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Abstract: Diagnosis of central precocious puberty (CPP)
in girls remains a huge challenge. The current study was
to measure the serum expression of methyl-DNA bind
protein 3 (MBD3) in CPP girls and assess its diagnostic
efficacy. To begin with, we enrolled 109 CPP girls and 74
healthy pre-puberty girls. Then, MBD3 expression in their
serum samples was measured via reverse transcription-
quantitative polymerase chain reaction, and its diagnostic
efficacy on CPP was assessed via the receiver operating
characteristic (ROC) curve, followed by correlation
analysis between serum MBD3 and patient age, gender,
bone age, weight, height, body mass index, basal lutei-
nizing hormone (LH), peak LH, basal follicle-stimulating
hormone (FSH), peak FSH, and ovarian size using bivariate
correlations method. Finally, independent predictors of
MBD3 expression were confirmed using multivariate linear
regression analysis. MBD3 was highly expressed in sera of
CPP patients. The area under the ROC curve of MBD3 diag-
nosing CCP was 0.9309, with 1.475 cut-off value (92.66%
sensitivity and 86.49% specificity). MBD3 expression posi-
tively correlated with basal LH, peak LH, basal FSH, and
ovarian size, among which basal LH was considered the
strongest independent predictor of MBD3, followed by basal
FSH and peak LH. In summary, serum MBD3 could act as a
biomarker in aiding CPP diagnosis.
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1 Introduction

Precocious puberty, in its essence, represents the emer-
gence of secondary sexual characteristics in girls under 8
years old and boys under 9 years old [1]. The advance-
ment of pubertal timing might be the result of abnormal
interactions among hormonal, metabolic, genetic, ethnic,
and environmental factors [2]. In clinical terms, preco-
cious puberty is classified into complete precocious pub-
erty, central precocious puberty (CPP), and incomplete
precocious puberty [3]. CPP refers to physiological pub-
ertal development at an inappropriate age attributed to
the prematurely activated hypothalamic—pituitary—gonad
(HPG) axis and featured by increased production and
release of gonadotropin-releasing hormone (GnRH) [4].
Compared to boys, girls are more susceptible to CCP, and
risks of short and slight stature, obesity, consequent psy-
chosocial distress, and other diseases including cardiovas-
cular disease and diabetes are high when girls with CCP
enter adulthood [5,6]. Therefore, girl-centered research
should be given higher priority in the study concerning
CPP diagnosis and treatment.

The widely used diagnostic methods for CPP consist
of stimulation with GnRH or GnRH analogs (GnRHa), esti-
mation of luteinizing hormone/follicle-stimulating hor-
mone (LH/FSH) ratio, and pelvic ultrasound [7]. Pelvic
ultrasound is the additional method used when the
results of the GnRH stimulation test, often expensive
and time-consuming, are ambiguous [6,8]. Combined
with the above-mentioned reality, more additional tools
are in urgent need to achieve an accurate and rapid
diagnosis of CPP.

Researchers have identified several serum biomar-
kers that possess great significance in CPP diagnosis,
such as neurokinin B and kisspeptin [9], Makorin ring
finger protein 3 (MKRN3) [10], and anti-Miillerian hor-
mone and inhibin B [11]. Methyl-DNA bind protein 3
(MBD3), a member of methyl binding proteins, is impli-
cated in the manipulation of puberty initiation in mam-
mals [12]. MBD3 poses an influence on the puberty of
mammals and thus affects their sexual competence [13].
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Nevertheless, the single function and significance of
serum MBD3 in CPP clinical detection have not been elu-
cidated up to date. The current study intended to figure
out the clinical significance of serum MBD3 in CPP girls,
and thus provide a new perspective for the diagnosis and
management of CPP.

2 Materials and methods

2.1 Ethics statement

The study protocols complied with the Declaration of Helsinki
and were ratified by the Scientific Ethics Committee of Beijing
University of Chinese Medicine Shenzhen Hospital
(Longgang). Informed consent was obtained from each
participant.

2.2 Study subjects

Participants included girls with CPP (N = 109) who were
recruited from the pediatric endocrine clinic at Beijing
University of Chinese Medicine Shenzhen Hospital (Longgang)
and healthy pre-puberty girls (N = 74, control group) who
were admitted to Beijing University of Chinese Medicine
Shenzhen Hospital (Longgang) for physical examination
from June 2018 to June 2021. The age of all participants
ranged from 6 to 9 years.

Inclusion criteria were as follows: (1) patients showed
Tanner breast stage scores >2 based on standardized
Tanner breast stage assessment before the age of 8 years,
(2) bone age (BA) of patients assessed by a single observer
should be at least 1 year ahead of their actual age following
the Greulich and Pyle method, and (3) peak LH was higher
than the critical value of 5 IU/L in the GnRH test before the
age of 9 years.

