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Background and Objectives. The tumor necrosis factor-related apoptosis-inducing ligand
(TRAIL) is regarded as a potential anticancer agent. However, many cancer cells are resist-
ant to apoptosis induction by TRAIL. The present study was designed to evaluate the sen-
sitivity to TRAIL-induced apoptosis in acute myeloblastic leukemias (AML).

Design and Methods. TRAIL/TRAIL receptor (TRAIL-R) expression and sensitivity to TRAIL-
mediated apoptosis were explored in 79 AML patients, including 17 patients with acute
promyelocytic leukemia (APL).

Results. In non-APL AML we observed frequent expression of TRAIL decoy receptors
(TRAIL-R3 and TRAIL-R4), while TRAIL-R1 and TRAIL-R2 expression was restricted to AML
exhibiting monocytic features. Total leukemic blasts, as well as AML colony-forming units
(AML-CFU), were invariably resistant to TRAIL-mediated apoptosis. APL express membrane-
bound TRAIL on their surface and exhibit a pattern of TRAIL-R expression similar to that
observed in the other types of AML. Before, during and after retinoic acid treatment APL
cells are TRAIL-resistant. The induction of granulocytic maturation of APL cells by retinoic
acid was associated with a marked decline of TRAIL expression.

Interpretation and Conclusions. The analysis of experimental APL models (i.e., U937 cells
engineered to express PML/RAR-a. and NB4 cells) provided evidence that PML/RAR-o.
expression was associated with downmodulation of TRAIL-R1 and with resistance to TRAIL-
mediated apoptosis. We suggest that AML blasts, including APL blasts, are resistant to
TRAIL-mediated apoptosis, a phenomenon seemingly related to the expression of TRAIL
decoy receptors on these cells. Finally, APL blasts express membrane-bound TRAIL that

could confer an immunologic privilege to these cells.
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umor necrosis factor-related apopto-

| sis-inducing ligand (TRAIL), other-
wise known as Apo2Lligand (Apo2L)

is a member of the tumor necrosis factor
family of ligands capable of initiating apop-
tosis through triggering of their death recep-
tors."”” TRAIL induces apoptosis in a variety
of tumor cells by interacting with its cell sur-
face receptors TRAIL-R1 and TRAIL-R2,
also known as DR4 and DRY, respectively.
Both TRAIL-R1 and TRAIL-R2 contain a
region known as the death domain in their
cytoplasmic tail; this domain is responsible
for the transduction of the death signal.
Binding of TRAIL to TRAIL-R1 and TRAIL-
R2 induces the recruitment of a cytoplasmic
adaptor molecule FADD to the death
domains of the two receptors, inducing the
activation of first caspase-8 and then effec-

tor caspases-3, -6 and —7 and finally apopto-
sis.’ Besides binding to TRAIL-R1 and

haematologica/the hematology journal | 2005; 90(5)

TRAIL-R2, TRAIL also binds to two other
membrane receptors, TRAIL-R3 and
TRAIL-R4, which lack a functional death
domain and therefore act as decoy receptors
(in fact, TRAIL-R3 and TRAIL-R4 are also
known as DcR1 and DcR2, respectively).?
These decoy receptors cannot transmit the
apoptotic signal, because they lack a death
domain, and inhibit TRAIL-induced apopto-
sis by competing with TRAIL-R1 and
TRAIL-R2 for TRAIL binding. All the nor-
mal tissues that express TRAIL decoy recep-
tors and real TRAIL death receptors at the
same time have been found to be resistant
to TRAIL-induced apoptosis.* The physio-
logical role of TRAIL is not fully understood.
However, the ligand’s ability to trigger
apoptosis in a variety of transformed cancer
cells suggests that it may be a physiological
modulator of tumor cell apoptosis.® In line
with this hypothesis, studies with TRAIL



gene knockout mice confirm that TRAIL has a role in
anti-tumor immune surveillance, specifically in host
defenses against tumor initiation and metastasis.’

The anti-tumor activity of TRAIL has been explored
in detail during the last few years. It has been shown
that TRAIL exerts a cytotoxic activity against the
majority of tumor cell lines, while it spares normal tis-
sues.®® TRAIL is constitutively expressed in many
human tissues. TRAIL-R1 and TRAIL-R2 are also
expressed in many normal tissues, suggesting the exis-
tence of physiological mechanisms that protect normal
cells from TRAIL-induced apoptosis.*® Importantly,
TRAIL-induced apoptosis is independent of p53 status,
a property that makes it potentially effective against
tumors that are resistant to chemotherapy.*®

The anti-tumor activity of TRAIL has been investi-
gated in hematologic malignancies, including multiple
myeloma cells and Philadelphia chromosome-positive
leukemia in which it was shown that TRAIL is able to
induce apoptosis.”® Only a few studies have explored
the sensitivity of acute myeloid leukemia (AML) cells to
TRAIL. These studies, carried out on a limited number
of cases, have shown a very low sensitivity of AML
blasts to the apoptotic effects of TRAIL.® In contrast,
some continuous cell lines derived from AML were
observed to have a pronounced sensitivity to the
TRAIL-mediated apoptotic effects." Furthermore, in
some of these cell lines, TRAIL was shown to act as an
inducer of monocytic differentiation.” Studies on acute
promyelocytic leukemia (APL) cells have documented
that APL blasts are sensitive to TRAIL-mediated apop-
tosis and that retinoic acid induces TRAIL expression
and thereafter killing of the leukemic cells."”

