
ISSN 09．．53—9756 Acta Fh且n h ca siⅡi∞ 中国茴理学报 1999 J皿；20(1)：15—20 

httr,：／／⋯ simm m； ⋯ chinaitffo cr 0d 

Neuronal ERCC6 mRNA expression in rat brain 

induced by a transient focal cerebral ischemia1 

LING Xiang，ZI-L~NG Ling．Mei，HUANG Ya-Lin，BAO Wei-Li，SUN Feng-Yah2 

(Natio~d研 Laboratory o，Medical"Yeurobiology，Department Neurobislog~ ， 

ShanghaiMedizal bhiwrsio．-。ShanghaiResearch Centerl，0r啦 Science 200032，China) 

KEY W ORDS transient cerebral ischemia： 

DNA repair； repe~usion injt~； messenger 
RNA；Northero blowing；complementary DNA； 

／n shu hybfidizafion；phosphopyTuvate hydra- 
tase；glial fibnilars,acidic protein 

ABS1RA( 

删 ：To studv whe山口 the excision repair crOSS- 

complementing group 6(ERCC6)is involved in 
the neuronal pathophysiological proeess fallowing 

cerebra]iseheinia．repeffusion injury． 皿TH一 
()DS： A mmsient middie cerebra] artery 

oeclnsion(MC A0)was used to induce cerebra] 

isehemia-reperfusion injury in rat brain． 
Northern blot m used to check a specific signal 

fnr ohgonueleofide probe． e expression of 

ERCC6 nfiLN-A in the rat brain was o~ rved by 

n situ hybfit~zafion． The specific cellular 

distribufion of ERCC6 mRNA in 山e neuron or 

glia of山e rat brain was analyzed bv double 

stalning combined 山 confocal laser scanning 

microscopic analysis． RESULT：The ex-pres． 

sion of ERCC6 1nRNA in the penumbra area 

increasedfollowingischemiaand repeffusion th 

a time-dependent nlolll3er． ERCC6 was express． 

ed oD d 2，reached VallleS on d 3，and kept 

gh level even on d 14 of reperfusion following 

ischemia． Nmnber of ERCG6 nl A expressive 

cellinthe penumbra area on d1，d 2．d 3．d 7， 
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d 14 ofrepeffusion following isehemiawere (0± 

0)，(253±56)，(816±355)，(341±185)， 

(128±95)x 1ob cells／I ，respectively． Con． 

focal micmscopic analysis showed that ERCC6 

mRNA coexpressed 山 phosphopyTuvate hydra— 

taseinthe neuronsandwith glial fibrillary acidic 

protein(GFAP)in a few proliferation astmcyte 

a． CONCLUsJ0N：11le expression of lrans． 

cription-repair coupling factor ERCC6 InRNA in 

山e ngllron and a was induced by ischemia． 

repeffusion injmy．． 

Ⅱ rR0DUCT卫0 i 

Cerebral isehemia could induce DNA 

damage，which might involve both apeptotic and 

nonapoptotic mechanisl~s ． DNA damage 

resulting from cerebral isehemia was observed as 

two fonl1s，DNA single．strand breaks(SSB)and 

DNA double．strand breaks(DSB)in isehemie 

nellrons ． Accumtdafion of free radicals is 

refered to as one of maiD_mechanJslo~．inducing 

neuronal DNA damage and causing delayed cell 

death：3,4]
． Neuronal DNA repalr system are 

considered to be able to correct most of lesions 

mainly though the activafion of nuclcotide 

excision repair(NER)pathway ．Atleasttwo 

protein complexes are involved in the first step of 

NER． One of these complexes has helicase 

activitv、which may link DNA repair with DNA 

transcription J． The excision remir cross． 

complementing group 6 (ERCC6)may be a 

member of recently identified family of putative 

helieasesL ． Bioactivity analysis suggested that 

ERCO6 was a DNA activated ATPase and 
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COuld bind R A polymeraseⅡ to guide nucleo— 

