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Abstract Galectin-1, an endogenous mammalian lectin,

has been implicated in a variety of CNS disorders. However,

its role in cerebral ischemia is still elusive. In the present

study, we investigated the effect of recombinant galectin-1

on production of astrocytic brain-derived neurotrophic fac-

tor (BDNF) and functional recovery following ischemia.

Endogenous galectin-1 was found to be markedly upregu-

lated, paralleled with increased astrocytic BDNF production

under ischemic conditions both in vitro and in vivo.

Administration of galectin-1significantly enhanced the

expression and secretion of astrocytic BDNF in dose

dependent manner. Moreover, rats subjected to photo-

chemical cerebral ischemia showed reduced neuronal

apoptosis in ischemic boundary zone and improved func-

tional recovery after brain infusion of galectin-1 (1 lg/days,

7 days). These results suggest that induction of BDNF in

astrocytes by galectin-1 may be a promising intervention to

attenuate brain damage after stroke.
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Introduction

In central nervous system (CNS), astrocytes serve many

housekeeping functions essential for neuronal function [1,

2]. It is also actively involved in pathological reactions to

all forms of CNS insults, such as stroke, Alzheimer Dis-

ease, epilepsy and infectious diseases [3–5]. Under ische-

mic conditions, astrocytes become reactive and carry out

critical functions such as maintenance of ionic homeosta-

sis, prevention of excitotoxicity, scavenging free radicals,

provision of nutrients and growth factors, promotion of

neovascularization, and support of synaptogenesis and

neurogenesis that may influence the outcome of ischemic

injury [6, 7]. However, the role of astrocyte in the process

of neuronal damage induced by ischemia remains to be

determined.

Galectin-1 (Gal-1) is a soluble carbohydrate-binding

protein that has been implicated in a variety of biological

events [8–11]. In CNS, previous findings show that it is

widely expressed in both neurons and glia [12, 13] and has

general effects after injuries. It has been reported to be

involved in neurite outgrowth and synaptic connectivity of

peripheral nerve, resistance to glutamate toxicity and cel-

lular adaptation to redox status after stroke, proliferation of

neural stem cells and cerebellar astrocytes, as well as

production of inflammatory and neurotrophic factors after

injuries [8, 11, 12, 14, 15]. Those studies suggest that Gal-1

may have therapeutic potential to prevent neuronal damage

after stroke.

In the present study, we investigated the temporal

expression of Gal-1 in CNS cells after ischemia. Moreover,

the effect of recombinant Gal-1 on astrocytic expression of

BDNF, neuronal loss and functional recovery of rats post-

ischemia was also studied. Our results show that Gal-1 was

mainly expressed by activated astrocytes after ischemia,
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and exogenous Gal-1 could enhance the expression and

secretion of BDNF from cortical astrocytes in a dose

dependent manner. Furthermore, Gal-1 treatment sup-

pressed the neuronal death and improved the functional

recovery of rats following ischemia.

Experiment Procedure

Cell Cultures and Anoxic Treatment

Cultures of astrocytes from neonatal rat cortex were pre-

pared according to the method described previously [16].

Cells were plated in culture flasks at a density of

1–3 9 106/ml and maintained at 37�C and 5%CO2/20%O2

in DMEM-F12 supplemented with 10% FBS and 10% NBS

(Hyclone). In the second week of maintenance in vitro,

non-astroglial cells were removed by shaking. The majority

of remaining cells were astrocytes. Primary astrocyte cul-

tures were trypsinized and re-plated at 3 9 105 cells/cm2

onto new flask or poly-L-lysine coated glass coverslips. The

medium was changed every 3 days until confluence.

Purity of astrocyte cultures was determined by double-

labeling of cultured cells with anti-GFAP (Neomarkers,

1:200) and DAPI (Sigma, 10 lg/ml). It indicated that more

than 99% of the confluent cells were GFAP(?) astrocytes.

In order to mimic ischemic injury in vitro, anoxic

treatment of astrocytes was introduced as our previous

report [16]. Briefly, cells were cultured with serum-free

DMEM-F12 media in cell incubator (Thermo scientific) at

37�C, which was flushed with a gas mixture of 93% N2/5%

CO2/2% O2.

Photochemical Local Cerebral Ischemia Model

Adult male Wistar rats weighing 220–280 g were used.

