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Abstract: This study aimed to investigate correlation between serum insulin-like growth factor-1 (IGF-1) and blood
lead level in short stature children with growth hormone deficiency (GHD), and IGF-1 signal molecules were inves-
tigated in lead exposed rats. Our findings may provide evidence for clarifying pathogenesis of lead induced short
stature in children. Methods: 880 short stature children were recruited from clinics and divided into GHD group and
idiopathic short stature (ISS) group according to the GH peak in growth hormone stimulation test. The height, body
weight, serum IGF-1 level and blood lead level were determined. A rat model of lead poisoning was used to estab-
lish and western blot assay was employed to detect the phosphorylation of signaling molecules (MAPK and PI3K/
Akt) related to IGF-1 signaling pathway. Results: In GHD group, the height, body weight and serum IGF-1 level were
significantly lower, but the blood lead level was significantly higher than those in ISS group (P<0.05). Western blot
assay confirmed that the protein expression of phosphorylated ERK1/2, JNK, p38, Akt473 and Akt308 increased
significantly (P<0.01) in lead exposure rats. Conclusion: Our study suggesting that reduction in IGF-1 in children with
GHD is associated with blood lead level. Lead exposure may induce expression of phosphorylated MAPK and Akt
signaling molecules. The activation of these molecules may influence binding of IGF-1 and tyrosine kinase receptor
IGFIR to regulate cell growth via the MAPK and Akt signaling pathways, which then interfere with growth-promoting
effect of IGF-1 in short children.

Keywords: Growth hormone deficiency, insulin-like growth factor I, lead exposure animal model, short stature, sig-
naling pathway

Background

According to world health organization (WHO)
report in 2000, the incidence of short stature in
developing countries is as high as 32.5% [1].
Some factors have been found to influence the
child growth and the mechanisms are complex.
Generally, the growth is affected by genetics,
diseases, nutrition, etc. Its occurrence is closely
related to the integrity and coordination of
growth hormone and hormones in thyroid hor-
mone axis and gonadal axis. Growth hormone
deficiency (GHD) is an important cause of short
stature, and children with GHD account for

6-10% of short children. To understand the
pathogenesis of short stature will help to
improve the diagnosis and treatment of short
stature [2].

Children are susceptible to lead poisoning,
which may cause cognitive impairment and
abnormalities in psychology and behaviors, and
usually harm the growth and development of
children [3]. The height reduces by 1.3 cm if the
lead level increases by 0.483 ymol/L, suggest-
ing that lead poisoning has significantly influ-
enced the height of children [4]. As a known
environmental toxic, lead has been an invisible
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killer harming the health of children, and lead-
ing poisoning has been a major risk factor of
public health and an important social issue.

Children have a high lead absorption rate, and
the lead is often excreted once it enters human
body, causing cumulative injury to the body.
Currently, the mechanism underling the lead
exposure induced injury is still poorly under-
stood. Thus, to investigate the changes in sero-
logical parameters and the toxicity of lead in
children with lead poisoning is important for
exploring the toxicity of lead exposure [5].
Insulin-like growth factors (IGFs) not only medi-
ate the growth-promoting effect of growth hor-
mone (GH), but also exert extensive biological
effects via IGF-1 receptor. It has been revealed
that IGF-1 is not only indispensable for develop-
ment of brain, but also able to inhibit cell apop-
tosis, which is beneficial for functional recovery
of injured neurons. Thus, IGF-1, which is protec-
tive on some neurological diseases, has been
paid attention to by investigators [6].

In our hospital, we screened short children in
clinics and they were divided into primary GHD
children and idiopathic short stature (ISS) chil-
dren according to the findings in growth hor-
mone stimulation test (intravenous arginine
hydrochloride and oral clonidine). Serum IGF-1
and blood lead level were detected and com-
pared between two groups. The correlation of
serum IGF-1 with blood lead level was evaluat-
ed. In addition, a lead exposure rat model was
established, and the phosphorylation of mole-
cules in the IGF related signaling pathway was
determined. Our findings may provide evidence
for the elucidation of pathogenesis of lead
induced short stature and measures for the
prevention and treatment of short stature.

