-

View metadata, citation and similar papers at core.ac.uk brought to you by .{ CORE

provided by Crossref

ysI0l0gy : 27 Open-access
. . DOI: 10.1159/000430334 © 2015 S. Karger AG, Basel
and B|0Chem|stry Published online: August 12, 2015 www.karger.com/cpb 67
Accepted: June 05, 2015 1421-9778/15/0371-0067$39.50/0

This is an Open Access article licensed under the terms of the Creative Commons Attribution-
NonCommercial 3.0 Unported license (CC BY-NC) (www.karger.com/OA-license), applicable to
the online version of the article only. Distribution permitted for non-commercial purposes only.

Original Paper

Role for HIF-1la and Downstream Pathways
in Regulating Neuronal Injury after
Intracerebral Hemorrhage in Diabetes

Zhen Yu® Ling Tang® Lifen Chen® Jinfang Li#z Wanfu Wu¢ Changlin Hu?

aDepartment of Neurology, Chongqing University of Medical Sciences, the Second Affiliated Hospital,
Chonggqing, Department of Neurology, Chongging University of Medical Sciences, the University-Town
Affiliated Hospital, Chongging, ‘Department of Neurology, Chongging University of Medical Sciences,
the First Affiliated Hospital, Chongging, China

Key Words
Intracerebral hemorrhage « HIF-1a ¢ VEGF ¢ Diabetes

Abstract

Background/Aims: HIF-1la is accumulated in the cellular nucleus and cytoplasm under
conditions of oxygen deprivation and engaged in pathophysiologic changes of homeostasis
by modulating the expression of several target genes. As an endogenous signaling protein,
HIF-1a contributes to in neuroprotection, erythropoiesis, and apoptosis modulation. The
purpose of this study was to examine the role played by HIF-1a in regulating neurological
injury evoked by intracerebral hemorrhage (ICH) through its downstream product, namely
vascular endothelial growth factor (VEGF). In particular, we examined the effects of diabetic
hyperglycemia on HIF-1la response in the processing of ICH. Methods: ELISA was used to
measure HIF-1a and VEGF; and Western Blot analysis to examine the protein expression of
VEGFR-2 and Caspase-3. Neurological Severity Score and brain water content were used to
indicate neurological function and brain edema. Results: HIF-1a and VEGF were significantly
increased in the brain after induction of ICH in non-diabetic control rats and diabetic rats;
however, the amplified levels of HIF-1a and VEGF were attenuated in diabetic rats (P<0.05
vs. non-diabetic rats) as compared with non-diabetic rats. Also, the protein expression of
VEGF receptor subtype 2 was significantly less in the brain of diabetic rats (P<0.05 vs. non-
diabetic rats). Further, cerebral infusion of HIF-1 activator stabilized VEGF levels, attenuated
Caspase-3 and improved neurological deficits induced by ICH and the effects are smaller in
diabetic animals. Conclusion: HIF-1a activated by ICH likely plays a beneficial role via VEGF
mechanisms and response of HIF-1a is largely impaired in diabetes. This has pharmacological
implications to target specific HIF-1la and VEGF pathway for neuronal dysfunction and

vulnerability related to ICH.
Copyright © 2015 S. Karger AG, Basel

Dr. Ling Tang Department of Neurology, The University-Town Affiliated Hospital, Chongging University of Medical
and Dr. Zhen Yu Sciences, 5 University Town Road, Chongging 400010 (China); and Department of Neurology, The

Second Affiliated Hospital, Chongqing University of Medical Sciences, 76 Linjiang Street, Chongging
VA
KARGER 125
N

400010 (China); E-Mail tangling6463@163.com and yuzheng78@sina.com


https://core.ac.uk/display/207037274?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Cellular Phy5|ology Cell Physiol Biochem 2015;37:67-76

