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Adenovirus viral interleukin-10 inhibits adhesion molecule expressions
induced by hypoxia/reoxygenation in cerebrovascular endothelial cells1
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Abstract

Aim: To investigate the effects of recombinant adenovirus encoding viral

interleukin-10 (vIL-10), a potent anti-inflammatory cytokine, on adhesion mol-

ecule expressions and the adhesion rates of leukocytes to endothelial cells in

cerebrovascular endothelial cells injured by hypoxia/reoxygenation (H/R).

Methods: A recombinant adenovirus expressing vIL-10 (Ad/vIL-10 (or the green

fluorescent protein (Ad/GFP) gene was constructed.  A cerebrovascular endothe-

lial cell line bEnd.3 was pretreated with a different multiplicity of infection (MOI)

of Ad/vIL-10 or Ad/GFP and then exposed to hypoxia for 9 h followed by

reoxygenation for 12 h.  The culture supernatants were tested for the expression of

vIL-10 and endogenous murine IL-10 (mIL-10) by ELISA.  The effects of Ad/vIL-

10 on monocyte–endothelial cell adhesion were represented as the adhesion rate.

Subsequently, the expressions of intercellular adhesion molecule 1(ICAM-1) and

vascular cell adhesion molecule 1( VCAM-1) in the endothelial cells after treat-

ment with Ad/vIL-10 and H/R were analyzed by Western blotting and real-time

PCR.  Results: vIL-10 was expressed in cultured bEnd.3 after Ad/vIL-10 transfec-

tion and was significantly increased by H/R.  Ad/vIL-10 or Ad/GFP did not affect

the mIL-10 level.  H/R increased the mIL-10 expression, but insignificantly.  Mono-

cyte–endothelial cell adhesion induced by H/R was significantly inhibited by

pretreatment with Ad/vIL-10 (MOI: 80).  ICAM-1, and VCAM-1 in bEnd.3 and

were significantly increased after H/R, while pretreatment with Ad/vIL-10 (MOI:

80) significantly inhibited their expressions.  Ad/GFP did not markedly affect mono-

cyte–endothelial adhesion and the expressions of ICAM-1 and VCAM-1 induced

by H/R.  Conclusion: Ad/vIL-10 significantly inhibits the upregulation of endot-

helial adhesion molecule expressions and the increase of adhesion of monocytes–

endothelial cells induced by H/R, indicating that vIL-10 gene transfer is of far-

reaching significance in the therapy of cerebrovascular inflammatory diseases,

and anti-adhesion treatment may reduce H/R injury.
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Introduction

Stroke is one of the most frequent causes of death and

disability worldwide and has significant clinical and socio-

economic impact.  Although different mechanisms are in-

volved in the pathogenesis of stroke, there is increasing

evidence showing that inflammation accounts for its progres-

sion[1,2].  Inflammation is characterized by the accumulation of

inflammatory cells and mediators in the ischemic brain[3].  Af-

ter the onset of ischemia, inflammatory cells, such as blood-

derived leukocytes and microglia are activated and accumu-

late within the brain tissue, subsequently leading to inflamma-

tory injury.  Experimental studies have suggested that poly-

morphonuclear leukocytes play a role in the development

of secondary injury after acute ischemic infarction.  The inhi-

bition of the accumulation of neutrophils decreases ischemic

injury[4].  Experimental observations have led to the hypoth-

esis that focal cerebral ischemia induces an activated state of
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leukocytes and cerebral endothelial cells[5].  Subsequently,

also on reperfusion, leukocytes may adhere to the activated

endothelium, plug capillaries, migrate into brain tissue, and

release pro-inflammatory mediators.  This inflammatory re-

action could lead to secondary injury of potentially salvage-

able neurons in the penumbra around the infarct[6].

Adhesion molecules play a pivotal role in the infiltration

of leukocytes into the brain parenchyma after stroke and

may represent important therapeutic targets[7].  Three major

steps, rolling, adhesion, and transendothelial migration of

leukocytes, are involved in the access of leukocytes to the

brain through the endothelial wall.  Activated leukocytes, es-

pecially neutrophils, result in further damage of ischemic le-

sions through reperfusion or secondary injury mechanisms[8].

