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Abstract
Objective: Genetic studies of familial central precocious puberty (CPP) have suggested that makorin ring finger protein 3 (MKRN3) is the 
primary inhibitor of gonadotropin-releasing hormone secretion. Obesity in girls can cause early puberty by affecting the hypothalamic-
pituitary-gonadal axis. This study evaluated serum MKRN3 levels of patients with CPP and its relationship with body mass index (BMI). 
Methods: The study included 92 CPP and 86 prepubertal healthy controls (HC) aged 6-10 years. The CPP and HC groups were divided 
into obese and non-obese subgroups to evaluate whether BMI affects MKRN3. Patients’ presenting complaints, chronological age, height 
age, bone age, Tanner stage, standard deviation scores for weight, height, and BMI, levels of follicle-stimulating hormone, luteinizing 
hormone, estradiol, and MKRN3, and pelvic ultrasonography findings were recorded. 
Results: Serum MKRN3 levels were lower in the CPP group and lowest in the CPP-obese subgroup. There were significant differences in 
MKRN3 levels between the CPP-obese and CPP-normal weight (p=0.02), CPP-obese and HC-obese (p<0.001), and CPP-obese and HC-
normal weight (p=0.03) groups. MKRN3 and BMI were negatively correlated in all cases (r=-0.326, p<0.001). 
Conclusion: The negative correlation between BMI and MKRN3, and lower MKRN3 levels in CPP-obese patients, suggests that adipose 
tissue has a role in the onset of puberty. More comprehensive studies are needed to determine the relationship between MKRN3 and 
adipose tissue.
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What is already known on this topic?
Puberty is initiated by the complex interaction of stimulatory and suppressive factors. Obesity in girls can cause early puberty by 
affecting the hypothalamic-pituitary-gonadal axis. Makorin ring finger protein 3 (MKRN3) is the primary inhibitor of gonadotropin-
releasing hormone secretion.

What this study adds?
Serum MKRN3 levels were found to be negatively correlated with levels of follicle stimulating hormone and estradiol, and also body 
mass index (BMI), uterine length and ovarian volumes. Serum MKRN3 level was lowest in the central precocious puberty (CPP)-obese 
group. The negative correlation between BMI and MKRN3, and lower MKRN3 levels in CPP-obese patients, suggest that adipose tissue 
has a role in the onset of puberty.
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Introduction

Puberty is a period of rapid growth, marking the transition 
from sexual immaturity to sexual maturity. It is characterized 
by the appearance of secondary sexual characteristics, the 
achievement of reproductive capacity, and psychological 
changes. Puberty results from complex, co-ordinated, 
neuroendocrine mechanisms involving the maturation and 
activation of the hypothalamic-pituitary-gonadal (HPG) axis 
and pulsatile release of gonadotropin-releasing hormone 
(GnRH) (1). 

Obesity affects all organ systems, especially the 
neuroendocrine system. The interaction of numerous genes 
controlling puberty activates the HPG axis and initiates 
puberty. The epigenetic effects of adipokines secreted 
from adipose tissue affect the functions of these genes. 
The ability of adipose tissue to accumulate sex hormones 
and inter-convert them enzymatically also affects pubertal 
development (2,3). The relationship between obesity and 
pubertal timing is thought to be controlled by adipokines, 
hyperandrogenism, the aromatase effect of adipose tissue, 
insulin resistance, and hyperinsulinemia (4).

Makorin ring finger protein 3 (MKRN3) is an intronless 
gene located on chromosome 15q11.2 in the Prader-Willi 
syndrome critical region that was first identified by Jong 
et al. (5) in 1999. A 2013 study of families with central 
precocious puberty (CPP) by Abreu et al. (6) found that 
the MKRN3 gene has effects on children entering puberty. 
MKRN3 is also a major inhibitor of GnRH secretion in 
childhood (6,7). An indirect way to determine the function of 
MKRN3 in humans is to investigate serum levels in different 
conditions. Studies have shown that serum MKRN3 levels 
decrease before puberty (8,9,10,11) and are negatively 
correlated with gonadotropin levels (9,12,13). Grandone et 
al. (13) and Li et al. (14) observed a negative correlation 
between MKRN3 and body mass index (BMI). The present 
study examined the relationship between obesity and 
MKRN3 in CPP by comparing serum MKRN3 levels between 
obese and normal-weight CPP patients.

