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Abstract 
Context: Idiopathic central precocious puberty (iCPP) is defined by the premature reactivation of the hypothalamic-pituitary-gonadal axis with 
normal magnetic resonance imaging scan of the central nervous system, causing the development of secondary sexual characteristics before 
age 8 years in girls and 9 years in boys. MKRN3 loss of function variants now represent the most common genetic cause of iCPP.
Objective: This work aims to document the clinical course of puberty in 8 families harboring pathogenic MKRN3 variants.
Methods: This is an observational case series study of patients with CPP due to MKRN3 variants followed in a single center.
Results: Genetic analysis of MKRN3 was carried out in 28 unrelated patients with iCPP and a family history of paternal inheritance or no/ 
unavailable maternal inheritance, particularly in case of very early and rapidly evolving CPP. We identified 6 novel and 2 recently described 
variants in the MKRN3 gene in 9 girls, 1 boy, and their family members. These mutations were all predicted to be deleterious by in silico 
prediction programs
Conclusion: We have identified 6 novel MKRN3 mutations in children with CPP. An MKRN3 loss of function should be considered after careful 
history pinpointing paternally inherited CPP. A family segregation study allowed the detection of an MKRN3 variant in 2 young brothers still 
prepubertal, raising the question of screening and management of asymptomatic prepubertal family members.
Key Words: precocious puberty, MKRN3, familial CPP, genetics of puberty
Abbreviations: BA, bone age; CCP, central precocious puberty; FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone; iCCP, idiopathic 
CCP; LH, luteinizing hormone; MKRN3, makorin RING finger 3 gene; T, testosterone. 
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Puberty is defined by the development of secondary sex charac-
teristics and achievement of fertility. It results from the reactiva-
tion of the hypothalamic-pituitary-gonadal axis, but the precise 
mechanisms leading to its onset are still not fully known, in-
volving genetic, environmental, nutritional, and socioeconomic 
factors. Puberty is considered precocious if it starts before age 8 
years in girls and 9 years in boys. Central precocious puberty 
(CPP) can be caused by a central nervous system lesion or 
classified as idiopathic (iCPP), with approximately 27.5% of fa-
milial cases [1]. A lot of studies have been conducted in an at-
tempt to find the genetic variations that can lead to CPP. 
The first description of a monogenic form of CPP was an acti-
vating KISS1R mutation [2], followed by the report of a KISS1 
variant [3]. These genes were likely candidates as key players in 
congenital hypogonadotropic hypogonadism, but they turned 
out to be rarely involved in CPP. No further case has been de-
scribed to date despite a large screening. In 2013, Abreu et al [4] 
used an unprecedented approach by performing whole-exome 
sequencing in 15 families with CPP. This study led to the dis-
covery of heterozygous loss-of-function mutations of the ma-
korin RING finger 3 gene (MKRN3) as a cause of familial 

CPP. MKRN3 is located on chromosome 15q11.2 in the 
Prader-Willi syndrome critical region. It is a maternally im-
printed gene, therefore only the paternally inherited allele is ex-
pressed, and the mutated allele must be inherited from the 
father to lead to CPP. MKRN3 encodes the makorin ring-finger 
protein 3 with a potential effect on gonadotropin-releasing hor-
mone (GnRH) secretion. The MKRN3 protein is composed of 
3 C3H1 zinc fingers, the MKRN3 type Cys-His region, and 1 
C3H4 RING finger, responsible for ubiquitine ligase 
activity [4]. Since this publication, various other variants 
have been described, making MKRN3 loss-of-function muta-
tions the main genetic cause of CPP to date [5, 6]. These findings 
suggest that MKRN3 acts to inhibit puberty initiation, and 
therefore support a current hypothesis of a predominantly in-
hibitory network that maintains quiescence of GnRH secretion 
during infancy, followed by a release of this inhibition together 
with the activation of an excitatory network allowing the res-
toration of the pulsatile secretion of GnRH, leading to the ini-
tiation of puberty.

