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Protective effects of IGF-1 on neurons under condition of
hypoxia and the role of PI3K signal pathway

TANG Yibo, ZHANG Wei, TANG Huiling, LI Pengtao

( Department of Pathology, College of Preclinical Medcine, Beijing University of Chinese Medicine, Beijing 100029, China)

Abstract: Objective To investigate the protective effects of insulin like growth factor 1 (IGF-1)
on cortical neurons under condition of hypoxia and the possible mechanism. Methods Cerebral cortical
neurons from newborn rats were cultured under the condition of oxygen and glucose deprivation (OGD) .
On day 7, neurons were treated with IGF-1 or IGF-1 plus LY294002 or PD98059 under condition of OGD
or normal condition. MTT assay was used to analyze the viability of neurons in each group. The expres-
sion of total Akt and p-Akt were analyzed by Western blot. Results Compared with the control, the
neuron viability was significantly higher in IGF-1 treated group under normal or OGD condition ( P <
0.05). The protective effects of IGF-1 were attenuated in the presence of 1L.Y294002 but not PD98059.
The result of Western blot showed IGF-1 upregulated the expression of p-Akt, which was inhibited by
LY294002. Conclusion PI3K pathway may play an important role in neuroprotection afforded by
IGF-1.
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Insulin like growth factors ( IGFs) are a group
of multifunctional cell - proliferation - regulating factors
that are involved in the process of cellular growth,
differentiation , apoptosis, and transformation. The
IGFs family consists of IGF-1, IGF-2,
erowth factor 1 receptor (IGF-1R) , IGF-2R, and
6 IGF binding proteins ( IGFBP1 — 6 )2/,

insulin

As one
of the important members of IGFs family, IGF-1 is
found to have the effect of neuroprotection in cerebral
injury induced by ischemia and anoxia. The mecha-
nism of neuroprotection effect may be that IGF-1
combines with its specific receptor IGF-1R, which
activates the corresponding signal pathway and inhib-
its the apoptosis of nerve cells in the ischemic re-
gions. The process of phosphatidylinositol -3 -kinase
(PI3K ) activating Akt is thought to be the most
important way of IGF-1 system accomplishing the
function of protecting cells and resisting apoptosis. It
is also concluded that the IGF-1-mediated anti-ap-
optosis function may be realized through several sig-
nal pathways including PI3K and mitogen -activated
protein kinase ( MAPK ). In this research, we ob-
served the effect of IGF-1 on neurons in oxygen and
elucose deprivation ( OGD ) environment and ex-
plored its possible mechanism by establishing the
OGD neuron model , depurating IGF-1 monomer in

vitro, and blocking signal pathways of PI3K and
MAPK.

1 MATERIALS AND METHODS

1.1 Aanimals, main reagents, and equipments
Five specific - pathogen -free SD neonate rats un-
der 24 -hours old were bought from Beijing Vital
River Laboratory Animal Technology Co. Lid. Neu-

ral cell basal medium ( Neurobasal-A medium ) and

125 d%;

AAEH SRR

B27 were purchased from Gibco Company in the
USA; poly-L-lysine and trypsin were from Sigma
Company in the USA; PI3K blocker
LY294002, MAPK channel blocker PD98059 ,
Akt antibody and phospho-Akt ( p-Akt) antibody
were from Cell Signaling Company in the USA ; fetal

channel

calf serum was from Beijing Yuanheng Jinma Bio-

Ld. ;

9

technology development Co. methyl thiazolyl
tetrazolium ( MTT ) was from Amresco Company in
the USA; 24-well culture plate, 96-well culture
plate and 75cm’® cell culture flask were from Costar
Company in the USA; 0. 22 pm filter was from Mil-
lipore Company in the USA ; thermostatic incubator
was from Sanyo Company in Japan; inverted phase
contrast microscope was from Nikon Company in Ja-
pan ; hand-made oxygen-deprivation jar was from
Beijing Kepu Instrument Plant.