Methods

Patients and Controls

The study recruited 92 girls with CPP, and 86 age-matched 
prepubertal girls as healthy controls (HC), from the Pediatric 
Endocrinology Department from June 2019 to July 2021. 
To evaluate whether BMI affects MKRN3, the CPP and HC 
groups were divided into obese and non-obese subgroups. 
The presence of breast development before the age of 8 
years, menarche before the age of 10 years, advanced bone 

age [a standard deviation (SD) score (SDS) of +2 relative to 
the chronological age], basal luteinizing hormone (LH) ≥1 
mIU/mL or peak LH ≥5 mIU/mL in the GnRH stimulation 
test, uterine length ≥35 mm, and ovarian volume ≥2 mL on 
obstetric ultrasonography were used to diagnose CPP in the 
girls. Obesity was defined as a BMI above the 95th percentile 
or +2 SDS (15). In our pediatric endocrinology outpatient 
clinic, we obtain a history, perform a physical examination, 
examine routine laboratory tests (fasting blood glucose, 
insulin, thyroid function tests, triglyceride, cholesterol, and 
ALT) and perform abdominal ultrasonography to differentiate 
exogenous and endogenous obesity. All examinations 
of the patients included in this study were normal. In 
addition, obesity due to Cushing’s syndrome, chronic drug 
use (for example, corticosteroids), and monogenic obesity 
syndromes were excluded. The prepubertal stage was 
defined clinically as the absence of breast budding and 
pubic hair (Tanner stage 1). Children with tumors, organic 
or endocrine disease, premature thelarche, or syndromic 
disease, and those taking medications, were excluded. 

The study protocol was in line with the Declaration of 
Helsinki and was approved by the Eskişehir Osmangazi 
University Faculty of Medicine, Non-Interventional Clinical 
Research Ethics Committee (protocol no: 10, date: 
25.06.2019). Informed consent was obtained from all 
individuals included in this study and their parents. This 
study was supported by the Eskisehir Osmangazi University 
Scientific Research Projects Coordination Unit (project no. 
TTU-2021-1630).

Evaluation of Growth and Development

All girls underwent physical examination, including weight 
and height, BMI, and Tanner breast development stage. BMI 
was calculated as the weight in kilograms divided by the 
height in meters squared. Height, weight, and BMI were 
expressed as SDS using growth reference percentiles for 
Turkish children and adolescents (16,17).

The left wrist was X-rayed to determine bone age according 
to the Greulich-Pyle method (18). Gynecological ultrasound 
was performed to observe the ovarian volume, uterine 
length, and fundus/cervix ratio, as well as for secondary 
follicle determination. Pituitary and cranial magnetic 
resonance imaging were performed in patients diagnosed 
with CPP younger than six years of age.

Biochemical Analysis

All blood samples were drawn between 8.00 a.m. and 10.00 
a.m. from an antecubital vein, clotted, and centrifuged; 
serum was stored at -80 °C until hormone analyses were 
performed. For CPP girls, blood samples were withdrawn 
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before GnRH analog treatment was started. The serum LH, 
follicle-stimulating hormone (FSH), and estradiol (E2) levels 
were measured by immunochemiluminometric assays using 
a COBAS 8000 autoanalyzer (Roche Diagnostics, Mannheim, 
Germany). The lowest LH and FSH level determined by this 
method is 0.1 mIU/mL, and the lowest E2 level is 5 pg/mL. 
Gonadorelin acetate (Ferring, Germany) was used for the 
GnRH stimulation test, with an injected dose of 2.5 μg/kg 
(maximum dose=100 μg). LH and FSH were measured 
before the injection, and 20, 40, 60, and 90 min thereafter 
(19,20). The serum MKRN3 levels were measured using 
human MKRN3 ELISA kits (BT Lab, China), with a 0.019 ng/
mL detection limit. The intra- and inter-assay coefficients of 
variation were less than 8% and 10%, respectively.

