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NEOPLASIA

Intracellular regulation of tumor necrosis factor—related apoptosis-inducing
ligand—induced apoptosis in human multiple myeloma cells

Nicholas Mitsiades, Constantine S. Mitsiades, Vassiliki Poulaki, Kenneth C. Anderson, and Steven P. Treon

Tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL, Apo2 ligand) effec-
tively kills multiple myeloma (MM) cells in
vitro irrespective of refractoriness to dexa-
methasone and chemotherapy. Because
clinical trials with this anticancer agent are
expected shortly, we investigatedthe  signal-
ing pathway of TRAIL-induced apoptosis
in MM. We detected rapid cleavage of
caspases-8, -9, -3, and -6, as well as the
caspase substrates poly(ADP-ribose)
polymerase (PARP) and DNA fragmenta-
tion factor-45 (DFF45), but not caspase-
10, upon TRAIL treatment in sensitive MM
cells, pointing to caspase-8 as the apical
caspase of TRAIL signaling in MM cells.
These phenomena were not observed

or were significantly delayed in TRAIL-
resistant MM cells, suggesting that resis-
tance may arise from inhibition at the
level of caspase-8 activation. Higher lev-
els of expression for various apoptosis
inhibitors, including FLICE-inhibitory pro-

tein (FLIP), and lower procaspase-8 levels
were present in TRAIL-resistant cells and
sensitivity was restored by the protein
synthesis inhibitor cycloheximide (CHX)
and the protein kinase C (PKC) inhibitor
bisindolylmaleimide (BIM), which both
lowered FLIP and cellular inhibitor of
apoptosis protein-2 (clAP-2) protein lev-
els. Forced expression of procaspase-8
or FLIP antisense oligonucleotides also
sensitized TRAIL-resistant cells to TRAIL.

Moreover, the cell permeable nuclear fac-
tor (NF)—kB inhibitor SN50, which sensi-
tizes TRAIL-resistant cells to TRAIL, also
inhibited clAP2 protein expression. Fi-
nally, CHX, BIM, and SN50 facilitated the
cleavage and activation of procaspase-8
in TRAIL-resistant cells, confirming that
inhibition of TRAIL-induced apoptosis oc-
curs at this level and that these agents
sensitize MM cells by relieving this block.
Our data set a framework for the clinical
use of approaches that sensitize MM cells
to TRAIL by agents that inhibit FLIP and
clAP-2 expression or augment caspase-8
activity. (Blood. 2002;99:2162-2171)

© 2002 by The American Society of Hematology

Introduction

Tumor necrosis factor (TNF)-related apoptosis-inducing ligarldD and cannot transduce a proapoptotic signal. They are
(TRAIL/Apo2L) is a member of the superfamily of cell deaththerefore considered “decoy receptors,” competing with DR4
ligands, which also includes TN&-and Fas ligand (FasL or and DR5 for TRAIL binding. This markedly complex system of
CD95L)12 TRAIL induces apoptosis in tumor cells of diverseTRAIL receptors, and in particular the expression of decoy
origins®® but not in normal cells in vitrb? or in experimental receptors, was initially postulated to provide the explanation for
animals®” even though the messenger RNAs for TRAIL and itshe specificity of the proapoptotic action of TRAIL against
receptors are expressed in a wide range of normal tissuesancer cell$2 but not their normal cell counterparts.

