycerol (non-digested DNA). Next, 14 ng (2 μL) of digested and non-digested 119 

DNA was used as template in a qPCR with 1X HOT FirePol® EvaGreen® HRM (Solis BioDyne, 120 



Estonia) and 0.5 µM each primer (Table 1) in a total volume of 10 µL. A Polymerase chain reaction 121 

was performed in a CFX96 Real-Time PCR equipment (Bio-Rad) as previously described, but 122 

without a melting curve. All reactions were run in triplicate. The equation 2-∆Ct x 100, where ∆Ct 123 

corresponds to the Ct difference between digested and non-digested DNA, was used to determine 124 

methylation status.  125 

Statistical Analysis 126 

Statistical analysis of the data was performed using SPSS software version 21 (IBM Corp). Normal 127 

data distribution was determined using the Kolmogorov-Smirnov test.  Data with normal 128 

distribution were expressed as mean ± standard error, while data with non-normal distribution 129 

were expressed as median and interquartile range. The T-test and Mann-Whitney test were used 130 

to analyze differences between groups for data with normal and non-normal distribution, 131 

respectively.  Correlations were assessed by the Spearman's correlation coefficient.  Differences 132 

with a p-value <0.05 were considered statistically significant.  133 

 134 

Results 135 

Ninety-seven girls were classified into two groups according to the DHEAS concentration at age ~7 136 

(Tanner 1). Forty-nine girls belonged to the normal DHEAS group (ND) and 48 girls to the high 137 

DHEAS group (HD). The clinical characteristics of the studied population at the age of recruitment 138 

(Tanner 1) are presented in Table 2. Girls from the ND group were slightly younger than those of 139 

the HD group, but no other anthropometric differences were observed.  At the age of obtaining 140 

the DNA sample for methylation study (Tanner 2), only the DHEAS concentration difference 141 

persisted between groups (Table 2). 142 



For the 6 studied steroidogenesis genes, CpG methylation site information and detailed 143 

methylation status methodology are provided in Table 1. The sole statistically significant 144 

methylation difference between ND versus HD girls was observed within the CYP11B1 CpG island 145 

(Table 3, Figure 1), with HD girls exhibiting decreased CYP11B1 methylation level compared to ND 146 

girls (p= 0.02).  147 

We next performed correlation analysis between CYP11B1 methylation status (obtained at Tanner 148 

stage 2) and metabolic, anthropometric, and hormonal measures obtained both at Tanner stages 1 149 

and 2. The CYP11B1 methylation status correlated inversely with insulin concentration (ρ= -0.368; 150 

p= 0.001) and BMI SDS (ρ= -0.246; p= 0.028) at T1 (Figure 2). In addition, the significant inverse 151 

correlation with BMI SDS persisted at T2 (ρ= -0.226; p= 0.043).  152 

Some significant correlations were observed among the methylation for the 6 studied enzymes 153 

(Supplementary Table 1).  Among these, the most relevant was methylation status between 154 

HSD17B5 and HSD17B2 (ρ= 0.402; p= 0.005) (Figure 3), the enzymes involved in the 155 

interconversion of androstenedione and testosterone, and of their 11β-hydroxy and 11-keto 156 

analogs (Supplementary Figure 1). 157 

Finally, we searched for possible transcription factor recognition sites that could be affected by 158 

the methylation status of CpG sites evaluated for CYP11B1. An in silico analysis was performed 159 

with AliBaba2.1, a program that detects transcription factor-binding sites based on sites collected 160 

in TRANSFAC (44). This analysis showed that CpG clusters formed by CpGs +96 and +100; and CpGs 161 

+139 and +142 in CYP11B1 promoter match with binding sites of SP1 (Figure 4). 162 

 163 

 164 

 165 



Discussion 166 

During the first stage puberty in girls enrolled in the Chilean Growth and Obesity Cohort Study 167 

(GOCS), the DNA methylation status of 6 genes involved in DHEAS and 11-oxyandrogen 168 

biosynthesis was compared between girls who at age 7 years had normal serum DHEAS (<75th 169 

percentile for COGS population) versus those who had high DHEAS (≥75th percentile). We observed 170 

that a cluster of CpGs in the CYP11B1 promoter sequence had significantly lower methylation in 171 

girls with high DHEAS compared to girls with normal DHEAS. None of the other 5 steroidogenesis 172 

genes showed differential methylation status between girls with normal versus high DHEAS at age 173 