Statistical Analysis

Statistical analysis was performed using Statistical Package 
for the Social Sciences software (version 21.0; IBM Corp., 
Armonk, NY, USA). Data were tested for normality using 
the Shapiro-Wilk test and values >0.05 were considered 
normal. For normally distributed continuous variables, the 
data are expressed as the mean±SD, and for non-normally 
distributed variables, they are expressed as the median and 
interquartile range. Independent samples t-tests and analysis 
of variance (ANOVA) were utilized to compare normally 
distributed continuous variables. The Mann-Whitney and 

Kruskal-Wallis non-parametric tests were used to compare 
non-normally distributed variables. The chi-square test was 
used for categorical variables. One-way ANOVA and the 
Kruskal-Wallis test were used to determine whether the 
study data differed between the normal weight and obese 
groups. To determine which groups were responsible for 
differences, the least significant difference post hoc test was 
used when variance was homogeneous; Tamhane’s T2 test 
was used when the variance was not homogeneous. The 
relationships of MKRN3 with other biochemical indicators 
were evaluated using Spearman’s correlation. P values 
<0.05 were considered statistically significant.

Results

No secondary sex characteristics were detected in the HC 
girls. All CPP girls had bilateral breast development. Of 
these girls, 30 (33%), 43 (47%), 18 (29%), and 1 (1%) were 
Tanner stages II, III, IV and V, respectively. Nineteen CPP 
patients had progressed to menarche. Table 1 summarizes 
the girls’ clinical and biochemical characteristics. Bone 
age was increased in the CPP patients compared with the 
controls. As expected, CPP girls had higher serum LH, 
FSH, and E2 levels than the HC group (all p<0.001). The 
serum MKRN3 levels were lower in the CPP than HC group 
(p<0.001) (Figure 1).

Table 1. Clinical and biochemical characteristics of the CPP and HC girls

CPP
n=92

HC
n=86

p value

Weight SDS 1.23±1.09 1.06±1.70 0.42

Height SDS 0.63±0.97 0.48±1.33 0.37

BMI (kg/m2) 19.72±3.53 19.15±3.97 0.31

BMI SDS 1.17±1.16 1.05±1.59 0.55

CA (years) 8.84±0.74 8.63±0.72 0.58

BA (years) 10.49±1.07 8.96±1.35 <0.001

BA-CA 1.57±0.80 0.71±0.84 <0.001

FSH (mIU/mL) 4.03 (2.58-5.57) 1.54 (1.18-2.49) <0.001

LH (mIU/mL) 0.80 (0.30-4.16) 0.10 (0.10-0.10) <0.001

E2 (pg/mL) 18.15 (7.70-32.72) 5.00 (5.00-7.19) <0.001

p-FSH (mIU/mL) 12.45 (9.42-16.00)

p-LH (mIU/mL) 13.95 (9.12-23.60)

p-LH/p-FSH 1.18 (0.80-2.10)

MKRN3 (ng/mL) 1.40 (0.76-2.66) 1.68 (1.26-4.60) <0.001

Length of the uterus (mm) 45.5 (39.3-49.8) 27.0 (10.0-34.0) <0.001

Right ovarian volume (mL) 4.0 (3.0-5.9) 1.7 (0.8-1.8) <0.001

Left ovarian volume (mL) 4.0 (3.0-5.4) 1.2 (1.0-1.7) <0.001

The median and interquartile ranges were shown except for weight, height, BMI, age which were expressed as means±SDS.
CPP: central precocious puberty, HC: healthy controls, BMI: body mass index, SDS: standard deviation score, CA: chronological age, BA: bone age, FSH: follicle stimulating 
hormone, LH: luteinizing hormone, E2: estradiol, p: peak, MKRN3: makorin ring finger protein 3
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Table 2 shows the clinical and biochemical characteristics 
of the obese and non-obese subgroups. Although their 
chronological ages were similar, bone age was increased 
most in the CPP-obese group. Serum MKRN3 levels were 
lower in the CPP-obese group compared to the other groups 
(p<0.001).

