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ABSTRACT 29 

OBJECTIVE: The role of microRNAs as endocrine regulators is emerging, and microRNA 30 

mir-30b has been reported to repress Mkrn3. However, the expression of miR-30b during 31 

male puberty has not been studied. 32 

DESIGN AND METHODS: Circulating relative miR-30b expression was assessed in sera 33 

of 26 boys with constitutional delay of growth and puberty (CDGP), treated with low-dose 34 

testosterone (T) (n=11) or aromatase inhibitor letrozole (Lz) (n=15) for 6 months and 35 

followed up to 12 months (NCT01797718). The associations between the relative expression 36 

of miR-30b and hormonal markers of puberty were evaluated. 37 

RESULTS: During the 12 months of the study, circulating miR-30b expression increased 2.4 38 

± 2.5 (SD) fold (p=0.008) in all boys, but this change did not correlate with corresponding 39 

changes in LH, testosterone, inhibin B, FSH, or testicular volume (p=0.25-0.96).  Lz-induced 40 

activation of the hypothalamic-pituitary-gonadal (HPG) axis was associated with more 41 

variable miR-30b responses at 3 months (P<0.05), whereas those treated with T exhibited 42 

significant changes in relative miR-30b levels in the course the study (p<0.01-0.05). 43 

CONCLUSIONS: Circulating miR-30b expression in boys with CDGP increases in the 44 

course of puberty, and appears to be related to the activity of the HPG axis. 45 
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INTRODUCTION 52 

Paternally inherited loss-of-function mutations in MKRN3, a gene encoding a putative 53 

ubiquitin E3 ligase, cause central precocious puberty (1). The role of microRNAs as 54 

endocrine regulators of even distant tissues is rapidly emerging (2).  Heras et al demonstrated 55 

that in vitro microRNA mir-30b repressed Mkrn3 by binding to its 3'UTR (3). Additionally, 56 

hypothalamic mir-30b expression increased during puberty in male and female rats (3). 57 

Inhibition of this binding during the juvenile period delayed the onset of puberty in female 58 

rats, in which neonatal estrogen exposure enhanced hypothalamic Mkrn3 expression and 59 

suppressed miR-30b (3). The expression pattern of miR-30b during human puberty is 60 

unknown.  61 

Herein, we investigated longitudinal changes in circulating mir-30b levels in boys with 62 

constitutional delay of growth and puberty (CDGP), who were treated with low-dose 63 

testosterone (T) or aromatase inhibitor letrozole (Lz), a blocker of estrogen synthesis (4). We 64 

hypothesized that miR-30b levels increase in the course of puberty, and that the levels are 65 

differentially modified by changes in the hormone milieu induced by the two treatment 66 

modalities used to expedite male puberty. 67 

 68 

METHODS 69 

The study included 26 boys with CDGP who participated in a randomized controlled trial 70 

between 2013 and 2017 (4). At the start of the study, all the boys showed early signs of 71 

puberty (4). During the study, the boys received either Lz (2.5mg/vrk) (n=15) or 72 

intramuscular T (1mg/kg every 4 weeks) (n=11) for 6 months. The study visits were at 0, 3, 73 

6, and 12 months. At each visit, the boys were physically examined, and a morning serum 74 

sample was obtained and stored at -80ºC (4). Serum hormone values and clinical parameters 75 



were from our previous study (4,5). At the start of the study, the mean age, bone age, height, 76 

and weight of the participants were 14.7±0.6 years, 12.3±1.1 years, -2.1±0.9 SDS, and 77 

48.3±14.2 kg, respectively. 78 

Micro RNA was extracted (mirVana PARIS Kit, Invitrogen) from 400ul of serum aliquots, 79 

and reverse transcribed using TaqMan MicroRNA RT Kit (Applied Biosystems). For 80 

quantitative RT-PCR (conditions available upon request), predesigned assays, hsa-miR-30b, 81 

U6 snRNA (Applied Biosystems), were used; samples of each boy were analysed in the same 82 

assay run. Three-month sample was missing in four boys and six-month sample in two. The 83 

expression of miR-30b was adjusted by the expression of the reference gene (U6). U6 is one 84 

of the most common reference genes for circulating miRNAs analysis (6), and its 85 

hypothalamic expression in rats appears to remain stable in puberty (3). The adjusted relative 86 

expression at different time points (0, 3, 6, and 12 mo) was calculated by dividing the 87 

corresponding adjusted expression level by the adjusted expression level at 0 mo; thus, at 0 88 

mo the relative miR-30b expression in each boy was 1.  89 

The study was registered with ClinicalTrials.gov (NCT01797718). The Finnish National 90 