TRAIL induces apoptosis by cross-linking 1 of 2 apoptosis- Recently, we showed that TRAIL induces apoptosis of human
signaling receptors, DR4 (or TRAIL-R1) and DR5 (or TRAIL-multiple myeloma (MM) cell lines? as well as freshly obtained
R2/KILLER/TRICK2). DR4 and DR5 receptors transduce thesamples from patients with MM, and exhibits in vivo antimyeloma
death signal via their 80-amino acid intracellular death domaimstivity in nude mice xenografted with human plasmacytoffas.
(DDs), which recruit adaptor protein(s). The latter facilitate th&RAIL spares normal peripheral blood B cells and bone marrow
binding and autocatalytic activation of caspases, generatingnmnonuclear cells and imposes no significant adverse effect on
cascade of proteolytic activation of downstream caspases th@matopoietic progenitotd.Furthermore, TRAIL is active against
culminates in irreversible commitment of cells to undergdexamethasone- and cytotoxic drug- resistant MM céllmpor
apoptosi<.Both caspase-8 and caspase-10 have been reportethintly, doxorubicin, peptide inhibitors of nuclear translocation of
different models to be the apical caspases of the TRAlhuclear factor (NF)xB (SN50), and proteasome inhibitors can
signaling pathwa¥*1%1 and in the case of caspase-8, Fasselectively sensitize MM cells, but not normal B cells, to TRAIL-
associated death domain protein (FADD) was identified as theduced apoptosis. These data set the framework for the clinical
adaptor molecule, similarly to their interaction observed duringse of TRAIL/Apo2L against MM.

Fas signaling. Two additional TRAIL receptors, TRAIL-R3/ In the present study, we investigated the intracellular signaling
TRID/DcR1 and TRAIL-R4/TRUNDD/DcR2, lack a functional of TRAIL/Apo2L-induced apoptosis in MM cell lines and the
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mechanism(s) of resistance. We found that TRAIL activatéshemical (St Louis, MO); the inhibitory peptide SN50 from Biomol

caspase-8 and caspase-6, but not caspase-10, in sensitive MM d&llgmouth Meeting, PA); complete-TM mixture of proteinase inhibitors,

Caspase-9 and caspase-3 are also activated, but are not necessary #§rffi§g normal horse serum, and sodium dodecy! sulfate (SDS) from Life

execution of apoptosis. Resistance to TRAIL is due to lack of activatigfenologies (Gaithersburg, MD); and the enhanced chemiluminescence

of caspase-8 and is associated with a low bprocaspase-8/FLIGESL) kit which includes the peroxidase-labeled antimouse and antirabbit

N P . - . ; . P P . Fecondary antibodies, from Amersham (Arlington Heights, IL).

inhibitory protein (FLIP) ratio. Consistent with this, down-regulation o

FLIP by antisense oligonucleotides or transfection of procz;tspas?ﬁﬁnunoblot analysis

sensitized resistant MM cells to TRAIL. The protein synthesis inhibitor

cycloheximide (CHX) and the protein kinase C (PKC) inhibitofmmunoblot analysis was performed as previously describestiefly,

bisindolylmaleimide (BIM) down-regulated FLIP and clAP-2 |eve|§§lls were lysed for 30 minutes on ice in lysis buffer(59 mM Tris-HCI pH 8,

and sensitized MM cells to TRAIL. The cell-permeable M inhibitor ~ With 120 mM NaCl and 1% NP-40) supplemented with the complete-TM

SN50. which reverses TRAIL resistance of MM cells also dowr{pixture of proteinase inhibitors. The samples were cleared by microcentrifu-
’ R . . ation (14 000 rpm, 30 minutes, 4°C) and assessed for protein concentra-

regulated cellular inhibitor of apoptosis protein-2 (clAP-2). These d 3

. . ) . . n. Thirty micrograms of the protein/sample were electrophoresed in a
delineate the intracellular signaling pathway of TRAIL/Apo2L-induceg 5o, SDS-polyacrylamide gel (SDS-PAGE), and electroblotted onto nitro-

apQDIOSiS in MM and suggest approaches to overcome potential clinigglyiose membranes. After 1 hour incubation in blocking solution (20%

resistance. IgG-free normal horse serum, in phosphate-buffered saline, PBS), the
membranes were exposed overnight at 4°C to the primary antibody.
Following washing in PBS, the respective secondary peroxidase-labeled
. antibody was applied at 1:10 000 dilution for 1 hour at room temperature.
Materials and methods The proteins were visualized with the ECL technique.

