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Summary 
This study aims to investigate serum makorin ring finger 
protein 3 (MKRN3) levels in girls with idiopathic central 
precocious puberty (ICPP) and premature thelarche (PT), in order 
to determine whether circulating MKRN3 level is associated with 
ICPP and PT. A total of 90 girls were enrolled in the study.  
30 age-matched girls were allocated for each group (ICPP, PT 
and healthy controls [HC], respectively). The base LH (B-LH) and 
E2 levels were higher in ICPP girls than those in HC and PT girls. 
The peak LH (P-LH) levels and P-LH/P-FSH values were obviously 
higher in ICPP girls than those in PT girls, while higher peak FSH 
(P-FSH) levels were detected in PT girls when compared to those 
in ICPP girls. Kisspeptin levels were lower in HC girls than those 
in ICPP and PT girls. MKRN3 levels were the highest in HC girls 
among the three groups. There were relatively strong negative 
correlations among MKRN3, kisspeptin and P-LH/P-FSH. 
Circulating MKRN3 can have an important role in the onset of 
ICPP and PT. However, this should not be used as  
an independent diagnostic criterion for diagnosing ICPP or 
differentiating ICPP from PT, but should be used only as an 
adjunctive diagnostic biomarker. 
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Introduction 
 

Precocious puberty is a series of abnormal 
sexual development diseases characterized by the early 
appearance of adolescent development before eight years 
old in girls and nine years old in boys. In recent years, the 
incidence of this disease has significantly increased, and 
it has become one of the most common endocrine system 
diseases in children, which seriously affects the physical 
and mental health of children (Atta et al. 2015). 
Precocious puberty can be divided according to different 
pathogeneses: gonadotropin releasing hormone (GnRH) 
dependent precocious puberty (GDPP) and GnRH 
independent precocious puberty (GIPP). The 
characteristic of GDPP is the early activation of the 
hypothalamus-pituitary-gonadal (HPG) axis that result in 
puberty development through the pulsed release of 
GnRH. GDPP without findable primary disease could be 
defined as idiopathic central precocious puberty (ICPP), 
which is the most common cause of precocious puberty. 

The initiation of puberty development has been 
a hot topic in pediatric endocrinology research. 
Kisspeptin is a stimulating neuropeptide that can promote 
pubertal development via G-protein coupled receptor 54 
(GPR54), which are present in GnRH neurons in the 
hypothalamus. It has an important role in HPG axis 
activation at the beginning of puberty. In recent years, 
gene mutation has provided researchers with a new 
perspective on puberty development. To date, researchers 
have discovered some genes that can regulate GnRH 
secretion, but only gain-of-function mutations of the 
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KISS1 gene (encoded kisspeptin) (Silveira et al. 2010) 
and KISS1R gene (encoded GPR54) (Teles et al. 2008), 
and loss-of-function mutations of the makorin ring finger 
protein 3 (MKRN3) gene (Abreu et al. 2013) were 
defined as pathogenic variations founded in the family of 
central precocious puberty (CPP). In particular, the 
imprinted gene MKRN3 has been considered to play  
a crucial role in the regulation of puberty initiation. At 
present, studies on the MKRN3 gene have mainly 
focused on animal experiments and children with normal 
puberty. However, there are few studies in CPP children 
and puberty variant cases, such as premature thelarche 
(PT). The present study aimed to research the 
characteristics of serum MKRN3 levels in Chinese girls 
with ICPP and PT. 
 
Material and Methods 
 
Patients and controls 

This study was conducted in accordance with the 
declaration of Helsinki and the protocol was approved by 
the Scientific Ethical Committee of Qilu Hospital of 
Shandong University (No. KYLL-2016KS-002). 
A written inform consent was obtained from each patients 
or their guardian. 

