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Abstract

Background: The possible prognostic significance of the expression of a variety of markers has been investigated in acute
lymphoblastic leukemia (ALL).

Methods: In the present study we investigated the prognostic significance of CD13 and CD33 myeloid antigens (MY) aberrantly
expressed on the blasts of ALL patients and Bcl-2 anti- apoptotic molecule expression in childhood ALL.

Results: Aberrant expression of MY occurred in 8.8% of cases. Variant levels of Bcl-2 were expressed in patients (44.2+25.5%), with
more than 20% positivity for Bcl-2 in 64.7% of patients. Bcl-2* patients survived 959+242 days compared to 1059+230 days for Bcl-2-
patients (P=0.2). Corresponding data for complete remission duration was 682+170 and 7164173 days (P=0.3), respectively, indicating
no significant association between survival and complete remission duration of patients with expression of the Bcl-2 molecule. Analysis
of clinical response according to MY expression, however, showed significant association with survival and complete remission duration.
MY* patients had shorter complete remission duration (383+58 days) and survival (473168 days) than MY- patients (complete remission
duration, 724+144 days; survival, 1045+186 days; P<0.001). Expression of Bcl-2 along with MY was not associated with a significant
decrease in survival or complete remission duration.

Conclusion: Results of this study indicated that expression of MY was a poor prognostic factor in childhood ALL. Bcl-2 expression in

MY* patients could not influence the response to therapy.
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Introduction

cute lymphoblastic leukemia (ALL) is a common

malignancy with relatively high rate of mortality in

children.! The etiology of this disease is not clearly known.
However, failure of lymphocyte differentiation and a defective
apoptosis lead to overproduction of immature lymphocytes. More
than 80% of patients respond to therapy but some patients
experience refractory or recurrent disease. Resistance of ALL
blasts to chemotherapy or defects in apoptosis may account for
refractory disease in these patients.”> Apoptosis, or programmed
cell death, is a biological process essential for tissue homeostasis
and normal development of multicellular organisms.
Consequently, perturbation of the regulation of apoptosis may
lead to the development of diseases such as cancer. Apoptosis is
regulated by a complex network of interacting molecules. Bcl-2
anti-apoptotic protein is a member of the Bcl-2 protein family that
plays pivotal roles in the decision and execution phases of
apoptosis. This molecule can prevent the release of cytochrome ¢
from mitochondria thereby blocking caspase activation and
apoptosis.>* Bcl-2 has been shown to protect cancer cells from the
effects of chemotherapy.® This protein has been studied in different
types of cancer and hematological malignancies including
follicular lymphoma, acute myelogenous leukemia (AML) and
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chronic lymphocytic leukemia.*® Association of higher Bcl-2
levels with poorer responses to chemotherapy in some of these
neoplasms has been demonstrated. Recent reports have shown
high Bcl-2 expression in ALL; however, the prognostic value of
Bcl-2 is still controversial.*!3

Aberrant expression of myeloid antigens (MY) CD13 and CD33
on lymphoblasts has been investigated in previous studies.'*!
Although the regulating mechanisms are unclear, however,
MY expression in ALL can be assumed to be a feature of early
differentiation stage and/or lineage indecisiveness.'* The clinical
significance of MY expression on leukemic lymphoblasts has
yielded contrasting results. Data from several reports indicated that
the presence of MY on lymphoblasts of ALL patients is predictive
of a poor response to therapy.'>"!” In contrast, are reports that
show no prognostic value for the expression of myeloid markers
in these patients.'s!?

Considering the possible prognostic values of Bcl-2 expression
in ALL, in the present study we investigated the impact of the
expression of Bcl-2 in combination with CD13 and CD33 MY on
the clinical and biological features and response to therapy in a
group of Iranian patients with ALL.

