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Abstract
Introduction and objective. The expression of the C-type natriuretic peptide (CNP) gene has been detected in the growth 
cartilage of the long bones and vertebrae. This article provides an overview of the role of CNP in bone growth and presents 
the results of the authors’ research on the concentration of the NTproCNP and its relationship with growth velocity and 
bone markers in healthy school-age children. �  
Materials and method. The study involved 75 girls and 59 boys aged from 9.0–11.8 years (mean 10.29±0.74). Body weight, 
height and lower limb length were measured, and blood samples were collected twice at six-month intervals. In the first 
serum sample, the concentrations of NTproCNP, C-terminal propeptide type I (CICP), C-terminal telopeptide type I collagen 
(ICTP) osteocalcin (OC) and bone-specific alkaline phosphatase (BAP) were determined. In the second sample, NTproCNP 
concentration was assessed. �  
Results. During the six-month follow-up period, the increase in body height and weight of girls was greater than boys 
(p<0.000; p=0.003, respectively). While during the first examination the concentration of NTproCNP in girls and boys was 
similar, during the second examination it was higher in girls than in boys (p=0.04). Weak positive correlations between the 
increase in body height and NTproCNP, CICP, BAP as well as OC were found. There were no correlations between NTproCNP 
and the bone markers. �  
Conclusions. The results suggest that NTproCNP concentration depends on growth velocity in children. There is increasing 
evidence that a better knowledge of CNP biology contributes to a better understanding of bone growth mechanisms.
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Abbreviations
AMDM – acromesomelic dysplasia Maroteaux type; BAP – bone-specific alkaline phosphatase; B-boys; BMI – body mass 
index; BMPs – bone morphogenetic proteins; CICP – C-terminal pro-collagen-type I propeptide; CNP – C-type natriuretic 
peptide; FGFR3 – fibroblast growth factor receptor 3; FGFs – fibroblast growth factors; G-girls; GC-B – guanylate cyclase 
B; ICTP – C-terminal telopeptide type I collagen; IGFs – insulin-like growth factors; IHH – indian hedgehog homolog; 
NPPC – natriuretic peptide precursor C; NPR-A – natriuretic peptide receptor-A; NPR-B – natriuretic peptide receptor-B; 
NPR-C – natriuretic peptide receptor-C; NTproCNP – amino-terminal propeptide of the C-type natriuretic peptide; OC – 
osteocalcin; preproCNP – C-type natriuretic peptide prepropeptide; pro-CNP – C-type natriuretic peptide propeptide; 
PTHrP – parathyroid hormone-related peptide; VEGF – vascular endothelial growth factor.

INTRODUCTION AND OBJECTIVE

Bone growth in length is possible due to the epiphyseal 
cartilage (growth plate) located between the epiphysis and the 
metaphysis of the bone. The proliferation of chondrocytes, 
their expansion and subsequent replacement by osteoblasts, 
make the bone grow in length. This process is determined by 
genetic factors, hormones, and auto/paracrine-acting growth 
factors. Among them, there are mentioned growth hormone, 
thyroid hormones, oestrogens and androgens as well as 
insulin-like growth factors (IGFs), fibroblast growth factors 
(FGFs), the indian hedgehog homolog (IHH), parathyroid 
hormone-related peptide (PTHrP), bone morphogenetic 
proteins (BMPs), signal molecules belonging to the WNT 
protein family, vascular endothelial growth factor (VEGF), 
as well as C-type natriuretic peptide (CNP) [1, 2, 3, 4]. CNP 

is one of the human natriuretic peptides with a relatively 
weak (in physiological concentration) diuretic action [1, 5]. 
The gene encoding human CNP, named as NPPC (natriuretic 
peptide precursor C), contains two exons and is located 
on chromosome 2 (2q37.1) (http://www.genecards.org). Its 
relatively high level of expression has been detected (among 
others) in proliferating and pre-hypertrophic chondrocytes 
of the growth cartilage of the long bones, spine vertebrae, 
and facial bones [5, 6]. The product of the NPPC gene is the 
126-amino acid CNP prepropeptide (preproCNP), from 
which the 103-amino acid CNP propeptide (pro-CNP) is 
produced with the participation of the serine protease. From 
it CNP is synthesized trough hydrolysis. Both CNP and 
proCNP circulate in the bloodstream, but the half-life of 
proCNP is longer and its blood concentration is 20–50 times 
higher than the concentration of CNP. It is also more stable, 
does not show daily fluctuations or dependence on consumed 
meals [7, 8].

