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Abstract Vascular cell adhesion molecule 1 (VCAMI1)isa
member of the Immunoglobulin superfamily and encodes a
cell surface sialoglycoprotein expressed in cytokine-acti-
vated endothelium. This type I membrane protein mediates
leukocyte-endothelial cell adhesion, facilitates the down-
stream signaling, and may play a role in the development of
artherosclerosis and rheumatoid arthritis. Accumulating
evidence has demonstrated that VCAMI1 exerts an anti-
apoptotic effect in several tumor tissues such as ovarian
cancer and breast cancer. Intracerebral hemorrhage (ICH) is
the second most common subtype of stroke with high mor-
bidity and mortality, which imposes a big burden on indi-
viduals and the whole society. These together prompted us to
question whether VCAMI1 has some association with neuron
apoptosis during the pathological process of ICH. An ICH rat
model was established and assessed by behavioral tests in
order to explore the role of VCAMI after ICH. Up-regulation
of VCAMI was observed in brain areas surrounding the
hematoma following ICH by western blotting and im-
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munohistochemistry. Immunofluorescence = manifested
VCAMI was strikingly increased in neurons, but not in as-
trocytes and microglia. Furthermore, we detected that neu-
ronal apoptosis marker active caspase-3 had co-localizations
with VCAMI1. At the same time, Bcl-2 was also co-localized
with VCAMI. Taken together, our findings suggested that
VCAMI might be involved in the neuronal apoptosis and
pathophysiology of ICH.

Keywords Intracerebral hemorrhage (ICH) - VCAMI1 -
Apoptosis - Adult rats

Introduction

The global burden of acute spontaneous (nontraumatic) in-
tracerebral hemorrhage (ICH) seem unchanged over the past
quarter century [1, 2], in spite of the improvements in outcome
that can be acquired by organized stroke unit care and neu-
rosurgical hematoma evacuation [3]. In the process of ICH,
rapid accumulation of blood in brain parenchyma leads to
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disruption of normal anatomy and increased local pressure [4,
5]. ICH is an often fatal type of stroke that kills a large number
of people all around the world. If the patient survives the ictus,
the resulting hematoma within brain parenchyma will trigger a
succession of adverse events leading to secondary insults and
severe neurological deficits. Although multiple resources
have been thrown into clinical and basic researches, the
prognosis of ICH patients remains poor [6]. The primary
damage is caused by the dynamic of hematoma expansion
associated with mass effect; and the secondary damage con-
sists of many parallel pathways including cytotoxicity of
blood, inflammation, oxidative stress, and so on. Together,
primary and secondary damages lead up to a neuronal injury,
and ultimately cause disability or even the death [7]. Neuronal
apoptosis, astrocytic proliferation and oligodendrocytic death
have been involved in these processes [8§—10]; and among
them, neuronal apoptosis is counted as one of the most crucial
events which includes sophisticated anti-apoptotic and subtle
pro-apoptotic modulation. Apoptosis is mostly regulated by
the B cell leukemia-2 gene product Bcl-2 family (Bcl-2, Bel-x,
Bax, Bak and Bad) and the caspase family (ICH-1 and
CPP32), with apoptosis being resist by Bcl-2 and Bcl-x, and
promoted by Bax, Bak, Bad, ICH-1 and CPP32 [11]. Apop-
tosis, a physiological program of cellular death, can be
separated into extrinsic pathway and intrinsic pathway. The
first mentioned of two is initiated by ligation of death recep-
tors, the recruitment and activation of caspase-8 at the receptor
complexes, while the latter is mitochondria-dependent
mechanism, related with the release of cytochrome ¢ and ac-
tivation of caspases [12]. Meanwhile, caspase-3 is a major
executioner caspase and can be continually activated during
both pathways. Although multiple researches have focused on
the mechanisms underlying ICH, we merely have understood
a sketchy knowledge of the molecular and cellular mechan-
isms, and still more work should be done to realize the
pathological progress and to improve in the further treatment
of ICH.