DOI: 10.1159/000430334 © 2015 S. Karger AG, Basel

and Biochemistry Published online: August 12, 2015 www.karger.com/cpb

Yu et al.: HIF-1a Activated by Intracerebral Hemorrhage in Diabetes

Introduction

In general, intracerebral hemorrhage (ICH) is caused by brain trauma and considered
as the second most common cause of stroke because it occurs spontaneously in hemorrhagic
stroke. Non-traumatic ICH is also observed to lead to a spontaneous bleeding into the brain
tissue and cause a high morbidity and mortality [1]. A number of pathophysiological changes
are observed after ICH. i.e., brain edema, blood clotting and neurological deficits [2, 3]. There
are many risk factors to be related to non-traumatic ICH. Hyperglycemia is one of many
important causes of ICH [4]. It has been reported that patients with diabetes have a greater
risk to suffer ICH and have the worse outcomes after ICH than non-diabetics [5-7]. Animal
studies further suggest that multiple pathways such as oxidative stress and inflammation
etc. are likely involved in the worsened neurological deficits in diabetes after ICH [8, 9].
However, the mechanisms responsible for ICH that is observed in diabetic patients remain
to be determined.

As an important endogenous signaling protein, hypoxia inducible factor-1 (HIF-1)
has been reported to play a role in regulating physiologic changes of homeostasis under
conditions of oxygen deprivation [10-13]. Elevated subunit HIF-1a in the cellular nucleus
and cytoplasm further regulates the expression of several target genes that are engaged in
neuroprotection, erythropoiesis, and apoptosis modulation in protecting tissues against
hypoxic conditions [14-17]. Furthermore, inadequate oxygen supply likely appears in the
brain regions while ICH occurs and abnormalities of HIF-1a are also observed in diabetes.

Vascularendothelialgrowthfactor (VEGF)isanotherimportantsignalingproteinengaged
in both vasculogenesis and angiogenesis, which lead to restoring the oxygen supply to tissues
[18]. It has been shown that VEGF stimulates endothelial cell mitogenesis and cell migration,
but also enhances microvascular permeability [18]. In addition, it has been reported that
VEGF is up-regulated after the ICH and this likely improves the permeability of blood-brain
barrier, reduces brain edema formation and promotes the recovery of brain injuries [19, 20].

Thus, our current study was to examine the role for HIF-1a and its downstream pathway
product VEGF in regulating ICH-evoked brain injury in diabetic rats and non-diabetic rats.
We hypothesized that ICH increases the levels of HIF-1a and VEGF in the brain tissues
and enhancement of HIF-1a and VEGF is impaired in diabetic animals. This also leads to
downregulated protein expression of VEGF receptor subtype 2 (VEGFR-2) and upregulated
Caspase-3 (an indicator of cell apoptosis) in diabetic rats as compared with non-diabetic
rats. We further hypothesized that cerebral injection of HIF-1 activator improves the levels
of VEGF/VEGFR-2, Caspase-3 and brain injury induced by ICH, but the effects are less in
diabetic animals.

Materials and Methods

Animal

All the animal procedures of this study and their care were conducted in conformity with the guidelines
of Institutional Animal Care & Use Committee (IACUC) of Zhongqing University of Medical Sciences, which
are in compliance with the Guideline for the Care and Use of laboratory Animals of the U.S. National Health
Institute. The IACUC specifically approved this study. A total of 138 male Sprague-Dawley rats (200-300g)
were used in our experiments and all animals were maintained under 12 h light/dark-cycle with free access
to food and water in a temperature- and humidity- controlled room. At the end of each experiment, overdose
isoflurance was given to sacrifice the animals.

Induction of Diabetes
Streptozotocin (STZ) was freshly dissolved in 0.9% sterile saline and diabetes was induced by a
single injection of STZ (70 mg/kg i.p., Sigma Co.) as described previously [21]. Diabetes was confirmed by
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measurements of blood glucose concentrations in samples obtained from the tail vein 3 weeks after injection
of STZ. Rats whose blood glucose concentration was > 350 mg/dl were included in the study. Age- and body
weight-matched rats with saline injection were used as controls of non-diabetes. Thus, in this report, STZ
rats and non-STZ rats/control rats were named as diabetic rats and non-diabetic rats, respectively.