The experimental procedures were performed in accor-

dance with protocols approved by the Governmental Ani-

mal Care Committee at Tongji Medical College. Rats were

randomly assigned to sham-operated (n = 6), ischemia

(n = 30) and Gal-1 treated (n = 18) groups. Rats were

anesthetized with intraperitoneal ketamine (75 mg/kg) and

xylazine (20 mg/kg) injection. Using aseptic technique,

2 cm longitudinal incision was made over the scalp and the

periosteum was removed. Rose Bengal (Sigma, 10 mg/kg,

dissolved in 0.9% NaCl) was injected i.p. Sham-operated

mice were injected with 0.9% NaCl. Then illumination was

started with a cold light source for 20 min to induce focal

cerebral ischemia (KL1500LCD, Schott. 15 W, 550 nm)

[17]. Rats in vehicle groups were sacrificed at days 1, 3, 7,

15 and 30 post-ischemia, respectively, whereas those in

Gal-1 treated groups were killed at days 7, 15 and 30.

Gal-1 Intervention

Gal-1(R&D systems) was dissolved in 0.9% saline with

1 mg/ml BSA (Hyclone) and 250 lM b-mercaptoethanol.

Gal-1 free solution was used as control. In astrocyte cul-

tures, Gal-1 was applied in culture media at the beginning

of anoxia with three concentrations, 10, 1 or 0.1 lg/ml.

For animal treatment, Gal-1 was dissolved in 0.9%

saline. Five microliters Gal-1 (1 lg/days, 7 days) or saline

was infused into the cerebellomedullary cistern through a

catheter in 5 min by microsyringe [18]. In order to keep its

stability and activity, Gal-1 was given immediately after

the operation and followed by daily injection as described

in previous reports [19].

Western Blot Analysis

Cell cultures were quickly scraped off and homogenized by

sonication in RIPA Lysis Buffer [20] with protease inhib-

itor cocktail (Sigma). Lysates were then centrifuged at

12,000g (4�C) for 10 min and the supernatant was col-

lected for protein concentration assay using a BCA kit [20].

Samples containing 60 lg total protein were loaded on

15% SDS–PAGE. After transferring to membrane, the

unspecific binding was blocked by a buffer containing 5%

fat-free dry milk in TBS. The membrane was then incubated

with primary antibody diluted in blocking buffer overnight

at 4�C. After washing membranes with 0.1% Tween-

20-TBS 10 min for four times, it was incubated with

horseradish peroxidase-conjugated IgG for 1 h at room

temperature, and then visualized with ECL kit [20]. The

following antibodies were used: goat anti-Gal-1 (R&D

systems, 1:400), rabbit anti-BDNF (R&D systems, 1:500),

mouse anti-b-actin (Neomarkers, 1:20,000) and horseradish

peroxidase-conjugated anti- goat/rabbit/mouse IgG (Pierce,

1:2,500). The integrated optical density (OD) of signals was

semi-quantified by Kodak Digital Science 1D system. After

normalized with b-actin, values were displayed as relative

amount to control (control was loaded as 100%).

Immunofluorescent and TUNEL Staining

Animals were sacrificed under anesthesia and perfused

with saline transcardially, followed by ice-cold 4% para-

formaldehyde postfixation for additional 4 h. Brains were

put in 30% sucrose-PBS at 4�C for 3 days, and cut at

30 lm thickness. Primary astrocyte cultures on glass cov-

erslips were fixed with methanol for 10 min at -20�C, then

blocked with 10% BSA-0.25%Triton-PBS.

Subsequently, slices were treated with primary antibody

for 18 h at 4�C, visualized with secondary antibody for 1 h

at room temperature, and observed with Laser scanning

confocal microscope (Olympus). The following antibodies
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were used: goat anti-Gal-1 (1:200), rabbit anti-BDNF

(1:200), mouse anti-GFAP (1:200), mouse anti-CD11b/c

(BD biosciences, 1:50), mouse anti-CNPase (Neomarkers,

1:200), Cy3-conjugated anti-goat/rabbit IgG and FITC-

conjugated anti-goat/mouse IgG (Pierce, 1:200).

DNA Fragmentation Analysis with TdT-Mediated dUTP

Nick-End Labeling (TUNEL) was performed using the Red In

situ Apoptosis Detection Kit (Chemicon) strictly according to

the manufacturer’s instructions. The slices were then co-

stained with NeuN (Chemicon, 1:200). Site near the bottom of

the infarct was captured by microscope (Olympus) and ana-

lyzed with Microimage analysis software (NIH image).