Serum MKRN3 levels were inversely correlated with BMI 
(Figure 1), Tanner stage, FSH, E2, uterus length, and right 
and left ovarian volumes, as shown in Table 3.

Table 2. Clinical and biochemical characteristics of the obese and non-obese groups

n CPP CPP HC HC p Post-hoc
p<0.05Normal weight Obese Normal weight Obese

49 43 43 43

BMI (kg/m2) 16.83±1.71 23.02±1.67 15.78±2.04 22.52±2.10 <0.001 2>1>3, 4>1>3

BMI SDS 0.24±0.76 2.24±0.27 -0.32±1.08 2.42±0.40 <0.001 2>1>3, 4>1>3

CA (years) 8.85±0.80 8.83±0.61 8.68±0.82 8.60±0.60 0.281

BA (years) 10.33±1.08 10.67±1.03 9.13±1.31 8.79±1.39 <0.001 2>1>3>4

FSH (mIU/mL) 2.81 (2.21-4.62) 5.00 (2.84-6.32) 1.60 (1.18-2.74) 1.39 (1.06-2.46) <0.001
1>3, 1>4, 2>3, 
2>4

LH (mIU/mL) 0.4 (0.3-1.6) 3.1 (0.4-5.9) 0.3 (0.3-0.3) 0.3 (0.3-0.3) <0.001 2>1>3, 2>1>4

E2 (pg/mL) 18.0 (8.3-30.6) 20.6 (5.3-38.0) 5.0 (5.0-7.0) 5.0 (5.0-7.9) <0.001
1>3, 1>4, 2>3, 
2>4

MKRN3 (ng/mL) 1.63 (1.14-3.28) 0.93 (0.50-2.05) 2.52 (1.40-4.61) 1.55 (1.19-3.95) <0.001 1>2, 3>2, 4>2

The median and interquartile ranges were shown except for BMI, age which were expressed as means±SDS.
CPP: central precocious puberty, HC: healthy controls, BMI: body mass index, SDS: standard deviation score, CA: chronological age, BA: bone age, FSH: follicle stimulating 
hormone, LH: luteinizing hormone, E2: estradiol, p: peak, MKRN3: makorin ring finger protein 3

Figure 1. Serum MKRN3 concentrations, and negative correlations between serum MKRN3 levels and BMI in all cases

CPP: central precocious puberty, HC: healthy controls, BMI: body mass index, MKRN3: makorin ring finger protein 3
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Discussion

Puberty is a complex developmental process that leads to 
sexual maturation and reproductive capacity, resulting in 
spermatogenesis in boys and ovulation in girls. This arises 
from a coordinated sequence of events controlled by genetic, 
neurochemical, metabolic, and environmental factors (21).

In 1970, Frisch and Revelle (22,23) suggested there is 
a critical body weight controlling pubertal timing and 
menarche in girls. Many studies have shown that girls with 
more body fat undergo puberty earlier (4,24,25,26). Several 
cross-sectional studies have reported significant correlations 
between obesity and earlier menarche (27,28,29). Wang 
(30) investigated the relationship between obesity and early 
sexual development in 1,501 girls and 1,520 boys aged 8-14 
years. In girls, they found positive correlations between early 
sexual development and BMI, obesity, and subcutaneous 
adipose tissue thickness. The increased risk of early puberty 
in girls may be related to the recent increase in childhood 
obesity (31).