Patients and methods
Source of patients

From June 2011 to March 2013, 880 short
children were recruited from the Department of
Pediatrics of Xijing Hospital. There were 518
males and 362 females, and the age ranged
from 1 year to 18 years.

Inclusion criteria for short stature

According to the height and body weight distri-
bution in children aged 0-18 years, which is
determined in the children’s physical develop-
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ment survey performed in 9 provinces/cities in
2005, short stature was diagnosed. The height
and body weight of short children was 2 stan-
dard deviations shorter than that in age, gender
and race matched children (Height and weight
standardized growth charts for Chinese chil-
dren and adolescents aged 0-18 years in 2009)
[7]. The height of recruited children was bal-
anced, patients had normal intelligence and
the bone age was 2 or more years younger than
that in health children. Children with abnormal
liver and kidney function, hypothyroidism, small
gestational age, Turners syndrome, premature,
genetic diseases or metabolic diseases were
excluded [8].

Test and detection

Growth hormone stimulation test was per-
formed in fasting children in the morning. In
brief, 20% arginine (2 mi/kg) was dissolved in
normal saline (3 ml/kg), and this solution was
intravenously administered within 30 min. At
the same time, clonidine was orally given.
Before treatment and at 30, 60, 90 and 120
min after treatment, venous blood was collect-
ed for detection. Children were monitored dur-
ing this test. Automatic chemiluminescence
assay (€601, Roche) was employed to detect
the GH in these children according to manufac-
turer’s instructions, and the quality was con-
trolled. IGF-1 level was measured with radioim-
munoassay kit (DIAsource ImmunoAssays,
Belgium) according to manufacturer’s instruc-
tions. Atomic absorption spectrophotometer
(Shimadzu, Japan) was used to detect the blood
lead of these children.

Diagnostic criteria

It is still a controversial question how to con-
duct the GH stimulation test. The GHRH plus
arginine test combining IGF-I test or insulin tol-
erance test (ITT) is preferred in foreign coun-
tries recently. While clonidine plus arginine test
is applied to conduct GH stimulation test in our
hospital up to now. Patients with thyroid dys-
function, a familial history of delayed puberty
and chromosomal abnormalities, familial short
stature, intrauterine growth retardation (IUGR)
and small gestational age were removed. The
diagnosis of short stature was done according
to following criteria: 1) The GH peak was mea-
sured after growth hormone stimulation test.
When the GH peak was <10 ng/ml, the bone
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Table 1. Distribution of children in GHD group
and ISS group

Age GHD group ISS group
Female Male Female Male
1 3 2
2 1 1
3 0 3 1 1
4 5 3 6 6
5 9 17 9 17
6 15 16 15 19
7 7 14 13 14
8 6 26 17 22
9 16 23 30 25
10 17 33 36 21
11 20 26 35 41
12 9 28 36 33
13 6 21 16 36
14 2 13 13 23
15 3 6 6 15
16 2 5 3 2
17 1 2 1
18 1 3 3
Sum 123 239 239 279

age was <2 years younger than the normal, the
annual increment of height was <4 cm and cra-
nial CT or MRI excluded intracranial tumor, chil-
dren were diagnosed with primary GHD. 2)
When the height was 2 standard deviations
lower than the normal, the annual increment of
height was <4 cm, the height and body weight
at birth were normal, there was no chronic dis-
ease or skeletal developmental disorders, bone
age was younger or normal, the karyotype was
normal and the GH peak was =10 ng/ml, chil-
dren were diagnosed with ISS [9, 10].