Since there is no acceptable definition of ‘ischemic

boundary zone’ [21], we observed the area 300 lm below

the infarct, where evident astrogliosis can be seen especially

at 7 days post-ischemia. Six rats were randomly enrolled in

each group and four sections from the core of ischemic site

were taken for labeling. The number of positive cells in

300 lm wide around the margin of injury site was counted

at high-power magnification (9200). GFAP and BDNF,

or GFAP and Gal-1 double-stained cells were counted

regardless the intensity of labeling. Cell counts were per-

formed by two different investigators who were blind to the

classification of tissues. The estimated cell number (n) was

the average of values from four adjacent sections.

Behavioral Measurements

Behavioral changes of 6 rats in either vehicle or Gal-1 treated

group were evaluated according to a modified Neurological

Severity Score (NSS) [22]. Tests were performed before and

at days 1, 7, 15 and 30 post-ischemia by an investigator

blinded to experimental groups. The neurological score was

graded on a scale of 0–10 (Normal score = 0, maximal

deficit score = 10), which was composed of motor, sensory,

and reflex tests (Table 1). Scores of 8–10 indicate severe

injury; 4–6, moderate injury; and 1–3, middle injury.

Statistical Analysis

Data are presented in mean ± S.E. Statistically significant

differences (defined as P \ 0.05) were evaluated by one-

way ANOVA followed by Tukey’s post hoc test or Stu-

dent’s t test.

Results

Gal-1 is Increased in Astrocyte Cultures Under Anoxic

Conditions

Under normal conditions, astrocytes were initially identified

according to their characteristic morphological shapes

which were small in soma size, appearing either as round or

irregular shapes with visible primarily processes extending

from the soma. Gal-1 was shown to be moderately expressed

in cultured astrocytes mostly in cytoplasm (Fig. 1A1). After

anoxic treatment, astrocytes were activated and became

hyperplasia and hypertrophy, which was accompanied by

elevated fluorescent density of Gal-1 (Fig. 1A2).

Corresponding to immuocytochemical staining, western

blots displayed the temporal changes of Gal-1 expression

in cultured astrocytes after anoxia. As shown in Fig. 1B,

Gal-1 expression was increased significantly at 6 h and

12 h post-anoxia, and decreased gradually later.

Gal-1 Enhances Astrocytes to Produce BDNF After

Anoxia In Vitro

BDNF is a neuroprotective polypeptide essential for neuron

function. Astrocytes can produce several neurotrophic

factors including BDNF to maintain neuronal activity

under both physiological and pathological conditions. As

shown in Fig. 2A1, BDNF was expressed in cultured

astrocytes. Although BDNF immunoreactivity was weak at

1 day anoxia (Fig. 2A2), addition of Gal-1 increased the

expression of BDNF significantly (Fig. 2A3).

Western blot analysis revealed that the expression

of BDNF was upregulated by Gal-1 treatment in a

dose-dependent manner (Fig. 2B). At 1 day anoxia, 1 and

10 lg/ml Gal-1 elevated BDNF expression in astrocytes

significantly, compared to vehicle treated group (Fig. 2C).

We next measured the BDNF secreted into cultured media

by ELISA analysis (Fig. 2D). Consistent with the expres-

sion in cells, Gal-1 enhanced astrocytic secretion of

BDNF dose-dependently after the exposure (506.60 ±

46.24 pg/ml in 10 lg/ml Gal-1 treated group vs. 362.61 ±

20.38 pg/ml of anoxia group).