The MKRN3 gene, located on chromosome 15 in the Prader-
Willi syndrome-associated region (15q11-q13), was found to 
be mutated in five families with familial precocious puberty 
(6). These included frameshift, nonsense, and missense 
mutations (32). MKRN3 is expressed in the hypothalamus 
and other tissues (33). MKRN3 expression is also high in 
the hypothalamus of prepubertal mice, rats, and primates; 
it decreases rapidly before puberty and remains low 
thereafter (6,34). Thus, MKRN3 is thought to inhibit the 
pathways leading to the onset of puberty. Abreu et al. (34) 
reported that MKRN3 is expressed in KISS1 neurons of 
the mouse hypothalamic arcuate nucleus and that MKRN3 

repressed the promoter activity of human KISS1 and TAC3. 
MKRN3 also has ubiquitinase activity, which is reduced by 
MKRN3 mutations affecting the RING finger domain; these 
mutations compromise the ability of MKRN3 to suppress 
KISS1 and TAC3 promoter activity. Thus, MKRN3 is thought 
to act at the level of kisspeptin or GnRH neurons.

This study investigated how serum MKRN3 levels change 
with obesity in girls with CPP. Previous studies revealed 
that the serum MKRN3 level was significantly lower in girls 
with CPP than prepubertal girls (11,13,14). We found that 
median serum MKRN3 levels were 1.40 (0.76-2.66) ng/
mL in the CPP group and 1.68 (1.26-4.60) ng/mL in the 
HC group. The decreased MKRN3 levels in girls with CPP 
support the association of MKRN3 with the inhibition of 
GnRH secretion and pubertal initiation, and concur with 
previous reports of peripubertal changes in serum MKRN3 
levels (9,11,12,13,35).

Hagen et al. (9) reported that MKRN3 was negatively 
correlated with gonadotropin levels in prepubertal girls. 
Grandone et al. (13) reported that MKRN3 was negatively 
correlated with gonadotropins and E2 in CPP, normal age 
prepubertal, and pubertal girls. Ge et al. (12) reported that 
MKRN3 was negatively correlated with gonadotropin levels 
in girls with premature thelarche and CPP. The prepubertal 
decline in MKRN3, and its negative correlation with 
gonadotropins, support the notion that MKRN3 is a major 
inhibitor of hypothalamic GnRH secretion during childhood. 
Inter-individual variation in circulating MKRN3 indicates 
that there is no standard threshold with respect to when 
MKRN3 initiates puberty. We found that serum MKRN3 
levels were negatively correlated with FSH and E2, and non-
significantly correlated with LH. We also found negative 

Table 3. Correlations between MKRN3 and other biochemical indicators

All cases CPP group HC group

n r p n r p n r p

BMI 178 -0.326 <0.001 92 -0.349 0.001 86 -0.284 0.008

BMI SDS 178 -0.261 <0.001 92 -0.315 0.002 86 -0.237 0.028

Tanner stage 178 -0.272 <0.001 92 -0.143 0.173

FSH 178 -0.218 0.003 92 -0.133 0.206 86 -0.036 0.739

LH 178 -0.128 0.09 92 -0.099 0.346 86 0.239 0.027

E2 178 -0.175 0.02 92 -0.049 0.644 86 -0.014 0.899

p-FSH 60 0.178 0.174

p-LH 60 0.164 0.211

Length of the uterus 178 -0.206 0.006 92 -0.009 0.930 86 0.057 0.604

Right ovarian volumes 178 -0.194 0.009 92 -0.003 0.976 86 -0.026 0.811

Left ovarian volumes 178 -0.189 0.12 92 -0.004 0.972 86 0.053 0.629

CPP: central precocious puberty, HC: healthy controls, BMI: body mass index, SDS: standard deviation score, FSH: follicle stimulating hormone, LH: luteinizing hormone, 
E2: estradiol, p: peak, MKRN3: makorin ring finger protein 3
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correlations between MKRN3 and the uterine length and 
ovarian volume, also supporting a relationship between 
MKRN3 decline and the onset of puberty. FSH and LH are 
hormones produced by the anterior pituitary in response 
to GnRH from the hypothalamus (36). In men, Leydig cells 
produce  testosterone  under the control of LH. However, 
in women, FSH stimulates granulosa cells in the ovarian 
follicles to synthesize aromatase, which converts androgens 
produced by the thecal cells to E2 (37). Our study revealed 
that, the effect of the peripubertal decline in MKRN3 on FSH 
is more prominent than its effect on LH.

