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determined (mean Â±SE for three determinations).

B, the expression of the transfected proteins was evaluated by immunoblot assay using 50 @agflaneof total protein. C, apoptosis was

induced by transfection of pCMVFas, and the percentage of dead cells was determined I day later (mean Â±SE for three determinations).

ured by cotransfection of the GFP marker plasmid pEGFP (Clontech Labors

tories, Inc.). After culturing for 24 h, both the floating and attached cells were

supematantswere storedat â€”80Â°C.
For initiatingcaspaseactivation,either 10 @tM
horse heart cytochromec (SigmaChemicalCo.) togetherwith 1 mMdATP or 100

harvested, fixed in PBS containing 3.7% formaldehyde for 10 mm, and stained

nM purified

with

protein/mI).Caspase activity was assayed by release of amino-4-tiifluommethyl
coumerin (Enzyme System Products) from DEVD-containingsynthetic peptides
using continuous-readinginstrumentsas described (31, 32).

10

@ag/ml DAPI.

The percentage

of cells

with apoptotic

nuclei

was

counted among the GFP-positive cells by fluorescence microscopy. The re
maining cell pellets were used for protease assays, immunoblot

analysis, or

were lysed in CoIP-buffer (10 mMHEPES [pH 7.5], 100 nmi KCI, and 0.2%
NP4O)for protein binding assays. For all experiments, transfection and scoring
were performed on randomized coded dishes.
Protein

Binding

and

Immunoblot

Assays.

Lysates

were

cleared

at

16,000 x g for 30 mm. Myc-tagged lAP proteins were immunoprecipitated
with 10 @ilof anti-myc

(9E10)

antibody

immobilized

on Protein G-Sepharose

Expression

recombinant

active

of Survlvin

caspase-8

In Human

was added

Tumor

to extracts

Cell Lines.

(10 mg total

Lysates

from the

NC! 60 cell line anticancer drug screening panel were prepared in the presence
of protease inhibitors. After normalization for total protein content (50 p@g/
lane), samples were subjected to immunoblot analysis using a monoclonal
anti-Survivin antibody, generously provided by D. Altieri (Yale University
School ofMedicine, New Haven, Cl'; 33). Data on X-ray films were quantified

(Santa Cruz Biotechnology) for 2 h. Immunoprecipitates were washed three
times with CoIP-buffer, and bound proteins were analyzed by SDS-PAGE/

by scanning densitometry using the IS-l000 image analysis system (Alpha

immunoblot

on blots were used to normalize all data before estimating the amount of

assay using 750 miii Tris/14%

polyacrylamide

gels. Immunoblot

ting for caspases was performed as described after normalizing cell lysates for
total protein content. Antisera specific for caspase-3, -7, and -8 were prepared
as described

Innotech Co.). Results from a recombinant Survivin protein-standard

Survivin protein (ng/50 @&g
of total protein). Data from two independent
Survivin protein standard-containing blots were within 10% agreement.

(25, 28, 29).

Caspase Activation in Cytosolic Extracts. Cytosolic extracts were pre

â€” from293cellsasdescribed
(30).Briefly,
cellswerewashed
withice-cold

Results
Survivin

buffer A (20 mM HEPES [pH 7.5], 10 mi@iKC1, 1.5 mr@iMgCl2, 1 mM EDTA, and
I mz@iDli')

included

and suspended in I volume of buffer A. Cells were incubated on ice

for 20 mm and then disruptedby passagethrougha 26-gaugeneedle 15times.Cell
extractswereclarifiedby centrifugationat 16,000X g for 30 mm,and the resulting

0

caspase
@

proform

@

active form

o.@

.@

3

caspase

7

caspase

8

1,.1

::

â€¢I

Fig. 2. Survivinbinds caspase-3 and -7 in vitro. 293 cells were transfectedwith plasmids
encoding myc-Survivin or with pcDNA3myc control plasmid. One day later, cell lysates were
pre@
for coimmunoprecipitation experiments. lAPs were immunoprecipitated with anti
myc antibody immobilized on protein G-Sephamse and mixed with recombinant active

caspase-3. -7, and -8 (bottom) or unprocessed(top) caspase-3 and -7. Immunoblotanalysis
with anti-caspase-3, -7, and -8 antibodies was used for detection of immune complexes.