The interaction between leukocytes and the vascular endot-

helium is mediated by 3 main groups of cell adhesion

molecules: selectins, the immunoglobulin superfamily, and

integrins[9].  Several reports have shown that inhibiting leu-

kocyte adhesion by targeting various adhesion molecules,

thus preventing leukocytes from entering ischemic brain,

results in reduced neurological injury[10].  Furthermore, ani-

mals deficient in adhesion molecules have a reduced infarct

volume after transient focal cerebral ischemia[11].  Several

adhesion molecules have been documented in both perma-

nent and transient middle cerebral artery occlusion[3,12].  Ani-

mal experiments investigating the effect of anti-adhesion

molecule strategies in focal cerebral and spinal cord ischemia

have shown a beneficial effect in models in which transient

focal ischemia was followed by reperfusion[13,14].  Treatment

with anti-adhesion molecule antibodies not only improved

outcomes, but also increased the therapeutic time window.

Therefore, the inflammatory response that exacerbates

cerebral injury by hypoxia/reoxygenation (H/R) is an attrac-

tive therapeutic target.  Several studies have confirmed that

anti-inflammatory therapies with a deduction of adhesion

molecule expressions and leukocyte adhesion rates can sig-

nificantly attenuate the development of brain infarction and

the worsening of the neurological outcomes[15–17].

Our previous studies showed that some drugs could at-

tenuate inflammatory responses and subsequently amelio-

rate brain ischemia injury by upregulating interleukin-10 (IL-10)

expression.  It is generally known that IL-10 is a potent anti-

inflammatory cytokine produced by Th2 cells that predomi-

nantly mediates immunosuppressive effects through the

downregulation of macrophage functions and the inhibition

of pro-inflammatory cytokines produced by Th1 cells.

Viral interleukin-10 (vIL-10), a known prominent anti-in-

flammatory cytokine, is highly homologous to human and

mouse IL-10 (mIL-10) and shares most functions and many

biological properties[18].  Because B lymphocytes play a role

in autoimmune diabetes, this unique property of vIL-10 may

be especially important[18].  Experimentally, vIL-10 can be

distinguished from mIL-10 in mouse models and can be spe-

cifically neutralized by an antibody without cross-reactivity

to mIL-10.  Moreover, another advantage of using vIL-10 is

lack of local inflammation at the administration site.  These

data suggest that the use of vIL-10 instead of mIL-10 pro-

vides a more direct and specific experimental assessment in

this study.

In this study, we constructed a recombinant adenovirus

expressing vIL-10, encoded by the Epstein–Barr virus BCRF1

open-reading frame.  The aim was to investigate the effects

of the gene transfer of vIL-10 on adhesion molecule expres-

sions and the leukocyte adhesion rates in cerebrovascular

endothelial cells injured by H/R.

Materials and methods

Reagents  A primary antibody for ICAM-1 and VCAM-1

were obtained from Santa Cruz Biotechnologies (Santa Cruz,

CA, USA).  The mIL-10 ELISA kit was purchased from R&D

Systems (Minneapolis, MN, USA).  The vIL-10 ELISA kit

was obtained from Pharmingen (San Diego, CA, USA).

Construction of a recombinant adenovirus expressing vIL-

10 and green fluorescent protein  Recombinant adenoviruses

were constructed by using a simplified homologous recom-

bination method as previously described[19].  To generate

recombinant adenovirus vectors expressing vIL-10, cDNA

sequences encoding vIL-10 were isolated from the MFG/

vIL10 plasmid.  A recombinant adenovirus expressing the

green fluorescent protein (GFP) gene or buffer alone was

used as a control.  High titer adenoviral stocks were propa-

gated in 293 cells and purified by cesium chloride gradient

centrifugation.  The banded virus was removed, desalted by

dialysis in storage buffer (1 mol/L sucrose and 5 mmol/L

alpha-cyclodextrin [Sigma, St Louis, MO, USA] in phosphate-

buffered saline [PBS]), and stored in small aliquots at -80 °C.

