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Background: Survivin, a member of the inhibitor of apopto-
sis (IAP) protein family, is detectable in most types of cancer,

(IAP) proteins, such as survivin, apollon, MLIAP (i.e., mela-
noma inhibitor of apoptosis), XIAP (i.e., X-linked inhibitor of
apoptosis protein), clAP1 (i.e., cellular inhibitor of apoptosis),

and its presence is associated with a poor prognosis. WeclAP2, and NAIP (i.e., neuronal apoptosis inhibitory protein)
determined the effects of gene-based therapies that inhibit (4,5), and by Bcl-2 family members that either promote (i.e.,

survivin function in a mouse tumor model. Methods: Using
five to six mice per treatment group, we injected tumors
derived from mouse EL-4 thymic lymphoma cells with plas-

mids encoding antisense survivin, a dominant-negative mu-

tant survivin, and the T-cell costimulator B7-1. Expression

of endogenous survivin and the proteins encoded by the in-
jected plasmids were examined by immunohistochemical (BIR) domain, and a single carboxy-terminal RING Zn-finger

staining of tumor sections and by western blot and flow
cytometry analyses of isolated tumor cells. Tumor growth,
the generation of antitumor cytotoxic T-lymphocyte (CTL)

activity, apoptosis, and the contribution of leukocyte subsets
to antitumor activity were measured. All statistical tests
were two-sided. Results: Large (1.0-cm diameter) tumors
had approximately 10-fold more survivin than small (0.2-cm
diameter) tumors. At 28 days after injection, antisense and
dominant-negative mutant survivin plasmids statistically
significantly inhibited the growth of both small (P =.006 and
P =.0018, respectively) and largeR<.001 for both plasmids)
EL-4 tumors compared with tumors injected with empty

plasmid. The growth of large tumors was further inhibited

by intratumoral injection with antisense survivin and B7-1

(P = .004); thus, inhibition of survivin expression renders
large tumors susceptible to B7-1-mediated immunotherapy.
Mice whose tumors were completely eradicated by injection
of B7-1 remained tumor free for 26 days after re-injection
with EL-4 cells (when the experiment ended). Compared
with tumors injected with empty plasmid, tumors injected

Bax, Bak, Bcl-xS, Bad, and Bid) or counteract (i.e., Bcl-2, Bcl-
xL, and Mcl-1) apoptotic cell death signals—8). AP proteins
inhibit the executors of apoptosis, including caspases 3 and
(9), and modulate the inducible transcription factor, NF-kappaz
B. IAP proteins contain variable numbers of a unique 80-amino«f§
acid residue repeat, the baculovirus inhibitor of apoptosis repeat;

motif (2). Survivin, a recently identified IAP membégt0), ex-
ists primarily as a dimer in cells. Unlike other IAPs, survivin
contains a single zinc-binding BIR domain at its amino-
terminus, followed by a long amphipathic helix instead of a
RING finger, which generates a “bow-tie” shape in the dimer
(11-13).Survivin is highly expressed during human embryonic
and fetal development, but it is absent from all adult tissue
except for the endometriurgl4) and basal keratinocytg45).
Survivin is highly overexpressed in most common cancers of th
lung, colon, pancreas, prostate, and breast, and its expression
these cancers is associated with an unfavorable prognos
(10,16-20).

Survivin is the only apoptosis inhibitor yet described that is
expressed in a cell cycle-dependent mannerjiau@ M phases.
During mitosis, survivin localizes to mitotic spindle microtu-
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tokinetic remnant. Survivin is required to preserve the integrityé
of the mitotic apparatui situ, and in transformed cell lines,
it forms a novel apoptotic checkpoi(®1,22).Overexpression of
survivin initiates cell division by inducing resistance te &rest

sonb Aq 65

with survivin-based plasmids had increased apoptosis, and and thereby accelerating the entry into S phase. Overexpressian

animals bearing such tumors generated more antitumor
CTLs. Conclusion: Intratumoral injection of plasmids that
block survivin expression and stimulate the generation of
tumor-specific CTLs may be beneficial for the treatment of
large lymphomas. [J Natl Cancer Inst 2001;93:1541-52]

of survivin also induces activation of the cyclin-dependent=,
kinase 2 (Cdk2)—cyclin E complex, phosphorylation of the ret-3.
inoblastoma protein, and release of p21 from Cdk4. p21 theé
interacts with mitochondrial procaspase 3 to suppress Faéé
mediated cell deatf23-25).Therefore, when overexpressed in g
the tumors of adult mammals, survivin has oncogenic potential®

The suppression of programmed cell death (apoptosis) cdigcause it can overcome thg/M checkpoint to ensure mitotic

tributes to carcinogenesis by prolonging the life span of neBlogression22). _ _
plastic cells, which facilitates the accumulation of cancer- Caspase-3, a protease that plays a key role in a proteolytic

causing gene mutations. Suppression of apoptosis also perfftécade within the apoptosis signal pathway, is activated by
growth factor-independent cell survival, promotes resistancetgmerous cell death-inducing signals. Like other IAP proteins,

antitumor immunity, allows cells to proceed through cell cycle
checkpoints that would otherwise induce apoptosis, and enable
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Programmed cell death involves an evolutionarily conservedSee‘Notes” following “References.”
cascade of events that are controlled by inhibitor of apoptogidxford University Press
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survivin directly inhibits caspase-3, which is essential for supwmimals and Experimental Tumor Model
pression of ca;pase-medmted Cleavage. of 'cgntrosome-a!ssoua[._%gnale C57BL/6 mice, 6-9 weeks old, were obtained from the Animal Re-
p21(26). Su_rvn_/ln also binds to the IAP inhibitor Sm‘ac:lDlablo’source Unit, Faculty of Medicine and Health Science, University of Auckland,
and that binding may free other IAP members to SUPPregsckiand, New Zealand. The tumors were established by the subcutaneous
caspaseg27). Survivin's interaction with the mitotic spindle injection of 2 x 16 EL-4 cells into the left flank of the mice. Tumor size was
apparatus places it in a unique position to regulate the suprardeermined by measuring two perpendicular diameters. The animals were killed

lecular assembly of cell death and cell cycle regulatory moakhen their tumors reached 1-1.5 cm in diameter, in accord with Animal Ethics
ecules present within the centrosome Approval (University of Auckland). All experiments included five or six mice

- . . . [ treatment group, and each experiment was repeated at least once.
Antiapoptosis proteins are now regarded as important targ@‘fs group P P

in cancer therapy. Antisense complementary DNA (cDNA) ar@onstruction of Expression Plasmids
oligonucleotides that reduce the expression of Bcl-2 inhibit theA i vin plasmid. Total RNA wacted from EL-4 cells with
growth of certain tumor cell linef vitro (28—30). Similarly, fiisense survivin pasmic. 1ot KEA Was extraciec from =2~ cels Wi

. l | . h o ! the use of 4M guanidine (Fluka Biochemika Ltd., Schweiz, Switzerland) as
antisense oligonuc eotides that reduce survivin EXPression iicriped previousl{42),and 1.g of RNA was reverse transcribed with the use

tumor cells induce apoptosis and polyploidy, decrease cologysuperscript Il Reverse Transcriptase (Life Technologies, Inc.) to generate
formation in soft agar, and sensitize tumor cells to chemotheragynplementary DNA (cDNA). The cDNA was used as a template to amplify

in vitro (31-34).Cells that depend on survivin for their survivala 509-base-pair DNA fragment encoding mouse survivin with the use of theo
cannot complete cytokinesis without survivin, resulting in mupolymerase chain reaction (PCR) and the oligonucleotide primerss
tinucleated cell{32). Survivin may be required for tumor an->:GAGTCGTCTTGGCGGAGG-3 (sense primer) and"ETTAGATGTG-

iogenesis. since it is hiahly expressed in newly formed blo C{;szTGTCACTCG (antisense primer). The resulting PCR product, which con-
g10g ! ghly exp y (? ed the entire coding region of mouse survivin (nucleotides 75-583; GenBan

VeS_Sel_S in response to vascular endmhe”?' grOWth_ faC'For_ ad'&aession No. NM_009689)3), was subcloned into pGEM-T (Promega Corp.,
basic fibroblast growth factdi85,36)and mediates angiopoietinmadison, WI) by A-T ligation, liberated by digestion withpa and Not, and

inhibition of endothelial cell apoptosi€37). Hence, therapies directionally cloned into thé\pa and Not sites of expression vector pPCDNA3
that inhibit survivin expression and/or function may preverﬂnvitrogen, Carlsbgd, CA) in an antisense orientation with respect to the pro
tumors from acquiring an adequate blood supply. moter on the plasmid. - _

Immunotherapy the treatment of tumors with immunostimus- Dominant-negative mutant survivin plasmid. We used PCR to construct a

lat includi the | h t ti lat Il adhesi dominant-negative mutant of survivin by using the survivin cDNA as a template.
ators, Including the lymphocyte costimulatory cell a eS'OHNo overlapping complementary oligonucleotide primers, C84AFQACTC-

molecules B7-1, VCAM-1 (i.e., vascular cell adhesion mokccGGGCGCAGCCTTCCTCAC and C84AR (5-GGCTGCGCCCGGG-
ecule-1), and ICAM-1 (i.e., intercellular cell adhesion molecul&sAGTGCTT-3), which produced a T-to-G substitution at nucleotide 354 that
1), is often effective against small tumors but not against larggoduced a diagnostiSma site, were used to change the cysteine residue at
tumors, perhaps because tumors become increasingly resistaffiao acid 84 to an alanine. The resulting PCR product was cloned inkbéte
immune attack as they gro@8-40).1t is possible that barriers and Notl sites _of pCDNAS3B, a plasmid |der1_t|cal to pCDNA3 exgept with a
to cancer immunotherapy can be overcome by targeting a fgrsed polvlinker. All constructs were verified by DNA sequencing.

