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猴免疫缺陷病毒引起多形核嗜中性白细胞凋亡的可能机理 
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摘要：本实验目的是研究猴免疫缺陷病毒(srv)~l起多形核嗜中性白细胞(r~tNs)凋亡的机理。实验用 PCR技术扩 

增 gag基因，用Western blot法测定 p53和bel-2基因的表达。结果显示P唧 自在被 SIV感染后随着保温时间的延长 

存话卑下降，在感染后24h可以从PMNs中扩增出gag基因。PMNB中p53基因的的表达在感染后 24h增加。同时 

一2基因的表达在对照组和SIV感染组都增加，但在SIV感染组 ．2蛋白的表达明显低于对Jf}i组。结果揭示 SIV 

能够感染 P叼 ，p53和 6 2基因表达的改变可能是 SIV感染P咖 引起细胞凋亡的机理。 
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A Possible Mechanism of Apoptosis Induced by Simian Immunoddideny 

Virus in PolymorphonudearNeutrophils‘ 
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Al1．tract：The aim ofthis stud),istoinvestigatethemechanis~s of apoptosisin polymorphonudear neutrophils 

(PMNs)induced by simian immunodeficiency v~ (siv)．In this experiment．gag gene was amplified by the 

polymerase chaill reactio~andthe expression ofp53 and bc／一2 gC~12e were determined byWestern blot assay
．  

The results showedtllattl1e viability ofPMNs aftertreated with SIV was declined鹏 tlle cLlk time pro 

1~ged． gene could be amplified from 啪 qs at 24 h postinfection． expression ofp53 gene in P删 s 

W83 enhaneed at 24 h postinfee6on．At tlle s8me time。the expression of bcI一2 gene were elevated in both of 

control and SIV infected group．but the production of 一2 protein in SIV infected group was obviously lower 

than contro1．0tilt"dataindicatethat PMN$could beinfected witll SIV andthe ch~ged expression ofp53 and 

bcI一2 gene~,66t be one oftlle meehanlsms of apoptosis occurred in PMN infected witll sⅣ． 

Key ：Polymorphcnuclear neutrophils；Simian immunodeficieney vim8；Gene expression；Apoptosis 
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Acquired inemmoddicieney syndrome(AIDS)is due 

t0In 血m ofhumanimmunodeficieney virus(urv、．The 

alteratio~a ofirmmme function induced b)T HIV is mainly 

involved in the functional m nt of CD4 ，macio- 

p}la and pol c IleI1唧 h丑8(P 8)．It w踮 

notio~lthat phag。c)怕sis of bacterial by P删 s ofHIV—in一 
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feeted patients was significantly lower，but this was on玎． 

nibnted to the increased susceptibility to bacterial inlet． 

tion in HIV—infoered patients with low CIM subset-ce11 

cotmts[1,2】
． In the presence of AIDS．the inaner 口 ． 

sion oil PMNs was modulated in the cytokincs tests[3]
． It 

was foilnd that PMN from HⅣ subiecb showed an in． 

crea8e in expression ofTNF-alpha and 1G6 genesl ．aIl 

altered ability to produce specific cytokines in response to 

lipapolysaccharide and allinduced increase ofTNF-a1． 

pha bymc~ncytes alld up-regulation ofmonocytes phago— 

cytosist 
． As mentioned above，the function of PI~LNs was 

impahed or altered by,Arus．Since it was once considered 

that HIV did not directly infect PMNs，the phenomena 

eretherefore consideredto be dueto reducedtelease of 

cytokines，such aa granulocyte colony-stinmlation fac． 

tort 
． However all important fact has been noticed that 

HIV DNAmight be detectedinPMNs ofHrV-infeeted pa— 

tients[s1
．  

Apoptesis is“ active death process genetically Clq· 

coded to eliminateabnomml orunwantedcells and ac~2oll1． 

partied in the pathogenesis process ofAIDSthatis always 

associated with the alteration of gene expression．In pie— 

sent studies，s_眦iⅡ immunodeficiency virus(SIV 9) 

