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Antileukemic drugs increase death receptor 5 levels and enhance
Apo-2L—induced apoptosis of human acute leukemia cells

Jinghai Wen, Nimmanapalli Ramadevi, Diep Nguyen, Charles Perkins, Elizabeth Worthington, and Kapil Bhalla

In present studies, treatment with tumor
necrosis factor (TNF)-related apoptosis in-
ducing ligand (TRAIL, also known as Apo-2
ligand [Apo-2L]) is shown to induce apopto-
sis of the human acute leukemia HL-60,
U937, and Jurkat cells in a dose-dependent
manner, with the maximum effect seen fol-
lowing treatment of Jurkat cells with 0.25
pg/mL of Apo-2L (95.0% = 3.5% of apop-
totic cells). Susceptibility of these acute
leukemia cell types, which are known to lack
p53™ function, did not appear to correlate

tors of apoptosis proteins (IAP) family. Apo-
2L—-induced apoptosis was associated with
the processing of caspase-8, Bid, and the
cytosolic accumulation of cytochrome ¢ as
well as the processing of caspase-9 and
caspase-3. Apo-2L—-induced apoptosis was
significantly inhibited in HL-60 cells that
overexpressed Bcl-2 or Bcl-x . Cotreatment
with either a caspase-8 or a caspase-9 inhib-
itor suppressed Apo-2L—-induced apoptosis.
Treatment of human leukemic cells with
etoposide, Ara-C, or doxorubicin increased

induced significantly more apoptosis than
treatment with Apo-2L, etoposide, doxorubi-
cin, or Ara-C alone, or cotreatment with
Apo-2L and the antileukemic drugs, or treat-
ment with the reverse sequence of Apo-2L
followed by one of the antileukemic drugs.
These findings indicate that treatment with
etoposide, Ara-C, or doxorubicin up-regu-
lates DRS5 levels in a p53-independent man-
ner and sensitizes human acute leukemia
cells to Apo-2L—induced apoptosis. (Blood.
2000;96:3900-3906)

with the levels of the apoptosis-signaling

death receptors (DRs) of Apo-2L, ie, DR4
and DR5; decoy receptors (DcR1 and 2);
FLAME-1 (cFLIP); or proteins in the inhibi-

DR5 but not DR4, Fas, DcR1, DcR2, Fas
ligand, or Apo-2L levels. Importantly, sequen-
tial treatment of HL-60 cells with etoposide,

Ara-C, or doxorubicin followed by Apo-2L © 2000 by The American Society of Hematology

Introduction
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Tumor necrosis factor (TNF)-related apoptosis-inducing ligartdanslocates to the mitochondria triggering the pre-apoptotic mi§)-
(TRAIL), also called Apo-2 ligand (Apo-2L), is a member of thechondrial events, including the cytosolic release of cytochror;&le
TNF family, which has been shown to induce apoptosis of a variefgyt) c2* In the cytosol, cyt ¢ and deoxyadenosine triphosphate
of tumor cell lines more efficiently than normal cetdWhile ina  (dATP) bind to Apaf-1 and cause its oligomerizati@isApaf-1, in
recent report, TRAIL was demonstrated to induce apoptosis frn, binds and processes procaspase-9 into an active caspasg that
human hepatocytes, it has also been shown to actively suppressuits, cleaves, and activates the effector caspdsétBctivated
human mammary adenocarcinoma growth in mice without amaspase-3 can proteolytically cleave a number of cellular prote
significant toxic effects, which are seen with the in vivo use of TNEg, poly(ADP-ribose) polymerase (PARP), lamins, DFF 45 (ICA
and Fas ligand (CD95L9#Apo-2L can bind to several members ofDNA fragmentation factor), fodrin, gelsolin, PKC Rb, and
the TNF receptor family, ie, death receptors (DRs) 4 and 5, decBNA-PK, resulting in the morphologic features and DNAfragmeE—
receptors (DcRs) 1 and 2, and osteoprotegefiR4 and DR5 tation of apoptosi&81® Thus, Apo-2L—-induced caspase-3 actlvz§
contain a cytoplasmic region consisting of a stretch of 80 amiriton may occur either directly through the activity of caspasesz
acids, designated the death domain (DD), responsible for transdanéd/or through Apaf-1-mediated activity of caspase-9. ThIS-gIS
ing the death signdl.Ligation by Apo-2L recruits the adaptor supported by the observation that while Apafcells are sensitive g
molecule FADD to the DD of DR4 and DR5Through its death to Fas L and TNE, they are relatively resistant to Apo- 2L—|nduce‘§
effector domain, FADD interacts with caspase-8 and caspa8é-1Gapoptotic signaling®