Among three different receptors [natriuretic peptide 
receptor-A (NPR-A), natriuretic peptide receptor-B (NPR-B), 
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natriuretic peptide receptor-C (NPR-C)], NPR-B, also known 
as guanylate cyclase B (GC-B), exhibits the highest affinity for 
CNP [9]. The gene encoding NPR-B, known as NPR2, is located 
on the chromosome 9p13.3 (http://www.genecards.org). Its 
expression has been identified in bone growth cartilage (in 
the proliferative and hypertrophic layers of chondrocytes), 
but also in the brain, heart, kidneys, adrenal glands, liver, 
lungs, uterus or smooth muscle of blood vessels [10, 11]. 
Experimental studies show that CNP, via the NPR-B receptor, 
stimulates chondrocytes proliferation, increases the synthesis 
of the cartilage intercellular matrix and the growth plate 
cells hypertrophy [12, 13]. Genetic abnormalities involving 
CNP or NPR-B result in skeletal growth disorders. Thus, 
transgenic mice with overexpressing NPPC and excessive 
synthesis of CNP and mice with impaired CNP degradation 
caused by decreased function of NPR-C (receptor removing 
natriuretic peptides from the bloodstream and extracellular 
environment), have skeletal hypertrophy [14]. In turn, mice 
with mutation in NPPC and with reduced CNP synthesis, 
as well as with mutation in NPR2 gene and with reduced 
NPR-B receptor activity, have skeleton hypoplasia [15, 16, 17]. 
Histology indicates a significant reduction of the proliferating 
layer and hypertrophic chondrocytes in the growth bone 
plate [13].

In humans, a homozygous mutation leading to the loss of 
the NPR2 gene function causes the acromesomelic dysplasia 
Maroteaux type (AMDM; MIM# 602875). This is an autosomal 
recessive disorder belonging to the group of acromesomelic 
dysplasias. Patients affected with AMDM are significantly 
shorter than their peers, have shortening of the middle and 
distal parts of the limbs (forearms, hands, shins, and feet). 
Adult heights may be more than 5 SD below the mean [18, 
19, 20]. The heterozygous mutation of NPR2 leading to the 
reduction of gene expression, does not cause such drastic 
phenotypic effects. People affected by it have a short final 
height, but the condition itself may be variously intensified 
[21, 22]. In turn, increased expression of the NPPC gene 
(increased CNP synthesis), as well as the NPR2 gene (NPR-B 
hyperactivity), resulting from chromosomal translocation, 
causes excessive skeletal growth. For example, patients with 
a translocation in the 2q37 chromosome that overexpress 
the NPPC gene are tall, have a marfanoid body structure 
and increased CNP concentration in the blood [11, 23, 24]. 
The above-mentioned evidence indicates that the process of 
bone growth is conditioned by a properly functioning CNP/
NPR-B system; thus, in some clinical cases, CNP, or a more 
stable proCNP, could be a marker of its intensity.

Among the first researchers who noted the usefulness of 
the NTproCNP blood tests to monitor the growth process 
were Prickett and co-authors [8, 25]. They indicated the 
relationship between NTproCNP and selected indicators 
of bone metabolism [8] which are also used to monitor 
growth. These include C-terminal pro-collagen type I 
propeptide (CICP), bone-specific alkaline phosphatase 
(BAP), osteocalcin (OC) and C-terminal telopeptides of 
type I collagen (ICTP) [26, 27, 28, 29, 30, 31, 32]. C- and 
N-terminal pro-collagen type I propeptides are proteins 
released by osteoblasts during the synthesis of type I collagen, 
accumulated in the extracellular matrix of the bone. BAP and 
OC are also released by osteoblasts and participate in the 
formation of osteoid and bone mineralization. In addition, 
OC is synthesized by hypertrophic chondrocytes of the 
epiphyseal cartilage. ICTP is an indicator of the intensity 

of bone resorption, which is an inherent element of the 
process called bone turnover. The aim of this study was to 
describe the role of CNP in bone growth and to assess the 
concentration of the NTproCNP and its relationship with 
growth velocity and concentration of selected bone markers 
in healthy school-age children.

