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Abstract Somatostatins are peptide hormones that regu-

late diverse cellular processes, such as neurotransmission,

cell proliferation, apoptosis, and endocrine signaling as

well as inhibiting the release of many hormones and other

secretory proteins. SSTR1 is a member of the superfamily

of somatostatin receptors possessing seven-transmembrane

segments. Aberrant expression of SSTR1 has been impli-

cated in several human diseases, including pseudotumor

cerebri, and oncogenic osteomalacia. In this study, we

investigated a potential role of SSTR1 in the regulation of

neuronal apoptosis in the course of intracerebral hemor-

rhage (ICH). A rat ICH model in the caudate putamen was

established and subjected to behavioral tests. Western blot

and immunohistochemistry indicated a remarkable up-

regulation of SSTR1 expression surrounding the hematoma

after ICH. Double-labeled immunofluorescence showed

that SSTR1 was mostly co-localized with neurons, and was

rarely distributed in activated astrocytes and microglia.

Additionally, SSTR1 co-localized with active-caspase-3

and bcl-2 around the hematoma. The expression of active-

caspase-3 was parallel with that of SSTR1 in a time-

dependent manner. In addition, SSTR1 knockdown spe-

cifically resulted in reduced neuronal apoptosis in PC12

cells. All our findings suggested that up-regulated SSTR1

contributed to neuronal apoptosis after ICH, which was

accompanied with reduced expression of bcl-2.
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Introduction

ICH is a particularly deadly type of stroke affecting 2 mil-

lion people worldwide each year (Qureshi et al. 2009).

Compared with white populations, Chinese populations

have been reported to have a higher proportion of ICH (Tsai

et al. 2013). ICH is an acute and spontaneous process when a

weakened blood vessel ruptures and the blood flows into the

brain parenchyma, especially the ventricles and the sub-

arachnoid space (Aronowski and Zhao 2011). Compared

with ischemia stroke, ICH has a higher incidence of major

disability and death. Although a lot of resources have been

thrown into clinical and basic researches on ICH, the

prognosis of patients remains very poor (Ikram et al. 2012).

To figure out the clinical outcome of ICH, investigation into

the pathogenesis of ICH-induced brain injury is a main task.

ICH causes primary injury through physical disruption of

adjacent tissue and the mass effect. Along with primary

injury, secondary injury might occur, caused by factors such

as brain edema, inflammation, and oxidative stress (Rui

et al. 2013). Pathologic changes of ICH include neuronal

apoptosis, astrocyte proliferation, and oligodendrocyte

death (Bradl and Lassmann 2010; Karwacki et al. 2005;

Wang and Dore 2007). Among them, neuronal apoptosis is

considered to be one of the most crucial events, whose

decision depends on complex pro-apoptotic and subtle anti-

apoptotic modulation (Li et al. 2013). Apoptosis, also

known as programmed cell death, is a form of cell death that

constitutes part of a common mechanism in cell replace-

ment, tissue remodeling, and the removal of damaged cells

(Yoon et al. 2013). Apoptosis can be triggered by extrinsic

pathway and intrinsic pathway. The former is initiated by

ligation of death receptors, the recruitment and activation of

caspase-8 at the receptor complexes, while the latter is

mitochondria-dependent mechanism, associated with the

release of cytochrome c and activation of caspase-9 (Liu

et al. 1996). Meanwhile, caspase-3 is a main executioner

caspase and can be usually activated by both pathways.

Caspase-3 activation by pro-apoptotic bcl-2-family protein

Bax has been found to be a decisive factor in p53-induced

apoptosis in neurons (Cregan et al. 1999). Although multiple

researches have focused on the mechanisms underlying

ICH, current knowledge with the molecular and cellular

mechanisms remains much elusive, and much more work

should be done to identify novel strategies in the further

treatment of ICH.

Somatostatin receptors (SSTRs) are seven-transmem-

brane guanosine triphosphate-binding protein-coupled

membrane receptors (GPCRs) that belong to the G-protein-

coupled receptor family (Patel and Srikant 1994; Watt et al.