Although FADD/~ cells have been shown to be sensitive to There are several known determinants of Apo- 2L—|nducgd
apoptosis induced by the ligation of DR4 and DR5 but not of Fasapoptotic signaling. Treatment with DNA-damaging antlcanongr
both caspase-8 and FADD are essential to the function of TRAlagents can induce p53 and/or NFKkB, which, in turn, can up-regulgte
mediated death-inducing signaling complex (DISGPnce re- DR5 and/or DR4 expression, thereby enhancing Apo-2L—induc%d
cruited to FADD, caspase-8 drives its auto-activation througdpoptotic signaling”18 In contrast, DcR1, which is bound to the
oligomerization and subsequently activates the downstream effeell membrane through a glycolipid anchor and lacks DD, and the
tor caspases, such as caspase-3, caspase-6, and ca%paskVels of DcR2, which has an incomplete and inactive DD, bind and
Activated and processed caspase-8 can also cleave and activatéititaee down Apo-2L and can act as inhibitors of Apo-2L—induced
BH3 domain containing pro-apoptotic molecule Bid, which theapoptosis. Additionally, an endogenous intracellular protein,
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FLAME-1 (also known as cFLIP, CASH, CLARP, MRIT, I-FLICE, Preparation of S-100 fraction and Western analysis
and Usurpin), which has an N-terminus FADD homology andf cytosolic cytochrome c

C'term'nus_ caspase h_omOIOQy dom.alns without caspase aCt'\/ﬁ)ﬁ’treated and drug-treated cells were harvested by centrifugation aj 1000
has a dominant-negative effect against caspase-8 and caspasgrlfh minutes at 4°C. The cell pellets were washed once with ice-cold
and can potentially inhibit Apo-2L—induced death signafifig. phosphate-buffered saline (PBS) and resuspended with 5 vol buffer (20
Finally, the levels of inhibitors of apoptosis proteins (IAP) familymmol/L Hepes-KOH, pH 7.5, 10 mmol/L KCI, 1.5 mmol/L Mg£I1
members, which include clAP1, clAP2, XIAP, and survivin, maynmol/L sodium EDTA, 1 mmol/L sodium EGTA [ethylene glycol-bis
also inhibit Apo-2L—induced apoptosis by specifically binding t({)B-amino ethyl ether} N,N,N,N-tetra acetic acid], 1 mmol/L dithiothreitol,

and inhibiting the activities of caspase-3, caspase-9, and caspggg-o'l mmol/L phenylmethylsulfonyl ﬂuo.r ide), containing 250 mmol/L
sucrose. The cells were homogenized with a 22-gauge needle, and the

7'20-22_A|th0_ljgh the _ab'“ty of Apo-2L to induce apoptosis has b(:"(:"Homogenates were centrifuged at 100@@@r 30 minutes at 4°C (S-100
examined in a variety of human tumor cell types, the molecul@iction)1230The supernatants were collected, and the protein coneentra
steps of Apo-2L-induced apoptosis and its determinants have g6hs of S-100 were determined by the Bradford method (Bio-Rad,
been comprehensively evaluated in the human acute leulktrcules, CA). We used 20 to 3@y of the S-100 fraction for Western blot
mia cells. analysis of cyt c, as described previously?

Etoposide, Ara-C, and doxorubicin are highly active antileuke-
mic drugs?? Intracellularly, following their interaction with DNA, Western analyses of proteins
these drugs ultimately cause DNA damage and cell-cycle &frestyestern analyses of DR4, DR5, Apo-2L, caspase-8, caspase-9, caspase-3,
By, as yet, undefined signal(s), this drug-induced DNA-damages R, Fas L, Bid, PARP, XIAP, CIAP, survivin, afeactin were performed &
and/or cell-cycle perturbation triggers the mitochondAi#m and  with the use of specific antiserums or monoclonal antibodies accordin@to
release of cyt ¢, which ultimately results in the activities opreviously reported protocof:32 Horizontal scanning densitometry wass

caspase-9 and caspase-3. Recently, etoposide, CPT-11, doxoRfjformed on Western blots by acquisition into Adobe PhotoShop (Apidle,
. CL{pertino, CA) and analysis by the NIH Image Program (US Natiorial
cin, 5-FU, and, to a lesser extent, taxol were shown to augmen b