In an elegant publication in 2020, Abreu et al [7] demon-
strated that this action of MKRN3 is made, at least in part, 
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by repressing KISS1 and TAC3 transcription. Another im-
portant finding about the putative mechanism of action of 
MKRN3 was described by Li and colleagues [8], who demon-
strated the importance of MBD3 (methyl-CpG-DNA binding 
protein 3) ubiquitination by MKRN3 to silence GNRH1.

Recently, a publication identified a paternally inherited 
DLK1 deletion in a family with CPP [9]. Subsequently, 2 other 
publications reported loss-of-function mutations in this pater-
nally expressed imprinted gene in CPP patients [10, 11]. This 
discovery emphasized the importance of genomic imprinting 
in the mechanism of puberty onset.

In this study, we report the clinical course of puberty in 10 
patients from 8 unrelated families harboring distinct patho-
genic MKRN3 variants. Six variants are novel and 2 have 
been recently reported [5, 12–14].

Materials and Methods
Patients
We reported patients with confirmed CPP followed in the 
Paediatric Endocrinology Clinic of the Hôpital Universitaire 
des Enfants Reine Fabiola from 2015 to 2021, and harboring 
pathogenic MKRN3 variants, but normal KISS1 and KISS1R. 
Patients were not screened for DLK1 mutations. CPP was di-
agnosed on the basis of the presence of clinical signs of puber-
tal development before age 8 years in girls and 9 years in boys 
with advanced bone age (BA) and pubertal basal and/or peak 
luteinizing hormone (LH) levels after stimulation by GnRH. 
Patients underwent genetic testing because of a family history 
suggesting paternal inheritance, the presence of a sibling with 
CPP or a pubertal onset before age 7 years, and no maternal 
history. However, it is important to note that the analysis 
was not part of a protocol and was therefore not systematic. 
We considered CPP as familial if at least one first- or second- 
degree relative had documented or reported CPP. BA was de-
termined by the Greulich and Pyle method. We proposed fam-
ily segregation analysis.

Hormone Assays
Serum levels of LH, follicle-stimulating hormone (FSH), and 
estradiol or testosterone (T) were measured by immunochemi-
luminometric assay (Roche Cobas 8000 E801 module). The 
lower limit detection was 0.3 mUI/mL and the upper limit 
was 200 mUI/mL both for LH and FSH. The coefficient of 
variation ranged from 1.98% to 2% for LH and 1.61 to 
1.66% for FSH for all assays. GnRH stimulation test was per-
formed using 100 μg of synthetic GnRH administered by 
intravenous bolus, and serum levels of LH and FSH were 
measured at 0, 30, 45, and 60 minutes. We considered as pu-
bertal a basal LH level greater than 0.3 U/L and/or a 
GnRH-stimulated LH peak greater than 5 U/L.

Genetic Analysis
Genomic DNA was isolated from peripheral blood leukocytes 
of the index case patients and their relatives when possible. 
Written informed consent for this genetic analysis was ob-
tained from all the members tested or from the parents of chil-
dren who had not reached legal majority. The coding region 
and intronic borders of the MKRN3 gene (GRCh37; 
NM_005664.3) were analyzed using the Sanger sequencing 
method [15].

Statement of Ethics
The parents and relatives of the index case patients have given 
their written informed consent to publish their case and the 
case of their children. The study was approved by the ethical 
committee of the Hôpital Universitaire des Enfants Reine 
Fabiola.

Results
Genetic analysis of MKRN3 was carried out in 28 unrelated 
patients with iCPP and a family history of paternal inheritance 
or absent maternal inheritance of CPP.

We identified 10 patients carrying a pathogenic MKRN3 
variant. Fourteen relatives of 5 probands agreed to undergo 
genetic analysis.

