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Background: Central precocious puberty (CPP) due to premature activation of GnRH
secretion results in early epiphyseal fusion and to a significant compromise in the achieved
final adult height. Currently, few genetic determinants of children with CPP have been
described. In this translational study, rare sequence variants in MKRN3, DLK1, KISST,
and KISS1R genes were investigated in patients with CPP.

Methods: Fifty-four index girls and two index boys with CPP were first tested by Sanger
sequencing for the MKRN3 gene. All children found negative (n = 44) for the MKRN3 gene
were further investigated by whole exome sequencing (WES). In the latter analysis, the
status of variants in genes known to be related with pubertal timing was compared with an
in-house Cypriot control cohort (n = 43). The identified rare variants were initially examined
by in silico computational algorithms and confirmed by Sanger sequencing. Additionally, a
genetic network for the MKRNG3 gene, mimicking a holistic regulatory depiction of the
crosstalk between MKRN3 and other genes was designed.

Results: Three previously described pathogenic MKRNG3 variants located in the coding
region of the gene were identified in 12 index girls with CPP. The most prevalent
pathogenic MKRN3 variant p.Gly312Asp was exclusively found among the Cypriot CPP
cohort, indicating a founder effect phenomenon. Seven other CPP girls harbored rare likely
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pathogenic upstream variants in the MKRN3. Among the 44 CPP patients submitted to
WES, nine rare DLK1 variants were identified in 11 girls, two rare KISS7 variants in six girls,
and two rare MAGELZ2 variants in five girls. Interestingly, the frequent variant rs10407968
(p.Gly8Ter) of the KISSTR gene appeared to be less frequent in the cohort of patients

with CPP.

Conclusion: The results of the present study confirm the importance of the MKRN3-
imprinted gene in genetics of CPP and its key role in pubertal timing. Overall, the results of
the present study have emphasized the importance of an approach that aligns genetics
and clinical aspects, which is necessary for the management and treatment of CPP.

Keywords: central precocious puberty, DLK1, KISS1, KISS1R, MAGEL2, next-generation sequencing, MKRN3

INTRODUCTION

Central Precocious Puberty (CPP) results from the premature
activation of the hypothalamic-pituitary-gonadal (HPG) axis. It
is clinically defined by the development of progressive secondary
sexual characteristics before the age of 8 years in girls and 9 years
in boys; mainly breast development in girls and testicular
enlargement in boys, acceleration in linear growth and
pubertal mood changes (1, 2). CPP has been reported to
represent 80% of patients with precocious puberty and to be
predominant in girls (2-4). The benchmark for the
establishment of a hormonal diagnosis includes the evaluation
of predominant luteinizing hormone (LH) over follicle-
stimulating hormone (FSH) levels after the administration with
exogenous luteinizing hormone-releasing hormone (LHRH)
agonists (5) or/and elevated estradiol in girls. In boys, elevated
testosterone is an additional hormonal criterion. Nevertheless,
basal LH levels are also being used in some settings, as upgraded
laboratory methodologies for LH assays have become accessible
(6). Additionally, in patients with CPP, hand X-rays can show
bone age advancement and pelvic ultrasound in girls can confirm
the progression of ovarian function and increased uterus size (7).

Family history of CPP has been recognized in up to 27.5% of
cases with an autosomal mode of inheritance. Few genes have
been described as causative of CPP, involving both excitatory and
inhibitory pathways of GnRH secretion (8-10). At this time,
genetic aberrations associated with the Makorin Ring Finger
Protein 3 (MKRN3) gene are the leading genetic etiology of
CPP (9). Since the groundbreaking discovery of loss-of-function
mutations in the MKRN3 gene (11), numerous other studies
followed and reported more than 40 novel variants, including
missense, nonsense, and frameshift mutations in MKRN3 across
families with CPP in a broad spectrum of geographical regions
(9, 12). MKRNS3 gene is located in the Prader-Willi syndrome
(PWS)-related region (15q11-q13) on chromosome 15. The
maternal allele of the gene is imprinted therefore is expressed
only from the paternal allele. All affected patients reported with
familial CPP inherited the MKRN3 mutations from their fathers
(9, 13-28). MKRN3 is composed of five zinc-finger domains:
three C3H1 motifs, one C3HC4 RING motif, and one MKRN-
specific Cys-His domain (29). C3H1 zinc-finger motifs are
responsible for RNA binding while the RING motif is detected

in E3 ubiquitin ligases and hereafter, it is anticipated that it has
an ubiquitin-ligase activity (30). Recently, it has been
demonstrated that auto-ubiquitination of the MKRN3 protein
is diminished as a result of mutations located on the C3HC4
RING motif (31). Additional work by Li et al. (32) demonstrated
that MKRN3 epigenetically regulates the transcription of
GNRH1 through ubiquitination of MBD3 and controls the
onset of mammalian puberty.

The MKRN3 is highly expressed in the arcuate nucleus of the
developing brain and is believed to be involved in protein
degradation leading in that way to an inhibitory effect of the
pulsatile GnRH secretion (30). The exact mechanism that
accomplish this effect or by which mechanism MKRN3 deficiency
results in early reactivation of GnRH secretion is still under
investigation. Although, the majority of the reported studies refer
to loss-of-function mutations in the coding region of MKRN3,
defects in the regulatory regions of the gene were recently described
in three studies (23, 33, 34). In the first study, a four nucleotide
deletion (c.-150_-147del TCAG) in the proximal promoter region of
the MKRN3 gene was found to be responsible for causing CPP (23).
In the second study, a single nucleotide substitution at position 19
(MKRN3:g.+19C>T) from the transcription start site (TSS) in the
5’-UTR region of the MKRN3 gene was also associated with CPP
(33). Finally, in a recent third study by our group, we report three
novel heterozygous mutations located in the proximal promoter
and one in the 5-UTR region of the MKRN3 gene in a total number
of seven nonrelated girls with CPP. Four girls carried the MKRN3:
g-865G>A mutation, one the MKRN3:g.-166G>A, and one the
MKRN3:g.-886C>T mutation; all variants were located in the
proximal promoter of the gene. Interestingly, a 7.6-year-old girl
with CPP was identified with the novel MKRN3:g.+13C>T
mutation in the 5'-UTR region (34).