Apo-2L-induced apoptosis of epithelial cancer cl28 How- ;zgiﬁf of Health, Bethesda, MD). The expressiof-afctin was used as§
ever, neither the molecular determinants of Apo-2L—induced

apoptosis nor the interaction between chemotherapeutic agents hghtosis assessment by Annexin-V staining

Apo-2L had been examined in human acute leukemia cells. In the ] o ]
present studies, our findings demonstrate that Apo-2L treatmij‘er drug treatments, cells were resuspended in 10Gtaining solution

tri th . f 8 and Bid d al ontaining Annexin-V fluorescein and propidium iodide Annexin-\%
riggers the processing of caspase-c an 1d, and also cay OS Staining Kit buffer, Boehringer Mannheim). Following incubati%ﬁ

cytosolic accumulation of cyt c, followed by Apaf-1-mediatedy room temperature for 15 minutes, cells were analyzed by flow cytdin-
caspase-9 and caspase-3 processing and apoptosis of human agyAnnexin V binds to cells that express phosphotidylserine on the oufer
leukemia cells. Furthermore, our results show that treatment wittyer of the cell membrane, and propidium iodide stains the cellular DNA®f
etoposide, Ara-C, or doxorubicin increases DR5 levels and egglls with a compromised cell membrane. This allows for the discriminatién
hances Apo-2L—induced apoptosis of acute leukemia HL-60, U9t live cells (unstained with either fluorochrome) from apoptotic cells

and Jurkat cells, which are known to lack p5Rinction (stained only with Annexin V) and necrotic cells (stained with both Annex§1
' ' V and propidium iodide$3 S
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Morphology of apoptotic cells
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Materials and methods After drug treatment, 56 10° cells were washed with PBS (pH 7.3) an§
resuspended in the same buffer. Cytospin preparations of the cell susgen—
Reagents sions were fixed and stained with Wright stain. Cell morphology was

determined by light microscopy. In all, 5 different fields were randomy
Zelected for counting of at least 500 cells. The percentage of apoptotic (;Zells
was calculated for each experiment, as described previéusly.

We purchased z-IETD-fmk and z-LEHD-fmk from Enzyme System
Products (Livermore, CA). Anti-Apaf-1 and anti-Bid antiserdifsvere
kindly provided by Dr Xiaodong Wang of the University of Texas,
Southwestern School of Medicine (Dallas). The recombinant hum%%atistical analysis
homotrimeric TRAIL (Apo-2L) (leucine zipper construct) was a gift from
Immunex Corp (Seattle, WA).Fas receptor (CD95) and ligand (FasL)Significant differences between values obtained in a population of leukemic
monoclonal antibodies were purchased from Transduction Labs (Lexinzglls treated with different experimental conditions were determined by
ton, KY). Monoclonal anti-XIAP antibody was purchased from Boehringepairedt-test analyses. A one-way analysis of variance was also applied to
Mannheim (Indianapolis, IN), while anti—clAP-1 antibody was purchasette results of the various treatment groups, and post hoc analysis was
from Pharmingen Inc (San Diego, CA). Polyclonal anti-DR4, anti-DcRperformed by means of the Bonferroni correction method.

and anti-DcR2, and anti-Apo-2L antibodies as well as Apo-2L R2 (DR5):Fc

were purchased from Alexis Corp (San Diego, CA). Polyclonal anti-DR5

was obtained from Cayman Chemicals Co (Ann Arbor, Ml). Results
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Apo-2L induces apoptosis of human acute leukemia,
HL-60, U937, and Jurkat cells