Clinical Features of Central Precocious Puberty 
Patients With MKRN3 Variant
Nine patients from 8 families with MKRN3 mutations were 
girls, and they all presented with a history of isolated thelarche 
before age 8 years (median 7.0, range, 6.0-7.3 years). The boy 
was seen for the first time at age 11.7 years at Tanner stage 4 
and with a serum T in the adult range. BA was advanced in all 
cases (median 2.2, range, 1.3-4.2 years). The diagnosis of CPP 
was confirmed by GnRH stimulation test, with median basal 
LH levels of 2.7 IU/L (range, 0.1-20.3 IU/L) and GnRH- 
stimulated levels of 22 IU/L (range, 9.2 to > 200 IU/L). The me-
dian basal and GnRH-stimulated FSH levels were 4.9 IU/L 
(range, 2.1-8.7 IU/L) and 13.6 IU/L (range, 10.1-53.2 IU/L), 
respectively. The 9-year-old girl from family 1 had menarche 
8 days after the GnRH stimulation test and has not been 
treated with GnRH agonists. Her adult height is within her 
target height range. The boy from family 4 was not treated ei-
ther and is still growing. The 8 other girls are currently on 
GnRH analogues (Fig. 1, Table 1).

MKRN3 Variants
We identified 6 novel and 2 recently described [5, 12–14] var-
iants in the MKRN3 gene of 9 girls, 1 boy, and their family 
members. These mutations were all predicted to be deleterious 
by in silico prediction programs (Fig. 2, Table 1, Table 2). In 
family 1, the variant p.(Asp185Glufs*20) was a frameshift 
mutation between 2 zinc finger motifs C3H1. In family 2, gen-
etic analysis showed 2 variants: The first one p.(Gln385*) was 
a nonsense mutation with a premature interruption of the 
open reading frame by a stop codon between the C3HC4 
RING finger and a C3H1 zinc finger motif. The second one 
on the same allele p.(Phe412Cys) was a missense mutation lo-
cated in a zinc finger domain and predicted to be deleterious 
by 3 different in silico prediction programs (SIFT, Mutation 
Taster, and PolyPhen2), but probably not responsible for 
the phenotype of our patient given the location of the previous 
variant. Both variants were paternally inherited. In family 3, 
we identified a missense mutation p.(Arg328His) also located 
in a RING-type zinc finger domain and recently described 
[12–14]. Patient 4, her affected brother, and her affected sister 
carried a missense mutation p.(Lys359Arg) located also in the 
RING-type zinc finger domain with contradictory in silico 
predictions but assumed to be deleterious by 2 programs 
(Mutation Taster, PolyPhen2). The proband from family 5 
carried the same mutation as in family 3. In family 6 and in 
family 7, we identified a nonsense mutation with a premature 
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Figure 1. Pedigrees of the 8 families with MKRN3 pathogenic variants. Arrows: proband; square: male; circle: female; black symbols: clinically affected 
individuals; gray symbols: self-reported central precocious puberty; question mark: unknown phenotype/very young patient; black dot: asymptomatic 
carriers; NM: nonmutated allele; roman numerals: generation; arabic numerals: individuals in each generation.
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interruption of the open reading frame by a stop codon 
(Arg90* and Glu183*, respectively). In family 8, the variant 
was a missense mutation in the RING-type zinc finger domain 
p.(Arg328Cys) already described in other patients [5, 13, 14].

Family Segregation Analysis
Genetic analysis was performed in 14 relatives of the patients.

Paternal inheritance is clinically documented in families 1, 
2, 3, 5, and 6 and documented genotypically in family 1, fam-
ily 2 and family 3 (Fig. 1, Table 3). In family 4, 3 siblings are 
affected carriers and paternal transmission is suspected given 
the normal pubertal age of the mother.

The carriers twin brothers of patient V.2 of family 3 are 
young (aged 4 years) and have not shown signs of puberty yet.