7. Additionally, CYP11B1 methylation correlated inversely with BMI-SDS (measured both at age 7 174 

and at onset of puberty), and with fasting insulin level measured at age 7. Because CYP11B1 175 

encodes a key enzyme in 11-oxyandrogen biosynthesis, these findings suggest that CYP11B1 176 

methylation may be one of the mechanisms regulating 11-oxyandrogen synthesis, and that 177 

differences in CYP11B1 methylation may be a cause, or a consequence, of differences in BMI-SDS 178 

and/or insulin. 179 

The regulation of CYP11B1 expression by methylation in cortisol-producing adenomas also 180 

supports a functional role for CYP11B1 promoter methylation, since the CYP11B1 gene promoter 181 

was significantly less methylated in adenoma than in adjacent unaffected adrenal tissue (31). 182 

Moreover, reduced CYP11B1 promoter activity by DNA methylation was confirmed directly in a 183 

reporter assay. Notably, however, the five CpG sites analyzed by Kometani et al. were located 150 184 

to 400 bp upstream of the CpG sites analyzed in our study. Similarly, an epigenetic analysis of 185 

aldosterone-producing adenomas, presenting with or without hypercortisolemia, also showed that 186 

the CYP11B1 promoter was significantly less methylated in aldosterone-producing adenoma with 187 

hypercortisolemia than in those without hypercortisolemia (45). Taken together, these 188 



observations and the current report support the physiological significance of CYP11B1 methylation 189 

in regulating CYP11B1 expression. 190 

The inverse relationship between BMI-SDS and CYP11B1 methylation observed in our study is 191 

consistent with observations in obese, diabetic db/db mice, in which obesity, hyperglycemia, and 192 

hyperlipidemia are associated with increased adrenal Cyp11b1 and corticosterone compared to 193 

control db/+ mice (46).  Also in rodents, corticosterone-induced abdominal obesity produces 194 

insulin resistance (47, 48), which is consistent with our observation in girls of a significant 195 

relationship between decreased CYP11B1 methylation and increased insulin levels.  However, the 196 

direction of causality remains uncertain in these associations, as does the relative contribution of 197 

11-oxyandrogens, glucocorticoids, and mineralocorticoids as potential mediators. 198 

We observed a direct correlation between HSD17B5 and HSD17B2 CpG methylation status, 199 

although the variability in HSD17B2 methylation was considerably greater than that of HSD17B5. 200 

The products of these two genes have opposing effects, with the HSD17B2 gene product (17β-201 

hydroxysteroid dehydrogenase type 2) converting estrogens and androgens into weaker or 202 

inactive steroids, while the HSD17B5 gene product (17β-hydroxysteroid dehydrogenase type 5, 203 

also known as aldo-keto reductase 1C3) does the reverse (49, 50 [Supplemental Figure 1]). Little is 204 

known about HSD17B5 epigenetic regulation, but several studies suggest that downregulation of 205 

the HSD17B2 gene by methylation may play a role in the pathogenesis of endometriosis and of 206 

breast cancer (34, 51, 52).  These observations are consistent with epigenetic control of “strong-207 

weak (or inactive)” sex steroid interconversion, and with the possibility that such control may 208 

operate during adrenarchal development. 209 

In silico analysis to detect transcription factor binding sites in the CYP11B1 study sequence 210 

predicted the presence of 2 potential sites for the Specificity protein 1 (SP1) (Figure 4). This 211 



ubiquitous transcription factor functions by recruiting the basal transcription machinery and 212 

promoting transcription (53). Several studies indicates that promoter hypermethylation affect 213 

SP1's binding and transcriptional activation (54, 55). These observations would be consistent with 214 

the hypothesis that diminished CYP11B1 methylation could increase SP1 binding and consequently 215 

CYP11B1 expression. 216 

This study has several limitations.  First, it is observational, and thus causality cannot be inferred.  217 

Second, we used peripheral blood rather than adrenal tissue for DNA methylation analysis, and at 218 

only a single time point that was not contemporaneous with some measurements, such as the 219 

initial DHEAS levels at age 7—used to divide subjects with normal and high DHEAS—and the 220 

fasting insulin levels, which were also measured at age 7. However, we have shown in earlier 221 

studies that DHEAS elevation and BMI-SDS were relatively stable between ND and HD subjects 222 

from age 7 to menarche (10).  Lastly, serum 11-oxyandrogens have not yet been measured in 223 

these subjects, although others have shown that they are elevated in premature adrenarche (28).  224 

