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ABSTRACT
Background: Chronic myeloid leukemia (CML) is

characterized by the presence of the Ph chromosome
(BCR/ABL chimelic gene) in hematopoietic stem cel1s.
Clinically, it is manrt'ested in three distinct phases: Chlonic,
accelerated, and blastic. BCR-ABL expression results in
constitutive activation of STAT5 which contributes to
increased expression of the anti-apoptotic Bcl-2 family
member Bcl-xL.

Aim of Work: The aim oI this work was to investigate
the role of Bcl-xL expression in CML progression into
advanced phases and its possrble srgnifrcance as a prog-
nostic parameter.

,\ubjects and Methods: The study was conducted on
32 CML patients including 12 male and 20 f-emale with
an age range of 2I-"79 and a median of 41.5 years. They
included I 8 in cl.rronic, 3 in accelerated and 1 1 in blsatic
crisis pl'rase. Hasford score was available lor 30 patients.
They were divided into 3 risk groups: Low lisk group:
Score 780 (8 patients), Intermediate risk group: Score
781-1480 (13 patients) and High risk group: Score >1480
(9 patients). Bcl-xl- expression was assessed by RT-PCR.
Bcl-xL expression was studied in relation to various
hematological and clinical pal ameters.

Results: Bcl-xL expression did not differ according
to the disease stages but showed a statistically signiflcant
highel expression in patlents in high lisk group according
to Hasford score than patients in intermediate or low risk
groups (p=0 01). Wlth 1'ollow-up of some patients (18
cases); a statistically significant better outcome was
observed rn Bcl-xl- negative patients as compared to Bcl-
xL positive ones (p=0.05).

Conclusion: Bcl-xL is not involved in the mecha-
nism(s) underlying tl-re progression into accelerated phase
or blastic crisis in CML. However it might serve as a
prognostic parameter indicating which patient will respond
to therapy.

Key Words: Chronic Myeloid Leukemia (CML) - Hasford
score - BcL-xL - Bcl-2 family.

INTRODUCTION
Chronic myeloid leukemia (CML) was prob-

ably the first form of leukemia to be recognized
as a distinct entity. The natural history of CML
includes three distinct phases; the chronic phase,
the accelerated phase and the blastic phase t1l.
It is generally believed that CML develops when
a single, pluripotential, hematopoietic stem cell
acquires a Ph chromosome carrying the BCR-
ABL fusion gene, which confers on its progeny
a proliferative advantage over normal l-remato-
poietic elements and thus allows the Ph-positive
clone to, gradually, displace residual normal
hematopoiesis [2,3,4].

BCR/ABL is not only diagnostic but also
pathogenic in CML [5], although the transloca-
tion itself may not be sufficient to cause leuke-
mia 16,71.

Programmed cell death (apoptosis) plays a
vital role in normal development, tissue homeo-
stasis, and the removal of damaged and infected
cells. Disruption of the nolmal apoptotic process
is implicated in a variety of human diseases
[8,9]. Because of its fundamental importance,
programmed cell death is a highly regulated
pathway. One important set of proteins involved
in the regulation of apoptosis is the Bcl-Zfamily.
It is controlled by two classes of proteins; those
that inhibit apoptosis and those that promote
apoptosis. Bc1-xL belongs to the antiapoptotic
group; it has been claimed that its expression
levels are decreased in chronic phase, contrary
to a marked increase in blastic crisis t101.

In a study conducted by Bewry et al., [11],
K562 cells cultured in an in-vitro bone marrow
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stroma model were protected from apoptosis
induction by imatinib. Protected cells showed
STAT3 activation and up-regulation of the anti-
apoptotic STAT3 targets Bcl-xl, Mc1-1 and
survivin.

However its role as a potential prognostic
parameter was not previously addressed.

PATIENTS AND METHODS
Patients:

The study was conducted on 32 CML pa-
tients including l3 male and 20 female with an
age range of 2l-19 and a medi an of 4 1 . 5 years.
They included 18 in chronic, 3 in accelerated
and 11 in blsatic crisis phase. All patients pre-
sented to the Medical Oncology Department of
the NCI, Cairo University in rhe period 1999-
2009. The study was conducted between Feb-
ruary 2008 and December 2009 at the Bone
Marrow Transplantation Lab Unit, Clinical
Pathology Department, NCI, Cairo University.

The Study was conducted according to Hel-
sinki declaration; it was approved by the NCI
ethical committee and written informed consent
was obtained from all patients.