In family 2, it is interesting to note that the paternal grand-
mother (family 2: I-2) reported a history of precocious pu-
berty. Unfortunately, her DNA was not available. However, 
given the mode of transmission, her phenotype cannot be re-
lated to an MKRN3 variant. For individuals II-7 and II-12 
of family 2, we assume that both mutations are in cis. 
Indeed, if both mutations were in trans, it would imply that 
patient III-8 inherited both variants from her father (her moth-
er being negative for both variants). In turn, this would imply 
an uniparental disomy, which would lead to Angelman syn-
drome and this patient did not have it.

When possible, we collected clinical data from the relatives. 
Two of them had been followed in our center and were treated 
by GnRH agonists, but declined genetic analysis (family 3: 
IV-3, IV-4). The other 11 girls with reported CPP had had me-
narche at a median age of 8.5 years (range, 6.5-10.0 years). 
The most severely affected was the paternal aunt of index 
case number 3 (family 3: IV-5) with a menarche age of 6.5 
years. The 2 fathers with a personal history of CPP (family 
2: II-12 and family 3: IV-6) reported a pubertal onset at 
9.5 years and 9 years, respectively. Regarding final heights, 
in the 3 families with enough data, girls were below their tar-
get height, while their brothers reached their target height 
(family 2: II-12; family 3: IV-6; family 7: II-3) (see Table 2).

Discussion
We identified 6 novel and 1 recently described MKRN3 patho-
genic variants in 9 girls and 1 boy with iCPP: 4 missense mu-
tations, 3 nonsense mutation, and 1 frameshift mutation. One 
of the girls presented with 2 mutations. This is the first study 

describing a family with 2 distinct pathogenic MKRN3 var-
iants, probably located on the same allele. Segregation ana-
lysis was conducted in 14 family members, and clinical 
information about the relatives was collected. We identified 
6 relatives also carrying an MKRN3 loss-of-function variant.

MKRN3 is an intronless gene located on chromosome 
15q11-q13 in the Prader-Willi syndrome region, described for 
the first time in 1999 [16]. It is a maternally imprinted gene 
thus expressed only from the paternally inherited allele, coding 
for a zinc finger protein composed by 3 C3H1 zinc fingers, 1 
motif rich in Cys and His residues and 1 C3H4 RING zinc fin-
ger. MKRN3 is a member of the makorin family of ubiquitin 
ligases and appears to have been acquired more recently than 
the other ubiquitin ligases, as it is conserved only in therian 
mammals. It is ubiquitously expressed with a predominant ex-
pression in the brain and lung of human fetal tissues and in 
adult testes. Abreu et al [4] also demonstrated a high level of 
MKRN3 messenger RNA in the arcuate nucleus of prepubertal 
mice, with a decrease in expression before puberty initiation. 
The mechanism by which MKRN3 loss of function leads to 
CPP is only partially understood. Recently, a study indicated 
that MKRN3 does not directly influence GNRH1 expression 
but may interact with several other proteins involved in puber-
tal onset [17]. Another study demonstrated that MKRN3 re-
presses the promoter activity of human KISS1 and TAC3, 2 
stimulators of GnRH secretion, probably by an ubiquitination- 
mediated mechanism [7]. MKRN3 also ubiquitinates MBD3, 
which epigenetically silences GNRH1 [8].

Since 2013, a total of 50 MKRN3 loss-of-function variants 
have been reported in the literature [4, 18–22]. There are 2 ap-
parent hot spots. The first one is located in the loop structure 
between 2 C3H1 zinc finger motifs in the amino terminal re-
gion of the protein (between codons 122 and 238) and mainly 
housing frameshift mutations, as in patient 1. The second one 
concerns the C3HC4 domain (between codons 311 and 365) 
with mostly missense mutations, as in patient 3 (this variant 
was recently described) and 4. The 2 mutations present in pa-
tient 2 are located further downstream in the coding region.