Materials and Methods

Study patients

In this study, 34 patients with ALL diagnosed by morphologic
studies of bone marrow aspiration and biopsy according to the
French-American-British (FAB) criteria and cytochemical
staining were enrolled. They were 17 girls and 17 boys (ages
2 — 11) with a mean age of 6.28+2.8 years. Informed consent
was obtained from patients and/or their guardians. The protocol
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Table 1. Clinical and biological feature of patients with ALL in relation to the expression of bcl-2 and myeloid antigens.

Variables Total MY* ALL MY ALL P-value
No. of patients 34 3 (8.8%) 31(91.2%) —
Age (year) 6.28+2.8 6.6+4 6.24+2.7 0.8
Male/Female 17/17 0/3 17/14 0.23
WBC x 10°/L 25.6+19.9 29.7£13.3 25.2+20.5 0.7
Platelet x 10°/L 38.3+36.8 56.7+55 36.5+35.3 0.4
CRD (days) 694169 383458 724+144 <0.001
Survival (days) 9944242 473+68 1045+186 <0.001
CR rate 31(91%) 3(9.7%) 28 (91.3%) 1
No. patients with EXD 20 (58.8%) 2 (10) 18 (90%) 1
Bel-2 positivity 4424255 50+33 43.6+25.2 0.7
Bcl-2 expression > 20% 22 (64.7%) 2 (9%) 20 (91%) 1
Values are mean (range), mean (%) or mean+SD. MY=myeloid antigen positive, CR=complete remission, CRD=complete remission duration, EXD=extra
medullary disease.

was approved by the Ethical Committee of Shiraz University of
Medical Sciences. Clinical and laboratory features of patients are
summarized in Table 1. Remission induction included vincristine,
prednisone, L-asparaginase, and doxorubicin. For intrathecal
chemotherapy, methotrexate was administered once weekly for
six times. Leukemic cells were isolated from peripheral blood
or bone marrow aspirates of patients before chemotherapy by
using ficoll-hypaque gradient centrifugation. In order to have an
adequate number of blasts for immunofluorescence, we chose
patients with more than 30% blasts. After twice washing, cell
concentration was adjusted to 1x10%mL and then cytocentrifuged
samples were prepared and stored at -20°C. The percentage of
blast cells was always higher than 90% after separation.

Analysis of expression of markers

Biotin-Avidin immunocytochemistry was used to study Bcl-2
expression. Slides were incubated with phosphate buffered saline
(PBS) containing 3% H,0, to block endogenous peroxidase and
then incubated with a 1:50 dilution of monoclonal mouse antibody
to human Bcl-2 oncoprotein for two hours followed by a 1:100
dilution of goat biotinylated anti-mouse immunoglobulin for one
hour and a 1:200 dilution of peroxidase conjugated streptavidin
for 45 minutes. All monoclonal antibodies and reagents of the
experiments were purchased from Dako, Glostrup, Denmark.
During incubation periods, slides were washed thoroughly with
PBS. Peroxidase activity was detected using diaminobenzidine in
3% H,0,. Cells were counterstained by hematoxylin after which
slides were examined for the percentage of Bcl-2 positive cells.
Staining intensity was scored as weak (1+), moderate (2+), and
strong (3+). The staining index was calculated by multiplying
the percentage of positive cells by staining intensity. The positive
control consisted of cells isolated from chronic lymphocytic
leukemia and the negative control for each case was an unrelated
monoclonal antibody. Due to the variation in Bcl-2 expression
levels, we analyzed the patients using a cut-off criterion of
20% or more blast cells that expressed Bcl-2 molecule. For
analyzing the expression of the lymphoid and MY, an indirect
immunofluorescence analysis on isolated blood or marrow
mononuclear cells using specific monoclonal antibodies was
performed. CD7, CD10, CD13, CD19, and CD33 monoclonal
antibodies were used in this study. Cells (1x10%/mL) were treated
with predetermined amounts of monoclonal antibodies. After a
two hour incubation, cells were washed and then a 1:100 dilution
of fluorescein conjugated goat anti-mouse immunoglobulin was
added. After an hour of incubation at dark the cells were washed
and analyzed by a Ziess fluorescence microscope. Samples were
considered positive when more than 20% of the cells stained with

particular antibody.