, f ival . ic f def B7-1 expression plasmid.A pCDM8-based expression plasmid encoding
mor’s weapons of surviva (e.g., proangiogenic actors), defensgse B7-1 has been described previous).
(e.g., antiapoptotic and immunosuppressive factors), and attack

(e.g., Fas ligand [FasL] and receptor-binding cancer antigen éxtratumoral Gene Transfer of Expression Plasmids

pressed on S_'SO C?”S [RCASE1). . . All plasmids were prepared by alkaline lysis, purified by cesium chloride
He_re, we |nve§t|gate Vyhe_th_er the inhibition Pf SUrvivin €Xgradient centrifugation at 270 0§@or 22 hours at 20 °C, and diluted tou&y/p.L
pression or function can inhibit tumor growth situ. Because in a solution of 5% glucose in 0.01% Triton X-100. The diluted plasmids were

survivin potentially protects tumors from immune attack by premixed at 1:1 (wt/wt) with a 0.1% solution df-[1-(2,3-dioleoyloxy)propyl]-
venting programmed cell death, we also examined the effectd\gf.Nrimethylammonium methy! sulfate cationic liposomes (Boehringer Mann- £
survivin antagonists on the efficacy of cancer immunotherae im, Mannheim, Germany) to form a DNA-liposome complex. For single-

. } . . . tor transfer, small tumors (0.2-0.3 cm in diameter) were injected at multipleg
using B7-1, which has been shown to stimulate potent amltum5| gs with 100u.g of DNA, whereas large tumors (0.4-0.6 cm in diameter) were o

u
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Immunity when introduced into tumois situ. injected at multiple sites with 18Q.g of DNA, unless otherwise stated. For -
therapy using combinations of the B7-1- and survivin-based plasmidsp.g00 g
MATERIALS AND METHODS and 180pg of the B7-1 plasmid DNA-liposome complex were injected &
at multiple sites into small tumors (0.2-0.3 cm in diameter) and large tumorsﬁ
Cell Culture and Monoclonal Antibody Isolation (0.4-0.6 cm in diameter), respectively. Twenty-four hours later, 1§0and N

180 g of the DNA-liposome complex containing either the antisense or dom-}3
EL-4 thymic lymphoma cells, which were derived from C57BL/6 (H-2b)nant-negative mutant survivin vectors were injected into the same tumors,
mice, were purchased from the American Type Culture Collection (ATCCjespectively.
Manassas, VA, and cultured at 37 °C in Dulbecco’s modified Eagle medium . .
(DMEM) (Life Technologies, Inc. [GIBCO BRL], Rockville, MD) supple- R€challenge of Mice With Parental Tumor Cells

mented with 10% fetal calf serum, 50 U/mL penicillin—streptomycin, & m . . . .
. . . . Treated mice that rejected their tumors and subsequently remained tumor free
L-glutamine, and 1 Ml pyruvate. Rat hybridomas secreting monoclonal anti-

bodies (MAbs) against mouse CD8 (hybridoma 53-6.72), CD4 (hybridonﬁa?_r)eir:et_r:??ftﬁtdﬂsai?(cmaneouSly 7 weeks latehitx 10 E1L4 cells (in 0.1
Gk1.5), and natural killer (NK) cells (hybridoma PK136) were purchased from 9 ’

the ATCC. Hybridomas 53-6.72 and PK136 were grown in RPMI-1640 mediufieasurement of Tumor—Specific Cytotoxic T Lymphocytes

(Life Technologies, Inc.), whereas Gk1.5 was grown in DMEM; other conditions

were the same as those used to culture EL-4 cells. Hybridomas were injecte8plenocytes (effector cells) were harvested from mice 28 days after injection
intraperitoneally into pristane-primed nude mice. We purified MAbs from avith expression plasmids, mixed with EL-4 target cells in graded effector cell-
cites by ammonium sulfate precipitation and dialysis against phosphate-buffetedarget cell ratios, and then incubated at 37 °C in 96-well, round-bottom plates.
saline (PBS). The titer of the purified MAbs was determined at a maximuAfter a 4-hour incubation, 5@.L of supernatant was collected from each well,
dilution of 1:2000 by flow cytometry with the use of a FACScan (Bectorand cell lysis was measured with the use of the CytoTox 96 Assay Kit (Promega
Dickinson, San Jose, CA). Corp.). Controls for nonspecific lysis of the target and effector cells were in-
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cluded in each assay. After subtraction of the values produced by those contreith the use of the same conditions used to culture EL-4 cells. For B7-1 analysis,
the percentage of cell lysis was calculated with the use of the formula: 10Ghe cells were stained sequentially with 1G10 MADb (anti-B7-1; Pharmingen, San
(experimental — spontaneous effector — spontaneous target)/(maximum targbBiego, CA) and fluorescein isothiocyanate (FITC)-conjugated goat anti-rat IgG
spontaneous target). (Sigma Chemical Co.) or with 2G5 MAb (anti-human HML-1, integsiBR7),
an FITC-labeled isotype-matched control IgG2a MAb (Pharmingen). Antibody
Identification of Specific Leukocyte Subsets Responsible  staining was then evaluated by flow cytometry with the use of a Becton Dick-
for Antitumor Immunity by Leukocyte Depletion inson FACScan. For survivin analysis, the cells were harvested from EL-4
tumors that were injected previously with antisense and dominant-negative vec-
Mice bearing EL-4-derived tumors received intraperitoneal and intravenotess or empty vector. They were permeabilized with 0.3% Triton X-100 and
injections every other day of 30Qg (in 0.1 mL) of the 53-6.72 (anti-CD8), stained for survivin expression with the use of SURV11-A, a polyclonal rabbit
Gk1.5 (anti-CD4), or PK136 (anti-NK cell) MAbs to deplete them of CD8-anti-human survivin antibody that recognizes mouse survivin (Alpha Diagnostic,
positive (CD8) T cells, CD4 T cells, and NK cells, respectively. Rat immu- San Antonio, TX), or with rabbit IgG (Sigma Chemical Co.) as a negative
noglobulin G (IgG) (Sigma Chemical Co., St. Louis, MO) was injected as eontrol, followed by FITC-conjugated goat anti-rabbit IgG1. Stained cells were
control antibody. Seven days after the first MAb injections, the mice received analyzed by flow cytometry.
injection of the various expression plasmids. Depletion of individual leukocyte
subsets was more than 90% effective, as determined by flow cytometry anauﬁmnunohistochemistry
of isolated splenocytes from leukocyte-depleted mice compared with mice

whose leukocytes were not depleted. Tumors were excised from mice 2 days after plasmid injection, frozen on dry
ice, and stored at —70 °C in isopentane. Sectionsy(0thick) of the frozen 15
Detection of Apoptosis tumors were prepared and mounted on pelysine-coated slides. The slides 5
were then incubated for 30 minutes in 0.3%04 in methanol to block endog-  §
In situ detection of apoptotic cells by the TUNEL assayl.arge tumors were enous peroxidases. Tumor sections were incubated with 1G10 (anti-B7-1 MAb)g
injected with plasmids, and after 2 days, the tumors were excised, immediateBs6.72 (anti-CD8 MAb), Gk1.5 (anti-CD4 MAb), PK136 (anti-NK cell MADb), 2‘..
frozen in dry ice, and stored at —70 °C. Serial sectiongI(6thick) of the frozen or the antisurvivin antibody. The bound antibodies were detected with the use og

tumors were prepared to detect apoptosis by TUNEL (i.e., terminal deoxynucléwe VECTASTAIN ABC Elite Kit and 3,3-diaminobenzidine tetrahydrochloride
tidyltransferase-mediated deoxyuridine triphosphate-digoxigenin nick end labgigma Fast DAB) with metal enhancer (CgClablets. The sections were
ing) staining with the use of thia SituApoptosis Detection Kit from Boehringer counterstained with hematoxylin. As controls, rat IgG and rabbit 1gG (Sigma
Mannheim. Briefly, frozen sections were fixed in 4% paraformaldehyde, pehemical Co.) were used as the primary antibodies.

meabilized in 0.1% Triton X-100, incubated with 20 TUNEL reagent for o .

60 minutes at 37 °C, and then examined by fluorescence microscopy. Adjacépmunofluorescence Staining and Confocal Microscopy
sections were counterstained with hematoxylin and mounted onto_ggkine- ) o

coated slides to allow the total number of nucleated cells to be counted. Thérumor secuon_s (@Lm? prepared 2 days after plasmid injection from frozen
percentage of apoptotic cells was assessed in 10 randomly selected fields vielWBlPrs Were stained with 4D11, a rat MAb (purchased from the ATCC) that

at x40 magnification. The apoptotic index (A/l) was calculated as follows: Ahecognizes large granular lymphocyte protein-1 (LGL(4F), followed by

= number of apoptotic (TUNEL-positive) cells x (100/total number of nucleated | C-¢onjugated anti-rat 1gG (Sigma Chemical Co.); with rabbit anti-human

cells) survivin antibody followed by tetramethyl rhodamine isothiocyanate (TRITC)-

In situ detection of apoptotic cells by annexin-V-biotin staining.Mice conjugated goat anti-rabbit IgG (Sigma Chemical Co.); or with the anti-NK cell 5

received an injection via the tail vein of 0.5 mg of annexin-V-biotin (Apopteé,\l/IAb (PK136) fOHOV\_'Ed by TR_ITC-conjug_ated anti-rat IgQ. As a control, rat 'QG
Was used as the primary antibody. Sections were examined by confocal micros»

