
Abstract

Background:  Imatinib mesylate is now the first choice
treatment for all newly diagnosed chronic myeloid leuke-
mia (CML) patients. Despite the impressive percentage
of responding patients, some CML cases show primary
resistance or relapse after an initial response. Resistance
to imatinib is commonly associated with reactivation of
BCR-ABL signaling. Recently evidence has accumulated
of the high induction of TRAIL expression in neutrophils
when cells are stimulated with IFNs.

Objectives:  The aim of the present work was to study
the role of TRAIL in overcoming imatinib resistance in
CML patients using combined therapy of imatinib mesylate
and interferonα.

Mater ia l  and Methods:  In this study, we estimated
the level of serum sTRAIL in fifty Ph+ve CML patients
treated with the tyrosine kinase inhibitor; imatinib mesy-
late. They were divided into two groups according to the
response to therapy after 6 months of follow up by RQ -
PCR. Resistant cases were subjected to a combination
therapy of imatinib+INFα for another 6 months and
sTRAIL levels were re-evaluated.

Results:  sTRAIL initial levels were 127.22±9.56pg/ml.
After 6 months of imatinib therapy; its levels were 121.30±
7.84pg/ml and 125.44±6.77 pg/ml in the responder group
(41 patients) and in the imatinib resistant group (9 patients)
respectively. These results were slightly lower than those
in normal controls (157±16.31pg/ml). But sTRAIL levels
increased in the resistant group after the combination
therapy of imatinib+INFα to 220.44±32.61pg/ml which
showed a statistical significance.

Conclusion:  TRAIL could induce cell death in Ph+ve
cell lines that were refractory to imatinib suggesting that
combination therapy of imatinib+INFα could be an effec-
tive strategy for the treatment of imatinib resistant CML
cases.

Key Words:  Chronic myeloid leukemia – Imatinib mesy-
late – TRAIL – INFα.
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Introduction

Chronic myelogenous leukemia (CML) is a
clonal myelopro-liferative expansion of trans-
formed hematopoietic progenitor cells which
is characterized by the Philadelphia chromosome
(Ph1) that is created from the t (9;22) (q34;q11)
[1,2]. The Ph1 results in the juxtaposition of
BCR and ABL genes thus generating a 210 KDa
chimeric protein termed BCR-ABL with marked
tyrosine kinase activity [1]. Imatinib mesylate
has been developed for the targeted inhibition
of the Abelson kinase (c-ABL) [3] which repre-
sents the causative pathogenetic event for CML.
Although imatinib mesylate has revolutionized
the treatment of CML, [4] it does not represent
curative eradication of the malignant clone in
all cases [5,6]. Hence, the need to find potentially
curative therapies remains. One possible strategy
may be immunotherapy.

Tumor necrosis factor (TNF) related apop-
tosis-inducing ligand (TRAIL) is a pro-apoptotic
member of the TNF super-family, involved in
cell homeostasis and immune tumor surveillance
[7]. Although it is primarily expressed as a type
II trans-membrane protein, it may also exist as
a biologically active soluble form (sTRAIL)
that is generated through enzymatic shedding
or released in association with microvesicles
[8]. A number of studies have shown that both
the membrane bound and the soluble form of
TRAIL can induce apoptosis in many tumor
cell lines [9,10]. TRAIL exerts its activity by
interacting with a complex system of cell-surface
receptors; 2 death receptors (DR4/TRAIL-R1
and DR5/TRAIL-R2) and 3 decoy receptors
(DCR1/TRAIL-R3. DCR2/TRAIL-R4 and os-
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teoprotegerin) [9]. Only DR4 and DR5 contain
a functionally active cytoplasmic death domain
that allows an apoptotic response upon TRAIL
stimulation [11]. On the other hand, the 3 decoy
receptors lack a functional death domain so
they cannot transduce a pro-apoptotic signal;
instead they compete with DR4, DR5 for TRAIL
binding [12]. Thus the selective expression of
these receptors on normal cells is regarded as
one of the mechanisms for the preferential pro-
apoptotic action of TRAIL against tumor cells
but not normal cells [12].

