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Insulin2ike growth factor21l reducesp 2amyloid
precur sor protein expression after ischemic white
matter damage in near2ter m fetal sheep
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Sherly GEORGE?, Peter GLUCKMAN?, Xia®Me SHAO!, Jian GUAN?

1. Department of Neonatology, Children’ s Hospital of Fudan University, Shanghai, 200032, China; 2. ThelLig2
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Abstract : Objective P 2amyloid precursor protein 32APP) is thought to be a sendtive marker for brain white
matter damage (WMD) and participatesin the mechanismsof hypoxicschemic brain damage. This pgper ams to study
theinfluence of ischemia and | GR21 treatment on the expresson of B2APP in white matter of near2term fetal sheep.
Methods Romney2Suffolk feta shegp were insrumented at 117 to 124 daysof gestation (term =147 days) . Revershble
cerebra ischemia wasinduced by occdudon of bilatera carotid arteriesfor 30 mins. After damage the shegp were randomly
divided into two groups: the Ischemic group ( n =8) and the | GR21 treatment group (Treatment group, n =9). The
shambperation group ( n =5) was used as Control group. In the Treatment group, 34 g (1 ml) recombinant human
IGR2L (rhIGR21) was infused into the left latera ventride, 90 mins ater reperfuson. The Control group received
infuson of 1 ml artificid cerebrogpina fluid into the left ventricdle. Ninety2six hrsater ischemia, the sheg were sacrificed
and the brains were fixed. Immunohistochemica staining was performed to assess dlia fibrillary acidic protein (GFAP) ,
32A PP postive cdls and the mydin basc protein (MBP) dendty in the white matter. Fuorescent staining was performed
for double labding. Results The MBP dendty of the Ischemic group (4.7 +7.1) was sgnificantly reduced as compared
with the Control group (27.8+4.8, P <0.001) . B2A PP postive cdls were not observed in the Control group. B2APP
postive cdlsof the Ischemic group increased sgnificantly after ischemia (49.6 £23.7, P <0.001). |IGF treatment
dgnificantly reduced thef3 2A PP positive cdls (17.9+16.5, P <0.01). Fuorescent double labding showed that the32
APP postive cdls were coidocalized with GFAP postive cdls. Conclusions Ischemia increases the expresson of B 2A PP
by astrocytesin near2term feta shegp white matter , which may underlie the mechanisms of ischemic WMD. |GR2lcan
reduce the expresson of B2A PP, which may be mechanism of itsprotective efect againg WMD.
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Hypoxic2 schemic encephaopathy (HIE) during
the perinata period remains a mgor disease that caus?
es neurological system sequelaein childhood!*!. There
isincreas ng evidence suggesting that white matter of
premature brain is highly vulnerable to ischemial??!.
Perinatal brain white matter damage (WMD) can
cause neurological sequelae such as epilepsy , cerebrad
palsy and neurobehaviora abnormalities*!. B 2amyloid
precursor protein B2APP) is a transmembrane pro2
tein widdy digtributed in the centra nervous system.
Normally , axonal trangport of B2APPis rgpid. WMD
may disturb axona trangport , whichin turn lead tof3 2
APP accumulation in axone. ThusB2APP is thought
to be a sengtive marker for axonal lesons in brain
white matter. IncreasedB2APP expresion dter injury
suggeds that it is an acute repponse protein &ter inury
and may partidpate in hypoxic ischemic brain irjury[S].

The insulindike growth factor2l (1GF21) pro2
tects againgt WMD caused by hypoxiadschemial®!.
However , whether 1 GF21 has an influence onf3 2A PP
expresson remains unclear. The purpose of this study
is to examine BP2APP expresson ater hypoxicAs2
chemic WMD in fetal lambs and the effect of |GF2L
onB 2A PP expresson.