In the present study we explored the expression of
TRAIL and TRAIL-R on 79 samples of primary AML,
including 15 cases of APL.

Design and Methods

Cells

The wild type (wt) U937 myeloid cell line was main-
tained in RPMI 1640 medium and 10% fetal calf serum
(FCS) (both from GIBCO, Grand Island, NY, USA). The
detailed cloning methodology to obtain the PML/
RARor U937 (clone MTPRY) cells has been reported
previously.” In order to induce PML/RAR-0. expression,
MTPRO cells were incubated in the presence of 100 uM
ZnSOs. A clear induction of PML/RARoL protein syn-
thesis was observed 16-20h after Zn** addition." The wt
PML/RARa NB4 promyelocytic cell line™ was grown
in RPMI 1640 medium containing 10% FCS. In some
experiments, either NB4 cells or fresh M3 blasts were
grown in the presence of 1 pM all trans retinoic acid
(ATRA, Sigma, St Louis, USA). Fresh leukemic blasts
from 72 consecutive AML patients diagnosed and man-
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aged at the Hematology Center of “La Sapienza”
University of Rome, were obtained after informed con-
sent. The cells were isolated from bone marrow by
Ficoll Hypaque density centrifugation. Of the 72
patients, 8 were diagnosed as having FAB M3,
PML/RAR-or" acute promyelocytic leukemias. Nine
additional APL cases were studied only at the RNA
level. For the analysis of the sensitivity to TRAIL-medi-
ated apoptosis, leukemic blasts were grown in Iscove’s
modified minimal essential medium (IMDM, Gibco,
NY, USA) containing 10% FCS at a cell density of 5x10°
cells/mL.

Peripheral blood hematopoietic progenitor cells
(HPC) were obtained from three normal adult donors
(three young males aged 25, 31 and 42 years) after
informed consent. The HPC, purified as reported,'
were grown in liquid suspension cultures under condi-
tions allowing selective growth of either granulopoiet-
ic-neutrophilic cells (i.e., in the presence of 1 U/mL IL-
3, 0.1 ng/mL GM-CSE and 500 U/mL G-CSF) or mono-
cytic precursors (i.e., in the presence of 10 ng/mL M-
CSE 100 ng/mL fIt3 ligand), as previously reported in
detail.”"®

Treatment of cells with chemotherapeutic agents

In some experiments, MTPRO cells induced or not to
express PML/RAR-a, were incubated for 48h in vitro in
the absence (control) or in the presence of one of the fol-
lowing drugs: cytosine arabinoside (25 uM); hydroxy-
urea (100 uM); etoposide (5 uM) and the percentage of
apoptotic cells was evaluated by the annexin-V binding
assay. All drugs were purchased from Sigma Co, USA.

Analysis of cell growth, cell cycle distribution,
and apoptosis

Cell growth was determined by counting the number
of viable cells after the trypan blue exclusion test.

Apoptosis was determined by two different meth-
ods: (i) evaluation of hypodiploid cells by flow cyto-
metric analysis of Pl-stained nuclei;* (ii) annexin V
binding assay using a kit from R&D Systems (Minnea-
polis, MN, USA).

To trigger apoptotic damage, cells were incubated for
24-96 hours in the presence of recombinant human
TRAIL, using concentrations ranging from 10 to 300
ng/mL (R&D Systems).

AML colony assay

The AML-CFU assay was carried out according to a
procedure previously described.” Briefly, AML mono-
nuclear blood cells were plated in o-methylcellulose in
IMDM medium containing 3U/mL recombinant
human (th) erythropoietin, 20 ng/mL rhIL-3, 20 ng/mL
thG-CSE 20 ng/mL rhGM-CSE 50 ng/mL Kit Ligand
and 50 ng/mL fIt3 ligand. After 14 days of incubation at
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37°C in a 5% CO: humidified incubator, AML blast
clusters (10 to 20 cells) or colonies (>50 cells) were
counted and the numbers were pooled to obtain the
CFU number.