MM cell lines .
Cleavage of caspases, poly(ADP-ribose) polymerase, and DNA

Dexamethasone-sensitive MM-1S and dexamethasone-resistant MMfiymentation factor-45
human MM cell lines were kindly provided by Dr Steven Rosen (Northwest- . ) o
e University, Chicago, IL). RPMI-8226/S cells and its doxorubicini "® }nvolvemento'fcaspases in TRAIL-induced apoptosis in MM cells was
(Dox40)—resistant sublines were a kind gift from Dr William Dalton (LeéStudied by evaluating the levels of procaspases-8, -10, -3, -6, and -9 as well
Moffit Cancer Center, Tampa, FL). ARP-1 cells were kindly provided by DRS the emergence of their cleaved active forms by immunoblotting in lysates
0. Barchinova (Boston University, Boston, MA). ARH-77, HS-Sultan, an@f cells treated with 300 ng/mL TRAIL for 0.5, 1, and 5 hours. Also, the
IM-9 human cell lines were obtained from the American Type Culturleavage of 2 known targets of caspase activity, poly(ADP-ribose) polymer-
Collection (Manassas, VA). ase (PARP) and DNA fragmentation factor-45 (DFF45), were also studied
As we have previously show, MM-1S, MM-1R, RPMI-8226/S, N the same lysates.
RPMI-Dox40, and ARP-1 cells are very sensitive to TRAIL/Apo2L- o
induced apoptosis (300 ng/mL for 18 hours induce$0% apoptosis), Caspase-3 activity assays
- - - ibi 0, 0, 0,

ZVSF?:;:RrZSZLCIt,\iC/eg)I;/aE?]:eSr ;ﬂtzgﬁiIsciﬁzliﬁﬁ:glyfeﬁfirﬁ' T;:_f?e activity of caspase-3 was monitored in MM cells following treatment

: ' ) ! . with 300 ng/mL TRAIL for 5 hours with the Caspase-3 Intracellular
cells are deemed to be moderately and IM-9 and HS-Sultan cells hi L . ; .
resistant to TRAIL, and as such the);e cell lines were used in this stud ga %tl\”ty Assay kit (Calbiochem, La Jolla, CA), according to the manufactur-

’ Y 8% instructions. The assay depends on the detection of the cleavage of the

model of resistance to TRAIL/Apo2L. It should be noted, however, that th eptide PhiPhiLux, which is mediated by caspase-3. When the peptide is
resistance is not complete, because prolonged exposure to higher concecf % ' '

ra- . . . .
tions of TRAIL leads to a modest loss of viability, even in IM-9 and eaved, it provides an intense fluorescent signal.
HS-Sultan cells. MTT colorimetric survival assays

All cell lines were cultured in RPMI 1640 medium (Gibco Laboratories,
Grand Island, NY) supplemented with 10% charcoal dextran-treated fefale effect of TRAIL on MM cell survival was examined by the 3-(4,5-
bovine serum (FBS; Hyclone, Logan, UT) as well agjlutamine, dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) colorimet-

penicillin, and streptomycin (Gibco). ric assay, as previously describ¥dCells were plated in 48-well plates at
70% to 80% confluence and then incubated for 18 hours with LZ-TRAIL
Materials (100-300 ng/mL), in 2% bovine serum-supplemented RPMI medium at

) ) . 37°C. Prior to exposure to TRAIL, MM cells were preincubated with
Recombinant human TRAIL was obtained from Immunex Corporatiogspase inhibitors (pancaspase inhibitor ZVAD-FMK, caspase-8 inhibitor
(Seattl_e, WA), ina leucine Zipper (LZ) form that promotes and ste_lblllz_es ﬂi‘ETD-FMK, caspase-3 inhibitor DEVD-FMK, caspase-9 inhibitor LEHD-
formation of trimers, as previously reporté@oat polyclonal antibodies FMK, and caspase-6 inhibitor VEID-FMK; all purchased from Calbio-
for human DR4, DRS, DcR1, caspase-3, as well as mouse monoclopgbm, and used at 2M) for 1 hour, or, in other experiments, with
antibodies for Bcl2, BcelxL, and tubulin were obtained from Santa Cr“éycloheximide (0.3ug/mL) or BIM (20 wM) for 6 hours. All experiments
Biotechnology (Santa Cruz, CA); anti-FADD monoclonal antibody angere repeated at least 3 times and each experimental condition was repeated
polyclonal antisera against clAP-1, CIAP-2, and XIAPTI&® & D Systems 4t |east in quadruplicate wells in each experiment. At the end of each
(Minneapolis, MN); polyclonal antiserum against survivin from Oncogengeatment, cells were incubated with 1 mg/mL MTT in fresh media for 4
Research (Boston, MA); monoclonal antibody for caspase-8 and rabRifyrs at 37°C, and then a mixture of isopropanol and 1N HCI (23:2, volivol)
polyclonal antisera for caspase-10, caspase-6, and FLIP from Upsiges aqded under vigorous pipetting to dissolve the formazan crystals. Dye
Biotechnology (Lake Placid, NY); rabbit polyclonal antibody for caspase-19,sorpance in viable cells was measured at 570 nm, with 630 nm as a