Interferon α (IFNα) has been used for more
than 20 years [13] but it was not positioned as
a curative therapy for CML; its role in the
context of immune therapy has not been eluci-
dated. The mechanisms of the anti-tumor action
of IFNα in CML still remain vaguely under-
stood. Evidence has accumulated of the high
induction of TRAIL expression in neutrophils
when cells are stimulated with IFNs [14,15].
IFNα enhances TRAIL expression on anti-CD3-
stimulated human peripheral blood T cells. This
is involved in their cytotoxic activities against
renal cell carcinoma [16]. There are few reports
that TRAIL selectively induced apoptosis in
multiple myeloma cells [17] and some myeloid
leukemia cells [18], yet its role in anti-tumor
immunity against hematological malignancies
and the role of IFNα as an immunotherapeutic
agent for CML remains to be elucidated. In the
present work, we studied the role of sTRAIL
in overcoming imatinib resistance in CML pa-
tients using combined therapy of imatinib me-
sylate and interferonα.

Material and Methods

Patients:
 Fifty patients with CML presenting to the

Medical Research Institute, and Alexandria
Health Insurance Hospital were enrolled in the
study during the period from January 2006 to
December 2008. They were 22 males and 28
females, their ages ranged from 31 to 68 with
a mean of 48.32±9.53  and a median of 47 years.
All of them had Ph-positive CML. Ten healthy,
age and sex matched, individuals were included
as control. The study was conducted in accor-
dance to the guidelines of the 1975 Declaration
of Helsinki [19]. Each patient signed an informed
consent forum prior to inclusion in the study.
This study was also approved by the local ethical
committee.

Exclusion criteria included patients below
18 years of age, prior treatments for CML (only
hydroxyurea was allowed), Philadelphia chro-
mosome negative patients and those with com-
plex karyotypes. Cardiac patients, those with
serum creatinine more than 2mg/dl and those
with severe impairment of liver functions were
also excluded.

Methods:
 All patients were clinically examined and

were subjected to complete blood picture [20],
bone marrow examination [21] and leucocyte
alkaline phosphatase scoring [22]. Then, they
were stratified according to Sokal scoring system
[23] which adopts the following prognostic pa-
rameters: Older age, enlarged spleen, high plate-
let count and high peripheral blast percentage.
• Sokal score 1 = score <0.8.
• Sokal score 2 = score 0.8-1.2.
• Sokal score 3 = score >1.2.

An online calculation for Sokal staging is
available at: http://www.nrhg.ncl.ac.UK/cgi-
bin/cml/Sokal.pl.

BCR-ABL fusion gene detection was done
by Real-time quantitative Polymerase Chain
Reaction (RQ-PCR) [24].

Serum soluble TRAIL was estimated by ELISA:
Concentrations of sTRAIL, in the sera of

patients and controls were measured using a
commercial enzyme-linked immunosorbent as-
say (ELISA) kit (TRAIL/Apo2L ELISA KIT,
Diaclone Research, Besancon, France), accord-
ing to the manufacturer's instructions. All sam-
ples were tested in duplicate.

Study design:
• Serum sTRAIL estimation on initial diagnosis

upon enrollment in the study.
• Imatinib mesylate therapy at a dose of 400-

mg/day orally for 6 months.
• Assessment of hematological remission at 3

months & 6 months after initiation of imatinib
therapy.

• Assessment of cytogenetic remission after 6
months from initiating imatinib therapy.

• Serum sTRAIL estimation after 6 months of
 imatinib therapy.

• Starting IFNα therapy at a dose of 3-5 million
IU 3-5/w along with imatinib mesylate for
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patients who were resistant to imatinib alone
after 6 months.

• Serum sTRAIL re-estimation for the last group
after 6 months of initiation of the combined
therapy with IFNα and imatinib.