Was incubatedwithPMNsfrom macaquemonkeys．Thein． 

fection of PMNs and expression of p53 and 6cf一2 genes 

were ana1)7~ed．Apoptesisin PMNs was therefore to be e— 

valuated． 

1．1 $~ltarafion ofH 

Peri血leral blood was taken out from macaque ilion． 

kevs and ln down at1000 r／nlinfor5 nun．Plasma were 

taken off and supplemented with equal amount of saline． 

Blood was genfly overlaid onthe surface of10I1lL 0f1)qn— 

phocyte separation UlL~ltm ( lM) and centrifuged at 

2 0()0 r／nfinfor45min．PMNs onthe surface of red blood 

cells were collected，tiansfe~ d to 2O mL of 3％ dextran 

in saline and drawn up into 35 mL s T1ge．1lle s nge 

was putinan inverted positionfor 35 rainand granulocyte 

rich anpernatant was saved in 50 mL tobe．Eaual volume 

of saline was added and mixed gently Follo~ g spoil 10 

m．m at1OCO r／rain．the peUetwas lysedwith 2mL ofwa— 

ter for 30 B and diluted hnmediately by ud“g sadine into 

tube．1 e cellswere washedtmce and t叫dardizedt0l× 

1 cells／I1lL th RPMI l 640 inedJum． 

1．2 Incul~linn ofH andlxtmlmtmtwith SⅣ  

PⅫ With a deasity of1．8×l06 cells permL帆  

aliquotinto 25 m flasks and mamtshaed in RPMI．1640 

medinm(containing 10％ fetal calf se咖 and 5％ auto- 

plasn~，100 U peniciilin／mL，100t~g strepmmycin／nrL and 

l iRrLoL，L GM．CSF purchased m SIGMA)．In SIV in- 

feeted group，PMNs w∞ t~ated with 1／10 volume of 

sⅣ supernatant offlee-cells(1×l TC3Dso／mL)． 

PMNs ineubated at 37℃ in ahumiditied atmosphere 

tIl 5％ C ． 

1．3 ~ tion of vial~ ty ofH哪 

Attheincubationtime O，24，48，72，96 and 12o h， 

O．5 mL ofPMNs suspension each group w∞ collect— 

ed into all Eppendoff tube．1lle flalper／lat／lllts were taken 

off after centaffugation at1 O00 r／minfor10 nun and the 

pellets were put into f until use．After all samples 

were collected ，the viability of cells wa．q deteeted with 

CyQUANr assay which has been used as a convenient． 

rapid and sensitive procedure for deterr~ ing the density 

of cellsin culmre．Based ollthe principle ofthe assay，the 

C~UANT dye exhibits蚍ID】f1g fluorescence elIhmlce∞elIt 

when bound t0∞Uukr nucleic aeids and the relative fluo． 

rescent intensity may therefore be used to represent the 

survlval cells．1l1e CyQUAM 0m Proliferation Assay kit 

wa8 purchased Moleenlar Probes．．Il1e prncedurc of 

this assay was performed by fonow ~s the instrnctien of 

the kit． 

1．4 Amplitleafion ofgag gem 

4×1 PMNs were removed 粕 each cnitureflask 

at 0 and 24 h respectively after SIV load．washed 4times 

th PBS pH 7．4 andtreatedwithlysis buffer(0．2me l／L 

TIis眦  pH 8，0．1 mol／L Na2EDTA，1％ sDS，100~g／ 

mL D0【e 盥 K)for16 h砒37℃ ．rIl DNAwere extract— 

ed with phenol：chloroform 2x and precipitated with 3 

n)o sodium acetate and ethanol overnight at 一2O℃ ． 

Afterwashed with 75％ ethano1．the quantified DNA was 

usedforPcR reaction．0．2wg ofPMN D A was added in． 

to a reaction mixture consisting of6￡‘L 0f25 mn~l／L MS— 

Cl2，l oJ正of10x PcR buyer．2 of10mmol／L椰 ’s， 

2．5U Taq Polymerase．1 vL of50 vmol／L each ofprimer 

(Sense：5’_̂̂T GAG GAG GcrGcA GAT眦 GAC T 
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3 ；Antisense：5 ( (：A CIlA GCI。。ICC A I’CIG L I’ 