To date, only two gain-of-function mutations in the KISS1/
KISSIR pathway have been reported: a girl with KISSIR missense
mutation and a boy with KISSI missense mutation. Their presence
caused upregulation of the KISS1/KISSIR system leading to GnRH
secretion and HPG activation (9, 35, 36). Subsequently, several
studies did not identify gain-of-function KISSI and KISSIR
mutations in cohorts of children with CPP, suggesting
these may be extremely rare causes of the disorder (37-39).
Lately, several mutations in a second maternally imprinted
and paternally expressed gene, the Delta-like noncanonical
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Notch ligand 1 (DLKI), have also been associated with CPP (9).
DLK1 is also known as preadipocyte factor 1 (Pref-1) and is involved
in the Notch signaling pathway as an adipocyte modulator (40).
Studies identified loss-of-function mutations in the DLKI gene
(deletions and frameshifts) as a rare cause of CPP (41-43),
strengthening a significant role of this factor in human pubertal
timing and the age of menarche (44).

In the present study, we have assembled a cohort of patients
with CPP to investigate genetic determinants implicated in the
disorder, based on the recent global literature data. By using an
expanded GnRH/CPP-associated gene panel, we examined the
involvement of such genes.

MATERIALS AND METHODS

Patients

Fifty-four index girls (96.4%) and two (3.6%) index boys with
CPP were referred for genetic investigation to the Department of
Molecular Genetics, Function and Therapy at the Cyprus
Institute of Neurology and Genetics. All children included in
the study fulfilled the criteria for CPP diagnosis. Girls presented
with breast development Tanner stage 2 before the age of 8 years
and boys presented with testicular enlargement more than 4 ml
in volume measured with Prader orchidometer before the age of
9 years. Elevated basal or stimulated gonadotrophins with LH
predominance confirmed the diagnosis. Elevated estradiol levels
in girls or testosterone levels in boys and imaging studies; bone
age X-ray evaluated by Greulich and Pyle method (45), pelvic
ultrasound, and hypothalamus-pituitary MRI with contrast were
used as additional diagnostic tools.

At a first stage, all index patients with CPP were tested by Sanger
sequencing using appropriately designed primers for the MKRN3
(RefSeq NM_005664.4) gene. Further testing by whole exome
sequencing (WES) was performed on the negative MKRN3-tested
patients. Written informed consent was obtained from parents of all
patients under the age of 16 that participated in the study. The
project was approved by the Cyprus National Ethics Committee,
and all methods were performed in accordance with the relevant
guidelines and regulations.

Genetic Analysis

Genomic DNA was extracted from peripheral blood using the
Gentra Puregene Kit (Qiagen, Valencia, CA, USA) according to
the manufacturer’s instructions. The DNA purity was measured
using the Nanodrop ND-1000 spectrophotometer (NanoDrop
Technologies, Wilmington, DE, USA). Prior to library
preparation for whole exome sequencing (WES), genomic
DNA was quantified using the Qubit dsDNA BR Assay Kit
(Invitrogen, Life Technologies, Eugene, OR, USA) on a Qubit®
2.0 Fluorometer (Invitrogen, Life Technologies, Eugene, OR,
USA). WES was performed by using the TruSeq Exome Kit
(lumina Inc., San Diego, CA, USA) with paired-end 150-bp
reads. NGS was performed using the NextSeq 500/550 High
Output Kit v2.5 (150 cycles) on a NextSeq500 system (Illumina
Inc.,, San Diego, CA, USA). The FastQC quality control tool

(http://www.bioinformatics.babraham.ac.uk/projects/fastqc/)
was used to evaluate the quality of the WES procedure. The mean
target coverage of the whole exome was 62.13x. Specifically, 10x
coverage was reached for 92.34% of the nucleotides, 20x
coverage for 86.03% of the nucleotides and 30x coverage for
76.96% of the nucleotides, indicating that the WES reaction was
of sufficiently high quality for subsequent analysis.

Variant Analysis

The fastq data obtained by WES were processed using an in-
house bioinformatics pipeline. Briefly, all variants were inputted
into the VarApp Browser, filtered, and aligned to the human
reference genome GRCh38.p12, hg38 assembly. VarApp is a
graphical user interface, which supports GEMINI (18). Variants
in genes previously associated with pubertal onset and
precocious puberty were further analyzed using the Qualimap
v2.2.1 tool (46) to calculate the target coverage. Mean target
coverage was 60x of the selected genes (Supplementary Table
S1). Variants in these genes were additionally filtered using the
VarApp Browser for minor allele frequencies of less than 1% in
public databases such as 1,000 genomes, EXAC browser, and
Exome Sequencing Project (ESP). Moreover, variants were
filtered and selected according to their impact such as
frameshift, splice acceptor, splice donor, start lost, stop gained,
stop lost, inframe deletion, inframe insertion, missense, protein
altering, and splice region. In addition, variants were filtered by
the VarApp Browser for their pathogenicity by two i silico tools,
SIFT and Polyphen2. Population-specific data from an in-house
WES library composed of 43 randomly selected samples of
Cypriot origin were used as an in-house control cohort. All
variants identified were confirmed by Sanger sequencing. Finally,
the variants were categorized for their pathogenicity using the
standards and guidelines of the American College of Medical
Genetics and Genomics and the Association for Molecular
Pathology (47). Any additional variants identified in other
genes resulting from the more in-depth WES analysis were
also analyzed using the described above methodology.

Genetic Network Modeling

Finally, the genetic network was constructed using the genemania
platform (https://genemania.org). MKRN3 was used as the anchor
gene and a full association network was designed including all genes
that crosstalk with MKRN3. Namely, at the time of the analysis
genemania database was indexing 2,830 association networks
containing 660,554,667 interactions mapped on 16,6691 genes.
For the purposes of this study, only human genes were studied
for protein and genetic interactions, similar protein domains,
genetic and biochemical pathways, colocalization, and
coexpression of genes.