Induction of ICH

Control rats and STZ-rats were anesthetized with chloral hydrate (40 mg/kg body weight, i.p.), then
immobilized in a stereotaxic apparatus (David Kopf, USA). We used chloral hydrate due to our experiencing
in using it and availability. After making a midline incision, the skull was exposed and one burr hole was
drilled. Bacterial collagenase (type VII; Sigma Co.) was injected into the right basal ganglia (coordinates, 0.2
mm anterior, 6 mm ventral, and 3 mm lateral to the bregma). Collagenase [0.5 U in 2 pl artificial cerebrospinal
fluid (aCSF)] was infused into the brain over a period of 5 min via a Harvard pump before the injection
needle was removed and the burr hole was covered by dental zinc cement. The same volume of aCSF was
infused into the right basal ganglia as control.

In order to chronically infuse drugs into the brain tissues, animals were cannulated with an L-shaped
stainless steel cannula aimed at the right lateral ventricle (coordinates: 3.7 mm posterior to the bregma,
4.1 mm lateral to the midline, and 3.5 mm under the dura). The guide cannula was fixed to the skull
using dental zinc cement and jewelers’ screw. The cannula was then connected to an osmotic minipump
(Alzet pump brain infusion kit, DURECT Inc., Cupertino, CA) with polycarbonate tubing. The pumps were
placed subcutaneously between the scapulae, and loaded with vehicle (aCSF) as control or HIF-1 activator
(ML228, 100pg)/HIF-1 inhibitor 2-methoxyestradiol (2-MET,100ug) (Xcess Biosci Inc.). ML228/2-MET was
delivered at 0.25 pl per hour (Alzet Model 1003D). This intervention allowed animals to receive continuous
intracerebroventricular (ICV) infusion via the minipumps before brain tissues were removed.

Thus, rats were divided into four groups. Group 1: non-diabetes/non-ICH; group 2: diabetes/non-
ICH; group 3: non-diabetes/ICH; and group 4: diabetes/ICH. After completion of those treatments, all the
animals were anesthetized and sacrificed 0, 1, 3 and 7 days after ICH for the experiment to examine a time
course of HIF-1a and VEGF responses. In the experiments examining the role of HIF-1a and VEGF animals
were sacrificed 3 days after ICH. The brains were removed to confirm the placement of the cannula, and the
brain regions were dissected under an anatomical microscope and tissues were taken for the process.

ELISA Measurements

The levels of HIF-1a were determined using an ELISA assay kit (Abcam Co.) according to the provided
description and modification. Briefly, polystyrene 96-well microtitel immunoplates were coated with
affinity-purified polyclonal rabbit anti-HIF-1a antibody. Parallel wells were coated with purified rabbit
IgG for evaluation of nonspecific signal. After overnight incubation at room temperature and 2 hours of
incubation with the coating buffer containing 50 mM carbonate buffer (pH 9.5) in 2% BSA, plate were
washed with 50 mM Tris-HCl . After extensive washing, the diluted samples and the HIF-1a standard
solutions were distributed in each plate and left at room temperature overnight. The plates were washed
and incubated with anti-HIF-1a galactosidase. Then, the plates were washed and incubated with substrate
solution. After an incubation of 2 hours at 37°C, the optical density was measured using an ELISA reader.
This method was also employed to examine the levels of VEGF according to the provided description and
modification (Promega Corp. Madison, WI).

Western Blot Analysis

The brain tissues were removed, homogenized, centrifuged and incubated with streptavidin beads.
Streptavidin was used to minimize steric hindrance of the subsequent binding of antigen to the antibody and
optimize results of Western blot. The beads were washed and precipitated by centrifugation; sample buffer
was added to the collected beads. Beads were pelleted again by centrifugation to obtain supernatant. The
supernatant was then diluted to the same volume and applied to SDS-PAGE. Membranes were incubated with
the rabbit anti-VEGFR-2 (1:500) and rabbit anti-Caspase-3 primary antibodies (1:1000) and goat anti-rabbit
secondary antibody (1:500). Immunoreactive proteins were detected by enhanced chemiluminescence. The
membrane was processed to detect 3-actin for equal loading. The densities of protein bands were analyzed
using the Scion image software.
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Neurological Function and Brain Edema

The modified method of Neurological Severity Score (mNSS) was used to examine neurological
function 3 days after treatment. It is noted that mNSS was generally used to assess a combination of motor,
sensory, and balance functions [9, 22]. Neurological function was graded on a scale of 0-18 (normal score,
0; maximal deficit score, 18). The rats with an abnormal mNSS (score >0) before ICH were excluded from
the experiment.