A complete hematologic remission is defined
as the achievement of normal WBC and platelet
counts and normal differential count as well as
disappearance of all symptoms and signs of
CML. A partial hematologic response is defined
as a decrease in the WBC count to less than
50% of the pretreatment level, or the normal-
ization of the WBC count accompanied by
persistent splenomegaly or immature cells in
the peripheral blood. A complete cytogenetic
response is defined as the absence of Ph-positive
metaphases in marrow cells, and partial cytoge-
netic response as 1% to 34% Ph-positive
metaphases. Major cytogenetic remission com-
bines the percentages of complete and partial
response. A reduction of BCR-ABL mRNA by
3-log or more, compared with a standardized
baseline, has been designated a major molecular
response (MMR), whereas consistent lack of
detection of BCR-ABL mRNA is referred to as
a complete molecular response (CMR) [25].

Statistical analysis of data was done using
SPSS version 10.0 Student's t-test was used for
statistical comparisons of means. Pearson's
correlation coefficient was calculated to evaluate
the correlation between sTRAIL values of each
sample and hematologic parameters. p-value
below 0.05 was considered significant.

Results

The peak incidence in CML patients included
in the study was the fifth decade. The main
presenting symptom was fatigue in 35 patients
(70%) and the most frequent sign was splenom-
egaly in all patients (100%), the splenic size
was measured in centimeters by ultrasonogra-
phy.

Table (1) shows the main hematologic data
of CML patients included in the study.

Serum sTRAIL:
The initial serum sTRAIL in newly diag-

nosed CML patients was 127.22±9.56pg/ml;
these levels were slightly lower than those in
normal controls (157±16.31pg/ml). Serum
sTRAIL estimation after 6 months of imatinib

therapy showed rather low levels than the initial
samples; (121.30±7.84pg/ml) in the responder
group and (125.44±6.77pg/ml) in the resistant
group but the difference was not statistically
significant. On the other hand, during IFNα +
imatinib therapy, sTRAIL levels were signifi-
cantly elevated (220.44±32.61pg/ml). The dif-
ference was statistically significant as compared
with initial sTRAIL estimation and sTRAIL
after imatinib therapy alone (p<0.001), (p=
<0.001) respectively (Table 2).

Table (2): Serum sTRAIL levels in CML patients in relation
to time of estimation and response to therapy
as compared to control.

Group
Serum sTRAIL (pg/ml)

Control

TRAIL before treatment

TRAIL after imatinib
therapy
• Responders
• Resistant group

TRAIL after IFNα+
imatinib therapy
t1
t2
t3
p

157.00±16.31

127.22±9.56

121.30±7.84
125.44±6.77

220.44±32.61

Mean±SD

130.00-175.00

105.00-140.00

106.00-135.00
118.00-139.00

180.00-275.00

3.34
8.35*
8.57*
<0.001*

Range

t1

t2

t3

: Comparison between initial serum sTRAIL & serum sTRAIL
after imatinib alone

: Comparison between serum sTRAIL after imatinib & serum
sTRAIL after imatinib+IFNα

: Comparison between initial serum sTRAIL & serum sTRAIL
after imatinib+IFNα

* Mean ± SD (range)

Table (1): CML patients' characteristics at presentation
(No.=50).

Parameter Value

Age: years

Sex: male/female: No. (%)

Hemoglobin level: g/dl

Total leucocytic count:
x109/L

Platelet count: x109/L

Peripheral blood blasts: %

Basophils: %

Eosinophils: %

Bone marrow blasts: %

Bone marrow basophils: %

Sokal score: No. (%)
Stage I
Stage II
Stage III

48.32±9.53 (31-68)*

22/28 (44/56)

9.94±1.68 (6.8-12.8)*

113.30±72.48 (31-440)*

316.32±163.05 (63-870)*

2.44±2.10 (0-8)*

4.10±2.05 (1-10)*

1.50±1.11 (0-4)*

3.14±1.81 (0-8)*

4.56±1.96 (2-12)*

9   (18%)
30 (60%)
11 (22%)
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 In addition, there was no statistically sig-
nificant correlation between serum sTRAIL
estimations and age, Hb concentration, platelet
count, TLC, PB or BM blast %. Also serum
sTRAIL did not correlate with Sokal stages of
the patients included in this study (Fig. 1).

neutrophils mainly in secretory vesicles and
light membrane fractions which are then mobi-
lized rapidly onto the cell surface or secreted
as sTRAIL upon stimulation by pro-inflamm-
atory mediators [15].