RESULTS

Clinical Findings
The more prevalent clinical, biochemical, and imaging features
regarding the cohort of 56 index patients with CPP (54 girls and
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two boys) are summarized in Table 1. All patients fulfilled the
clinical criteria of central precocious puberty; breast development in
girls before the age of 8 years and testicular enlargement of more
than 4 ml in boys before the age of 9 years. The majority of the girls
presented at Tanner stage 2 of breast development. Only two girls
presented with premature menarche both at age 9.5 years. The
majority of the girls underwent LHRH test which showed a
predominance of the LH over FSH levels. Bone age advancement
was above 2 years compared with the chronological age in the

TABLE 1 | Clinical and hormonal features of 56 patients (1 = 54 girls; n = 2
boys) with CPP.

Mean = SD
Age of onset for the 54 girls (years) 6.71 £ 0.96
Age of onset for the 2 boys (years) 8.05
Age of presentation for the 54 girls (years) 7.52 £1.28
Age of presentation for the 2 boys (years) 9.20
Bone age advancement (years) 2.55 + 1.60
Height at presentation SDS 0.92 + 0.85
Weight at presentation SDS 0.86 + 0.89
Midparental target height SDS -0.41 £0.76
Basal LH (IU/L) 211+ 1.82
LH peak (IU/L) 156.3 + 15.63
Basal FSH (IU/L) 4.33 +£2.45
FSH peak (IU/L) 12.74 £ 6.90
Estradiol (pg/ml) (prepubertal level <20) 39.76 + 19.86
Duration of tx (years) 213+18
Height SDS at the end of tx 0.78 £ 0.71
BMI SDS at the end of tx 0.61+1.12
Age of menarche after the end of tx (years) 1212 +1.23

majority of the patients. MRI of the hypothalamus-pituitary was
reported as normal in all the patients included in the study. Twelve
of the patients confirmed positive family history of CPP in either
parental side.

Pathogenic Genetic Defects

in MKRN3 Gene

In 12 index girls with CPP, we have also identified three different
mutations in the coding region of the MKRN3 gene. More
specifically, the missense p.Gly312Asp was identified in seven
index girls, the frameshift p.Met268ValfsTer23 in four index girls,
and the nonsense p.Glu298Ter in one index girl with CPP (Table 2).
Segregation analysis of all 12 index girls with MKRN3 mutations
identified paternal inheritance. Family history of early menarche
was reported in nine of 12 paternal grandmothers of the CPP girls
identified with MKRN3 gene mutations. The upstream variants of
uncertain significance (VUS) with evidence for likely pathogenic
€23564798C>T (rs74005577) and g.23564819G>A (rs139233681)
were respectively reported in two and four CPP index girls, and
DNA sequencing of both parents revealed these variants only in the
fathers. The low-frequency VUS (0.000016, TOPMED)
€23565172G>A (rs1315899420) 2KB upstream variant was also
detected in one female CPP index patient. Finally, the likely
pathogenic 5-UTR g.23565172G>A (rs184950120) was detected
in a CPP index girl and segregation analysis also identified paternal
inheritance (Figure 1 and Table 2). The clinical and hormonal
findings of the above eight CPP girls identified with the variants in
the noncoding regions of the MKRN3 gene are summarized
in Table 3.

TABLE 2 | MKRN3 pathogenic and likely pathogenic variants identified in 20 non related females with CPP.

CPP Gene Refseq (GRCh38.p12) Variant identified Protein Variant classification Previously
patients (rs No.) described
7 MKRN3 NM_005664.4: - p.Gly312Asp Pathogenic (14)
c.935G>A
4 MKRN3 NM_005664.4: - p.Met268ValfsTer23 Pathogenic (25)
€.802_803del
1 MKRN3 NM_005664.4:c892G>T - p.Glu298Ter Pathogenic (16)
2 MKRN3 NC_000015.10: rs74005577 Upstream variant Variant of uncertain significance (VUS) with evidence (34)
g.23564798C>T for likely pathogenic
4 MKRN3 NC_000015.10: rs139233681 Upstream variant Variant of uncertain significance (VUS) with evidence (34)
g.23564819G>A for likely pathogenic
1 MKRN3 NM_005664.4:¢c.-87C>T rs184950120 5'-UTR variant Likely pathogenic (34)
1 MKRN3 NC_000015.10: rs13156899420 Upstream variant Variant of uncertain significance (VUS)
g.23565172G>A
p.Glu298Ter
741 77 1392 1
S 005577 1139233681 184950120 p.Met268ValfsTer23 p.Gly312Asp
MKRN
. C3H1 C3H1 RING type C3H1
/AL: UTR | type 1 type 2 té':f | | c3Hcs type 3 |
TSS 1 285 366 714 798 933 1095 1182 1287 1521
FIGURE 1 | Schematic representation of the MKRN3 gene with the mutations/variations identified in this study. The five zinc-finger domains in the coding region of
MKRN3 gene are indicated: three C3H1 motifs, one C3HC4 RING motif, and one MKRN-specific Cys-His domain. MKRN3 domains are positioned in relation to start
codon via nucleotide numbering of coding region.
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Other Genetic Findings in the Cohort of 2 5