Establishment of the lead exposure rat model

Animals and grouping: Male Sprague Dawley
(SD) rats (21 days old; n=80) weighing 50-70 g
were purchased and housed in a calm environ-
ment for 48 h, and adverse stress was avoided.
The temperature, humidity and illumination
were consistent with the Guidelines on the Care
and Use of Animals for Scientific Purposes.
Animals were randomly assigned into 4 groups:
control group (n=20), 100 ppm lead exposure
group (n=20), 200 ppm lead exposure group
(n=20) and 300 ppm lead exposure group
(n=20). Animals were given ad libitum access
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to food and water. The C,H.O,Pb-3H,0 at 500
ppm was diluted into 100 ppm, 200 ppm and
300 ppm lead solution which was then used as
a drink for rats. The volume of this solution
drunk by these animals was monitored. In the
control group, deionized water was used as a
drink for rats. Animals were housed indepen-
dently and treatment was performed for 6

weeks.
Detection of blood lead level

At different time points (1, 2, 3, 4, 5 and 6
weeks), the blood was collected from the tail
vein and the blood lead was determined.

Influence of lead exposure on molecules re-
lated to IGF-1 signaling pathway

Western blot assay of molecules related to
IGF-1 signaling pathway was carried out. SDS-
PAGE and Western blot assay: Proteins (100
pg) were subjected to SDS-PAGE (12% separat-
ing gel) and then transferred onto PVDF mem-
brane. The membrane was blocked in 5% non-
fat mild at room temperature for 1 h, and then
treated with antibodies against PKC (PKC-q,
PKC-B), Akt (Akt-473/Akt-308) and MAPK (ERK,
INK, p-38) in dependently (1:500) at 4°C over
night. After washing in TBST thrice (10 min for
each), the membrane was treated with second-
ary antibody (1:1000) at room temperature for
2 h. After washing in TBST thrice (10 min for
each), visualization was done, and optical den-
sity was determined. B-actin was used as an
internal reference (1:3000). After detection,
the NC membrane was placed in strip buffer fol-
lowed by incubation for 8 min. Following wash-
ing in TBST thrice, the membrane was then
blocked in 5% non-fat milk at room tempera-
ture for 1 h and treated with primary antibodies
against PKC, Akt, MAPK (ERK, JNK, p-38)
(1:500) independently at 4°C over night. After
washing in TBST thrice (10 min for each), the
membrane was treated with secondary anti-
body (1:1000) at room temperature for 1 h.
Following washing in TBST thrice (10 min for
each), visualization was done, and optical den-
sity was determined.

Statistical analysis
Statistical analysis was done with SPSS version

16.0. Data were expressed as xxs. When the
number of patients were >30, t test was
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Figure 1. Height of girls and boys in two groups; *P<0.05 vs. GHD group. The
height was compared between GHD group and ISS group in children of different
age groups. Results showed significant difference in girls aged 6 years between
two groups.
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Figure 2. Body weight of girls and boys in two groups; *P<0.05 vs. GHD group.
Results showed significant difference in girls aged 4, 6 and 9 years between two
groups (P<0.05). Significant difference in body weight was found between two

groups. Results showed sig-
nificant difference in girls
aged 6 years between two
groups (P<0.05). However,
there was no significant dif-
ference between two gro-
ups in boys (Figure 1).

Body weight of children in
different groups

The body weight was com-
pared between GHD group
and ISS group in children of
different age groups. Res-
ults showed significant dif-
ference in girls aged 4, 6
and 9 years between two
groups (P<0.05). Significant
difference in body weight
was found between two gro-
ups in boys aged 4 and 13
years (P<0.05) (Figure 2).

Serum IGF level in GHD
group and ISS group

The serum IGF-1 level was
compared between GHD
group and ISS group in chil-
dren of different age gro-

groups in boys aged 4 and 13 years (P<0.05).

employed for comparisons, or non-parametric
Mann-Whitney test was used.

Results
Number and age of children

The number of children in ISS group was larger
than that in GHD group (58.86%), and the pro-
portion of boys in ISS group was significantly
higher than that in GHD group (58.86%).

The short stature children aged 9-12 years
accounted for 48.75%, which was markedly
higher than that in GHD group. The number of
children in different age is shown in Table 1.

Height and body weight of children in different
groups

The height was compared between GHD group
and ISS group in children of different age
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ups. Results showed signifi-
cant difference in serum
IGF-1 level between two
groups in girls aged 8-15 years (P<0.05).
However, in boys aged 5-15 years, significant
difference in serum IGF-1 level was found
between two groups (P<0.05) (Figure 3).