Biotin, product B500; Nexins Research, Hoeven, The Netherlands) 2 days ai ith th f . cs . ; ) GmbH.S
the injection of plasmids into large tumo44). The tumors were excised 30 copy with the use of a Leica TCS 4D microscope (Leica Mlcrosystems,_ m H'g
Heidelberg, Germany). Images were compiled from sets of three to five con;

minutes after administration of annexin-V-biotin, fixed in 4% formalin in . > - : . )
HEPES buffer (i.e., 10 M HEPES [pH 7.4], 137.5 M NaCl, 1.25 nM MgCl,, sec_utlve single opt_lcal sections v_wth the use of Leica Scanware™ 4.2A softwareg
1.25 MM CaC, 6 mM KCl, 0.4 mVl NaH,PO,, 5.6 mM glucose, and 0.1% (-€ica Lasertechnik, GmBH, Heidelberg).
bovine serum albumin) at 4 °C, decalcified in distilled water containing 4
EDTA and 4% formalin for 4 weeks, and embedded in paraffin. Sectiopsn(p
were dewaxed in xylene and rehydrated, incubated with 3%,Hn PBS for The tumors were excised and homogenized in lysis buffer (i.e., BOTms
5 minutes to block endogenous peroxidase activity, and blocked with 30% NRSH 7.4], 100uM EDTA, 0.25M sucrose, 1% sodium dodecy! sulfate [SDS],
mal goat serum (Vector Laboratories, Burlingame, CA). The sections were thefy nonidet P-40, 1ug/mL leupeptin, 1ug/mL pepstatin A, and 10QM
incubated at 37 °C for 30 minutes with avidin—biotin—peroxidase COmp'%enylmethylsulfonylﬂuoride) at 4°C with the use of a motor-driven homog-
(VECTASTAIN ABC Elite Kit; Vector Laboratories), developed in Sigma Faskpjzer (VirTis, Gardiner, NY). Tumor lysates from each group of mice were
DAB (3,3"-diaminobenzidine; Sigma Chemical Co.), and then mounted Wifoled and centrifuged at 10 Q@fbr 10 minutes at 4 °C to remove tissue debris.
coverslips in 50% glycerol in PBS and photographed. In some cases, the c¥tein concentrations of the resulting supernatants were determined as
erslips were removed in buffer, and the sections were restained with hemataxyipeq previously47), and 100ug of each supernatant was resolved on 10%
lin. The A/l was measured with the use of five sections and was Calcu'atedp%ﬁyacrylamide gels containing SDS under reducing conditions and then elect
follows: A/l = number of apoptotic cells x (100/total number of cells). trophoretically transferred to Hybond C Extra nitrocellulose membranes
Detection of apoptotic cells by annexin-V-FLUOS stainingLarge tumors  (amersham Life Science, Amersham, U.K.). The membranes were blocked with
were excised 2 days after intratumoral injection of plasmids, minced, angy povine serum albumin in TBS-T (i.e., 20MnTris and 137 M NaCl
digested with collagenase for 60 minutes at 37 °C to isolate tumor cells, [P 7.6] containing 0.1% Tween 20) for 2 hours at room temperature and then
described previously45). Cell preparations were filtered through a stainlessicypated in TBS-T containing the rabbit anti-human survivin antibody diluted
steel strainer to remove debris and matrix, and erythrocytes were removed)byog for 60 minutes at room temperature. The membranes were washed three
ammonium chloride lysis. The viability of the isolated tumor cells, as determingghes with TBS-T and incubated with horseradish peroxidase-conjugated anti-
by trypan blue dye exclusion, was greater than 95%. The cells were stained {4yt 1gG (Sigma Chemical Co.) diluted 1:5000 in TBS-T. Immunoreactivity

10 minutes with annexin-V-FLUOS (green dye) (Boehringer Mannheim) {@as detected by Enhanced Chemiluminescence (Amersham International, Buck-
identify apoptotic cells and counterstained with methylene blue to determine mﬁham U.K.) and autoradiography.

total number of tumor cells per field. The A/l was calculated as above.
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. . . _ Statistical Analysis
Analysis of B7-1 and Survivin Protein Expression by Flow

Cytometry All in vivoandin vitro experiments were performed at least twice. To compare
the change in size of the small and the large tumors over time in response to
Tumors were excised 2 days after plasmid injection and digested with colteeatment with plasmids encoding B7-1, antisense survivin, or a dominant-
genase to produce single-cell suspensions, and the cells were cultured for 2 dagmtive mutant of survivin, we used a mixed linear model fitted with number of
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days and treatment as a repeated measure and treatment groups and initialiias. Increased survivin expression might also reflect a tumor’s
0)(‘zmgr Siz? group (Sm]f"”lor 'arjle) aS:Xp'a“a‘OW variables. Tumor size Zt H¥pendence on survivin to overcome increasingly poor nutrient
0 (the day of injection of plasmid encoding B7-1, antisense survivin, or a dom-.,_ ... s .
inant-negative mutant of survivin) was included as a covariate. Because ?hOHQItIOI’IS at "?‘”_ eCiEOpIC site. Syngenel.c EL-4 tumors were es-
change in tumor size over time was not monotonic, day was treated as a e lished by injection of EL'4 cells |nt_0 _the_ Ie_ft flank of
egorical variable. The interaction of day with treatment group and initial tum&57BL/6 mice, and the expression of survivin within the tumors
size group was examined to determine whether the effect of treatment vedtsthis ectopic site was examined. Survivin was poorly expressed
independent of tumor size group, with the difference in treatment effects duejpsmall tumors (i.e., tumors<0.2 cm in diameter) (Fig. 1, A).
;m_tisen?g survivin or dominant-negative mutant survivin, with and without B7}J|0\Never, survivin expression increased dramatically with in-
eing of interest. . . . . .
To compare changes in tumor size during the 21 days after mice were deple%sasmg tumor size. T“”,‘c?rs 1.0 cm in diameter had approxi-
of leukocyte subsets (T cells, B cells, or NK cells), we fitted a mixed linednately 10-fold more survivin than 0.2-cm tumors, as measured
model, where day 0 and day 21 were repeated measures and the interactiddyofimmunohistochemical staining of tumor sections (Fig. 1,
day and depletion group was the outcome of interest. The particular contra&tsC), western blot analysis of tumor homogenates (Fig. 1, J),
that we investigated were the change in tumor size over time for mice that hgdld flow cytometry analysis of cells isolated from 0.5-cm and
not undergone leukocyte depletion contrasted with that for mice that had b ®-cm tumors (Fig. 1, K). Survivin was expressed uniformly

depleted, for each type of leukocyte. This analysis was performed separately, for

the four treatment groups (i.e., antisense survivin, dominant-negative survi\}i _rothOUt all tumors (Flg. 1, A_C)' LGL-1, the antigen recog-

B7-1 plus antisense survivin, and B7-1 plus dominant-negative survivin). Nize€d by 4D11, is normally expressed on EL-4 cells, on a subsey

All other statistical comparisons were made with the use of Studetests.  (50%) of C57BL/6 NK cells, and on fewer than 2% of T cells §_)
All statistical tests were two-sided. (46). We used 4D11 to detect EL-4 cells within tissue sections.S
Large tumors (1 cm in diameter) were composed almost entirely2

RESuULTS of 4D11-staining EL-4 cells, which coexpressed survivin (Fig. 1,§

D-F). Only small numbers of NK cells (Fig. 1, H) infiltrated =

Relationship Between Survivin Expression and Tumor Size tumors, and some of those appeared to express LGL-1 (Fig. §
G-1). Thus, survivin expression increases uniformly throughoutss

Tumors become increasingly immune resistant as they grawmors as they enlarge, suggesting that it may be a critical facto§
Here, we sought to determine whether survivin expression ifor the survival of large tumors. We have found that survivin is 3
creases as tumors grow and to determine whether increasednot-expressed in EL-4 cells in culture, presumably because thé'
mune resistance was associated with increased survivin expsture conditions are optimal for cell growth and survival.

Fig. 1. Change in survivin expression with change in
tumor size.Panels A-C: Sections prepared from estab-
lished tumors, 0.2 cmX), 0.5 cm B), and 1.0 cm @) in
diameter, were immunohistochemically stained for sur
vivin (brown) with a rabbit antisurvivin antibody and
counterstained with hematoxylirbl(e). Panels DBH:
Sections prepared from established tumors of 1.0 cm if
diameter were co-stained with 4D11, a monoclonal anti
body specific for the EL-4 and natural killer (NK) cell
marker, large granular lymphocyte protein-1 (LGL-1)
(D and G, greer), and with either the PK136 monoclonal
antibody for NK cells H, red) or the antisurvivin anti-
body E, red) and were analyzed by confocal immuno-
fluorescence microscopy. The imagesDnand E were
merged F) to determine the extent of survivin expression
in EL-4-derived tumor cells. The images@andH were
merged () to determine whether NK cells expressed the
LGL-1 marker. Yellow coloration in F and | denotes
colocalization of LGL-1 and survivin and of LGL-1 and
NK cells, respectivelyArrow in F denotes a survivin-
positive cell that failed to stain for 4D11 and is probably
an infiltrating leukocyte Scale bar = 20 pm. Panel J:
western blot analysis of tumor cell homogenates extractefd
from tumors 0.2, 0.5, and 1.0 cm in diametEach lane
contains 10Qug of protein.Panel K: Survivin expression
was further confirmed by flow cytometry analysis of cells @
extracted from 0.5-cmgfeen) and 1.0-cmied) tumors.
Survivin was detected with a rabbit anti-survivin anti-
body. Thex-axis denotes mean fluorescence intensity, 16.5KDa »
and they-axis denotes relative cell number. Tlggay

peak represents cells stained with isotype-matched conf o0 10.,"1;2 ’1|JIL3 o
trol antibody. KDa= kilodaltons. FL1-Height