Vascular cell adhesion molecule 1 (VCAMI1), also known
as CD106, is a member of the immunoglobulin (Ig) super-
family [13]. It is a cell surface sialoglycoprotein first dis-
covered on cytokine-activated endothelium [14]. VCAMI is
important in cell—cell recognition, functions in leukocyte-
endothelial cell adhesion, interacts with the beta-1 integrin
VLA4 on leukocytes, and mediates both cell adhesion and
the downstream signal transduction. The VCAM1/VLA4
interaction plays a pathophysiologic role both in immune
responses and in leukocyte emigration to sites of inflam-
mation. What’s more, VCAM-1 reportedly protects breast
cancer cells, human myeloma cell lines, and colon cancer
cells from apoptosis [15—-17]. Nonetheless, the relationship
between VCAMI1 and neuronal apoptosis following ICH are
still being appreciated. The process of apoptosis is governed
by both pro-apoptotic and anti-apoptotic proteins p53, a

tumor-suppressor protein that has the pro-apoptotic effect, is
inactivated and degraded under normal conditions, whereas
different pathologic stimulican can induce the expression of
pS3 [18]. The raised levels of p53 result in pro-apoptotic
responses by a combination of gene activation (e.g.
p21WAF1 and Bax) and gene repression (e.g. Bcl-2). Bel-2,
Bcl-xL and Bax are members of the Bcl-2 family, which are
crucial regulators of apoptosis. Bcl-2 is a key survival
molecule. As VCAMI participates in multiple cellular ac-
tivities, whether it takes part in the pathophysiologic pro-
cesses following ICH remains to be researched.

So far, we know little about the functions of VCAMI1 in
CNS after ICH. Since VCAMI is involved in apoptosis, we
assumed that VCAMI1 might contribute to the secondary
injury following ICH, and associate with neuronal apop-
tosis. Our study explored for the first time about the ex-
pression and distribution of VCAMI in rat brain after ICH,
which manifested the potential role of VCAMI in the
pathophysiological process of apoptosis after ICH. This
study was implemented to gain a progress into the function
of VCAMI in the adult CNS and might lay a solid foun-
dation for further research incase to be applied to clinical
treatment for its role in injury and repair after ICH.

Materials and Methods
Animals and the ICH Model

All experiments were executed in accordance with the
National Institutes of Health Guidelines for the Care and
Use of Laboratory Animals (National Research Council,
1996, USA); all animal procedures were approved by the
Chinese National Committee to the Use of Experimental
Animals f or Medical Purposes, Jiangsu Branch. Adult
male Sprague-Dawley rats with an average weight of
250 g were employed in this study. The rats were anes-
thetized intraperitoneally with sodium pentobarbital
(50 mg/kg) and then placed in a stereotaxic frame. Near the
right coronal suture 3.5 mm lateral to the midline, we
drilled a cranial burr hole (1 mm in diameter). Autologous
whole blood (50 puL) was converged by cutting the tail tip
with a pair of scissors, and drawing 50 pL blood into a
sterile syringe [19]. The syringe was inserted stereotaxi-
cally into the right caudate putamen (coordinates: 0.2 mm
anterior, 5.5 mm ventral, and 3.5 mm lateral to the breg-
ma), and the autologous blood injected at the rate of 10 pL/
min [20]. Following injection, the needle was fixed for over
10 min before being removed. Ketoprofen (5 mg/kg) was
executed to minimize postsurgical pain and discomfort.
After all the manipulations, rats were permitted to return to
their cages and allowed freely to get the food and water.
Experimental animals (n =3 per time point) were
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sacrificed to extract the protein for western blot analysis at
3h, 6h, 12h, 1, 2, 3, 5, and 7 day(s) following ICH,
respectively. Normal rats (n = 3) and sham-controlled rats
(n = 3) were killed on the third day. Additional ex-
perimental animals (n = 2 per time point) for sections
were killed at each time point for pathologic studies. All
efforts were made to minimize the number of animals used
and their suffering.

Behavioral Testing Procedures
Forelimb Placing Test

The rats were held by the torsos, enabling the forelimb to
hang free. Independent testing of each forelimb was
elicited by brushing the respective vibrissae on the corner
edge of a countertop. Intact rats put the forelimb quickly
onto the countertop. On the basis of the extent of injury,
placing of the forelimb contralateral to the injury may be
impaired. In time of the experiments, each rat was tested
ten times for each forelimb, and the percentage of trials in
which the rat placed the left forelimb was counted [21].