TRAIL-R characterization

In order to analyze the expression of TRAIL-R the
cells were incubated with 5 ug/mL of phycoerythrin-
labeled anti TRAIL-R1, -R2, -R3 or -R4 monoclonal
antibodies (mADb) (all obtained from R & D Systems),
washed with cold PBS, and then analyzed for fluores-
cence emission by a flow cytometer (FACSCAN,
Becton Dickinson, San José, CA, USA).

Membrane-bound TRAIL was detected using a phy-
coerythrin-labeled anti-TRAIL mAb (Becton-Dickin-
son/Pharmingen, San José, CA, USA).

Caspase activity

Caspase-3 and caspase-8 activities were determined
by a colorimetric assay. The principle of the assay is
based on the incubation of the cell lysate with a cas-
pase-specific peptide (specific for either caspase-8 or
caspase-3) that is conjugated to the color reporter mol-
ecule p-nitroaniline (pNA) (R&D Systems). The cleav-
age of the peptide by the caspase releases the chro-
mophore pNA, which can be quantified spectrophoto-
metrically at a wavelength of 405 nm.

RNA extraction and polymerase chain reaction (PCR)
analysis

Total RNA was extracted by the guanidium isothio-
cyanate-cesium chloride method in the presence of 12
ug of E. coli IRNA as the carrier. Total RNA was reverse
transcribed ( Moloney murine leukemia virus RT, BRL)
with oligo (dT) as primer.

The amplification procedure consisted of denatura-
tion at 95°C for 30 s, annealing for 30 s at 54°C for B2-
microglobulin and extension at 72°C for 45 s; denatura-
tion at 94°C for 30 s, annealing for 45 s at 58°C for
TRAIL R1, R2, R4, and extension at 72°C for 1 min;
denaturation at 94°C for 30 s, annealing for 45 s at 55°C
for TRAIL R3 and TRAIL ligand, and extension at 72°C
for 60 s. The sequences used for the primers and probes
are shown in Table 1. PCR was performed in a total
volume of 50 uL; 10 uL of each sample were separated
in a 2% agarose gel and transferred to a nylon filter.
Filters were hybridized with a probe end-labeled with
(*P) ATP and polynucleotide kinase.

Results

Expression of TRAIL receptors on AML cells

The expression of TRAIL-R on freshly isolated AML
cells was studied by flow cytometry using specific
monoclonal antibodies directly conjugated with phyco-
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Table 1. Oligomers used for RT-PCR studies.

Gene Type of sequence Sequence
Bym sense 5"-AACCACGTGACTTTGTCACAGC-3'
antisense 5'- CTGCTCATACATCAAACATG-3'
probe from 311bp to 360 bp
TRAIL-R1 sense 5"- CTGAGCAACGCAGACTCGCTGTCC-3'
antisense 5"-TCCAAGGACACGGCAGAGCCTGTGCCAT-3'
probe 5"-TGAGGCAGCTGGACCTCACGA-3'
TRAIL-R2 sense 5"-GCCTCATGGACAATGAGATAAAGGTGGCT-3'
antisense 5"-CAAACCAAATCTCAAAGTACGCACARACGG-3'
probe 5"-TCCAGTCAGTAGGAAAGTGCCAC-3’
TRAIL-R3 sense 5'-CACCAACGCTTCCAACAATG-3'
antisense 5"-GAGAGGTAATGAGAAGAGGC-3'
probe 5"-CACCAGCCCAGGGACTCCTGC-3'
TRAIL-R4 sense 5"-GGTCAAGGTCAGTAATTGTAC-3'
antisense 5'-CCACCAGTTGGTCCTGAATTG-3
probe 5"-GTAACAGATACTTGCAGCCCAC-3'
TRAIL sense 5'-GGAACCCAAGGTGGGTAGAT-3'
antisense 5"-TCTCACCACACTGCAACCTC-3'
probe 5'-GTCCCAGCTACTTGAGAGGCTG-3'

erythrin (Table 2). Control experiments carried out on
peripheral blood monocytes showed that these anti-
bodies exhibited the expected pattern of reactivity: in
fact, in line with a previous report” these cells were
positive for TRAIL-R2 and TRAIL-R3 expression, while
TRAIL-R1 and TRAIL-R4 were expressed at lower lev-
els (data not shown). Similarly, normal peripheral blood
neutrophils clearly expressed TRAIL-R3 and TRAIL-R4,
but had virtually undetectable levels of TRAIL-R1 and
TRAIL-R2 (data not shown). TRAIL-R3 and TRAIL-R4
were expressed in the majority of cases of non-APL
AML, while the expression of TRAIL-R1 was observed
in about 50% of cases; finally, TRAIL-R2 expression
was observed only in a minority (about 10%) of the 64
cases analyzed (Table 2 and Figure 1A). APL expressed
TRAIL-R3 and TRAIL-R4 in the majority of cases,
while TRAIL-R1 and TRAIL-R2 were usually unde-
tectable (in only 1/8 cases was TRAIL-R1 detectable at
low levels) (Table 2 and Figure 1A). Membrane-bound
TRAIL was observed in the majority of APL cases (7 out
of 8) (Table 3). Interestingly, membrane-bound Fas
Ligand (FasL) was clearly detected on cells from all the
APL patients (Table 3). In parallel, we evaluated TRAIL
and TRAIL-R expression at mRNA level by RT-PCR.
This analysis showed that: (i) in non-APL AML (the
analysis was carried out in 22 cases) TRAIL, TRAIL-R3
and TRAIL-R4 were frequently expressed, while the
expression of TRAIL-R1 and TRAIL-R2 was confined
to a minority of cases (Figurre 1B); (ii) in M3 AML (the
analysis was carried out in 14 cases), TRAIL mRNA
was observed in the large majority of cases, TRAIL-R3
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Table 2. Biological characteristics and TRAIL receptor expression in 64 non-APL AML patients.