1.2 Primary culture of cerebral cortex neurons

Poly - L-lysine solution were added to each well
of the 96-well culture plate (0.1 mL ), and the
24 -well culture plate (0.5 mL ). The plates were
shaken slightly so that the solution was in the bottom
of the wells. They were placed in room temperature
for 20 min and the solution were discarded. Then the
plates were washed twice with D-Hank solution, ul-
traviolet -radiated and blow-dried on super clean
bench , and sealed for the further use.

The newborn SD rats were pre-frozen at
-20 °C for 20 min, then their heads were cut down
and brains were taken out in aseptic conditions and
put into culture dishes with dissection solution. Un-
der the dissecting microscope, the piamater, ves-
sels, and medulla were eliminated , and the cerebral
cortex was collected , cut up and put into a 15 mL

centrifuge tube. Five milliliter 0.125% trypsin solu-

tion were added into the tube to digest the tissue at
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37 C for 20 min, and the tube was shaken once or
twice during the process. Then the trypsin solution
was carefully absorbed, and neurobasal which con-
tained 10% fetal calf serum was added to terminate
the digestion. The centrifuge tube was hold still so
that the tissue sunk, and the supernate was re-
moved. After the neuron medium containing 5% fe-
tal calf serum, 2% B27, and 1% Glutamax was
added to the tube, the liquid was blown lightly with
thin straw again and again until it became well-
mixed. The suspension was filtered with a 74 pm-
pore - diameter filter screen to eliminate undigested
tissue pieces, and the filtered single cell suspension
was poured into a beaker. The cells were counted
with a blood cell counter and the cell density was
adjusted to 1.0 x 10°/mL. The cells were inocula-
ted into plates custodited with poly-L-lysine ( 100
mL/well for the 96-well culture plate, and 500
L/ well for the 24 -well culture plate ) at 37 C,
5% CO, for 24 h. Then the medium was changed
into serum -free medium containing neurobasal , 2 %
B27 and 1% Glutamax. After that, half of the
medium was changed and the cells were observed
with inverted phase contrast microscope every other
days. Neurons incubated for 7 days were used in
the experiments.

1.3 Grouping and modeling of neurons

(3]

According to related documents™”' and our tri-

als, we determined that the effect concentration of
IGF-1 was 0.1 ng/L and that of the blocking agent
LY294002 and PD98059 was 10 pmol/L. Neu-
rons that had been incubated for 7 days were divided
into 8 groups : a normal group ( no IGF-1 was add-
ed and the medium was changed into DMEM/F12
when modeling ) ; a IGF-1 group ( the medium was
changed into DMEM/F12 that contained 0. 1 ng/L
IGF-1); a LY294002 group ( the medium was
changed into DMEM/F12 that contained 10 pmol/L
LY294002) ; a PD98059 group ( the medium was
changed into DMEM/F12 that contained 10 pmol/L
PD98059 ) ; an OGD group ( the basal medium was

changed into carbohydrate -free Kreb ’ s solution ) ;

an OGD + IGF-1 group ( DMEM/F12 containing
0.1 ng/L IGF-1 was added and reacted for 2 h,
and then the medium was changed into Kreb’ s solu-
tion containing 0. 1 ng/L IGF-1) ; an OGD + IGF -
1 +LY294002 group ( DMEM/F12 containing 10
pmol /L LY294002 was added and reacted for 1
h, then 0.1 ng/L IGF-1 was added and reacted
for 2 h. After that, the medium was changed into
Kreb’ s solution that contained 0. 1 ng/L IGF-1
and 10 wmol/L LY294002) ; an OGD + IGF-1 +
PD98059 group ( DMEM/F12
pmol /L PD98059 was added and reacted for 1 h,
then 0. 1 ng/L IGF-1 was added and reacted for
2 h. After that,
Kreb’ s solution that contains 0. 1 ng/L. IGF-1 and
10 pmol/L PD98059 ). The neurons in the former

containing 10

the medium was changed into

4 groups were under normal condition, and those in
the latter 4 groups were under condition of OGD
( placed into an oxygen -deprived jar containing 93 %
N, and 7% CO, to establish models for 4 h) .