Cell culture

Human acute leukemia HL-60, HL-60/Bcl-2, HL-60/Bal;xU937, and ) . .
Jurkat cells were maintained in a humidified 5.0 % G@vironment in Although Apo-2L has been re.plo!'ted to induce apoptosis of.a variety
RPMI medium supplemented with 100 U penicillin per milliiter, 10g  Of tumor cell types;*the sensitivity of human acute leukemia cells

streptomycin per millliter, 1% nonessential amino acids, 1% essenti® Apo-2L—induced apoptosis and its molecular determinants had
amino acids, and 10% bovine calf serum (Gibco Laboratories, Gran®t been comprehensively determined. The results of present
Island, NY), as previously describéd. studies (Figure 1A) demonstrate that exposure to Apo-2L for 24
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A Apo-2L also triggered the intrinsic pathway of apoptosis. Some but
100 HL-60 not all previous reports had shown a positive correlation of the
o0 [ 937 sensitivity to Apo-2L with the expression of DR4 and DRS5, or with
i the intracellular levels of FLAME-$427.28 |n contrast, as also
' previously reported for other cell typ&&%2” data presented in
Figure 1C do not show such a correlation in the leukemic cells. As
; compared with other cell types, Jurkat cells, which demonstrated
20_' s?; : i the highest sensitivity to Apo-2L, expressed higher levels of DRS5,
] ' : but lacked the expression of DR4 (Figure 1C). Inconsistent with
their increased sensitivity to Apo-2L, Jurkat cells expressed more
Control 10 100 250 DcR2 and FLAME-1 (I-FLICE) although their survivin levels were
Apo - 2L (ng/mL) the lowest of the 3 cell types (Figure 1C). All cell types expressed
barely detectable levels of DcR1 (data not shown).

(Annexin V)

% Apoptotic Cells

Apo-2L-induced apoptosis of leukemic cells was inhibited
by overexpression of Bcl-2 or Bel-x |
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We examined the effect of Bcl-2 or Bcl-xoverexpression ong
Apo-2L—induced apoptosis of HL-60 cells. As compared Wig’l
HL-60/neo cells, HL-60/Bcl-2 and HL-60/Bclxcells possessz
approximately 3-fold higher levels of Bcl-2 and 5-fold highe%
= -=— pR4 levels of Bcl-x, respectively (Figure B).35 Exposure to 1003
MR ~«— Bid P ng/mL of Apo-2L induced apoptosis of 37.082.0% of HL-60/
neo cells. However, Apo-2L—induced apoptosis was suppresseg
cIAP-1 HL-60/Bcl-2 and HL-60/Bcl-x cells (Figure 2A). This supporteds
the observation that, in HL-60 cells, Apo-2L triggered the intrinsgic
pathway of apoptosis. This conclusion was further supported by ghe
finding that cotreatment with the relatively specific caspasé-j-g
Survivin inhibitor z-LEHD-fmk was as effective as the caspase-8 inhibit§)r
z-IETD-fmk in suppressing Apo-2L—induced apoptosis of HL-69
B-actin cells (Figure 2C). N
Figure 1. Apo-2L induces apoptosis of HL-60, U937, and Jurkat cells. Cells were
exposed to the indicatgd concentrations 0fA_p0—2Lf0r§4 hoursﬂ(A). Following this, the Etoposide-, Ara-C—, or doxorubicin-induced apoptosis is
percentage of apoptotic cells were determined (see “Results”). Apo-2L induced the
processing and down-regulation of caspase-8, Bid, caspase-9, caspase-3, and XIAP, ~ associated with up-regulation of DR5 but not DR4,

as well as cytosolic accumulation of cyt ¢ in Jurkat cells (B). Following exposure of  Fgs or DcR1 and DcR2
Jurkat cells to 100 ng/mL of Apo-2L for 24 hours, cell lysates were obtained and

Western analyses of the indicated proteins were performed (see “Results”). Western Etoposide, Ara-C, and doxorubicin are commonly used antileuge-

analyses of DR4, DR5, DcR2, clAP-1, XIAP, I-FLICE (FLAME-1 or cFLIP), and . . .. . . . .

survivin in HL-60, U937, and Jurkat cells (C). mic drugs. With the goal of preclinically investigating the antile
kemic activity of novel combinations of Apo-2L with relativelys

hours induced a dose-dependent increase in apoptosis of ?‘@“ but clinically deliverable doses of etoposide, Ara-C, er

cultured acute leukemia HL-60, U937, and Jurkat cells, as det@@xorubicin, we first determined the sensitivity and moleculr
mined by Annexin V staining followed by flow cytometry. This Wascascade of apoptosis triggered by these drugs in HL-60, U937, and

confirmed by light-microscopic morphologic examination of the}urkat cells. Figure 3A clearly demonstrates that high but clinicad
Wright-stained, cytospun, Apo-2L—-treated cells (data not showﬁ’)

100 ng / mL
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chievable and relevant doses of etoposide, Ara-C, and doxorutﬂpin