Patient ~ Age fAB WBC (x10%L) % Blasts  TRAIL-R1 TRAIL-R2  TRAIL-R3  TRAIL-R4 CD14 (%) CD11b (%)
1 58 M1 96.8 99 - - - + 0 7
2 41 M2 1295 80 - - + - 2 2
3 18 M6 1.5 41 - - + + 0 8
4 27 M1 35 90 - - - - 2 32
5 51 M4 26.1 50 - - + - N.D. 30
6 55 M4 108 80 ++ - + + 32 33
7 50 M1 119.9 90 - - - - 1 96
8 39 M2 20 70 - - - ++ 0 14
9 48 Mba 43 49 ++ - + - 42 45
10 45 M2 16 88 + - - - 8 6
11 37 M4 67.8 43 ++ - et 72 85
12 36 M2 15 78 - - + + 2 1
13 38 M4 7 34 - - - - 28 52
14 21 M4 54.1 85 ++ - + ++ 68 67
15 33 M4 434 68 + - + + 32 35
16 53 M2 26.4 51 - - + + 5 23
17 46 Mba 97.3 95 ++ - + ++ 23 71
18 35 M1 28 95 - - - 2 16
19 33 M4 69 90 ++ - + + 50 44
20 43 Mb5b 64 87 ++ - + ++ 48 72
21 44 M1 217 80 - - - - 0 0
22 53 Mb5b 14.4 40 ++ - ++ + 56 93
23 33 M4 25 80 - - + + 2 9
24 43 M4 30 88 - - + + 3 23
25 44 M4 448 90 ++ + ++ + 27 43
26 53 M2 21 90 - - + - 1 25
27 31 M1 135 90 + - + + 12 31
28 48 Mba 63.6 95 + $ + + 5 13
29 29 M4Eo 188 90 - + - + 7 12
30 33 M4 225 95 - - - - 1 24
31 53 MO 90 87 - - - - 1 7
32 25 M1 165 90 — - - - 3 6
33 38 M4 204 99 ++ - ++ + 41 74
34 59 M4 56 60 + - + + 36 26
35 58 MO 838 93 - - - - 1 4
36 21 Mb5b 148 95 ++ - ++ + 78 94
37 25 M2 4.4 50 - - - - 0 2
38 20 M1 358 99 - - - + 2 54
39 30 M1 1.3 98 - - - + 0 9
40 33 M2 65.5 95 - - - - 3 14
41 31 M5b 49.3 90 ++ - + + 75 81
42 24 M4 31 68 + - ++ - 20 15
43 59 M5b 56.6 72 - - - 3 66
44 45 Mb5b 178 93 ++ + + e 91 90
45 47 M1 38.0 99 - - - - 0 2
46 51 Mb5b 215 95 ++ + ++ + 61 68
47 26 M2 332 95 + + + + 24 31
48 51 Mb5b 215 95 + - + ++ 42 58
49 35 MO 200 95 - + - + 3 16
50 58 M4 232 98 ++ + ++ e 57 79
51 28 M1 59 90 + - - - 7 28
52 39 M4 84.8 84 - ++ - + 58 80
53 54 M2 2.3 88 - - + + 0 3
54 33 M4Eo 39 80 ++ - - + 23 27
55 28 M2 56 71 + - - - 6 20
56 33 M1 7.1 84 - - + + 5 8
57 50 MO 49.7 86 + - + + 2 14
58 61 M2 14.2 59 ++ - ++ + 13 29
59 36 M1 330 98 + - + + 3 4
60 52 Mb5b 209 82 + - + + 21 26
61 31 M2 183 91 - - - - 1 12
62 48 M4 7 85 + - + + 5 7
63 55 M4 21 88 + - + + 18 54
64 48 Mba 175 92 ++ - + ++ 58 94
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and TRAIL-R4 were frequently expressed, while
TRAIL-R2 and particularly TRAIL-R1 were expressed
in only a few cases (Figure 1B). Interestingly, the expres-
sion of TRAIL-R1 was limited to AML characterized by
monocytic features, as supported by the presence of an
elevated percentage of cells expressing the CD14 and
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Cd11b antigens. In our study, 29 out of 33 cases of
AML expressing TRAIL-R1 displayed monocytic fea-
tures; on the other hand, none of the remaining 32
TRAIL-R1" cases of AML displayed monocytic markers.
In line with this observation, the majority of the
TRAIL-R1* cases of AML were of the M4/M5 FAB
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Table 3. Biological characteristics and TRAIL receptor expression in APL patients.