from Research Diagnostics (Flanders, NJ); mouse MslgG1 and MslgGgherence wavelength. Cell survival was estimated as a percentage of the
isotype controls from Beckman Coulter/Immunotech (Miami, FL); antihuy4 e of untreated controls.

man DcR2 rabbit polyclonal antibody from Imgenex (San Diego, CA); goat

antimouse IgG ﬂu_orescein isothiocygnate (FITC)-conjugated'F;(&hg- Cloning and transfection of procaspase-8 into myeloma cells

ment, donkey antigoat IgG FITC-conjugated Fjaliragment, and donkey

antirabbit IgG FITC-conjugated F(8b fragment from Jackson Immunere The full-length human procaspase-8 sequence was amplified by polymerase
search Laboratories (West Grove, PA); 3-(4,5-Dimethylthiazol-2-yl)-2,5hain reaction using an HT29 colon carcinoma expression library cloned
Diphenyltetrazolium Bromide (MTT), CHX, and BIM IIl from Sigma into the pCDM8 vector and appropriate synthetic oligonucleotide primers,
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corresponding to sequences encoding the amino- and carboxy-termin ° MM1S ARH77 M9
extremities of the precursor protein, and cloned into the mammaliar ‘ ’ ‘_ b ' .
expression vector pcDNA3.1-TOPO-V5-His (Invitrogen, Carlsbad, CA). TRAIL

The correct orientation and sequence were verified by restriction analysi 00515 00515 0 0515

and dideoxy sequencing, respectively. IM-9 cells were transfected with the ~ (h)
procaspase-8 construct or the empty vector with the help of Superfec 55 kd-
(Qiagen, Valencia, CA) or left untreated. Forty-eight hours later, the cells 43 kd-
were treated overnight with either TRAIL (200 ng/mL) or vehicle. Cell

survival was quantified with the MTT assay.

WD D W S | e c———— | S g

Caspase-8

Transfection of FLIP antisense and control oligonucleotides

57 Kl e e e —— — | —— — —

To delineate the role of FLIP as a negative regulator of TRAIL-induced
apoptosis, we transfected the TRAIL-resistant line IM-9, which expresse:
high levels of FLIP with fully phosphorothioated single-stranded ASO
directed against the human FLIP translation initiation codon (sequence
5'-GACTTCAGCAGACATCCTAC-3) or control phosphorothioate oli- Caspase-10
godeoxynucleotides (sequence,-TB5GATCCGACATGTCAGAGA-3),

as previously described by Perlman etl@lM-9 cells were plated in

24-well plates and transfected with the help of Oligofectamine (Gibco BRL, 32 kd-
Gaithersburg, MD). Forty-eight hours later, TRAIL (200 ng/mL) was added

to appropriate wells and the cells were incubated for an additional 18 hours

Cell death was quantified by MTT as described above. %9 kﬂ:

— e — —

Caspase-8 activity assay Caspase-3

The IM-9 cells were pretreated with CHX (Opdg/mL), BIM (20 M), or
SN50 (30 wg/mL) for 6 hours, and then stimulated with TRAIL (300
ng/mL) for 30 more minutes. The enzymatic activity of caspase-8 was
measured with the ApoAlert caspase-8 colorimetric kit (Clontech, Palc 116 Kd-| we
Alto, CA), according to the manufacturer’s instructions. Each experimenta

