
tlon 111 the preience 3 t  apoptotlc ctilil~li 111a1 
1on.t.r the anrl-ap~>ptotlc thresh~)ld o t  tumors 
to pro\-lJe a more etiective rrearlnellr against 

reslsranr forlils of cancer. Xcld~t~i)n,~lly,  the 
~ n h ~ l ~ t l o n  L)i NF-KA tilnct~on 111 ,~ssc>clat~r.n 
\\.it11 T N F  treatlllent 111~11- broailen the 11m1red 
al3ility o t  t l~ i r  cv r~k lne  to i'~lnct1011 111 ,In i l ~ ~ t ~ -  
tlllllc'r 111cilllle1-. 

Y o t s  c~t l ( l< i l  in l ~ o o j .  K'LI ~ ' t  ol. (18) recent- 
ly ilemi~l~strateil that  S F - K R  h lock~  a1wl3- 
t m s  in A cells. 
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Suppression of TNF-a-Induced 
Apoptosis by NF-KB 

Daniel J. Van Antwerp, Seamus J. Martin,* Tal Kafri, 
Douglas R. Green, lnder M. Verma? 

Tumor necrosis factor N (TNF-c\) signaling gives rise to a number of events, including 
activation of transcription factor NF-KB and programmed cell death (apoptosis). Previous 
studies of TNF-a signaling have suggested that these two events occur independently. 
The sensitivity and kinetics of TNF-a-induced apoptosis are shown to be enhanced in 
a number of cell types expressing a dominant-negative I K B ~  (IKBNM). These f~ndings 
suggest that a negative feedback mechanism results from TNF-N signaling in which 
NF-KB activation suppresses the signals for cell death. 

T h e  relar~on lietween TNF-a  >~gnals hr 
NF-KA a c t ~ \ . a r ~ ~ n  and apoytosl.; \uCgests that 
the t\vi. pathway-, are ~nclepenilent, , l i~e r%~ny  
early 111 the TNF-N i ~ : _ ' n a l ~ l ~ ~  cascade ( 1  \ .  
Because TSF-oc-~~~~iuced apopto.;~.; I\  en- 
llanceil 111 the ab.;enc< c ~ f  ile 110~0 RN.4 o r  
pruteln i\-nrhes~r (2 \ ,  anL] NF-KA raplL1ly CJC- 
ti\-ates target sene tra~~scriptic>l~ L I ~ L ) I I  TNF-N 
stlm~llarion, \ye ~n.\-e.tl~ared \\.l~erher the ,113- 
ience of NF-~R-in~iuced genes alone m~:.hr 
enl1,inie T N F - c - ~ ~ l ~ l u ~ e ~ l  apol7tob1r. TL. test 
tlhs l ~ y ~ i ) t l ~ e s ~ <  on \,arlc>us cell type.;, n e  gen- 
er ,~teJ  a t r , ins i i i>rn~nant -~~e~at~ . \ -e  mutant oi 
IKRR ( 3 ) .  1la11y s ~ g ~ ~ a l  t r a n v l ~ ~ c t ~ i ) n  path\\.av> 
r e r ~ ~ l t ~ n g  111 NF-KR actlr.ation c ~ ~ l m ~ n a t e  111 a 
jerlne pl1~>~~11~>r~-larlo1?11 o i  I K R N  011 r z ~ d u e s  3 1  
ancl 36 (4) .  P l ~ o q ~ l ~ ~ r v l a t ~ o n  of the C O O H -  
termin,ll PEST iequence 11,lz been ~lupl~c,lted 
111 c c ) l ~ s t ~ t ~ ~ t ~ ~ e  turnc~ver 31 IKAN (4). Kie 
cix1113i11ed the K H I -  anL{ C O O H - t e r m l ~ ~ a l  
p1x~iphorylat1o11 mur,~llts 111to a s11yle 
c D N A  ( I K R N X I )  anil e s a m i ~ ~ e ~ l  its a lx l~tv  to 
111111111t SF-KA s ~ q ~ a l ~ ~ ~ c r .  1Y.c the11 genzrateLi 
stal3le t r a n < f ( ~ r m a ~ ~ r s  express111y I~Roch1 (6) 
in pr1111drv ~liouse cilld ~ I L I ~ I I ~ I I  t l l ~ ~ - o b l a \ t ~ ,  A 

I ILI I I I~ I I  lympl~oma cell lme (!~lrbat), ~ 1 1 ~ 1  ,I 
11-ell-cl~aracter~zed TKF-oc-resl.tant cell line 
(T14, 11~1rnan I~l~idLicr ~ ~ i r c l ~ l i ~ ~ i l ~ i )  ( 7 ) .  