In this study, we showed that serum sTRAIL
levels were significantly elevated upon com-
bined administration of IFNα and imatinib
mesylate as compared to its levels at presentation
or with imatinib mono-therapy in CML-CP
patients. To the best of our knowledge, there
are very few reports demonstrating that sTRAIL
levels increase during IFNα administration in
patients with neoplasia [17,18]. In this regard, it
should be noted that this work demonstrated
that the sTRAIL levels detectable in the newly
diagnosed CML-CP patients were slightly lower
than those in normal controls. This is in agree-
ment with previous reports [27,28] showing that
TRAIL mRNA expression was readily detectable
but at a relatively low level in unstimulated
CML neutrophils and in resting neutrophils in
normal healthy subjects.

It should also be noted that sTRAIL estima-
tion was done after 6 months of the combined
administration of IFNα and imatinib denoting
that the elevation of sTRAIL was not a transient
phenomenon at the initiation of IFNα therapy
but was maintained during the therapy. The
present work also showed that sTRAIL levels
during imatinib monotherapy were rather low
as compared with the initial samples from newly
diagnosed CML-CP patients but the difference
did not reach statistical difference. This could
indicate that the elevation of serum sTRAIL in
our study is exclusively related to IFNα therapy
and is not related to the clinical phase of CML
or to the lowered burden of the CML clone.
Furthermore, imatinib alone may not be partic-
ipating in the TRAIL-mediated cell killing in
these CML patients. This was the rationale for
the use of IFNα in combination with imatinib
in CML patients in this study.

It is noteworthy that, even the neoplastic
neutrophils, such as those of CML which are
transformed by the BCR- ABL fusion gene,
retain the ability to produce cytokines as
sTRAIL in the same manner as normal neutro-
phils [28]. Tecchio et al. [9] have shown that
CML neutrophils and mononuclear cells, upon
incubation with therapeutic doses of IFNα,
release sTRAIL into the extracellular environ-

Serum Soluble TNF-Related Apoptosis-Inducing Ligand (sTRAIL) Levels

Fig. (1): Correlation between serum sTRAIL and the 3
Sokal stages, during imatinib therapy and during
IFNα + imatinib.
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Discussion

Evidence has accumulated of the high in-
duction of TRAIL expression in neutrophils
when cells are stimulated with IFNα and IFNγ
[9,14,15,26]. Liu et al. [27] have shown that neu-
trophils obtained from CML-chronic phase (CP)
patients had markedly increased TRAIL mRNA
expression upon in vitro IFNα stimulation.

In this context, Tecchio et al. [9] reported
that in vitro IFNα- activated neutrophils and
monocytes were able to release a biologically
active soluble form of TRAIL. IFNα-induced
TRAIL protein is retained in the cytoplasm of
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ment as efficiently as normal leucocytes. In
contrast sFasL was not expressed or released
by normal or CML neutrophils. Those latter
authors could not obtain sera of CML patients
subjected to IFNα therapy due to the current
use of imatinib mesylate as the treatment of
choice in CML. But in the current study, serum
sTRAIL levels were reassessed in patients re-
ceiving imatinib+IFNα on the basis of the emer-
gence of cases of imatinib resistance and the
fact that the new tyrosine kinase inhibitors are
still investigational which made the combined
use of imatinib and IFNα feasible.

According to Tecchio et al. [9] and Plasilova
et al. [18], the leucocyte-derived sTRAIL would
preferentially induce apoptosis of the CD34
Ph+ leukemic blasts rather than of leukemic
neutrophils themselves. This is further supported
by the fact that CD34+ cells isolated from CML
patients but not from healthy subjects express
TRAIL-R1 and TRAIL-R2 death receptor [29],
which are absent on normal CD34+ cells. Thus
the soluble form of TRAIL released by IFNα-
activated leucocytes can signal via both recep-
tors and produce its pro-apoptotic effects. An-
other mechanism was proposed trying to explain
how IFNα can suppress the leukemic clone in
CML. It was suggested that, in Ph+ leukemias,
the immunomodulatory activity of IFNα might
be mediated by the membrane-bound TRAIL
expressed on activated T lymphocytes [12].
However, Tecchio et al. [9] have concluded that
IFNα exerts its immunomodulatory activities
through promoting the release of soluble TRAIL
rather than by inducing the expression of the
corresponding membrane-bound form.