It : 85 kd-
condition was performed both in the presence and absence of the caspasi
inhibitor IETD-FMK (20 wM). The value obtained in the presence of PARP

IETD-FMK was subtracted from that obtained in its absence, to yield the ) )
caspase-8-specific activity of the sample. F|ggr§_ 1. I_mmum_)blot aqglygs for caspases and PARP in myeloma cells
exhibiting differential sensitivities to TRAIL. MM.1S, ARH-77, and IM-9 cells were

treated with TRAIL (300 ng/mL) for 0.5, 1, and 5 hours. Rapid cleavage of caspase-8,
caspase-3, and PARP was observed in the TRAIL-sensitive MM.1S cells. Due to

The MM cell lines were characterized for their surface expression awer caspase-8 proteiq Ievgls ip TRAIL-resistant cells, longer exposures were used
TRAIL receptors by flow cytometry. Staining was performed as I’eViOUSfO ensure adequate visualization of the bands. Caspase-10 was not cleaved,

R 7 P . y Y ry g p X p_ gxcluding it as an apical caspase in the TRAIL pathway for MM. In the moderately
descrlbgd. B”e_ﬂy' for each cell ||n§, 10cells were 'n(?Ubated with the TRrA|L-resistant ARH-77 cells, cleavage of caspases and PARP was significantly
appropriate anti-TRAIL receptor antibody or a respective control (&0 inhibited, though eventually low-level cleavage of caspase-3 (on longer exposure of
for 45 minutes. Specifically, DR4 and DR5 expression was assessed withfilm) and PARP was seen at 5 hours of treatment. No cleavage of any caspases or
anti-DR4 and anti-DR5 monoclonal antibodies (mouse IgG1 and IgG2b B&RP was detected in highly TRAIL-resistant IM-9 cells.
respective controls) and confirmed with goat antihuman DR4 and DR5
polyclonal antibodies, using goat IgG for control stainings. DcR1 and DCF{R/IM.lS), moderately resistant (ARH-77), and highly resistant
expression was assessed with goat anti-DcR1 (or rabbit anti-DcR1) grgm_g) cells that were treated with TRAIL (300 ng/mL) for 0.5, 1,

goat anti-DcR2 polyclonal antibodies. Cells were then washed with P ahd 5 hours. Rapid cleavage of procaspase-8 was detected in
and incubated for 45 minutes with 2 oat antimouse 1gG FITC- R, .
neu Inutes with 209 g mouse g [MM.1S cells (Figure 1), but not in ARH-77 or IM-9 cells.

conjugated F(ab), fragment for anti-DR4 and anti-DR5 monoclonal . A .
antibody phenotypic analyses or with a donkey antigoat IgG FiTanterestingly, procaspase-10 was not cleaved in any cell line

conjugated F(al, fragment for the DcR1, DcR2, DR4, and DR5 analysefhroughout the duration of the experiment, contrary to our previous
with the goat polyclonal antibodies. Cells were then washed, fixed with 1fifiding of caspase-10 cleavage during TRAIL-induced apoptosis of
formaldehyde PBS, and analyzed on a EPICS-XL-MCL flow cytometé¢hyroid carcinoma celfsusing the same antibody from Upstate
(Coulter, Hialeah, FL). Biotechnology. To confirm this finding, we used another antibody
against a different epitope of caspase-10, which was obtained from
Research Diagnostics, and compared our findings in TRAIL-
Statistical significance was examined by analysis of variance, followed byeated MM and thyroid carcinoma cells (SW579 line). Once again,
the Duncan posthoc tes?.< .05 was considered consistent with statisticataspase-10 cleavage was detected with the Research Diagnostics
significance, in all analyses. antibody in TRAIL-treated thyroid carcinoma cells, but not in
MM.1S cells (data not shown), thus confirming the specificity
of our findings. These results, therefore, suggest that caspase-8,
Results but not caspase-10, mediates TRAIL signaling in MM cells, and
that there are tissue-dependent differences in the TRAIL
signaling pathway.