Corner Turn Test

The rats were allowed to performed into a corner, the angle
of which was 30 °C. To exit the corner, the rat should turn
either to the left or the right, and only the turns involving
full rearing along either wall were included (a total of eight
per animal). Based on the extent of injury, rats may show a
tendency to turn to the side of the injury. The proportion of
right turns was used as the corner turn score. And the rats
were not picked up instantly after each turn so that they
would not expand an aversion for their prepotent turning
response [22].

Western Blot Analysis

After injected an overdose of chloral hydrate (10 % solu-
tion), rats were executed at different time points postop-
eratively, and the brain tissue around the hematoma
(extending 3 mm to the incision) as well as an equal part of
the normal, sham-controlled, and contralateral cortex were
dissected out and stored at —80 °C until use. To prepare
the lysates, frozen samples were weighed and minced on
ice. The samples were then homogenized in lysis buffer
(1 % NP-40, 50 mmol/L Tris, pH = 7.5, 5 mmol/L EDTA,
1 % SDS, 1 % sodium deoxycholate, 1 % Triton X-100,
1 mmol/L PMSF, 10 pg/mL aprotinin, and 1 pg/mL
leupeptin) and centrifuged at 12,000 rpm and 4 °C for
20 min to collect the supernatant. After ascertain of its
protein concentration with the Brad-fordassay (Bio-Rad),
protein samples were sustained SDS—polyacrylamide gel
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electrophoresis (SDS-PAGE) and transferred to a
polyvinylidene diflouride filter (PVDF) membrane by a
transfer apparatus at 300 mA for 2 h. The membranes were
blocked with 5 % non-fat milk for 2 h and incubated with
primary antibody against VCAMI1 (1:500; Santa Cruz;
Sigma-Aldrich), active caspase-3 (1:1000; Cell Signaling),
GAPDH (1:1000, Santa Cruz), Bcl-2 (Santa Cruz, 1:500),
pS53 (1:500; Santa Cruz), and Bax (1:500; Santa Cruz), at
4 °C overnight. At last, the membrane was incubated with
a second antibody for 2 h and visualized using an enhanced
chemiluminescence system (Pierce Company, USA) [22].

Immunohistochemistry

As the survival times determined, rats were deeply anes-
thetized and perfused with saline and 4 % paraformaldehyde
following through the ascending aorta. After perfusion, the
brains were took away and post-fixed in the same fixative for
3 h and then replaced with 20 % sucrose for 2-3 days, fol-
lowed by 30 % sucrose for 2-3 days. Tissues were then cut
at 7 um with a cryostat. All sections were stored at —20 °C
before use. Slide-mounted sections were picked up from the
freezer, keptin an oven at 37 °C for 30 min, and rinsed twice
in 0.01 M PBS for 5 min. The sections were handled with
10 mmol/L citrate buffer (pH = 6.0) and heated to 121 °C
in an autoclave for 3 min to retrieve the antigen. The sec-
tions were taken from the pressure cooker and cooled to
room temperature spontaneously. Then, we blocked the
sections with confining liquid which including 10 % donkey
serum, 1 % BSA, 0.3 % Triton X-100 and 0.15 % Tween-20
for 2 h at room temperature, then incubated with anti-
VCAMI antibody (mouse, 1:100, Santa Cruz) overnight at
4 °C. Following incubation in the secondary antibody at
37 °C, the sections were color-reacted with 0.02 % di-
aminobenzidine tetrahydrochloride (DAB), 0.1 % phos-
phate buffer solution (PBS), and 3 % H,0,. At last, slides
were counterstained with hematoxylin, dehydrated, and
coverslipped. VCAMI staining was assessed under a Leica
light microscope (Germany). Cells with strong or moderate
brown staining were believed as positive; cells with no
staining were rated as negative, while cells with weak
staining were scored separately.

