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Changes of IGF-1 and its receptor in 3-day-old premature
rats with chronic hypoxic-ischemic brain damage

Ying-Zhong HE, Chao CHEN, Yi YANG, Lian CHEN, Lie-Wei ZHU

Department of Neonatology, Children's Hospital of Fudan University, Shanghat 200032, China

Abstract: Objective  This study examined the expression of insulin-like growth factor-1 (IGF-1)and its receptor in
3-day-old premature rats with chronic hypoxic ischemic brain damage ( HIBD) and investigated the role of IGF-1 in the
pathogenesis of this disease. Methods Ninety 3-day-old Sprague-Dawley rats were randomly assigned into a Control group
(n =40) and a Hypoxic-ischemic group (HI, n = 50). HI was induced through bilateral common carotid artery ligation.
The Control group was only sham-operated. Hematoxylin and eosin staining, TUNEL immunofluorescence staining and
immunohistochemistry ways were used to investigate the expression of IGF-1 and its receptor, morphological changes of
brain tissues and cell apoptosis of brain white matter. Results The expression of IGF-1 decreased in 3-5 days after HI,
but that of its receptor increased in the HI group. The expression changes were most significant at corpus callosum and peri-
ventricular white matter and recovered progressively in 7-14 days after HI. After 7 days of HI, the brain white matter
presented with morphological changes such as rarefaction, liquefaction and lateral ventricular enlargement. Apoptotic cells
in deep white matter increased after HI, and peaked at 48 hrs. Conclusions IGF-1 may play an important role in the
pathogenesis of chronic HIBD in 3-day-old premature rats. This study provides an experimental basis for the prevention and
treatment of HIBD in premature infants. [ Chin J Contemp Pediatr, 2005, 7(3) :193 - 197 ]
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Recently, the survival rate of premature infants
has increased significantly, but the sequela of prema-
ture infants especially the neurologic sequela is still
very common. Brain injury of premature infants has al-

ready become the main form of neonatal brain injury.
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Premature brain injury is characterized by white matter
injury and periventricular hemorrhage infarction. The
incidence of white matter injury is 3% - 4% in preterm
infants with a body weight <1 500 g, and 4% -10% in

infants born at a gestational age of between 33- 35
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weeks and surviving for more than 3 days''’. The high- Preparation of brain sections

est incidence (20.7% ) was observed in infants born
at a gestational age of 27 weeks. Oligodendrocyte is a
major target cell of white matter injury. The develop-
ment of the nervous system in 7-day-old rats equals that
in full-term or near full-term infants'>'. Therefore a
7-day-old postnatal rat model through common carotid
artery ligation along with hypoxemia exposure charac-
terized by injury of unilateral cortex and hippocampus
neurons is a classic model for studying hypoxic-ische-
mic encephalopathy ( HIE) in full-term infants>'. The
brain white matter in 7-day-old rats has almost fully

which

decreases the susceptibility to injuries; therefore this

developed and myelinization has occurred,

model is not suitable to be used in the study of white
matter injury for the premature infant. Craig and
colleagues ' reported that the developmental window of
white matter maturation in 2-3-day-old neonatal rats
coincides with cerebral white matter development in the
premature infant. A lot of studies have indicated that
chronic cerebral hypoxia and ischemia preferentially

43) " Therefore, in this

results in white matter injury
study, a 3-day-old rat model of chronic cerebral
hypoxic-ischemic white matter injury was established
through bilateral common carotid artery ligation to
investigate the expression of insulin-like growth factor-1

(IGF-1) and its receptor.
Subjects and methods

Subjects and grouping

Ninety 3-day-old Sprague-Dawley rats without
gender limitation and weighing 7.5-12 ¢ were obtained
from the Animal Center, Shanghai Medical College,
Fudan University (serial No, 03091, license No. 02-
22-2). They were randomly assigned into a Control
group (n =40) and a hypoxic-ischemic group (HI, n
= 50).
Animal model

Three-day-old SD rats were anesthetized with
ether, and bilateral common carotid arteries were isola-
ted. Bilateral arteries were ligated with 9-0 thread
in the HI group, whereas incision was closed and
arteries were left untouched in the Control group. The
rats were kept in 37°C until temperature and movement
recovered. Thereafter, rats were fed in cages. Ten rats
in the HI group died during or after operation because
of intolerance to surgery interference. The rest of the
rats were sacrificed at 1, 2, 3, 7 and 14 days after

operation (8 rats in each group at each time point).

After perfusion and fixation, the brain tissues
were imbedded in paraffin, thereafter continuous coro-
nal sections (8 pm thick) were made.