Inhibits

Bax- and Faa-induced

Apoptosis

in 293 Cells.

Twomajorpathwaysforcaspaseactivationhavebeendescribed.Oneof
these is engaged by tumor necrosis factor receptor-family members such
as Fas (CD95) and that involves recruitment to the receptor and activation
of proximal caspases, particularlycaspase-8 (18, 34). The other pathway
involves release ofcytochrome c from mitochondria, resulting in binding
of cytochrome c to Apaf-l in the cytosol, and activation of pro-caspase-9
(17, 18). Both of these pathways converge on downstream effector
caspases, particularly caspase-3 and -7 (17, 18).
To explore which apoptosis pathways are blocked by Survivin, transient
transfection experin@nts were performed in human 293 cells using overex
i@ressionofthe Bax or Fas proteins as stimuli for inducing apoptosis. Bax has
been shown to induce release ofcytochmme c from mitochondria and, thus,
was used here as a n@ans of triggering the Apaf-1/caspase-9 pathway (35).
Transfeclion of a Bax-encoding plasmid into 293 cells caused an â€”7-fold
increase in the percentage ofapoptotic cells, as determined by DAPI staining,
com@
with cells tmnsfected with a control plasmid (Fig. lA). In contrast
when Bax- and Survivin-encoding plasmids were cotransfected into 293
cells, Bax-mediated cell death was reduced to approximately one-third (Sw
cimt's t test; P <0.01) the amount observed with Bax alone. Under the same
conditions, )@IAPwas m@e potent than Survivin, almost completely inhib
iting Bax-induced apoptosis. Immunoblotting experiments confirmed the
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Fig. I. Survivin inhibits Bax- and Faa-inducedapoptosis in 293 cells. A, 293 cells were transfectedwith pcDNA3myc (control), pcDNA3myc-Survivin,pcDNA3myc-XIAP.
pcDNA3-Bax, pcDNA3myc-Survivin+ pcDNA3-Bax, or pcDNA3myc-XIAP + pcDNA3-Bax plasmidDNAs. One day later,the percentageof apoptoticcells (DAPI-staining)was
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Fig. 3. Survivin protects 293 cells from procaspase-7-induced

apoptosis and inhibits processing of procaspase-7. 293 cells were transfected with plasmids encoding control vector.

caspase-7, Survivin, XIAP, or various combinations of these as shown. A, phase contrast pictures of 293 cells taken at 20 h after transfection with either caspase-7 (left) or
caspasc-7 + Survivin (right). B, DEVD-AFC cleavage activity was measured using lysates from the transfected 293 cells. Lysates were normalized for total protein content. C, cell
extracts (50 ,.&g)were subjected to 16% SDS-PAGE. Immunoblot analysis with anti-caspase-7 antibody was used for detection using an ECL-based detection method. The positions

of unprocessed
andprocessedcaspase-7areindicated.Similarresultswereobtainedforcaspase-3(datanotshown).

apoptosis was not due to higher levels of myc-XIAP protein compared

(Fig. IB). Similar observations were made when Fas overexpression
was used as the apoptotic stimulus, rather than Bax. Coexpression of
Survivin with Fas reduced apoptosis by over half, whereas XIAP was

with myc-Survivin. These immunoblot experiments also verified that

more potent

Survivin did not inhibit the production of Bax protein in 293 cells

hibits events downstream of both Bax and Fan.

expression of the myc-tagged lAP proteins in the expected transfected

cells, suggesting that the more complete inhibition of Bax-induced

(Fig.

1C). These

experiments

suggest

that Survivin

A

Pig. 4. Survivin inhibits cytochrome c induction of DEVD-cleavage

activity.A, cytochromec (10 pi@t)
and dATP(1 mat)or recombinant
active caspase-8 (100 nat; B) were added to cytosolic extracts prepared

from 293 cells transfectedwith plasmidsencodingmyc-Survivinor
myc-XIAP or with pcDNA3myc control plasmid. DEVD-speciflc pro

teaseactivitywasmeasuredusinglysatesthatwerenormalizedfortotal
pmleincontent(11mg/nd).A,0, control(untreated);U, control(Cyto

154
,1@

c); f.@,Survivin; A, Survivin + Cyto c; 0, XIAP; â€¢,XIAP + Cyto c.
B, 0. control (untreated); , control (Casp 8); ts, Survivin; A, Sur

vivin+ Casp8; 0, XIAP;O, XIAP+ Casp8.

