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Abstract

Background: Acute Promyelocytic Leukemia is a sub-type of acute myelogenous leukemia that occurs in about 10-15% of
patients with AML. Approximately 20%-30% of these patients, who are treated with the current standard All Trans Retinoic
Acid (ATRA) and Anthracyclin-based chemotherapy regimen, suffer relapse in less than a year. Arsenic trioxide (ATO) as a
single agent can induce complete remission even in refractory and relapsed patients with few adverse effects. The investiga-
tors efforts regarding elucidation of the mechanisms of action underlying these clinical responses has shown that Arsenic
apparently affects numerous intracellular signal transduction pathways and causes many alterations in cellular function,
among which the most prominent ones are the induction of differentiation & apoptosis with low & high doses of arsenic,
respectively.

Purposes: In vivo apoptosis on these patients has not been evaluated yet and despite previous In vitro studies, which mostly
reveal Fas/Apol is not expressed during ATO treatment, its in vivo expression has not been evaluated yet.

Materials & methodes: In order to study the apoptotic pattern in leukemic cells of APL patients, we conducted a single-
laser, triple-color flowcytometric experiment, to detect leukemic apoptotic cells in a heterogeneous population of bone mar-
row samples with the Annexin V & 7AAD technique. The Fas expression was also evaluated in promyelocyte population
cells in a dual color panel.

Results & Conclusion: A substantial Apoptosis was selectively detected in Promyelocytic cells during the early and middle
stages of treatment and the concurrent Fas expression indicates its involvent in Apoptosis induced by Arsenic Trioxide.
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Introduction

Acute Promyelocytic Leukemia (APL), which
comprises about 10%-15% of cases of acute
leukemia in adults, is characterized by promi-
nent malignant promyelocytes in the bone mar-
row. The pathogenesis of APL involves a recip-
rocal chromosomal translocation associated
with promyelocytic leukemia (PML) and a reti-
noic acid receptor a (RAR a) genes on chromo-
somes 15 and 17, respetively."" ? Approxi-
mately 20%-30% of these patients, who are
treated with the current standard ATRA and an-
thracyclins-based chemotherapy regimen, may
suffer a severe clinical presentation known as
“retinoic acid syndrome” and/or relapse in a
few years.”’)

Arsenic trioxide (ATO) as a single agent can
induce complete remission, even in refractory
and relapsed patients with little adverse ef-
fects. > ®

Reports of the safety and efficacy of ATO in
clinical trials from different centers around the
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world prompted investigators to elucidate the
mechanism of action underlying these clinical
responses. Arsenic trioxide apparently affects
numerous intracellular signal transduction
pathways and causes many alterations in cellu-
lar functions among which the most prominant
mechanisms are the induction of differentiation
and apoptosis with low and high doses of ATO,
respectively.! %% 10

Despite thorough investigation currently being
done on different aspects of arsenic, the mecha-
nisms under which ATO exerts its effect has
not been elucidated yet. Mitochondrial Ay, col-
lapse following arsenic treatment,""" '¥ which
could be due to the activation of Caspase 8,'*
) is suggestive of the involvement of its up-
stream death receptor Fas/Apol (CD95). Par-
ticipation of this classical death receptor is still
controversial and, in contrast to some evidence
against its involvement, the apoptosis induced
via this system has recently been reported.> '®
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Here to study the apoptosis induced within the
leukemic cells of APL patients during arsenic
therapy, we conducted a tricolor flow cytomet-
ric experiment by using the Annexin V and 7-
AAD technique and a dual color panel for the
evaluation of the Fas expression in the promye-
locytic population.

Patients, Materials, and Methods

Three male patients, 34, 40 and 55 years of age,
were diagnosed with de novo APL, based on
morphological characteristics of the French-
American-British classification, and confirmed
with cytogenetic analysis and detection of
PML/RARa chimeric genes, using a reverse
transcription-polymerase chain reaction (data
not shown).