2009). SSTRs are present in somatostatin (SST) target tis-

sues, such as brain, pituitary, pancreas, and gastrointestinal

tract (Chatterjee et al. 2007; Reubi 1992). SST, a regulatory

peptide with two bioactive forms, SST-14 and SST-28, is

generated in neuroendocrine cells in the brain and periphery

and acts on a mass of tissue targets to modulate neuro-

transmission, cell secretion, and cell proliferation (Epel-

baum et al. 1994; Patel 1999). The widespread distribution

of SST and its receptors indicate that they exert multiple

biological functions. SST also inhibits cell proliferation and

promotes apoptosis through binding to specific cell-surface

SSTRs. The various effects of SST are mediated by specific,

high-affinity membrane bound SSTRs on target tissues.

Heretofore, five subtypes of SSTRs, SSTR1, -2, -3, -4, and -

5, have been identified (Akopian et al. 2000). In some cells,

the activation of SSTR subtypes not only directly inhibits

their proliferation but is also relevant to the initiation of

apoptosis (Sharma et al. 1996; Sharma and Srikant 1998;

Teijeiro et al. 2002). SSTR2 and SSTR3 are the most

important receptor subtypes mediating growth hormone

secretion, endothelial cell cycle arrest, and retinal endo-

thelial cell apoptosis (Hu et al. 2004). Studies demonstrated

that activation of SSTR2 promotes apoptosis in HL-60 cells.

What is more, in contrast with the proapoptotic mechanism

previously reported for SSTR3, cell death induced by acti-

vation of SSTR2 is independent from accumulation of p53

(Teijeiro et al. 2002). Coexpression of human somatostatin

receptor-2 (SSTR2) and SSTR3 modulates antiproliferative

signaling and apoptosis in HEK-293 cells (War and Kumar

2012). Also, SSTR1, SSTR2, SSTR3, and SSTR5 subtypes

can influence the apoptosis of tumor cells and affect the

progression of colorectal cancer by down-regulating the bcl-

2 expression or resisting the anti-apoptotic effect of bcl-2

(Qiu et al. 2006; Teijeiro et al. 2002). bcl-2 family proteins

are divided into three groups on the basis of their proapop-

totic (e.g. Bax, Bak) or anti-apoptotic action (e.g. bcl-2, bcl-

xL) and the bcl-2 Homology (BH) domains they possess. In

the pancreatic tumor mouse models overexpression of

SSTR2 could lead to decreased level of bcl-2 protein and

cell apoptosis in pancreatic tumor cells. (Rochaix et al.

1999). These findings promote us to question whether

SSTR1 has some relationship with apoptosis as a member of

the SSTR family. It has been reported that SSTR1 could

facilitate apoptosis via the blockage of G1/S progression in

the cell cycle (Stetak et al. 2001). As five SSTR subtypes are

all related to apoptosis, whether they take part in the path-

ophysiologic processes following ICH remains to be

investigated.

We hereby conjecture that SSTR1 might be involved in

the secondary damage following ICH. To test this

hypothesis, we examined the expression and distribution

of SSTR1 surrounding the hematoma in an ICH rat

model. The colocalizations of SSTR1 and active caspase-

3/bcl-2 were also detected. These data together indicate

that SSTR1 might take part in the neuronal apoptosis after

ICH.
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Animals and the ICH Model