Time (Mm)
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A

B

Fig. 5. Survivin inhibits etoposide-induced apoptosis and generation of

caspase-like protease activity in cells. 293 cells were used directly or
transiently cotransfected with a GFP-marker plasmid (pEGFP) together with
either a control plasmid pcDNA3myc or an expression plasmid encoding
myc-tagged Survivin or myc-tagged XIAP. After 6 h, etoposide (10 @.&M)
was
added to cultures. Lysates were prepared and apoptosis was assessed at 48 h
after transfection. Immunoblot analysis confirmed production of comparable

amounts of the myc-tagged Survivin protein in each dish (data not shown).
A, DEVD-AFC hydrolysis was measured using lysates from the transfected
293 cells. Representative progress curves are shown. 0, control (untreated);

U,control
(etoposide);
&Survivin;
A,Survivin
+etoposide;
0, XIAP;S,

154
.1t@

XIAP + etoposide. B, the percentageof apoptoticcells was determinedby
microscopic evaluation of DAPI-stained nuclei in GFP-positive cells. Data
represent mean Â±SE (n = 3).

Time (Mm)

Survivin Binds to Active Caspase-3 and -7 in Vitro, but not to
Their Proforms or to Caspase-8. Because XIAP and some other
lAP-family proteins have been shown to bind caspase-3 and -7 (15,
16), we examined the ability of Survivin to bind these cell death
proteases in vitro. Attempts to produce active Survivin in bacteria
proved unsuccessful, apparently due to misfolding as assessed by
circular dichorism and nuclear magnetic resonance analysis (data not
shown). We, therefore, expressed Survivin in human cells. Using
lysates from transiently transfected 293 cells, myc-tagged Survivin
was immunoprecipitated with anti-myc antibody, and the resulting
immune complexes were incubated with recombinant
active
caspase-3, -7, and -8 or unprocessed caspase-3 and -7 (Fig. 2). After
extensive washing, the resulting immune-complexes were analyzed by
immunoblotting using antisera specific for these caspases (25, 28, 29).
Active caspase-3 and -7 coimmunoprecipitated
with Survivin. In
contrast, the inactive proforms of caspase-3 and -7 did not bind
Survivin. Similar to previous reports for XIAP and other lAP-family
proteins, Survivin also did not bind in vitro to active caspase-8. Thus,
Survivin binds the active forms of the executioner proteases caspase-3
and -7, but not the upstream initiator caspase-8.
Survivin

Inhibits

Apoptosis

Induced

by Overexpression

of Pro

caspase-3 and -7. To further analyze the inhibition of effector
caspases by Survivin, we transiently cotransfected 293 cells with

A

U,
(N

@

F,@ r@-

@

Iâ€”

@. I-

U,
(N

C.@) =

.<

<

B

2 5 20 50 0 ng
Survivin

either procaspase-3 or -7 and either Survivin or XIAP. Survivin
potently inhibited apoptosis induced by overexpression of either pro
caspase-3 or -7 and also markedly reduced the accumulation of
DEVD-cleaving caspase activity in cytosolic extracts derived from
these cells (Fig. 3, A and B, and data not shown). Moreover, cotrans
fection of Survivin prevented spontaneous processing of caspase-7
(Fig. 3C) and caspase-3 (data not shown) to their active forms.
Because Survivin binds to the active forms of caspase-3 and -7 in vitro
but not to their proforms, the most likely explanation for this result is

that Survivinpreventsactivecaspase-3and -7 moleculesfrom cleav
ing their own proforms (i.e., blocking an amplification mechanism in
which a few spontaneously activated caspase-3 or -7 molecules cleave
additional procaspase proteins). XIAP exhibited similar effects, sug
gesting that Survivin and XIAP perform similar or the same functions
in cells overexpressing these procaspases. These experiments, there
fore, provide further evidence that Survivin directly inhibits caspases.
Survivin
Inhibits
Cytochrome
c-induced
DEVD-Cleavage
Activity in Cell Lysates. Addition of cytochrome c and dATP to
cytosolic extracts prepared from human 293 cells resulted in the rapid
accumulation of DEVD-specific protease activity (Fig. 4A). Cyto
chrome c-induced DEVD-cleaving activity was substantially reduced
in lysates prepared from Survivin- or XIAP-overexpressing 293 cells.
Similar results were obtained after the addition of recombinant active
caspase-8 (100 ni@i)to the same lysates (Fig. 4B). Thus, Survivin
inhibited cytochrome c- and caspase-8-induced activation of caspases
which cleave the DEVD-tetrapeptide in vitro.
Survivin

