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摘 要 ： Brainmicrovascularendothelialcells(BMECs)playvitalrolesincerebral
ischemia,duringwhichmanysignalpathwaysmediateBMECsapoptosis.Inthis
study,weexploredthepotentialroleofWnt3α/β-cateninsignalinBMECsapoptosis
inducedbyischemia.Here,wefoundthatoxygen-glucosedeprivation(OGD)could
induceapoptosisofBMECswithWnt3amRNA expressiondecrease.Meanwhile,
activationWnt3a/β-cateninsignalwithexogenousWnt3αprotein(100ng/ml)or
Lithium Chloride(LiCl,4mM)decreasedsignificantlyapoptosisofBMECsinduced
byOGDwithincreasingexpressionofBcl-2inthewholecellandβ-catenininthe
nucleus.But,inhibitionWnt3a/β-cateninsignalwithDKK1(100ng/ml)or2.4-diamino
quinazoline(DQ,0.2μM)increasedapoptosisofBMECswithdecreasingexpression
ofBcl-2.TheseresultssuggestthatactivationWnt3α/β-cateninsignalattenuate
apoptosisofBMECsinducedbyischemia.

Fig.1.Time-dependenteffectofoxygenandglucosedeprivation(OGD)onratbrainmicrovascular
endothelialcells(BMECs)apoptosisandviability.
(A)RepresentativefluorescencephotomicrographsofratBMECswithnuclearfragmentation
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stainedwithHoechst33258exposedtoOGDfor0hour(controlgroup),1hour,2hours,4hours,
8hours,and12hours(arrow).(B)QuantificationofBMECspercentsurvivaldatausingAshowed
thatcellsurvivaldecreasedbyOGDinthetimedependence.(C)MTTassayalsoshowedthatcell
viabilitydecreasedbyOGDinthetimedependence.ResultsrepresentmeanandSEM from the
threedifferentindependentexperiments(*p<0.05vs.Control,Controlgroup:normalculture,
Scalebarrepresents25µm).

伴随着 OGD时间的增加，BMECs的凋亡增加，存活率降低。结果表明糖氧剥夺(OGD)可诱导

BMECs凋亡。

Fig.2.EffectofWnt/β-cateninsignalpathwayagonistsorantagonistsonBMECsapoptosis
inducedbyODG4hours.A.RepresentativefluorescencephotomicrographsforTUNEL-positive
cells(red,TUNEL-positivecellsand blue,DAPI;scalebar,40 µm).B.Apoptoticcellswere
quantifiedandexpressedasthepercentageofTUNEL-positivecellstoDAPI-positivecells.The
quantification illustrated thatpercentageofTUNEL-positivecellsinduced byODG 4hours
increasedinthetreatmentwithantagonistsofDKK1(100ng/ml)orDQ(0.20µM),butdecreased
inthetreatmentwithagonistsofWnt3α(100ng/ml)orLiCl(4mM).C.D.E.Relativeproteinlevels
ofBcl2andratioofBcl2/Baxdeterminingbywesternblotdecreasedintreatmentwiththe
antagonistsofDKK1(100ng/ml)orDQ(0.20µM),increasedinthetreatmentwithagonistsof
Wnt3α(100ng/ml)orLiCl(40mM).ResultsrepresentmeanandSEM from thethreedifferent
independentexperiments(*p<0.05vs.OGD,OGDgroup:OGDculturefor4hours).

外源性 Wnt3α蛋白(100ng/ml)或氯化锂(LiCl,4mM)能够激活 Wnt3α/β-catenin信号，明显减少 OGD

诱导的 BMECs凋亡，增加 Bcl-2的表达。但 DKK1(100ng/ml)或 DQ(0.2ng/ml)抑制 Wnt3a/β-

catenin信号，并增加 BMECs凋亡，降低 Bcl-2的表达。表明激活 Wnt3α/β-catenin信号可减轻缺

血诱导的 BMECs凋亡。

脑微血管内皮细胞(BMECs)在脑缺血中起重要作用，在此过程中有多条信号通路介

导 BMECs凋亡。我们研究了激活或抑制 Wnt/β-catenin信号对体外缺氧和缺糖诱导

的 BMEC细胞凋亡的影响，这可能为脑缺血性损伤提供了一种潜在的治疗策略。



文章题目：BrusatolProtectsHepG2Cellsagainst

Oxygen-GlucoseDeprivation-InducedInjuryviaInhibit－
ing MitochondrialReactiveOxygen Species-Induced
OxidativeStress布鲁塞尔醇通过抑制线粒体活性氧诱导

的氧化应激保护 HepG2细胞免受缺氧缺糖诱导的损伤
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BACKGROUND:Ithasbeenreportedthatbrusatol(BRU)reducescellularreactive
oxygenspecies(ROS)levelunderhypoxia;heretheprotectiveeffectofBRUagainst
oxygen-glucosedeprivation/reoxygenation(OGD-R)-induced injuryinHepG2 cells
andagainstanoxia/reoxygenation(A/R)-inducedinjuryinratlivermitochondriawas
investigated.