Patient  FAB

WBC % Blasts TRAIL-R1 TRAIL-R2 TRAIL-R3 TRAIL-R4 TRAIL CD34 (%) c-kit (%) CD33 (%) CD11b (%)

CD14 (%)  FasL

M3 13 80 - - -
M3 13 84 + - +
M3 52 85 - - + ++
M3 39 91 - - +
M3 95 95 - - -
M3 8 88 - + ++ -
M3 22 92 - - ++ +
M3 25 92 + - ++ ++

O~ WN -
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Figure 2. Sensitivity of AML blasts to TRAIL-mediated apoptosis.
AML blasts derived from 8 different patients were incubated in
vitro for different time periods in the absence or in the presence of
100 ng/mL TRAIL and the proportion of apoptotic cells was evalu-
ated using the annexin V binding assay. The values represent mean
values + standard errors. The difference between the percentage of
apoptotic cells observed for samples treated or not with TRAIL was
not statistically significant.

types (Table 2). Monocytic TRAIL-R1* AML expressed
also at least one of the two decoy receptors, TRAIL-R3
and/or TRAIL-R4. In some of these AML the effect of
100 ng/mL TRAIL was investigated by the annexin V
binding assay of apoptosis. All the AML samples ana-
lyzed displayed a very low sensitivity to TRAIL-medi-
ated apoptotis (Figure 2). In contrast, treatment of U937
cells with 100 ng/mL TRAIL induced a high level of
apoptosis (see below), confirming the ability of the
TRAIL preparation to induce cell killing in sensitive
leukemic cells. In 6 additional AML patients we also
evaluated the apoptotic effect of a high TRAIL dose
(300 ng/mlL). Even at this concentration TRAIL was
unable to induce a significant rate of apoptosis of
leukemic blasts (Figure 2).

In addition to the above studies carried out on total
leukemic cells grown in liquid suspension we also
investigated whether TRAIL could affect the growth of
leukemic progenitors, i.e. of the leukemic cells that
form colonies i vitro when grown in semisolid medium
(AML-CFU). These studies, carried out in 6 cases of
non-APL AML and in 1 case of APL showed that TRAIL
at 100 or 300 ng/mL failed to inhibit AML-CFU signifi-
cantly (Table 4).

Since it was previously reported that TRAIL may act
as an inducer of differentiation on some leukemic cell
lines," we explored whether it could display a similar
effect also on fresh AML blasts. However, the analysis
of cell morphology as well as of membrane immuno-
phenotype of fresh leukemic blasts grown for 4-7days
in the presence of 50-100-300 ng/mL TRAIL failed to
demonstrate any significant effect on cell maturation
along the granulocytic or monocytic lineages (data not
shown).

TRAIL-R expression and TRAIL sensitivity during normal
granulocytic and monocytic differentiation

Taking advantage of the development of unilineage
cell culture methods allowing the selective and progres-
sive in vitro differentiation of hematopoietic progenitor
cells along the different cell lineages,”™™ we explored
TRAIL-R expression during normal granulocytic and

haematologica/the hematology journal | 2005; 90(5) | 617 |
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Table 4. Effect of TRAIL on AML-CFU growth.

Table 5. Effect of PML/RAR-0 induction on the sensitivity of
MTPR9 cells to chemotherapeutic agents.

AML-CFU/10° cells .
Patient C TRAIL TRAIL Treatment C TRAIL  HU  Etoposide ARAC
(100 ng/mL) (200 ng/mL)
1 592 561 542 ¢ 6 80 2% 15 72
2 648 556 505 2
3 62 74 60 In 8 12 39 14 61
4 10 11 8
5 2 20 17 MTPRO cells were grown for 48 hours either in the absence ( C ) or in the
? }é All.g ig presence of TRAIL (100 ng/mL) or hydroxyurea (HU,100 M) or etoposide