Blood lead level in GHD group and ISS group

In children of different age groups, the blood
lead level was compared between GHD group
and ISS group. Results showed, in girls aged
4-6 years and 8-14 years, the blood lead level
in GHD group was significantly higher than that
in ISS group (P<0.05). In boys aged 5-9 years,
11-13 years and 15 years, the blood lead level
in GHD group significantly increased when com-
pared with ISS group (P<0.05) (Figure 4).

Height, body weight, serum IGF-1 and blood
lead of children in two groups

Overall, the height, body weight, IGF-1 and
blood lead level were significantly different in
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Figure 3. Serum IGF-1 level of girls and boys of two groups; *P<0.05 vs. GHD

group. Results showed significant difference in serum IGF-1 level between two
groups in girls aged 8-15 years (P<0.05). However, in boys aged 5-15 years, sig-
nificant difference in serum IGF-1 level was found between two groups (P<0.05).
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Influence of lead exposure
on molecules related to
IGF-1 signaling pathway

Western blot assay showed
the protein expression of
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Figure 4. Blood lead level of girls and boys in two groups; *P<0.05 vs. GHD
group. Results showed, in girls aged 4-6 years and 8-14 years, the blood lead
level in GHD group was significantly higher than that in ISS group (P<0.05). In
boys aged 5-9 years, 11-13 years and 15 years, the blood lead level in GHD
group significantly increased when compared with ISS group (P<0.05).

Table 2. Height, body weight, serum IGF-1
and blood lead of children in two groups

Girls Boys

Parameters
F p F

Height 0.000"
Body weight 0.000"
IGF-I 0.000"
lead 0.000"

16.710 0.032" 0.705
1.150 0.017" 2.478
70.256 0.000" 29.050
7.624 0.000" 27.195

“P<0.05 vs. GHD group.

both girls and boys between ISS group and GHD
group (P<0.01 and 0.05, respectively) (Table
2).

Influence of lead exposure on rat blood lead
level

Atomic absorption spectrophotometry showed
the blood lead level in rats treated with lead
containing water for 6 weeks significantly
increased when compared with control group
(P<0.05). One-way analysis of variance showed
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Short stature is a common
disease of children in De-
partment of Pediatric Endo-
crinology. Abnormal bone
metabolism, chronic dis-
eases, abnormal endocrine
system, intrauterine growth retardation, malnu-
trition and familial short stature are found to
cause short stature in children. Of these causes,
GHD and ISS are major causes of short stature
in children and accounts for about 1/3 of
causes [11]. In the present study, results
showed endocrinological diseases are the
major cause of short stature, of which GDH was
the most common (41.14%), slightly higher
than previously reported [12, 13]. This might be
attributed to the source of children and the
blood lead level.

GH is regulated by multiple hormones including
growth hormone releasing hormone from hypo-
thalamus, growth hormone release inhibiting
hormone and other hormones. In addition,
physiological factors such as hunger, sleep,
exercise and blood glucose and environmental
factors induced stress may also influence the
GH secretion [14]. The pulsatile secretion of GH
makes the random detection of GH meaning-
less. To date, GH stimulation test is still an
important tool in the clinical evaluation of GH
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Table 3. Blood lead level in rats after lead exposure (ug/L)

Group 1w 2w 3w 4w 5w 6w
Con 12.03+5.01 13.99+4.76 14.19+7.47 15.80+10.37 13.00+1.56 17.35+8.42
100 22.49+3.40" 35.18+7.94" 47.57+19.69" 93.58+29.40" 91.48+10.63" 98.48+22.56"

200 78.90+£15.70" 113.25+11.38" 139.35+23.42" 143.63+22.65" 152.28+22.55" 185.60+27.68"

300 122.00+22.30" 157.92+19.73" 171.83+5.14"

186.30+24.63" 197.78+26.83" 247.15+21.67"