Detection of apoptotic cells

After being formalin fixed and paraffin embedded,
brain coronal sections were stained by terminal deoxy-
nucleotidyl transferase mediated deoxyuridine triphos-
phate biotin nick end labelling ( TUNEL) to identify
apoptotic cells. TUNEL staining, visualized by a fluo-
rescent dye ( FITC) conjugated to dUTP, was per-
formed according to the manufacturer’ s protocol
( Roche Molecular Biochemicals). Three sections of
each sample were selected, the number of apoptotic
cells in 400 x high power field was counted at 6 ran-
domly selected areas of deep white matter on each sec-
tion, and the mean was calculated.
Immunohistochemistry staining of IGF-1 and its re-
ceptor

The procedures were processed according to the
protocol recommended for IGF-1 and its receptor immu-
nohistochemistry kit. Sections were deparaffinised and
digested, then immunostained with a standard strepta-
vidin-biotin-peroxidase procedure and diaminobenzi-
dine ( DAB) color reaction. IGF-1 and its receptor
positive cells in cortex, hippocampus ( CA2 and CA3
regions ) , corpus callosum and deep white matter
(mainly in apsula interna) were counted under a light
microscope. The positive cells number in 400 X high
power field was calculated with the IMS cell image a-
nalysis system ( Shenteng Information and Technique
Corp, Shanghai, China).

Statistical analysis

All data were expressed as mean =* standard devi-
ation (x +5). Statistical analysis was conducted using
SPSS 11. 5 for windows software. The ¢-test was used to

assess differences between two means.

Results

The expression of IGF-1 and its receptor

IGF-1 was widely distributed in brain tissues in
the Control group. The number of IGF-1 positive cells
at each brain region in the HI group 3 and 5 days after
ligation of common carotid arteries (6 and 8 days
postnatal ) decreased, and was most significant at
It
recovered gradually at 10 and 17 days postnatal
(Figures 1 and 2) .

corpus callosum and periventricular white matter.
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Figure 3 Expression of IGF-1 receptor at each brain region in the Control and HI groups ( x400)
a Compared with the Control group, P <0.01; b Compared with the Control group, P <0.05

The number of IGF-1 receptor positive cells in the
HI group 3 and 5 days after ligation of common carotid
arteries (6 and 8 days postnatal) increased slightly at
each brain region and decreased at 10 and 17 days
postnatal. The difference compared with the Control
group increased with the day age (Figure 3).
Morphological changes of brain tissues

Brain injury in the HI group 1-5 days after ligation

of common carotid arteries was relatively mild, but
became severe on the 7th day. The diffused rarefaction
and foci of liquefaction necrosis at subcortex white
matter and periventricular white matter were observed
in 13 of the 16 rats (Figure 4), and the cerebral cor-
tex lesion was relatively mild. On the 14th days after
ligation, the white matter damage of rats in the HI

group had become more severe, with obvious sub-
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cortex and periventricular white matter rarefaction,
thinning of corpus callosum as well as formation of
large amount of foam cells. Bilateral lateral ventricular
enlargement with irregular appearance was noticed in
50% (8/16) rats (Figure 5). Three rats presented
with bland liquefaction necrosis in cortex, and one with
complete absence of hippocampus.
Apoptotic cells in deep white matter
TUNEL-positive apoptotic cells were indicated by

the presence of green or yellow-green fluorescence in

the nucleus of cells (Figure 6). The number of apop-
totic cells peaked at 48 hours after HI (Table 1).

Table 1 Number of apoptosis cells in deep white matter at
different time after HI in rats (n =28)

1 week 2 weeks

Group 24 hrs 48 hrs 72 hrs

Control 3.17 +0.75 5.00 +2.58 4.29+0.77 3.00+1.51 2.22+0.97
HI 8.62+1.66 14.62+4.01 10.82 +3.16 6.60 £2.51 2.30 +1.00

t 8.46 5.71 5.68 3.48 0.16
<0.001

P <0.001 <0.001 0.004 0.87

Figure 2 Expression of IGF-1 in brain white matter in rats at postnatal age 6 days (IGF-1 x400)

A : Control group, periventricular white matter; B :HI group, periventricular white matter;C ; Control group,corpus callosum;D;:HI group, corpus callosum.

Figure 4 Liquefaction in deep white matter ( x400)

Y
agd

Figure 5 Morphometric changes in the rat lateral ventricle

Discussion

IGF-1 is a single-chain polypeptide of 70 amino

Figure 6 Apoptotic cells in deep white matter ( TUNEL x400)

A: Control group; B: HI group

acids, which is a representative oligodendrocyte-

derived neurotrophic factors and possess insulin like

anabolism functions as well as growth promotive peptide

[6]

functions'" . It was reported that IGF-1 and its recep-
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tors are widely distributed in brain tissues. The IGF
receptor and IGF-binding protein-3,4,-5 and -6
mRNA were expressed in oligodendrocyte, which can
induce differentitation of oligodendrocyte and myelina-
tion, and promote survival of oligodendrocyte or pro-
genitors and neurons. IGF-1 is one of the essential
781 But there

are few reports about the changes of IGF-1 expression

growth factors for cerebral development

following white matter injury.