All animal care and surgical procedures were performed in

accordance with the National Institutes of Health Guidelines

for the Care and Use of Laboratory Animals (National

Research Council, 1996, USA); all animal protocols were

sanctioned by the Chinese National Committee to the Use of

Experimental Animals for Medical Purposes, Jiangsu

Branch. Adult male Sprague–Dawley rats with an average

weight of 250 g were used in this study. The rats were

anesthetized intraperitoneally with chloral hydrate (10 %

solution) and then positioned in a stereotaxic frame, and a

cranial burr hole (1 mm in diameter) was drilled. Autolo-

gous whole blood (50 lL) was collected in a sterile syringe

by cutting the tail tip (Xue and Del Bigio 2003). The sterile

syringe was inserted stereotaxically into the right caudate

putamen (coordinates: 0.2 mm anterior, 5.5 mm ventral,

and 3.5 mm lateral to the bregma) (Hua et al. 2002). The

sham-operated group only had a needle insertion. The needle

was kept in place for over 10 min before removed, the skin

incision closed, animals were allowed to under a 12 h light/

dark cycle in a pathogen-free condition. Experimental ani-

mals (n = 6–8 per time point) were sacrificed to extract the

protein for Western blot analysis at 3 and 6h, 12 h, 1, 2, 3, 5,

and 7 day(s) (n = 3 per time point) following ICH,

respectively. The sham group (n = 6–8 per time point) was

sacrificed on the second day. Additional two rats at each time

point from the experimental group were killed for pathologic

studies. All efforts have been made to minimize the number

of animals used and their suffering.

Cell Cultures and Stimulation

PC12 cells were cultured in Dulbecco’s modified Eagle’s

medium with 10 % (v/v) fetal bovine serum, 5 % donor

horse serum, and 1 % antibiotics (penicillin) at 37 �C

under 5 % CO2 in humidified air. The cells were passaged

every 3–4 days. In order to study apoptosis, PC12 cells

were seeded onto a poly-L-lysine-coated 60 mm dishes and

incubated in a low concentration of serum (1 % horse

serum) for 24 h prior to treatment with hemin in 100 lmol/L

at various time points.

Behavioral Testing Procedures

Forelimb Placing Test

Rats were held by the torsos, keeping the forelimb to hang

free. 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. According to the

extent of injury, placing of the forelimb contralateral to the

injury was impaired. During the experiments, each rat was

tested 10 times for each forelimb, and the percentage of

trials in which the rat placed the left forelimb was calcu-

lated (Karabiyikoglu et al. 2004).

Corner Turn Test

The rats were allowed to proceed into a corner, with the

angle of 30. To exit the corner, the rat should turn either to

the left or to the right, and only the turns involving full

rearing along either wall were involved (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 percentage of

right turns was used as the corner turn score. And the

animals were not picked up immediately after each turn so

that they would not appear an aversion for their prepotent

turning response (Huan et al. 2012).

Western Blot Analysis

Rats were executed at different time points after operation

once given an overdose of chloral hydrate. The caudate

putamen tissues surrounding the hematoma (2 mm from the

incision) as well as the equal part of the contralateral or sham

group were excised and instantly frozen at -80 �C until use.

In order to prepare lysates, frozen brain tissue samples were

minced with eye scissors in 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 deoxy-

cholate, 1 % Triton X-100, 1 mmol/l PMSF, 101 g/ml

aprotinin, 11 g/ml leupeptin) and clarified by centrifuging

for 20 min in a microcentrifuge at 4 �C. After the determi-

nation of concentration with the Bradford assay (Bio-Rad),

the samples were subjected to SDS–polyacrylamide gel

electrophoresis and transferred to a polyvinylidene difluo-

ride (PVDF) filter membrane by a transfer apparatus at

350 mA for 2 h. The membrane was then blocked with 5 %

nonfat milk and incubated with primary antibody against

SSTR1 (anti-rabbit, 1:2,000; Santa Cruz), active caspase-3

(anti-mouse, 1:500; Cell Signaling), bcl-2 (anti-mouse,

1:500; Santa Cruz), GAPDH (anti-rabbit, 1:1,000; Sigma) at

4 �C overnight. After incubating with horseradish peroxi-

dase-conjugated secondary antibody for 2 h, protein was

visualized using an enhanced chemiluminescence system

(ECL, Pierce Company, USA).

Immunohistochemistry

After defined survival times (2 days following ICH), rats

(n = 3 for each time point) were terminally anesthetized

and perfused through the ascending aorta with 500 ml of

0.9 % saline, followed by 4 % paraformaldehyde. After

perfusion, the brains were removed and postfixed in the

same fixative overnight and then replaced with 20 %
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sucrose solution for 2–3 days, following 30 % sucrose

solution for 2–3 days. Tissues were then cut at 7 lm with a

cryostat and processed for immunohistochemistry analysis.