. . O,
Jurkat cells demonstrated the highest sensitivity: exposure to 28guced apoptosis of approximately 30% to 75% of the leukenc
ng/mL of Apo-2L induced apoptosis of 95.0%3.5% of the cells. Cells- As also previously reported by #s}°these drugs triggered
Treatment with 100 ng/mL of Apo-2L also produced significantly€ intrinsic pathway of apoptosis by inducing the cytosolic
more apoptosis of Jurkat, followed by HL-60 and U937 cell@ccumulation of cyt ¢ as well as the processing of caspase-9 and
(P < .01). As shown in Figure 1B, treatment of Jurkat cells witl§aspase-3 (Figure 3B). Treatment with etoposide, Ara-C, and
Apo-2L was associated with the processing of caspase-8 and gigxorubicin (not shown) was also associated with down-regulation
as well as the cytosolic accumulation of cyt c. Exposure to Apo-22f XIAP and survivin levels (Figure 3C). XIAP has been previously
also resulted in the processing of caspase-9 and caspase-3 'gR@rted to be processed during Fas-mediated apoptosisije
down-regulation of XIAP. In these immunoblots, with the commersurvivin expression is cell-cycle phase-dependent and is down-
cially available antibodies, we have not been able to uniformfggulated during the nonmitotic phas&dmportantly, treatment
detect the cleaved fragments of the processed pro-forms With etoposide, Ara-C, or doxorubicin induced DRS5 levels in
caspase-8, caspase-9, and caspase-3. With processing, the levétd-«d0 and Jurkat cells (Figure 4A). This was also observed to a
the pro-forms decline, as shown in the immunoblots. These effetgsser extent in U937 cells (data not shown). In contrast, DcR2,
were more pronounced after treatment of Jurkat cells with 1@o-2L, FasL, and Fas levels remained unaffected (Figure 4A). In
ng/mL Apo-2L, as compared with 10 ng/mL (Figure 1B). Exposurall cell lines, DcR1 levels were barely detectable (data not shown).
to Apo-2L also induced similar molecular events in HL-60 anéigure 4B-C shows that exposure of HL-60 cells to fLr@ol/L or
U937 cells (data not shown). Thus, in the acute leukemia cellsigher Ara-C for 6 hours or longer was necessary to produce an
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% Apoptotic Cells
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Figure 2. Overexpression of Bcl-2 or Bcl-x
sis of HL-60 cells (A).
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inhibited Apo-2L—induced apoptosis (C).

L inhibited Apo-2L—-induced apopto

Following treatment with 100 ng/mL of Apo-2L, the percentage
of apoptotic cells was determined by Annexin V staining and flow cytometry (A).
Western blot analyses of Bcl-2 and Bcl-x, levels demonstrating overexpression of
Bcl-2 and Bcl-x, in HL-60/Bcl-2 and HL-60/ Bcl-x,_cells, respectively. Levels of 3-actin
served as the loading control (B). Cotreatment with the relatively specific caspase-8
inhibitor (z-IETD-fmk, 50 pmol/L) or caspase-9 inhibitor (z-LEHD-fmk, 100 pmol/L)
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increase in DR5 levels. Lower levels and shorter exposure intervals
to Ara-C did not increase DR5 levels in any cell type (data not
shown). Although not shown, treatment with Ara-C, while mark-
edly increasing DR5, reduced DR4 levels in HL-60 cells. This was
not observed in the other cell types, which express very low levels
of DR4 (data not shown).

Although treatment with the antileukemic drugs did not in-
crease Apo-2L expression, to confirm that etoposide- or Ara-C—
induced apoptosis was not mediated by even a transient induction
of Apo-2L and that triggering of DR5-mediated apoptosis, we
compared the effect of cotreatment with Apo-2L-R2(DR5):Fc on
apoptosis induced by the antileukemic drugs or by Apo-2L. If
treatment with the antileukemic drug produced any Apo-2L in the
culture medium of the cells, apoptosis triggered by this, through
induced DR5, would be blocked by Apo-2L-R2. As shown in
Figure 4D, cotreatment with Apo-2L-R2:Fc (20 ng/mL) inhibg
ited Apo-2L— but not etoposide- or Ara-C—induced apoptosisgpf
HL-60 cells.