In their review, Valadares et al [18] make the assumption 
that missense mutations are less severe, since the diagnosis 
of CPP is made later in these patients. Our findings are not 
consistent with this hypothesis given that the patients with a 
missense mutation were the youngest at the onset of puberty, 
with a frank poststimulated LH peak. The paternal aunt of pa-
tient 3, who is carrying the same missense mutation, also had a 
severe phenotype with menarche at 6.5 years. Seraphim et al 

Figure 2. Schematic structure of the MKRN3 human protein with the variants identified in our families. The MKRN3 protein is composed of 3 C3H zinc 
fingers, the MKRN-type Cys-His region, and 1 C3HC4 RING finger. The numbers indicate the amino acid positions in the protein. The arrows indicate the 
location of the variants identified in the study.
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[19] characterized the pathogenicity of the missense variants 
using Yasara software, which analyzes the effect of the muta-
tion on the stability of the protein. Unfortunately, this type of 
analysis was not available to us.

Regarding the mode of inheritance, it is interesting to point 
out that, if the proband’s father has inherited the variant from 
his mother, as in family 1, he will not experience CPP himself. 
In this situation, a family history going back to the third 

Table 2. MKRN3 variants identified in patients with central precocious puberty and pathogenicity evaluation

Family MKRN3 variant MAF Gnom 
AD

Clinvar HGMD Mutation 
Taster

Polyphen 2 SIFT

1 c.555_556delCA, 
p.(Asp185Glufs*20)

Absent Absent Absent Disease causing a a

2 c.1153C > T, p.(Gln385*) Absent Absent Absent Disease causing a a

2 c.1235T > G, p.(Phe412Cys) Absent Absent Absent Disease causing Probably 
damaging

Deleterious

3 c.983G > A, p.(Arg328His) 8,79E-06 Absent Disease 
causing

Disease causing Probably 
damaging

Deleterious

4 c.1076A > G, p.(Lys359Arg) Absent Absent Absent Disease causing Probably 
damaging

Tolerated

5 c.983G > A, p.(Arg328His) 8,79E-06 Absent Disease 
causing

Disease causing Probably 
damaging

Deleterious

6 c.268C > T, p.(Arg90*) Absent Absent Absent Disease causing a a

7 c.547G > T, p.(Glu183*) Absent Absent Absent Disease causing a a

8 c.982C > T, p.(Arg328Cys) Absent Pathogenic Disease 
causing

Disease causing Probably 
damaging

Deleterious

aFor frameshift and nonsense mutations, these tools were not appropriate.

Table 3. Clinical data of affected relatives of index cases

Family, 
relative

Sex Age at menarche  
(F)/pubertal onset 
(M), y

Final height, 
SDS

Target height, 
SDS

MKRN3 variant(s) Other clinical information

1, I-2 F 8 −1.5 Unknown c.555_556delCA, 
p.(Asp185Glufs*20)

/

1, III-1 F 8 Unknown Unknown Unknown /

2, I-2 F 8 −0.6 Unknown Unknown /

2, II-7 F 8 −2.5 −0.4 c.1153C > T, p.(Gln385*) 
c.1235T > G, 
p.(Phe412Cys)

/

2, II-12 M 9.5 −0.3 
(measured)

−0.4 c.1153C > T, p.(Gln385*) 
c.1235T > G, 
p.(Phe412Cys)

/

2, III-1 F 10 −0.6 Unknown Unknown /

2, III-2 F 9 Not reached yet Unknown Unknown /

2, III-6 F 9.5 Not reached yet Unknown Unknown /

3, IV-3 F M2 at 6 Unknown −1 Unknown Treated with GnRHa

3, IV-4 F M2 at 7.8 Not reached yet −1 Unknown Treated with GnRHa

3, IV-5 F 6.5 −2.8 −1.5 c.983G > A, 
p.(Arg328His)

Obesity

3, IV-6 M 9 −1.1 
(measured)

−1.5 c.983G > A, 
p.(Arg328His)

/

5, I-2 F 9 −1.6 Unknown Unknown /

5, III-1 F 9 −1.5 −1.1 c.983G > A, 
p.(Arg328His)

Obesity

7, II-3 M 9-10 −1.6 −1.3 Unknown 2 y of prednisone for necrotizing 
keratitis

7, II-4 F 9 −2.8 −1.3 Unknown /

Abbreviations: F, female; GnRHa, gonadotropin-releasing hormone agonist; M, male.