MATERIALS AND METHOD

The study involved 134 healthy children (75 girls and 59 
boys) between 9.0 – 11.8 years of age (mean 10.29 ± 0.74) 
from the Lublin region of eastern Poland who took part in 
a nationwide project for evaluation of vitamin D status in 
children (RNN/7/10/KE) [33]. Exclusion criteria were diseases 
affecting bone health, such as nutritional disorders, diseases 
of the digestive system, kidney disease, endocrine diseases, 
and glucocorticoid use. The children were examined twice 
in an interval of six months in a school nurses’ office. Each 
time their health was assessed, medical history collected and 
a physical examination performed. Body weight, body height, 
and lower limb length (basis-symphysion) were determined 
by the same anthropologist, according to standardized 
techniques. In girls, pubertal stage were assigned by 
physical examination, according to the Tanner criteria for 
breast development. They were also asked about their first 
menstruation. In boys, instead of physical examinations, 
the self-assessment of the pubertal stage according to the 
Tanner scale was used.

Twice, at the beginning and the end of observation, 
(between 08:00 – 10:00 h), blood samples were taken from 
the antecubital vein and serum was separated. In a part 
of the serum samples the concentration of 25(OH)D was 
determined [6]. The remaining samples were stored at 
-80 °C for further analysis. In the first serum sample (first 
examination – I) the concentrations of the amino-terminal 
propeptide of the C-type natriuretic peptide (NT-proCNP 
ELISA Eagle Bioscience, Inc.), C-terminal pro-collagen-type I 
propeptide (MicroVue CICP ELISA kit, Quidel Corporation), 
C-terminal telopeptide of collagen type I (Serum CrossLaps 
ELISA; Immune Diagnostic Systems), osteocalcin (Human 
Osteocalcin (1–43 / 49); Epitope Diagnostics, Inc.) and bone-
specific alkaline phosphatase (Ostase BAP EIA; Immune 
Diagnostic Systems) were determined. In the second serum 
sample (second examination – II), only the concentration of 
NT-proCNP was determined.

The children were divided into two gender groups. The 
normality of distributions of the studied variables was 
assessed with the use of the Shapiro-Wilk test. The significance 
of differences between the mean values of anthropometric 
features, as well as biochemical parameters in the analysed 
groups, was assessed using Mann-Whitney U test (non-
parametric test for unrelated variables). The significance of 
differences within the same group was measured using the 
Wilcoxon test (a non-parametric test for related variables). 
To measure the degree of relationship between variables the 
Spearman correlation was used. The level of significance 
was assumed at p<0.05. Statistical analyses were carried out 
using the STATISTICA v6.0 computer software (StatSoft, 
Poland). The research was approved by the Bioethical 
Commission at the Medical University in Lublin, Poland 
(KE-0254/323/2015).
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RESULTS

At the time of the first examinations, the age of girls and 
boys did not differ. There were also no differences between 
the somatic features of girls and boys. They had similar 
body height, weight and length of lower limbs (Tab.1). On 
assessing the pubertal stages of girls, it was found that 42 
of them were in stage I, 26 in stage II, and 7 in stage III. All 
were before menarche. In boys, only 3 were in the stage II 
and no one on stage III or more. The 6-month observation 
period showed that the girls’ growth rate was faster than that 
of boys. Their body weight and height increases were greater 
(respectively: p<0.0001; p=0.003), but there was no difference 
in the increase in the length of the lower limbs (Tab. 1).

In the first and the second examination, neither in the 
group of girls nor in the group of boys, were the differences 
between the NTproCNP concentrations statistically 
significant (Tab. 2). While during the first examination, the 
concentration of NTproCNP in girls was similar to that of 
boys, during the second examination, it was significantly 
higher in girls (p = 0.043). They also had a significantly 

higher BAP concentration than the boys (p = 0.033). 
The concentrations of other bone markers did not differ 
significantly (Tab. 2). There were weak positive correlations 
between the body height increase and serum concentrations 
of NTproCNP, CICP, BAP as well as OC (Tab. 3). There was 
no correlation between the concentrations of analysed bone 
markers and NTproCNP, nor between BMI and NTproCNP 
concentration.

DISCUSSION

The basic condition for proper bone growth is the correct 
synthesis of biologically-active substances and the presence 
of specific receptors in the target tissue – the growth cartilage. 
The role of CNP in bone growth is not fully understood. This 
study determined the relationship between NT-proCNP 
concentration and the rate of growth of school-age healthy 
children. The children ranged from 9 – 11.8 years of age, and 
were observed for six months. On comparing the increase 
in their body weight and height, it was found that these 

Table 1. Characteristics of girls (n=75) and boys (n=59)