InfectiL~n \i-~tl l  I ~ R a h l  retri>\.lrLis reil11teJ 
111 a 105s ot N F - K ~  ~l~dnc~l:~li t \-  ( F y .  1 and 1). 

D J Van Ant\,verp, Laborarot-y of Genetcs Salk Inst~t~l-e. 
La J o a ,  CA C.237 and Cepa~ttnen- of C i e n  sir; and 
E~ochetn~sr~-. . Un3,ers t? of C a  fo*,i a. San Cego CA 
C.233 USA 
S J klar ln and C R. Green -a Jcla Inst~-& te fcv A 1et.g: 
ancl lrnnii~~-olog\ San C~ec~c CA 921 21 USA 
T Kafr and I $'. \:ertr-a Labot-arot-, of Genet~cs, Sal* 
ns t  r-I-e. La J o a .  CA C.237. USA. 

T3,P--. - sC i  - adclress PJlolec~lar C+l E~olcg? Labot-arcl-, De- 
pat? nent cf 613  og: ?,la: i o o r i  C o  ege. Mamoo-1-1 
Co-lnt: K~ldate I-e and 
-:-To , t i -en corresponcleice s1-I~JICI be acid essed 

Each cell l~ l le  representeL1 pml i  of 111iecre~l 
cells to ciVol~l <lrtlf<lct\ ~ir1~1llg irc>111 cl011al 
analy,ls. Human ernbryij ill>rohl,~~ts (HEF) el- 
t l~e r  alone or expr<sslnp I~Aochl \yere s t~mu-  
1,xte~l ior various r ~ m e  yerlocls td esamlne NF- 
KA ~~I~IUCIPLLI~\-  ( F y .  1 ) .  Protei11 ilil~ll~~llc>l~lot- 
tiny (81 (Fig. 1'4) sl~o\vs the cspress1i>n ~t 
murine I K R R X I ,  \vhicll m~yrared fa,ter 311 

SL3S-liolyacryla~1~~11e ?el elcctroyIli>re~i\ 
(PAGE) than the encli>qenous human I K R ~  
(4) The exprc.;~on i>f I ~ A a h / l  \\.,is i1111y niod- 
e d v  l~iqher t11,ln that ~t enilogcni>u~ l ~ A a ,  
~ l e m o n s t r a t i l ~ ~  t l ~ e  ai31llryot 1 ~ B a X l  to l n h l l ~ t  
NF-KA. After TNF-a itlmnlatiol~ 111 I ~ t h  
ci>ntri>l al?il IKARXI cell,<, el?ilogel?('uc I K R ~  
\\.as ~~llii,.;pllor\~lateL1 alxl Lle!raLleii nit11 s~mllar 
b l~~er ics ,  dernollstratln~ that 111 IKRNXI-ex- 
y~.esiny cell l~ne,,  the ,,1~1?a1 tral~s~luctlon 
llatl~\\ay upstream of NF-KA ac t~~ . , l t i o l~  was 
not I~l,)ckeci (Fly. l r i ) .  I ~ 6 ~ h f  n,ls nor de- 
eraL1eL1, yreumahlv because ~t n a \  not p11c>.;- 
lillorylc~te~l. Because the ~ K R N  jienc 17 111iluceil 

Table 1. A n ~ i e x , i  V -FTC f low c y t o i r e t i c  a n a y -  
sis o f  Jurkat  cells stably t r ansduced  w t l i  IKBcIM. 
No rma l  or  l ~ B u r \ , l  Jc~rxat  c e l s  we re  t reated wi t l i  
TNF-LU 11 00 i i y / m )  for t he  i n d c a t e d  t i r e s  a n d  
s t a n e d  w ~ t h  F I T C - a b e e d  annexin V. T h e  cells 
,!;ere t l ie i i  anali/zecl bi/ f low cyton-eti!! a s  d e -  
s c r b e d  (74) F v e  t l i o i ~ s a n d  c e l s  we re  analyzed 
under  each  c o n d t o n .  