Sections were kept in an oven at 37 �C for 30 min, and

rinsed twice in 0.01 M PBS for 5 min. The sections were

processed in 10 mmol/L citrate buffer (pH = 6.0) and

heated to 121 �C in an autoclave for 3 min to retrieve the

antigen. The sections were taken from the pressure cooker

and cooled to room temperature naturally. After rinsing in

PBS, all sections were pre-incubated in a solution con-

sisting of 10 % donkey serum, 1 % bovine serum album in

(BSA), 0.3 % Triton X-100, and 0.15 % Tween-20 for 2 h

at room temperature and incubated with anti- SSTR1

(rabbit, 1:100, Santa Cruz) overnight at 4 �C. Following

this, biotinylated secondary antibody (Vector Laboratories,

Burlingame, CA) was also incubated for 2 h at room

temperature. Staining was visualized with 0.02 % diam-

inobenzidine tetrahydrochloride (DAB; Vector Laborato-

ries). Finally, the sections were dehydrated, cleared, and

covered with cover slips. The sections were observed at

920, or 940 magnifications on a Leica light microscope

(Germany). We examined the sections and counted the

cells with strong or moderate brown staining, weak, or no

staining as positive or negative SSTR1 cells, respectively,

from each group at higher magnification. We took the

average assays of each group as the valuable results.

Double Immunofluorescent Labeling

After air-dried for 1 h at room temperature, sections were

blocked with 10 % normal serum blocking solution-species

the same as the secondary antibody, containing 3 % (w/v)

bovine serum albumin (BSA) and 0.1 % Triton X-100 and

0.05 % Tween-20 2 h at room temperature to avoid

unspecific staining. Then, the sections were incubated with

primary antibodies against SSTR1 (rabbit; 1:100), NeuN

(mouse; 1:500; Chemicon), GFAP (mouse; 1:200; Sigma),

CD11b (mouse; 1:50; Serotec), active caspase-3 (mouse or

rabbit; 1:200; Santa Cruz), and bcl-2 (anti-mouse, 1:100;

Santa Cruz). Briefly, sections were incubated with both

primary antibodies overnight at 4 �C, followed by a mix-

ture of FITC- and TRITC-conjugated secondary antibodies

(Jackson ImmunoResearch) for 2 h at 4 �C. In order to

detect the morphology of the nucleus, sections were stained

with DAPI (0.1 mg/mL in PBS; Sigma) for 40 min at

30 �C. The stained sections were examined with a Leica

fluorescence microscope (Germany).

SSTR1 siRNA and Transfection

Primer pairs for the SSTR1 (NM_001049) siRNA expression

vector targeted the sequence of 50 ACCAACATCTACA

TCCTAA30. For transient transfection, the SSTR1 siRNA

vector or the non-specific vector was carried out using lipo-

fectamine 2,000 (Invitrogen) and plus reagent in OptiMEM

(Invitrogen) as suggested by the manufacturer. Transfected

cells were cultured for 48 h before use.

Exclusions and Mortality

Three animals in Western blot, four in immunohisto-

chemistry, and six in immunofluorescent were excluded

due to technical difficulties, experimenter error, and mor-

tality. Mortality occurred only after the operation error to

cause severe ICH. In total, nine animals had a severe ICH,

four of which died within 24 h (p = 0.215 vs. SHAM).

Three died quickly after ICH. After exclusions, twelve rats

remained (ICH: n = 6, SHAM: n = 6), immunohisto-

chemistry had twelve rats (ICH: n = 6, SHAM: n = 6),

and immunofluorescent had 16 rats (ICH: n = 8, SHAM:

n = 8).

Quantitative Analysis

Cell quantification was performed in an unbiased manner.

To avoid counting the same cells in adjacent sections, we

counted every fifth section (50 lm a part). To identify the

proportion of each phenotype-specific marker-positive cells

expressing SSTR1, a minimum of 200 phenotype-specific

marker-positive cells were counted 3 mm surrounding the

hematoma in each section. The number of cells double-

labeled for SSTR1 and NeuN, GFAP, or CD11b was also

quantified. Two or three intermittent sections (50 lm apart)

per animal sections per animal were sampled.