Statistical analysis

Data were analyzed using Statview Statistical Software Package
(SPSS, Abaus Concepts, Berkeley, CA, USA). The relationship
between the expression of markers and parameters including sex,
FAB subtype, and extramedullary disease (EXD) in the central
nervous system, testis, spleen, liver, and lymph nodes were
analyzed by Fisher’s exact test. The relationship of expression of
markers to quantitative parameters of age, Hb, platelets, and white
blood cell counts (WBC) were studied by independent samples
t-test. Duration of survival was measured from the date of entry
into the study and complete remission duration (CRD) calculated
from the date complete remission was achieved. Survival and
remission duration curves were plotted according to the method of
Kaplan and Meier? and in different groups were compared by the
log-rank test. The respective influence of different parameters on
survival or CRD was calculated according to the Cox-proportional
hazard regression method. A predictive value of less than 0.05
was chosen as the level of significance.

Results

ALL subtypes

According to the criteria of FAB classification, 3% of patients
had L1 subtype, 91% L2, and 6% had L3 subtype. Using specific
monoclonal antibodies it was determined that 17.6% of cases
expressed more than 70% CD7 (T-ALL) and 82.4% expressed
more than 70% CD19 antigen (B-ALL). CD10 molecule was
expressed in 21 of 28 CD19* patients (75%).

Bcl-2 expression

Results of Bcl-2 expression are shown in Table 1. Variant levels
of Bel-2 were expressed in patients (range 8 — 80%). The overall
frequency of expression of Bcl-2 was 44.2+25.5% and the overall
staining index was 85.6+73.7. A cut off point of 20% Bcl-2
positivity was chosen to discriminate Bcl-2* and Bel-2- cases. Bel-
2" patients were 22 out of 34 (64.7%). Expression of Bcl-2 showed
no significant correlation with different FAB subtypes of ALL.
Bcl-2 was expressed in 6/6 of CD7* patients and 16/28 (57.1%) of
CD19" cases. Statistical analysis of the Bcl-2 expression showed
no significant association with the expression of lymphoid and
MY.

CD13 and CD33 myeloid antigen expression

A low number of patients (3, 8.8%) were positive for at least
one of the MY expression (MY*ALL) (Table 1). Frequency of
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Table 2. Relationship between expression of markers and response to therapy.

Antigen No. of patients CRD (days) P-value Survival (days) P-value
CD13* 1 450+115 5504227

CD13 33 701+166 — 10084230 —
CD33* 3 383+58 473468

CD33 31 724+144 <0.001 1045+186 <0.001
Bel-2* 22 682+170 9594245

Bel-2- 12 716173 0.3 10594230 0.2
Values are mean+SD. P values are based on log-rank tests comparing complete remission duration (CRD) and survival of patients with and without
expression of marker.
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Figure 1 . Survival and complete remission duration (CRD) curves for myeloid antigens (CD13 and/or CD33) plotted using Kaplan-Meier method.
Significant differences are observed. Expression of marker is shown by (- -) and lack of expression shown by (-). RR=relative risk.

expression of CD13 and CD33 MY was 3% and 8.8%, respectively.
ANl MY" patients were CD33". No significant correlation between
expression of myeloid markers and expression of lymphoid
markers was found.

Clinical and biological characteristics of patients

The clinical and biological features of patients including WBC
and platelet count, gender, and age did not significantly differ
between Bel-2* and Bcel-2- patients. Expression of Bcl-2 in high-
risk group patients, including children who have WBC count of
50,000/uLL or more (four patients) compared to those with less
than 50,000/uL showed no significant difference. Among other
factors that affect the high risk group, Bcl-2 showed a significant
correlation with CD7 positivity. All T-ALL patients were Bcl-
2" (P=0.001). Study of clinical response according to Bcl-2
expression in patients with ALL revealed that although the overall
survival for Bcl-2* cases (9594245 days) was less than that of Bel-
2" (1059+230 days), the difference was not significant (P=0.2).
CRD did not also significantly differ between Bcl-2* (6824170
days) and Bcl-2- (716£173 days) patients (P=0.3). Of patients,
11 out of 22 Bcl-2" achieved CR (P=0.1). Bcl-2 index did not
correlate with survival or CRD (data not shown).