Per-cent an l i exn  V 
b ~ n d ~ n y  

Time ilio, '.s'i 

Control  IKBCIM 



by NF-KB (9) ,  inhibition of NF-KB would 
result in a lack or delay of I K B ~  resynthesis. 
Although endogenous I K B ~  protein was re- 
synthesized in control cells (Fig. lA ) ,  in 
I K B ~ M  cells, no new I K B ~  was synthesized. 
The lack of I K B ~  resynthesis was not due to 
induction of cell death because similar results 
were obtained with a noncytotoxic c~tokine, 
interleukin l a  (IL-la) (Fig. 1A). Gel mobil- 
ity-shift experiments with HIV-KB site as a 
probe (10) (Fig. 1B) showed that in control 
HEF cells after treatment with TNF-a or IL- 
la, both the p50/RelA and ( ~ 5 0 ) ~  dimers 
could be observed, whereas little or no KB 
binding activity was observed in cells contain- 
ing I K B ~ M .  Specificity for DNA binding was 
tested by the use of excess wild-type or mutant 
KB probe. The same extracts did not effect 
binding to AP-1 or Oct-1   robes (Fig. 1, C 

and D). Virtually no NF-KB gel shift was 
detectable upon activation in a variety of 
other cell lines (Fig. 2). 

Induction of apoptosis in Jurkat and mouse 
embryo fibroblast (MEF) cells treated for 18 
hours with TNF-a was analyzed by staining 
morphology (1 1) (Fig. 3). Jurkat cells were 
normally very resistant to TNF-a-induced 
apoptosis (Fig. 3A), with only 4% showing 
loss of nuclear structure. In IKB~M-expressing 
cells, however, there was a pronounced in- 

B T24 
Control lala 

Ik*m nr .-il r 
8Umfmbi): - - 

Fig. 1. Inhibition of NF-KB in HEF cells by IKB~M. (A) 
lmmunoblot analysis of HEF cells stimulated with 
TNF-a (10 ng/ml) or IL-la (2 ng/ml). Lanes 1 to 5, 
normal HEF cells; lanes 6 to 10, cells transduced with 
IKB~M retrovirus. Cells were stimulated for the indi- 
cated times, cytoplasmic extracts were prepared, 
and 50 pg were analyzed by SDS-PAGE. After trans- 
fer to nitrocellulose, the blots were probed with IKBa- 
specific antiserum. Arrows indicate positions af en- 
dogenous IK&, its phospholylated form, and 
IKB~M. (B) Gel-shift analysis of nuclear extracts pre- 
pared from the same cells as in (A) with 32P end- 
labeled HIV-KB oligonucleotii probe. Samples and 
lane numbers are as in (A). Lanes 11 and 12, com- 
petition controls performed on the same extract 
used in lane 3 (HEF cells, TNF-a, 15 min) with excess 
unlabeled wild-type and mutant oligonucleotide, 
respectively. (C) Gel shift of the same nuclear ex- 
tracts as in (6) with the AP-1 consensus probe. 
Lane 11, competition with excess unlabeled oligo- 
nucleotide with the extract from lane 4. (D) Gel 
shift of the same nuclear extracts as in (6) with the 
Oct-1 probe. Lane 11, wild-type competition with 
the extract from lane 1. 