(/)

-. ,@

Fig. 6. Examplesof Survivinproteinexpressionin humantumorcell lines.A, examples
of immunoblot data are shown for several human tumor cell lines. In all cases, lysates
were normalized for total protein content (50 @sg)before SDS-PAGllhimmunoblot assay

using a mAb against Survivin (33). B, An example of a Survivin standard curve is
presented, where 0â€”50ng of purified Survivin protein was subjected to immunoblot
analysis using an ECL-based detection method.

ru

Inhibits

Apoptosis

and Caspase

Activity

in Etoposide

treated Cells. The ability of Survivin to suppress cytochrome c
induced caspase activity in cell lysates suggested that this inhibitor
could also protect intact cells from apoptosis inducing stimuli that
cause release of cytochrome c from mitochondria. The anticancer drug
etoposide inhibits topoisomerase H, resulting in DNA damage and
subsequent release of cytochrome c, activation of DEVD-cleaving
caspases, and apoptosis (36â€”39).Control- or Survivin-transfected 293
cells were treated with etoposide. The percentage of apoptotic cells

and caspase activity in cell extracts were subsequentlymeasured2
days later. Treatment

of control

(pcDNA3-myc)

transfected

293 cells

with 10 pM etoposide resulted in accumulation of DEVD-cleaving
activity, whereas little DEVD-cleaving activity was present in lysates
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Table 1 Survivin protein expression in the NC! anticancer drug screening panel of tumor cell lines

DatarepresentestimatedSurvivinproteinlevels(ng per 50 @g
of totalprotein)basedon quantificationof immunoblotdataby densitometricscanningandextrapolationfroma
@

Survivin protcinstandardcurve. Data were scored as follows: 0. undetectable: +1â€”,1 to
gLg;++++, >20 ng/50 @g.
Thmorcell lines are groupedby categories.

5 ng/50 g.@g;
+, 5 to 4 10 ng/50 @.sg;
++, 10 to 4@15 ng/50 @g;
+++,

BreastLeukemia/lylnphomaOvarianBT-549+
++IGROV-lHS578T+1â€”K562+ +CCRF-CEM+
+OVCAR-3MCF-7+++MOLT-4++Ã·+OVCAR-4M@F7ADR/RES+

15 to 4 20 ng/50

+
+++

++RPMI-8226+SK-OV-3MDA-MB-23l+SR+
+
+MDA-MB-435+MDA-N+

+1â€”

+ProstateT47DLung
++
++

PC-3ColonHOP-62+
A549
EKVX++++

++++DU-145
+
++
+
+

4-RenalCOLO2OS+
+786-0HCF-15+NCI-H322M+
+HOP-92+
+A498HCT-1l6+
+ACHNHCC.2998+
+NCI-H226+
++NCI-H23+CAKI-lHT29+
+RXF-393KM-12â€”1+NCI-H460+++SNI2CSW-620TK-lO
+ ++NCI-H522+

+

++
+
+
+1â€”
+1â€”

+1â€”

UO-3lCNSMelanomaSF-268+1â€”LOX-IMVI+

+SF-295+MALME-3M+SF-539+1â€”Ml4+SNB-19+++SK-MEL-2++++SNB-75+

+

+SK-MEL-28+U251+++UACC-62 ++
++

UACC-257++++

prepared from untreated cells (Fig. 5A). In contrast, 293 cells trans

demonstrated that these lAP-family proteins can directly bind to and

fected with plasmids encoding myc-taggedSurvivin or myc-XIAP potently inhibit active caspase-3 and -7 in vitro, whereas little or no
accumulated less DEVD-cleaving activity after treatment with etopo

binding to the unprocessed proforms of these cell death proteases was

side, with XIAP showing greater inhibition than Survivin. These observed (15, 16). Although cytosolic lysates from Survivin-overexpress
inhibitory effects of Survivin and XIAP overexpression on etoposide
induced caspase activity were paralleled by reductions in apoptosis, as

determined by examining the morphology of DAPI-stained 293 nuclei

ing cells exhibited resistance to cytochrome c- and caspase-8-mediated
caspase activation, we were unable to produce recombinant Survivin
protein in bacteria that displayed bioactivity when added to cytosolic
lysates prepared from untransfected cells. Thus, unlike other lAPs, it