Methods:
Patients were diagnosed as CML and stages

defined according to the WHO classification of
myeloid neoplasms [1]. Patient's fiies were
revised to obtain data at diagnosis and newly
diagnosed patients were followed-up for a period
of 5-18 months. Hasford score was available
for 30 patients. They were divided into 3 risk
groups: Low risk group: Score 780 (8 patients),
Intermediate risk grolrp: Score 781,1480 (14
patients) and High risk group; Score >1480 (8
patients). The score value for individual patients
was calculated by accessing the website
www.pharmacoepi. de 1r21.

The patients were divided into two groups;
the first group (Group I) included 18 patients
with newly diagnosed CML in chronic phase
and the second group (Group Ii) included l4
patients with CML in advanced phases (accel-
erated phase or blastic crisis),

E va I u at io n o.[ BcI-x L expre s s i or t ;

Bcl-xL expression was assessed on bone
marrow EDTA samples using RT-PCR ttol. RNA
extraction was performed using QIAamp RNA

Bcl-xL Expressiott as a Potenti.ctL Prognostic paranteter in Chronic

blood minikit (QIAGEN, Car. No. 52304') ac-
cording to manufacturer's instructions. The
RNA concentration was estimated using Nano-
drop spectrophotometer and adjusted to 1 ug/ul.
cDNA was synthesized from RNA by reverse
transcription using the GeneAmp@ Gold RNA
PCR reagent kit (Applied Biosystems, Cat. No.
P/N4308206) according to manufacturer's in-
structions.

Reverse transcription was performed in a
20 ul reaction mix conraining lX RT-PCR Buff-
er,2.5 mM MgClr. I0 pM DTT, I mM dNTps
(250 pM each), 10 U/20p1 RNase inhibitor,
1.25 pM Random Hexamer and 15u MultiScribe
Reverse Transcriptase. The reaction was per-
formed at 25"C for 10 minutes followed bv
42oC for l5 minutes.

Bcl-xL and GAPDH amplification was per-
folmed in a 50 pl reaction containing 2 pL
cDNA, IX RT-PCR Buffer. 1.75 mM Magne-
sium Chloride, 0.8 mM dNTPs t200 pM of each
dNTP), 1.25 U AmpliTaq Gold DNA Poly-
merase, 1 pM of each primer.

The brimer sequnces are shou,n in Table (1).

Trble (1): Printer sequences.

Gene Primer sc'quence t'rl::t'

Bct-xL Sense 5-cccccattcActcrcctc,rc3 340 bp
Bcl-xLAnri-sense 5'TClGGe,qCCaCCCCl-rceeC3'
GAPDH:Sense 5,ccrcrrecTcCTTGCAGGCCATGTG3so8bp
GAPDH: Anti.sense 5 

-ACCTAACTACAI.cGTTTICTTc-r.I.3

Amplification was performed using thermal
cycler, Biometra TI Thermocycler. The cycling
conditions consisted of initial denaturation at
95oC for 10 minutes, followed by 30 cycles,
each with denaturation at 94"C for 45 seconds,
annealing at 55"C for 30 seconds and extension
at 72oC for 45 seconds and a final extension
step at 72"C for 10 minutes. The PCR products
were resolved on ethidium bromide-s tained 2.0Vo
agarose gel and UV photographed (Fig. l).
Statistical methods:

SPSS (Statistical package for social sciences
version 17.0) was used for data analysis. Mean
and standard deviation were estimates of quan-
titative data and median with range for non-
normally distributed sets. Non-parametric t-test
(Mann Whitney test) was used for comparison
of means of two independent groups (Advanced
and chronic). Chi-square or Fischer exact tests
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Fig. (1): Electropherogram showing Bcl-.rL
and GAPDH amplicons.

Lane 1: Ladder (1kb) (Promega),
Lane 2 and 3: negative for Bt:l-xL,
Lane 4: empty,
Lanc. 5. 6. 7, 8: positivc for Br'1-rL gene.

checked the hypothesis of proportion indepen-
dence. Non-parametric correlation analysis
"Spearman rho" was used to test association.
p-value is significant when <0.05.

RESUITS

Bcl-xL expression was evaluated in 32 cases
including 1B in chronic, 3 in accelerated and
11 in blsatic crisis phase. The latter group in-
cluded 3 patients in blastic crisis at presentation.
The duration of the chronic phase in the remain-
ing 11 patients ranged between 3-96 with a
mean of 46.5t26.8 and a median of 72 months.
Bcl-xL was expressed in 9/18 cases {50Vo) in
chronic phase, ll3 (33.3Vo) accelerated and 5/11
cases (45.57o) in blastic crisis. The difference
is statisti cally insignificant.

Because of the small number of patients in
accelerated phase, they were added to those in
blastic crisis for further analysis (group II).