The primary media containing IGF-1 and various
blockers in the latter 4 groups were retained and
used to replace the Kreb’ s solution of their corre-
sponding groups after the modeling. And then they
were put into the incubator for another 12 h. Cells
used for Western blot were collected immediately af-
ter the modeling for protein extraction.

1.4 MTT assay to test cell viability

The supernate in the wells was removed, and
100 L DMEM/F12 and 20 pLL MTT (5 mg/mL)
solution was added into each well and mixed, then
they were placed into a 37 °C incubator for 4 h.
After the incubation, the supernate was carefully ab-
sorbed and removed, and 100 pL DMSO was added
into each well , and the culture plate was shaked for
10 min. The OD value of each well was measured at
the wavelength of 570 nm, and the reference wave-
length was 620 nm.

1.5 Detecting the expression of total Akt and
p-Akt by Western blot

After the modeling , the cells were collected and

A mixture of RIPA and PMSF

placed on ice.
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(9:1) was prepared, and 100 pL mixture was
added into each well. Then the total protein was ex-
tracted , and its concentration was determined by u-
sing of BCA protein assay kit. After that, 50 pg
protein was taken from each group for SDS-PAGE,
and then it was transferred , blocked with 5% BSA
for 1 h, added primary antibodies ( Akt antibody or
p-Akt antibody ) , and incubated at 4°C in swing
bed for the night. After being washed, the protein
was added with secondary antibody that was marked
by HRP and incubated at room temperature in swing
bed for 1 h. Then the PVDF membrane was pro-
cessed with SuperECL Plus chemoluminescence rea-
gent, and exposed in darkroom. After being devel-
oped and fixed , specific bands appeared.
1.6 Statistical analysis

All the data were presented with mean +* stand-
ard deviation ( x + s ) and processed via software
SPSS14. 0. ANOVA and LSD-t¢ were adopted a-
mong multi -group comparisons. P < 0. 05 was con-

sidered as statistically significant.

2 RESULTS

2.1 Changes of the cell morphology

Neurons that had cultured for 7 day were plump
with the cone, ovum or fusiform shape. Their neu-
rite grew smooth , thin, and long. Obvious halation
was found around the cells, and some nucleolus were
seen. Neurons in the oxygen-glucose deprivation
groups decreased , their bodies swelled to balls, syn-
apses became short and thick , and their refractivity
weakened .
2.2 Comparison of proliferative activity among
groups

The cell viability of the LY294002 group and
PD98059 group did not change significantly com-
pared with the normal group (P > 0. 05), while
the cell viability of the IGF-1 group significantly in-
creased compared with the normal group ( P =

0.007) .
The cell viability of the OGD group significantly

decreased compared with the normal group ( P <
0.01) , indicating that the modeling was successful.
The viability of neurons that were added with IGF-1
was obviously improved compared with the OGD
egroup (P < 0.001). In the OGD + IGF-1 +
LY294002 group, IGF-1"s effect on the prolifera-
tive activity of neurons was evidently inhibited , and
the cell viability of those groups was of no obvious
difference from that of the OGD group ( P =
0.667 ). In the OGD + IGF-1 + PD98059 group,
the cell viability was significantly increased compared
with the OGD group (P <0.001 ), indicating that
PD98059 did not influence IGF-1" s effect on en-
hancing the viability of neurons ( Tab. 1).

Tab.1 Viability of neurons in each group (x s, n=16)

Groups 0D values P

Normal group 0.218 +0.0170

IGF-1 group 0.245 +0.0348* 0.007
LY294002 group 0.201 +0. 0279 0.080
PD98059 group 0.202 +0. 0271 0.098
OGD group 0. 159 +0.0237* <0.001
OGD +IGF-1 group 0.194 £0.0265* *  <0.001
OGD + IGF-1 +1.Y294002 group 0.155 +0.0168 0.667
OGD + IGF-1 + PD98059 group 0.187 £0.0207 * *  <0.001

Compared with the normal group, ##P <0.01; compared with the
OGD group, * * P <0.01.