Statistical Analysis

All data were analyzed with Stata 7.0 statistical software.

All values were expressed as mean ± standard error of

mean (SEM). The statistical significance of differences

between groups was determined by one-way analysis of

variance followed by Tukey’s post hoc multiple compari-

son tests. p \ 0.05 or p \ 0.01 was considered significant.

Each experiment consisted of at least three replicates per

condition.

Results

The Establishment of ICH Animal Model

and the Expression Profiles of SSTR1 After ICH

by Western Blot Analysis

In order to reduce mortality, here we chose to induce ICH

in the caudate putamen. ICH animal model was established
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in our previous studies (Liu et al. 2014). Western blot was

used to investigate the temporal pattern of SSTR1

expression surrounding the hematoma at different time

points. SSTR1 protein level was relatively lower in the

sham-control group, whereas it increased at 12 h, reached a

peak at day 2, and gradually decreased thereafter in the

perihematomal region (Fig. 1a, b).

Changes in the Expression and Distribution of SSTR1

Immunoreactivity

Immunohistochemistry was applied to determine the dis-

tribution of SSTR1 at 2 days following ICH. As shown in

Fig. 2, the immunostaining signal of SSTR1 was dramati-

cally increased in the brain tissue surrounding the hema-

toma at day 2 after ICH (Fig. 2e, f, h). Consistent with the

results from Western blot, the sham group showed low

level of SSTR1 staining (Fig. 2a, b), which was compara-

ble with the expression profile of SSTR1 in the contralat-

eral side of the experimental brains (Fig. 2c, d). No

staining was observed in the negative control (Fig. 2g).

Co-localization of SSTR1 with Different Cellular

Markers in the Rat Caudate Putamen Around

the Hematoma After ICH by Double

Immunofluorescent Staining

To further identify which cell types may be associated with

the peak expression of SSTR1 after ICH (Fig. 3a, f, k),

Fig. 1 The expression pattern of SSTR1 following ICH. Western blot

analysis was performed to determine the protein level of SSTR1 in

ipsilateral caudate putamen around the hematoma at different time

periods after ICH. SSTR1 protein level was comparatively low in the

sham brain, then increased gradually after ICH, peaked at day 2 and

reduced subsequently (a). Quantification graphs (relative optical

density) of the intensity of staining of SSTR1 to GAPDH at each time

point. GAPDH was used as loading control. The data are mean ±

SEM (b). (n = 3, *p \ 0.05, significantly distinct from the sham

group)

Fig. 2 Immunohistochemistry analysis of the distribution changes of

SSTR1in the perihematomal region after ICH. Low level of SSTR1

was detected in the sham group (a, b). At day 2 after ICH, the

contralateral group showed no significant difference in SSTR1

expression (c, d), while the ipsilateral group expression, compared

with the sham group (e, f) showed increased SSTR1 (e, f). No positive

signals were found in the negative control (g). The number of SSTR1-

positive cells was significantly increased in the ipsilateral group

compared with the sham and contralateral groups (H). * p \ 0.05.

Scale bar left column 50 lm; right columns 10 lm
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double immunofluorescence was used to co-localize

SSTR2 with different markers, including NeuN (Fig. 3b),

GFAP (Fig. 3g), or CD11b (Fig. 3l). We found that SSTR1

was predominantly localized in the nucleus of neurons

(Fig. 3a–e), whereas the expression of SSTR1 was barely

detected in astrocytes as well as in microglia (Fig. 3f–o).

Besides, the number of SSTR1-positive neurons in each

mm was counted and found to be significantly elevated in

the peri-ICH region, compared with the sham group. We

also performed the DAPI labeling in the cell at day 2 after

ICH (Fig. 3c, h). These findings were consistent with the

results of immunohistochemistry staining, and the local-

izations of SSTR1 appeared to be confined to the nucleus

and cytoplasm of neurons.