Brain edema (brain water content) was determined 3 days after ICH. The brain slices (2 mm thick)
of the contralateral and ipsilateral hemispheres and cerebellum were cut. The whole brain water content
was calculated from all slices [9, 22]. The brain slices were weighed to obtain the wet weight immediately
and dried in an oven at 100°C for 24 hrs to obtain the dry weight. The cerebellum was used as the internal
control. The water content was expressed as the following formula: [(wet weight) - (dry weight)]/(wet
weight) x 100%.

Statistical Analysis

We used a two-way repeated-measures analysis of variance to analyze all the data of time courses for
responses of HIF-1a and VEGF evoked by ICH in this report since the data were obtained from 4 groups
at different times. A one-way repeated-measures analysis of variance was used to analyze other data
accordingly. Values were presented as means * standard error of mean (SEM). Differences were considered
significant at P < 0.05. All statistical analyses were conducted by using SPSS for Windows version 13.0
(SPSS, USA).

Results

General Measurements

Figure 1 shows that rats developed hyperglycemia 3 weeks after STZ injection. This
figure further demonstrates that an increase in body weight was significantly attenuated in
STZ rats (n=82, P<0.05 vs. control rats) as compared with non-STZ rats (n=56).

Levels of HIF-1a and VEGF

Figure 2 shows that the levels of HIF-1a were significantly increased in the brain tissues
of non-STZ rats and STZ rats 1, 3 and 7 days after induction of ICH (P<0.05, control rats
vs. ICH rats; and STZ rats vs. STZ rats with ICH, n=10-12 in each group). A greater increase
was observed 3 days after ICH. Note that the response of HIF-1a was attenuated in STZ rats
compared with non-STZ rats after ICH.
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Fig. 1. Effects of STZ injection on blood glucose and body weight. Hyperglycemia was induced in rats 3
weeks after STZ injection and body weight was larger in control rats than that in STZ-rats. Data are expres-
sed as mean *+ SEM. *P < 0.05, indicated STZ-rats (n=56) vs. control rats (n=82).
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Likewise, Fig. 3 demonstrates that ICH significantly elevated the levels of VEGF in the
brain tissues of non-STZ rats and STZ rats (P<0.05, control rats vs. ICH rats; and STZ rats vs.
STZ rats with ICH, n=10-12 in each group). The increases were seen 1, 3 and 7 days after
induction of ICH and greater increases appeared 3 days after ICH. The similar time courses
for responses of HIF-1a and VEGF evoked by ICH were observed in non-STZ rats and STZ
rats. Also, the response of VEGF was attenuated in STZ rats compared with non-STZ rats
after ICH.

Effects of 2-MET and ML228 on VEGF

In this subset of experiments, we examined the effects of 2-MET and ML228 on the
levels of VEGF after their ICV administration in order to obtain their effectiveness at the
dosage used in this study. Fig. 4 demonstrates that VEGF failed to increase after ICV infusion
of 2-MET into the brain of non-STZ rats and STZ rats with ICH (P>0.05, control rats vs. ICH
rats; and STZ rats vs. STZ rats with ICH, n=8-10 in each group). In addition, Fig. 4 shows that
ICV infusion of ML228 significantly augmented the levels of VEGF in the brain tissues of non-
STZ rats and STZ rats after ICH.