(Fig.5B),withXIAPagainprovidinggreaterprotectionthanSurvivin.
Immunoblotassays confirmed expression of myc-XIAPand myc seems that bacteria-producedSurvivinprotein may either be misfoldedor
Survivin proteins, revealing that myc-Survivin was expressed, at leant
as high as those of myc-XIAP (data not shown).
Survivin Expression in the NC! 60 Tumor Cell Line PaneL The

relative levels of Survivin protein were compared by immunoblotting
among 60 human tomor cell lines used for the NU's anticancer drug
screening program, using an anti-Survivin monoclonal antibody (33).
Representative iesults are shown in Fig. 6A, and the data are summarimd

perhaps lacking posttranslational modifications or cofactors for preserva
tion of its bioactivity.
Nevertheless, though we were prevented from providing direct cvi
dence, the correlative data presented here suggest that Survivin may
function similarly to other human lAPs, binding to active caspase-3 and
-7 (but not to their zymogens or active caspase-8) and preventing the

accumulation of DEVD-cleaving caspases in cytosolic lysates and intact

in Table 1.An exampleof a standardcurvegeneratedwithrecombinant cells treated with agents known to trigger caspase activation and apop
Survivin protein is presented, where 0-50 ng ofpurified Survivin protein
was subjected to immunoblot analysis using an ECL-based detection

method (Fig. 68). SUrViVinprotein was detected at various levels in all
tumor cell lines analyzed. The highest relative levels of Survivin were
present in lung and breast cancer cell lines, whereas relatively low levels
of SUrVIVinwere present in renal cancers.

Discussion

inhibitorof caspasescomparedwithXIAPor thatits activityis regulated

In this study, we show that Survivin is widely expressed in human
cancer

tosis. However, compared with XIAP, Survivin was consistently less
potent at suppressing generation of DEVD-cleaving caspase activity and
apoptosis. Comparisons of SUrViVinand XIAP binding to caspases in
vitro using proteins immunoprecipitated from transfected human cells are
nonquantitative, but also suggest that XIAP binds more efficiently to
caspases than Survivin (data not shown). Taken together, these observa
tions raise the possibility that Survivin is either a somewhat less efficient

cell lines and present

evidence

that it can inhibit

in a manner that renders only a fraction of the total Survivin molecules

competentto bind and inhibitcaspases.In this regard,the structural

the accumu

lation of caspase activity and suppress apoptosis in cells subjected to
diverse apoptotic stimuli.

Activation of effector caspases, such as caspase-3 and -7, is a nearly

differences between Survivin and the other human lAPs might serve as a

potentialmolecularbasisfor variationsin caspaserecognitionandapop
tosis suppression. For instance, the lack of a RING-finger in Survivin,

universal event associated with apoptosis indUCed by multiple stimuli.

even if not directlyinvolvedin caspasebinding(19), could influence

These terminal effector caspases account for most ofthe DEVD-cleaving
z@tivitythat accumulates in cells undergoing apoptosis (l8).@Previous
studies using recombinant purified XIAP, c-!AP1, and c-IAP2 proteins

some conformational changes of Survivin compared with other lAPs.
Experiments are under way to attempt to resolve these competing models.
The observation that Survivin and several other human lAPs do not
bind active caspase-8, but nevertheless inhibit caspase-8-induced ac
tivation of DEVD-cleaving enzymes in cytosolic extracts in vitro, is

4 Unpublished

observations.
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consistent with previous studies (15, 16) that have demonstrated that
these antiapoptotic proteins suppress the downstream terminal effec
tor caspases, but not the upstream initiators. Further support for this