Informed consent was obtained from all pa-
tients before receiving 10 mg/day AS203 solu-
tion, 0.1% (prepared by Dr.Hossaini, faculty of
Pharmacy, Tehran University of Medical Sci-
ences), as a single agent for remission induction
in a standard treatment protocol. Bone marrow
specimens (BM) were treated with EDTA and
prepared at three intervals up to 30 days during
therapy and stained with Wright-Giemsa for
morphological study. Mononuclear cells
(MNC’s) were obtained from the bone marrow
specimen by density gradient centrifugation us-
ing Ficoll-Paque (density:1.077) (pharmacia
fine chemicals) and used for the analysis de-
scribed below.

Apoptosis assay

Cell morphology was examined by Wright
Giemsa staining. Apoptotic cells that showed
nuclear shrinkage, blebs and apoptotic bodies
were clearly identified in both BM samples and
Ficoll separated MNC'’s.

To evaluate the apoptosis pattern in the malig-
nant population, we used a similar method, as
previously described."'” Briefly, MNC Ficoll
separated cells were stained with fluresein
isothiocyanate (FITC)-conjugate and its relative
isotype negative control: CD33-FITC/FITC
IgG1 Isotype control (DAKO). The supernatant
was removed after two washes with PBS by 5
min centrifugation at 350g, and the cell pellet
was resuspended in Ca’" binding buffer
(HEPES 2.6gr, NaCL 8.18gr, CaCL, 0.28gr,
DW 50ml, PH= 7.3-7.4). Then, a phyco-
erythrine conjugated Annexin V (IQ product)
was added according to the recommendation of

the manufacturer and incubated for 20 min on
ice in the dark. Finally, for nuclei counter-
staining, cells were resuspeded in lpg/ml 7-
AAD (ICN) solution for 10 min and immedi-
ately run on FACScalibur'™ flowcytometer
(Beckton Dickenson). Multivariate data was
analyzed with CELLquest™ software (Beckton
Dickenson). For the discrimination of early
from late apoptosis, leukemic apoptotic cells
(dual population of FL1 vs FL2 histogram)
were gated out and displayed in a FL2 vs. FL3
histogram.

The immunophenotypic study of CD95/Fas

Fas (CD95) expression within the leukemic
cells of the heterogeneous population of BM
samples were detected by direct immunofluore-
cence dual-color staining via incubating cells,
simultaneously with the use of flureseein
isothiocyanate (FITC)-conjugated and phyco-
erythrine (PE)-conjugated monoclonal antibod-
ies: CD33/CD95 (DAKO). Negative controls,
as irrelevant monoclonal immunoglobulin of
the same isotype, were analyzed concurrently.

Results

Morphological evaluation in vivo during ATO
therapy:

During ATO therapy, blasts and promyelocytes
gradually decreased, while cells with a mor-
phologic maturation of Myelocyte, Metamyelo-
cyte and Band cells increased. During the
preparation on glass slides, a very small frac-
tion of BM cells, both from whole WBC and
from MNC Ficoll separated cells, showed mor-
phological apoptosis in all patients (Fig.1).

Fig. 1: Cells exhibiting morphological apoptosis in Peripheral Blood
(a), Bone Marrow (b), Ficoll separated MNC's(c)
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Evaluation of apoptosis in the context of
promyelocytic cells.

For the detection of Leukemic cells undergoing
apoptosis, cells that had been stained both with
CD33-FITC and Annexin V-PE were gated out
and displayed in Annexin V-PE vs. 7-AAD his-
togram to discriminate between the early and
late stages of apoptosis. Since the apoptosis was
studied /n vivo and no necrosis normally occurs
in the body, even in the case of chemotherapy,
and the duration of apoptosis is generally very
short, (even shorter than the duration of mito-
sis), the Annexin V' populations with lower 7-
AAD RFI (Annexin7-AAD"Y) and higher 7-
AAD RFI (Annexin 7-AAD™) were considered
early and late apoptosis, respectively.
Considering both early and late apoptosis, we
detected a massive apoptosis induced selec-
tively in leukemic cells during the early and
middle stages of treatment. (Fig.2)
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Fig. 2. Lukemic cells undergoing apoptosis are gated out (a) and
displayed in Anexin vs. 7-AAD cytogram (b) for discrimination of
apoptosis from necrosis in early (1), middle (2) and late (3) stages of
treatment.