tide excision re protein to the lesion mgiom， 

thereby link transcription to DNA repa ． 
ERCC6 is considered as a preferential repair 

gene，and with an ability to correct the repair 

defect of Cockayne’s syndrome complementation 

group B(CS-B)，a neuronal degenerative disease 

induced by gene repair defect． In the present 

study． flint observed tlle change of ERCC6 

mRNA expressionintllerat brainwith atransient 

cerebral ischemia and fln~er analvzed the 

cellular distribution of ERCC6 rrlRNA in the 

neuron and glia． 

MA IERIAIS AND 哐TII(Ⅱ，s 

Chemicals Digoxigenin ohgonucleotide 

tailing labeled kit．DIG ohgonucleotide deteeted 

kit，anti—DIG-fluorescein，monoclonal antibodies 

against al fibrillary acidic protein(GFAP)， 

positively charged nylon membranes， Tripure 

isolation reagent were purchased from Boehringer 

Mannheim． Antibodies against phesphopymvate 

~dratase was purchased from ICN． 

Rats Adult 0 Sprague—Dawley mts wei— 
ghing between 210—25O g(Experiment Animal 

Center of Shanghai Medical Universit、T， Grade 

Ⅱ．Certificate No 02—22—2)were housed under a 

12一h light／dark cycle witll free access to food and 

water． Rats were anestlletized witll iD iniection 

of chloral hydrate 300 mg·kg～． Arterial blood 

was collected to measlll~pH，P02，and pC02． 

Heating lamp and Pad were used to maintain 

brain temperature measured by using a 23一gauge 

staiuless thermocouple probe (Bamhart Co， 

USA)inserted into the temporalis musclec ． 

Rats within normal range of physiologie variables 

were subjected to a transient middle cerebral 

arterial occlusion(MCAO)【 ． ocelnsion 

lasted 1 h． Sham-operated rats(n：4)were 

subjected to tlle san1e operation but no nylon 

suture． FollowingMCA0．ratswere killed on d 

1，d 2，d 3，d 7，and d 14(3—4 rats at each 

time)． 

Brain section Ra ts were anesthetized bv 

chloral hydrate and intracardially perfused with 

saline．f0Ⅱowed by 3OOmLfi ative of4％ para— 

formaldehyde in phosphate—buffer saline 0．1 mo l‘ 

L～(PBS，pH 7．2)． Following the perfusion， 

brains were removed and oostfixed in the satne 

fixative overnight．tllen immersed in 20％ and 

3O％ SUCrOse solutions in PBS until sinking． 

Coronal brainsectionswere cut at O．26—3．3 mm 

at bregma level on freezing microtome and stored 

at一20℃ in cuoprotectant solution consisting of 

sucrose／e岫lene yc0 PBs for histological 
study． 

／n s／tu hybridization Oligonucleotide 

probe (41一nler)complementary to nucleotides 

sequence 4113—4153 of ERCC6 cDNA was 

synthesized on an automated DNA sTnthesizer． 

n probe was labeled at 3'-end using DIG 

ohgonueleotide tailing kit． Specificity of the 

probe was confirmed bv Northern blot analysis 

and hybridization with sense probe ． 

A free—floating technique was employed to 

perform a nonradioactive n shu hvbridization 

histochemicalreaction． 11he sections were post— 

fixed in 4％ paraformaldehyde for 10 min． 

washed in PBS O．1 mo l·L three times at room 

temperature for 15 min each，and then treated 

with proteinase K 1 mg·L at 37℃ for 15 min． 

Followingtwo rinseswith PBS O．1 mol·L～ ．the 

sections were incubated witll O．25 ％ acetic 

anhydride in trietllanolamine 0．1 mol·L for 10 

min，treated with 50％ fonmmide in 4 x saline 

sodio／／1 citrate(SSC)at 24℃for 20 rain，and 

incubatedin humidified chamber at 37 oC for 20 

hwitll hvbridization buffer(5O％ formamide，5 

x ssC．2％ block reagent．0．02％ SDS) 