A total of 90 girls from the Department of 
Pediatrics, Qilu Hospital, Shandong University were 
enrolled in the present study from March 2016 to June 
2017. Among these girls, 30 age-matched girls were 
allocated for each group (ICPP, PT and healthy controls 
[HC], respectively). The ICPP in girls was diagnosed by 
the presence of breast development before the age of 
eight years, advanced bone age (>1 year than 
chronological age), GnRH stimulation test, and pituitary 
magnetic resonance imaging (MRI). Triptorelin (Ferring 
GmbH, Germany) was used for the GnRH stimulation 
test, with an injected dose of 2.5 μg/kg (maximum dose, 
100 μg), and luteinizing hormone (LH) and follicle 
stimulating hormone (FSH) were repeated measured 
before injection and at 30, 60 and 90 min after injection 
in the immunochemiluminometric assay (ICMA). 
According to the GnRH stimulation test, Ⅰ basal LH  
(B-LH)≥5.0 IU/l or Ⅱ peaking LH (P-LH)≥5.0 IU/l and 
P-LH/peaking follicle stimulating hormone (P-FSH)≥0.6 
after stimulation was considered to as CPP. All girls with 
ICPP had normal pituitary MRI and thyroid hormone. 
The PT in girls was diagnosed by the presence of only 
early breast development without other secondary sexual 
characteristics, which revealed a non-progressive self-

limiting course follow-up for six months and no 
activation of HPG axis according to the GnRH 
stimulation test. No organic cause was found in girls with 
ICPP and PT. HC girls without puberty development 
were enrolled from the child health examination clinic in 
our hospital. There was no difference in age among the 
HC, PT and ICPP groups (7.16±0.35 years old vs. 
7.13±0.48 years old vs. 7.20±0.41 years old, respectively; 
F=0.229, P>0.05). 
 
Evaluation of growth and development 

All subjects were instructed to take off their 
shoes, in order to allow for the accurate measurement of 
their height. The standard deviation score (SDS) for 
height was calculated using the following formula: 

SDS = (measured value – average value) / standard 
deviation (SD). 

Body weight was expressed as body mass index 
(BMI), and was calculated using the following formula: 

BMI = weight in kilograms / height in meters squared. 
Physical and sexual development tests (including 

breast development, pubic hair, armpit hair, and external 
genitalia) were also performed. The wrist joint X-ray was 
evaluated for bone age (BA) using the Greulich-Pyle 
method. Gynecological ultrasound was performed to 
observe the ovary and uterus in children with ICPP and 
PT. 
 
Biochemical analysis 

Blood specimens were drawn from girls with 
ICPP and PT before the GnRH stimulation test and at 30, 
60 and 90 min after triptorelin injection. For HC girls, the 
blood specimens were drawn only once. The blood 
specimens without anticoagulant drawn from each girl in 
the three groups were centrifuged at 2500× g for 10 min, 
and the serum samples were extracted and stored at  
-80 ℃ until the reproductive hormone analysis was 
performed. The serum B-LH, B-FSH, P-LH, P-FSH and 
estradiol (E2) levels were measured by immunochemilu-
minescent assay (ICMA) using Roche original reagents 
and the Cobas e601 analysis series (Roche, Germany). 
The detection limits of LH, FSH and E2 were 
0.1 mIU/ml, 0.1 mIU/ml and 5.0 pg/ml, respectively. The 
serum MKRN3 and kisspeptin concentrations were 
detected by enzyme-linked immunosorbent assay 
(ELISA) using a human MKRN3 ELISA kit 
(MyBioSource, San Diego, CA, USA) and a human 
kisspeptin ELISA kit (Cusabio, Wuhan, China) with  
a Model 450 microplate reader (Bio-Rad, USA), 
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according to manufacturer's instructions. The sensitivity 
of the MKRN3 and kisspeptin ELISA kit were 7.8 pg/ml 
and 0.078 ng/ml, respectively. 
 