(5 UM ) or cytosine arabinoside (ARAC, 25 UM ) and then the percentage of

AML-CFU, leukemic clusters (10 to 20 cells) plus colonies (> 20 cells) scored

after 14 days in methylcellulose per 10° cells plated. Patient #1 corresponds to
patient #56 of Table 2, patients #2 to S to the patients S7 to 61 of Table 2,

respectively, patient #6 to patient #6 of Table 3, and patient #7 to patient #64
of Table 2.
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Figure 4. Flow cytometry
analysis of TRAIL and TRAIL-R
expression of PB cells derived
from the blood of an APL
patient undergoing treatment
with ATRA+ idarubicin (from
the top to the bottom: before
therapy, day +3, day +6 and
day +9). The morphology of
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PB cells at these days of treat-
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hand panels.
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monocytic differentiation. All four TRAIL-R were
undetectable on quiescent CD34* HPC and remained at
very low levels during the first stages of differentiation
of these cells along the granulocytic and monocytic
pathways (Figure 3). During the entire granulocytic dif-
ferentiation pathway, TRAIL-R1, TRAIL-R2 and
TRAIL-R3 remained undetectable, while the expression
of TRAIL-R4 was observed in immature as well as
mature granulocytic elements (Figure 3A). Starting from
day 7 onwards all four TRAIL-R were expressed in cells
differentiating along the monocytic pathway (Figure
3B). Membrane TRAIL was detectable on monocytic,
but not on granulocytic precursors (Figure 3A and
Figure 3B).

TRAIL-R expression and TRAIL sensitivity in APL
Following the observation that AML blasts are resist-
ant to TRAIL-mediated apoptosis we explored the pos-
sible mechanisms involved in this phenomenon. For
such analysis we selected the model of APL, character-
ized by the t(15;17) translocation and by the formation
of the PML/RAR-a fusion protein. As reported above,
APL blasts frequently express TRAIL-R3 and TRAIL-
R4, but usually failed to express the functional cytotox-
ic TRAIL-R1 and TRAIL-R2. This pattern of TRAIL-R
expression was not significantly modified by retinoic
acid (Figure 4 and data not shown). Furthermore, APL
cells usually expressed significant levels of membrane-
bound TRAIL that were downmodulated after retinoic
acid treatment (Figure 4 and data not shown). Figure 4
ports the analysis of TRAIL and TRAIL-R expression, at
different days of treatment, in an APL patient during
induction therapy with ATRA and idarubicin. It was
clearly evident in this patient that the induction of gran-
ulocytic maturation of APL blasts was associated with

+9

CD11b

a marked decrease of TRAIL expression and with a
moderate increase of all four TRAIL-R concomitantly
with the induction of terminal maturation (Figure 4). A
similar observation was made in three additional APL
patients (patients #6, 7 and 8 of Table 3) (data not shown).

In parallel, we evaluated the sensitivity of APL cells to
TRAIL-mediated apoptosis. Basically, we observed that
100-300 ng/mL TRAIL elicited only very weak apoptot-
ic activity on APL blasts. ATRA treatment elicited a
small increase in the proportion of apoptotic cells,
which was not further potentiated by the addition of
TRAIL (data not shown).

We then explored a possible role of the fusion
PML/RAR-a protein in this pattern of TRAIL/TRAIL-R
expression. To this end we first carried out a set of
experiments in U937 cells transduced with the
PML/RAR-o gene under the control of the metalloth-
ionein gene promoter.” Using this cellular system we
showed that the induction of the synthesis of the
PML/RAR-o. protein in these cells was associated with:
(a) downmodulation of TRAIL-R1, while the expres-
sion of TRAIL-R3 and TRAIL-R4 remained unmodified
(Figure 5A); TRAIL-R2 expression always remained at
very low levels; (b) unmodified expression of mem-
brane-bound TRAIL, which always remained
expressed at very low levels (data not shown); (c) a
marked decrease of the sensitivity to the apoptotic
effects elicited by TRAIL (Figure 5B). It is important to
note that the effect of PML/RAR-o. on TRAIL-R1 seems
to be specific in that the expression of Fas, as well as the
sensitivity of the cells to Fas ligand, were not modified
by the fusion protein (Figure 5A and data not shown).
Furthermore, the effect of Zn* used to stimulate
PML/RAR-a expression seemed to be specifically relat-
ed to the induction of the fusion protein, since the addi-
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Figure 5. A. Flow cytometry analysis of TRAIL-R and Fas expression in MTPR9 cells grown for 48 hrs in the absence (upper row) or in
the presence (lower row) of 100 uM ZnS04. This pattern is representative of 4 separate experiments. B. Sensitivity of wt U937 and
MTPR9 cells to TRAIL-mediated apoptosis. U937 and MTPR9 cells were grown for 24h either in the absence or in the presence of 100
UM ZnS0: and then analyzed for their sensitivity to TRAIL-mediated apoptosis. The proportion of apoptotic cells was determined by the
annexin V binding assay (mean valuexSD observed in 3 separate experiments).

tion of this metal to wtU937 cells did not modify their
sensitivity to TRAIL-mediated apoptosis (Figure 5B).
Finally, we noted that MTPRY cells treated with Zn*
were sensitive, like the control untreated cells, to
apoptsis induced by chemiotherapeutic agents such as
doxorubicin, hydroxyurea or etoposide, thus suggest-
ing that the anti-apoptotic effect of PML/RAR-o. is spe-
cific to the TRAIL pathway (data not shown).