Girls (G) n=75
mean ± SD

median
Boys (B) n=59

mean ± SD
median

G vs B
p-value

Age (years) 10.25±0.71 10.32 10.34±0.78 10.5 ns

Body weight (kg) 36.21±10.48 36.4 36.54±7.91 36.0 ns

Body height (cm) 141.86±8.71 141.4 142.79±6.54 142.0 ns

Length of lower limbs (cm) 74.73±4.99 74.4 74.66±4.03 74.4 ns

BMI (kg/m2) 17.72±3.61 16.94 17.79±3.20 17.56 ns

Increase in 6-month period

body weight (kg) 2.63±1.79 2.50 1.77±1.82 1.60 p=0.003

body height (cm) 2.86±0.96 2.85 2.24±0.90 2.10 p=0.0001

Length of lower limbs (cm) 1.89±0.91 1.80 1.72±0.88 1.70 ns

SD – standard deviation; ns – not statistically significant

Table 2. Serum concentrations of CNP propeptide (NTproCNP) and C-terminal pro-collagen type I propeptide (CICP), C-terminal telopeptide type I 
collagen (ICTP), bone-specific alkaline phosphatase (BAP) and osteocalcin (OC) in children

Girls (G) Boys (B) G vs B G vs B

I
mean ± SD

II
mean ± SD

I
mean ± SD

II
mean ± SD

I II

NTproCNP (pmol/l)
9.39±2.52 9.96±2.66 8.78±2.49 8.86±2.63

ns p=0.043
I vs II – ns I vs II – ns

CICP (ng/ml) 355.52±130.96 _ 310.67± 91.45 _ ns _

ICTP (ng/ml) 1.74±0.59 _ 1.58±0.58 _ ns _

BAP (µg/L) 133.98±125.1 _ 94.74±57.25 _ p=0.033 _

OC (ng/ml) 46.78±6.79 _ 44.60±9.19 _ ns _

SD – standard deviation; ns – not statistically significant

Table 3. Correlation between serum concentration of CNP propeptide (NTproCNP) and C-terminal pro-collagen type I propeptide (CICP), C-terminal 
telopeptide type I collagen (ICTP), bone-specific alkaline phosphatase (BAP), osteocalcin (OC) as well as somatic features of children.

Body weight Body height BMI Height increase NTproCNP

NTproCNP ns ns ns R=0.29; p=0.006 -

CICP ns ns ns R=0.31; p=0.003 ns

ICTP ns ns ns ns ns

BAP ns ns ns R=0.26; p=0.01 ns

OC ns ns ns R=0.18; p=0.04 ns
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were greater in girls than in boys, although the lower limb 
length increase did not differ. The NTproCNP concentration 
in girls was higher than in boys in the follow-up conducted 
six months later.

Studies on the usefulness of NT-proCNP blood 
concentration assays for the growth assessment are not 
new. In 2005, Prickett et al. noted the positive correlation 
between the growth rate of children with short stature and 
the concentration of NT-proCNP in blood [8]. These authors 
evaluated the concentration of NT-proCNP and CNP in girls 
and boys aged from 5 – 18 years. In 2007, Olney et al. studied 
how the process of puberty and the use of growth hormone or 
testosterone affect the concentration of NTproCNP in children 
with short stature (also idiopathic) and with constitutional 
delay in growth. At the beginning, all short stature children 
had a similar concentration of NTproCNP, which increased 
significantly in response to treatment; hence, the conclusion 
that NTproCNP can be an indicator of the effectiveness of the 
treatment [3]. It was also noticed that the highest concentration 
of CNP and NTproCNP is reached between days 7 – 28 after 
the beginning of the treatment with the growth hormone, 
and then slightly decreases [34]. Olney et al., similar to the 
presented study, assessed the concentration of NTproCNP 
in healthy children [25]. They examined children and young 
adults (between the 2nd month and the age of 20 years). In 
both genders, the concentrations of NTproCNP depended on 
the age of the child (it was relatively high during the infancy 
and pubertal period). The relationship between NTproCNP 
and the pubertal stage, as assessed by Tanner staging was 
found. It was highest in boys in the 4th stage (around 14 
years old) and in girls in the 3rd stage (around 13 years old), 
therefore during the peak height velocity. Unfortunately, 
during examinations in the school office, there was no 
opportunity to check the stage of sexual maturity of the 
boys. Judging by the age, the majority of them were in the first 
stage of puberty. By assessing the girls’ sexual maturity, it was 
established that none of them had reached menarche. Similar 
to Olney et al. [25], a positive albeit very weak correlation 
was found between the NTproCNP concentration and the 
rate of growth. The concentrations of the bone formation 
markers assessed for the current study were also positively 
(but weakly) correlated with the rate of growth, which is 
known from other publications [28, 31, 32]. There was no 
correlation between NTproCNP and CICP, ICTP, BAP or OC. 
Meanwhile, Prickett et al. showed in healthy children a strong 
positive correlation between concentrations of NTproCNP 
and BAP, as well as between concentrations of NTproCNP 
and ICTP [8]. The relationships between CNP and bone 
metabolic rates were mainly studied in animals. An example 
of this is the study by Kondo et al. who indicated that CNP 
accelerates bone remodelling and healing bone fractures [35]. 
It is interesting that Bükümmez et al. showed that in a mouse 
model of arthritis, CNP over-expression in chondrocytes 
could prevent growth retardation and cartilage damage. 
This suggests that through pharmacological or biological 
modulation of the CNP signaling pathway, growth cartilages 
can also be protected and prevent the growth retardation of 
patients with inflammatory joint diseases, such as juvenile 
idiopathic arthritis [36].