D
ow

nloaded from
 https://academ

ic.oup.com
/jes/article/7/1/bvac168/6795384 by guest on 28 N

ovem
ber 2022



Journal of the Endocrine Society, 2022, Vol. 7, No. 1                                                                                                                                       7

generation will be needed to demonstrate the familial charac-
ter of CPP. This is difficult to obtain given that it is common 
for patients to have no information regarding their father’s 
relatives pubertal timing. Consequently, it is likely that 
MKRN3 mutations are underdiagnosed among patients erro-
neously considered to have sporadic CPP (family 4, II-2). Since 
our case series is monocentric, the access to the patient history 
might have been more accurate and detailed, which facilitates 
the selection of patients for whom genetic analysis is recom-
mended. Of note, among 28 requested genetic analysis, 10 
came back positive for an MKRN3 variant. We suggest testing 
in case of paternal inheritance but also when family history is 
unreliable.

It is also important to note that all but one of the affected 
children were girls, and that more female than male individu-
als with a loss-of-function MKRN3 variant are described in 
the literature. This may be due to underdiagnosis of CPP in 
boys. Another hypothesis to explain this skewed sex ratio is 
that Y-bearing sperm cells carrying MKRN3 pathogenic var-
iants could be less efficient in fertilizing the ovocyte [5]. This 
hypothesis is supported by data reporting fewer boys in af-
fected families, which is not obvious in our small cohort.

Sexual dimorphism in the action of MKRN3 has also been 
suggested with a later age at pubertal onset in boys carrying 
the variant [13]. It is interesting to note that in our series, 
among the adults with clinical data and a pathogenic 
MKRN3 variant, the 3 women had an earlier onset of puberty 
and a final height below their target height compared to the af-
fected men (family 2: II-12; family 3: IV-6; family 7: II-3). A 
recent study described a male patient with a history of untreat-
ed CPP and a pathogenic MKRN3 variant who eventually 
reached his target height [20]. Seraphim et al [19] also re-
ported that 87.5% of male patients were diagnosed through 
familial screening, which might suggest that male CPP caused 
by MKRN3 mutations can be clinically subtle.

We proposed screening for family segregation the family 
members of affected patients, including the prepubertal sib-
lings. As in 3 previous studies [5, 6, 23], we identified 2 very 
young boys carriers of MKRN3 variants in family 3. This al-
lows a close clinical and biological follow-up to detect the 
early onset of pubertal signs, although this raises ethical ques-
tions. We have opted for clinical follow-up, with performance 
of an LH-releasing hormone test in case of clinical suspicion. 
Should they present with CPP, it is questionable whether sys-
tematic magnetic resonance imaging of the central nervous 
system is indicated in these patients. Finally, several authors 
have reported a decline in circulating MKRN3 levels before 
pubertal onset and through puberty in healthy children and 
children with precocious puberty [17, 24–26]. However, 
none of these individuals carried an MKRN3 variant. It would 
be interesting to study the evolution of MKRN3 level of the 
still-prepubescent children screened in our cohort.

In conclusion, in a single center, we have identified 6 novel 
MKRN3 pathogenic variants causing CPP, strengthening the 
evidence for the involvement of this gene in this condition. 
An MKRN3 defect should be considered after careful history 
pinpointing paternally inherited CPP or in case of nonmater-
nally inherited CPP. Indeed, one of the patients was initially 
considered as having sporadic precocious puberty, highlight-
ing the interest of a broader screening, especially in case of 
an incomplete family history. Puberty started early in our pa-
tients and their affected relatives, particularly in girls, whose 
final height seemed more reduced, but only a few adults could 

be studied. We also identified 2 young and still asymptomatic 
siblings. The implementation of a specific monitoring protocol 
for these patients remains to be established.
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