Fig. 3 Colocalization between SSTR1 and 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 SSTR1 (Red a, f, k), different

cell markers (Green b, g, l) such as neuronal marker (NeuN),

astrocyte marker (GFAP) and microglia marker (CD11b). Nuclei

were visualized using DAPI (Blue c, h, m). The yellow and white

color visualized in the merged images represented the colocalizations

between SSTR1 and different phenotype-specific markers (d, e) and

the purple color indicated the colocalizations of the nucleus with

phenotype-specific markers (d, e, i, j, n, o). Colocalizations between

SSTR1 and different phenotype-specific markers in the sham group

(e, j, o) were manifested in the caudate. P Quantitative analysis of

different phenotype-specific markers positive cells expressing SSTR1

(%) in the sham group and 2 day after ICH. The change of SSTR1

expression in the caudate after ICH occurred prominently in neurons.

(ipsi) indicates the perihematomal region and (sham) presents the

sham group. Asterisks indicates significant difference at p \ 0.05

compared with the sham group. Error bars represent SEM. Scale bars

20 lm (a) (Color figure online)
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Apoptosis After ICH

A previous study suggested that SSTR1 played a part in the

regulation of apoptosis apoptosis in retinal pigment epi-

thelium (Papadaki et al. 2010). However, whether SSTR1

was involved in the apoptosis of neuronal cells remains

unclear. Therefore, we examined the protein level of active

caspase-3 and its colocalizations with SSTR1. The

expression of active caspase-3 increased following ICH

and peaked at day 1 (Fig. 4a, b). Moreover, the colocal-

izations of SSTR1/active caspase-3 in addition to active

caspase-3/NeuN (Fig. 4c) indicated SSTR1 might partici-

pate in neuronal apoptosis after ICH.

In tumor cells, SSTR1 can promote the apoptosis of

tumor cells and affect the progression of colorectal cancer

by down-regulating the expression of bcl-2. Therefore, we

detected the protein level of bcl-2 and its colocalizations

with SSTR1 at day 2 after ICH. The expression of bcl-2

was reduced 12 h after ICH and gradually returned to the

basal level thereafter (Fig. 5a, b). We also investigated the

colocalization of bcl-2 with SSTR1. Double labeling

immunofluorescent staining revealed that SSTR1 was

colocalized with bcl-2 in the peri-ICH region. Despite that,

the colocalizations between bcl-2 and NeuN were also

found (Fig. 5c).

SSTR1 Regulates the Expression of Active-Caspase-3

and Neuronal Apoptosis in Vitro

To inspect the role of SSTR1 in neuronal apoptosis, siRNA

was used to knock down the expression of SSTR1 in PC12

cells. Cells transfected with SSTR1-siRNA, non-specific

Fig. 4 Association of SSTR1

with neuronal apoptosis after

ICH. a Western blot analysis of

active caspase-3 expression in

brain tissues after ICH. The

expression of caspase-3

increased after ICH and peaked

at 2 days. GAPDH was used to

confirm that equal amount of

protein was run on gel.

b Quantification graphs (relative

optical density) of the intensity

of staining of SSTR1 to

GAPDH at each time point. The

data are mean ± SEM. (n = 3,

*p \ 0.05, significantly distinct

from the normal group and

sham group). c In brain coronal

slices within 3 mm distal to the

hematoma, the colocalization

between active caspase-3 and

SSTR1 were detected.

Moreover, there were

colocalizations between the

active caspase-3 and NeuN (f).

(ipsi) indicates perihematomal

region. Scale bars 20 lm (a)
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siRNA, or vehicle were subjected to Western blot analysis

48 h after transfection. In this way, high interference effi-

ciency of SSTR1-siRNA was confirmed (Fig. 6a, b). The

level of active-caspase-3 significantly declined 12 h after

SSTR1 silencing in the presence or absence of hemin

stimulation (Fig. 6c, d). The result was verified using

immunofluorescent staining (Fig. 6e).