Double Immunofluorescent Labeling

Additional sets of sections were used for multiple
fluorescence staining. After air-dried for 1 h, sections were
first blocked with 10 % normal donkey serum blocking
solution species the same as secondary antibody, contain-
ing 3 % (w/v) bovine serum albumin (BSA), 0.1 % Triton
X-100 and 0.05 % Tween 20 for 2 h at room temperature
in order to avoid unspecific staining. The sections were
then incubated with primary antibodies against VCAMI1



Neurochem Res (2015) 40:1042-1052

1045

(mouse, 1:100; Santa Cruz), NeuN (neuron marker, 1:100;
Chemicon, Temecula, CA, USA), glial fibrillary acidic
protein (GFAP; astrocytes marker, 1:100; Sigma, St. Louis,
MO, USA), CDI11b (microglia marker, 1:100; Abcam,
Cambridge, MA, USA) caspase-3 (rabbit, 1:100; Santa
Cruz) and Bcl-2 (rabbit, 1:100; Santa Cruz) overnight at
4 °C, followed by a mixture of FITC- and TRITC-conju-
gated seconary antibodies (Jacks on ImmunoResearch) for
2 h at 4 °C. In order to detect the morphology of apoptotic
cells, sections were covered with DAPI (0.1 mg/mL in
PBS; Sigma) for 1 h at 30 °C. The stained sections were
examined with Leica confocal microscope or Leica
fluorescence microscope (Germany).

Terminal Deoxynucleotidyl Transferase-Mediated
Biotinylated-dUTP Nick-End Labeling

Terminal deoxynucleotidyl transferase-mediated biotiny-
lated-dUTP nick-end labeling (TUNEL) staining was
performed using the In Situ Cell Death Detection Kit,
Fluorescence (Roche Applied Science, Mannheim, Ger-
many). Frozen tissue sections were rinsed with PBS and
treated with 1 % Triton-100 in PBS for 2 min on ice.
Slides were rinsed in PBS and incubated for 60 min at
37 °C with 50 1L of TUNEL reaction mixture. After
washing with PBS, the slides were analyzed with
fluorescence microscopy (Leica, DM 5000B; Leica CTR
5000; Germany).

Quantitative Analysis

Cell quantification was implemented in an unbiased man-
ner. To avoid counting the same cell in more than one
section, we counted every fifth section (50 pum apart).
VCAMI1-positive cells 2 mm from the hematoma center
were counted at 400x magnification. For each section,
three separate caudate putamen regions were examined.
The cell counts in the three or four sections were then used
to determine the total number of VCAMI-positive cells per
square millimeter. The number of cells double-labeled for
VCAMI1 and the other phenotypic markers like NeuN,
GFAP, and CD11b used in the experiment was quantified.
To identify the proportion of NeuN-positive cells ex-
pressing VCAMI1, a minimum of 200 NeuN positive cells
were counted adjacent to the hematoma in each section.
Then, double-labeled cells for VCAMI1 and NeuN were
recorded. Two or three adjacent sections per animal were
sampled.

Statistical Analysis

All data were analyzed with Stata 7.0 statistics software.
Values were expressed as mean £ SEM. Significance
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Fig. 1 Estimations and scores of behavioral tests on rats suffering
from ICH. Behavioral tests were executed in rats after ICH or sham
operation. Forelimb placing test (a) and corner turn test (b) scores at
different survival times after ICH. Rats following ICH performed
significantly worse compared with the sham group over the first
3 days (asterisk denotes P < 0.05) with no significant differences at
baseline or 5 days later

testing was performed using a one-way analysis of variance
(ANOVA) to compare data from different experimental
groups. P < 0.05 was considered to be statistically sig-
nificant. Every experiment consisted of at least three
replicates per condition.

Results
Neurological Deficits Following ICH in Adult Rats
To explore the expression and possible function of

VCAMI in rat models of unilateral brain injury such as
ICH, we established an ICH model in adult rats and
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Fig. 2 Changes of VCAMI protein expression following ICH.
Western blot was performed to study the protein levels of VCAMI
surrounding the hematoma at various survival times. VCAMI
expression was relatively low in the sham group, increased gradually
after ICH, peaked at day 2, and declined thereafter (a, c). b,
d Quantification graphs (relative optical density) of the intensity of
staining of VCAMI1 and GAPDH at each time points. GAPDH was
used to confirm that equal amount of protein was run on gel. The data
are mean £ SEM (n = 3, P < 0.05, asterisk significantly different
from the normal and sham groups)