CPP Patients te -
Forty-four out of the total 56 index patients with CPP that were g 3 égé .
initially tested negative for MKRN3 mutations have also been < . 2 %gz, o . 8
submitted to WES. Among the 44 CPP patients submitted to 2
WES, nine rare DLK1 variants were identified in 11 girls and two E 3 R S
rare KISSI variants in six girls. Interestingly, the frequent variant E 8 g Eg <
rs10407968 (p.Gly8Ter) of the KISSIR gene appeared to be less 5 g TE. g
frequent in the cohort of patients with CPP vs. the cohort of age- S § 5 ;z:’z% § %
matched controls (Chi-square or Fisher’s exact test = 0.011753) CoEE e e : 2
(Supplementary Table S2). £3 § E
Additionally, in the cohort of CPP patients under ?% R g:08
investigation, a number of other more frequent variants in a = s 2 $c |8
series of genes (KISSIR, TAC3, GNRHI, GNRHR, LHCGR, W2 g
MAGEL2, and FSHR) also directly or indirectly involved in 3 g g g g g § 2
pubertal control and activation have been observed 3 |2 ¢ @ < 2§
(Supplementary Table S2). The more in-depth WES analysis s o o 2 £ 2 £ g 9 |E
did not identify any variants in other candidate genes. ° " " S
£ E .o o ° )
Genetic Network Modeling for the L 8 8 "3
MKRN3 Gene g3 §
The genetic network designed for the MKRN3 gene is a holistic 5 P N S g
regulatory depiction of the crosstalk between MKRN3 and other i g
genes (Figure 2). Notably, MKRN3 directly interplays with 8s - - 3 §
TAC3, while it is only one node away (TAC3) from KISSI and £ R
KISSIR. TAC3 is a gene that encodes for a member of the g3 . 8
tachykinin family of secreted neuropeptides. The mature (% iz 8 25 I 2 §
peptide is the result of the proteolytically processed fully g = E‘
encoded preproprotein and is primarily expressed in the < g s 5 " = 2
central and peripheral nervous systems. TAC3 has a role of a 5= £ " %
neurotransmitter, and it is well established that TAC3 mutations é) - . |t
can lead to normosmic hypogonadotropic hypogonadism. ° z g 23 2 e g
Likewise, the KISSI and KISSIR genes are linked mainly not £ 3
only to cancer as they act as metastasis suppressor genes (mainly g E = - 0 |8
suppressing melanomas and breast carcinoma metastases) but é 82 - 5
also to central precocious puberty as kisspeptin (protein product = 3 2 ¥ ¥ ¥ ¢ %oz 0% 3
of these genes) regulates the pubertal activation of GnRH é &% 5 8 B 35 % % 5 8 g
neurons by stimulating gonadotropin-releasing hormone €l S P
(GnRH)-induced gonadotropin secretion. ; g2z 8§ 2z g B 2z ¥ < g
Rl 3 5
DISCUSSION sfs (s 3s z& sz 8
> <
The present study investigated the genetic impact in patients with % %E g 2 £ g ¢ £ 3K §
CPP by using conventional sequencing and high-throughput whole 5 * 8
exome sequencing. The study included 56 unrelated children (54 g é’ P
girls and two boys) with CPP presenting with a variable clinical £ ;gi mR e e e ® e 6 g
picture at presentation regarding the stage of puberty (Table 1). The g = “{é
majority presented with thelarche at Tanner stage 2 of puberty £ 33T g e Y 3
before the age of 8 years. However, two of them presented with 51282 ~ - " S
premature menarche and Tanner stage 5 of puberty before the age s L é
of 9.5 years. The two boys presented with testicular enlargement :g §§ 358 88 28 &~ § &
(testicular size of more than 5 ml) and Tanner stage 2 of puberty SRR % t g gé gé - § - § - g _ g p% -8
before the age of 9 years. Results from the present, in conjunction o FE 1383898 28l 88%ded B
with previous studies from our group (14, 34), indicated that @,k S
pathogenic (Table 2) or variants of uncertain significance (VUS) ] e o + ® 6 ~ £
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(Table 3) in the MKRN3 gene are the most prevalent cause of CPP
in our cohort of Cypriot patients, in line with the current published
literature (12). The MKRN3 p.Gly312Asp pathogenic variant, first
reported in 2016 by Neocleous et al. (14), was the most
predominant genetic defect (seven cases) of the present study,
followed by the previously reported p.Met268ValfsTer23
pathogenic variant identified in four cases (25) (Table 2). The
two previously reported by Fanis et al. (34) heterozygous VUS with
evidence of likely pathogenic activity g.23564798C>T (rs74005577)
and g.23564819G>A (rs139233681) and the VUS never described
before to be associated with CPP g.23565272G>A (rs1315899420)
were identified in seven nonrelated girls with CPP (Table 2). All
three variants, rs74005577, rs139233681, and rs1315899420 are
respectively located —886, —865, and —512 nt upstream to the
transcription site in the proximal promoter region of the MKRN3
gene. In the same study by Fanis et al. (34), a 5'-UTR (+13 nt
downstream to the transcription start site) novel mutation was also
identified in a CPP girl. Most of the reported studies describe loss-
of-function pathogenic variants in the coding region of the MKRN3
gene, and to date, only a couple of studies reported pathogenic
variants linked to CPP outside the coding region of the gene. These
studies include a recent study that described a single nucleotide
substitution at position 19 from the transcription start site (TSS) in
the 5'-UTR region of the MKRN3 and another one that reported
four nucleotide deletions (c.-150_-147delTCAG) in the proximal
promoter region of the gene (23, 33).

In the last two decades, studies have reported monogenic
causes of CPP, including MKRN3 loss-of-function mutations as

FIGURE 2 | Genetic network modeling for the MKRN3 gene in a holistic regulatory depiction of the crosstalk between MKRN3 and other genes.

the most common (11, 35, 36, 43). In the present study, all patients
that were tested negative for pathogenic variants in the MKRN3
gene were further investigated by whole exome NGS analysis. We
identified numerous single nucleotide variants (SNVs) in various
genes known to be involved in pubertal control. Seven SNV in the
DLKI1 gene in eight different female CPP patients of our cohort
were observed (Supplementary Table S2). Rare pathogenic
variants in the DLKI gene have recently been reported as an
infrequent cause of CPP (41-43), therefore such a connection of
the rare SNVs observed in the cases of our cohort as possible
associated factors could not be excluded. Up-to-date, DLKI along
with MKRN3 are two of the four known monogenic causes of CPP
and that are both imprinted. This elevates the possibility of
imprinting to play a significant role in the regulation of puberty
and that other imprinted genes might also be involved in the
pubertal control (9, 48).