Material s and methods

Grouping

The experiments were gpproved by the Anima
Ethics Committee of the Univerdty of Auckland,
New Zeadand. Romney2Suffolk fetal lambs were in2
strumented at 117 to 124 days of gestation (term =
147 days) , and were randomly assigned to the Control
growp ( n =5), the Ischemic group ( n =8) and the
| GR2L treatment group (Treatment group, n =9).
Egtablishment of animal model

Animasin the Ischemic and Treatment groups

were operated on under anesthesa. Bilatera subaxil2
lary arteries were catheterized and occipita?vertebra
artery anastomoses were ligated 9 as to block the
blood supply from the vertebral artery to the carotid
arteries. A pair of ballooned inflatable occluder cuff
was placed around each carotid artery. Electroen2
cephaogram (EEG dectrodes (A S63325SSF, Coon2
erf Wire, USA) were placed on the dura overlying
the parietd lobe in the parasagitta region. The left
latera ventricle was cannulated. Reversble cerebra
ischemia was induced by occluson of bilatera carotid
arteries through saine infuson into the cuffs for 30
minutes via float catheters. Succesful occluson (is2
chemic injury) was indicated when isodlectric EEG
lasted for 30 seconds. Ninety minutes ater reperfu2
son, the Treatment group received a 12hour infuson
of 3J g recombinant human IGF2L (rh1GF21, Chi2
ron, USA) dilutedin 1 ml artificia cerebrosina flu2
id (CSF) into the laterd ventricle. The Ischemic
group only received an infuson of 1 ml artificial CSF.
The animalsin the Control group were shambperated
and catheterized but did not experience ischemia and
intracerebroventricular injection. Fetal lambs were
returned to the ewes uteri and gentamycin was ad2
minigtrated into the amnionic amniotic cavities. The
ewes were kept in a temperature2oontrolled room
(16 , humidity 50 %) for 3 days, and received gen2
tamycin injections to prevent infection. Feta arteria
blood gas analyses were monitored and cat heters were
flushed by heparinized sdine daily. Perfuson of arti2
ficid CSF wasperformed daily to keep latera ventri2
cle catheter patent. Ninety2dx hours ater ischemia,
the ewes were sacrificed and the fetuses were i mmedi2
ately removed through an abdominal incison and then
perfused with normal saine followed by 10 % forma2
lin. Feta brain tissues were then fixed, embedded
and sectioned.
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Immunohistochemistry

Mouse monoclona anti2GFA P antibody (1 500,
Sgma, USA) and anti2MBP (1 100, Roche, Ger2
many) were used as primary antibody respectively.
Antibody 22C11 was used to detectB2APP, snce it
can recognize B2A PP ioforms with or without the
KPI domain. Sides were incubated with the primary
antibodies for 12 - 28 hours at 4 Biotinylated
horse anti2mouse or sheep antiZrabbit secondary anti2
body (1 200, Sgma, USA) were added for 12 hours
a 4 Sections were stained by DAB. For im2
munofluorescence, FI TC2onjugated horse antiZmouse
antibody (Molecular Probes, Eugene, USA) was
used to detect GFAP, Texas red2conjugated horse an2
tizmouse or sheep antiZrabbit antibody was used to de2
tectB2APP, and FITCAabeed Griffonia smplicifolia
(Sgma, USA) were used to detect IB4.

The GFAP, IB4 and APP postive cdls in the
white matter were quantified under light microscope.
The number of postive cells was counted in the white
matter of transverse sectiona with a vertica length of
0.54 mm (Figure 1 on the front back cover). MBP
dendties in the white matter of the same region as
well asin the adjacent grey matter were measured by
an image analyss ingrument (Sgmascan) and the
differences were caculated. The average dfference of
areas 1- 3 was ued in the datidicd andyds. Resultsof
immunofluorescence were andyzed by the Leca TCAD
system and corfocd microsoope.

Satistical analysis

Data were anayzed by the Prism 3.0 software.
+

All numbers were represented as x = s. Comparion
between two groups was done by the Student’ s t test
and comparion among multiple groups was done by
ANOVA , followed by a comparison between groups
usng Dunnett2 t test if statistica differences were ob2
srved. A Pof <0.05 was conddered satigticaly

dgnificant.

Results

Ischemic WMD
MB P gtaining was compact in norma white mat2
ter and its arrangement was cons stent with axons un2

der high magnification. Ischemia led to a marked

loosening of MBP staining (Figure 2 on the front
back cover). MBP densty in the Ischemic group
(4.7+7.1) was dgnificantly lower than that of the
Control group (27.8+4.8,t =7.013, P <0.001) .
Increasng GFAP postive cels were found in the
white matter of the Ischemic group compared with
the Control group (35.1 + 15.4 vs 24.9 + 13.4) .
But the difference failed to reach satistical dgnifi2
cance. Astrocytes gppeared hypertrophy dfter i
chemia (Figure 2 on the front back cover) .
B2APP expressions in white matter
B2A PP postive cells could not be detected in the

white matter of the Control group, while the cels
markedly increased in the Ischemic group (49.6 %
23.7, P <0.001). TheB2APP postive cel de2
creased after rhi GF21 treatment (17.92 + 16.50, P
<0.01) ascompared with the Ischemic group. Nine2
ty2d x hours ater ischemia,32A PP was mainly local2
ized in the cytoplasm, but not in the axons. Under
high magnification , the morphology of 3 2A PP positive
cells gppeared to be smilar to that of astrocyte and
microglia, however double immunofluorescence
showed3 2A PP and GFA P coZocalization (Figure 3 on
the front back cover) and noP 2A PP/ IB4 double pos2
tive cels were observed.