Pretreatment with the antileukemic drugs increases
Apo-2L-induced apoptosis

ysey/:dpy wouy pepe

To determine the functional significance of DR5 induction by tFie
antileukemic drugs, we compared the apoptotic effects of %]e
sequential treatment with Ara-C, etoposide, or doxorubicin f@l-
lowed by Apo-2L (6 hours of the drug followed by drug washogt
and 18 hours of Apo-2L treatment) with those of the dr@
administered alone or together with Apo-2L. Figure 5 demonstrages
that significantly more apoptosis was observed following a sequ@n-
tial treatment of HL-60 cells with etoposide or Ara-C followed b
Apo-2L, as compared with treatment with Apo-2L or either of thf\”:)a
drugs alone. Sequential treatment with the drug followed Ey
Apo-2L also yielded more apoptosis than cotreatment with Apo-2L
plus Ara-C or etoposideP(< .01). To adequately assess th§
potentiating effects of pretreatment with the antileukemic drugs §n
Apo-2L-induced apoptosis, relatively lower concentrations Bf
etoposide or Ara-C were used for these studies. Although got
shown, a sequential treatment with Ara-C or etoposide followed %y
Apo-2L was also more effective than treatment with the revegse
sequence of Apo-2L followed by either of the 2 drugs. For exampte,
exposure to the reverse sequence of Apo-2L (100 ng/mL) forj%LS
hours followed by Ara-C (10pumol/L for 6 hours) producedg
apoptosis of only 47%t 6% of cells, as compared with apoptosig
of 88% * 9% cells observed with treatment with Ara-C foIIoweé
by Apo-2L. Similar observations were made when doxorubicin was
administered with Apo-2L, and Jurkat cells were used to investi-
gate these treatment schedules (data not shown).

Discussion

Several reports have demonstrated the sensitivity and molecular
correlates of Apo-2L—induced apoptosis of cancer ceifs:28
Some of these reports have also shown that chemotherapeutic
agents increase Apo-2L—induced apoptosis of epithelial cancer
cells?528 In the present studies, however, we demonstrate for the
first time that Apo-2L signals apoptosis of acute leukemia HL-60,
U937, and Jurkat cells mainly through the intrinsic mitochondrial
pathway of apoptosis. Since these cells lack a functionattpéar

data also indicate that Apo-2L—induced apoptosis is independent of
p53 status. This has also been demonstrated for other tumor cell
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100 by some but not all previously reported studiéd?” DcR1 and
HL-60 DcR2 do not transduce Apo-2L—induced death sigd@)cR2 has
U937 also been shown to inhibit apoptotic signaling by inducing NFkB
activity3® Ectopic overexpression of DcR1 and DcR2 has been
shown to inhibit Apo-2L—induced apoptosi€’ However, in the
present studies, the level of expression of the decoy receptors did
not correlate with resistance to Apo-2L—induced apoptosis of the
leukemic cells. These findings are similar to other previously
reported observations about melanoma and breast cancet¢fls.
We also did not find any correlation between intracellular FLAME-1
(cFLIP or I-FLICE) levels and the sensitivity of the leukemic cells
to Apo-2L-induced apoptosis. The spliced variants of cFLIP are the
= long form (cFLIR) and short form (cFLIE). cFLIP_ which was
= the variant detected in our immunoblots by the antibody used, has
the inhibitory effect on Fas L- and TRAIL-induced DISC activity.
Although, similarly to our findings, increased levels of cFLIP ha\ge
been shown to inhibit apoptosis owing to death receptor signals &nd
B have been correlated with resistance to Apo-2L—induced apoéto-
HL-60 U937  Jurkat sis?74245 this has not been observed in all cell tydeSince g
r 1T ' e . FLAME-1 exerts its inhibitory effect by binding to FADD ano@r
-t - 4+ - - - 4+ - - FEtop,50 umol/L,6h caspase-8, this dominant-negative effect on the activity of #e
- -4 - -4 - . .4 - Ara-C, 100 umol/L,6h DISC may depend on the levels and role of FADD in mediatirgg
Apo-2L-induced apoptosks.
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Figure 3. Etoposide (50 pmol/L), Ara-C (100 mmol/L), and doxorubicin (50
pmol/L) induced apoptosis of HL-60/neo, U937, and Jurkat cells. Cells were
treated with the drugs at the indicated concentrations for 6 hours followed by
incubation for 18 hours in drug-free medium. After these treatments, the percentage
of apoptotic cells was determined by Annexin V staining followed by flow cytometry
(A). Molecular events of apoptosis induced by etoposide, Ara-C, or doxorubicin (B).
Cells were treated with the indicated drugs for 6 hours, and then cell lysates were
obtained for Western analyses of procaspase-3, procaspase-9, cytosolic cyt ¢, and
Bid protein. Alternatively, Western analysis of XIAP and survivin was performed on
the cell lysates (C) (see “Results”).