A major strength of this study was its large, unique cohort of pediatric patients—with careful 225 

prospective follow-up over a long period—and the resulting ability to assess associations between 226 

developmental, anthropometric, metabolic, hormonal, and molecular measures. 227 

We conclude that girls with high versus normal DHEAS at age 6-7 years are hypomethylated at the 228 

CYP11B1 promoter during early puberty, and that the CYP11B1 methylation status correlates 229 

inversely with insulin levels at age 6-7 and with BMI-SDS both at age 6-7 and during early puberty. 230 

These observations raise novel hypotheses regarding developmental and disease-related 231 

regulation of adrenal androgen secretion. 232 
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Table 1: CpG site information and methylation methodology data 

Assay Methylation-Sensitive High Resolution Melting Analysis (MS-HRMA) 

Gene 
CpG island coordinates 

(GRCh 38.p13) 
CpG 

count 
Primers Sequence 

(5´ > 3´) 
Amplicon 

(bp) 

CYP11B1 
(NC_000008.11) 

Chr 8: 142,879,650- 142,879,819 5 
Fwd: ATCTACAACAACCTCAACCACCTAT 

Rev: ATTGGAATGGTATTTAGGGTAAAGG 
170 

HSD11B2 
(NC_000016.10) 

Chr 16: 67,430,457- 67,430,745 31 
Fwd: TTTTTGTTTTAGGTAGGTTTTGTGG* 

Rev: CTCAAATAAACACATACCACTCAC* 
289 

Assay Methylation-Sensitive Restriction Enzymes – quantitative PCR assay (MSRE-qPCR) 

Gene 
CpG site coordinates 

(GRCh 38.p13) 

MSRE 
Primers Sequence 

(5´ > 3´) 
Amplicon 

(bp) Name 
(Recognition seq.) 

Units in 

reaction 

SULT2A1 
(NC_000019.10) 

 Chr19: 47,881,771 - 47,881,772 

(negative strand) 
HpaII 
(CCGG) 

15 

Fwd: 

TTCTCCTCTAGTCTCCTAATGCT 

Rev: 

AAATGGCGGAAGGTCAGG 

87 

HSD11B1 
(NC_000001.11) 

 Chr1: 209,685,894 - 209,685,895 
(positive strand) 

XhoI 
(CTCGAG) 

30 

Fwd:  

GATAAGTCTCCAGGGCAACC 

Rev: 

TGGGCATCAGGCATCAAT 

105 

HSD17B2 
(NC_000016.1) 

 Chr16: 82,034,679 - 82,034,680 

(positive strand) 
SsiI (AciI) 

(CCGC) 
30 

Fwd: 

AATGGAGGCTGGCATAGAATAG 

Rev: 

GAAACATGCCAGGGAGAGATAA 

142 

HSD17B5 
(NC_000010.11) 

 Chr10: 5,093,261 - 5,093,262 

(positive strand) 
MluI 

(ACGCGT) 
20 

Fwd: 

CCTTGGCATCATACTACATTTCTAC  

Rev: 

GATTTCAGCAATATGGTGGATCA 

132 

* primer obtained from Lazo de la Vega-Monroy et al., 2017 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2: Anthropometric and hormonal description of study population at Tanner 1 and Tanner 2 

 Tanner 1 Tanner 2 

 ND HD p ND HD p 

n 49 48  49 48  

Age years 6.63 (±0.05) 6.91 (±0.04) <0.05 9.6 (9.5-10.6) 9.9 (9.5-10.1) 0.61 

Height cm 120.04 (±0.007) 120.12 (±0.007) 0.93 137.7 (136-141) 137.6 (135-138) 0.55 

Height SDS 0.17 (±0.13) -0.15 (±0.12) 0.08 0.22 (±0.12) -0.10 (±0.12) 0.23 

Weigh kg 23.4 (23.2-26) 24.3 (23.8-26.4) 0.42 34.7 (34.4-40.8) 34.4 (33.4-38.0) 0.61 

Weigh SDS 0.48 (0.21-0.8) 0.45(0.24-0.74) 0.85 0.31 (0.19-0.84) 0.19 (0.06-0.62) 0.89 

BMI 16.7(16.3-17.6) 16.7 (16.7-17.9) 0.37 17.6 (18.1-20.2) 18.1 (18.03-19.9) 0.52 

BMI SDS 0.76 (0.31-0.89) 0.71 (0.54-1) 0.51 0.44 (0.27-0.91) 0.50 (0.32-0.87) 0.66 

DHEAS (µg/dL) 26.4 (22.2-27.8) 59.2 (56.7-66.1) <0.05 62.2 (50.4-64.4) 96.7 (96.8-123.5) <0.05 
T student statistic. Values expressed as mean (±standard error). 