“P<0.05 vs. GHD group.
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tide molecule composed of
70 amino acids and has the
molecular weight of 7649.
A lot of cells can secret IGF-
1, which then binds to IGF-1
receptor in autocrine, para-
crine and endocrine ways
exerting physiological eff-
ects [6]. Hilczer et al pro-
posed that GH stimulation
test has poor repeatability,
serum IGF-1 is a protein
synthesized and metabo-
lized in the liver, the serum
IGF-1 is more stable than
the GH and easy to detect,

Figure 5. Blood lead level of rats after lead exposure; *P<0.05 vs. Control. Atom-
ic absorption spectrophotometry showed the blood lead level in rats treated with
lead containing water for 6 weeks significantly increased when compared with
control group (P<0.05). One-way analysis of variance showed significant differ-
ence in the blood lead level between control group and 100 ppm, 200 ppm and

and thus to detect the
serum IGF-1 was recom-
mended to be used to eval-
uate the GH secretion [19].
However, Haghshenas et al
proposed that the reduc-
tion in IGF-1 and IGFBP-3

300 ppm groups (P<0.05). Moreover, marked difference was also noted among

100 ppm, 200 ppm and 300 ppm groups (P<0.05).

secretion, in which several drugs (such as argi-
nine, clonidine, levodopa and insulin) are used
to stimulate the GH secretion [15, 16]. Clonidine
is an agonist of a-adrenoceptor and can induce
the secretion of growth hormone releasing hor-
mone to increase GH, with high positive rate
(31.3%) and peak [17]. Arginine can increase
the GH release via inhibiting the secretion of
growth hormone release inhibiting hormone. In
arginine stimulation test, the GH peak occurs
later (60.2% at 30 min after arginine adminis-
tration), and the positive rate is relatively low.
Thus, administration of both clonidine and argi-
nine is an ideal tool for GH stimulation test [18].

GH can promote the differentiation, prolifera-
tion and protein synthesis in cells via IGF, to
significantly influence the growth and metabo-
lism. IGF-1 is an alkaline single-chain polypep-
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was not associated with

GHD, evaluation of GHD

with IGF and IGFBP-3 had
the sensitivity of 35% and 12%, respectively,
and thus it was improper to use IGF or IGFBP-3
alone in the diagnosis of GHD [20]. Our results
showed serum IGF-1 level was significantly dif-
ferent between GHD group and ISS group
(P<0.05), and the reduction in IGF-1 was close-
ly associated with the blood lead in GHD chil-
dren. Thus, whether IGF-1 can be used as a
serum marker for lead exposure is required to
be further studied. In the present study, the
diagnostic tool of GHD was re-evaluated, and
our findings provided evidence on the use of
IGF-1 as a new diagnostic tool.

Children are susceptible to lead contamination.
Lead exposure is more harmful for the health of
children aged 0-5 years. In the early phase of
growth and development (including embryonic
phase), lead exposure may influence the growth

Int J Clin Exp Med 2014;7(4):856-864
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Figure 6. Protein expression of phosphorylated molecules related to IGF-1 pathway; *p<0.05 vs. Control. Western
blot assay showed the protein expression of phosphorylated ERK1/2, JNK, p38, Akt473 and Akt308 increased

markedly in rats after lead exposure.

and development of children. According to the
characteristic of biology and living styles in chil-
dren, who are the biggest victims of lead pollu-
tion, lead absorption rate in children reaches
5-8 times of adults, while the excretion rate is
only 30% [21]. The average blood lead level of
Chinese children was 0.3772 umol/L from
1995 to 2003, and the rate of plumbism was
21.05% [22].

Among top 10 polluted cities all over the world,
7 of them were located in China: Taiyuan,
Beijing, Wulumugqi, Lanzhou, Chongging, Jinan
and Shijiazhuang. Among them, Taiyuan,
Lanzhou, Shijiazhuang, Chongging and lJinan
are next to Shanxi Province. Children in this
study were mostly from Shanxi Province and cir-
cumjacent Shanxi and Gansu Province, and
from cities and countries. There have been sev-
eral catastrophic heavy metal contamination
events in China from 2009. One them was in
Aug, 2009, that emissions from the smelter in
Fengxiang, Shanxi Province caused blood lead
level elevating in 851 children, among whom
more than 170 children were hospitalized [23].
Prevention and treatment of lead pollution in
children has been regarded as the major social
problem associated with the national economy,
the people’s livelihood and population quality.