Interestingly, the previously reported single nucleotide
polymorphism (SNP) rs10407968 (p.Gly8=) in KISSIR gene
(49) was detected with a minor allelic frequency (MAF) of 8.33
in the CPP cohort of patients of the present study. A notable and
statistically significant difference was observed for the KISSIR
rs10407968 between the CPP cohort of patients of the present
study (MAF = 8.33) vs. the Cypriot control subjects
(MAF = 23.25). An assumption that can be said with
observing the less-frequent rs10407968 MAF in CPP patients is
that it could be behaving as a reducing agent for the risk of CPP.
The above assumption is primarily made by the fact that
activating mutations were reported in the G protein-coupled
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receptor (KISSIR) and its ligand (KISSI) genes as causes of early
GnRH secretion in patients with CPP (35, 36). Additional
investigation is needed to examine this possibility and the
potential functional effects of the rs10407968 SNP. The genetic
network modeling indicated a possible interplay between those
genes (Figure 2). However, the roles of the remaining genes that
have been identified by the clustering algorithm merit to be
further investigated, as they may provide invaluable insights as
regulatory elements of the genetic, epigenetic, and developmental
traits of central precocious puberty, as well as putative novel
pharmacological targets under the prism of personalized and
precision medicine.

In the present study, we confirmed the key role of the
imprinted MKRN3 gene as the most common cause of
monogenic CPP in the Cyprus cohort. The newly described
p.Gly312Asp missense loss-of-function pathogenic variant was
identified as the most prevalent among the tested Cypriot CPP
cohort. This could be most likely due to the founder effect, a
frequent phenomenon in the Cypriot population (50-54).
Additionally, other findings of the present study indicate that
causing variants can also exist in the MKRN3 proximal promoter
and 5'-UTR region and which can also be considered
contributing factors to CPP. Overall, the results of the present
study have emphasized the importance of an approach that
aligns genetics and clinical aspects.

DATA AVAILABILITY STATEMENT

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found below: (https://datadryad.
org/stash), DOI (https://doi.org/10.5061/dryad.8pkOp2nnj).

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Cyprus National Ethics Committee. Written

REFERENCES

1. Terasawa E, Fernandez DL. Neurobiological Mechanisms of the Onset of
Puberty in Primates. Endocr Rev (2001) 22(1):111-51. doi: 10.1210/
edrv.22.1.0418

2. Parent AS, Teilmann G, Juul A, Skakkebaek NE, Toppari ], Bourguignon JP.
The Timing of Normal Puberty and the Age Limits of Sexual Precocity:
Variations Around the World, Secular Trends, and Changes After Migration.
Endocr Rev (2003) 24(5):668-93. doi: 10.1210/er.2002-0019

3. Klein KO. Precocious Puberty: Who has it? Who Should be Treated? J Clin
Endocrinol Metab (1999) 84(2):411-4. doi: 10.1210/jcem.84.2.5533

4. Palmert MR, Hirschhorn JN. Genetic Approaches to Stature, Pubertal
Timing, and Other Complex Traits. Mol Genet Metab (2003) 80(1-2):1-10.
doi: 10.1016/s1096-7192(03)00107-0

5. Yoo JH. Effects of Early Menarche on Physical and Psychosocial Health
Problems in Adolescent Girls and Adult Women. Korean ] Pediatr (2016) 59
(9):355-61. doi: 10.3345/kjp.2016.59.9.355

informed consent to participate in this study was provided by
the participants’ legal guardian/next of kin.

AUTHOR CONTRIBUTIONS

VN, PF, MT, NS, and LP contributed to the conception, design,
and interpretation of the project. BG, IK, GT, MI, YC, KM, SN,
SP, AC, AK, and DV contributed to the experimental part and
data analysis of the project. MT, NN, AK, and NS contributed to
drafting or revising intellectual content of the manuscript. VN,
PF, MT NS, and LP had primary responsibility for final content.
All authors contributed to the article and approved the
submitted version.

FUNDING

This study received funding from A.G Leventis Foundation &
RCB Bank Ltd. The funders were not involved in the study
design, collection, analysis, interpretation of data, the writing of
this article or the decision to submit it for publication.

ACKNOWLEDGMENTS

Six (VN, PF, MT, GAT, NS, LP) of the authors of this publication
are members of the European Reference Network on Rare
Endocrine Conditions: Project ID No 739543 (https://endo-ern.
eu/about/reference-centres/).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fendo.2021.
745048/full#supplementary-material

6. Bangalore Krishna K, Fuqua JS, Rogol AD, Klein KO, Popovic J, Houk CP,
et al. Use of Gonadotropin-Releasing Hormone Analogs in Children: Update
by an International Consortium. Horm Res Paediatr (2019) 91(6):357-72.
doi: 10.1159/000501336

. Latronico AC, Brito VN, Carel JC. Causes, Diagnosis, and Treatment of
Central Precocious Puberty. Lancet Diabetes Endocrinol (2016) 4(3):265-74.
doi: 10.1016/S2213-8587(15)00380-0
8. de Vries L, Kauschansky A, Shohat M, Phillip M. Familial Central Precocious

Puberty Suggests Autosomal Dominant Inheritance. J Clin Endocrinol Metab
(2004) 89(4):1794-800. doi: 10.1210/jc.2003-030361
9. Roberts SA, Kaiser UB. GENETICS IN ENDOCRINOLOGY: Genetic

Etiologies of Central Precocious Puberty and the Role of Imprinted Genes.
Eur J Endocrinol (2020) 183(4):R107-R17. doi: 10.1530/EJE-20-0103

10. Leka-Emiri S, Chrousos GP, Kanaka-Gantenbein C. The Mystery of Puberty
Initiation: Genetics and Epigenetics of Idiopathic Central Precocious Puberty
(ICPP). ] Endocrinol Invest (2017) 40(8):789-802. doi: 10.1007/s40618-017-
0627-9