Etop + Apo - 2L-R2:Fe
Ara-c + Apo - 2L-R2:Fe
Apo - 2L + Apo - 2L-R2:Fc

Figure 4. Etoposide, Ara-C, and doxorubicin increase DR5 levels in HL-60 and

Jurkat cells (A). Following exposures of HL-60 and Jurkat cells with the indicated
drug concentrations, DR5, DcR2, Apo-2L, Fas, Fas L, and B-actin levels were
determined by immunoblot analyses (see “Results”). Effect of exposure intervals to
Ara-C on DR5 levels of HL-60 cells (B). HL-60 cells were exposed to 1.0 pmol/L
Ara-C for 6 hours. Cell lysate of untreated (lane 1), or drug-treated cells after 2 (lane
2), 4 (lane 3), 6 (lane 4), and 24 hours (of which 18 hours were in drug-free medium)
types?” Although the Apo-2L—sensitive acute leukemia cell typegane 5) were subjected to immunoblot analysis of DRS levels (see “Results”). Levels

studied here expressed DR5 and‘ in HL-60, also DR4, the levelahp-actin were used as the loading control. Effect of the dose of Ara-C on DR5 levels

expression of these death-sianalina receptors did not correlate V\é%"]OHL-GO cells were exposed to different concentrations of Ara-C for 6 hours.
Xp ! g Ing p ! lowing this, immunoblot analysis of DR5 levels was performed; B-actin levels were

the sensitivity to Apo-2L. This correlation has been demonstrateskd as the loading control.
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caspase-3*36all of which can be inhibited by overexpression of
Bcl-2 or Bcl-x_.34%61n the present studies, we have extended these
observations and demonstrated that etoposide- and Ara-C—induced
caspase activity and apoptosis are also associated with down-
regulation of the levels of XIAP and survivin. Although survivin
has not been shown to be processed by caspases, its levels are low
in nonmitotic phases of the cell cycle and increase markedly during
mitosis®® Since treatment with relatively high but clinically
achievable and relevant doses of Ara-C, etoposide, or doxorubicin,
as employed in the present studies, is known to arrest and increase
the percentage of acute leukemia cells in the premitotic phases (G
S, or G) of the cell cycle, this may lower survivin expression in the
drug-treated cells. Recent studies have suggested that chemothera-
peutic agents might trigger apoptosis by inducing Fas or Fas L and
activating the Fas-dependent pathway to apopt§sfsHowever,
other reports have shown that chemotherapeutic agents in(gjce
apoptosis through a Fas-independent pathway of apoﬁﬁdéis%
Data from present studies also support this by demonstrating ghat
etoposide, Ara-C, and doxorubicin did not induce Fas or Fasgl.
Figure 5 Pretreatment with etoposide or Ara-C enhances qu-ZL—induced Treatment with these drugs also did not increase the expressioam of
apoptosis of HL-60 cells. HL-60 cells were exposed to etoposide (5.0 pwmol/L, 6 . . . . B
hours), Ara-C (10.0 wmoliL, 6 hours), or Apo-2L (100 ng/mL, 18 hours), and the APO-2L. Furthermore, cotreatment with a fusion protein containigg
percentage of apoptotic cells was determined at the end of 24 hours (see “Results”).  the extracellular domains of DR4 or DR5 fused to the immunog@)-
Cells were also exposed to etgposide plus Apo-2L (tote}l 24 hour.s), or Ara-C plus bin Fc region, ie, Ap0-2L R1, or R2:Fc, did not inhibit etoposide- &t‘
Apo-2L (total 24 hours). Alternatively, cells were treated with etoposide (5.0 pmol/L, 6 . . . 8
hours), followed by Apo-2L (100 ng/mL, 18 hours) or Ara-C (10.0 umol/L, 6 hours), Ara-C—induced, but blocked Apo-2L-induced, apoptosis. Th§e
followed by Apo-2L (100 ng/mL, 18 hours). Following these treatments, the percent- data make it unlikely that FasL or Apo-2L expression is induced §y
ftge of aeoptotlc cells was determined by Annexin V staining and flow cytometry (see etoposide orAra-C or that the Iigation of DR5 in the acute Ieuker@c
Resulls). cells plays any significant role in apoptosis induced by th%e
antileukemic drugs. 2
Treatment of the acute leukemia cells with Apo-2L clearly Although Apo-2L expression was not enhanced, treatment with
resulted in the processing of caspase-8, Bid, caspase-9, @ighoside, Ara-C, and doxorubicin increased DR5 but not DB4
caspase-3, as well as the cytosolic accumulation of cyt ¢. Thigels in the 3 acute leukemia cell types. This was observed afer
indicates that Apo-2L-induced processing and activation @faatment with a threshold concentration and an exposure intef/al
caspase-8 triggered caspase-3 activity through the intrinsic (Milg-aach of the drugs. As noted above, these concentrations ofgthe
chondrial) pathway of apoptosis. Bcl-2 and Beloverexpression .45 are clinically achievable during the administration of indL%—
have bgen prewogsly shown to exert their |nh|b|tory effect Oon therapy in relapsed leukemias with relatively high doses%f
?pOPtOS'S by bloc_kmg the releage Of_ cyt ¢ and m|tochondn_1am_ these drugs. Previous reports have implicated p53 and NFkB asthe
induced by a variety of apoptotic stimuli that engage the 'm”nsi?ansactivating factors in DR5 and DR4 up-regulation by DNA.
pathway to apoptosi®:*6Accordingly, present studies demonstratedamaging drugs such as etoposide or doxorubfiAlthough the g
that overexpression of Bcl-2 and Bgl-ihibited Apo-2L—induced role of p53« function in mediating DR5 up-regijlation by th%