@ PK136
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Effects of Antisense Survivin and Dominant-Negative jected with 18Qug of plasmid encoding either antisense survivin
Mutant Survivin Expression on Tumor Growth or dominant-negative mutant survivin showed an 80% reduction
in size 14 days after plasmid injection compared with large
We next tested the effects of two molecular reagents designachors injected with empty plasmid (Fig. 2, B). For example,
to inhibit survivin expression or function on the growth of estabarge tumors injected with empty plasmid had a mean size of
lished EL-4 tumors. One reagent, an antisense survivin expresid®6 cm (95% Cl= 0.66 cm to 1.06 cm) 14 days after injection,
plasmid, was expected to block the translation of endogenomiereas tumors injected with antisense survivin or dominant-
survivin messenger RNA transcripts and, consequently, survivisgative mutant survivin had mean sizes of 0.18 cm (95%Cl
expression. The other reagent, an expression plasmid encodii@gl®2 cm to 0.24 cmP<.001) and 0.18 cm (95% G 0.11 cm
dominant-negative mutant form of survivin, was constructed @o 0.25 cm;P<.001), respectively, at 14 days after injection (Fig.
the basis of the finding that mutation of Cys84 to Ala in the, B). These effects were specific for plasmids that expressed
extreme C-terminal region of the BIR domain completely abr@ither antisense survivin or dominant-negative mutant survivin;
gates survivin's ability to inhibit apoptos{®2). The dominant- empty plasmids (i.e., those containing no survivin-related se-
negative mutant form of survivin was expected to block endoguences) had, as shown previoug88), no effect on tumor
enous survivin function by competitively binding to survivingrowth.
effectors. We examined the effects of these two reagents onWe performed immunohistochemical staining of the 0.4- too
0.2-cm EL-4 tumors, which express little endogenous survivi@,6-cm tumors 2 days after they were injected with the survivin-5
and on 0.4- to 0.6-cm tumors, which express high levet®ntaining or empty plasmids to detect survivin expression. Tisg
of survivin. Small (0.2-cm) EL-4-derived tumors injected wittsue sections from tumors that had been injected with the dom§
100 ng of plasmid encoding either antisense survivin or dominant-negative mutant survivin plasmid had high levels of3
nant-negative mutant survivin showed a 40%-50% reductionsarvivin, as detected by an antibody that recognizes both humaﬁ
tumor diameter 28 days after plasmid injection compared witthd mouse survivin (Fig. 3, B). This survivin presumably re-U
small tumors injected with empty plasmid. For example, tumofigcts the combined levels of endogenous wild-type mouse sur<.
injected with empty plasmid had a mean size of 1.21 cm (950tvin (Fig. 3, A) and overexpressed dominant-negative mutan@
Cl = 0.92 cm to 1.50 cm) 28 days after injection, whereasurvivin (Fig. 3, B). In contrast, endogenous survivin expressions
tumors injected with antisense survivin or dominant-negativeas undetectable in tissue sections from 0.4- to 0.6-cm tumorg-
mutant survivin had mean sizes of 0.62 cm (95%=€D.34 cm that had been injected with the antisense survivin plasmid (Fig'C
to 0.90 cm;P = .006) and 0.50 cm (95% C# 0.34 cmto 0.66 3, C). We confirmed these immunohistochemical results by perz7
cm; P = .0018), respectively, at 28 days after injection (Fig. Forming western blot analysis of tumor homogenates using sura
A). In contrast, large (0.4- to 0.6-cm) EL-4-derived tumors invivin antibodies (Fig. 3, E). Survivin-specific antibodies de-
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tected a 16.5-kilodalton protein in cell homogenates prepared
from tumors injected with the dominant-negative mutant sur-
vivin plasmid but not in homogenates from tumors injected with
the antisense survivin plasmid. In addition, flow cytometry
analysis of tumor cells isolated from 0.2-cm tumors showed a
population of survivin-positive cells, which was absent from
tumors injected with antisense survivin plasmid (Fig. 3, F).
Overall, these results suggest that reagents that block survivin
expression or function have the ability to slow tumor growth,
especially the growth of large tumors. The results are in accord
with the view that the rate of growth of EL-4 tumors is depen-
dent on the level of survivin expression.

Effects of Antisense Survivin and B7-1 Expression on
Growth of Tumors

moQ

B7-1 is a molecule expressed on dedicated antigen=
presenting cells that interacts with CD28 on responding T cells
and costimulates T-cell activation and proliferati@8). Gene
transfer of B7-1 into established tumors induces the generatio
of tumor-specific cytotoxic T lymphocytes (CTLs) and systemic =
immunity that results in the rejection of small tumd@s,39).
While the mechanism involved in this antitumor immunity is not s
fully understood, B7-1 may induce tumor rejection by stimulat-
ing the proliferation of antitumor T cells or by serving as an NK 3§
cell receptor. To determine whether inhibiting survivin expres—g'
sion would render tumors more susceptible to lysis by CTLss
following B7-1-mediated immunotherapy, we injected estab-8
lished small and large tumors with two plasmids, one that en=
codes either antisense survivin or the dominant-negative muta@
survivin and one that encodes B7-1, and measured tumog
growth. Small (0.2- to 0.3-cm) tumors were injected with 1Q0
of each plasmid (Fig. 2, A), and large (0.4- to 0.6-cm) tumors
were injected with 180wg of each plasmid (Fig. 2, B). As
reported previously(38), small tumors regressed rapidly and
completely after injection with a plasmid encoding B7-1. We
observed the same result for small tumors that were injected witf:
plasmids encoding B7-1 and either antisense survivin or th%
dominant-negative mutant survivin (Fig. 2, A). Because the ef.c
Fig. 3. Expression of survivin and B7-1 in plasmid-injected tumors. TumorfeCts Of the different plasmids were dependent on initial tumore
(0.4-0.6 cm diameter) were injected with empty pCDNA3 vecfofdD) or ~ Size, we analyzed the effects of plasmid injections on the sizes of
with expression plasmids encoding dominant-negative mutant sunB)ioi(  the small and large tumors separately. At 14 days after plasmig
antisense survivin@). Tumor sections were prepared 2 days after plasmimjection, the mean change in size for small tumors was —-0.08;

injection and stained for survivirbfown) with a rabbit anti-human/mouse sur- cm (95% Cl= -0.06 cm to —-0.10 cm) for those treated with

vivin antibody A—C) or with rabbit immunoglobulin G (IgG)). Sections were 1 _ 0 o _
counterstained with hematoxylibl(e). Scale bar = 20 um. Panel E: western B7-1, -0.14 cm (95/0 C= -0.11 cm to -0.17 Cm) for those

blot analysis of tumor cell homogenates prepared 2 days after 0.4- to O.G-Jﬁ@ated with B7-1 pIUS antisense survivin, _Q'l3 cm (95(yFCI .
diameter fane 1) and 0.2-cm-diametefdne 2) tumors were injected with empty ~0.10 cm to -0.16 cm) for those treated with B7-1 plus domi-
vector or after 0.4-cm to 0.6-cm tumors were injected with expression plasmidant-negative mutant survivin, 0.21 cm (95% €10.14 cm to
encoding dominant-negative mutant surviviang 3 and antisense survivin (.28 cm) for those treated with antisense survivin, 0.09 cm
(lane 4). Each lane contains 100pwg of protein. Panel F: flow cytometry (95% Cl= 0.02cmto 0.16 cm) for those treated with dominant-
analysis of survivin expression in tumor cells extracted from 0.2-cm tumof?egative mutant survivin. and 0.38 cm (95% €10.24 cm to
before (ed) and 2 days aftergreen) the tumors were injected with antisenseO 52 for th treat C,i ith tv ol id. Th h
survivin expression plasmid. Theaxis denotes mean fluorescence intensity,” "~ cm) for those treate W'_ empty plasmi N e mear,] C_ ange
and they-axis denotes relative cell number. Thzay peak represents cells N Size for tumors treated with empty plasmid was statistically
stained with isotype-matched control antibo@anels G and H:Sections pre-  Significantly different from that for tumors treated with B7-1 in
pared from 0.4-cm to 0.6-cm tumors 2 days after they were injected with B7the absence or presence of either survivin plasRil{01 for
expression plasmid were stained with either the anti-B7-1 monoclonal antibogigch comparison), as well as for tumors treated with the domi-
(MADb), 1G10 @G, brown/purple), or control rat IgG antibodyH). Sections nant-negative mutant survivin pIasmiH’ (: _03) but not for
were counterstained with hematoxylibl§e). Scale bar = 20 um. Panel I hose treated with the antisense survivin plasrﬁﬁd:( 188) In

flow cytometry analysis of cells extracted from the latter tumors injected wit% . e AN .

B7-1 (lack and green peaky or empty plasmidred peak), stained for B7-1 contrast, there_ was no statistically S|gn|f!cant difference in the
with the anti-B7-1 MAb 1G10dreer) or an isotype-matched control MAb 2G5 Mean change in size for tumors treated with B7-1 compared with