Table 1 Neurological severity score

Appearance Score

Flexion of forelimb 1

Flexion of hindlimb 1

Head moved [ 10� to vertical axis within 30 s 1

Normal walk 0

Inability to walk straight 1

Circling toward paretic side 2

Falls down to paretic side 3

Pinna reflex (head shake when auditory

meatus is touched)

1

Corneal reflex (eye blink when cornea is lightly

touched with cotton)

1

Startle reflex (motor response to a brief noise

from snapping a clipboard paper)

1

Seizures, myoclonus, myodystony 1
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Expression of Gal-1 and BDNF are Paralleled

in Activated Astrocytes in Ischemic Boundary Zone

We next tested whether Gal-1 and BDNF was expressed in vivo

and how ischemia affected their expression. The region as

shown in Fig. 3A was focused for investigation. Immunofluo-

rescent staining showed that Gal-1 was expressed in sham-

operated brain (Fig. 3B1) and upregulated in activated

astrocytes after ischemia (Fig. 3B2–4). By labeling Gal-1 with

markers special for neuron (Fig. 4A), astrocyte (Fig. 3B),

microglia (Fig. 4B) and oligodendrocyte (Fig. 4C), the

expression of Gal-1 was found to mainly co-localize with

GFAP(?) astrocytes in ischemic boundary zone. Statistic

analysis showed that percentage of Gal-1(?) astrocytes peaked

at 7 days post-ischemia (Fig. 3D). Meanwhile, only transient

upregulation of Gal-1 expression was found in cortical neurons

Fig. 1 Expression of Gal-1 in astrocyte cultures following anoxia.

(A) Double staining of GFAP and Gal-1. It demonstrated that Gal-1

was immunoreactive in astrocytes (A1) and was upregulated after

astrocyte activation induced by 6 h anoxia (A2). Scale bar = 50 lm.

(B) Expression of Gal-1 protein after anoxia. It showed that

expression of astrocytic Gal-1 was elevated at 6 and 12 h, but

decrease at 3 days post-anoxia, compared to normal cultured control.

Values are expressed as the mean ± S.E. (n = 6). # P \ 0.01

(one-way ANOVA test)

Fig. 2 Gal-1 treatment

enhances expression of BDNF

in astrocyte cultures after

anoxia. (A) BDNF

immunoreactivity in astrocytes

normal-cultured (A1), after

1 day anoxia (A2) and treated

by 10 lg/ml Gal-1 (A3). Scale

bar = 100 lm. (B) Expression

of BDNF protein in astrocytes

after 1 day treatment.

(C) Concentration of BDNF in

supernatant detected by ELISA

after 1 day treatment. It

exhibited that expression and

secretion of astrocytic BDNF

were enhanced by Gal-1 dose-

dependently. Values are

expressed as the mean ± S.E.

(n = 6). # P \ 0.01;

* P \ 0.05 vs. anoxia group

(one-way ANOVA test)
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at 6 h post-ischemia (Fig. 4A2), whereas few Gal-1(?)

microglia and oligodendrocyte was detected either in normal

cortex (Fig. 4B1, C1) or after the injury (Fig. 4B2, C2).

In sham-operated animals, BDNF was mainly expressed

in neuron-like cells. Contrastively, only weak immunore-

activity was found to merge with GFAP(?) cells (Fig. 3C1).

Consistent with Gal-1, the expression of BDNF was also

upregulated after ischemia, which preferentially appeared in

activated astrocytes (Fig. 3C2–4). Percentage of BDNF(?)

astrocytes peaked at 7 days post-ischemia (63.34 ± 6.33%

vs. 8.88 ± 1.56% of sham-operated group) (Fig. 3D).

Gal-1 Enhances Expression of BDNF in Astrocytes

in Ischemic Boundary Zone

To investigate whether Gal-1 enhances the production of

BDNF in vivo, we performed brain infusion of Gal-1 and

studied the expression of astrocytic BDNF by immuno-

fluorescent staining. Significant cytoplastic location of

BDNF immunoreactivity appeared in activated astrocytes

after the treatment at days 7 and 15 post-ischemia

(Fig. 3E1, E2), which was accompanied by the elevation of

BDNF(?) astrocyte rates (Fig. 3F).

Fig. 3 Expression of BDNF

and Gal-1 in astrocytes in rats

post-ischemia. (A) Schematic

drawing of coronal brain

sections taken from ischemic

animals induced by

photochemistry. Infarct (dark
gray) in the cortex is surrounded

with ischemic boundary zone,

where we took photos for

analysis. (B/C) Double staining

of Gal-1/BDNF and GFAP in

cortex of sham-operated or

ischemic animals. (D) Time

profile of astrocytic Gal-1/

BDNF expression post-ischemia

after statistic analysis. It

demonstrated that BDNF was

elevated post-ischemia,

paralleling with the increase of

Gal-1, both of which were

localized in activated astrocytes.
# P \ 0.01, * P \ 0.05 vs.

sham-operated control (one-way

ANOVA test). E1 and E2:

BDNF expression in activated

astrocytes after Gal-1 infusion

(1 lg/day, 7 days) at days 7 and

15 post-ischemia, respectively.