Expression of VEGFR-2 and Caspase-3

Figure 5A illustrates that induction of ICH significantly increased the protein expression
of VEGFR-2 in the brain tissues of non-STZ rats and STZ rats (P<0.05, control rats vs. ICH rats;
and STZ-rats vs. STZ-rats with ICH, n=8-12 in each group). However, the augmented VEGFR-2
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Fig. 4. ICV infusion of 2-MET (100pg) attenuated increases of VEGF evoked by ICH in non-STZ rats and STZ
rats with ICH (n=8-10 in each group). Likewise, ICV infusion of ML228 (100ug) significantly augmented the
levels of VEGF in the brain tissues of non-STZ rats and STZ rats after ICH. *P < 0.05, control rats vs. ICH rats;
and STZ rats vs. STZ rats with ICH (n=8-10 in each group). + P< 0.05 vs. non-STZ rats with ICH.

was smaller in STZ rats than that in non-STZ rats 3 days after ICH. As ML228 was infused into
the brain to stabilize HIF-1a, VEGFR-2 expression was enhanced and the increased levels
were attenuated in STZ rats as compared with non-STZ rats. Moreover, Fig. 5B shows that
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Fig. 5. (A). ICH significantly increased the protein expression of VEGFR-2 in the brain tissues of non-STZ
rats and STZ rats. However, the augmented VEGFR-2 was smaller in STZ rats than that in non-STZ rats 3 days
after ICH. ML228 (100pg) infused into the brain enhanced VEGFR-2 expression and the increased levels
were attenuated in STZ rats as compared with non-STZ rats. (B). ICH significantly increased expression of
Caspase-3 in both non-STZ rats and STZ rats. An increase in Caspase-3 was greater in STZ rats than in non-
STZ rats. ICV infusion of ML228 attenuated expression of Caspase-3. * P<0.05, control rats vs. ICH rats; and
STZ-rats vs. STZ-rats with ICH (n=8-12 in each group). 1+ P< 0.05 vs. non-STZ rats with ICH. (C) & (D). ICH
increased the mNSS and water content of brain tissues in non-STZ rats and STZ rats. ML228 attenuated the
increased nNSS and water content in both groups of animals and the effects on the mNSS were greater in
non-STZ rats compared with STZ rats. * P<0.05 vs. non-STZ and STZ rats without ICH and rats with treat-
ment of ML228 (n=10-12 in each group).  P< 0.05 vs. non-STZ rats with ICH.

ICH significantly increased expression of Caspase-3 in both non-STZ rats and STZ rats. Note
that the increased Caspase-3 was greater in STZ rats than in non-STZ rats. Also, ICV infusion
of ML228 significantly attenuated expression of Caspase-3.

Neurological Function and Brain Edema

Figure 5C demonstrates that ICH led to increases in the mNSS in non-STZ rats and STZ
rats (P<0.05, control rats vs. ICH rats; and STZ rats vs. STZ rats with ICH, n=10-12 in each
group). Also, this figure shows that ML228 significantly attenuated the increased nNSS in
both groups of animals and the effects were observed to be greater in non-STZ rats compared
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with STZ rats. Similarly, Fig. 5D shows that induction of ICH amplified water content of brain
tissues in non-STZ rats and STZ rats and infusion of ML228 significantly attenuated increases
of water content.

Discussion

A rat model of ICH was widely employed to determine the mechanisms responsible for
neurological damages. In the current study, using the same rat model our data showed that
HIF-1a was significantly increased in the brain tissues of non-STZ rats and STZ rats 1-7 days
after induction of ICH (Fig. 2). Also, brain VEGF was increased and time courses for increases
of HIF-1a and VEGF were similar (Fig. 3). Caspase-3 as an indicator of neuronal apoptosis
was also examined in this study. Our data further demonstrated that ICH increased the levels
of VEGFR-2 and Caspase-3 in the brain tissues (Fig. 5A&B) in non-STZ rats and STZ rats.
Interestingly, our findings showed that ICH-evoked HIF-1a and VEGF were less in STZ rats as
compared with non-STZ rats, suggesting that the responses of HIF-1a and VEGF to ICH were
attenuated under the diabetic hyperglycemia. Also, upregulated VEGFR-2 was impaired in STZ
rats. ICV infusion of ML228 to stabilize HIF-1«a in the brain tissues significantly augmented
VEGFR-2 and attenuated Caspase-3 to a less degree in STZ-rats than in non-STZ rats (Fig.
5A&B). In consistent with this result, our data showed that damaged neurological scores and
increased water content caused by ICH were significantly improved by ML228. Overall, we
suggest that activated HIF-1a likely plays a beneficial role in improving neurological deficits
induced by ICH via VEGF mechanisms and the response of HIF-1a to ICH is largely impaired
with diabetic hyperglycemia. Also, stabilizing HIF-1a improves expression of VEGFR-2 and
attenuates Caspase-3 and this is likely to have improving effects on neurological deficits
observed after induction of ICH.