crease in the sensitivity to TNF-a (Fig. 3B), 
with apoptosis visualized in 44% of the cells. 
MEF cells showed a similar increase in sensi- 
tivity to TNF-a, from 8% in normal MEF 
cells (Fig. 3C) to 67% in IKB~M-expressing 
cells (Fig. 3D). An early event in apoptosis is 
the migration of the phospholipid phosphati- 
dylserine (PS) from the inner to the outer 
leaflet of the ~lasma membrane (12). An- 
nexin V i s  a protein that binds specifically to 
PS (13). Table 1 compares the values for 

Fig. 2. Gel-shift analysis of various cell lines ex- 
pressing IKB~M. Cell lines were stimulated with 
TNF-a, IL-la, or PMA plus ionomycin. Nuclear 
extracts were prepared and analyzed for NF-KB 
activation by gel shift with 32P end-labeled HIV-KB 
oligonucleotide. (A) Cells transduced with either 
empty USN vector or ~ K B ~ M  were treated with 
TNF-a (1 0 ng/ml) or IL-1 a (2 ng/ml). Lanes 1 to 5, 
control MEF cells; lanes 6 to 10, I K B ~ M  MEF cells. 
(B) T24 cells were stimulated and treated as in (A). 
(C) Normal and I K B ~ M  Jurkat cells treated with 
TNF-a (20 ng/ml) or PMA (40 r\g/ml) plus ionomy- 
cin (1 pM). Lanes 1 to 6, control cells; lanes 7 to 
12, I K B ~ M  cells. Arrows indicate the shift (or shifts) 
corresponding to NF-KB. In each instance, mu- 
tant and wild-type unlabeled oligonucleotide com- 
petition was performed on the 15-min TNF-a- 
stimulated control sample. 

Control 

1- 

Fig. 3. Cytospin analysis of apoptosis. Cells were treated with TNF-a (100 nglml) for 18 hours, 
centrifuged onto slides, and stained with eosin-methylene blue to identify cells that had lost nuclear 
structure. Colored arrows indicate cells scored as apoptotic (red), necrotic (yellow), and viable (blue). (A 
and C) Control Jurkat and MEF cells, respectively. (B and D) Jurkat and MEF cells, respectively, 
transduced with IKB~M.  The percentage of cells identified as apoptotic is indicated in the lower right of 
each panel. These values were obtained by averaging the results from two independent experiments in 
which five fields per slide with an average of -1 00 cells per field were counted. 
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allllexlll \' h~niiii-ig i)f control anil I ~ 6 a h f  
Jurkat cells ol~tali-icii i)\-er tune in the presence 
ot  a h15h close iif TNF-a (123 11g/1111) j 14). 
Normal Jilrkat cclls shon.ci1 onli- a slight 111- 
creaie 111 a1l1lcx111 \' 1~illill1-i~ el-en at the 
loi-ice\t ~i-ic~~batlon tlme, from lL?.4'0 n i t l ~ o ~ ~ t  
s t ~ m ~ i l a t ~ o n  to 3L?.1°0 after 4S ho~irs. In con- 
trast, the percentage ot apoptotic 1 ~ R a L l -  
espresslng Jilrkat cclls incrcaseil trnm 12.3 to 
39.9"' ln 7 hoi~rs, c ~ ~ l l n ~ l ~ a t l i l ~  ill oIrer 80'0 by 
46 hours. The ilata i)n apoptosls were con- 
tirlneii 1.v use iif llght-scatter flow cvti>metric 
ai-ialvsii ( 1  5). K'e turthcr estcllilcil oiir results 

sl-io\v~n~ that RclA (-I-)  cmi-n-c> til~ro- 
l.lasts (16) \Yere more scnsltl\7e to TNF-a- 
lniluccd aynptobls than either normal or p50 
(-/-I tll3rol-lLlsts (17-19). 