Statistical analysis 

Statistical analysis was performed with the aid of 
the SPSS Statistics 20.0 software (SPSS Institute, 
Chicago, IL, USA). Data were presented as mean ± 
standard deviation (SD) for normally distributed 
continuous variables, and medians with interquartile 
ranges (IQRs) for non-normally distributed variables. 
ANOVA and Kruskal-Wallis tests were used to evaluate 
the differences in normally and non-normally distributed 
continuous variables, respectively. The relationship 
between MKRN3 and other reproductive hormones were 
evaluated by Spearman´s correlation. A two-tailed  
P-value of <0.05 was considered statistically significant. 
 
Results 
 
Clinical growth and development indexes 

No secondary sex characteristic was detected in 
HC girls. In girls with PT, all patients only had Tanner 

stage-Ⅱ breast development without other secondary sex 
characteristics. Bilateral breast development was found in 
56.67 % (17/30) of the PT girls, while unilateral breast 
development was found in 43.33 % (13/30) of the 
PT girls. For girls with unilateral breast development, 
46.15 % (6/13) of the girls had left breast development, 
while 53.85 % (7/13) of the girls had right breast 
development. All ICPP girls had bilateral breast 
development. Among these girls, 40 % (12/30) were in 
Tanner stage-Ⅱ, while 60 % (18/30) were in Tanner 
stage-Ⅲ. For ICPP girls, pubic hair, ovary and uterus 
development were observed as other secondary sex 
characteristics. None of the ICPP girls had menarche. 
There were no statistically significant differences in BMI 
among the HC, PT and ICPP girls (15.48±0.72 kg/m2 vs. 
15.71±0.73 kg/m2 vs. 16.02±1.03 kg/m2, respectively; 
P>0.05) (Table 1). None of the girls were overweight or 
obese. There were no significant differences detected 
between the HC and PT groups, in terms of BA, BA/CA 
ratio and height SDS (all, P>0.05; Table 1). The BA, 
BA/CA ratio and height SDS were higher in ICPP girls, 
when compared to HC and PT girls (all, P<0.05; 
Table 1).

 
 
Table 1. Clinic and laboratory indicators among HC, PT and ICPP girls. 
 

 HC (n=30) PT (n=30) ICPP (n=30) 

CA (years) 7.16±0.35 7.13±0.48 7.20±0.41* 
BA (years) 7.27±0.38 7.42±0.47▲ 8.48±0.62** 
BA/CA 1.02±0.04 1.04±0.03▲ 1.18±0.06** 
Height SDS 0.25±0.44 0.43±0.40▲ 1.07±0.37** 
BMI (kg/m2) 15.48±0.72 15.71±0.73 16.02±1.03* 
B-LH (mIU/ml) 0.12 (0.10-0.28) 0.19 (0.10-0.45)▲ 0.86 (0.38-1.25)** 
P-LH (mIU/ml) -- 3.82 (2.12-5.10) 11.27 (7.44-16.41)** 
B-FSH (mIU/ml) 2.35 (1.96-3.39) 3.58 (1.94-4.68) 3.38 (1.85-5.86)* 
P-FSH (mIU/ml) -- 22.89 (17.74-34.17) 11.57 (10.03-17.57)** 
P-LH/P-FSH -- 0.17 (0.11-0.21) 0.77 (0.66-1.21)** 
E2 (pg/ml) 7.57±1.71 8.05±3.19▲ 21.01±8.81** 
Kisspeptin (ng/ml) 1.31±0.19 1.73±0.18▲▲ 1.82±0.16*** 
MKRN3 (pg/ml) 978.0 (897.5-1069.8) 834.0 (663.5-967.8)▲▲ 680.0 (519.8-983.5)*** 

 
HC, healthy controls; PT, premature thelarche; ICPP, idiopathic central precocious puberty; CA, chronological age; SDS, standard 
deviation score; BMI, body mass index; B-, base-; P-, peak-; LH, luteinizing hormone; FSH, follicle stimulating hormone; E2, estradiol; 
MKRN3, makorin ring finger protein 3; * among three groups P>0.05; ** vs. PT group P<0.05; *** vs. PT group P>0.05; ▲ vs. HC group 
P>0.05; ▲▲ vs. HC group P<0.05. 
 