Repeated freeze/thaw cycles of the Ad stocks were avoided.

Viral stocks and the infected cells were handled only in a

class II laminar flow hood and maintained in a CO2 incubator

designated for hat purpose.  The viral titer was determined

by a plaque assay on human embryonic kidney 293 cells.

After purification, the virus was suspended in PBS with 3%

sucrose and stored at -80 °C until use.

Culture of cerebrovascular endothelial cell line A

cerebromicrovascular endothelial cell line from mouse bEnd.3

(American Type Culture Collection, Manassas, VA, USA)

was maintained in Dulbecco’s modified Eagle’s medium

(DMEM; Gibco, Grand Island, NY, USA) containing 10%
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heat inactivated fetal bovine serum, penicillin (0.1 U/L), and

streptomycin (0.1 g/L) in a humidified 5% CO2 and 95% air

incubator at 37 °C.  For adenoviral infections, the cells were

grown to 30%–40% confluence and changed to serum-free

medium containing Ad/vIL-10 or Ad/GFP.  The infected cells

were incubated for 1.5 h and then restored to normal DMEM

containing 10% fetal calf serum for an additional 2 d of

incubation.

H/R  After pretreatment for 48 h with Ad/vIL-10, the re-

sulting subconfluent monolayers of bEnd.3 were exposed to

hypoxia (5% CO2 and 95% N2) for 9 h in a commercially avail-

able hypoxia chamber (model 1029, Forma Scientific, Marietta,

Ohio, USA) at 37 °C in the presence or absence of Ad/vIL-10

(multiplicity of infection [MOI]: 10~80) by a grouping

progress.  After hypoxia incubation, reoxygenation was per-

formed in a humidified cell culture incubator (5% CO2 and

95% air) at 37 °C for 12 h.  The culture supernatants were

collected for instant analysis or stored at -20 °C for further

analysis.

Monocyte adhesion  To test the effects of vIL-10 on the

adhesion of monocytes to endothelial cells, bEnd.3 cells were

grown to confluence on 96-well culture plates and then

treated by 9 h hypoxia followed by 12 h reoxygenation be-

fore the adhesion assays.  Ten minutes before the adhesion

assay, the endothelial cells were washed with PBS.  Cultured

THP-1, a human monocytoid cell line, were washed and di-

luted to a final concentration of 106 cells/mL.  The THP-1

cells (100 µL) were added to each well of the endothelial cells

and were allowed to coincubate with the endothelial mono-

layer for 1 h.  Each well was turned to appropriate degrees at

15 min to allow the uniform distribution of the THP-1 cells

across the endothelial monolayer.  The non-adherent mono-

nuclear cells were carefully removed by 2 washes with pre-

heated PBS.  The adherent cells were counted by micros-

copy using a computer-aided image analysis system

(ImageAnalyst, Automatix, Billerica, MA, USA).

ELISA for vIL-10 and mIL-10  The culture supernatants

were collected after treatment by H/R.  The vIL-10 levels in

the supernatants from the fresh endothelial cell cultures were

measured using a sandwich ELISA with an anti-vIL-10 mono-

clonal antibody (mAb; Pharmingen, USA).  This antibody did

not have cross-reactivity with mIL-10.  The ELISA kit for vIL-10

with the mAb was used according to the manufacturer’s

directions.  Endogenous mIL-10 levels in the culture super-

natants were measured using commercially available reagents

(R&D Systems, USA).