Caspase-3 was also cleaved in TRAIL-treated MM.1S cells, but
not to any significant degree in ARH-77 and IM-9 cells. A weak
The proteolytic cleavage of caspase-8, -10, -9, and -3 and thkeand of cleaved caspase-3 in ARH-77 was, however, detected at 5
substrates PARP and DFF45 were studied in TRAIL-sensitiv®urs after treatment with TRAIL only after prolonged film

-— - .- -

Flow cytometric analysis for TRAIL receptor expression

Statistical analysis

Immunoblot analysis for activation of caspases and cleavage
of PARP and DFF45 in myeloma cells exhibiting
differential sensitivities to TRAIL
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Figure 2. Assessment of caspase-3 enzymatic activ- A B
ity in TRAIL-sensitive and -resistant cells. Caspase-3 g 8
enzymatic activity was measured with a caspase-3 intra-
cellular activity assay kit in TRAIL-sensitive (MM.1S,
panel A), moderately resistant (ARH-77, panel B), and
highly resistant (IM-9, panel C) cells treated with (shaded
curves) or without (unshaded curves) TRAIL (300 ng/mL)
for 5 hours. A large population of cells was found to be
positive for caspase-3 activity in MM.1S, but not ARH-77
or IM-9 cells treated with TRAIL.

(65%)

exposure. The same pattern was found for the caspase substélk 1S cells (Figure 3). This effect was not detected in ARH-77 or
PARP, with rapid complete cleavage in TRAIL-sensitive MM.13M-9 cells, but both cell lines contained low but detectable levels of
cells, weak delayed cleavage in ARH-77, and lack of cleavage d¢teaved caspase-9. It is possible that these cells maintain their
IM-9 cells (Figure 1). viability by quenching the activity of caspase-9 with the help of
The enzymatic activity of caspase-3 was also evaluated in thpoptosis inhibitors, potentially XIAP, which binds and inactivates
same cell lines after 5 hours of TRAIL treatment (Figure 2). Thesmspase-% DFF45, another caspase substrate, was also rapidly
studies demonstrated that TRAIL induced a strong increase in ttleaved in MM.1S cells but notin ARH-77 or IM-9 cells (Figure 3).
number of MM.1S cells that were positive for caspase-3 activity These data therefore suggest that in TRAIL-sensitive MM cells
and still retained intact cellular membrane as evidenced by lackafapid activation of the caspase cascade occurs following TRAIL
propidium iodide uptake. In contrast, only minor responses weteatment, and that caspase-8 likely functions as the apical caspase
detected in TRAIL-treated ARH-77 and IM-9 cells. in TRAIL-induced signaling in MM cells. In contrast, caspase-8
Caspase-6, another executioner caspase, was also rapidly clealeavage and ensuing downstream events are significantly delayed
in MM1.S but not in ARH-77 or IM-9 cells treated with TRAIL or absent in TRAIL-resistant cells, thereby suggesting that a
(Figure 3). Caspase-9 similarly underwent rapid cleavage potential antiapoptotic block takes place at the level of caspase-8

activation.
MM1S ARH77 IM9 Modulation of TRAIL-induced cytotoxicity in MM.1S myeloma
TRAIL “—> “—r> <—> cells by selective inhibition of caspases
h ) . .
(h) 0 05 1 0 05 1 0 05 1 Because caspases are proteolytically cleaved and activated during
TRAIL-induced apoptosis in MM cells, we next attempted to
T ; discern which caspases were indispensable for apoptotic signaling
A 120
00
o
Caspase-6 250
60
@ 40
—-— = — e | | G i s 3'? 20
0
- = - TRAIL = = S e = = =1 [——
- - oym) S5 583 T888 888 ©283 =88
No inhibitor ZVAD-FMK IETD-FMK DEVD-FMK LEHD-FMK VEID-FMK
Caspase-9
B: MMIS Costral Cs PTSSIRREEN b LI ——
-— W — e — — — %) e
§ i
E i i 1t : 1'M""'70‘_|u'
i Figure 4. Modulation of TRAIL-induced cytotoxicity in MM.1S myeloma cells by
selective inhibition of caspases.  (A) TRAIL-sensitive MM.1S myeloma cells were
DFF-4S pretreated 1 hour before overnight incubation with TRAIL (100, 200, and 300 ng/mL)