to control for nonspecific staininglack). that for tumors treated with B7-1 plus either survivin plasmid
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(P = .15) or between tumors treated with B7-1 plus antisensary in their ability to reduce tumor growth when used in com-
survivin and those treated with B7-1 plus dominant-negatiy@nation therapy with B7-1.
survivin (P = .63). In summary, while each of the survivin- To determine whether B7-1 immunotherapy in combination
based plasmids inhibited the growth of small tumors, neithefith antisurvivin therapy would generate heightened systemic
plasmid enhanced or impaired B7-1-mediated rejection of smafititumor immunity observed previously with B7-1 alone, we
tumors. challenged mice that had rejected their tumors with parental
As reported previously38), large tumors continued to grow EL-4 cells. Animals previously cured of small tumors after
after injection with a plasmid encoding B7-1. At 14 days aftdpjection with the B7-1 plasmid alone or in combination with
plasmid injection, the mean change in size for large tumors wagtisense survivin or dominant-negative mutant survivin con-
0.18 cm (95% Cl= 0.04 cm to 0.32 cm) for those treated witHstructs remained tumor free for 26 days after they were re-
B7-1, -0.43 cm (95% Cl= —0.36 cm to -0.50 cm) for thoseinjected wih 2 x 10’ parental EL-4 cells (Fig. 2, A). Intratu-
treated with B7-1 plus antisense survivin, —0.23 cm (95%-Cl moral injection of the B7-1 plasmid led e novoexpression
-0.20 cm to —0.26 cm) for those treated with B7-1 plus domf B7-1 in approximately 90% of the tumor cells, as assessed
nant-negative mutant survivin, —0.29 cm (95% €1-0.18 cm by immunohistochemical st_aunlng of tumor sections prep_ared
to -0.40 cm) for those treated with antisense survivin, —0.25 chflays after gene transfer (Fig.cimparepanels G and H). This
(95% ClI = —0.21 cm to —0.29 cm) for those treated with domtesult was confirmed by flow cytometry analysis of tumor cel!s o
inant-negative mutant survivin, and 0.43 cm (95%-€D.34 cm ex'tracted from B7-1-treated tumors by colllagenase d|gest|or§
to 0.52 cm) for those treated with empty plasmid. As we oiF19- 3, ). These results suggest that combining plasmids thag
served for small tumors, the mean change in size over time fGAUCE €ndogenous survivin expression or activity with a plasg
large tumors treated with empty plasmid was statistically si _|d_that EXpresses B7'1_ does not impair the generation .Of SYSE
nificantly different from that for tumors treated with B7-1 in thecmic antitumor immunity that results from B7-1-mediated 3
presence of either survivin plasmid and from that for tumo'@munotherapy.
treated with either of the survivin-based plasmids alde@01 Effect of Gene Dose on Therapeutic Efficacy
for each comparison). The mean change in size over time for . L )
large tumors treated with empty plasmid was also statistically e reported previously38) that injection of tumors with a

significantly different from that for tumors treated with plasmid0se of 6Q.g of plasmid encoding either B7-1 or other costimu- 5
encoding B7-1 aloneR = .02). However, in contrast to ourlatory cell adhesion molecules was the most effective dose fog

observations for small tumors, the mean change in size over tifiducing antitumor immunity. Gene dose dependency may re'g
for large tumors treated with B7-1 was statistically significanti{ject transfection efficiency or the degree of T-cell costimulation =.
different from that for tumors treated with B7-1 plus either sufhat results from plasmid expression, since excessive _antlger%
vivin plasmid @ = .004 for each comparison), as well asostimulation induces T-cell anergy instead of proliferation. ToZ
for tumors treated with B7-1 plus antisense survivin comparétyestigate the optimal dose requirements for tumors treate%
with those treated with B7-1 plus dominant-negative survivifyith the combination of B7-1 and antisense survivin plasmids,&
(P = .02). These results suggest that the combined actions of ¥ first injected established tumors with different amounts ofS
B7-1 and antisense survivin plasmids contributed more to tRé-1 plasmid (60-14@.g for small tumors [Fig. 4, A]; 100-220 &
reduction in the size of large tumors than did the action of eithitg for large tumors [Fig. 4, B]). Twenty-four hours later, the =
plasmid alone. For example, at day 14 after plasmid injectiofimors were injected with an amount of antisense survivin plas<

large tumors injected with a combination of the B7-1 and anfitid equivalent to the amount of B7-1 plasmid that was injected 5
sense survivin plasmids had a statistically significarfig.001) We found that injection of either 100 or 140 each of the = &
smaller mean size (0.09 cm; 95% €10.04 cm to 0.14 cm) than @ntisense survivin and B7-1 expression plasmids caused the
large tumors injected with empty plasmid (0.44 cm; 95%=C| r_apld and complete regression pf small tumors, whereas injecs
0.37 cm to 0.51 cm), with B7-1 plasmid alone (0.62 cm; 95% d¢ion of 60 ug of each reagent did not (Fig. 4, A). In contrast, o
= 0.48 cm to 0.76 cm), or with antisense survivin plasmid alofgiection of either 180 or 22Q.g of both plasmids inhibited the
(0.18 cm; 95% Cl= 0.12 cm to 0.24 cm). On day 14, the mea,growth of I:_arge tumors but did not cause complete tumor re-»
size of the tumors injected with B7-1 plasmid alone was néfession (Fig. 4, B).

statistically sig_ni_ficantly[?_ = .06) smaller t_han the mean size offtacts of Antisense Survivin Expression on Antitumor

large tumors injected with empty plasmid, whereas the megf- | Activity

size of the tumors injected with antisense survivin plasmid was

(P<.001). In contrast, the combined actions of the B7-1 and To determine whether injection with the antisense survivin
dominant-negative mutant survivin plasmids did not contribufgasmids might stimulate antitumor immunity, we measured the
more to the reduction in the size of large tumors than did tlatitumor CTL activity (as determined by the ability to lyse
action of the dominant-negative mutant survivin plasmid aloneL-4 cells) of splenocytes collected from mice 28 days after
For example, when compared with the mean size of large tumdigir large EL-4 cell-derived tumors were injected with the B7-1
at day 14 after injection with empty plasmid, large tumors irer antisense survivin expression plasmids, either alone or in
jected with B7-1 and dominant-negative mutant survivin hadambination. We found that the anti-EL-4 CTL activity, as mea-
mean size of 0.23 cm (95% G+ 0.16 cm to 0.30 cmP<.001) sured by the ratio of release of lactate dehydrogenase (LDH)
at day 14 after injection, whereas large tumors injected with tfrem splenocyte-lysed EL-4 cells compared with the total LDH
dominant-negative mutant survivin plasmid alone had a meaontent of EL-4 target cells (expressed as percent cytotoxicity),
size of 0.18 cm (95% C¥ 0.11 cm to 0.25 cmP<.001). These was statistically significantly greater in animals whose tumors
results suggest that, although each of the survivin-based plagre injected with either the B7-1 plasmid aloi< (001 at an
mids appears to disrupt survivin functianvivo, these plasmids effector-to-target cell ratio of 50: 1) or B7-1 in combination with
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Fig. 4. Dependence of com-
bination therapy with B7-1
and antisense survivin plas-
mids on plasmid dose. Tu- 1.2 1.2
mors approximately 0.2 cm
(A) and 0.4-0.6 cmR) in
diameter were injected with
60-220p.g of the B7-1 plas-
mid; 24 hours later, they
were injected with an equal
amount of antisense sur-
vivin expression plasmid.
Each point represents the
mean tumor size (as mea-
sured by two perpendicular
diameters, in centimeters) of

K R R BB R R R [ A O
results obtained from five or 0 14 18 28 4 56 70 0 14 18 28 42 56 70
six mice.Arrows denote the 7 16 21 35 49 63 77 7 16 21 35 49 63 77
time point when plasmids DAYS DAYS
were injected into tumors.
Bars represent 95% confi-
dence intervals.
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the antisense survivin plasmit<.001 at an effector-to-targetldentification of Immune Cells Responsible for Antitumor
cell ratio of 50: 1) compared with the CTL activity from animaldActivity in Response to Intratumoral Expression of B7-1,
whose tumors were injected with empty plasmid (Fig. 5). Fdntisense Survivin, and Dominant-Negative Mutant
example, splenocytes from animals whose tumors were injectalrvivin

with either B7-1, antisense survivin, or the combination of B7-1 . .
and antisense survivin plasmids showed 18.8% (95%-=Cl We sought to determine the particular leukocyte subsets the

12.6% to 25%:P<.001), 33.6% (95% Cl= 28.3% to 38.9%: infiltrated tumors as well as those responsible for tumor regress
P<.001), and 3,6.8% (9’5% CF 28.2% to 45.4%P<.001) cy-’ sion in response to the various treatment regimens, since thi

totoxicity against EL-4 cells at an effector-to-target cell ratio dﬂformatlon _mlght prowde_m&ghts into the mechanisms respon—%
50:1, respectively compared with splenocytes from animat le for antitumor immunity. Only small numbers of leukocytes =

whose tumors were injected with empty plasmid and Showga‘iltrated uninjected. tumors (data not shown) or tumorsﬁnjectedg

only 7.2% (95% Cl= 4.5% to 9.9%) cytotoxicity. w!th em'pty expression plasm|d. (E|g. 6).'La.r.ge tumors injected®
with antisense survivin had statistically significanth € .003)
more infiltrating CD8 leukocytes than large tumors injected
with empty plasmid, whereas large tumors injected with domi-
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nant-negative mutant survivin were poorly infiltrated with all %
— three types of leukocytes but had statistically significantly &
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Fig. 5. Cytotoxicity in response to intratumoral expression of B7-1 and antisense
(AS) survivin alone and in combination. Splenocytes, the effector cells (E), were

harvested from mice 28 days after their EL-4-derived tumors were injected wkg. 6. Enumeration of immune cell subsets that infiltrate plasmid-injected tu-
DNA-liposome complexes or liposomes only and tested for their cytolytic amors. Sections prepared 7 days after 0.4- to 0.6-cm-diameter EL-4-derived tu-
tivity against EL-4 target cells (T). The percent cytotoxicity is plotted againshors were injected with the indicated plasmids were immunohistochemically
various effector-to-target cell ratios (E: T ratios). Control animals receivesdained for CD4 T cell, CD8" T cell, and natural killer (NK) cells. The mean
empty pCDNAS3 vector or the liposome transfection vehi@lach point repre- number of each leukocyte subset was determined by counting eight to 10 fields.
sents the mean percent cytotoxicity obtained from five or six mBzgs rep- Bars indicate 95% confidence intervals. AS antisense; DN= dominant
resent 95% confidence intervals. negative.
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(P = .03) more CD4 T cells than tumors injected with emptyor in the absence of any leukocyte depletion (Table 1). Thus,
plasmid (Fig. 6). Tumors injected with the B7-1 plasmid hadhereas B7-1 in combination with either antisense survivin or
statistically significantly more CDS8T cells (15.2 cells per field; the dominant-negative mutant survivin caused the complete re-
95% Cl = 13.3to 17.1 cells per field®<.0001), CD4 T cells gression of 0.2-cm tumors, resulting in mean decreases in tumor
(6.4 cells per field; 95% Ck 4.8 to 8.0 cells per field? = .003), size at day 21 compared with day 0 of —0.23 cm (95%=€lI

and NK cells (11.7 cells per field; 95% G+ 9.6 to 13.8 cells -0.17 cm to -0.30 cm) and —-0.22 cm (95% €1 -0.16 cm to

per field; P = .002) than tumors injected with empty plasmid-0.28 cm), respectively, antibody depletion of all three leuko-
Tumors injected with the B7-1 and antisense survivin plasmid§te subsets destroyed antitumor immunity, resulting in the
had statistically significantly more CD8T cells (23.8 cells per growth of all tumors and leading to mean increases in tumor size
field; 95% CI = 17.1 to 30.5 cells per field® = .0006), CD4  f 0.58 cm (95% Cl= 0.49 cm to 0.66 cm) and 0.65 cm (95%