Results of the study of the relationship between MY expression
and disease outcome are shown in Table 2. CD33 antigen showed
significant association with survival and CRD. Survival for
CD33" patients (473+£68 days) was shorter than CD33 patients
(1045+186, P<0.0001) indicating an unfavorable outcome in
MY" ALL patients when compared with MY~ ones. A similar
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result was obtained for survival in a CD13" case (5504227 days)
versus CD13- patients (10084230 days). In multivariate analysis
the influence of CD33 MY remained significant (P<0.001; Figure
1).

In Figure 2 the effects of MY and Bcl-2 expression on survival
and CRD of patients is demonstrated. As shown, both survival
and CRD in MY"Bcl-2" patients are shorter than MY Bcl-2-
cases (P<0.001). The influence of different combinations of MY
and Bcl-2 on survival and CRD of patients are noted (Figure
2). Survival or CRD of MY*Bcl-2* patients were similar to a
MY Bcl-2- patient; however, statistical analysis due to the low
number of cases was not possible.

In this study, overall survival and CRD were not associated
with WBC count, platelet count, and other parameters (data not
shown).

Discussion

The clinical importance of aberrant expression of two MY
including CD13 and CD33 was examined in children with ALL.
We found that 8.8 % of all cases expressed at least one of these
myeloid markers. The frequency of MY expression in ALL cases
has been reported to vary with age and a range of 7% to 25% in
childhood ALL and up to 40% in adult ALL has been suggested.? >
According to MY expression when we divided our patients into
MY" and MY~ cases a significant difference between MY™ and
MY~ patients in regard to CRD and survival was observed, which
indicated the impact of the myeloid molecules on response
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Figure 2. Comparison between survival and complete remission duration
(CRD) of various groups of patients according to Bcl-2 and myeloid CD13
and/or CD33 (MY) antigen expression. MY*Bcl-2* cases compared with
MY-Bcl-2-and MY-Bcl-2* is significant (P<0.001).

to therapy. Aberrant expression of MY have been previously
observed both in adult and childhood ALL. In adult ALL a few
early studies have shown an inferior outcome for MY™ compared
to MY ALL patients, the other published series demonstrated no
prognostic correlation using high-dose chemotherapy regimens
between these two groups.” In children, similarly, prognostic
significance of expression of MY has been studied with conflicting
results.* Wiersma et al. have shown the clinical importance of
MY expression in childhood ALL.* Similarly, Cantt-Rajnoldi
et al. showed the overall incidence of childhood ALL expressing
MY were low, but they reported evidence that this co-expression
may be related to an unfavorable clinical course.?® In contrast,
myeloid-associated antigen expression lacks prognostic value in
childhood ALL treated with intensive multiagent chemotherapy
in two other studies.**?” In a recent study on Malaysian patients
MY co-expression was fairly common and constituted 23% of
childhood ALL within the Malaysian population, but it was not
an adverse risk factor in childhood ALL.?® These results indicated
that the clinical and biologic significance of myeloid positive
ALL is different among studies. Differences in definitions of MY
expression, immunophenotyping methods, study populations and
treatment regimens may explain the discordant results.

Bcl-2 anit-apoptotic protein expression has been associated
with tumor cell survival and resistance to chemotherapy
in hematological malignancies.”” In ALL, despite several
investigations, the biological role and prognostic value of Bcl-2
antigen expression on leukemic blasts still remains poorly defined.
In our study, we analyzed a series of 34 patients with ALL using
a cut-off criterion of 20% or more blast cells that expressed Bcl-2
molecule. Of cases, 64.7% were positive for Bcl-2. In contrast
to a study reporting the lower frequency of expression of Bcl-2
in T rather than B-lineage ALL,* all cases of CD7 positive ALL
(T-ALL) in our study expressed Bcl-2. We found that neither
age, sex, EXD, Hb, WBC, platelet nor immunological phenotype
was associated with high levels of Bcl-2 protein expression. In
agreement with these results, none of the high-risk features
predictive of poor treatment outcome such as high WBC count,
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organomegaly and T-lineage immunophenotype was associated
with high levels of Bcl-2 expression in another study performed
by Uckun et al.’!