Discussion

In the current study, we established a controlled autolo-

gous blood injection ICH model in adult rats to mimic

the clinical ICH. The rats suffering from ICH exhibited

significantly functional deficits, as assessed by behavioral

testing. Western blot and immunohistochemistry analyses

indicated that SSTR1 was significantly increased at

2 days in regions surrounding the hematoma after ICH.

Simultaneously, there was a similar up-regulation of

active-caspase-3 with that of SSTR1 in a time-dependant

manner. Double immunofluorescence labeling manifested

that SSTR1 was only located in neurons, but not in

astrocytes or microglia. In addition, colocalizations of

SSTR1 and active caspase-3 as well as bcl-2 were

detected around the hematoma. Immunohistochemistry

and immunofluorescence assays both manifested that

Fig. 5 a Detection of the

relationship between SSTR1

and bcl-2 after ICH. Western

blot analysis of bcl-2 expression

in brain tissues after ICH. The

expression of bcl-2 decreased

after ICH and reached valley at

2 days. b Quantification graph

(relative optical density) of the

intensities of bcl-2 expression to

GAPDH at each time point. The

data are mean ± SEM

(p \ 0.05, Asterisks indicates

significantly different from the

normal group and sham group).

c The colocalizations of SSTR1

with NeuN and bcl-2 were also

detected by double

immunofluorescent staining in

the perihematomal region (c, f).

(ipsi) indicates the

perihematomal region. Scale

bars 20 lm (a)
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SSTR1 was localized in the basal ganglia of brain, sug-

gesting that SSTR1 might take a part in the neuronal

apoptosis after ICH. In line with the hypothesis, depletion

of SSTR1 by siRNA recedes the apoptosis of PC12 cells,

indicating that SSTR1 may play a pro-apoptotic role in

nuerons after ICH. All the above data suggest that

SSTR1 may facilitate neuronal apoptosis though extrinsic

pathway following ICH.

Fig. 6 Involvement of SSTR1

in hemin-induced neuronal

apoptosis. Western blot analysis

showed the interference

efficiency of SSTR1-siRNA

oligo in PC12 cells (a).

Depletion of SSTR1 reduced the

level of active-caspase-3 (c).

The bar chart indicated the

relative densities of SSTR1 and

active-caspase-3 to GAPD H (b,

d). Data are mean ± SEM

(asterisk means p \ 0.05, pound

sign denotes p \ 0.05).

Immunofluorescent analysis of

the colocalization between

SSTR1 and active-caspase-3 in

control, non-specific siRNA or

SSTR1-siRNA transfected

PC12 cells after hemin

treatment (e)
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In addition to primary injury, ICH brings about a series

of molecular and cellular events (Wang and Dore 2007; Xi

et al. 2004). A large amount of previous researches pointed

to a critical involvement of neuronal apoptosis in the

pathology of ICH. In the current study, neuronal apoptosis

and induction of caspase-3 cleavage were investigated

adjacent to hematoma in the animals’ brains. The second-

ary injury following ICH contains both anti-apoptotic and

pro-apoptotic signaling cascades. Nevertheless, the corre-

lation between SSTR1 expression and neuronal apoptosis

suggests that SSTR1 may exert pro-apoptotic function in

ICH. In the process of apoptosis after ICH, mitochondria-

mediated intrinsic pathway plays an important role. Mito-

chondria are cellular organelles-where soluble proteins

embracing cytochrome c exist and the release of cyto-

chrome c from the intermembrane space into the cytosol

could initiate caspase activation (Kroemer et al. 2007;

Vaux 2011). The release of these proteins require com-

promised integrity of the mitochondrial outer membrane

(OMM) (Rui et al. 2013). The above process is triggered by

the name of OMM permeabilization (MOMP). bcl-2 family

proteins are the vital effectors of this process. They oli-

gomerize and imbed in the OMM when spurred by apop-

totic signals, then form lipidic pores induce MOMP and the

release of cytochrome c, leading to subsequent caspase-3

activation and cell apoptosis (Martinou and Youle 2011).

As a critical executor of apoptosis, caspase-3 brings signals

together from both the intrinsic and extrinsic pathways.