When using NTproCNP as an indicator for the assessment 
of bone growth, the complexity of this process should be 
considered. It is worth noting that the health of a child 
can be important when assessing the concentration of 

NTproCNP in his blood. It is not about chronic diseases 
or chronic conditions are known to slow down growth, but 
also about acute and short-term illnesses. Prickett et  al., 
investigating the concentration of NTproCNP and CNP in 
pre-school children with acute infection, have shown that 
the concentrations of both indicators are reduced, which 
suggests that the infection can slow down bone growth 
clinically unnoticeably [37]. Topçu et  al. investigated the 
NT-proCNP plasma concentration in the overweight or 
obese, in comparison to normal weight children. There was 
no difference [38]. Then presented study also did not show 
a relationship between BMI and NTproCNP concentration.

Recently, the results of multicentre studies on children 
with achondroplasia, hypochondroplasia, and anaphoric 
dysplasia, have been published. They prove that such children 
have elevated NTproCNP plasma concentrations compared 
to healthy children, which can indicate the lack of sensitivity 
of growth cartilage on the CNP [39]. The genetic basis of 
most of these disorders is a gene mutation of the fibroblast 
growth factor receptor 3 (FGFR3), whose function is limiting 
cell division [40]. The activated receptor transmits the signal 
via the Raf-MEK-ERK signalling pathway and the task of 
the CNP is to inhibit this signal at the Raf enzyme level. 
The FGFR3 receptor mutation enhances its function. In 
this case, one of the treatment options may be the use of 
a CNP analog (vosoritide, BMN 111, ClinicalTrials.gov, 
NCT02055157, currently the third phase of clinical trials) that 
inhibits the excessive activity of the Raf-MEK-ERK pathway 
[41]. Another option, currently at the animal testing stage, is 
the modification of the CNP/NPR-B system by blocking the 
NPR-C and its CNP degradation properties [19].

As it appears from the literature, genetic research on 
CNP and its receptor may be useful in diagnosing not only 
patients with skeletal dysplasia, but also in cases of less severe 
disorders. This is confirmed by the studies of parents of 
patients with AMDM. These people are nearly 6 cm shorter 
than the average height in the population, which may be due 
to the heterozygous NPR2 mutation [18, 42]. Heterozygous 
mutation of NPR2 may also be the cause of short stature of 
patients with idiopathic or family short stature [22]. Olney 
et al. suggested that up to 1 in 30 people with idiopathic short 
stature may be carriers of such a mutation [21].

In view of the ever-widening possibilities of diagnosing 
children with short stature, one can ask whether determining 
the concentration of proCNP or NTproCNP can really be 
helpful in clinical practice. The results obtained in the current 
study suggest that the concentration of NTproCNP depends 
on the growth velocity in healthy children.

It should be noted, however, that the current study has 
limitations, such as the small size of the group, the inability to 
assess more precisely the pubertal stages of boys, and the lack 
of more accurate bone evaluation by methods such as bone 
age or densitometry. Based on the results of other authors, 
it can be confirmed that research on CNP is still ongoing 
[43]. The latest publication by Espiner, Prickett, and Olney, 
summarizing the past achievements of CNP participation 
in bone growth, proves that proCNP or NTproCNP are 
good indicators of this process, especially in children during 
treatment (including CNP analog) [7]. However, their clinical 
usefulness is conditioned by good knowledge of the role of 
CNP, its production and function, accessibility to reliable 
determination methods and reference range for age and 
gender.
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CONCLUSIONS

The results suggest that NTproCNP concentration depends 
on growth velocity in healthy school-age children. There is 
increasing evidence that a better knowledge of CNP biology 
will contribute to a better understanding of bone growth 
mechanisms.
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