~

Frontiers in Endocrinology | www.frontiersin.org

September 2021 | Volume 12 | Article 745048


https://datadryad.org/stash
https://datadryad.org/stash
https://doi.org/10.5061/dryad.8pk0p2nnj
https://endo-ern.eu/about/reference-centres/
https://endo-ern.eu/about/reference-centres/
https://www.frontiersin.org/articles/10.3389/fendo.2021.745048/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2021.745048/full#supplementary-material
https://doi.org/10.1210/edrv.22.1.0418
https://doi.org/10.1210/edrv.22.1.0418
https://doi.org/10.1210/er.2002-0019
https://doi.org/10.1210/jcem.84.2.5533
https://doi.org/10.1016/s1096-7192(03)00107-0
https://doi.org/10.3345/kjp.2016.59.9.355
https://doi.org/10.1159/000501336
https://doi.org/10.1016/S2213-8587(15)00380-0
https://doi.org/10.1210/jc.2003-030361
https://doi.org/10.1530/EJE-20-0103
https://doi.org/10.1007/s40618-017-0627-9
https://doi.org/10.1007/s40618-017-0627-9
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Neocleous et al.

Genetics of Central Precocious Puberty

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Abreu AP, Dauber A, Macedo DB, Noel SD, Brito VN, Gill JC, et al. Central
Precocious Puberty Caused by Mutations in the Imprinted Gene MKRN3.
N Engl ] Med (2013) 368(26):2467-75. doi: 10.1056/NEJMoal302160
Seraphim CE, Canton APM, Montenegro L, Piovesan MR, Macedo DB,
Cunha M, et al. Genotype-Phenotype Correlations in Central Precocious
Puberty Caused by MKRN3 Mutations. ] Clin Endocrinol Metab (2021) 106
(4):1041-50. doi: 10.1210/clinem/dgaa955

Jong MT, Gray TA, Ji Y, Glenn CC, Saitoh S, Driscoll DJ, et al. A Novel
Imprinted Gene, Encoding a RING Zinc-Finger Protein, and Overlapping
Antisense Transcript in the Prader-Willi Syndrome Critical Region. Hum Mol
Genet (1999) 8(5):783-93. doi: 10.1093/hmg/8.5.783

Neocleous V, Shammas C, Phelan MM, Nicolaou S, Phylactou LA, Skordis N.
In Silico Analysis of a Novel MKRN3 Missense Mutation in Familial Central
Precocious Puberty. Clin Endocrinol (Oxf) (2016) 84(1):80-4. doi: 10.1111/
cen.12854

Settas N, Dacou-Voutetakis C, Karantza M, Kanaka-Gantenbein C, Chrousos
GP, Voutetakis A. Central Precocious Puberty in a Girl and Early Puberty in
Her Brother Caused by a Novel Mutation in the MKRN3 Gene. J Clin
Endocrinol Metab (2014) 99(4):E647-51. doi: 10.1210/jc.2013-4084
Christoforidis A, Skordis N, Fanis P, Dimitriadou M, Sevastidou M, Phelan
MM, et al. A Novel MKRN3 Nonsense Mutation Causing Familial Central
Precocious Puberty. Endocrine (2017) 56(2):446-9. doi: 10.1007/s12020-017-
1232-6

Valadares LP, Meireles CG, De Toledo IP, Santarem de Oliveira R, Goncalves
de Castro LC, Abreu AP, et al. MKRN3 Mutations in Central Precocious
Puberty: A Systematic Review and Meta-Analysis. ] Endocrine Soc (2019) 3
(5):979-95. doi: 10.1210/j5.2019-00041

Bessa DS, Macedo DB, Brito VN, Franca MM, Montenegro LR, Cunha-Silva
M, et al. High Frequency of MKRN3 Mutations in Male Central Precocious
Puberty Previously Classified as Idiopathic. Neuroendocrinology (2017) 105
(1):17-25. doi: 10.1159/000446963

Grandone A, Cantelmi G, Cirillo G, Marzuillo P, Luongo C, Miraglia del
Giudice E, et al. A Case of Familial Central Precocious Puberty Caused by a
Novel Mutation in the Makorin RING Finger Protein 3 Gene. BMC Endocrine
Disord (2015) 15:60. doi: 10.1186/s12902-015-0056-8

Jeong HR, Lee HS, Hwang JS. Makorin Ring Finger 3 Gene Analysis in
Koreans With Familial Precocious Puberty. J Pediatr Endocrinol Metab (2017)
30(11):1197-201. doi: 10.1515/jpem-2016-0471

Kansakoski J, Raivio T, Juul A, Tommiska J. A Missense Mutation in MKRN3
in a Danish Girl With Central Precocious Puberty and Her Brother With Early
Puberty. Pediatr Res (2015) 78(6):709-11. doi: 10.1038/pr.2015.159

Macedo DB, Abreu AP, Reis AC, Montenegro LR, Dauber A, Beneduzzi D,
et al. 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 (2014) 99(6):E1097-103. doi: 10.1210/jc.2013-3126
Macedo DB, Franca MM, Montenegro LR, Cunha-Silva M, Best DS, Abreu
AP, et al. Central Precocious Puberty Caused by a Heterozygous Deletion in
the MKRN3 Promoter Region. Neuroendocrinology (2018) 107(2):127-32.
doi: 10.1159/000490059

Nishioka J, Shima H, Fukami M, Yatsuga S, Matsumoto T, Ushijima K, et al.
The First Japanese Case of Central Precocious Puberty With a Novel MKRN3
Mutation. Hum Genome Variation (2017) 4:17017. doi: 10.1038/hgv.2017.17
Simon D, Ba I, Mekhail N, Ecosse E, Paulsen A, Zenaty D, et al. Mutations in the
Maternally Imprinted Gene MKRN3 are Common in Familial Central Precocious
Puberty. Eur ] Endocrinol (2016) 174(1):1-8. doi: 10.1530/EJE-15-0488