U Mann Whitney statistic.  Values expressed as median (interquartile range) 

p-value ≤ 0.05 is statistically significant 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 3: Methylation status of 11-oxyandrogens biosynthetic pathway genes at T2 between girls 

with normal and high DHEAS levels at T1 

 ND HD p 

CYP11B1 1.00 (0.92-1.13) 0.93 (0.91-1.00) 0.02 

HSD11B2 0.58 (0.33-0.79) 0.64 (0.46-0.73) 0.90 

SULT2A1 1.07 (1.01-1.14) 1.07 (1.03-1.18) 0.91 

HSD11B1 2.04 (1.56-2.59) 1.81 (1.41-2.19) 0.15 

HSD17B2 1.52 (1.19-1.91) 1.43 (0.71-1.78) 0.66 

HSD17B5  0.92 (0.82-1.04) 0.91(0.80-1.06) 0.91 
U Mann Whitney statistic.  Values expressed as median (interquartile range) 

p-value ≤ 0.05 is statistically significant 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figures Legends 

 

Figure 1: Localization of CpG sites in CYP11B1 gene (top) and methylation status comparison 

between normal and high DHEAS (ND vs. HD) girls (bottom). (Top) CYP11B1 CpG sites are depicted 

as lollipops over a dashed line that represents amplicon analyzed by MS-HRMA (arrows represent 

the forward and reverse primers). Numbers indicate the localization of CpG sites according to the 

first nucleotide of the mRNA (+1). Note that the CpG sites of CYP11B1 are within the final portion 

of the exon 1 promoter sequence. (Bottom) Box and whisker plot comparison of normalized 

methylation percentage of CYP11B1 CpG sites in girls with normal (<42.0 mg/dL) and high (≥42.0 

mg/dL) DHEAS level (U Mann Whitney) 

Figure 2: Correlations between CYP11B1 methylation and anthropometric parameters in  the study 

cohort. Correlation of CYP11B1 methylation with insulin level at Tanner 1 (A), BMI SDS at Tanner 1 

(B) and Tanner 2 (C). Each correlation shows the R2, ρ and p-value. Statistic with Spearman's 

correlation coefficient test. 

Figure 3: Correlation between HSD17B2 and HSD17B5 methylation status in the study cohort.   

The R2, ρ and p-value are shown. Statistic with Spearman's correlation coefficient test. 

    

Figure 4: Transcription factor recognition sites that overlap with evaluated CYP11B1 CpG    sites. 

CYP11B1 sequence analyzed by MS-HRMA is shown, with CpG sites depicted in grey—with position 

indicating relation to the first mRNA nucleotide (+1). A double underline indicates sequences 

recognized by SP1 as predicted by AliBaba2.1 software. Coordinates of SP1 recognition sequences 

are shown in parentheses.  
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Figure 1: Metabolites and enzymes (gene nomenclature) involved in adrenal 

mineralocorticoid, glucocorticoid and androgen biosynthesis (image adapted from Rege et 

al. 2018) 

 SULT2A1 HSD11B1 HSD17B2 HSD17B5 CYP11B1 HSD11B2 

SULT2A1 1 0.197 0.016 -0.173 -0.048 -0.293* 

HSD11B1 0.197 1 -0.120 -0.235* -0.116 -0.273* 

HSD17B2 -0.016 -0.120 1 0.402** -0.152 0.326* 

HSD17B5 -0.173 -0.235* 0.402** 1 -0.068 0.298* 

CYP11B1 -0.048 -0.116 -0.152 -0.068 1 0.022 

HSD11B2 -0.293* -0.273* 0.326* 0.298* 0.022 1 

Statistic: Spearman's correlation coefficient test 

*p < 0.05; ** p <0.01 