evaluated the changes in neurological functions following
ICH. Rats in the sham and ICH groups were assessed with
the forelimb placing and corner turn test at different sur-
vival times, respectively. The ICH group showed markedly
impaired compared with the sham group over the first
3 days (*P < 0.05). By 5 days and thereafter, both the
forelimb placing and corner turn score gradually recovered
to the baseline, indicating the functional recovery of the rat
neurological deficits in rats (Fig. 1a, b).
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Fig. 3 Representative microphotographs for VCAM1 immunohisto-
chemistry surrounding the hematoma. Low level of VCAMI1 was
detected in the sham group (a, b). At day 2 after ICH, the contralateral
group showed no significant difference in VCAMI1 (¢, d) compared
with the sham ones, while the ipsilateral group (e, f) showed increased
VCAMI expression (e, f). No positive signals were found in the
negative control (g). The number of VCAMI positive cells was
largely increased comparing the ipsilateral group with the sham and
contralateral groups (h). Asterisk denotes P < 0.05. Scale bar: left
column, 50 pm; right columns, 10 pm

Changes in Protein Expression of VCAM1 After
ICH by Western Blot Analysis

To determine the total protein level of VCAMI after
ICH, protein extracts from rat brains were separated by
SDS-PAGE and analyzed by western blot. As shown in
(Fig. 2a, ¢), VCAMI level was low in sham-control group.
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Fig. 4 The colocalization of VCAMI1 with different cellular markers
by double immunofluorescent staining. In the adult rat caudate within
3 mm distance from the hematoma at the second day after ICH,
horizontal sections were labeled with VCAMI (Red a, f, k), different
cell markers (Green b, g, 1) such as neuronal marker (NeuN),
astrocyte marker (GFAP) and microglia marker (CD11b) as well as
DAPI (Blue ¢, h, m) to show the nucleus. The yellow and white color
visualized in the merged images represented the colocalization of
VCAMI with different phenotype-specific markers (d, e) and the

Standardizing densitometry against GAPDH showed that
the total level of VCAMI has a significant up-regulation
from 12 h post ICH operation, peaked at day 2 and then
gradually decreased to the normal level (P < 0.01, Fig. 2b,

d

2d(sham)

Ipsilateral

purple indicated the colocalization of the nucleus with phenotype-
specific markers (d, e, i, j, n, 0). Colocalization of VCAMI1 with
different phenotype-specific markers in the sham group (e, j, 0) were
shown in the caudate. Quantitative analysis of NeuN-positive cells
expressed VCAMI1 (%) in the sham group and 2 days after ICH. (ipsi)
indicates the perihematomal region and (sham) presents the sham
group. Asterisk indicates significant difference at P < 0.05 compared
with the sham group (p). Error bars represent SEM. Scale bars
20 um (a) (Color figure online)

c). (Figure 2a, the antibody was purchased from Santa
Cruz; Fig. 2b, the antibody was purchased from Sigma-
Aldrich). These findings revealed that the expression of
VCAMI undergoes a substantial alteration after rat ICH.
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Fig. 5 Detection of neuronal apoptosis and VCAM1 expression after
ICH. TUNEL staining showed VCAMI was relevant to neuronal
apoptosis after ICH (a—f). The yellow color (visualized in the merged
images) represented colocalization of NeuN (red, a)/VCAMI (red,

The Distribution Changes of VCAM1
Immunoreactivity in the Perihematomal Region
After ICH

To determine the distribution of VCAMI1 after ICH, we
performed immunohistochemistry 2 days after ICH. The
sham group showed a low level of VCAMI staining
(Fig. 3a, b), similar to the profiles in the contralateral side
of the experimental brains (Fig. 3c, d). The immunos-
taining of VCAMI observably increased in the brain tissue
surrounding the hematoma at day 2 after ICH (Fig. 3e, f,
h) and these results were consistent with Western blot
results. No staining was observed in the negative control

(Fig. 3g).
Phenotype of VCAM1-Positive Cells

To further investigate the cell type expressing VCAMI1
after ICH, double immunofluorescent microscopy was used
with different cell type markers: NeuN, GFAP, and CD11b,
which are markers of neurons, astrocytes and microglia
respectively. In the sham group, the expression of VCAM1
was mainly restricted in neurons, and little in astrocytes
and microglia (Fig. 4e, j, o). After ICH, enhanced VCAM1
positive signals found in neurons around the hematoma
(Fig. 4d). And we observed that VCAMI1 was still hardly
co-labled with GFAP and CD11b (Fig. 4i, n). To identify
the proportion of NeuN-positive cells expressing VCAMI,