It should be noted that, preliminary experi-
ments revealed that concentrations of imatinib
up to 500 nM do not interfere with the ability
of IFNα to trigger the release of sTRAIL by
either normal or CML leucocytes (C.T., M.A.C.,
unpublished data, January 2004) [9]. Further-
more, Uno et al. [12] have demonstrated that
imatinib mesylate efficiently repressed most of
the TRAIL-resistant cell lines, while TRAIL
repressed most of the imatinib mesylate-resistant
cell lines which suggests a potential clinical
utility of TRAIL for patients with imatinib
mesylate resistant CML. The correlation of this
suggestion and the clinical response to IFNα
and imatinib mesylate was the basis for this
study.

In this context, Uno et al. [12] have demon-
strated that all TRAIL-sensitive cell lines ex-
pressed the death-inducing receptor, DR4 and/or
DR5 on their surface and none of the decoy
receptors DCR1 and DCR2 whereas the TRAIL-
resistant cell lines expressed neither DR4 nor
DR5. In addition, regulators of the death sig-
naling pathway such as caspase-8, FADD and
FLIP are not critically involved in the determi-
nation of TRAIL sensitivity. It has been dem-
onstrated that the binding of TRAIL to DR4
and DR5 as well as DCR2 induced the NF-kB
activation and that the increased NF-kB activity
protects against pro-apoptotic stimuli [29]. The
pretreatment with NF-kB inhibitors enhanced
sensitivity to TRAIL in TRAIL sensitive-cell
lines, suggesting that the DR4/DR5-mediated
or BCR-ABL mediated NF-kB activation plays
a substantial role in protecting Ph-l positive
leukemic cells from TRAIL-induced cell death.
However, NF/kB inhibitors could not overcome
TRAIL resistance in TRAIL-resistant cell lines
not expressing DR4 or DR5 [29].

Moreover, chemotherapeutic agents can in-
crease the expression of those death receptors
on tumor cells thus leading to enhanced killing
on combining these agents with TRAIL as the
extent of apoptosis by TRAIL is tightly regulated
by the expression of these receptors and by
downstream signaling [30].

Ghaffari et al. [31] had shown that BCR-
ABL suppression of TRAIL transcription is
mediated through phosphorylation and inhibition
of FOXO3 (FKHRL1); a transcription factor
that functions down stream of BCR-ABL ty-
rosine kinase as a phosphorylated inactive form
in CML. Imatinib mesylate induces cell cycle
arrest and subsequent apoptosis via the conver-
sion of FKHRL1 from the phosphorylated inac-
tive form to the dephosphorylated active form
in CML cell lines. Active FKHRL1 inhibits cell
growth and cell cycle progression and subse-
quently induces apoptosis accompanied by up-
regulation of TRAIL thus active FKHRL1 can
overcome imatinib resistance in CML cells via
TRAIL production. So, BCR-ABL suppression
of TRAIL transcription may provide another
mechanism for tumorigenicity in CML.

Moreover, BCR-ABL independent signaling
pathways may contribute to imatinib resistance
in some CML patients. Park et al. [32] demon-
strated that the loss of BCR-ABL in imatinib



46

resistant cells led to the down regulation of c-
FLIP and subsequent increase of TRAIL sensi-
tivity suggesting that TRAIL could be an effec-
tive strategy for the treatment of this category
of imatinib resistant patients as well.

In conclusion, our data indicates that IFNα
can exert its immunomodulatory activities
through promoting the release of sTRAIL and
thus provides the rationale for the use of IFNα
with imatinib mesylate for the treatment of Ph1-
positive CML. Finally, in view of the lack of
systemic toxic effects and synergistic activity
of sTRAIL with other chemotherapeutic agents
[33], we recommend the use of recombinant
TRAIL as an ideal substitute for IFNα in com-
binational regimens. Monoclonal antibodies
against TRAIL death receptors in CML should
be investigated as well.
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