 
Laboratory biochemical indicators assay 

The B-LH and E2 levels were higher in 
ICPP girls, when compared to HC and PT girls (all, 

P<0.05), but there were no statistically significant 
differences between HC and PT girls (P>0.05). 
Furthermore, there were no significant differences among 
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HC, PT and ICPP girls, in terms of B-FSH levels (P>0.05). 
After the GnRH stimulation test, the P-LH levels and  
P-LH/P-FSH were obviously higher in ICPP girls, when 
compared to PT girls (P<0.05). Higher P-FSH levels were 
detected after the GnRH stimulation test in PT girls, when 
compared to ICPP girls, which is consistent with the 
feature of PT (P<0.05). However, kisspeptin levels were 
lower in HC girls, when compared to ICPP and PT girls 
(all, P<0.05), but no statistically significant differences 
were found between ICPP and PT girls (P>0.05). 
MKRN3 levels were the highest in HC girls among the 
three groups (all, P<0.05), but there were no significant 
differences between ICPP and PT girls (P>0.05). All the 

above data are presented in Table 1. 
 

Correlations between MKRN3 and other biochemical 
indicators 

There were relatively strong negative 
correlations between MKRN3, and kisspeptin and  
P-LH/P-FSH (ρ=-0.525, P<0.001; ρ=-0.405, P<0.001; 
respectively; Table 2). The weak negative correlations 
were detected between MKRN3 and B-LH, P-LH, P-FSH 
and E2 (ρ=-0.231, P=0.029; ρ=-0.365, P<0.001;  
ρ=-0.263, P=0.012; ρ=-0.310, P=0.003; respectively; 
Table 2). There was no significant correlation between 
MKRN3 and B-FSH (ρ=-0.020, P=0.850; Table 2). 

 
 
Table 2. Correlations between MKRN3 and other reproductive endocrine indicators. 
 

 B-LH P-LH B-FSH P-FSH P-LH/P-FSH E2 Kisspeptin 

ρ -0.231 -0.365 0.020 -0.263 -0.405 -0.310 -0.525 
P 0.029 <0.001 0.850 0.012 <0.001 0.003 <0.001 

 
MKRN3, makorin ring finger protein 3; B-, base-; P-, peak-; LH, luteinizing hormone; FSH, follicle stimulating hormone; E2, estradiol. 
 
 
Discussion 
 

Although the pathogenesis of CPP remains not 
fully understood, genetic factors have been considered as 
an important cause of CPP in recent years (Shin 2016). To 
date, a series of genes have been found to be involved in 
regulating HPG axis function and puberty development. 
However, merely the KISS1, KISS1R and MKRN3 genes 
have been observed in patients with CPP, and CPP patients 
with the KISS1 or KISS1R gene mutation are very few. 
The pathogenicity of other candidate genes that regulate 
GnRH secretion, such as GABRA1, LIN28B, NPY-Y1R, 
TAC3 and TACR3, remains to be confirmed in patients 
with CPP (Bulcao et al. 2014). 

The mutations of the MKRN3 gene, which was 
first discovered by Jong et al. (1999) according to the 
investigation of the Prader-Willi syndrome critical region 
in 1999, were detected in familial CPP through whole-
exome sequencing analysis by Abreu et al. (2013). To 
date, a total of 21 different MKRN3 gene mutations had 
been found (including eight frameshift mutations, 
10 missense mutations, and three nonsense mutations) in 
patients with CPP. In the Asian population, the frequency 
of MKRN3 mutations was relatively lower in sporadic 
and familial CPP cases, when compared to people in 
south America, due to different genetic backgrounds 