Western blotting analysis  Cultured cells were lysated

with 2× SDS (100 mmol/L Tris·HCl [pH 6.8], 200 mmol/L

dithiothreitol; 4% SDS, 0.2% bromophenol blue, and 20%

glycerin), and centrifuged at 10 000×g for 10 min.  The pro-

tein concentration was estimated by the BCA protein assay

reagent kit (Pierce, Rockford, IL, USA).  The samples of 50

µg proteins were then separated by 10% SDS-PAGE with a

Bio-Rad mini-protean cell (Hercules, CA, USA), and then

transferred to nitrocellulose membranes (Amersham, Arling-

ton Heights, IL, USA).  After incubation with blocking solu-

tion (5% non-fat milk, Sigma, USA), the membranes were

incubated with polyclonal primary antibodies at optional di-

lution overnight at 4 °C.  The membranes were washed and

incubated with the second antibody at optional dilution for

2 h or more.  They were then detected using an ECL detec-

tion system (Amersham Pharmacia Biotech, Uppsala, SE,

Sweden), and the relative intensity of the bands of interest

was analyzed by relative protein analytic software.

RT-PCR  The RNA was extracted with chloroform/

isoamyl alcohol and precipitated with 70% ethanol.  The re-

sulting RNA was quantified spectophometrically, and then

0.5–1 g/L RNA was used to synthesize the cDNA.  The cDNA

was amplified using specific primers as follows: vlL-10:

forward, 5 -́CGAAGGTTAGTGGTCACTCT-3  ́and reverse, 5 -́

CACCTGGCTTTAATTGTCATG-3 ;́ and β-actin: forward, 5 -́

TAAAGACCTCTATGCCAACACAGT-3  ́and reverse, 5 -́

CTACTCAGGCCGGGGAGGTAGCAC-3 .́

Forty PCR cycles yielded a vIL-10 fragment (506 bp) us-

ing an automated thermocycler (PTC100, MJ Research,

Hercules, CA, USA) with cycles of 96 °C for 30 s, 58 °C for 45

s, and 72 °C for 1 min.  The cDNA from a vIL-10 plasmid

using the same RT-PCR reaction was used as a positive

control.  β-actin (250 bp) was amplified from the same cDNA

in a separate reaction and the same PCR cycle settings.  The

product was separated on a 1% agarose gel and visualized

with 1% ethidium bromide staining with a UV source.

Real-time PCR assay ICAM-1 and VCAM-1 mRNA lev-

els were determined by real-time PCR and expressed relative

to the expression of GAPDH; the mRNA levels after H/R

were normalized to normoxic control bEnd.3.  Purified total

RNA from bEnd.3 was eluted in RNase-free water and stored

at -80 °C.  The quality of the samples was determined by

analysis on 1.2% agarose electrophoresis gels.  Next, total

RNA was reverse-transcribed to single-strand cDNA using

the SYBR ExScript RT-PCR kit (TaKaRa, Otsu, Japan) by in-

cubation of total RNA (1 µg) with ExScript RTase (100 U),

oligo(dT) primer (100 pmol/L), dNTP (1 mmol/L), and a RNase

inhibitor (20 U) at 42 °C for 15 min in a final volume of 20 µL.

The reaction was terminated by incubation at 95 °C for 2 min.

The primers used for the SYBR green PCR are as follows: β-

actin: forward, 5 -́AGTGTGACGTTGACATCCGT-3  ́and

reverse, 5 -́GCAGCTCAGTAACAGTCCGC-3´; ICAM-1:
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forward, 5 -́GGCATTGTTCTCTAATGTCTCCG-3  ́and

reverse, 5 -́GCTCCAGGTATATCCGAGCTTC-3 ;́ and VCAM-1:

forward, 5 -́AGTTGGGGATTCGGTTGTTCT-3  ́and reverse,

5 -́CCCCTCATTCCTTACCACCC-3 .́

The ICAM-1 and VCAM-1 primers were obtained from

the Primer Bank (http://pga.mgh.harvard.edu/primerbank/).

Primers across exon–exon junctions were designed.  Con-

tamination with genomic DNA was monitored by omitting

the reverse transcriptase, and no-template controls served

as the negative control.