11. Liston, P., Roy. N., Tamai, K., Lefebvre, C., Baird, S., Cherton-Horvat, 0., Farahani,
R., McLean, M., Ikeda, J., MacKenzie, A., and Korneluk, R. 0. Suppression of

notion comes from the observationthat Survivin and other human

12. Uren, A. 0., Pakusch, M., Hawkins, C. J., Puls, K. L, and Vaux, D. L Cloning and

apoptosis in mammalian cells by NAIP and a related family of lAP genes. Nature
(Land.). 379: 349â€”353,1996.
expression of apoptosis inhibitory protein homologs that function to inhibit apoptosis
and/or bind tumor necrosis factor receptor-associated factors. Proc. NatI. Aced. Sci.

lAPs interfere with apoptosis induced not only by caspase-8-activat
ing proteins such as Fan (CD95), but also apoptosis induced by
overexpression of Bax, which seems to engage the apoptotic pathway
at the level of mitochondria by inducing cytochrome c release (35).
Cytochrome c release results in activation of the CED-4 homologue
Apaf-l, initiating an apoptotic protease cascade that begins with
processing of caspase-9 and resulting in activation of caspase-3 (30).
Thus, the demonstration here that Survivin suppresses caspase acti
vation and apoptosis induced by both Fas/caspase-8 and Bax/cyto
chrome C implies that it functions at a point of convergence of these
apoptotic pathways; namely, the terminal effector caspases such as

USA, 93: 4974â€”4978, 1996.
13. Vucic, D., Kaiser, W. J., Harvey. A. 3.. and Miller, L. K. Inhibition of Reaper-induced

caspase-3 and -7. This interpretation is further underscored by the

22: 299â€”306.1997.
19. Takahashi, R., Deveraux, Q., Tamm, I., Welsh, K., Assa-Munt, N., Salvesen, 0. S.,

finding that apoptosis and spontaneous processing of procaspase-3
and -7 are inhibited by Survivin in cells.
previous

observations

derived

from primary

tumorspecimensthatindicatedthat Survivinis commonlyexpressedin
human cancers. However, the relative levels of Survivin protein were
variable among the tumor lines evaluated. implying differential regula
tion of the expression of this antiapoptotic protein within cancers. Al
though relatively little work has been done thus far to compare the levels
of Survivin in tumors with other biomarkers or with clinical outcome, it
has been reported that Survivin expression in neuroblastomas correlates
with clinically more aggressive, histologically unfavorable disease (40).
Moreover, higher levels of Survivin protein as determined by immuno
staining and p53 accumulation

(indicative

inhibitor of cell death proteases. Nature (Lond.), 388: 300â€”303, 1997.
16. Roy, N., Deveraux, Q. L, Takahashi, R., Salvesen, G. S., and Reed, J. C. The c-lAP-I

andc-IAP-2 proteinsare directinhibitorsof specific caspases. EMBO3., 16: 6914â€”
6925, 1997.
17. Salvesen, 0. S., Dixit, V. M. Caspases: intracellular signaling by proteases. Cell, 91:
443â€”446,
1997.

18. Nicholson,D.W.,andThornberry,N.A.Caspases:killerproteases.TrendsBiol.Sci.,

J. Biol. Chem., 273: 7787â€”7790,1998.
20. Uren, A. G.. Coulson, E. 3., and Vaux, D. L. Conservation of baculovirus inhibitor of

apoptosis repeat proteins (BIRPs) in viruses, nematodes, vertebrates and yeasts.
Trends Biol. Sci., 23: 159â€”162,1998.
21. Ambrosini, 0., Adida, C., Sirugo, 0., and Altieri, D. C. Induction of apoptosis and

inhibition of cell proliferation by survivin gene targeting. J. Biol. Chem., 273:
11177â€”11182,
1998.
22. Sato, T., Inc. S., Kitada, S., and Reed J. C. FAP-l: a protein thyrosine phosphatase
that associates with Fax. Science (Washington DC), 268: 41 1â€”415,1995.

23. Miyashita, T., Kitada, S., Krajewski, S., Home, W. A., Delia, D., and Reed 3. C.
Overexpression ofthe Bcl-2 protein increases the half-life of p2lBax. J. Biol. Chem.,
270: 26049â€”26052, 1995.