TAG C 3’；Band size：381 bp)∞d H2O to IO0~L．Ampli— 

fieation w丑sl~fomled at 94 for1 min．60℃ for1 min 

and 72℃ for 1 mil1．The reaction followed by 72 

f0T 7 min after 30 cycles．The amplified DNA fragment 

was aIlalvzed by 1．5％ agarese gel electrophoresis and 

weTe visuahzed by ethidimn bi~nide staining． 

1．5 W~tern blot hnn̈ Ⅱ如d岫 石m  

At0 and 24 h postinfection ．whole·cell extracts were 

prepared for Westem immnnoblot analysis：l cells were 

incubated in 10 0f lysis buffer containing 0．2％Trition 

X-100，500mmol／L NaCl，500rmnol／L SHcle~e，1 mnx~l／L 

EDTA，0．15 nm∞1／L specimen，0．5rmnol／L spelmidine。 

10 mmol／L HEPES (pH 8．0)，200,~mo1．／L phenyl— 

me thysulfonyl fluoride，2ttg leupeptin／mL，2 ttg pepstatin／ 

mL，24IU aprotinin／mL and 7 mmol／L口一mex~ptcethano 

1．40 rag oftotal proteinswere subjectedto sodium dode— 

eyl sulfate-polyacr),lam~de gel eleetmphoresis(SDS- 

PAGE)and transferred to PVDF membrane for irmnun． 

odeteetion．Mous,e 111~0_oclohal antibodies weIe raised a． 

gBin8t human p53 and 6cl-2(Santa Cruz Biotechndogy)． 

HRP-ecnjugated goatanti-InOLl~tgG w&5 used asthe sec- 

ona~y magent．Th e anⅡgen—antibody complexes were re— 

v~]ed by enhanced chemiluminescence(ECL；]Lmer— 

sham)．SDS-PAGE molecular weight markeI~(Bio-Rad) 

veritled the correct location of the visualized bands after 

being expesuredto anX-myfilm．Quantitativeanalyses of 

bands onX-myfilm wre performed byan automated digi— 

tiziJ1g system(UN—SCAN-1T，Silk Scientific，ine．) 

2．1 Innumlcl~of SI oll the survival of PM s 

After treatment with SIV，the cells viability WRS de- 

termined bythemethod ofCyQUANT assay at differentin- 

cub~~lltime(Fig．1)．From lrLgure l，a pronamced de- 

el'l~tBe ofthe cell viabilityin SlY infected groupcould be 

noticed as the incubatlon time prolonged．The vlabillties of 

cellsin control gmups were from 62．1％(OAh)throtl 

23．8％(122h)o0Ⅱ】pared with incubation time 0 hom． 

However，those in SlY infected glx~ps were markedly de— 

cl'e~edfrom 31．1％(24h)through 14．2％L122h)． 

2．2 Detecti~ ofgag gene 

At 0 and 24 h after PMNs treated ~vith Srv．gag 

gene weIe amplified by PeR．The results wbo wedthatan 

amplified band could be visualized at 24 h postinfection 

group but others(Fig．2)．It was also nofced that gag 

gene couldbe amplifiedform samplesof50％(5 outof10 

cBses)． 

0 Z4 48 72 96 l20 

IIicubation tiille 【h) 

Fig．J Viabilit3"of PMNs afterinfected 吐lSIV at diffe rinzul：mi~ 

time p nts 

C．eontM ；SIV—SlY infected Blamp； P <0．05 and + P<0．01 

咖 ’ 咖 血d 砒 Ⅱetimep神 ⋯ 4． 

■弼 
Fig．2 瞻  ∞ ofgag genein P inftet~d with SlYfor 24 h 

PMNswere p and ed SlY；DNA extmc'ted and 

amplificafi~ gag genewere dH舯 址0 and 24 h M，Msiker；1,me 

1．( -lhd 址 1b丑d啪 time 0 h；2，Cb 址 ir l ∞ 24 h；3， 

SIV infeeled 。uP址 ineuballm time0h；4．SIV inf~ced粤呷 atineu- 

batlontime 24 h 

2．3 w商0n 0fp53学匝e 

田1e expression 0f p53 gene wes deteamined by 

W瞄tern blot at0 and24 h postinfectionof PMNB．Ⅱ Ie． 

suitin Figure 3 demenstratedan obvi 0IlBincreaseof n53 

protein at24 hin SIV infected gmup，The in Figure 

3was selectedfrom 3 s'mfilarresults． 

2．4 懈  ∞ of bcl-2 gelle 

。l'he expressionof he／·2 genein sIV infected group 

was a1
．
m detected by Western blto，Figure 4 sh~ ed  that 

the sp~thesis of bc1．2 protein in both SⅣ infected D'oup 

8  6  4  2  0 日 6  4  2  0  

一 。 H 

芒0 0三 ： ∞z 
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Contro1 SIV i nfected 