To date, the mechanisms underlying the lead

exposure induced injury in children is still poorly
understood. Our results showed that the blood
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lead level in GHD children was significantly
higher than that in ISS children (P<0.05), but
the IGF-1 level was markedly reduced (P<0.05).
Whether the blood lead level is related to serum
IGF-1 level and what the pathogenesis of lead
induced short stature is are still unclear. A vari-
ety of studies have shown that GH may regulate
the growth of osteoblasts via the MAPKs signal-
ing pathway. IGF can bind to tyrosine kinase
receptor IGFIR to initiate two signaling path-
ways (PI3/Akt and MAPK), resulting in promo-
tion of mitosis, induction of cell proliferation,
transdifferentiation and inhibition of apoptosis
[24, 25].

Our animal study showed lead exposure signifi-
cantly increased the protein expression of
phosphorylated ERK1/2, JNK, p38, Akt473 and
Akt308. Taken together, we speculate that lead
may increase the phosphorylation of molecules
related to MAPK and Akt signaling pathway to
influence the GH and IGF-1 mediated promo-
tion of cell growth in MAPK and PI3/Akt signal-
ing pathway dependent manners. This inter-
feres with the promotive effect of IGF-1 on the
proliferation, differentiation and maturation of
cells, inhibits the cell apoptosis and suppress-
es the growth and anabolic metabolism, result-
ing in growth retardation in children.

In pregnant women, lead may transfer into the

fetus via the placenta. In addition, bone lead
(an indicator of cumulative lead exposure) as a

Int J Clin Exp Med 2014;7(4):856-864
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source of endogenous contamination may be
related into circulation. About 45-50% of blood
lead may be released into the circulation in
pregnant women, even they has no recent lead
exposure [26]. Goyer found that the brain lead
level of rats in embryonic phase, rats in breast-
feeding phase and rats in weaning phase was
10, 3.5 and 2 times higher than that of adult
rats when the dose of lead and duration of lead
exposure were identical [27]. It is suggested
that lead exposure in the early development
phase may cause more severe injury and is
more toxic. IGF-1 and IGF-Il are two key growth
factors for the embryonic development, and
their effects are independent of GH in the
embryonic development. When there is GH
gene or GH receptor gene mutation, the embry-
onic development is slightly retarded, but
embryonic mice with IGF-1 gene mutation show
obvious developmental retardation. In 1996,
Woods reported a body with homozygous IGF-I
gene deficiency who showed obvious embryon-
ic developmental retardation and had the birth
weight of 1.4 kg (5.4 s lower than the normal
mean) and the birth length of 37.8 cm (3.9 s
lower than the normal mean) [28]. Thus, we
postulate that lead may influence the physio-
logical function of IGF-1 in the early embryonic
developmental phase to inhibit the growth and
development of children.

To elucidate the mechanisms underlying the
lead induced injury and the molecular functions
of IGFs is a hot topic in the field of cell biology.
In addition, the role of IGF-1 in the therapy is
increasingly emphasized. Currently, IGF-1 is
used in the treatment GH-insensitive syndrome
(Laron-type dwarfism), diabetes, insulin resis-
tance, osteoporosis, catabolism state, neuro-
muscular diseases and GH resistance [29]. The
extensive physiological functions of IGF-1 are
the basis for the therapeutic application of IGF-.
Whether IGF-1 can be used in the treatment of
lead poisoning in children is required to be
studied in future.

Conclusions

Our study suggesting that reduction in IGF-1 in
children with GHD is associated with blood lead
level. Lead exposure may induce expression of
phosphorylated MAPK and Akt signaling mole-
cules. The activation of these molecules may
influence binding of IGF-1 and tyrosine kinase
receptor IGFIR to regulate cell growth via the
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MAPK and Akt signaling pathways, which then
interfere with growth-promoting effect of IGF-1
in short children.
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