24. Muzio, M., Salvesen, G. S., and Dixit, V. M. FLICE induced apoptosis in a cell-free
system. J. Biol. Chem.. 272: 2952â€”2956,1997.
25. Orth, K., O'Rourke,

60 human tumor cell lines suggests that

furthercorrelativestudiesof Survivinexpressionwithclinicaloutcome
and other biomarkers should be informative with regards to assessing the
prognostic significance of this apoptotic protein.

ray, C., Pickup, D. J., and Salvesen, G. Proteolytic activation of the cell death
protease Yama/CPP32 by granzyme B. Proc. NatI. Acad. Sci. USA, 93: 1972â€”
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32 (Caspase 3). in non-Hodgkin's lymphomas (NHLs), chronic lymphocytic leuke
mias (CLL), and reactive lymph nodes. Blood, 89: 3817â€”3825.1997.

Acknowledgments
We thank R. Takahashiand other membersof the laboratoryfor helpful
discussions; 0. Salvesen for recombinant caspases; D. Altieri for the Survivin
antibody; and K. Welsh for recombinant Survivin protein preparation.

29. Snnivascula, S., Ahmad, M., Fernandes-Almenri, T., Litwack, 0., and Alnemri, E. S.
Molecularorderingof the fas-apoptoticpathway:the fas/APO I proteaseMchS is a
CrmA-inhibitable protease that activates multiple Ced-3IICE-like cysteine proteases.
Proc. NatI. Aced. Sci. USA. 93: 14486â€”14491, 1996.

30. Liu, X., Kim, C. N., Yang, J.. Jemmerson,R.. and Wang, X. Inductionof apoptotic
program in cell-free extracts: requirement for dATP and Cytochmme C. Cell, 86:
147â€”157,
1996.
31. Quan, L. T., Caputo, A., Bleackley, R. C., Pickup. D. J., Salvesen, 0. 5. Granzyme

References

B is inhibited by the cowpox virus serpin cytokine response modifier A. J. Biol.

Chem., 270: 10377â€”10379,
1995.

I. Thompson. C. B. Apoptosis in the pathogenesis and treatment of disease. Science

(Washington DC). 267: 1456â€”1462,1995.
2. Yang. E., and Korsmeyer. S. J. Molecular thanatopsis: a discourse on the BCL2
family. Blood. 88: 386â€”401,1996.
3. Reed, J. C. Bcl-2 and the regulation of programmed cell death. J. Cell Biol., 124: 1â€”6,
I994.
4. Ambrosini, G., Adida, C., and Altieri, D. C. A novel anti-apoptotic gene, survivin,

32. Stennicke, H. R., and Salvesen, G. S. Biochemical characteristics of caspase -3, -6, -7,
and -8. 3. Biol. Chem., 272: 25719â€”25723, 1997.

33. Lu, C-D., Altieri, D. C., and Tanigawa, N. Expression of a novel anti-apoptosis gene,
survivin, correlated with tumor cell apoptosis and p53 accumulation in gastric
carcinomas. Cancer Res., 58: 1808â€”1812,1998.
34. Newton, K., Harris, A. W., Bath, M. L, Smith, K. 0. C., and Strasser, A. A dominant

interfering mutant of FADDIMORTI enhances deletion of autoreactive thymocytes

expressed in cancer and lymphoma. Nat. Med.. 3: 917â€”921.1997.
5.

CIem.

R.

K., Salvesen, 0. S., and Dixit, V. M. Molecular ordering of

apoptotic mammalian CED-3IICEIlike proteases. 1. Biol. Chem., 271: 20977â€”20980,
1996.
26. Quan, L. T., Tewari, M., O'Rourke. K., Dixit, V. M., Snipas, S. i., Poirier, G. G.,

of mutant p53) were positively

correlated in a survey of gastric cancers (33), implying an association of
Survivin with more aggressive disease. The variability in Survivin levels

seen here among the Na's

Mol.Cell.Biol.,18: 3300â€”3309.
15. Deveraux,Q., Takahashi,R., Salvesen, G. S., and Reed, .1.C. X-linked lAP is a direct

J.,

and

Miller,

L.

K.

Control

of

programmed

cell

death

by

the

andinhibitsproliferationof matureT lymphocytes.EMBOJ., 17:706â€”718.
1998.

baculovirus

genes p35 and iap. Mol. Cell. Biol., 14: 5212â€”5222,1994.
6. Crook, N. E., Clem, R. 1., and Miller, L. K. An apoptosis-inhibiting baculovirus gene
with a zinc finger-like motif. J. Virol., 67: 2168â€”2174, 1993.