Grandone et al. (13) and Li et al. (14) found negative 
correlations between MKRN3 and BMI, while Jeong et al. 
(11) did not (35). The BMI and BMI SDS of the patient and 
control groups in these studies were within the normal 
range. In our study, the MKRN3 level was lowest in the CPP-
obese group, and there was a significant difference between 
the CPP-obese and other subgroups (CPP-normal weight, 
HC-normal weight, and HC-obese). There was no difference 
in MKRN3 level among the CPP-normal weight, HC-normal 
weight, and HC-obese groups. Although the MKRN3 level 
in the CPP group was lower than in the HC group, the 
MKRN3 levels of the CPP-normal weight group did not 
differ from the HC-normal weight and HC-obese groups, 
which indicates there is a relationship between obesity and 
MKRN3. In addition, there was no significant difference 
between the HC-normal weight and HC-obese groups; the 
median value was higher in the HC-normal weight group. 
We hypothesize that MKRN3 levels may decrease due to the 
effects of obesity. Finally, MKRN3 levels do not appear to 
represent a marker for discriminating precocious puberty 
between CPP-normal weight and HC-obese groups. This 
suggests that puberty is not only affected by MKRN3 or 
obesity and that the mechanisms are complex. There was 
also a negative correlation between MKRN3 and BMI. The 
relationship between adiposity and the onset of puberty, as 
well as between obesity and early menarche, is known (38). 
The negative correlation with BMI suggests that MKRN3 in 
girls is modulated by nutritional factors and adipokines, 
such as leptin. 

Leptin is a peptide hormone released from adipose tissue 
in proportion to its mass. Leptin levels are associated with 
the energy reserve required for pubertal development, and 
levels convey this status to the hypothalamus. Leptin acts 
in the sensitization of hypothalamic GnRH neurons and 
stimulates GnRH by binding to the leptin receptor and 
activating kisspeptin (39,40). Leptin permits puberty to 
progress only if adequate body energy reserves are available 
(41), although a recent study showed that the peripubertal 
decrease in MKRN3 expression was independent of the 

effect of leptin in a leptin-deficient mouse model (42). 
Therefore, the interactions and relationships between 
neuroendocrine factors and adipokines at the onset of 
puberty have not yet been fully elucidated. The negative 
correlation between BMI and MKRN3, and lower MKRN3 
levels in obese patients in early puberty, suggests that 
another factor modulates the effect of adipose tissue on the 
onset of puberty. Unfortunately, leptin was not measured in 
our patients.

Study Limitations

MKRN3 gene analysis was not performed in our study but 
selective genetic testing should be performed in patients 
with very low or very high MKRN3 values. Since our 
study group was divided into obese and non-obese cases, 
overweight cases were not evaluated separately. Finally, 
the relationship between leptin and MKRN3 has not been 
evaluated. In future studies, the limitations of our study 
can be eliminated by evaluating a larger sample group and 
investigating MKRN3 levels in patients with overweight and/
or morbid obesity. Furthermore, this design would enable 
the relationship between leptin and MKRN3 to be evaluated.

Conclusion

In conclusion, serum MKRN3 levels were lower in girls with 
CPP than controls, supporting the finding that MKRN3 levels 
decrease at the onset of puberty and have a role therein. 
The negative correlation between BMI and MKRN3, and 
the lower MKRN3 levels in CPP-obese cases, suggest that 
another factor modulates the effect of adipose tissue on the 
onset of puberty. More comprehensive studies are needed 
to determine the relationship between MKRN3 and adipose 
tissue.
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