Simsek E, Demiral M, Ceylaner S, Kirel B. Two Frameshift Mutations in
MKRN3 in Turkish Patients With Familial Central Precocious Puberty. Horm
Res Paediatr (2017) 87(6):405-11. doi: 10.1159/000450923

de Vries L, Gat-Yablonski G, Dror N, Singer A, Phillip M. A Novel MKRN3
Missense Mutation Causing Familial Precocious Puberty. Hum Reprod (2014)
29(12):2838-43. doi: 10.1093/humrep/deu256

Stecchini MF, Macedo DB, Reis AC, Abreu AP, Moreira AC, Castro M, et al.
Time Course of Central Precocious Puberty Development Caused by an
MKRN3 Gene Mutation: A Prismatic Case. Horm Res Paediatr (2016) 86
(2):126-30. doi: 10.1159/000447515

Lin WD, Wang CH, Tsai FJ. Genetic Screening of the Makorin Ring Finger 3
Gene in Girls With Idiopathic Central Precocious Puberty. Clin Chem Lab
Med (2016) 54(3):e93-6. doi: 10.1515/cclm-2015-0408

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Liu H, Kong X, Chen F. Mkrn3 Functions as a Novel Ubiquitin E3 Ligase to
Inhibit Nptxl During Puberty Initiation. Oncotarget (2017) 8(49):85102-9.
doi: 10.18632/oncotarget.19347

Abreu AP, Toro CA, Song YB, Navarro VM, Bosch MA, Eren A, et al. MKRN3
Inhibits the Reproductive Axis Through Actions in Kisspeptin-Expressing
Neurons. J Clin Invest (2020) 130(8):4486-500. doi: 10.1172/JCI136564

Li C, Lu W, Yang L, Li Z, Zhou X, Guo R, et al. MKRN3 Regulates the
Epigenetic Switch of Mammalian Puberty via Ubiquitination of MBD3. Nat!
Sci Rev (2020) 7(7):671-85. doi: 10.1093/nsr/nwaa023

Lu W, Wang J, Li C, Sun M, Hu R, Wang W. A Novel Mutation in 5-UTR of
Makorin Ring Finger 3 Gene Associated With the Familial Precocious
Puberty. Acta Biochim Biophys Sin (2018) 50(12):1291-3. doi: 10.1093/abbs/
gmyl24

Fanis P, Skordis N, Toumba M, Papaioannou N, Makris A, Kyriakou A, et al.
Central Precocious Puberty Caused by Novel Mutations in the Promoter and
5-UTR Region of the Imprinted MKRN3 Gene. Front Endocrinol (2019)
10:677. doi: 10.3389/fend0.2019.00677

Teles MG, Bianco SD, Brito VN, Trarbach EB, Kuohung W, Xu S, et al. A GPR54-
Activating Mutation in a Patient With Central Precocious Puberty. N Engl ] Med
(2008) 358(7):709-15. doi: 10.1056/NEJMoa073443

Silveira LG, Noel SD, Silveira-Neto AP, Abreu AP, Brito VN, Santos MG, et al.
Mutations of the KISSI Gene in Disorders of Puberty. ] Clin Endocrinol Metab
(2010) 95(5):2276-80. doi: 10.1210/jc.2009-2421

Krstevska-Konstantinova M, Jovanovska J, Tasic VB, Montenegro LR,
Beneduzzi D, Silveira LF, et al. Mutational Analysis of KISS1 and KISSIR
in Idiopathic Central Precocious Puberty. J Pediatr Endocrinol Metab (2014)
27(1-2):199-201. doi: 10.1515/jpem-2013-0080

Tommiska J, Sorensen K, Aksglaede L, Koivu R, Puhakka L, Juul A, et al.
LIN28B, LIN28A, KISSI, and KISSIR in Idiopathic Central Precocious
Puberty. BMC Res Notes (2011) 4:363. doi: 10.1186/1756-0500-4-363
Leka-Emiri S, Louizou E, Kambouris M, Chrousos G, De Roux N, Kanaka-
Gantenbein C. Absence of GPR54 and TACR3 Mutations in Sporadic Cases of
Idiopathic Central Precocious Puberty. Horm Res Paediatr (2014) 81(3):177-
81. doi: 10.1159/000356913

Falix FA, Aronson DC, Lamers WH, Gaemers IC. Possible Roles of DLK1 in
the Notch Pathway During Development and Disease. Biochim Biophys Acta
(2012) 1822(6):988-95. doi: 10.1016/j.bbadis.2012.02.003

Gomes LG, Cunha-Silva M, Crespo RP, Ramos CO, Montenegro LR, Canton
A, et al. DLKI Is a Novel Link Between Reproduction and Metabolism. ] Clin
Endocrinol Metab (2019) 104(6):2112-20. doi: 10.1210/jc.2018-02010
Montenegro L, Labarta JI, Piovesan M, Canton APM, Corripio R, Soriano-
Guillen L, et al. Novel Genetic and Biochemical Findings of DLK1 in Children
With Central Precocious Puberty: A Brazilian-Spanish Study. J Clin
Endocrinol Metab (2020) 105(10):3165-72. doi: 10.1210/clinem/dgaa461
Dauber A, Cunha-Silva M, Macedo DB, Brito VN, Abreu AP, Roberts SA,
et al. Paternally Inherited DLK1 Deletion Associated With Familial Central
Precocious Puberty. J Clin Endocrinol Metab (2017) 102(5):1557-67.
doi: 10.1210/jc.2016-3677

Perry JR, Day F, Elks CE, Sulem P, Thompson D], Ferreira T, et al. Parent-Of-
Origin-Specific Allelic Associations Among 106 Genomic Loci for Age at
Menarche. Nature (2014) 514(7520):92-7. doi: 10.1038/nature13545
Greulich W IP. Radiographic Atlas of Skeletal Development of the Hand and
Wrist. London: Stanford University Press (1959).