Comparison between Bcl-xL-ve and Bcl-
xL +ve patients regarding hematological param-
eters in the total patient cohort is presented in
Table (2). TLC was significantly higher in rhe

Table (2): Hematological paramerers of 32

<- 898 bp GAPDH

+ 340 bp Bcl-xl

patients wtth Bcl-xL positive than those with
Bcl-xL negative (p=0.004). Within group I,
TLC in Bcl-xL positive cases was 218.6t62.9
(range: I00-322)xl09lL as compared ro
1 00. 3168. 5 (range : 5 .2-200)xl0e lL; the differ-
ence is statistically significant (p=0.002). Sig-
nificantly higher percentage of basophils was
also encountered (5.9+3.8, range: 2-l4Vo vs.
2+L3, range: A47o, p=0.02). Within group iI
TLC was higher in the Bcl-xl positive parients
as compared to the negative ones (183.31197.3,
range: 20-550vs. BI.3+66.5, range: 2-180x
rcgn). BM blasts showed the same rrend (40.51
29.4, range: B-957ovs. 20.3t11.2, range: 3-
407o). However the differences did not achieve
statistical significance (p=0.19 and 0.09 respec-
tively).

Hasford Score was available for 15 cases in
group I and 15 in group II. It was significantly
higher in group II (1383.16+1259.98 vs.
I 122.97 !41 4. 43, p -v alue=0. 0 t ).

Bcl-xL expression was more frequent in the
high risk group; the difference was statistically
significant in the total cohort (p=0.01) and in

CML patients in relation to BcI-xL expression.

t9

Parameter Bcl-xL -yel7 cases
Bcl-xL +ve

1 5 cases p-value

Peripheral Bl,ood
TLCx 1oe/L
Hb g/dl
Platelersx I 09/L
BlastsTo
BasophilsTo
EosinophilsTo
GranulocytesTo

Bone Marrow:
BlastsTo
Basophils%
EosinophilsTo
Granulocyteso/o

90.8165.9 (2-200)
8.8r1.8 (6.7-12.5)
300.2r288.1 (16-949)
7.1!8.8 (0-29)
2. rr1.9 (0-8)
2.3!1.4 (.1-6)
60.8124.6 (8-88)

11.2!:11.7 (0-40)
4.613.4 (l-16)
4.614.s (0-1.5)
55.3!26.1 (3-81)

204.s+128.4 (20-5s0)
8.8tr.1(7.8-11.4)
403.1!271.1 (40-988)
t4.9!24.1 (1-95)
nt20.8 (0-27)
3.512.1 (0-6)
65.1!24.1 (3-91)

1'7 s!26.3 (t-95)
4.7t3.8 (0-16)
3.111.8 (0-6)
64.5!26.5 (2-290)

0.004
0.95
0.32
0.28
0.l l
0.06
0.58

0.38
0.99
0.21
033

I)ata are presented as mean + SD (range)
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group II (p=Q.Q46); in group I the difference
did not achieve statistical significance (Table
J).

We have lost some of our patients upon the
follow-up. We were able to follow-up only 1B
patients; 9 in chronic phase and 9 in advanced
phases (accelerated phase and blastic crisis)
(Table 4). Among 5 Bcl-xL positive patients in
chronic phase, 2 progressed into accelelation
within less than 6 months and in 2 other patients
the disease was not controlled by hydrea and
Gliveec was prescribed; only one patient was
still in chronic phase till the end of our study.
None of the 4 Bcl-xLnegative patients in chronic

Bcl-xL Expression as a Potential Progrtostic Parameter in Chronic

phase progressed into advanced phases during
the period of the study; 3 were controlled with
hydrea and only one was on Gliveec from the
start. As for the 9 patients in group II,315 Bcl'
xL negative patients recurred to the chronic
state upon treatment while 2 patients were
persistently in acceleration. The 4 Bcl-xL +ve
patients included 3 with persistent blastic crisrs
not responsive to therapy and one in accelerated
phase that progressed to blastic crisis' In spite
of the small number, the difference in the out-
come was statistically significant with better
outcome in patients with negative than in pa-
tients with positive Bcl-xL (p=0.05)'

Table (3): Bcl-.rl expression in 30 CML patients in relation to risk groups accolding to
Hasford scot'e and disease stage.