containing digoxigenin—labeled antisense oligo— 

nucleotide probe at the final concentration of 

O．25峭 ·L～． After hvbridization，sections 

Were washed with 2 x ssC twice at 24 oC for 15 

rain each and in 0．1 x ssC twice at 42 oC for 15 
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min each．then ineubated in alkaline phospha 

tase-1abeled anti—digoxigenin antikdy (eliluted 

1：5oo0) at 24 oC for 4 h and treated with 

alkaline Dhosplmtes substrate solution，contained 

nitmblue tetrazolium (NBT) and 5-hmmo 4一 

c|dom一3一indolyl phosphate(BCJP)，in dark for 6 

h to develop color． Finally， the hybridized 

sections were mounted on glass slides． 

dehydrated thmu absolute alcoho1．cleared in 

x3．1em，and cover-slipped． 

RNA isolation and Northern blotting 

The tntal RNA of rat brain Was isolated using the 

Tripure isolation reagent． A sample(30 ) 

was separated by eleetmphoresis through 1％ 

agarose-formaldehyde gel and transferred onto 

positively charged nylon metnbrane． The filter 

WaS hvbridized th a 3 ．end labeled oligonueleo— 

tide pmbe at 42℃ in 50％ (V／V)formamide， 

5 x SSC．0．1％ N 1aurov1 sarecsine．0．02％ 

S[)s for 20 h．．washed t~4ee th 2 × SSC， 

O．1％ SDS and twice th 0．1 x SSC．O．1％ 

SDS at 68℃ ．1neubated in alkaline phosphatase- 

labeled anti—digoxigenin antibody (diluted 

l：5oo0) fnr 4 h and treated th alkaline 

phosphales substmte solution， containing NBT 

and BCIP， in dark to develop color． The 

Northem blottilN showed that only one band 

corresponding"to the molecular weight of ERCC6 

was hyhfidized． 

Double hybridization- and immuno- 

fluorescein staining Fono~4ng hybridization， 

山e sections were x-insed w O．1 x SSC． 

incubated th anti．DIG-fluorescein diluted 

l：250 at 37 oC for l h．rlnsed th PBS 0．01 

mol·L_。． ne~ated at 37℃ for l h th nlOllSe 

monoclonal antibodies against GFAP 出luted 

I：200 or 山 rabbit polyclonal antibodies against 

phosphop)Tuvate hydratase diluted 1：80． 

Sect[ons were incubated at 37 ℃ for 1 h 山 

anti-mouse IgG-thodmmne diluted 1：20 ot anti— 

rabbit IgG-thodamine diluted l：20． Double 

staining was examined using a corffocal laser 

scanning microscope(Leica TCS NT)． 

Data analysis and statistics The expres— 

sire eels for ERCC6 mRNA in ischemic core 

(caudate putaraen)and penunff~m area(parietal 
cor x)wer c0unted【 J． The nun1I r。f c Ⅱs 

in a section was Ven by an average from 3 

countings in each area． Data were expressed as 

± and analyzed using one—way ANOVA 

followed by unpaired t-test． 

RES【fJ TS 

11me-c0 lrse nf ERCC6 tuRNA ex'pres- 

sionfollowing atemporalMCA occlusion By 

shu hvbridization analysis．ERCC6 rIlRNA 

was barely detected on d 1 of reperfusion 

following isehemia in hath the isebemie core and 

penumbra area． In the pentanbm region，the 

expression of ERCC6 mRNA increased on d 2 

and reached peak values on d 3 of repeffusion， 

startedIo decrease on d 7and still kept hi出 level 

even on d 14 of reperfusion follo~dng isehemia． 

The expression of ERCC6 Ⅱ1RNA in山e ischemic 

core，where most eells destined to die，was also 

indueed on d 3 of mperfusion，but the induction 

in the ischemic sore was much less山an that in 

the penumbra region ~anere most of the cells 

sun,ived． N0 significant ERCC6 unqNA expres— 

sive cells in the brain was seen in 山e s~'lartl— 

operated group(Fig 1， I’ab 1)． 

Tab 1． ERCC6 mRNA expression afar cerebral 

ischcmia-reperfusion ury． ± ． >0．05- 

<0．05 Ⅷ sham-operated group． >0．05． 

叩 <O．05 3-d isehemia-reperfusion group 
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Fig1． ERCC6mRNA expression． A，E．I，M，Q，C．G．K．O．S：x 40； 