R\- tn-o ~n i l c~en i l cn t  crlterla-the block ot 
short- anil long-term 1ni1~ict1oi-i as sho1r.n 
gel shift (Figs. 1R a1111 2 )  a1111 the 1nhihit101-i ot 
ellilogello~~s I K R ~  rcsy1-itl-iesl.; (Fig. 1X)-n-e 
Ilavc sllo~vl-i that I ~ B a h l  is a potent iloml- 
nant-negative 11-ihll~tc>r of NF-KR ,~c t lv ,~ t~on .  
Tlie flnJlnr that cells n.1t11 a block 111 NF-KB 
ilgnaling arc lllorc si~\cck-t~hle to TNF-a-ln- 
i l~~cei l  ;~pc>ptosis is cons~stcl-it \vith ohserva- 
t1on.c that TNF-a cyt~~toslcity can 1.c greatly 
enhal-iceci 1'y the c~clii~t~oil  i)t illlllillti)r> of 
proteln anil R N X  ~ \ - l ~ t h c i l ~  (for example, cy- 
ilnhcsamiile and act~nomyc~i-i D) (2).  The 
same synergr- of cell death sign,~l> ha> also 
heen reported for Fa>-lniliiccii cell iicat1-i (LC'). 
Fas can ~n i l~ icc  NF-KR gcl-shift actlvitv ln 
ccrtaln, l ~ i t  not all, cell type; T24, one of tlli. 
cell lines ihiin-n to he capable o t  Fas-~nili~ceii 
NF-KR a c t l ~ ~ t y ,  is also scnsit~\-e to Fas cvto- 
t o s ~ t y  0111)- in the iif ~ i - i h ~ l ~ ~ t o r s  i)t 
R N A  ~ ) r  ~rotciin syi-ithesis (21 ). \X'e csamincil 
the cftect of Fas activation 011 T14 cells cs- 
pressing I ~ R a h l  anil oi.bcr\.cd no appreclahlc 
cell ilcath (18).  Thiib, it appear  that the 
~nolec~ilar mcchani.\ms ~ ) t  Fas- anil TNF-a- 
mcillatcii cell cleat11 111av lye iiifterent, in that 
the actlvatioll of N F - K ~  can 11-iili1ce target 
irclle esprcssii)n that can rescue TNF-a-, i ~ t  
not Fas-mciiiateil, a~iipti)sis. 

Inh lh~ t lon  ot NF-KR ma7 1.e used by 
organisms as a lllcalls o t  killing TNF-a-  
targeted cell.;. I1-ihil~itiirs of N F - K ~  actlva- 
tion, .;i~ch as gli~cocort~ci)iils j22), antloxi- 
ilants ( L j ) ,  anii Cu'+ ( 2 4 ) ,  lnav fall in this 
categorv. Sili>.;tai-it~al thcral:eutlc galnb arc 
poss~blc lf llatilral anii SJ  ntl-iet~caiir- clcri\-cil 
11-ihihltors L > f  NF-KR call lye ~lsed 111 comhl- 
1-iat1oi-i 11-ith TNF-a  to treat c o ~ l i l l t ~ o ~ l s  111 

\vhlih certain cells llecil to be cleareil, such 
as cancer a11il hactcrial ,1114 \-lral infectioi-i. 
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p3S-ti3uS32 364 was constructed by s~te-tl~rectetl 
. ~ ~ t a g e n e s s  of tlie pas~nid p3S-t i3a and conf~rnietl 
oy secl~~encng. -lie constructon of pCb1X- ti3iiMutF 
has aeen describeti 131 p L ~ 6 a b l S N  ,?as coristrusted 
by a ~ n t  nserton of the Ec3 RV f~agnient f ~on i  pCMX- 
~ B i i b l  nto tile H2a I site of p U S h  ,25i 

4. K B ~ o ~ ~ z n .  S. Gerstaeryer L Carlson C. Franzoso. 
U S~ebenlist, Scce,-ce 267, 1435 ,19951, E B 
Traenckner et ai. E~'~./:B3 ,' 14 2376 !I 993i. 