SYBR green PCR amplifications were performed in a DNA

Engine Peltier Thermal cycler coupled with a Chromo 4 real-

time PCR detector (Bio-Rad, USA).  The reactions were car-

ried out in a 96-well plate in a 20 µL reaction volume contain-

ing 10 µL of 2×SYBR green master mix (TaKaRa SYBR

Exscript), a 0.2 µmol/L concentration of each forward and

reverse primer.  The thermal profile for all SYBR green PCR

was 95 °C for 5 min, followed by 40 cycles of 95 °C for 20 s,

60 °C for 40 s, and 72 °C 20 s.  Each sample was replicated 2–3

times.  All reactions were repeated at least 3 times indepen-

dently to ensure the reproducibility of the results.

Statistical analysis  Data are presented as the mean±SD.

Student’s t-test was used for the analysis comparing 2 dif-

ferent groups.  Differences between the groups were com-

pared by one-way ANOVA.  Statistical significance was con-

sidered to be achieved if P<0.05.

Results

Identification of vIL-10 in bEnd.3 after Ad/vIL-10 trans-

fection  The RT-PCR analysis revealed that only the vIL-10-

transfected group produced a 506 bp fragment consistent

with vIL-10 (Figure 1).  Neither the vehicle nor GFP controls

had any bands when RT–PCR was performed using the spe-

cific vIL-10 primers.  All of the groups had similar intensity

bands of the housekeeping gene β-actin, suggesting ad-

equate starting cDNA.

vIL-10 and mIL-10 expressions after Ad/vIL-10 trans-

fection  The vIL-10 levels in the supernatant from freshly

cultured bEnd.3 were measured using a sandwich ELISA with

an anti-vIL-10 mAb (Figure 2).  vIL-10 was significantly ex-

pressed after the transfection of Ad/vIL-10 (8.62 ng/mL) and

further increased by 11.37 ng/mL via H/R treatment.  There

were no detectable transgene products in the culture me-

dium after the transfection with Ad/GFP.  The mIL-10 levels

were increased by H/R, but insignificantly, and the gene

transfer of vIL-10 or the GFP gene did not significantly affect

the mIL-10 levels.

Ad/vIL-10 deducted the adhesion rate of monocytes to

cerebrovascular endothelial cells After coincubation for

1 h, the adhesion rate was determined (Figure 3).  Ad/GFP

transfection did not affect the basic adhesion of monocytes

to endothelial cells (P>0.05, 13.26%±1.62% vs 15.33%±1.81%

of the vehicle).  H/R treatment significantly enhanced the adhe-

sion of monocytes to cultured bEnd.3 (P<0.01, 62.17%±4.73%

Figure 1.  Identification of vIL-10 expression by RT–PCR.  Lanes 1–3,

vIL-10 plasmid, DNA marker, and bEnd.3 transfected by Ad/vIL-10,

respectively; lane 4, untransfected bEnd.3; lane 5, bEnd.3 trans-

fected by Ad/GFP.  The cDNA-amplified product from a MFG/vIL-10

plasmid served as a control (lane 1) and generated a 506 bp fragment.

No bands were seen at this size in the vehicle or the Ad/GFP controls.

In contrast, a distinct band at 506 bp was present in the vIL-10

group, confirming a successful transfection.  Similar levels of β-actin

were seen in all of the groups.

Figure 2.  Examination of vIL-10 and mIL-10 levels by ELISA

assay after H/R treatment (n=3).  vIL-10 expression was observed 48

h after Ad/vIL-10 transfection.  H/R treatment significantly increased

the vIL-10 expression.  Ad/GFP or Ad/vIL-10 did not affect the mIL-10

basic line.  H/R increased the mIL-10 level, but insignificantly.
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vs 15.33%±1.81% of the vehicle).  There was no significant

alteration of the adhesion rate in the Ad/GFP groups treated

by H/R as compared with the H/R groups (P>0.05, 58.39%±

5.33% vs 62.17%±4.73%).  Ad/vIL-10 significantly inhibited

the increase of the adhesion rate by H/R (P<0.05, 31.05%±3.

41% vs 62.17%±4.73% of H/R).