MATERIALSANDMETHODS:OGD-R-inducedHepG2cellviabilitylosswasdetected
by3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromideandtrypanblue
staining.MitochondrialROSlevelinHepG2cellswasmeasuredbyMitoSOXstaining.
Thecellularmalondialdehydeandadenosinetriphosphatelevelwasmeasuredby
commercialkits.The mitochondrialmembrane potentialin HepG2 cells was
measuredbyJC-1staining.TheproteinlevelwasdetectedbyWesternblotting.Rat
livermitochondriawereseparatedbydifferentialcentrifugation.A/R-inducedinjuryin
isolatedratlivermitochondriawasestablishedbyusingaClarkoxygenelectrode.
The ROS generation in isolated mitochondria was evaluated using Amplex
red/horseradishperoxidase.

RESULTS:BRU reducedmitochondrialROSlevelandalleviatedoxidativeinjuryin
HepG2cells,therebysignificantlyinhibitedOGD-R-inducedcelldeath.DuringOGD-R,
BRU improvedmitochondrialfunctionandinhibitedthereleaseofcytochromec.
Furthermore,BRU showedaclearprotectiveeffectagainstA/R-inducedinjuryin
isolatedratlivermitochondria.Whenisolatedratlivermitochondriawerepretreated
with BRU, A/R-induced ROS generation was significantly decreased, and
mitochondrialrespiratorydysfunctionwasameliorated.

CONCLUSIONS:BRUpretreatmentattenuatedOGD-R-inducedinjuryinHepG2cells
andA/R-inducedinjuryinisolatedratlivermitochondriabyinhibitingmitochondrial
ROS-inducedoxidativestress.



Fig.1.BRUprotectedHepG2cellsagainstOGD-R-inducedinjury.
aHepG2cellsweretreatedwithvariousconcentrationsofBRUfor24h,andcellviabilitywas
detectedbyMTTassay.Dataareexpressedasmean±SD(n=6).**p<0.01,***p<0.001versus
control.bHepG2cellswereexposedto60nmol/LBRUandthenweretreatedwithOGD-R,and
theviabilityofHepG2cellswasdetectedbyMTTassay.Dataareexpressedasmean±SD(n=
6).**p<0.01versuscontrol,#p<0.05versusOGD-R-treatedgroup.BRU,brusatol;OGD-R,
oxygen-glucosedeprivation/re－oxygenation

Fig.2.BRUdecreasedmitochondrialROSlevelinducedbyOGD-Randalleviatedcellularoxidative
stressinjuryinHepG2cells.
a HepG2 cellswereexposed to 60 nmol/L BRU and then were treated with OGD-R and
mitochondrialROSlevelwasanalyzedbyMitoSOXstainingusingaconfocalmicroscopy.Cells
werealsoobservedbyDIC microscopy.bQuantitativeanalysisofmitochondrialROS level



describedin(a).Dataareexpressedasmeans ±SD(n=3).***p<0.001versuscontrol,##p<
0.05versusOGD-R-treatedgroup.cHepG2cellswereexposedto60nmol/LBRUandthenwere
treatedwithOGD-R,andthecellularcontentofMDAwasdetected.Dataareexpressedasmeans
±SD(n=6).***p <0.001versuscontrol,#p<0.05versusOGD-R-treatedgroup.DIC,differential
interferencecontrast;BRU,brusatol;OGD-R,oxygen-glucosedeprivation/reoxygenation;MDA,
malondialdehyde

在 OGD-R处理组中发现 MitoSOX荧光显着增加，表明线粒体 ROS水平升高。当用 BRU预处理

HepG2细胞时，OGD-R诱导的线粒体 ROS水平显着降低。OGD-R处理组的 MDA含量显着增加。

相反，BRU预处理减弱了 OGD-R诱导的细胞 MDA含量的增加，表明 BRU降低了 OGD-R诱导的氧

化损伤。

大量的体外和体内缺血/再灌注（I/R）模型显示，I/R诱导的组织损伤主要是由线粒

体中活性氧（ROS）的产生引起的。因此，在再灌注早期抑制线粒体 ROS的产生可能

有利于减轻 I/R诱导的损伤。所以本实验研究了 BRU对缺氧/复氧(OGD-R)诱导的

HepG2细胞损伤和大鼠肝线粒体缺氧/复氧(A/R)损伤的保护作用。实验结果表明：

BRU保护 HepG2细胞免受 OGD-R诱导的损伤，BRU降低了 OGD-R诱导的线粒体 ROS

水平并减轻了 HepG2细胞的细胞氧化损伤。因此，我们认为适当剂量的 BRU在预防 I

/R引起的损伤中可能具有充当线粒体保护剂的潜力。
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