3 R. ;In, P. Beaupallant C blakr~s, S, Meloshe J. HIS- 
x t t .  E.,:oi CeM, S~O!. 16,  1431 :1996), E, lid. Schsvh!arz, C 
J Van Ant1"verp. I .  l id. \!err-a ~ c d ,  p 3353 

E li4ouse emblyo f~broaasts 3vh!ere der~.ed froln S,?ss 
'Vveoster lnce as descrbed :2:1 and yrol+vn n Dubec- 
c 3 s  ~ i o t l ~ f ~ e t l  Eay e s r n e o u , ~  !CbIEbli suppementetl 
,?~tli 10'0 teta bo!ne serum ~FBSI HLII-an e,-ialyo fl- 
orooasts ,?ere prepared and yrol+vn dentcay  to b1EF 
cells. Tl+vo huntired ~inety-three cells exp~essng gag 
and i;oiLA!ere gro3*zn n DMEM 1,": F3S antl seestion 
'*"!as i iantaned l+v~tli blastasidn ,20 p g  I- I 724 cells 
:At-erlcan Type CLI t~ . re  Collect~onl arid Jurkat cells 
,?ere grol+vn n RPb1 1 6 4  in 13'0 F3S A tl-le pools of 
stable eel s '*"!ere prod~~ced n a s m a r  I-anner F~rst 
293 sels staa y expess ng Mooney gag and go'~rnder 
control of cylol-ega o!rus (Cl iN ) promoter-en lancer 
!+were t~ ansenty t~ansfected by Cap's. p recpta to~ i  ~~11 th  
23 pg 3t p D S h  re t ro~ra  "ector :31 and 5 1p.g or the 
1:asmd pli4CG '27i containng tlie vesc~~lar stomatts 
virus: \!S\!g envelope do~vznstrearii oft i e  CMV prornot- 
er-enhancer. Arer 43 and 72 h o ~ r s ,  the ~ n e t l ~ ~ r n  '*"!as 
re1n2,ed, ftered, and e~tlier stored at 2 0 ' C  or ~ s e d  
mmedatey for nteston. ntecton ,?as perfornietl 017 
- 3 3 x 13= cells n 3 lnl ~"vth Po ybrene ,3 p.g , ~ i l )  tor 3 to 
12 hours Cells were allo~~!ed 13 expancl tor 43 h o ~ ~ r s  and 
were then selected for neomysn resstance. A,?iounts 
3t G313 ~lset l  n seestny tlie "arloLs sell tlpes bA!ere as 
follo~vs MEFand HEFce s S O  p g  1111 7 2 4 . 4 3  lpy 111 
Jurkat 1 - g  17-1. lmrn~rnoblott~ng was tlien perforl-ed to 
analyze the express1317 of K B ~ M  

7 T J. Schal ei ai.. Ce!i 61. 361 ,19901 
3 For rnni~~noalot  analys~s, cylop asmlc extrasts '*"!ere 

prepared as descrbed 2 8 1 ,  and 50 ~g a s  determned 
t!? Badford ana:pis, :as apple3 to 12'0 SDS-PAGE 
gels and transferred to 3 2-1~1- pore n~trocel~lose 
I--el-branes :Scheclier & Sch~~el l~ .  Blots ,;ere p~obed 
for 12 hours ~~11th antootly ~ a ~ s e d  aganst tlie NHL-ter- 
I-inus ot K B C ~  IC-15 Santa Cruz 31otech1 and t l ~ l ~~ te t l  
1 1,300 n pliospliate-outrered sane (P3S ~ ~ ! ~ t l i  0 2'0 
T1"veen-20 tSyl-ai a173 3'0 nonfat i i k  :Carnailon1 4'ter 
~zashny the blots were probetl '~zth horseradsli per- 
oxdase ,HRPl-conj~igatetl tionkey antserul- 13 raoolt 
I I - I - U ~ O ~ ~ O ~ L I I ~  G :A-ersham; 31~1te t I  1 S O  tor 2 
hours 3ands were :suazed by use of the Renassance 
cliem~lum~nescense kl- (D~iponti. 