As results of our study showed, Bcl-2 expression in ALL blasts
was not associated with poor clinical outcome. In previous studies,
Bcl-2 expression in clinical samples has yielded contrasting
results. In a study performed by Wutcher et al. expression levels
of Bel-2 did not predict the response to induction chemotherapy
and relapse rate in childhood ALL.* Also, in a 28 untreated cases
of ALL, high expression of Bcl-2 was not an unfavorable factor
for disease outcome.** In contrast, lower Bcl-2 expression has
been shown to be associated with poorer outcome by Coustan-
Smith et al.** The inconsistency observed in these results could
be probably due to technical differences, patient selection and
other important factors, such as the number of cases screened,
differences in therapy among the studies and cytogenetics, which
was not included in our study.

As results of our study showed, MY expression has stronger
impact on the prognosis of ALL than Bcl-2. To study the impact
of MY expression in combination with Bcl-2 expression on the
prognosis of the patients, survival and CRD of MY*Bcl-2* pa-
tients were compared to that of MY Bcl-2"cases. As results of the
study showed survival and CRD in the two groups were almost
similar, suggesting that Bcl-2 expression could not be an additive
prognostic factor to MY expression for predicting the response
to therapy in childhood ALL. A limitation of our study was the
relatively small sample size. Indeed, study on a larger sample of
patients is necessary to confirm these results. It is worthy to note
that in our previous study on adult Iranian patients with ALL, we
found that Bcl-2 expression in ALL blasts was associated with
poor clinical outcome. Besides, MY expression was a more pow-
erful poor prognostic factor compared to Bcl-2 protein and the
Bcl-2 molecule was also shown to influence survival of MY™ pa-
tients.* These differences between the role of Bcl-2 on disease
outcome in children and adults may come from the fact that pedi-
atric and adult ALL are distinct diseases based on their molecular
characteristics.

In conclusion, MY expression was a stronger predictor of
treatment outcome rather than Bcl-2 in childhood ALL. Further
studies with larger numbers of patients may provide additional
information regarding the clinical impact of Bcl-2 and MY
expression in pediatrics and adult ALL.

Disclosures: None

Acknowledgement

This work was supported by grant 1387 from Shiraz University
of Medical Sciences.

References

1. Ravindranath Y. Recent advances in pediatric acute lymphoblastic and
myeloid leukemia. Curr Opin Oncol. 2003; 15: 23 — 35.

2. Faderl S, O’brien S, Pui CH, Stock W, Wetzler M, Hoelzer D, et al.
Adult acute lymphoblastic leukemia: Concepts and strategies. Cancer.
2010; 116: 1165 — 1176.

3. Zivny J, Klener P Jr, Pytlik R, Andera L. The role of apoptosis in cancer
development and treatment: Focusing on the development and treat-
ment of hematologic malignancies. Curr Pharm Des. 2010; 16: 11 —33.