Neuronal apoptosis exerts vital influence on various

CNS diseases, such as ischemia stroke and intracerebral

hemorrhage (Broughton et al. 2009), and involves complex

and sophisticated pro-apoptotic and anti-apoptotic signals.

However, the exact relationship between neuronal apop-

tosis and SSTR1 remains to be elucidated. Multiples

studies have demonstrated that the activation of some

SSTR subtypes not only directly inhibited the proliferation

of tumor cells, but also was relevant to apoptosis (Qiu et al.

2006; War and Kumar 2012; War et al. 2011). A previous

data suggested that Bnip3L might be involved in neuronal

apoptosis in ICH through interacting with bcl-2 (Rui et al.

2013). bcl-2 is an apoptosis suppressor and important

parameter of apoptosis. The expression of bcl-2 was

strikingly decreased in colorectal cancer cells with positive

expression of SSTR1, SSTR2, SSTR3, or SSTR5, indi-

cating that the four SSTR subtypes can promote the

apoptosis of tumor cells and affect the progression of

colorectal cancer by down-regulating the bcl-2 expression

or counteracting the anti-apoptosis effects of bcl-2.

Apoptosis is mediated by SSTR1 via a block in the G1/S

progression in the cell cycle (Qiu et al. 2006; Stetak et al.

2001). However, the molecular mechanism that SSTR1

regulates apoptosis after ICH remains rarely known. This

prompts us to question whether SSTR1 is relate to neuroal

apoptosis following ICH. SSTR1 was the one of predom-

inant subtypes in all kinds of tissues; also the expression of

bcl-2 has correlation with positive expression of SSTR1, 2,

3, 5 in colorectal cancer cells (Qiu et al. 2006). bcl-2 family

proteins regulate and contribute to programmed cell death

or apoptosis. It is a large protein family and all members

contain at least one of four BH domains. Certain members

such as bcl-2, bcl-xl, and mcl1 are anti-apoptotic, while

others are pro-apoptotic. DNA damage can activate p53,

which results in the up-regulation of Bax and down-regu-

lation of bcl-2. The imbalance of Bax/bcl-2 facilitates

additional release of cytochrome c. The release of cyto-

chrome c conduces to the activation of caspase-9 and the

subsequent activation of caspase-3. A raise of Fas and Fas-

L induced the activation of caspase-8 leading to the acti-

vation of caspases-3, the latter induces apoptosis (Jiang

et al. 2014). Thereby, we studied the expression and dis-

tribution of SSTR1 in brain caudate putamen surrounding

the hematoma and found that SSTR1 expression was par-

allel with the expression of active-caspase-3 in both time-

dependent and region-specific manners, and there was also

partial co-labling between active-caspase-3 and SSTR1 at

day 2 after ICH. Our results investigating that knocking

down SSTR1 triggers apoptosis in PC12 cells suggest that

SSTR1 may play its pro-apoptotic role via the intrinsic

pathway.

Our present study demonstrated for the first time that the

expression of SSTR1 was markedly increased around the

hematoma after ICH, which manifested SSTR1 that might

be involved in the physiological and pathological processes

following ICH. ICH is a furious and devastating CNS

disease with high morbidity and mortality. Therefore, a

more clear understanding about the molecular and cellular

mechanisms underlying neuronal apoptosis following ICH

is in urgent need for the development of improved treat-

ment. Our results supported the hypothesis that up-regu-

lation of SSTR1 around the hematoma was involved in

neuronal apoptosis following ICH, probably through the

modulation of bcl-2 expression. According approaches

targeting SSTR1 activation might elicit beneficial effects in

the prevention of deteriorating result after ICH, implying

that SSTR1 may serve as a therapeutic target of ICH.

Upregulated expression of SSTR1 that is involved in

neuronal apoptosis reveals that SSTR1 may be considered

as a therapeutic target in ICH. Further studies should be

executed to clarify the detailed involvement of SSTR1 in

CNS pathology, hereby achieving better prognosis fol-

lowing ICH.
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