Further laboratory and imaging studies were carried out
following clinical judgment to exclude other forms of preco-
cious puberty. Exclusion criteria were as follows: (1) patients
with clear etiology such as brain tumor or cranial irradiation
and (2) patients with a history of GnRH agonist treatment.

2.3 Collection of clinical baseline
characteristics

The body mass index (BMI) of each participant was calcu-
lated by the equation: BMI = body weight/height? (kg/m?).
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The stage of puberty was determined in accordance with the
Marshall and Tanner criteria [14]. BA was estimated using
the Greulich and Pyle method [15]. The ovarian and uterine
ultrasonic examination was conducted by an experienced
radiologist.

2.4 Blood sample collection

Participants fasted for 12h overnight and 8 mL blood
sample was collected in the morning and immediately
centrifuged. Serum samples were transferred to Eppendorf
tubes and conserved at —80°C. Morning basal serum levels
of LH and FSH in all patients were measured using chemi-
luminescent immunoassay kits (Immulite 2000, Siemens,
Eschborn, Germany) [16].

2.5 GnRH stimulation test

GnRH stimulation test was conducted on fasted CPP patients
using gonadorelin acetate (LHRH Ferring®, Ferring Pharmaceuti-
cals Inc., Tarrytown, NY, USA) between 8 and 8:30 a.m.
[17]. Patients were intravenously administered with GnRH
(0.1 mg/m?) and samples were collected at 20, 40, 60, and
90 min after administration to measure FSH and LH. Peak
LH >5IU/L was considered to be indicative of puberty [18].

2.6 Reverse transcription-quantitative
polymerase chain reaction (RT-qPCR)

Total RNA was extracted from serum samples utilizing
TRIzol kits (Invitrogen life, Carlsbad, CA, USA), followed
by determination of RNA quantity and purity using a
nano-drop spectrometer (Thermo Fisher Scientific, Waltham,
MA, USA). Optical density (OD) of RNA at 260/280 nm was
detected, and RNA samples with the OD value of 1.8-2.2 at
260/280 nm were used for cDNA synthesis. Subsequently, 2 ug
RNA was subjected to reverse transcription using SuperScript™
III Reverse Transcriptase (Invitrogen Life Technologies) as per
the manufacturer’s protocols. Afterward, RT-qPCR was imple-
mented to quantify MBD3 expression utilizing Gene Amp
PCR System 9700 (ABI, Foster City, CA, USA) and 2X PCR
Master mix (KANGCHENG, Shanghai, China). The 2722t
method was adopted to calculate the relative expression
of MBD3 with GAPDH as an internal reference [19]. The
primer sequences were as follows: MBD3, F: 5-ATGCTGA
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TGAGCAAGATGAAC-3’, R: 5-GGCTCTTGTTCATCTTGC
TCA-3’; GAPDH, F: 5’-CCCACTCCTCCACCTTTGAC-3’, R:
5’-CATACCAGGAAATGAGCTTGACAA-3".

2.7 Statistical analysis

Data analysis and drafting were performed utilizing SPSS
21 (IBM Corp., Armonk, NY, USA) and Graphpad Prism 8
software. Normal distribution of data was confirmed by
Shapiro-Wilk test, and the value beyond 0.05 was per-
ceived as normal. Values of normally distributed continuous
variables were expressed as mean + standard deviation (SD),
whereas values of abnormally distributed variables were
expressed as the median and interquartile range. Normally
distributed continuous variables were compared using
Student’s t-test and one-way analysis of variance, and
abnormally distributed ones were compared using Mann—
Whitney and Kruskal-Wallis non-parametric test. The
sensitivity and specificity of MBD3 were estimated by
the critical value identified in the receiver operating
characteristic (ROC) curve, and the correlation among
variables was analyzed using bivariate analysis. Significant
predictors affecting MBD3 expression were confirmed by
multivariate linear regression analysis. The threshold of
P < 0.05 was regarded as statistically significant.