B，F．J，N，R，D，H，L．P，T：x 200． Sham-operated fA—D)and on d 1 fE—H)， 

d 3 fI—L)．d 7 fM—P)，and d14 fQ—T)of reperfusionfollowing1-hMCAO． 

Cellular Iocalization of ERCC6 rn]R] A 

j 1e brain seetion on d 3 of repeffusion following 

sehemia was do：lhle stained ERCC6 ll1RNA lh 
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antibody c0nj ugated th fluorescein (green)， 

while phosphopya'nvate hydratase or GF．~ff'was 

reve~ded th rhodanfine—conjugated secondary 

antibodv(red)． The inmge was taken in a 

single focal plane． Yellow-orange stainizlg after 

superimwsition 0f the fluorescein and rhodamine 

image were detected i12 the most neuron in the 

penumbra and in a岛w glia in the ischemic core． 

(Fig 2)． 

D塔CUSS10N 

In the present studv．we first re ealed that 

ERCC6 n1R_NA could express in both neuron and 

astmc~e glia of rat brain follo,~ing a cerebral 

ischemia． rI1lese results suggest that ERCC6 

Ⅱ1av be invohred in the neuronal pathoph 一
．

~io 

logical process follm~qng the cerebral ischemia． 

As we knmm， daxtmged DNA cotdd 

stimulate the activitv of DNA re r system in the 

cells． rheoreticallv，if the repair function eal-t 

be activated enough to repair damaged DNA 

during the ischemia．山e cells,a41I be rescued 

and keep alive． ERCC6 is a gene participating 

in the preferential repair and has correction in 

repair defeet of Cs-B。 J． Although the netions 

of ERCC6 are not q,~te clear，it is cortfirmed that 

ERCC6 gene is essential for the preferential 

repal r[ ， and mutafions in the ERcc6 gene in 

Cockayne‘s syndrome group B abolish preferential 

repairl川
．
In the present study we nbsen；ed that 

the expression of ERCC6 rrlRNA was markedly 

induced in the brain following the ischemia． 

High expression of ERCC6 was obse~'ed in the 

penumbra region where most of th ceils survived 

ahhoush some degree of discretion．which could 

he diminished by increasing the number of 

experimental anima1． Putting together，it seenls 

that inducfinn of ERCC6 mRNA expression 

resuhizlg from rcperfusion following ischemia may 

reflect a possibility of neuronaI DNA rear 
activation． 0f course．the exact fmmtion f0r the 

expression of indueible ERCC6 mRNA should be 

illustrated． 
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(greel1)． Phosphopyruvate hydratase and GFAP were detected by ming iminunohistochemistry(red 

Yellow color was produced by overlapping of green an d red． 
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信使RNA；RNA印迹；互补 DNA；原位杂交； 

磷酸丙酮酸水台酶；神经胶质纤维酸性蛋白 

目的：观察缺血再灌注损伤对转录修复耦联因子 

(ERcc6)rr RNA表达水平的影响． 方法：在大鼠 

大脑中动脉栓塞模型上结合Northern杂交，原位杂 

交和共聚焦激光扫描显微镜的方法观察脑 内 

ERCC6 mRNA的表达，并进行细胞定位分析． 结 

果：缺血再灌注损伤后，在缺血中心及边周区的 

ERCC6mRNA表达，2天时开始增加，3天达峰值， 

7天开始下降．ERcc 6 mRNA主要在缺血侧的神 

经元上表达，少数在星型胶质细胞上表达． 结 

论：缺血侧神经元 和神经胶 质细胞上 ERCC6 

nnn~NA表达增加，这提示了损伤后神经细胞的 

DNA自身修复能力被增强． 

(责任编辑 李 颖) 
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