with or without the pancaspase inhibitor ZVAD-FMK, the caspase-8 inhibitor IETD-

Figure 3. Immunoblot analysis for caspase-6, caspase-9, and DFF45 in my-
eloma cells exhibiting differential sensitivities to TRAIL. Immunoblot analysis for
caspase-6, caspase-9, and DFF45 was performed for TRAIL-sensitive (MM.1S),
moderately resistant (ARH-77), and highly resistant (IM-9) cells treated with TRAIL
(300 ng/mL) for 0.5 and 1 hour. Rapid cleavage of caspase-6, caspase-9, and DFF45
was observed in MM.1S, but not ARH-77 or IM-9 cells. A band corresponding to
cleaved caspase-9 was constitutively present in ARH-77 or IM-9 cells, but remains
unchanged after TRAIL treatment.

FMK, the caspase-3 and -7 inhibitor DEVD-FMK, the caspase-9 inhibitor LEHD-FMK,
or the caspase-6 inhibitor VEID-FMK. Cell survival was determined using the MTT
colorimetric assay. Bars represent mean * SD values. (B-D) Caspase-3 enzymatic
activity was measured by a caspase-3 intracellular activity assay in TRAIL-sensitive
MM.1S cells as in Figure 2. (B) Control MM.1S cells. (C) MM.1S cells were treated
with TRAIL (300 ng/mL) for 5 hours. (D) MM.1S cells were treated with TRAIL in the
presence of DEVD-FMK (1 hour before treatment). DEVD-FMK inhibits caspase-3
activity, confirming that it is indeed internalized by MM cells and is functional.
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\;.Q totic regulators to discern differences that might account for
F variations in TRAIL sensitivity. Cell extracts from TRAIL-

. N sensitive MM-1S, MM-1R, RPMI-8226/S, RPMI-Dox40, and
@ c"%’$?’ ,é\ é}*'& @@' ARP-1 cells; moderately TRAIL-resistant ARH-77 cells; and
v o ‘é‘ @ @ s highly TRAIL-resistant IM-9 and HS-Sultan celfsvere examined
by Western blot analysis for the presence of the proapoptotic
= == —— == = ~—| Caspase-8  molecules caspase-8 and FADD along with the intracellular
apoptosis inhibitors FLIP, clAP1, clAP2, XIAP, and survivin.
—— po— — FADD Although no differences in the expression of the proapoptotic
protein FADD were observed among TRAIL-sensitive and -resis-

- e - w» g -=| FLIP tant cells, highly TRAIL-resistant HS-Sultan and IM-9 cells
exhibited very low levels of the proapoptotic caspase-8 protein in
—— —— — | cIAP-1 comparison to TRAIL-sensitive and moderately TRAIL-resistant
(ARH-77) cell lines. In addition, these studies showed that no
— E — —— o ——| CTAP-2 single apoptosis inhibitor was per se correlated with resistance to
TRAIL/Apo2L, though in general, higher levels of expression for
P — - | XIAP the various apoptotic inhibitor proteins that we examined were

present in TRAIL-resistant cells (Figure 5).

b— — — - | Survivin . e
, - - Increased expression of procaspase-8 sensitizes

TRAIL-resistant MM cells to TRAIL

— — e« | Tubulin

Because very low levels of procaspase-8 were observed among
Figure 5. Expression of intracellular regulators of apoptosis in TRAIL-sensitive highly TRAIL-resistant cells correlated with resistance to TRAIL,
and TRAIL-resistant myeloma cells.  Immunoblot analysis was used to examine we next attempted to restore TRAIL Sensitivity by overexpressing
cell lysates from myeloma cells that are moderately resistant (ARH-77), highly . . . .
resistant (HS-Sultan, IM-9), or sensitive (MM.1S, MM.1R, RPMI 8226, RPMI-Dox 40, Procaspase-8 in TRAIL-resistant IM-9 cells. As shown in Figure 6,
ARP-1) to TRAIL for expression of apoptosis-inducing (procaspase-8 and FADD) or  transient expression of procaspase-8 restored TRAIL sensitivity of
apoptosis-blocking (FLIP, clAP1, clAP2, XIAP, and survivin) proteins. Equal protein IM-9 ceIIs, whereas untransfected or control vector—transfected