7. Roy, N.. Mahadevan, M. S., McLean, M., Shutler, G., Yaraghi, Z., Farahani, R.,
Baird, S., Besner-Johnson, A., Lefebvre, C., Kang, X., Salih, M.. Aubry, H.. Tamai,
K., Guan, X., Ioannou, P., Crawford, T. 0., de Jong, P. J., Surh, L., Ikeda, J-E,
Korneluk, R. G., and MacKenzie, A. The gene for neuronal apoptosis inhibitory

protein is partially deleted in individuals with spinal muscular atrophy. Cell, 80:
167â€”178,1995.
8. Rothe. M., Pan, M-G., Henzel, W. J., Ayres, T. M.. and Goeddel, D. v. The

TNFR2-TRAF signaling complex contains two novel proteins related to baculoviral
inhibitor of apoptosis proteins. Cell, 83: 1243â€”1252,
1995.
9. Ducken, C. S., Navas,V. E., Gedrich, R. W., Oem, R. J., Van Dongen, J. L., Gilfillan,
M. C., Shiels, H., Hardwick, J. M., and Thompson, C. B. A conserved family of

cellular genes related to the baculovirus iap gene and encoding apoptosis inhibitors.
EMBO J., 15: 2685â€”2689,1996.
10. Hay, B. A., Wassarman, D. A., and Rubin, 0. M. Drosophila homologs of baculovirus

inhibitor of apoptosis proteins function to block cell death. Cell, 83: 1253â€”1262.
1995.

35. Xiang. J.. Chao, D. T., and Korsmeyer, S. J. BAX-induced cell death may not require
interleukin-l a-convening enzyme-like proteases. Proc. Nail. Aced. Sci. USA, 93:

14559â€”14563.
1996.

36. Dubrez,L., Goldwasser,F., Genne,P., Pommier,Y., and Solary,E. The role of
cell cycle regulation and apoptosis triggering in determining the sensitivity of
leukemic cells to topoisomerase I and II inhibitors. Leukemia (Baltimore), 9:
1013â€”1024,
1995.
37. Liu, L. F. DNA topoisomerase poisons as antitumor drugs. Annu. Rev. Biochem., 58:
349â€”353,1996.
38. Martins, L M., Kotike, T., Mesner, P. W., Basi, 0. S., Sinha, S., Frigon, J. N., Tatter,
E., Tung, J. S., Bryant, K.. Takahashi, A., Svingen, P. A., Madden, B. J., McCormick,
D. J., Earnshaw, W. C., and Kaufmann, S. H. Activation of multiple Inter1eukin-I@

converting enzyme homologues in cytosol and nuclei of HL-60 cells during Elope
side-induced apoptosis. 3. Biol. Chem.. 272: 7421â€”7430, 1997.
39. Yang, J., Liu, X., BhalIa, K., Kim, C. N., Ibrado, A. M., Cal, J., Peng, T. I.. Jones,
D. P., and Wang, X. Prevention of apoptosis by Bcl-2: release of cytochrome c from
mitochondria blocked. Science (Washington DC), 21: 1081â€”1082.
40.

5320

AdIda,

C., Berrebi,

D., Peuchmaur,

M., Reycs-Mugica,

M., and Altieti,

D. C. Anti

apoptotic gene, survivin, and prognosis of neuroblastoma. Lancet, 351: 882-883, 1998.

Downloaded from http://aacrjournals.org/cancerres/article-pdf/2460739/cr0560143220.pdf by guest on 27 September 2022

panel confirms

Sci.USA,94: 10183â€”10188.
14. Vucic, D., Kaiser, W. J., and Miller, L. K. Inhibitor of apoptosis proteins physically
interact with and block apoptosis induced by Drosophila proteins HID and GRIM.

and Reed,i. C. A singleBIR domainof XIAPsufficientfor inhibitingcaspases.

Our survey of Suivivin protein levels in the NCI's 60 tumor cell line
screening

apoptosis by interaction with inhibitor ofapoptosis proteins (lAPs). Proc. Nail. Acad.