The protective effect of PML/RAR-a: on TRAIL-medi-
ated apoptosis seems to be related to the downmodu-
lation of TRAIL-R1 on U937 cells. We explored the acti-
vation of caspase-8, an upstream acting caspase, fol-
lowing the addition of TRAIL to MTPRO cells grown
for 24 hrs either in the absence or in the presence of
Zn*. At early time points after TRAIL addition, cas-
pase-8 was clearly activated in control MTPRO cells, but
not in MTPRY cells in which PML/RARa expression
had been activated by the addition of Zn* (Figure 6).
Similarly, caspase-3 was activated by TRAIL in MTPR9
cells grown without Zn”, but not in cells grown in the
presence of this metal (Figure 6).

In a second set of experiments, we explored the sen-
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sitivity of NB4 cells, a leukemic cell line derived from an
APL patient, to TRAIL before and after ATRA treat-
ment. NB4 cells before and at different times after
ATRA treatment (from day 1 to day 4) were resistant to
TRAIL-mediated apoptosis when we used this
cytokine at 100 ng/mL (Figure 7). Using higher TRAIL
concentrations (i.e., 300 ng/mL) a slight increase in the
rate of apoptosis was observed compared to in the
respective controls (Figure 7). This resistance was
observed in two different experimental conditions
involving the addition of TRAIL either in simultaneous
combination with ATRA or given subsequently after
four days of treatment with ATRA. In parallel, the
study of TRAIL-R provided evidence that both in con-
trol and ATRA-treated NB4 cells TRAIL-R1 expression
was virtually undetectable, TRAIL-R2 was expressed at
low levels, and TRAIL-R3 and TRAIL-R4 were
expressed at significant levels (Figure 8). This pattern of
TRAIL-R expression is similar to that observed in nor-
mal neutrophils and is consistent with the lack of sen-
sitivity of NB4 cells to TRAIL-mediated cytotoxicity. In
a last set of experiments we evaluated TRAIL/TRAIL-R
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Figure 6. Kinetics of caspase-8 and caspase-3 activation following
addition of TRAIL to MTPR9 cells. MTPR9 cells were grown in the
absence C) or in the presence of ZnSO. (Zn) for 48 h. After this
time the cells were incubated in the presence of 100 ng/mL
TRAIL and at different time points (0, 4 and 16 h) cell aliquots
were removed, lysed and analyzed for caspase-8 and caspase-3
activity, as reported in the Materials and Methods.

(17+3.8), slightly increased by TRAIL addition (27+4.9).

Discussion

The results of this study indicate that malignant cells
isolated from the large majority of AML patients are
resistant to apoptosis induction by TRAIL. This phe-
nomenon was accompanied by and possibly related to
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the frequent expression of TRAIL decoy receptors
(TRAIL-R3 and TRAIL-R4). Studies in APL provided
evidence that the PML/RAR-o fusion protein down-
modulates TRAIL-R1 expression. Based on these find-
ings we suggest that AML cells are resistant to TRAIL
due to the expression of TRAIL decoy receptors and to
the downmodulation of TRAIL-R1.

The expression of TRAIL decoy receptors is involved
in the mechanisms of resistance of several tumor cell
types to TRAIL, including osteosarcoma,” breast can-
cer, myeloma® and prostate cancer.”® We suggest that
AML could represent an additional neoplastic condition
in which TRAIL resistance is mediated by the expres-
sion of TRAIL decoy receptors. It is also of interest that
TRAIL-R1 was expressed only in AML exhibiting
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monocytic markers. This finding is related to the
expression of TRAIL-R1 in normal monocytes.”
However, in leukemic monocytic cells, unlike in their
normal counterpart, TRAIL-R3 and TRAIL-R4 expres-
sion predominates over TRAIL-R1 expression. The pre-
dominant expression of the decoy receptors TRAIL-R3
and TRAIL-R4 is a feature observed also in normal cells
of the granulocytic lineage” (and results of the present
study), as well as in HL60 cells induced to granulocytic
maturation.® In these latter cells the resistance to
TRAIL-mediated apoptosis was related to the high
expression of TRAIL decoy receptors® and to the
downmodulation of TRAIL-R2 (present study). Previous
studies have already reported the resistance of AML
blasts to TRAIL-mediated apoptosis, but have failed to