@ Springer

d) and TUNEL positive cells (green, b, e) at day 2 after ICH. (ipsi)
indicates perihematomal region. Scale bars 20 pm (a) (Color figure
online)

a minimum of 200 phenotype-specific marker positive cells
were counted between the sham and 2 days after ICH
groups (Fig. 4p). VCAMI1 expression was markedly in-
creased in neurons (the NeuN-positive cells) after ICH
compared with the sham group, which were consistent with
the results of immunohistochemistry staining. And the lo-
calizations of VCAMI appeared to be confined mainly to
the cytoplasm of neurons. The expression and distribution
of VCAMI in NeuN positive cells indicated that VCAMI1
might be associated with the changes of biological function
of neurons after ICH.

Association of VCAM1 with Neuronal Apoptosis
After ICH

Increasing evidence suggested that neuronal apoptosis oc-
curred surrounding the hematoma after ICH [9, 23]. Based
on previous observations, the variation of VCAMI ex-
pression was mainly in neurons, accordingly we proposed
VCAMI1 might participate in the changes of neuronal
biological functions like apoptosis. Neuronal apoptosis
develops vital influence on various CNS diseases, such as
ischemia stroke and intracerebral hemorrhage [24], which
relates to complex and sophisticated pro-apoptotic and
anti-apoptotic processes. But, the exact relationship be-
tween neuronal apoptosis and VCAMI remains to be il-
luminated. In this study, TUNEL labeling was used to
prove the involvement of VCAMI in neuronal apoptosis
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Fig. 6 Detection of neuronal a
apoptosis and relative VCAMI1
changes after ICH. a Western
blot analysis of active caspase-3
in brains after ICH. The
expression of active caspase-3
increased after ICH and peaked
at 2 days. GAPDH was used to
confirm that equal amount of
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NeuN

following ICH (Fig. 5a—f). As mentioned above, various
mechanisms contribute to neuronal apoptosis after ICH.
Among them, caspase-3 is always supposed to be the most
important executioner caspase and has an intimate con-
nection with both extrinsic and intrinsic apoptotic path-
ways. We also examined the protein level of active
caspase-3 and its co-localization with VCAMI1 in rat ICH
model. The expression of active caspase-3 increased after
ICH and peaked at day 2 (Fig. 6a, b). Additionally, the co-
localizations of VCAMI/active caspase-3 in addition to

gna™ 3h  6h 12h

1d 2d 3d 5d 7d
Times after ICH

Active caspase-3

Active caspase-3

active caspase-3/NeuN (Fig. 6¢) manifested that VCAMI
might participate in neuronal apoptosis after ICH. Fur-
thermore, western blot was performed to examine the ex-
pression of Bcl-2, and p53 (Fig. 7a, b). The level of Bcl-2
significantly decreased after ICH, and the increased ex-
pression of p53 was temporally correlated with VCAMI1
expression. Taken together, these results indicated that
VCAMI1 might play a crucial role in neuronal apoptosis via
a caspase-3-dependent pathway after ICH, which might be
regulated by p53 (Fig. 7c-h).
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Fig. 7 Detection of the
relationship between VCAM1
and Bcl-2 after ICH. Protein
expression of p53 and Bcl-2
after traumatic brain injury.
(b) The bar chart showed the
ratio of p53 and Bcl-2 to
GAPDH at each time point;
these data are mean &= SEM
(n = 3, *P < 0.05, asterisk
indicates significantly different
from the sham group). The
colocalizations of VCAM1/
NeuN and Bcl-2 were also
detected by double
immunofluorescent staining in

the perihematomal region (e, h).