9 S. C Sun. P A Gansli i D 'Y:' Balard 'Y:' C. Greene 
SC~SI~CS 259 191 2 :1993i: P J Cl iao S. Myarnoto 

b1. Verma R o c  Nail. kcaa S o  L' S A. 91, 23 
(1 9941 

10. Eestroplioretls ,~obI ty -s l i~ f t  assay !+was done as de- 
scroeo (29i. Brefly 5 lpg of nuc eal extlact ,?ere ~nxe t l  
~"v~th 3.5 pg of paly,tlIdC~ antl DN4 .:Incling buffer n a 
iota .ol~r~i ie ot ' 3  I L  a(-d lnc~:oated 317 Ice to1 212 ~ i i ' , i .  
' -Paoeed ol~gonucleotides t6000 cpl- pel sa~nplel 
were tlien added to the oindng reaston and ncuaated 
for 3'3 m n  at  roo^ temperature. Competton 3vzas per- 
for~iied b!! addtion of 1 ny of unlaoeled ol~gonucleot~de 
(503-fold excess; d~rring the n c ~ b a t o n  on se  foo?ed 
a!! adtiton of aoeetl ol~gonucleot~de Tlie H V - K ~  0 1 1 -  

gonuc eotde has been descrbetl ,2O). Oct-1 and AP-1 
sonsensus ogonuc eotcles 3vh!ere purchased fro171 San- 
ta CILIZ Batesh. A the oigon~~sleot~des !+were end-a- 
oeed Llse of 74 poynuceotde kinase antl [-!-'.PI 
adenos~ne tr~phosphate (Dupont hEhi TNF-rr i - l c t ,  

phoroo 12-myrstate 13-acetate :PMAI, antl ono-ysn 
423137 ;.$ere obtaned trorii Ca oosl ie~i i .  

1 1 C,iospn ana yss ,?as done as oescr~aed :3:: . Br~efly, 
eel s ,?ere treatetl as descrbed n tlie text, and a 100-p. 
sat-:: e :.!as loaded nto 31sposaale clialnbe~s and cen- 

tr~fugetl tor 1 n i n  onto glass sdes n a c,tocentr~fuge 
(Sliandon~. Tlie st ies were aIo3*zed to dry and then 
staned ,?~tli the ieukostat star k ~ t  ,FsIier Scent tc .  
Stanny LA!as,,er~f~ed by ~~sua l~zat~on under a yht l - c~o -  
ssope, and the st ies were -ountetl 3~z~t l i  g ass cover 
s p s  ~"v~th tile use of Per~iiount .-iountng 17iedia :F~slie~ 
Scentfs). The pop~~la ton of sells was sategorzetl as 
either vable, apoptotc, or necrotc ~zlien analyzed a) 
staining ~norpholoyy. Countng was performed a n d ,  
meanng tliat eash slde 3vh!as gven a n ~ ~ ~ n b e r  and the 
identty or eash sa~nple~~zas not knosvh!n dulng cou~itng 
Tlie sountng prosedur? rnade Lrse at a g l i t  niic*oscope 
at a magn~fisat~on tliat ao?ed tlie ncorporatlon of 
about 103 sells per tied F~ve t~elds ,?eel- countetl per 
slde, antl eash expeli~nenta condition was per?ornietl 
two t1171es. 
S J. Martin et ai . ,I Euu Med. 182. 1543 !I 993i. 
P Thlagarajan and J F. Tat.  J. Sior. Ciie:n. 265, 
17420 (1 99Oi. 
Quanttatori of apoptoss by annexn \I bndng '*"!as 
done as dessr~bed (72) 3r1efly MEF sells ?ere platetl 
onto 24-,?el plates and treated unde tlie c o ~ i d t o ~ i s  
ndisateo. Tlie cells were trypsnized and resuspended 
n tlie o r~gna  supernatant to ensure tliat both attaslied 
and nonattaslietl sells 3vh!ere analyzed The :el s ,?ere 
!+washed once n PBS and resuspentled n annexn V 
bnt lny a~~ffer.  Fuorescen sotliocyanate !FlTC-conl~~- 
gated annexin \I ,?as added and the sa~iiples were 
analyzed by flo~,v c,to,Tietr: 3~h!~tli a F4CSsan ,Beeton- 
Ccknsonl. Jurkat eel s were plated onto 24-,?e I dishes 
at an n i t a  densty of 10' per m~llil~ter antl treatetl den- 
t c a ~  to MEF sels Quant~taton was done ~+vitli Cel 
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