Ad/vIL-10 inhibits adhesion molecule expressions in

cerebrovascular endothelial cells  Untreated bEnd.3 consti-

tutively expressed ICAM-1 and VCAM-1.  After treatment

with H/R, the ICAM-1 and VCAM-1 proteins were increased

by 8.16- and 6.43-fold, respectively, as compared with the

groups not exposed to H/R.  Ad/GFP did not affect the expres-

sions of ICAM-1 and VCAM-1 induced by H/R.  Ad/vIL-10

(MOI: 10~40) had an insignificant inhibition of the expres-

sion of the ICAM-1 protein induced by H/R (P>0.05).  After

pretreatment with Ad/vIL-10 (MOI: 80), the ICAM-1 pro-

tein decreased by 4.13-fold compared with the H/R group

(P<0.05; Figure 4A).  The VCAM-1 protein level was still

higher than that of the vehicle after pretreatment with Ad/

vIL-10 (MOI: 40, 80) (3.71- and 1.61-fold vs vehicle,

respectively), but was significantly decreased in compari-

son with that of the H/R-treated groups (P<0.05; Figure 4B).

After treatment with H/R, the expressional tendency of

ICAM-1 and VCAM-1 mRNA was similar to that of their cor-

responding protein expressions (Figure 5).  Ad/GFP trans-

fection did not affect the basic expression of ICAM-1 and

VCAM-1 mRNA.  As compared with the vehicle and Ad/GFP

groups, the corresponding expressions of ICAM-1 and

VCAM-1 were increased by 35.47- and 28.33-fold,

respectively, after H/R.  H/R did not induce significant alter-

Figure 3.  Effects of Ad/vIL-10 on the adhesion of THP-1 cells to

cultured bEnd.3 (n=4).  H/R treatment significantly increased the

adhesion of THP-1 to bEnd.3.  Ad/vIL-10 pretreatment significantly

inhibited the induction of the adhesion by H/R as compared with

the vehicle.  Ad/GFP did not cause a significant a ltera tion of

adhesion.  aP>0.05, bP<0.05 vs vehicle.  eP<0.05 vs H/R.

Figure 4.  Western blot showed that Ad/vIL-10 inhibited ICAM-1 and VCAM-1 protein expressions induced by H/R (n=3).  H/R significantly

increased the ICAM-1 and VCAM-1 protein expressions.  ICAM-1 protein expression was significantly decreased by Ad/vIL-10 (MOI: 80) (A)

and the VCAM-1 protein was significantly inhibited by Ad/vIL-10 (MOI: 40~80) (B).  cP<0.01 vs vehicle.  eP<0.05 vs H/R.
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ations of ICAM-1 and VCAM-1 in the Ad/GFP groups in

comparison with the H/R-treated groups (P>0.05).  ICAM-1

decreased by 6.35-fold by Ad/vIL-10 (MOI: 80, P<0.01; Fig-

ure 5A) while Ad/vIL-10 (MOI: 10~40) did not affect ICAM-1

levels after H/R.  Ad/vIL-10 (MOI: 20) significantly inhibited

VCAM-1 mRNA (P<0.05), while the maximal inhibition of the

expression of VCAM-1 was observed at 80 MOI of the Ad/

vIL-10 group (P<0.01; Figure 5B).

adhesion and the expressions of ICAM-1 and VCAM-1 in-

duced by H/R in cerebrovascular endothelial cells.  The re-

sults showed that Ad/vIL-10 significantly decreased the

adhesion rate of monocytes to cerebrovascular endothelial

cells and ICAM-1 and VCAM-1 expressions induced by H/

R.  These findings indicated that the gene transfer of vIL-10

was an attractive way to inhibit CAM expression, and the

inhibition of the upregulation of adhesion molecules was a

promising approach to limit inflammatory response during

H/R.