T cells (128 cells per fleld, 95% C¥ 9.0to 16.6 cells per fleld, Cl = 0.56 cm to 0.73 Cm), respective|y. |njecti0n of 0.2-cm

P = .0009), and NK cells (18.8 cells per field; 95% €1 15.8 tymors with antisense survivin or the dominant-negative mutant
to 22.0 cells per field<.0001) than tumors injected with emptysyyivin led to mean increases in tumor size at day 21 compared
plasmid. Tumors injected with the B7-1 and the dominan{gih day 0 of 0.32 cm (95% Ck 0.20 cm to 0.44 cm) and 0.19
negative mutant survivin plasmids_ had statistically significantlyy, (95% Cl = 0.12 cm to 0.26 cm), respectively, whereas
more CD8 T cells (19.8 cells per field; 95% C# 14.6 10 25.0 4ntibody depletion of all three leukocyte subsets resulted in th&
cells per field;P = .0006), CD4 T cells (9.6 cells per field; onpanceqd growth of all tumors resulting in mean increases i
95% Cl = 6.0 to 13.2 cells per field? = .005), and NK cells 5 76 of 0.59 cm (95% Gk 0.49 cm to 0.68 cm) and 0.64

(13.8 cells per field; 95% Ck 19'6 to 16.9 ceII§ per field; m (95% Cl= 0.52 cm to 0.76 cm), respectively. In contrast,
P = .(c):ODZE){t_Pan Itlumo(rjs,\llrlgectﬁdt\;]vlth gg%_y pll?sm'd' In gene:agepletion of CD4 T cells had little effect on the growth of
more cells an cells than cells were present 4 mors injected with antisense survivin or dominant-negative

in all plasmid-injected tumors. o : ) ;
. . oo . . mutant survivin, as reflected by mean increases in tumor size
Antitumor immunity is largely mediated by CD&, CD4" T, ay 21 compared with day 0 of 0.25 cm (95% €10.16 cm to

and NK cells, _and th(_e contrlbut_lon of each leukocyte subset 032 cm) and 0.19 cm (95% G+ 0.17 cm to 0.21 cm), respec-
tumor regression varies according to the type of tumor and the

specific approach to immunotherapy. Because the presence |}/%Iy, which were similar or identical to _the mean increases in3
particular leukocyte subset in a tumor does not necessarily imﬁ’ges of 0.32 ¢cm and 0.19 cm, r(_aspectlvely, for the tumors Ofé
the direct involvement of that subset in antitumor immunity, we n-leukocyte-depleted control mice.

performed leukocyte depletion experiments to identify the infil- Thes.e results suggest thgt CDB and NK cells cause the
trating leukocyte subsets that contributed to the regression of ffrgression of EL4 tumorg In response to therapy V.v'.th eithe
plasmid-injected EL-4 tumors. For tumors expressing B7-1 aRglisense survivin or dominant-negative mutant survivin, alon
either antisense survivin or dominant-negative mutant survivit!, N combmatlo_n W.'th B7-1, whereas CDZ cells contribute
we found that there was a difference in tumor growth, dependiffsS 1© tumor rejection.

on the particular leukocyte subset depleted; i.e., tumors depleted . . )

of each of the individual leukocyte subsets grew more thaffects of Antisense and Dominant-Negative Mutant
tumors not depleted of any leukocyte subset. Tumors injecterms of Survivin on Tumor Cell Apoptosis

with either the antisense survivin plasmid or the dominant-

negative mutant survivin plasmid alone grew more when they We reported previously38) that B7-1-mediated antitumor
were injected with MAbs to deplete them of CDB cells, NK immunity is accompanied by augmented CTL activity involving &
cells, or CD4 T, CD8' T, and NK cells combined than whenboth the perforin and FasL pathways, suggesting that pro<
they were injected with MAbs to deplete them of CDBcells grammed cell death is responsible for tumor rejection. We there%
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Table 1.Difference in tumor size at day 21 after treatment of plasmid-injected tumors with monoclonal antibodies (MAbs) to deplete leukocyte subsets®
>
-
Expression plasmids injected e
(%]
AS-survivin AS-survivin + B7-1 DN-survivin DN-survivin + B7-1 N
N
MADb Mean (95% CI) Pt Mean (95% CI) Pt Mean (95% CI) Pt Mean (95% CI) Pt "
Anti-CD4 0.25 (0.16 t0 0.33) .25 0.27 (0.22t0 0.33) <.0001 0.19 (0.17 t0 0.21) .95 0.46 (0.40 t0 0.52) <.0001
Anti-CD8 0.52 (0.48 to 0.56) .003 0.49 (0.42 t0 0.57) <.0001 0.58 (0.48 t0 0.68) <.0001 0.56 (0.49 t0 0.63) <.0001
Anti-NK 0.51 (0.46 to 0.56) .004 0.49 (0.42 t0 0.57) <.0001 0.57 (0.48 to 0.66) <.0001 0.56 (0.52 to 0.60) <.0001
Anti-CD4/8/NK 0.59 (0.49 to 0.68) .0002 0.58 (0.49 to 0.66) <.0001 0.64 (0.52 t0 0.76) <.0001 0.65 (0.56 t0 0.73) <.0001
No MAb 0.32 (0.20 t0 0.44) -0.23 (-0.17 to —0.30) 0.19 (0.12 t0 0.26) -0.22 (-0.16 to -0.28)
Rat 1gGt Not determined -0.23 (-0.16 to —0.29) Not determined Not determined

*Mice were injected 7 days before plasmid injection and every alternate day for the duration of the experiment with anti-CD4 (Gk1.5), anti-C[2,(&8d6.
anti-natural killer (NK) cell (PK136) MAbs or simultaneously with all three MAbs. Tumor sizes were monitored for 21 days following plasmid infemtionalue
represents the mean difference in tumor size, in centimeters, from day 0 to day 21 for leukocyte-type depletion versus no depletion (no MAb) ficem five m
AS = antisense; DN= dominant-negative; Ck confidence interval.

tData comparing differences in tumor growth resulting from each leukocyte-type depletion versus no depletion were analyzed with the uses of aantrast
linear model analysis to calculate the statistical significance of values between the antibody-treated group and the group not treatedRwtiudabefer to the
comparison of change in tumor size from day 0 to day 21 for leukocyte-type depletion versus no depletion. All statistical tests were two-sidédlt(&stjlen

FRat immunoglobulin G (IgG) was used as the antibody control for the combination treatment of B7-1 with antisense survivin.
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fore performedin situ TUNEL staining of tumor sections to
detect the DNA strand breaks that characterize apoptotic cdls.
We measured the A/l 2 days after tumors were injected with
B7-1 alone, with B7-1 and either antisense survivin or domina:I:t-
negative mutant survivin, with antisense survivin and dominant-
negative survivin mutant alone, or with empty plasmid (Fig. T
K). TUNEL staining revealed that tumors expressing either an-
tisense survivin or dominant-negative mutant survivin plasmigls
had greater percentages of apoptotic cells (15% [95% Q0%
to 20%;P = .001] and 25% [95% Ck 17% to 33%;P<.001],
respectively) than tumors injected with empty plasmid (Fig. ¥,
K; compareFig. 7, panels A and B with panel D). Tumors
injected with B7-1 and either antisense survivin or dominarjt-
negative mutant survivin plasmids had even greater percentages
of apoptotic cells (28% [95% CE 19.2% to 36.8%P<.001]

and 35% [95% Cl= 26.4% to 43.6%P<.001], respectively)
than tumors injected with empty plasmid (Fig. 7, C and K]).
Similar results were obtained with the use of annexin-V-FLUQS
to stain apoptotic cells extracted from tumors (Fig. 7, G-K) and
annexin-V-biotin to stain apoptotic cells in tumor sections (Fig.
7, K). The higher A/l values obtained by annexin-V staining
compared with TUNEL staining presumably reflect the in
creased sensitivity of annexin-V, which detects a very eafly
hallmark of apoptosis.