Committee on Medical Research Ethics and the Finnish Medicines Agency approved the 91 

study protocol, and a written consent was obtained from all participants after full explanation 92 

of the purpose and nature of all procedures used. 93 

Data analyses were performed with SPSS statistic for Windows. The changes in the relative 94 

expression of miR-30b was analyzed with paired sample t test. Between-group comparisons 95 

were performed with independent samples t test. The homogeneity of variances were tested 96 

with F-test. Correlations were evaluated with Spearman’s rank correlation. Statistical 97 

significance level was set to a p value < 0.05. 98 

 99 



RESULTS 100 

The hormonal and clinical characteristics of the participants during the study period is 101 

demonstrated in Table 1. We first examined whether the relative miR-30b expression at 12 102 

months, i.e. when puberty had progressed in all boys, was higher than at the beginning of the 103 

study. The overall patterns of miR-30b levels in both treatment groups are shown in Figure 1. 104 

Indeed, between 0 and 12 months, the relative circulating miR-30b increased 2.4±2.5 (SD) 105 

fold (p=0.008, n=26). However, this change did not correlate with absolute or relative 106 

changes in parameters shown in Table 1. On the other hand, the boys treated with Lz 107 

exhibited clear activation of the HPG axis at 3 months, whereas the opposite occurred in 108 

those who received T (Table 1, ref. 4). Intriguingly at 3 months, the boys treated with Lz also 109 

exhibited higher variance in relative miR-30b levels (F(1,20)=4.9, p=0.038) than those in the 110 

T group, although the mean relative miR-30b levels at 3, 6, or 12 months did not differ 111 

between the groups. The longitudinal changes in the relative miR-30b levels in the T group 112 

were significant between 0-12 months, 3-6 months, 6-12 months (in all p<0.05) and 0-6 113 

months (p=0.008); in the Lz group the only significant longitudinal change occurred at 6-12 114 

months (p<0.05) (Figure 1).  115 

 116 
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DISCUSSION 123 

Considering that hypothalamic mir-30b expression increased during puberty in male and 124 

female rats (3), we set out to investigate circulating miR-30b in humans. Indeed, this pilot 125 

study shows that circulating miR-30b expression in boys with CDGP increases in the course 126 

of puberty. Although miR-30b has been extracted from serum and urine (7), its source in 127 

circulation is unclear. For example, peripheral blood leukocytes are known to express it (8), 128 

whereas miR-30b is also highly expressed in mouse testis, and patients with Sertoli cell only 129 

syndrome exhibit reduced testicular miR-30b expression (9, 10). Subsequently, the 130 

relationship between circulating and hypothalamic miR-30b expression, if any, remains 131 

unknown. The changes in miR-30b expression and hormonal or clinical markers of puberty 132 

between 0 and 12 months did not correlate, suggesting that circulating miR-30b levels do not 133 

reflect its hypothalamic expression, or that exocytotic vesicle-mediated regulation of male 134 

puberty does not immediately translate to basal reproductive hormone levels. On the other 135 

hand, in female rats, hypothalamic miR-30b expression at the age of 35 days was suppressed 136 

by neonatal estrogen exposure (3). In our work, estrogen depletion by Lz induced HPG axis 137 

activity (4), and was associated with more variable miR-30b levels than was brought about by 138 

exogenous T, suggesting that peripheral miR-30b levels are related to the activity of the HPG 139 

axis also in humans. It should be noted that our study subjects had CDGP and exhibited 140 

already early signs of puberty and were treated with two different medications for the initial 141 

six months. Further, the results are based upon exploratory analyses, and to confirm them, the 142 

corresponding hypotheses have to be tested in further confirmatory studies11. Regardless of 143 

these limitations, circulating miR-30b may represent a new non-classical endocrine signal 144 

that participates in the regulation of male puberty.  145 

  146 

https://n.neurology.org/content/84/7/645


DISCLOSURES 147 

The authors have no conflict of interest. This study was supported by The Academy of 148 

Finland, The Foundation for Pediatric Research, Helsinki University Hospital Research 149 