Okonechnikov K, Conesa A, Garcia-Alcalde F. Qualimap 2: Advanced Multi-
Sample Quality Control for High-Throughput Sequencing Data.
Bioinformatics (2016) 32(2):292-4. doi: 10.1093/bioinformatics/btv566
Richards S, Aziz N, Bale S, Bick D, Das S, Gastier-Foster J, et al. Standards and
Guidelines for the Interpretation of Sequence Variants: A Joint Consensus
Recommendation of the American College of Medical Genetics and Genomics
and the Association for Molecular Pathology. Genet Med (2015) 17(5):405-24.
doi: 10.1038/gim.2015.30

Gharun K, Senges ], Seidl M, Losslein A, Kolter J, Lohrmann F, et al.
Mycobacteria Exploit Nitric Oxide-Induced Transformation of
Macrophages Into Permissive Giant Cells. EMBO Rep (2018) 19(12):e47190.
doi: 10.15252/embr.201847190

Ghaemi N, Ghahraman M, Noroozi Asl S, Vakili R, Fardi Golyan F, Moghbeli
M, et al. Novel DNA Variation of GPR54 Gene in Familial Central Precocious
Puberty. Ital ] Pediatr (2019) 45(1):10. doi: 10.1186/s13052-019-0601-6

Frontiers in Endocrinology | www.frontiersin.org

September 2021 | Volume 12 | Article 745048


https://doi.org/10.1056/NEJMoa1302160
https://doi.org/10.1210/clinem/dgaa955
https://doi.org/10.1093/hmg/8.5.783
https://doi.org/10.1111/cen.12854
https://doi.org/10.1111/cen.12854
https://doi.org/10.1210/jc.2013-4084
https://doi.org/10.1007/s12020-017-1232-6
https://doi.org/10.1007/s12020-017-1232-6
https://doi.org/10.1210/js.2019-00041
https://doi.org/10.1159/000446963
https://doi.org/10.1186/s12902-015-0056-8
https://doi.org/10.1515/jpem-2016-0471
https://doi.org/10.1038/pr.2015.159
https://doi.org/10.1210/jc.2013-3126
https://doi.org/10.1159/000490059
https://doi.org/10.1038/hgv.2017.17
https://doi.org/10.1530/EJE-15-0488
https://doi.org/10.1159/000450923
https://doi.org/10.1093/humrep/deu256
https://doi.org/10.1159/000447515
https://doi.org/10.1515/cclm-2015-0408
https://doi.org/10.18632/oncotarget.19347
https://doi.org/10.1172/JCI136564
https://doi.org/10.1093/nsr/nwaa023
https://doi.org/10.1093/abbs/gmy124
https://doi.org/10.1093/abbs/gmy124
https://doi.org/10.3389/fendo.2019.00677
https://doi.org/10.1056/NEJMoa073443
https://doi.org/10.1210/jc.2009-2421
https://doi.org/10.1515/jpem-2013-0080
https://doi.org/10.1186/1756-0500-4-363
https://doi.org/10.1159/000356913
https://doi.org/10.1016/j.bbadis.2012.02.003
https://doi.org/10.1210/jc.2018-02010
https://doi.org/10.1210/clinem/dgaa461
https://doi.org/10.1210/jc.2016-3677
https://doi.org/10.1038/nature13545
https://doi.org/10.1093/bioinformatics/btv566
https://doi.org/10.1038/gim.2015.30
https://doi.org/10.15252/embr.201847190
https://doi.org/10.1186/s13052-019-0601-6
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Neocleous et al.

Genetics of Central Precocious Puberty

50.

51.

52.

53.

54.

Fanis P, Skordis N, Frangos S, Christopoulos G, Spanou-Aristidou E, Andreou E,
et al. Multiple Endocrine Neoplasia 2 in Cyprus: Evidence for a Founder Effect.
J Endocrinol Invest (2018) 41(10):1149-57. doi: 10.1007/s40618-018-0841-0
Neocleous V, Fanis P, Toumba M, Tanteles GA, Schiza M, Cinarli F, et al.
GnRH Deficient Patients With Congenital Hypogonadotropic
Hypogonadism: Novel Genetic Findings in ANOS1, RNF216, WDRI11,
FGFR1, CHD7, and POLR3A Genes in a Case Series and Review of the
Literature. Front Endocrinol (2020) 11:626. doi: 10.3389/fend0.2020.00626
Skordis N, Neocleous V, Kyriakou A, Efstathiou E, Sertedaki A, Philibert P,
et al. The IVS1-2a>G Mutation in the SRD5A2 Gene Predominates in Cypriot
Patients With 5alpha Reductase Deficiency. ] Endocrinol Invest (2010) 33
(11):810-4. doi: 10.3275/707910.1007/BF03350347

Voskarides K, Mazieres S, Hadjipanagi D, Di Cristofaro J, Ignatiou A,
Stefanou C, et al. Y-Chromosome Phylogeographic Analysis of the Greek-
Cypriot Population Reveals Elements Consistent With Neolithic and Bronze
Age Settlements. Invest Genet (2016) 7:1. doi: 10.1186/s13323-016-0032-8
Dean G, Chamberlain S, Middleton L. Friedreich’s Ataxia in Kathikas-Arodhes,
Cyprus. Lancet (1988) 1(8585):587. doi: 10.1016/s0140-6736(88)91378-5

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Neocleous, Fanis, Toumba, Gorka, Kousiappa, Tanteles, lasonides,
Nicolaides, Christou, Michailidou, Nicolaou, Papacostas, Christoforidis, Kyriakou,
Vlachakis, Skordis and Phylactou. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

September 2021 | Volume 12 | Article 745048


https://doi.org/10.1007/s40618-018-0841-0
https://doi.org/10.3389/fendo.2020.00626
https://doi.org/10.3275/707910.1007/BF03350347
https://doi.org/10.1186/s13323-016-0032-8
https://doi.org/10.1016/s0140-6736(88)91378-5
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Pathogenic and Low-Frequency Variants in Children With Central Precocious 
Puberty
	Introduction
	Materials and Methods
	Patients
	Genetic Analysis
	Variant Analysis
	Genetic Network Modeling

	Results
	Clinical Findings
	Pathogenic Genetic Defects in MKRN3 Gene
	Other Genetic Findings in the Cohort of CPP Patients
	Genetic Network Modeling for the MKRN3 Gene

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /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

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