It was reported that in the unilateral ischemic
brain injury model both the IGF-1 mRNA expression
and the free IGF-1 concentration increased. These
changes may be related to the protective effect of IGF-1
against ischemic neurons necrosis and colloid cell pro-

liferation*1"’ (1

Lee and colleagues'""! reported that in
the unilateral carotid artery ligation induced neonatal
rat brain ischemia model the IGF-1 mRNA expression
level in the post-ischemic brain decreased, which was
significantly lower than controls at 24 hours, and that
the IGF-1 gene expression in astrocytes was gradually
activated after 72 hours. They thought that the rapid
decrease of brain IGF-1 gene expression may promote
brain neuron necrosis and myelin sheath damage in the
perinatal period. Injury of nervous system may increase
the immuno-reactivity of IGF-1 and expression level of
IGF-1 mRNA. However, brain ischemia may induce a
series of biochemical disorders which lead to neuron in-
jury and necrosis; endogenous nerve protection mecha-
nism will be activated by stimulus and inhibit damage;
but the balance between injury and protection is deter-
mined by the injured neurocytes. When neurocytes
were stimulated by ischemia, and if the damage caused
by stimulus was not serious enough to cause substantial
changes, neurocytes necessarily compensated in order
to accommodate to the changes of environment. The
basis level of neurotrophic factor mRNA is positively
related to the ability of neuron against ischemic injury.
The severity of ischemic injury is related to the expres-
sion level of mRNA. Severe injury inhibits its expres-
sion. This study indicated that chronic ischemic-hy-
poxic injury in immature brain mainly resulted in white
matter injury. The expression of neurotrophic factor
and its receptor showed a separated pattern. Moreover,
the time of IGF-1 and related receptor expression chan-

ges was not coincident with that of peak apoptosis. The

possible reason for this change manner may be that
massive apoptosis and necrosis of brain tissue cause a
decompensation, which leads to the changes of IGF-1
neurotrophic factor and related receptor changes. In
general , results of this study indicated that there was a
dynamic change of white matter IGF-1 and related
receptors expression during chronic HIBD in 3-day-old
immature rats. These changes were in accordance with
the brain white matter injury. Based on these findings
it is speculated that IGF-1 may play a role in the
pathogenesis of brain injury in premature infants.
However further studies are needed to clarify the

detailed mechanism.

[ References |

[1] Inage YW, Itoh M, Takashima S. Correlation between cerebrovas-
cular maturity and periventricular leukomalacial J]. Pediatr Neu-
rol, 2000, 22(3) . 204-208.

[2] Rodrigues AL, Arteni NS, Abel C, Zylbersztejn D, Chazan R,
Viola G, et al. Tactile stimulation and maternal separation prevent
hippocampal damage in rats submitted to neonatal hypoxia-
ischemia[ J]. Brain Res, 2004 , 1002(1-2) : 94-99.

[3] Craig A, Ling Luo N, Beardsley DJ, Wingate-Pearse N, Walker
DW, Hohimer AR, et al. Quantitative analysis of perinatal rodent
oligodendrocyte lineage progression and its correlation with human
[J]. Exp Neurol, 2003, 181(2) : 231-240.

[4] Uehara H, Yoshioka H, Kawase S, Nagai H, Ohmae T, Hasega-
wa K, et al. A new model of white matter injury in neonatal rats
with bilateral carotid artery occlusion[ J]. Brain Researsh, 1999,
837(1-2): 213-220.

[5] CaiZ, Pang Y, Xiao F, Rhodes PG. Chronic ischemia preferen-
tially causes white matter injury in the neonatal rat brain[ J].
Brain Res, 2001, 898 (1) . 126-135.

[6] Wilkins A, Chandran S, Compston A. A role for oligodendrocyte-
derived IGF-1 in trophic support of cortical neurons [ J]. Glia,
2001, 36(1) . 48-57.

[7] CaoY, Gunn AJ, Bennet L, Wu D, George S, Gluckman PD, et
al. Insulin-like growth factor (IGF)-1 suppresses oligodendrocyte
caspase-3 activation and increases glial proliferation after ischemia
in near-term fetal sheep[J]. J Cereb Blood Flow Metab, 2003 ,
23(6): 739-747.

[8] Wilson HC, Orischke C, Raine CS. Human oligodendrocyte pre-
cursor cells in vitro: phenotypic analysis and differential response
to growth factors[ J]. Glia, 2003, 44(2) : 153-165.

[9] Lee WH, Wang GM, Seaman LB, Vannucci SJ. Coordinate IGF-
I and IGFBP5 gene expression in perinatal rat brain after hypoxia-
ischemia[ J]. J Cereb Blood Flow Metab, 1996, 16 (2) . 227-
236.

(Edited by Xia WANG)

- 197 -