Funds. 150 

 151 

 152 

 153 

REFERENCES 154 

1. Abreu AP, Dauber A, Macedo DB, Noel SD, Brito VN, Gill JC, Cukier P, Thompson IR, 155 

Navarro VM, Gagliardi PC, et al. Central precocious puberty caused by mutations in the 156 

imprinted gene MKRN3. N Engl J Med. 2013 368 2467-75. 157 

2. Mao L, Liu S, Hu L, Jia L, Wang H, Guo M, Chen C, Liu Y & Xu L. miR-30 Family: A 158 

Promising Regulator in Development and Disease. Biomed Res Int. 2018;2018:9623412. 159 

3. Heras V, Sangiao-Alvarellos S, Manfredi-Lozano M, Sanchez-Tapia MJ, Ruiz-Pino F, Roa 160 

J, Lara-Chica M, Morrugares-Carmona R, Jouy N, Abreu AP, et al. Hypothalamic miR-30 161 

regulates puberty onset via repression of the puberty-suppressing factor, Mkrn3. PLoS Biol. 162 

2019 17 e3000532. 163 

4. Varimo T, Huopio H, Kariola L, Tenhola S, Voutilainen R, Toppari J, Toiviainen-Salo S, 164 

Hämäläinen E, Pulkkinen MA, Lääperi M, et al. Letrozole versus testosterone for promotion 165 

of endogenous puberty in boys with constitutional delay of growth and puberty: a randomised 166 

controlled phase 3 trial. Lancet Child Adolesc Health. 2019 3 109-120. 167 



5. Kohva E, Varimo T, Huopio H, Tenhola S, Voutilainen R, Toppari J, Miettinen PJ, 168 

Vaaralahti K, Viinamäki J, Backman JT, et al. Anti-Müllerian hormone and letrozole levels 169 

in boys with constitutional delay of growth and puberty treated with letrozole or testosterone. 170 

Hum Reprod. 2020 35 257-264.  171 

6. Simone D, Simone C, Maria LB. Human Circulating miRNAs Real-time qRT-PCR-based 172 

Analysis: An Overview of Endogenous Reference Genes Used for Data Normalization. 173 

International Journal of Molecular Sciences. 2019 20 18. 174 

7. Ali R, Joseph MD, Scott C, Maria RW, Richard S, Susan K, Rishi S, Lilian H, Jeffrey BK, 175 

Dominic SR. Circulating and urinary microRNA profile in focal segmental 176 

glomerulosclerosis: a pilot study. European Journal of Clinical Investigation. 2015 45 4. 177 

8. Alice S, Luisa F, Stefano Z, Hagen B, Anne P, Alessandra Z, Giulia G, Irene P, Maurizio 178 

FF, Pietro C, et al. Overexpression of blood microRNAs 103a, 30b, and 29a in L-dopa–179 

treated patients with PD. Neurology. 2015 84 7. 180 

9. Mishima T, Takizawa T, Luo SS, Ishibashi O, Kawahigashi Y, Mizuguchi Y, Ishikawa T, 181 

Mori M, Kanda T, Goto T, et al. MicroRNA (miRNA) cloning analysis reveals sex 182 

differences in miRNA expression profiles between adult mouse testis and ovary. 183 

Reproduction. 2008 136 811-22. 184 

10. Abu-Halima M, Backes C, Leidinger P, Keller A, Lubbad AM, Hammadeh M & Meese 185 

E. MicroRNA expression profiles in human testicular tissues of infertile men with different 186 

histopathologic patterns. Fertil Steril. 2014 101 78-86.e2. doi: 187 

10.1016/j.fertnstert.2013.09.009. 188 

11. Bender R, Lange S. Adjusting for multiple testing--when and how? J Clin Epidemiol. 189 

2001 54 343-9.  190 



 191 

 192 

 193 

FIGURE LEGEND 194 

Figure 1. The relative expression (mean+SEM) of serum miR-30b levels in 26 boys with 195 

constitutional delay of growth and puberty who were treated for six months (grey area) with 196 

letrozole (Lz) (n=15) or intramuscular low-dose testosterone (T) (n=11). Between 0 and 12 197 

months, the relative miR-30b expression increased 2.4±2.5 (SD) fold in all boys (P=0.008). 198 

The longitudinal changes in the relative miR-30b levels in the T group were significant 199 

between 0-12 months, 3-6 months, 6-12 months (in all p<0.05) and 0-6 months (p=0.008); in 200 

the Lz group the only significant longitudinal change occurred at 6-12 months (p<0.05). 201 
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