—_ =TT

Discussion £ | mATANNEXIN-V-BIOTIN
. L . > O A/I-ANNEXIN-V-FLUOS

Here, we report that survivin expression in tumors increases g;g ®

dramatically with increasing tumor size. Factors that induce s{ir- Z 50

vivin expression in tumors have yet to be identified. Angiogen|c 0 40

agents, such as vascular endothelial growth factor and bgsic i=30]

fibroblast growth factor, which are induced in tumors in rg- Ezﬂm m

sponse to hypoxia, induce survivin expression in endothellal n.? uE 5%

cells (35,36).Such angiogenic factors may indirectly aid tumor 8 §\" 6\3‘ > ,\.’\ [N ¢§)

survival because they may increase the survival of endothelial < & & ¢¢‘\& Q;\ J?

cells that form blood vessels required to feed the growing tumer. %ﬁ‘) §ﬁ‘§. N <

In this context, survivin appears to mediate, at least in part, the \a bgq"oe 0@ Q("

ability of angiopoietin to stabilize vascular structures duri vgb O.,y‘-" (J"

angiogenesig37). Thus, inhibiting survivin expression within

tumors might be expected to impair the ability of angiopoietin te
stabilize vascular structures during angiogenesis, thereby acﬂﬁ'r;g 7. Effect of inhibition of survivin expression on tumor cell apoptosis. Two
as a type of antiangiogenic therapy by inducing nascent tun@y's after plasmid injection, tumor sections were stained by the terminal deoxy2

blood vessels to undergo apoptosis and preventing tumors frB leotidyltransferase-mediated deoxyuridine triphosphate-digoxigenin nick end;
. abeling (TUNEL) method A-D), or cells isolated from tumors were staine
developing a blood supply labell hod lls isolated ined

N . . with annexin-V G-J). Tumors were injected with plasmids expressing antisense &
We have shown that inhibition of survivin expression or funCs'urvivin (A and G), dominant-negative mutant survivi (and H), antisense

tion cripples large tumors such that they either regress or hawe) survivin and B7-1C and 1), or empty plasmid® and J). For the deter-
severely impaired growth. The tumors that regressed failed rimation of the total number of cells, tumor sections adjacent to TUNEL-staineds,
grow back to their original size at the initiation of gene therapsgctions were counterstained with hematoxylin TUNEL assay), and annexin-
for at least 6 weeks and only began to grow again after 28 da Ss,taineq, isolated tumor cells were co-stained with methylene blue
possibly because, by that time point, the therapeutic vectors d'érd"””ex'”'v assaypcale bar= 20 um. The number of apoptofigay) cells
been degraded. It is possible that repeated administration’ etected by TUNEL staining of. tumor sections or by annexm-.V stammg of

. 79 . . o isolated tumor cells was determined for 10 randomly selected fields viewed at
antisurvivin plasmids may cause sustained inhibition of tumQig magniication Panel K: The apoptotic index (Afl) is the number of apo-
growth, as has been achieved with antiangiogenic thef4®y ptotic (TUNEL-positive or annexin-V-positive) cells x (100/total number of
The inhibition of survivin expression with either antisense alls). Bars indicate 95% confidence intervals. AS antisense; DN= domi-
dominant-negative mutant forms of survivin clearly illustrate&ant negative.
the dependence of large tumors on high levels of survivin ex-
pression. In contrast, inhibition of survivin expression in small
tumors, where it is weakly expressed, had little effect on tumemall tumors had become dependent on the protective properties
growth, although the small tumors continued to grow at slightlyf survivin.
reduced rates compared with tumors injected with empty plas-The increased expression of survivin in growing tumors par-
mid. It is possible that the antisense and dominant-negative nallels the acquisition of immune resistance of tumors as they
tant survivin expression plasmids were degraded by the time #rdarge. Thus, as reported here and previo(38), small tu-
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mors can be eradicated completely by B7-1-mediated immurfew adult tissue$14,15),we predict that survivin-specific thera-
therapy, but large tumors are refractory to such treatment.ples are likely to produce few, if any, side effects. Our study
pivotal finding in the present work was that inhibiting survivirindicates that inhibiting survivin expression to restore suscepti-
expression in large tumors rendered them susceptible to B7kility to programmed cell death could break down this barrier to
mediated immunotherapy. This result would be expected if swancer immunotherapy and should be investigated as an adjunc-
vivin was protecting tumor cells from immune attack. We fountive therapy for the treatment of large immune-resistant tumors.
that the efficacy of combination treatment with B7-1 and anti-
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. . o { ). Reed JC. Dysregulation of apoptosis in cancer. J Clin Oncol 1999;17:
whereas high plasmid doses caused the complete eradication 0fyg41_s53

small tumors, large tumors were not similarly affected by doseg) reed Jc, Bischoff JR. BIRinging chromosomes through cell division—and
of each plasmid of 10@.g or greater. survivin’ the experience. Cell 2000;102:545-8.

Tumors become resistant to immunotherapy by a variety dB) Jaattela M. Escaping cell death: survival proteins in cancer. Exp Cell Res
mechanismg50). They may secrete immunosuppressive factors 1999,248:30-43. _ o
(51)’ develop mutant or variant cells that can avoid the immuné4) LaCaSS(.e EC, Baird S, Kgrneluk RG, Mac.Ken2|e AE. The inhibitors of

o . apoptosis (IAPs) and their emerging role in cancer. Oncogene 1998;17

responsg52), or devel_op the_ab|I|ty to counterattack the im- > - -
mune system with their own immune-based weapons. Alterngs) pyckett cs, Nava VE, Gedrich RW, Clem RJ, Van Dongen JL, Gilfillan
tively, tumors may become resistant to CTL-mediated cell lysis mc, et al. A conserved family of cellular genes related to the baculovirus
(3) or infiltration by CTLs because of endothelial aner@g). iap gene and encoding apoptosis inhibitors. EMBO J 1996;15:2685-94.
CTLs kill target cells through the interaction of FasL on T cells(6) Reed JC. Bcl-2 and the regulation of programmed cell death. J Cell Biol
with Fas, a mediator of apoptosis, on target cells. There are now 1994124:1-6.
several examples of how tumor cells can act like CTLs and kilﬁ: Nagata S. Apoptosis by death factor. Cell 1997;88:355-65.

tit T cells. E le t I . FasL 8) Yang E, Korsmeyer SJ. Molecular thanatopsis: a discourse on the BCL
anttumor | cells. For example, tumor cells expressing FasL cal family and cell death. Blood 1996:88:386-401.

pOte_r_'tia”y counterattack and Kill Fas-expressing CT84).In (9) wright ME, Han DK, Hockenbery DM. Caspase-3 and inhibitor of apo-
addition, some tumors and tumor cell lines express the mem- ptosis protein(s) interactions Baccharomyces cerevisiaad mammalian
brane-associated molecule RCAS1, which is thought to bind a cells. FEBS Lett 2000;481:13-8.
putative receptor on leukocytes, causing the inhibition of leuk¢t0) Ambrosini G, Adida C, Altieri DC. A novel anti-apoptosis gene, survivin,
cyte cell growth and the induction of apopto$l). expressed in cancer and lymphoma. Nat Med 1997;3:917-21.
We suggest that survivin renders tumor cells more resistani}d) Verdecia MA, Huang H, Dutil E, Kaiser DA, Hunter T, Noel JP. Structure
of the human anti-apoptotic protein survivin reveals a dimeric arrangement

antitumor CTLs, thus acting as an important immunosuppressive Nat Struct Biol 2000:7:602-8. :

fa..CtOI'.. Accord,'”gb/' We_ found th_at 'nhlbltmg survivin eXpre_S'(lz) Chantalat L, Skoufias DA, Kleman JP, Jung B, Dideberg O, Margolis RL.
sion In comblnayon with B7-1 |mmgnotherapy leads to in-  crystal structure of human survivin reveals a bow tie-shaped dimer with
creased apoptosis of tumor cells, which could be due, at least two unusual alpha-helical extensions. Mol Cell 2000;6:183-9.
in part, to an increased susceptibility to attack by pre-existirfgg) Muchmore SW, Chen J, Jakob C, Zakula D, Matayoshi ED, Wu W, et al.
antitumor T cells. Crystal structure and mutagenic analysis of the inhibitor-of-apoptosis pro-
The inhibition of survivin expression led to a slight increasg 4 t}fg:]:;”é"";‘ax;;asve;' Hzog?éi::gj@izh o K. Sato S, Yajima A, Expres
in the antitumor CTL response, as mea§ured by an increaseri sion of survivin and Bcl-2 in the normal human endometrium. Mol Hum
the number of splenocytes in treated_ anlma!s able to Iyse_E_L—4 Reprod 2000:6:529—34.
cell targets. However, we think that it is unlikely that survivinis) chiodino C, Cesinaro AM, Ottani D, Fantini F, Giannetti A, Trentini GP,
has direct immunostimulatory propertiper se.Rather, the in- et al. Communication: expression of the novel inhibitor of apoptosis sur-
crease in CTLs in response to survivin inhibition may arise if vivin in normal and neoplastic skin. J Invest Dermatol 1999;113:415-8. ©
cell fragments from apoptotic or necrotic tumor cells were také#p) Adida C, Haioun C, Gaulard P, Lepage E, Morel P, Briere J, et al. Prog-
up by dendritic cells, and the tumor antigens on such fragments nostic significance of survivin expression in diffuse large B-cell lympho- -

were presented to the immune system indirectly. Cell fragme mas. Blood 2000,96:1921°5.
P Y Y g r&%) Sarela Al, Macadam RC, Farmery SM, Markham AF, Guillou PJ. Expres-

may be_ generated from dying tumor cells depriV_ed of Sl_JrViV'nv sion of the antiapoptosis gene, survivin, predicts death from recurren
a protein that would otherwise protect them against an increas- colorectal carcinoma. Gut 2000:46:645-50.

ingly unfavorable, nutrient-poor, ectopic environment. Survivi(s) Islam A, Kageyama H, Takada N, Kawamato T, Takayasu H, Isogai E, et
plays a similar role in protecting interleukin 3 (IL-3)-dependent al. High expression of Survivin, mapped to 1725, is significantly associ-
pre-B cells against IL-3 Withdrawa(I10). This protective role ated with poor prognostic factors and promotes cell survival in human

LT . . neuroblastoma. Oncogene 2000;19:617-23.
poqlq _explaln, m. p_art, the increased tumor cell apoptosis aﬁ(%) Tanaka K, lwamoto S, Gon G, Nohara T, lwamoto M, Tanigawa N. Ex-
inhibition of survivin. : ! ' ' ’

. . . pression of survivin and its relationship to loss of apoptosis in breast
Our results suggest that survivin is an important therapeutic carcinomas. Clin Cancer Res 2000:6:127—34.

target. However, other antiapoptotic factors besides survivigp) Monzo M, Rosell R, Felip E, Astudillo J, Sanchez JJ, Maestre J, et al. A
such as Bcl-2, and Bcl-xL, are also widely expressed in many novel anti-apoptosis gene: re-expression of survivin messenger RNA as
tumors. It was reported previously that Bcl-2 is expressed in the 2 prognosis marker in non-small-cell lung cancers. J Clin Oncol 1999;17:
EL-4 Iymphoma(55).We presume that an arsenal of therapeutic1) 2R1eoe(:1_jc Reed SI. Survivin’ cell-separation anxiety. Nat Cell Biol 1999;
agents that simultaneously target survivin, Bcl-2, and other i 1-E199-200 ' P v ’
munosqpprgs_swe factors WOUI.d h0'9' even greater promise ﬂ@ﬂ Li F, Ambrosini G, Chu EY, Plescia J, Tognin S, Marchisio PC, et al.
the antisurvivin therapy described in our study. Because sur- control of apoptosis and mitotic spindle checkpoint by survivin. Nature
vivin, unlike other potential therapeutic targets, is expressed in 1998;396:580-4.