2.3 Results of Western blot

Akt expression in all groups showed no evident
difference. IGF-1 activated the expression of p-Akt,
while LY29002 reduced it (Fig. 1).

am— - — -- . p-Akt

- a>aEDaEd ees

OGD+ 0OGD+ OGD+ OGD  IGF-1 Normal
IGF-1+  IGF-1+ IGF-1
PD98059 1LY294002

Fig. 1  Expression of Akt and p-Akt under different

conditions
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3 DISCUSSION

In past researches, people always focused on
IGF-1" s effect on growth and development™*® . As
the researches progress, IGF-1" s function in CNS is

8] "1t has been

also known to more and more people'
proved in recent researches that IGF has definite
effect of neuroprotection on blood/ oxygen-deprivation
induced cerebral injury. Liu, et al.'®' found that the
middle cerebral artery occlusion ( MCAO) model rats
were given 75 mg IGF-1 10 min, 24 h and 48 h af-
ter the model was established, the cerebral infarct
volume was reduced by 60% compared with the con-
trol group, and the nerve function and proprioceptive
reflex greatly improved. By giving IGF-1I to the noses
of fetal rats with blood/ oxygen-deprivation induced
cerebral injury, Lin, et al.'' found that IGF-I
could decrease neuroethologic injury, reduce the ap-
optosis of nerve cells and promote the proliferation of
neurons and oligodendrocytes after the blood/ oxygen -
deprivation.

Since IGF-1 is found to have definite effect of
neuroprotection on blood/ oxygen-deprivation induced
cerebral injury, studies on the mechanism are carried
out in recent years. In some researches, the process
of PI3K activating Akt is thought to be the most im-
portant way of IGF-1 system accomplishing the func-
tion of protecting cells and resisting apoptosis'"'™*' . Tt
is also concluded that the IGF-1-mediated anti-apop-
tosis function is closely related to several signal path-
ways including MAPK and GSK-3B"*"'. In this re-
search , we proved that under the condition of OGD ,
IGF-1 had definite effect of anti-apoptosis and pro-
tection on cerebral cortex neurons cultured in vitro.
The viability of neurons which were added with IGF-1
was obviously improved compared with the OGD
group ; the using of PI3K blocker significantly inhibi-
ted neuroprotection afforded by IGF-1, indicating that
PI3K pathway played an important role in mediating
neuroprotection of IGF-1. In the group that was add-
ed with the specific blocker PD98059 of MAPK

pathway , the cell viability was significantly higher
than that in the OGD group, but was of no obvious
difference from that of the IGF-1 + OGD group, indi-
cating that IGF-1" s effect on promoting the neuron
viability was not inhibit by PD98059. The above re-
sults showed that PI3K pathway was an important way
for IGF-1 to protect nerves.

Akt is an important serine/ threonine protein ki-
nase of PI3K pathway, and p-Akt is its activated
form. Activated Akt can cause cell apoptosis by
phosphorylating proteins like BAD and FKHRL'''.
Our result by Western blot had that the total Akt ex-
pression in all groups had no difference, but the p-
Akt expression of neurons in the OGD + IGF-1 group
obviously increased , which started the transmission of
downstream signals, and finally improved cell viabili-
ty and resisted apoptosis. On the other hand, the in-
crease of the expression was evidently inhibited by
LY294002, which was also in correspondence with
MTT’ s result. However, whether PD98059 was
added or not in the OGD + IGF-1 group had no in-
fluence on p-Akt expression, which was also in cor-
respondence with MTT ’ s result. All these results
confirmed that IGF-1 has definite effect of neuropro-
tection , and may work by activating PI3 K/ Akt path-

way.
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