nB．3 删q 鹤i∞ p53~erte det~axt bY
．
Wesl~ b]ot y 

Rd埘 ve for eav．h 蛆 s 目1IlLned by蚰 m肼 1m di l- 

m IIg system．PMNs,were sndincubated SW West~ blot 

p m 0t,nd 24 h afte~hffecti~ Lane1，C~llrO|n {n印 

tic,ntime 0 h_lane2，Com~ln b ∞ lime 24 h：Irate，．SlYinfer 

ed m ∞ 0lane 4，SlY infec~ l group a【incubati~~ 

time 24 h 

and control wel"~upregulated at 24 h under the culTent 

cond ／tian of incubation．but the level of ．2 in control 

wa$much higher than that in SIY infected control(the 

pixel ratio of control to SlY —infected group after digitizing 

2．O1)．1he graphinFigure4was selcted frem6 sire— 

ilar re$ul协． 

1 2 

-  3 4 ●● 

Fig．4 The e：q~tession 2 gene wikq detected by Westtm~blot a~say 

PMNs e 鸵pⅡ ed m incubated SW W吲  blot }盯 - 

fcmaed址 0 24 ht~0erinfection．Lane1．Controln ineubatiaa【【Ⅲe 0 

h；2，Cccal,al m i／iolb~ on llme 24 h；3，SlY inferred p m m 

time0 h；4．SIV infected groupn M b m time 24 h 

吓  affects mainly the function of a)4 cells．but 

other inlllRllle cells are also in'4~aired．for instance 

m pIl 8∞【 and PMNs． PMNs and nxmocytes／ 

macIDplla8∞represent the first defence line against invad- 

ing micrnorgani．~m ．n impairment of PMNs by SW Ⅱ 

evert~uaU3,leadto the death of ce[Is．In the pt'eseut stud． 

ies．the viability of PMNs infected with SⅣ was remark． 

ably decmssed asincubationtime prolongedthatindicat- 

ingthe Buryival ofPMNs wasinlluenced bythe s】lv load． 

ala,o,ch it wa$once considered that PA1N8 we陀 not 

dlreetly infected by HIV，the functional in'gminnent of 

聊皿 '~rss not f~lly explained  so ．gag gane恤  

existed at 5 temfinal of genome of rj ver8e tzanscriptive 

virus andfrequently usedforthe de c ofHlY or SlY 

infection．1hefactthat gag gene could be amplified from 

PMNstreated with SlY suggestedthat1~lNs．mightbe in- 

fected within 24 h．Itwas noticedthat gag geno could[1ot 

be amplified from every sa~nple．n ratio of infection in 

pMNswas about 50％(5out of10 c~es)．Oneofthe瑚- 

S．on8mi t be duetotheindividunl differencesthat could 

Dla．m whyfew ca$esof dilcetinfection of PMf were工e— 

ported  before．There still were evideaees indicating that 

the detectable吓  DNA 0f PMNsinfected with 吓  was 

foundto be 44．4％ in patients with neutroan ia whereas 

28．O％ in those with a monnal level of neutrophils 』． 

These data suggest that the impaimlent of PMNs may be 

associated thinfectionof PMNs byH1~． 

Th e cell numberin tissuesinmaintained by a efifi— 

cal balance between cell proliferation and q 8II1珊 cell 

death oi"apoptasis．Growing evidences have co nned that 

apoptosis in吓  infection is rehted to the alteration of 

genes expression．p53 pratoin is important for apoptosis 

induced  by s ne pathogens evenitis not n~ sa／'yto the 

death of nolTil~ cells．One group s smdles establishedthat 

HlY一1印 120 wilts potentially eytotoxic to human cells 

though the induction of p53，which Illi曲t eventually leed 
to induction ofapoptosis[10]

． Oarprevious studies haveal— 

so dentcmtrated an elevated level of p53 pin,in in SW 

infected b~aphocytesL“ ．In the present studies．ⅡIe - 

pression of p53 significantly enhanced at 24 h infec- 

tion ．It was thereby esfiraated that the elevated level of 

p53 protein m~ght pⅢ te the process of apoptosis of 

Pl s．Th e mecl】且IIj∞ involved has'lbeen documented that 

allinteraction beh 煳 o53and vinls Tat proteinfavored 

the formation of O53 dinl~r$and thus．1ed to the cells 

tosard apoptasis[12]
．Our results {211 the expression of p53 

gene were consister~t with what we mentioned above．in 

which Tr·衄e PMNs died．mthe caseof SⅣ infection． 

ItⅥag．~ell kno．a．athat bel-2is B kind of suppressive 

protein in the induction of apoptosis．It wo$noticed from 

this expemncnt that the expresa,ion of 6cf．2 w~ts．also al- 

tered in SⅣ infec ted group at 24 h incubation ．1l1e rela- 

tirelowlevel of bcl-2in SⅣ infec ted groupindicatedthat 
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the production of all inhibitor3．'factor of apoptosis might be 

suppressed during the prcr_~s of apoptosis produced by 

SlY． e data from othel"laboratories have indicated a 

change in the expression of apoptosis-regulating gene(in— 

cluding bel-2)in[~tnor cells infected with S13／-t3j or 

HIV[I4_
．
Bcl一2 protein can inhibit the activi~of c3,stoine— 

containing aspartate·specific protease(caspase)and fllr~fl@l" 

apoptosis．The decreased bcl-2 pmtoin might be involved 

in themechanismsof apoptosisin SFq infection． 
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