(ipsi) indicates the
perihematomal region. Scale
bars 20 pm (Color figure
online)
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Discussion

The present study mimicked clinical ICH in adult rats to
evaluate the role of VCAMI after ICH by performing a
controlled autologous blood injection [19, 20]. The rats
suffering from ICH displayed significantly functional
damage assessed by behavioral testing. Western blot ana-
lysis and immunohistochemistry revealed that VCAMI1
was strikingly up-regulated in the perihematomal region
2 days after ICH. Double immunofluorescence labeling
implicated that VCAMI1 was mainly co-located with neu-
rons, but not astrocytes or microglia. At the same time,
there was a parallel up-regulation of active-caspase-3 and
p53 with that of VCAMI1 in a time-dependent manner.
Consistent with previous studies, the expression of anti-
apoptotic gene Bcl-2 was reduced time-dependently fol-
lowing ICH. Based on our data, VCAM1 might be asso-
ciated with neuronal apoptosis after ICH.

Intracerebral hemorrhage is a devastating event, carrying
a very high morbidity and mortality rate, so getting a much
clearer conception about the underlying molecular and cel-
lular mechanisms of damage following ICH is imminent for
both individuals and societies [25]. Experimental animal
ICH models are capable to reproduce the general important
pathophysiologic events documented in human ICH, in-
cluding edema development, dramatically reduced meta-
bolism, and tissue pathologic responses [26]. Hence, ICH
models serve as an important tool for new understanding of
the fundamental mechanisms of brain injury after an in-
tracerebral bleed. Previous researches provide the evidence
of neuronal apoptosis in ICH and show a vital role of
apoptosis in the whole ICH pathological process. Mito-
chondria are involved in the so-called intrinsic pathway of
apoptosis where they release soluble proteins, including
cytochrome c, from the intermembrane space to initiate
caspase activation in the cytosol [27]. The release of these
proteins is a result of the integrity of the mitochondrial outer
membrane (OMM) being compromised. The process is
called mitochondrial outer membrane permeabilization
(MOMP). MOMP is under the control of the pro-apoptotic
Bcl-2 family members. Bcl-2 family protein Bax and Bak
are constitutively inserted into the OMM by a C-terminal
transmembrane domain, then form lipidic pores wide
enough for cytochrome c to release and induce MOMP [28].
It is commonly accepted that, as a famous tumor suppresser
gene, p53 may mediate neuronal apoptosis after ICH [29].
After suffering from damage, transactivation of p53 is up-
regulated and subsequently accelerates the transcription of
some specific target genes [30]. Among them, Bax, Noxia,
and the BH-3 only protein PUMA may induce mitochondrial
membrane permeabilization changes, release cytochrome c
from the inner mitochondrial members; Soon afterwards

form an apoptosome, create a platform to assemble the ini-
tiator molecules of intrinsic apoptotic pathway; ultimately
induce apoptosis via activate-caspase-3 [31, 32]. Caspase-3
is always known as the most important executioner and has
an intimate correlation with both extrinsic and intrinsic
apoptotic pathways.

Vascular cell adhesion molecule 1 (CD106) is one of the
major vascular adhesion mediators directing the immune
response. It is also a member of the immunoglobulin
family that combines to integrin 13 and VLA4 and occurs
on the memory T-cells [33]. In addition, up-regulation of
VCAMI could exert a protective role in maintaining the
integrity of the ependymal zone in the process of inflam-
mation [13]. At low concentration, ICAM-1 (CD54) and
VCAM-1 (CD106) act synergistically with anti-IgM, in
inhibiting apoptosis in the germinal center (GC) [34]. Also,
VCAM-1 delays neutrophil apoptosis and maintains
physiologic function though direct ligation of the integrin
receptor oof; [35]. CD106 inhibited SCL-induced up-
regulation of Bcl-x; and rescued B cells from apoptosis
[36]. These all reveal that VCAMI may play a role in the
apoptosis. However, the molecular mechanisms that
VCAMI regulates apoptosis and its possible correlation
with neuronal apoptosis after ICH remain to be explored.

Our present study proved that the expression of VCAM1
was strikingly increased around the hematoma, which
indicated that VCAMI1 might be involved in the physio-
logical and pathological processes following ICH. And our
data certificated the involvement of VCAMI in neuronal
apoptosis following ICH. Based on our data, it might provide
anovel way to explore the underlying molecular and cellular
mechanisms of CNS after ICH and afford a special target for
the treatment of ICH. Nevertheless, further studies remains
to be done to seek the underlying cellular and molecular
mechanisms and therapeutic potentials of VCAMI1 for ICH,
in order to achieving a better prognosis following ICH.
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