apoptosis of HL-60 cells. Keogh et'ahave recently reported that antileukemic drugs in the acute leukemia cells studied here cam be

in CEM cells with known overexpression of Bcl-2, UV- but nOtexcluded, NFkB may have been involved in mediating this effegt.

TRAIL-induced cytosolic accumulation of cyt ¢c and apoptosis w - - . . 9
blocked. However, in this report they did not show Bcl-2 Overeiéegardless of the transcriptional e.\ctlyator involved n DRS 'nd'%'
n, the results presented here indicate that the increased BR5

pression, raising the possibility that Bcl-2 expression was relative . i ) =
low. The conclusion that Apo-2L predominately engages tH vels due to treatment with antileukemic drugs should preferén-

intrinsic pathway of apoptosis in these cells is also confirmed tS lly potentiate Apo-2L-induced apoptosis when exposure o

our observation that the inhibition of caspase-9 activity by z-LEHDPO-2L follows treatment with the antileukemic drug. This was
fmk was as effective as the inhibition of caspase-8 by z-ITED-fm0rroborated by our findings, which show that pretreatment of the
in suppressing Apo-2L—induced apoptosis of HL-60 cells. Thedgtkemic cells with each of the 3 antileukemic drugs yielded more
findings suggest that acute leukemia HL-60 cells may be of the tyfi@0-2L—induced apoptosis than treatment with Apo-2L, the drugs
Il variety with respect to the death receptor—initiated apoptotRlOne, or even cotreatment with Apo-2L plus each of the antileuke-
signaling, as was previously found for CD95 signalfigpo-2L— Mic drugs, or by the reverse sequence of exposure to Apo-2L
induced activity of the effector caspases, such as caspase-3, {e4§wed by the antileukemic drugs.
also associated with down-regulation of XIAP levels. As has been In summary, although Apo-2L and each of the antileukemic
previously reported, this may be due to XIAP processing b§rugs studied here are shown to engage the intrinsic pathway of
caspase-3’ apoptosis by up-regulating DR5 levels, pretreatment with the drugs
Previous studies and data presented here demonstrate theteases the responsiveness to Apo-2L—-induced apoptosis. These
antileukemic drugs that cause DNA damage, eg, etoposide, Arad@fa suggest a strategy to rationally combine Apo-2L and conven-
and doxorubicin, also trigger the mitochondrial or intrinsic patrtional antileukemic drugs in a regimen that would optimize the
way of apoptosidé-34-36The resulting cytosolic accumulation of cytantileukemic activity and induce apoptosis of acute leukemia cells,
¢ produces Apaf-1-, dATP-, and caspase-9—mediated activationadfich lack a functional p53.

100 —
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