14 WouJy pspeojumoq

[jwoo-dno-olwepede/:sdy

je/ou

I

2/LyS1L/02/e6/310

uo 1senb Aq 65561G

220z 1snbn

Journal of the National Cancer Institute, Vol. 93, No. 20, October 17, 2001 ARTICLES 1551



(23) Suzuki A, Hayashida M, Ito T, Kawano H, Nakano T, Miura M, et al(40) Sun X, Kanwar JR, Leung E, Lehnert K, Wang D, Krissansen GW. Gene
Survivin initiates cell cycle entry by the competitive interaction with Cdk4/  transfer of antisense hypoxia inducible facter-dnhances the therapeutic
p16(INK4a) and Cdk2/cyclin E complex activation. Oncogene 2000;19: efficacy of cancer immunotherapy. Gene Ther 2001;8:638—45.

3225-34. (41) Nakashima M, Sonoda K, Watanabe T. Inhibition of cell growth and in-
(24) Ito T, Shiraki K, Sugimoto K, Yamanaka T, Fujikawa K, Ito M, et al. duction of apoptotic cell death by the human tumor-associated antigen

Survivin promotes cell proliferation in human hepatocellular carcinoma. RCAS1. Nat Med 1999;5:938-42.

Hepatology 2000;31:1080-5. (42) Chomczynski P, Sacchi N. Single-step method of RNA isolation by acid

(25) Suzuki A, Ito T, Kawano H, Hayashida M, Hayasaki Y, Tsutomi Y, et al. guanidinium thiocyanate-phenol-chloroform extraction. Anal Biochem
Survivin initiates procaspase 3/p21 complex formation as a result of inter-  1987;162:156-9. ‘ _ N
action with Cdk4 to resist Fas-mediated cell death. Oncogene 2000;1@3) Li F, Altieri DC. The cancer antiapoptosis mouse survivin gene: charac-
1346-53. terization of locus and transcriptional requirements of basal and cell cycle-

(26) Shin S, Sung BJ, Cho YS, Kim HJ, Na NC, Hwang JI, et al. An anti- _ dependent expression. Cancer Res 1999;59:3143-51.
apoptotic protein human survivin is a direct inhibitor of caspase-3 and {#+4) Bronckers AL, Goei SW, Dumont E, Lyaruu DM, Woltgens JH, van
Biochemistry 2001;40:1117-23. Heerde WL, et alln situ detection of apoptosis in dental and periodontal

(27) Du C, Fang M, Li Y, Li L, Wang X. Smac, a mitochondrial protein that tissues of the adult mouse using annexin-V-biotin. Histochem Cell Biol
promotes cytochrome c-dependent caspase activation by eliminating IAP 20_00;113:293‘30?- ] )
inhibition. Cell 2000:102:33-42. (45) Gibson-D’Ambrosio RE, Samuel M, D’Ambrosio SM. A method for iso-

(28) Webb A, Cunningham D, Cotter F, Clarke PA, di Stefano F, Ross P, et al. lating large numbers of viable disaggregated cells from various human
BCL-2 antisense therapy in patients with non-Hodgkin lymphoma. Lancet tissues for cell culture establishment. In Vitro Cell Dev Biol 1986;22:
1997; 349:1137-41. 529-34.

(29) Miayake H, Tolcher A, Gleave ME. Chemosensitization and delaydd®) Mason LH, Ortaldo JR, Young HA, Kumar V, Bennett M, Anderson SK.
androgen-independent recurrence of prostate cancer with the use of anti- €loning and functional characteristics of murine large granular lympho-
sense Bcl-2 oligodeoxynucleotides. J Natl Cancer Inst 2000;92:34—41. cyte-1: a member of the Ly-49 gene family (Ly-49G2). J Exp Med 1995;

(30) Baba M, lishi H, Tatsuta Min vivo electrophoretic transfer of bcl-2 anti- 182:293-303. o )
sense oligonucleotide inhibits the development of hepatocellular carcinoffd) Petérson GL. Determination of total protein. Methods Enzymol 1983;91:
in rats. Int J Cancer 2000;85:260-6. 95-119.

(31) Li F, Ackermann EJ, Bennett CF, Rothermel AL, Plescia J, Tognin S, et 4#8) Chen L, Ashe S, Brady WA, Hellstrom I, Hellstrom KE, Ledbetter JA, et
Pleiotropic cell-division defects and apoptosis induced by interference with ~ @l- Costimulation of antitumor immunity by the B7 counterreceptor for the
survivin function. Nat Cell Biol 1999:1:461—6. T lymphocyte molecules CD28 and CTLA-4. Cell 1992;71:1093-102.

(32) Chen J, Wu W, Tahir SK, Kroeger PE, Rosenberg SH, Cowsert LM, et éﬂg) Boehm T, Folkman J, Browder T, O'Reilly MS. Antiangi_ogenic therapy of &
Down-regulation of survivin by antisense oligonucleotides increases apo- experimental cancer does not induce acquired drug resistance. Nature 199%;

. ©
ptosis, inhibits cytokinesis and anchorage-independent growth. Neoplasia 390:404-7. Q

2000:2:235-41. (50) Hersey P. Impediments to successful immunotherapy. Pharmacol Theg

(33) Grossman D, McNiff JM, Li F, Altieri DC. Expression and targeting of the 199_9;81_:111_9' . . .
apoptosis inhibitor, survivin, in human melanoma. J Invest Dermatol 19961) Wojtowicz-Praga S. Reversal of tumor-induced immunosuppression: a news:
113:1076-81. approach to cancer therapy. J Immunother 1997;20:165-77.

(34) Olie RA, Simoes-Wust AP, Baumann B, Leech SH, Fabbro D, Stahel RAS,Z) Villunger A, Strgsser A. The great escape: is immune evasion required fo
et al. A novel antisense oligonucleotide targeting survivin expression in-  tUmor progression? [news]. Nature Med 1999;5:874-5. o
duces apoptosis and sensitizes lung cancer cells to chemotherapy. Caftar Criffioen AW, Damen CA, Mayo KH, Barendsz-Janson AF, Martinotti S
Res 2000:60:2805-9. Blijham GH, et al. Angiogenesis inhibitors overcome tumor induce

(35) O'Connor DS, Schechner JS, Adida C, Mesri M, Rothermel AL, Li F, eryndothehal cell anergy. Int J ’Can(':er 1999; 80:315-9.
et al. Control of apoptosis during angiogenesis by survivin expression {p#) O’Connell J, Bennett MW, O'Sullivan GC, Collins JK, Shanahan F. Fas
endothelial cells. Am J Pathol 2000:156:393-8. counter-attack—the best form of tumor defense? [news]. Nat Med 1999;5:

(36) Tran J, Rak J, Sheehan C, Saibil SD, LaCasse E, Korneluk RG, et al. 267_8; ) )
Marked induction of the IAP family antiapoptotic proteins survivin and>2) Grimaitre M, Werner-Favre C, Kindler V, Zubler RH. Human naive B cells

XIAP by VEGF in vascular endothelial cells. Biochem Biophys Res Com-  cultured with EL-4 T cells mimic a germinal center-related B cell stage =
mun 1999:264:781-8. before generating plasma cells. Concordant changes in Bcl-2 protein an

(37) Papapetropoulos A, Fulton D, Mahboubi K, Kalb RG, O'Connor DS, Li F, ~ Messenger RNA levels. Eur J Immunol 1997;27:199-205.
et al. Angiopoietin-1 inhibits endothelial cell apoptosis via the Akt/survivirNOTES
pathway. J Biol Chem 2000;275:9102-5.

(38) Kanwar J, Berg R, Lehnert K, Krissansen GW. Taking lessons from den-Supported in part by grants from the Royal Society of New Zealand, theZ
dritic cells: multiple xenogeneic ligands for leukocyte integrins have thidealth Research Council of New Zealand, the Cancer Society of New ZealandE
potential to stimulate anti-tumor immunity. Gene Ther 1999;6:1835-44 the Lottery Grants Board of New Zealand, the Maurice and Phyllis Paykel Trust,%

(39) Kanwar JR, Kanwar RK, Pandey S, Ching LM, Krissansen GW. Vasculand the Wellcome Trust (U.K.). S
attack by 5,6-dimethylxanthenone-4-acetic acid combined with B7.1 We thank Joanna Stewart, Department of Community Health, University of™
(CD80)-mediated immunotherapy overcomes immune resistance and leAdskland, Auckland, New Zealand, for assistance with the statistical analysis.
to the eradication of large tumors and multiple tumor foci. Cancer ResManuscript received December 27, 2000; revised August 6, 2001; accepted
2001;61:1948-56. August 20, 2001.

Iwepeoe//:sdny wolj papeojumod

Foul/

e

s

q 6956152/L¥51/02/€6/9

a -

9] U0 15886

1552 ARTICLES Journal of the National Cancer Institute, Vol. 93, No. 20, October 17, 2001