The selective induction of apoptosis was shown
by getting back the CD33"-Annexin V' popula-
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tion in the cytogram of the same sample. The
apoptosis induced within the leukemic and not
the lymphoid gate clearly show the selective ef-
fect of arsenic. (Fig.3)

Involvement of Fas/CD9S in apoptosis induc-
tion.

From the three, two of the patients showed a
correlation between the direct positive the Pro

Fig. 3. Gating back the leukemic apoptotic cells (Gray
populations-R1) and non-leukemic non-apoptotic cells
(Bright Gray -R2) (a) and displaying them back in its cy-
togram (b), we show the selective apoptosis which is in-
duced only within the blastic cells.

myelocytic cells expressing Fas, and the apop-
tosis rate of the leukemic cells. (Fig.4)

Discussion

Numerous studies have indicated that arsenic
induces apoptosis in different cell types in vitro,
but there are some other studies attributing this,
at least in part, to a cell culture artifact.'® Nev-
ertheless, although some methods have been
developed for the detection of apoptosis in vivo,
none of them are applicable to humans.'*°

In this study, we demonstrated that arsenic in-
duces apoptosis selectively within the leukemic
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cells of APL patients, mostly during the early
phase of treatment and that the Fas/Apol path-
way is at least partially involved.

The observation of apoptotic cells in BM and
PB samples and its detection by Annexin

V and 7-AAD as a sensitive method, indicates
the finite role of arsenic in apoptosis. The sub-
stantial apoptosis rate in the early stages of
treatment within the leukemic cells, especially
when they are increased in number, appropri-
ately confirmed the previous results.”’ The
Promye locyte GPX (Glutathione Peroxides)
and low levels of catalase, which results in the
reduction of reduced glutathione (GSH) lev-
els,'” and the high rate of mitosis in these cells
as a prerequisite for arsenic putative cell cycle
specific arrest,”> are highly suggestive of its
selectivity.

Fig. 4. Evaluation of apoptosis and expression of Fas in Promyelo-
cyte of three APL patients during the first and second weeks of
treatment. While the expression of Fas was not correlated with
apoptosis rate in patient 1, this death receptor down regulated con-
currently with decrement of apoptosis in the other 2 cases.

The CD95/CDI9SL pathway has been described
as a key signal pathway to regulate cell death.
CD95 and CD95L activates a signal cascade via
the Fas-associated death domain (FADD) pro-
tein to cleave procaspase 8§ to caspase 8. Then
caspase 8 cleaves procaspase 3 to caspase 3 as
the final step of cell death.**¥

Although activation of caspase 8 following
ATO treatment proposes the involvement of its
upstream death receptor Fas, caspase 8 signals
are not necessarily evoked by Fas, and there are
some other death receptors associated ligand or
stimuli-like TRAILs and anticancer drugs or

radiation which can activate caspase 8. The di-
verse, clinical results accompanied with the dif-
ferent patterns of the Fas expression within the
leukemic cells of APL patients indicates the
Fas pathway involvement, but the mRNA ex-
pression of this receptor and functional assess-
ment of its downstream molecule FADD, as
well as the involvement of other related genes
through the Micro-array technique, is highly
recommended for confirmation.

In this study, we showed that arsenic selectively
induces apoptosis within the leukemic cells of
APL patients, but due to the diverse physiopa-
thologic, pharmacokinetic and pharmacogenetic
status of individuals, and possibly the heteroge-
neous nature of the disease, the involvement of
Fas was depicted differently and, thus, must be
further studied.
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