provide any explanation for this phenomenon.”® In
these studies TRAIL-R expression was explored only at
the mRNA level and no relationship was observed
between the pattern of TRAIL-R expression and TRAIL
sensitivity.” In the present study we explored TRAIL-R
expression at the protein level by flow cytometry and
found that the expression of decoy receptors is very fre-
quent in AML cells and may explain the resistance of
these cells to TRAIL-mediated apoptosis. This interpre-
tation is directly supported by the observation that
TRAIL failed to induce caspase-8, an upstream acting
caspase, in AML blasts. However, we cannot exclude
that other mechanisms could contribute to the resist-
ance of leukemic cells to TRAIL (i.e., high expression of
the apoptosis inhibitors cFLIP and/or XIAPD).*
Resistance to TRAIL-mediated cytotoxicity has also
been described in other leukemic subsets. B-cell chron-
ic lymphocytic leukemia (B-CLL) cells are resistant to
TRAIL, due in part to a low expression of TRAIL-R1
and TRAIL-R2 and also to a high expression of the cas-
pase-8 inhibitor c-FLIP;* chemotherapeutic agents
active on B-CLL, such as chlorambucil and fludarabine,
induce a marked upmodulation of TRAIL-R1 and
TRAIL-R2, and through this mechanism they induce
apoptosis of B-CLL cells.® As to chronic myeloid
leukemia, the BCR/ABL fusion protein was shown to
inhibit TRAIL transcription thereby promoting
leukemia cell survival* In addition to chemotherapeu-
tic agents, retinoids in breast cancer cells” and histone
deacetylase inhibitors in AML* are also able to induce
TRAIL expression. Finally, adult T-cell leukemias* and
lymphomas® are resistant to TRAIL-mediated apopto-
sis. Interestingly, these cells, like APL cells, constitutive-
ly express TRAIL on their surface.**

A previous study provided evidence that APL blasts
are sensitive to TRAIL-mediated apoptosis and that
TRAIL-induced expression most likely caused blast
apoptosis.” We investigate this topic in detail both in
fresh APL blasts and in experimental models (i.e.,
PML/RAR-a. expressing cell lines). Studies in U937 cells
engineered to express PML/RAR-o. provided clear evi-
dence that induction of the expression of the fusion
protein was associated with TRAIL-R1 downmodula-
tion and induction of resistance to TRAIL-mediated
apoptosis. Studies in the promyelocytic NB4 cell line
showed resistance to TRAIL-mediated apoptosis in
both untreated and ATRA-induced cells, a phenome-
non seemingly related to the scarce expression of
TRAIL-R1 and TRAIL-R2 in these cells, associated with
the expression of both TRAIL decoy receptors.

On the other hand, studies on fresh APL blasts
showed that these cells usually fail to express TRAIL-
R1 and TRAIL-R2, while they express both TRAIL
decoy receptors and are resistant to TRAIL-mediated

TRAIL decoy receptors

apoptosis before, during and after ATRA treatment.
Finally, APL blasts express membrane-bound TRAIL,
which is markedly downmodulated after ATRA induc-
tion.

The cause of discrepancy between our observations
and those previously reported by Altucci et al. are
unclear to us.” In this context, it is important to note
that Altucci et al. reported TRAIL-mediated apoptosis
only at very high doses of TRAIL (i.e., 200-500 ng/mL)
and that they evaluated TRAIL and TRAIL-R expres-
sion in APL cells only at the mRNA level. However,
even using 300 ng/mL TRAIL we failed to induce apop-
tosis in APL blasts.

The expression of TRAIL by APL blasts deserves
some comments. First, unlike other reports,** our find-
ings do not support the hypothesis that TRAIL is relat-
ed to the ATRA-induced apoptosis of APL cells. In fact,
we constantly observed that ATRA markedly down-
modulates the expression of membrane-bound TRAIL
on APL cells. Similarly, ATRA downmodulates TRAIL
expression in HL60 cells. We propose that TRAIL could
confer a sort of immunologic privilege to APL cells, as
reported for other tumor cells expressing membrane-
bound TRAIL.”#* This hypothesis is further supported
by the observation that APL cells constantly express
FasL on their membrane. However, the induction of
TRAIL and TRAIL-R1 and -R2 expression by
chemotherapy and other anticancer agents, concomi-
tantly with a decreased expression of anti-apoptotic
proteins such as c-FLIP and XIAP, may render leukemic
cells sensitive to TRAIL-mediated cytotoxicity. We pre-
viously reported that the PML/RAR-ov fusion protein
was capable of downmodulating TNF-RI expression
and through this mechanism of inducing resistance of
APL blasts to TNF-o-mediated apoptosis.® On the
other hand, other studies have shown that PML/RAR-
o protects hematopoietic cells from apoptosis after
growth factor deprivation.* All these studies suggest
that the PML/RAR« fusion protein induces a resistance
to apoptosis elicited by the death receptors TNE-R and
TRAIL-R and by growth factor deprivation: these
mechanisms contribute to confering leukemic blasts a
growth advantage over the normal hematopoietic
counterpart.”
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