Hasford Score
Parameter

B.i-rt ,t"t*
Iow Intermediate High p-value

-ve +ve -ve +ve +ve

Chronrc:
17 cases

Advanced
I 3 cases

Total:
30 cases

314 1/4
75Va 25Vo

4t4 0t4
ljoVa 0.07o

'7t8 1/8
81 .5Vo 12.5Vo

4t8 418
50Va 50Vo

3t8 5/8
37.5Vo 62.5o/o

7n4 1/14
50o/o 50Vo

1t5 4t5
20Vo 80Vo

o/3 3t3
0.0Vo ljOvo
1/8 '7t8
12.5q(, 8'7.5%

0.32

0.046

0.01

Tabte (4): Follow-up of 18 CML patients wlth tegards to lhe Bcl-.tL expression:

Bcl-xL postttve patlents
No9

B cL-.rL negative patlents
No9

Outcome . Accelerlted(-hrr)ntc, OI DIAST]Collase. CIISIS

. Accelelated( nl onlc or blasric Total
nhase, cr1s1s

Total

Favorable

Unfavorable

p-value

I
20%
4
80Io

0
0.0o/o

4
1007o

I
ll.llVo

3
1 5Vo

3
60Vo

2
40Vo

6
66.7Vo

3
-lJ.J"/O

8188.8970 257o

0.05

DISCUSSION

CML is characterized by the presence of the
Ph chromosome in hematopoietic stem cells.
Clinically, it is manifested in thlee distinct
phases: Chronic, accelerated, and blastic. Most
patients present in the chronic phase [13]. Ex-
pression of BCR-ABL oncoproteins in hemato-
poietic cells induces resistance to apoptosis,
growth factor independence, and leukemogen-

esis [14]. BCR-ABLexpression resuits in consti-
tutive activation of STAT5 and essentially by-
passes cytokine or growth factor-dependent
activation of STAI5. Activation of STAI5 con-
tributes to increased expression of the anti-
apoptotic Bcl-2 family member Bcl-xLUSi.

In our study, the Bcl-xL expression was
investigated. There was no statistically signifi-
cant difference in Bcl-xL expression between
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different disease stages. This is in contradiction
to Gutierez-Castellanos et al. tfOl who reported
higher levels of Bcl-xL expression among pa-
tients in blastic crisis when compared with
patients in chronic phase (p=0.05). It is also
contradictory to the study of Horita et al., [16]
who stated that the expression of Bcl-xL is
inhibited at earlier times in chronic phase than
in blast crisis CML cells after blockade of the
BCR-ABL kinase activity, and that prolonged
expression of Bcl-xL could be due to increased
levels of BCR-ABL. However, the Bcl-xL ex-
pression may be a result of activation of other
signaling pathways [17].

In tlre present study, the Bcl-xL expression
was related to the Hasford score and the risk
groups. Currently, the Hasford score is the best
predictor of outcome for patients with CML
treated with conventional therapy like IFN and
outperforms the older Sokal score [12].

Bcl-xL expression was statistically higher
in high risk group than in intermediate and low
risk groups (p=0.01). Also the Hasford score
was higher in patients tuith Bcl-xLpositive than
in those with Bcl-xLnegative, and this difference
was statistically significant (p=0.01).

Furthermore, a statistically significant better
outcome was encountered in patients with Bcl-
xL negative than in patients with Bcl-xLpositive
(p=0.05).

Bcl-xL does have a prognostic value in acute
leukemia. Schaich et al. ttSl reported a signifi-
cant impact of Bcl-xL mRNA expression on
treatment outcome in AML patients. This was
most prominent in the group of patients 60 years
old with intermediate risk cytogenetics. Those
patients with enhanced Bcl-xL expression in
their blasts displayed a CR (complete remission)
rate that was as low as the CR rate of patients
with cytogenetic high risk karyotypes. Also,
Addeo et al. I19l showed that both Bax and Bcl-
xL were frequently expressed at high intensity
in childhood acute lymphoblastic leukemia,
only Bcl-xL was an independent predictor of
EFS (event free survival). One previous study
addressed the value of Bax/BcL-xL expression
ratio in CML as a potential sensitive monitor
of disease progression and an early predictor
of TKI therapy responsiveness in CML patients
1201.
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The value of Bcl-xL as a prognostic factor
in CML should be more investigated in a large
number of patients to verify if it would stand
multivariate analysis as an independent prog-
nostic parameter or not.

In this study, the total leukocytic count was
significantly higher in patients with posirive
Bcl-xL expression than those with negative Bcl-
xl expression (p=0.004). The TLC may reflect
the tumor burden. Also, the basophils 7o wl,s
significantly higher in the Bcl-xl positive pa-
tients within the chronic group (p=Q.02). As the
basophils 7o is among the prognostic factors in
CML, again a multivariate analyqis on a large
number is needed to verify the possible inde-
pendent impact of Bcl-xL.

In conclusion, we have reported the associ-
ation of Bcl-;rl, expression in CML patients with
two known prognostic parameters namely the
Hasford score and percentage basophils. The
limited number of patients that could be fol-
lowed-up revealed a better outcome in the Bcl-
xL negative as compared to the Bcl-xL positive
patients in both chronic phase and advanced
disease stages. These data could serve as the
first preliminary report (up to our best knowl-
edge) on the possible prognostic value of Bcl-
xL expression in CML. A larger study with
multivariate analysis is needed for validation.
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