(Bessa et al. 2017, Jeong et al. 2017, Lee et al. 2016; 
Macedo et al. 2014). The first Japanese MKRN3 
mutation causing CPP in an 8-year-old girl was identified 
(Nishioka et al. 2017). More and more evidences have 
indicated that the non-functional mutation of the 
MKRN3 gene is an important reason for human CPP. The 
MKRN3 gene is the key factor in regulating sexual 
development and reproductive function (Simon et al. 
2016). The MKRN3 has been considered as a gatekeeper 
of puberty onset, based on the consensus of researchers. 
In healthy children, circulating MKRN3 levels were 
detected to decline before clinical pubertal onset and 
through puberty (Busch et al. 2016, Hagen et al. 2015, 
Varimo et al. 2016). Grandone et al. (2018) reported that 
girls with CPP had lower serum MKRN3 levels, when 
compared to age-matched controls, and that these 
negatively correlated to LH, FSH, E2 and BMI, even if 
no MKRN3 gene mutation was detected. The present 
findings were similar to Grandone’s research, and may 
reveal that the involvement of MKRN3 in CPP is not 
only in children with familial CPP. These results may 
confirm the advanced decline in MKRN3 level in 
children with ICPP, when compared to normal controls. 
However, it remains to be determined whether the 
advanced reduction in MKRN3 is the initial factor or 
secondary change of ICPP. 
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Kisspeptin/neurokinin B/dynorphin (KNDy) 
neuropeptides, especially kisspeptin, have been 
recognized as important factors that promote GnRH pulse 
release and play an important role in pubertal 
development, which is expressed in KNDy neurons 
(Merkle et al. 2012). de Vries (2009) and Rhie et al. 
(2011) found that serum kisspeptin levels were 
significantly higher in girls with CPP, when compared to 
age-matched prepubertal controls. Demirbilek et al. 
(2012) reported that the circulating kisspeptin levels of 
girls with CPP before treatment were higher, when 
compared to age-matched controls, and these 
significantly declined after gonadotropin releasing 
hormone analogue (GnRHa) effective treatment. The data 
of the present study supports a previous research, in 
which the serum kisspeptin levels of girls with ICPP in 
the present study were also higher than prepubertal 
controls. The present study may be the first study that has 
correlated MKRN3 with kisspeptin in ICPP patients. The 
negative relationship between these reveals the advanced 
decline in MKRN3 and rise in kisspeptin would be  
an important physiopathologic mechanism of ICPP. 

The early manifestation of girls with ICPP and 
PT were both breast development, but it was difficult to 
distinguish at the early stage. At present, the differential 
diagnosis was mainly based on clinical examination, BA 
and GnRH stimulation tests, but there were apparent 
limitations. For example, ICPP girls in the early stage 
may have not presented an advanced BA, growth 
acceleration and typical GnRH stimulation test response 
due to the short course of disease. In this case, ICPP may 
be misdiagnosed as PT. The change in serum kisspeptin 
in ICPP girls remains under dispute. Akinci et al. (2012) 
and Kurnaz et al. (2017) reported that plasma kisspeptin 
levels were higher in girls with PT, when compared to 
age-matched controls. Abaci et al. (2015) found that the 
serum kisspeptin levels were significantly higher in ICPP 
and PT girls, when compared to controls, but there was 
no significant difference between ICPP and PT girls. 
These results were similar to those in the present study. 
The present study also found that serum MKRN3 levels 
were lower in ICPP and PT girls, when compared to 
HC girls, which were accompanied by higher levels of 

kisspeptin, but there was no significant difference 
between ICPP and PT girls. Negative relationships were 
detected between MKRN3, and kisspeptin, gonadotropins 
and E2. These results may partially prove the hypothesis 
that PT may have resulted from the temporary and 
incomplete activation of central signals. The overlap of 
MKRN3 and kisspeptin levels among ICPP, PT and HC 
suggests that MKRN3 or kisspeptin level alone cannot be 
reliable indicators for the diagnosis of ICPP, or the 
differentiation between ICPP and PT. 