Previous studies showed that the high expression of VEGF in the brain tissues has
protective effects against ICH by improving the permeability of blood brain barrier, reducing
brain edema formation and promoting the recovery of brain injuries [20]. In our study, a
group of experiment was designed to examine if the effects of HIF-1a on VEGF levels (Fig.
4). We observed that infusion of ML228 increased VEGF evoked by ICH in both non-STZ rats
and STZ animals. This suggests that ICV of this dosage of ML228 was effective. Also, the data
suggest the underlying mechanisms that the role of ML228 observed in our current study
in alleviating the ICH injuries is likely due to the up-regulation of VEGF, which may further
enhance the production of new blood vessels and microvessels and increase oxygen supply
to the hematomal brain tissues, significantly improving the ischemia and hypoxia of brain
tissue and nerve cells.

In addition, apoptosis represents a prominent form of cell death and observed in
the brain tissues after ICH. Neuronal apoptosis result in blood brain barrier dysfunction,
inflammation and oxidative cascades and thereby leading to brain damage [23, 24]. It
has been reported that Caspase-3 expression was exaggerated in cortical neurons after
subarachnoid hemorrhage and inhibition of Caspase-3 reduces the neuron loss and brain
edema [24, 25]. Our current study showed that activated Caspase-3 by ICH was significantly
attenuated by ICV infusion of ML288 stabilizing HIF-1a levels after induction of ICH.

Strong evidence suggests the activation of ERK-MAPK signaling pathway is engaged in
the high levels of HIF-1a mediating the ICH-induced neuronal injury because the inhibition
of MAPK decreases brain water content, suppression of hematoma expansion and edema
formation [26, 27]. JNK1/2 is commonly activated in inflammatory tissues and recognized
as one of central signaling molecules in regulating brain ischemic injuries [28, 29]. The
activation of JNK and p38 MAPK signal pathways likely increases the expression of VEGF
[30]. A recent report suggests that Urocortin has the anti-inflammatory and neuroprotective
effects via the phosphorylation of p38 and JNK1/2 and thereby increasing VEGF expression
in animal model of ICH [31]. Results of this prior study also showed engagement of these
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signaling pathways contributes to protective the effects of Urocortin on ICH induced-
neurological functional deficits and brain edema [31].

In diabetes models, these signaling pathways are altered and this further leads to

worsen neurological deficits [5, 8]. These findings are consistent with results observed in
patients with diabetes since hyperglycemia is a strong risk factor for poor outcome after
stroke [6, 7]. Nevertheless, diabetes is a condition of accelerated vascular disorders. Our
current study offers the first evidence that enhancement of HIF-1a and VEGF after induction
of ICH are impaired and thereby leads to worsen VEGFR-2 and Caspase-3 expression in
animals with diabetic hyperglycemia. Also, our results suggest that cerebral administration
of HIF-1 activator improves the levels of VEGFR-2 and Caspase-3 and brain injury induced
by ICH.

Conclusions

During ICH, activation of HIF-1a is likely to play a beneficial role in modulating

neurological dysfunction via VEGF mechanisms and response of HIF-1a is largely impaired in
diabetes. Results of this study will have pharmacological implications to target specific HIF-
la and its pathway VEGF for neural disorder and vulnerability related to ICH. Particularly,
our data provide evidence that HIF-1a and VEGF contribute to brain injury often seen in
diabetic patients.
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