(F) Comparison of BDNF (?)

astrocyte rates between Gal-1

and vehicle treated groups.

After 7 days Gal-1 treatment,

astrocytic BDNF expression

was enhanced significantly.
# P \ 0.01, * P \ 0.05 vs.

vehicle treated control

(Student’s t test). Values are

expressed as the mean ± S.E.

(n = 6). Scale bar = 100 lm
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Gal-1 Attenuates Neuronal Loss and Improves

Functional Outcome of Rats Suffering Ischemia

Since Gal-1 treatment enhanced the production of BDNF, it

is reasonable to conceive that it can attenuate ischemic

neuronal death and provide neuroprotective effects. Thus

we performed double staining of NeuN and TUNEL to

investigate the neuronal death induced by ischemia

(Fig. 5A). TUNEL(?) neurons were seen as early as 1 day,

increased at 3 days and peaked at 7 days post-ischemia.

Contrastively, Gal-1 treatment significantly reduced the

percentage of TUNEL(?) neurons (day 7, 13.48 ± 3.31%

vs. 32.14 ± 4.64%; day 15, 11.91 ± 3.23% vs. 28.14 ±

4.63% of vehicle treated groups) (Fig. 5B).

Fig. 4 Expression of Gal-1 in

neuron, microglia and

oligodendrocyte in rat cerebral

cortex. Gal-1 was double-

stained with NeuN, CD11b/c

and CNPase, the cell markers

for neuron, microglia and

oligodendrocyte, respectively.

By time dependent observation,

little Gal-1 immunoreactivity

was seen in neuron (A1),

microglia (B1) and

oligodendrocyte (C1) of sham-

operated rats. Although

transient expression appeared in

neurons around ischemic infarct

at 6 h post-ischemia (A2), no

Gal-1 immunoreactivity was

detected in activated microglias

and oligodendrocytes, taking

3 days post-ischemia for

example (B2 and C2). Scale

bar = 100 lm

Fig. 5 Gal-1 attenuates neuronal apoptosis and improves behavioral

outcomes after ischemia. (A) Double staining of NeuN and TUNEL in

cortex of sham-operated and 7 days ischemic rats. (B) Cartogram for

statistic results of neuronal apoptosis. Suppression of neuronal

apoptosis was seen after 7 days Gal-1 infusion both at days 7 and

15 post-ischemia. (C) Statistic results of Neurological severity score

(NSS). It showed that persistent sensorimotor damage appeared

quickly after the ischemia, with the maximum score at 1 day post-

ischemia. Contrastively, Gal-1 infusion promoted functional recovery

effectively from 7 days post-ischemia on. Values are expressed as the

mean ± S.E. (n = 6). # P \ 0.01, * P \ 0.05 vs. vehicle-treated

animals (Student’s t-test). Scale bar = 100 lm
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In addition, administration of Gal-1 post-ischemia sig-

nificantly mitigated the functional deficits during 1 month

observation (Fig. 5C). Although all rats exhibited obvious

functional deficits at 1 day post-injury, improvement in

behavioral outcome was observed within 7 days in both

Gal-1 and vehicle-treated rats. By application of Gal-1, it

resulted in progressively lower final neurological severity

scores compared to that of vehicle treated groups, which is

in accordance with the reduction of TUNEL(?) neurons in

ischemic boundary zone.

Discussion

Our present study demonstrates that Gal-1 is an endoge-

nous protein that can be upregulated in activated astrocytes

after ischemic injuries, and exogenous Gal-1 treatment

induces the production of BDNF from cortical astrocytes in

vitro and vivo, which may contribute to the recovery of

focal cerebral ischemia, although we are unable to con-

clude that the functional recovery is directly benefited from

the increased astrocytic BDNF.