Some studies have had different results. The 
study conducted by Yang et al. (2015) demonstrated that 
plasma kisspeptin levels were higher in ICPP girls, when 
compared to PT girls and normal controls, but there was 
no difference between PT and controls. Özgen et al. 
(2016) reported that plasma kisspeptin levels were higher 
in ICPP girls, when compared to HC girls, but there was 
no difference between either PT and HC, or ICPP and PT. 
The difference in these results should be mainly due to 
the small sample size of present studies. 

In conclusion, lower serum MKRN3 levels were 
detected in girls with ICPP and PT, when compared to 
age-matched healthy controls. Furthermore, there were 
negative relationships between MKRN3, and kisspeptin, 
gonadotropins and E2. The increase in serum kisspeptin 
level and decline in serum MKRN3 level suggests that 
these could take part in pubertal development and play  
an important role in the onset of ICPP and PT. The 
present study suggests that serum MKRN3 levels may not 
be used as an independent diagnostic criterion alone for 
diagnosing ICPP, or for differentiating ICPP from PT, but 
only as an adjunctive diagnostic biomarker. The present 
studies all had a small sample size. Hence, further large-
scale studies are needed to clarify the role of MKRN3 in 
the occurrence of ICPP, and confirm the usefulness of 
MKRN3 as a diagnostic biomarker. 
 
Conflict of Interest 
There is no conflict of interest. 
 
Acknowledgements 
This study was supported by Shandong Provincial 
Natural Science Foundation, China (No. ZR2013HQ059). 

 
References 
 
ABACI A, ÇATLI G, ANIK A, KÜME T, ÇALAN ÖG, DÜNDAR BN, BÖBER E: Significance of serum neurokinin 

B and kisspeptin levels in the differential diagnosis of premature thelarche and idiopathic central precocious 
puberty. Peptides 64: 29-33, 2015. https://doi.org/10.1016/j.peptides.2014.12.011 



132   Ge et al.  Vol. 69 
 
 
ABREU AP, DAUBER A, MACEDO DB, NOEL SD, BRITO VN, GILL JC, CUKIER P, THOMPSON IR, 

NAVARRO VM, GAGLIARDI PC, RODRIGUES T, KOCHI C, LONGUI CA, BECKERS D, DE ZEGHER 
F, MONTENEGRO LR, MENDONCA BB, CARROLL RS, HIRSCHHORN JN, LATRONICO AC, KAISER 
UB: Central precocious puberty caused by mutations in the imprinted gene MKRN3. N Engl J Med 368:  
2467-2475, 2013. https://doi.org/10.1056/NEJMoa1302160 

AKINCI A, CETIN D, ILHAN N: Plasma kisspeptin levels in girls with premature thelarche. J Clin Res Pediatr 
Endocrinol 4: 61-65, 2012. https://doi.org/10.4274/jcrpe.615 

ATTA I, LAGHARI TM, KHAN YN, LONE SW, IBRAHIM M, RAZA J: Precocious puberty in children. J Coll 
Physicians Surg Pak 25: 124-128, 2015. https://doi.org/02.2015/JCPSP.124128 

BESSA DS, MACEDO DB, BRITO VN, FRANÇA MM, MONTENEGRO LR, CUNHA-SILVA M, SILVEIRA LG, 
HUMMEL T, BERGADÁ I, BRASLAVSKY D, ABREU AP, DAUBER A, MENDONCA BB, KAISER UB, 
LATRONICO AC: High frequency of MKRN3 mutations in male central precocious puberty previously 
classified as idiopathic. Neuroendocrinology 105: 17-25, 2017. https://doi.org/10.1159/000446963 