In this study, we did not observe any significant increase

of mIL-10 in the cellular supernatant by ELISA assay after

Ad/vIL-10 or Ad/GFP transfection, which showed that both

the viral vector and vIL-10 did not affect the endogenous

mIL-10 expression.  An insignificant difference in mIL-10 lev-

els was found between the groups treated with H/R and the

vehicle, suggesting that the reduction of ICAM-1 and VCAM-1

was specifically produced by vIL-10 and not by endogenous

mIL-10.  These data showed that the overexpression of vIL-10

independently played a protective role in cell injury induced

by H/R under these conditions.  The endogenous mIL-10

did not represent a significant protective role and may be

related to 2 factors: mIL-10 did not achieve a sufficient con-

centration and played an inherent role.  However, the

overexpression of vIL-10 may mask role of mIL-10.

Our data supports the notion that H/R induces endothe-

lial activation and the subsequent upregulation of CAM.

After H/R, the adhesion rate increased 46.84%, and the ICAM-1

and VCAM-1 proteins increased by 7.16- and 5.43-fold,

respectively, which proved that there was an intrinsic rela-

tion between the increase of the adhesion rate and the

upregulation of the CAM expression.  In the groups pre-

treated with Ad/vIL-10, there was a significant descent in

the adhesion rate and CAM expression.  These data showed

that direct blocking of CAM or their ligands may represent,,

at least in part a potentially effective clinical treatment of

ischemia/reperfusion.  Moreover, in animal models, the cere-

bral infarction size was reduced by anti-ICAM-1 antibodies

administered during reperfusion[20].  The results from Rentsch

et al showed that anti-ICAM-1 antibodies significantly re-

duced infarction size and number of polymorphonuclear

leucocytes in ischemic issues, delayed inflammatory re-

sponses during ischemia, and decreased cell apoptosis in

the ischemic region[21].

Our data strongly argues that vIL-10 mediates its anti-

inflammatory action through the downregulation of CAM

expression.  In support of this contention, other investiga-

tors have found that vIL-10 mediates some of its anti-in-

flammatory activity through decreased CAM expression[22].

Figure 5.  Effects of Ad/vIL-10 on ICAM-1 and VCAM-1 mRNA

after H/R (n=3).  ICAM-1 (A) and VCAM-1 (B) were significantly

increased.  ICAM-1 and VCAM-1 were significantly decreased by trans-

fection with Ad/vIL-10 (MOI: 80).  cP<0.01 vs vehicle.  eP<0.05 vs H/R.

Discussion

The inflammatory response that exacerbates cerebral in-

jury by H/R is an attractive therapeutic target.  The increased

expression of adhesion molecules is well known to play an

important role in the development of cerebral infarction by

the recruitment and transmigration of leukocytes.  In this

study, we explored the effect of Ad/vIL-10 on monocyte
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In addition, other models support the interrelation between

IL-10 and CAM.  IL-10 similarly blunted inflammation sec-

ondary to myocardial ischemia/reperfusion through an

ICAM-1 mechanism, while in a mouse septic shock model,

IL-10 reduced liver injury and mortality through an ICAM-1

and VCAM-1 mechanism.  In addition, vIL-10 may not have

immunogenicity, and the systemic delivery of replication-

deficient adenoviral vectors was well tolerated[18,23].  Therefore,

the above-mentioned showed that the gene transfer of vIL-10

was a valuable approach in anti-inflammation and anti-adhe-

sion therapy during brain ischemia/reperfusion injury.  We

choose gene transfer technology to develop efficient

cytokines and prolong the expression of cytokines in vivo

because IL-10 has a short circulating half-life, which makes

vIL-10 more potent for anti-adhesion and anti-inflammation.

In summary, our results show that Ad/vIL-10 significantly

ameliorates monocyte-cerebrovascular endothelial cell ad-

hesion and inhibits the expression of CAM induced by H/R.

This study suggests that it is necessary to combine pre-

venting endothelial activation with blocking leukocyte ad-

hesion to avoid inflammation and tissue damage during H/R.

Thus, therapy of cerebrovasculature injury during H/R may

focus on anti-adhesion and limiting the inflammatory reac-

tions of the organism.  These data indicate that the gene

transfer of vIL-10 is an attractive approach to ameliorate cere-

brovascular endothelium injury during ischemia.
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