Gal-1 is a ubiquitously expressed 14.5 kDa protein

which can be localized in the developing brain, olfactory

system, and restricted to peripheral nervous tissues with

maturation [11, 12, 23]. However, the expression of Gal-1

in CNS is still never completely identified. Previous studies

showed that it is expressed in cell body of neurons in

several brain stem nucleuses and astrocytes from subven-

tricular zone and cerebellum [12, 13, 24]. After injuries,

Gal-1 expression seems to tightly correlate with activated

astrocytes. It was reported to be upregulated in subven-

tricular zone astrocytes and contributed to adult neuro-

genesis after focal ischemias [12]. After systemic kainate

administration, Gal-1 is remarkably increased in activated

astrocytes of the CA3 subregion and dentate gyrus of

hippocampus [25]. In this study, we found that Gal-1

expression was highly induced in cortical astrocytes acti-

vated by either anoxia to cell cultures or photochemical

thrombosis in animals. Collectively, these documents

suggest that Gal-1 is mainly expressed by astrocytes in

CNS.

Until recently, it’s still not thoroughly known that how

astrocytic Gal-1 functions in brain after ischemia. Previous

studies prompt that astrocytic Gal-1 likely act as an

endogenous molecule for certain functions following

injuries, maybe as a growth-stimulating or survival factor

for neurons [26, 27] and a chemical mediator of inflam-

matory response [28]. It also has been confirmed that after

1-day treatment to cerebellar astrocytes with Gal-1, pro-

duction of BDNF was greatly increased [27].

We here observed the Gal-1 increased the expression of

BDNF in cortical astrocytes, which were directly involved

in focal cerebral ischemia. Different to the report by Sasaki

et al. [27], BDNF expression induced by Gal-1 in cortical

astrocytes is not fiercely as that in cerebullar astrocytes. It

may be partly attributed to different models used and het-

erogeneity of astrocytes from different brain regions [29].

Considering of Gal-1’s lectin activity that may induce

agglutination of red blood cells [30], we adopted a dose no

higher than 10 lg/ml (about 10 times lower than the

report). Through dose-dependant analysis, 10 lg/ml Gal-1

was found to be effective without significant side-effects.

Intracellular Gal-1 was reported to be a downstream

target of 4FosB regulating neuronal fate [31], while

endogenous Gal-1 is associated with cell multiplication

[10, 25]. Studies have showed that secreted endogenous

Gal-1 can act on the relevant receptors and induce down-

stream effects [8]. We here showed that endogenous Gal-1

can be induced by anoxia, and exogenous Gal-1 contrib-

uted to the astrocytic BDNF production. It remains to be

determined whether exogenous and endogenous Gal-1 acts

in different way.

BDNF is a traditional neurotrophic factor which is

sensitive to various stimuli [32, 33]. Although BDNF was

mainly produced by neurons in physical condition [32], our

results support that increased BDNF after ischemia mainly

comes from activated astrocytes, and can be elevated by

agents like Gal-1. The enhanced BDNF after injuries was

reported to rescue damaged neurons and promote axonal

outgrowth, remyelination and regeneration, thus take a

neuroprotective and neurorestorative role after insults [22,

34, 35]. Those functions are proposed to be fulfilled in

activity-dependent secretion, which aids its local diffusion

in brain milieu [36]. Accordingly, we found that secretion

of BDNF was also enhanced by Gal-1 treatment.

Because of its role in enhancing BDNF production,

Gal-1 is supposed to have neuroprotective potential after

ischemia. We evaluated its effect in a rat model of focal

ischemia induced by photochemical injury, which has been

employed to produce reproducible pathological features

and the main characteristic stages of stroke [37]. The

consequent infarct in cortical regions facilitated our study

of structural and behavioral consequences of ischemia. In

this model, we found that apoptotic neurons were focused

around the infarct and peaked at 7 day post-ischemia. After

7-days continual infusion of Gal-1 into subarachnoid

space, percentage of TUNEL(?) neurons was significantly

reduced. Further neurological assessment showed that

Gal-1 treatment caused long-term improvement in neuro-

logical function. This result was in agreement with a pre-

vious report on gerbil focal ischemia model showing that

Gal-1 promotes functional recovery after ischemia through

facilitating neurogenesis [10].

We would like to elucidate that recovery of ischemic

rats might come from multiple effects of several pathways
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because Gal-1 takes a general role in CNS [8, 10, 38].

Although dependable data about the dose of astrocytic

BDNF valuable for neuroprotection has not been identified,

the increased production of astrocytic BDNF may partly

mediate this neuroprotective effect at least. Whatever, our

discoveries suggest that Gal-1 may be a candidate for the

therapy of cerebral ischemia.
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