BULCAO MACEDO D, NAHIME BRITO V, LATRONICO AC: New causes of central precocious puberty: the role of 
genetic factors. Neuroendocrinology 100: 1-8, 2014. https://doi.org/10.1159/000366282 

BUSCH AS, HAGEN CP, ALMSTRUP K, JUUL A: Circulating MKRN3 levels decline during puberty in healthy 
boys. J Clin Endocrinol Metab 101: 2588-2593, 2016. https://doi.org/10.1210/jc.2016-1488 

DE VRIES L, SHTAIF B, PHILLIP M, GAT-YABLONSKI G: Kisspeptin serum levels in girls with central precocious 
puberty. Clin Endocrinol (Oxf) 71: 524-528, 2009. https://doi.org/10.1111/j.1365-2265.2009.03575.x 

DEMIRBILEK H, GONC EN, OZON A, ALIKASIFOGLU A, KANDEMIR N: Evaluation of serum kisspeptin levels 
in girls in the diagnosis of central precocious puberty and in the assessment of pubertal suppression. J Pediatr 
Endocrinol Metab 25: 313-316, 2012. https://doi.org/10.1515/jpem-2011-0445 

GRANDONE A, CIRILLO G, SASSO M, CAPRISTO C, TORNESE G, MARZUILLO P, LUONGO C, ROSARIA 
UMANO G, FESTA A, COPPOLA R, MIRAGLIA DEL GIUDICE E, PERRONE L: MKRN3 levels in girls 
with central precocious puberty and correlation with sexual hormone levels: a pilot study. Endocrine 59:  
203-208, 2018. https://doi.org/10.1007/s12020-017-1281-x 

HAGEN CP, SØRENSEN K, MIERITZ MG, JOHANNSEN TH, ALMSTRUP K, JUUL A: Circulating MKRN3 levels 
decline prior to pubertal onset and through puberty: a longitudinal study of healthy girls. J Clin Endocrinol 
Metab 100: 1920-1926, 2015. https://doi.org/10.1210/jc.2014-4462 

JEONG HR, LEE HS, HWANG JS: Makorin ring finger 3 gene analysis in Koreans with familial precocious puberty. 
J Pediatr Endocrinol Metab 30: 1197-1201, 2017. https://doi.org/10.1515/jpem-2016-0471 

JONG MT, GRAY TA, JI Y, GLENN CC, SAITOH S, DRISCOLL DJ, NICHOLLS RD: A novel imprinted gene, 
encoding a RING zinc-fnger protein, and overlapping antisense transcript in the Prader-Willi syndrome critical 
region. Hum Mol Genet 8: 783-793, 1999. https://doi.org/10.1093/hmg/8.5.783 

KURNAZ E, ŞEN Y, AYDIN S: Plasma kisspeptin and ghrelin levels in puberty variant cases. J Pediatr Endocrinol 
Metab 30: 569-573, 2017. https://doi.org/10.1515/jpem-2016-0127 

LEE HS, JIN HS, SHIM YS, JEONG HR, KWON E, CHOI V, KIM MC, CHUNG IS, JEONG SY, HWANG JS: Low 
frequency of MKRN3 mutations in central precocious puberty among Korean girls. Horm Metab Res 48:  
118-122, 2016. https://doi.org/10.1055/s-0035-1548938 

MACEDO DB, ABREU AP, REIS AC, MONTENEGRO LR, DAUBER A, BENEDUZZI D, CUKIER P, SILVEIRA 
LF, TELES MG, CARROLL RS, JUNIOR GG, FILHO GG, GUCEV Z, ARNHOLD IJ, DE CASTRO M, 
MOREIRA AC, MARTINELLI CE JR, HIRSCHHORN JN, MENDONCA BB, BRITO VN, ANTONINI SR, 
KAISER UB, LATRONICO AC: Central precocious puberty that appears to be sporadic caused by paternally 
inherited mutations in the imprinted gene makorin ring finger 3. J Clin Endocrinol Metab 99: E1097-E1103, 
2014. https://doi.org/10.1210/jc.2013-3126 