3 Results

3.1 Clinical baseline information

Altogether 109 CPP patients (average age: 7.19 + 0.79 years)
and 74 healthy participants (average age: 7.18 + 0.72 years)
were enrolled in the present study. The ratio of CPP patients
at the Tanner stage of II/III was 84/25. The clinical baseline
characteristics of participants are illustrated in Table 1. Com-
pared with the control group, the CPP group exhibited great
differences in BA, BA advancement, height, weight, basal
LH, basal FSH, and the size of left and right ovaries (all P <
0.05), and no distinct difference in mean actual age and BML

3.2 MBD3 is highly expressed in sera of CPP
patients and has higher diagnostic
efficacy

RT-gPCR demonstrated remarkably elevated levels of MBD3
in sera of CPP patients compared with healthy subjects

Diagnostic value of serum MBD3 in CPP girls

Table 1: Clinical baseline characteristics
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CPP (N = 109) Normal (N =74) P-value
Age 7.19 + 0.79 7.18 + 0.72 0.8926
BA 8.63 + 0.89 7.75 £ 1.02 <0.001
Age-BA 1.44 + 0.41 0.57 + 0.60 <0.001
Height (cm) 130.30 + 9.69 126.70 + 8.44 0.0092
Weight (kg) 35.40 + 5.66 33.47 + 5.44 0.0225
BMI 21.13 + 4.23 21.04 + 3.88 0.8894
Basal LH (IU/L) 1.54 (0.93-2.40)  0.10 <0.001

(0.08-0.14)

Peak LH (IU/L)  13.39 —

(9.56-17.57)
Basal FSH 3.23 (2.01-4.30)  1.39(0.79-3.06) <0.001
(/)
Peak FSH 13.39 —
(IU/L) (9.56-17.57)
Right ovary 2.77 + 1.43 1.60 + 0.72 <0.001
size (cc)
Left ovary 2.86 + 1.46 1.32 + 0.64 <0.001
size (cc)

Note: BMI, body mass index; LH, luteinizing hormone; FSH, follicle
stimulating hormone; CPP, central precocious puberty. Normally
distributed continuous variables were described as mean + SD;
abnormally distributed variables were described as median and
interquartile range (IQR).

(P < 0.001, Figure 1a). To understand whether serum
MBD3 expression has diagnostic values on CPP, we draw
a ROC curve to distinguish CPP patients from healthy sub-
jects with the expression level of MBD3, which illustrated
the area under the curve (AUC) as 0.9309 and cut-off value
as 1.475 (92.66% sensitivity and 86.49% specificity) (P <
0.0001, Figure 1b). All in all, serum MBD3 expression
>1.475 possessed some auxiliary diagnostic values on CPP.

3.3 MBD3 shows correlations with clinical
baseline characteristics of CPP patients

Current CPP diagnosis depends on GnRH or GnRHa sti-
mulation, LH/FSH ratio, and pelvic ultrasonography [7],
yet the features of high expenses and cost-time make it
difficult to popularize. MBD3 as an influencing factor of
GnRH in mammals might exert auxiliary effects on CPP
diagnosis [12]. By analyzing the correlation between serum
MBD3 expression in CPP patients and clinical baseline
characteristics using bivariate correlation analysis, we dis-
closed that serum MBD3 expression in CPP patients was
positively associated with basal LH (r = 0.229, P = 0.016),
peak LH (r = 0.299, P = 0.002), basal FSH (r = 0.252, P =
0.008), and the size of right ovary (r = 0.226, P = 0.018) and
left ovary (r = 0.208, P = 0.030) (Table 2).
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Figure 1: MBD3 is highly expressed in serum of CPP patients and has higher diagnostic efficacy: (a) expression of serum MBD3 measured via
RT-gPCR and (b) diagnostic efficacy of MBD3 on CPP patients analyzed via ROC curve. Data in panel (a) were processed utilizing inde-
pendent sample t-test and data in panel (b) were processed by means of ROC analysis. *** P < 0.001.

3.4 Basal LH is the strongest predictor
of MBD3

Multivariate linear regression analysis was conducted to
explore the factors independently affecting MBD3, which
revealed peak LH, basal LH, and basal FSH as the inde-
pendent predictors of MBD3 (Table 3). Among these pre-
dictors, basal LH exhibited the strongest correlation with
MBD3 expression, followed by basal FSH and peak LH.
Collectively, basal LH was regarded as the strongest inde-
pendent predictor of MBD3.

Table 2: Correlation between MBD3 and clinical baseline charac-
teristics of CPP patients

MBD3
N r P

Age 109 -0.151 0.117
BA 109 —-0.165 0.086
Age-BA 109 -0.07 0.467
Height (cm) 109 -0.026 0.788
Weight (kg) 109 -0.047 0.629
BMI 109 -0.025 0.793
Basal LH (IU/L) 109 0.229* 0.016
Peak LH (IU/L) 109 0.299** 0.002
Basal FSH (1U/L) 109 0.252** 0.008
Peak FSH (1U/L) 109 -0.065 0.505
Right ovary size (cc) 109 0.226* 0.018
Left ovary size (cc) 109 0.208* 0.03

Note: MBD3, methyl-DNA bind protein 3; CPP, central precocious
puberty; BMI, body mass index; LH, luteinizing hormone; FSH, fol-
licle stimulating hormone. * P < 0.05, ** P < 0.01.