loading was ensured by demonstration of uniform tubulin expression. IM-9 cells remained TRAIL resistant (Figure 6)

in MM. We therefore evaluated the effect of various caspa
inhibitors (the pancaspase inhibitor ZVAD-FMK, the caspase
inhibitor IETD-FMK, the caspase-3/-7 inhibitor DEVD-FMK, the

caspase-9 inhibitor LEHD-FMK, and the caspase-6 inhibitgPrevious studies have demonstrated that the activity of various
VEID-FMK™9) on TRAIL-induced apoptosis in MM.1S cells proapoptotic agents can be enhanced following treatment with
(Figure 4A). These studies showed that the pancaspase inhib@X, a protein synthesis inhibitor that can block expression of
ZVAD-FMK protected MM.1S cells from TRAIL-induced apopto- short-lived proteins including the antiapoptotic FRH2As such,

sis, confirming that caspase activity was indispensable in TRAllwe examined whether treatment of TRAIL-resistant cells with
induced apoptosis. Moreover, the caspase-8 inhibitor IETD-FMEHX resulted in TRAIL-induced apoptosis. These studies showed
also had a protective effect, confirming that caspase-8 activationtigit CHX did in fact sensitize highly TRAIL-resistant IM-9 cells to
an integral part of this apoptotic pathway. In contrast, the caspasRAIL (Figure 7A). Because highly TRAIL-resistant HS-Sultan
-3 and -7 inhibitor DEVD-FMK did not protect MM.1S cells from and IM-9 cells expressed high FLIP protein levels, which mediate
TRAIL. This suggests that the activation of the executionefRAIL resistance in mature dendritic cefswe next examined

caspases-3 and -7 is not critical for TRAIL-induced apoptosis ighether BIM, an agent known to down-regulate FEABjmilarly
MM cells. The executioner caspase in this pathway appears to be
caspase-6, because the caspase-6 inhibitor VEID-FMK also pro-

?x and BIM down-regulate FLIP and clAP2 expression and
overcome TRAIL resistance in MM cells

tected MM.1S cells from TRAIL-induced apoptosis. Interestingly, 120
the function of caspase-9 appeared to be redundant because the = 100
caspase-9 inhibitor LEHD-FMK did not protect MM. 1S cells from 2 80
TRAIL-mediated apoptosis. > 50
The finding that the caspase-3/-7 inhibitor DEVD-FMK did not >
protect MM.1S cells from TRAIL-induced apoptosis agrees with ‘g 40
previous data in another modéiStill, we wanted to confirm that this & 20
inhibitor is actually internalized by MM cells and does block caspase-3 0
activity. Therefore, we assessed caspase-3 activity in MM.1S cells, as
previously, and found that DEVD-FMK indeed blocks caspase-3 46(» @% Q@o
activity in TRAIL-treated MM.1S cells (Figure 4B-D) and thus the %},, g*po e ”
. . . . . (S L
negative data obtained with this compound are valid. Pz,bo on
Expression of intracellular regulators of apoptosis in Figure 6. Increased procaspase-8 expression sensitizes TRAIL-resistant my-

eloma cells to TRAIL. Cell survival of highly TRAIL-resistant IM-9 cells that were
either untransfected or transfected with an empty vector or a procaspase-8 comple-
. L. . mentary DNA (cDNA)—containing vector, were treated with or without TRAIL (white
We next examined TRAIL-sensitive and -resistant MM cells fC)l')'ars) or vehicle (black bars) for 18 hours and assessed for survival using the MTT

protein expression of several important proapoptotic and antiap@gsay. Bars represent mean = SD values.

TRAIL-sensitive and -resistant MM cells
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