MERKLEY CM, PORTER KL, COOLEN LM, HILEMAN SM, BILLINGS HJ, DREWS S, GOODMAN RL, 
LEHMAN MN: KNDy (kisspeptin/neurokinin B/dynorphin) neurons are activated during both pulsatile and 
surge secretion of LH in the ewe. Endocrinology 153: 5406-5414, 2012. https://doi.org/10.1210/en.2012-1357 



2020  Serum MKRN3 Levels in Girls With ICPP and PT    133  
 

NISHIOKA J, SHIMA H, FUKAMI M, YATSUGA S, MATSUMOTO T, USHIJIMA K, KITAMURA M, KOGA Y: 
The first Japanese case of central precocious puberty with a novel MKRN3 mutation. Hum Genome Var 4: 
17017, 2017. https://doi.org/10.1038/hgv.2017.17 

ÖZGEN İT, TORUN E, BAYRAKTAR-TANYERI B, DURMAZ E, KILIÇ E, CESUR Y: The relation of urinary 
bisphenol A with kisspeptin in girls diagnosed with central precocious puberty and premature thelarche. 
J Pediatr Endocrinol Metab 29: 337-341, 2016. https://doi.org/10.1515/jpem-2015-0235 

RHIE YJ, LEE KH, EUN SH, CHOI BM, CHAE HW, KWON AR, LEE WJ, KIM JH, KIM HS: Serum kisspeptin 
levels in Korean girls with central precocious puberty. J Korean Med Sci 26: 927-931, 2011. 
https://doi.org/10.3346/jkms.2011.26.7.927 

SHIN YL: An update on the genetic causes of central precocious puberty. Ann Pediatr Endocrinol Metab 21: 66-69, 
2016. https://doi.org/10.6065/apem.2016.21.2.66 

SILVEIRA LG, NOEL SD, SILVEIRA-NETO AP, ABREU AP, BRITO VN, SANTOS MG, BIANCO SD, 
KUOHUNG W, XU S, GRYNGARTEN M, ESCOBAR ME, ARNHOLD IJ, MENDONCA BB, KAISER UB, 
LATRONICO AC: Mutations of the KISS1 gene in disorders of puberty. J Clin Endocrinol Metab 95:  
2276-2280, 2010. https://doi.org/10.1210/jc.2009-2421 

SIMON D, BA I, MEKHAIL N, ECOSSE E, PAULSEN A, ZENATY D, HOUANG M, JESURAN PERELROIZEN 
M, DE FILIPPO GP, SALERNO M, SIMONIN G, REYNAUD R, CAREL JC, LÉGER J, DE ROUX N: 
Mutations in the maternally imprinted gene MKRN3 are common in familial central precocious puberty. Eur 
J Endocrinol 174: 1-8, 2016. https://doi.org/10.1530/EJE-15-0488 

TELES MG, BIANCO SD, BRITO VN, TRARBACH EB, KUOHUNG W, XU S, SEMINARA SB, MENDONCA 
BB, KAISER UB, LATRONICO AC: A GPR54-activating mutation in a patient with central precocious 
puberty. N Engl J Med 358: 709-715, 2008. https://doi.org/10.1056/NEJMoa073443 

VARIMO T, DUNKEL L, VAARALAHTI K, MIETTINEN PJ, HERO M, RAIVIO T: Circulating makorin ring finger 
protein 3 levels decline in boys before the clinical onset of puberty. Eur J Endocrinol 174: 785-790, 2016. 
https://doi.org/10.1530/EJE-15-1193 

YANG YU, XIONG XY, YANG LI, XIE L, HUANG H: Testing of kisspeptin levels in girls with  
idiopathic central precocious puberty and its significance. Exp Ther Med 9: 2369-2373, 2015. 
https://doi.org/10.3892/etm.2015.2398 

 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CZE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