4 Discussion

The repercussions of CPP are multi-dimensional, for example,
short stature from the physical perspective, psychosocial
influences, and long-term risk of potential diseases [20].
Since CPP affects the optimal growth in girls, it is impera-
tive to screen and diagnose patients with CPP as early as
possible for chronergy in treatment [21]. This study thereby
measured the expression patterns of MBD3 in sera of CPP
girls and explored its potential value on CPP diagnosis. It
turned out that MBD3 was highly expressed in sera of CPP
patients and serum MBD3 could act as a biomarker in
aiding CPP diagnosis.

The presence of any two among breast Tanner stage
>III, basal LH >0.2 IU/L, or basal FSH >1.6 IU/L implicitly
indicates pubertal response [22]. Our study included 109
CPP patients, among who 84 were at the Tanner II stage
and 25 were at the Tanner III stage. All enrolled CPP
patients showed basal LH above 0.2IU/L and basal FSH

Table 3: Basal LH is the strongest independent predictor of MBD3

Model Unstandardized Standardized t Sig.
coefficients
B Std. Beta
Error
(Constant) 1.524 0.16 9.532 <0.001
Peak LH 0.013 0.006 0.205 2.182 0.031
Basal LH 0.133 0.05 0.243 2.672 0.009
Basal FSH 0.081 0.034 0.228 2.401 0.018

Note: LH, luteinizing hormone; MBD3, methyl-DNA bind protein 3;
FSH, follicle stimulating hormone. Dependent variable: MBD3.
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above 1.6 IU/L. BA could be used to assess the bone
maturation degree and the development potential of indi-
viduals in the future [23]. BA advancement is another
indicative factor of precocious puberty [24]. LH and
FSH secretion is often linked to the emergence of pubertal
signs and pubertal growth [25,26]. Evidently, pubertal
girls have higher ovarian volumes than pre-pubertal girls
[27]. In terms of statistics, CPP patients registered in our
study manifested evident differences in BA, BA advance-
ment, height, weight, basal LH, basal FSH, and left/right
ovarian size relative to healthy participants.

The early activation of pulsatile GnRH secretion repre-
sents the most common mechanism of CPP [4]. MBD3 con-
veys an activating effect on GnRH1 transcription [13].
Emerging evidence suggests that ubiquitination of MBD3
mediated by MKRN3 plays an inhibitory role in puberty
initiation [12]. Our results elicited highly expressed MBD3
in sera of CPP girls. ROC curve presented the impressive
diagnostic value of high serum MBD3 expression (>1.475)
on CPP, evidenced by the AUC at 0.9309, cut-off value at
1.475, 92.66% sensitivity, and 86.49% specificity. Basal LH
values have exhibited effectiveness in establishing diag-
nosis and monitoring treatment efficiency in CCP girls
[28,29]. Peak LH response to GnRH stimulation acts as a
dependency factor of CPP diagnosis [30]. There is also
evidence that CPP patients have higher basal FSH levels
[31]. A former study has confirmed the usefulness of bilat-
eral ovarian enlargement in female isosexual precocious
puberty [32]. Our results presented positive associations
between serum MBD3 expression and basal LH, peak LH,
basal FSH, and ovarian size of CPP patients. Among basal
LH, FSH, and LH/FSH ratio, basal LH exhibits the maximal
predictability in CPP [29]. As suggested by multivariate
linear regression analysis, peak LH, basal LH, and basal
FSH were independent predictive factors of MBD3, amongst
which basal LH evinced the strongest association with
MBD3 expression, and basal FSH and peak LH were next.

To sum up, this article elucidated that serum MBD3
expression could be used as a biomarker to aid the diag-
nosis of CPP in girls. This was the first time that MBD3
expression was measured in sera of CPP patients. Mutation
or deletion of MKRN3 leads to the initiation of approxi-
mately 30% familial CPP [33]. A previous animal experi-
ment concludes that genetic ablation of MKRN3 accelerates
the onset of puberty in mice, and the MKRN3/MBD3 axis
controls the epigenetic switch of puberty onset in mammals
[13], which inspired us to measure MBD3 expression in
human sera and to investigate the differential expression
pattern of MBD3 in CPP patients and healthy pre-pubertal
children and its clinical significance. However, this study
was flawed due to the lack of reliable information to
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ascertain whether MBD3 expression is elevated as a result
of increased stimulation of the HPG axis or the arrival of
puberty. Thus, it is imperative to conduct animal experi-
ments in the future to obtain a definite conclusion in vivo.
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