Discussion

The anima modd in this research wasfeta lamb
brain damage due to intrauterine ischemia. Fetd
lambs at 117 - 124 daysof gestation are nearerm fe2
tuses. According to comparative anatomy , the brain
development at this stage is smilar to that of full2
term human fetuses. The pathologica changes of the
brain damage seenin this model are amilar to thosein
fullzerm neonates with HIE. The main injury stes
are the parasagitta region (both white and grey mat2
ters and the hippocampus. Snce the sulcus and gyrd
gructuresof the sheep bran are dmilar to those of hu2
men , and there is abundant suboortical white matter in
the shegp bran, shegp are usful for sudying WMD.

The results of this research indicate that in2
trauterine hypoxiaZschemia induced WMD and in2
creaef 2APP expresson by astrocytes in the white
matter. A sngle doseof |GF2L injection to the latera
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ventricle could decreass3 2A PP expresson.

Physiologicaly ,[32A PP nourishes neurons, pro2
motes neurite growth and syngptogeness. However ,
under pathologica conditions, B2APP is asdciated
with pathogeness of brain damage. OverZexpresson
of B 2A PP can activate cagpase23 and induce microglial
proZinflammatory regponse, which are asociated with
neurona apoptosis'’!. Cleavage productsof 2A PP di2
rectly participate in gooptos's. High levelsofB2APPis
neurotoxic and is asociated with ischemic brain in2
jury!® Clinical research has a0 observed that in ca2
daveric specimens of premature infants with periven2
tricular leukomalacia (PVL) , increased B2APP ex2
presson was found around the infarct tissues, which
was correlated with the extent of injury!®. However
in this gudy B 2A PP was locdized in the cytoplasm rot in
the axons dter ischemia. The reaon that axond B 2APP
aggregation was ot observed a 96 hours posZschemia
may be thatP 2A PP has a short hafdife and its axond ag2
gregation only occurs a an early time dter inury.

This research found B 2APP postive cells were
morphologicaly dmilar to astrocytes and microglia,
while double immunofluorescence results suggested
that[3 2A PP was expressed by astrocytesin this study.
Thefindingis smilar to Pluta s sudy!™® | indicating that
agtrocytic expresion of B2A PP dter ischemic injury is a2
Ddated with neurodegenerative changes ater injury.

Previous research has shown that the same model
can lead to an increased expresion of capase?3 in
brain white matter!**! and | GF21 treatment could de2
crease the capas?Z3 expresson and brain WMD. 2
APP can activate capase?3 and a0 serve as a sub2
srate for cagpases, which in turn participate in the
pathogeness of ischemic brain injury by promoting
apoptosis . Theincreased expresson of B 2A PP may
have participated in the pathogeness of ischemic
WMD in fetd lambsin this research. 1GF2L can in2
hibit3 2A PP2 nduced neuronal gpoptos's by binding to
its homologous receptor!*®!. The result that |1GF21L
treatment decreased(3 2A PP expresson ater ischemia
may be related to the protective effect of IGF2L a2
gaingt ischemic WMD in feta lambs. Further studies
are required to examine the time course of the changes
of B2A PP expresdon &ter ischemia and their correla
tion, aswell asthe dose2effect of 1GF2L. These stud2

ies will be hepful in clarifying the role of 1GF21 in
protecting immature brain from ischemic damage.
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in nearterm fetal sheep

{ These lgures refer wthe paper on page 4449 )
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Figure3 Expressions of IGF-1 and IGF-1 receptor mRNA in the IGF-T-treated and untreated groups at 72 hrs after hypoxia

and 1schemia (in situ hybrdization, » 100)

Note: After ehllGF-1 trearmient, the expression of 1GP-1 mRNA in the hippocampus Slightly decreased, while 1GF-1 recepton

mRNA expression slggbficanthy increased at 72 his post-damage as compared with the untreated group