4. Brenner D, Mak TW. Mitochondrial cell death effectors. Curr Opin Cell
Biol. 2009; 21: 871 — 877.

Archives of Iranian Medicine, Volume 14, Number 3, May 2011 173



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Richardson A, Kaye SB. Pharmacological inhibition of the Bcl-2 family
of apoptosis regulators as cancer therapy. Curr Mol Pharmacol. 2008,
1:244 - 254.
Menendez P, Vargas A, Bueno C, Barrena S, Almeida J, De Santiago M,
et al. Quantitative analysis of bcl-2 expression in normal and leukemic
human B-cell differentiation. Leukemia. 2004; 18: 491 — 498.
Fulda S. Cell death in hematological tumors. Apoptosis. 2009; 14: 409
—423.
Amirghofran Z, Monabati A, Gholijani N. Androgen receptor expression
in relation to apoptosis and the expression of cell cycle related proteins
in prostate cancer. Pathol Oncol Res. 2004; 10: 37 — 41.
Narayan S, Chandra J, Sharma M, Naithani R, Sharma S. Expression
of apoptosis regulators Bel-2 and Bax in childhood acute lymphoblastic
leukemia. Hematology. 2007; 12: 39 —43.
Del Principe MI, Del Poeta G, Maurillo L, Buccisano F, Venditti A,
Tamburini A, et al. P-glycoprotein and Bcl-2 levels predict outcome in
adult acute lymphoblastic leukaemia. Br J Haematol. 2003; 121: 730
—738.
Fedasenka UU, Shman TV, Savitski VP, Belevcev MV. Expression
of MDR1, LRP, CRP and Bcl-2 genes at diagnosis of childhood all:
Comparison with MRD status after induction therapy. Exp Oncol. 2008;
30: 248 — 252.
Hafez M, Al-Tonbary Y, El-Bayoumi MA, Hatem N, Hawas S, Mansour
A, et al. Markers of apoptosis and proliferation related gene products
as predictors of treatment outcome in childhood acute lymphoblastic
leukemia. Hematology. 2007; 12: 209 —218.
Salomons GS, Smets LA, Verwijs-Janssen M, Hart AA, Haarman
EG, Kaspers GJ, et al. Bcl-2 family members in childhood acute
lymphoblastic leukemia: Relationships with features at presentation,
in vitro and in vivo drug response and long-term clinical outcome.
Leukemia. 1999; 13: 1574 — 1580.
Kalina T, Vaskova M, Mejstrikova E, Madzo J, Trka J, Stary J, et al.
Myeloid antigens in childhood lymphoblastic leukemia: Clinical data
point to regulation of CD66¢ distinct from other myeloid antigens. BMC
Cancer. 2005; 12: 5: 38.
Wiersma SR, Ortega J, Sobol E, Weinberg KI. Clinical importance of
myeloid-antigen expression in acute lymphoblastic leukemia of child-
hood. N Engl J Med. 1991; 324: 400 — 408.
Tanyeli A, Erbey F, Bayram I, Komiir M. Myeloid antigen positivity in
Turkish children with acute lymphoblastic leukemia lacks influence on
prognosis. Asian Pac J Cancer Prev. 2010; 11: 1823 — 1826.
Cacciola E, Guglielmo P, Cacciola E, Stagno F, Cacciola RR, Impera
S. CD34 expression in adult acute lymphoblastic leukemia. Leuk Lym-
phoma. 1995; 1: 31 — 36.
Pui CH, Bchm FG, Singh B, Rivera GK, Schell MJ, Roberts WM, et al.
Myeloid-associated antigen expression lacks prognostic value in child-
hood acute lymphoblastic leukemia treated with intensive multiagent
chemotherapy. Blood. 1990; 75: 198 — 202.
Boucheix C, David B, Sebban C, Racadot E, Bene MC, Bernard A, et
al. Immunophenotype of adult acute lymphoblastic leukemia, clinical
parameters, and outcome: an analysis of a prospective trial inducing 562
tested patients (LALAS86). Blood. 1994; 84: 1603 — 1612.
Kaplan EL, Meier P. Non-parametric estimation from incomplete
observations. J Am Statist Assoc. 1958; 53: 457 — 481.

Abdelhaleem M. Frequent but nonrandom expression of myeloid

174 Archives of Iranian Medicine, Volume 14, Number 3, May 2011

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Bcl-2 and Myeloid Anfigen Expression in Childhood ALL

markers on de novo childhood acute lymphoblastic leukemia. Exp Mol
Pathol. 2007; 83: 138 — 141.

Preti HA, Huh YO, O’Brien SM, Andreeff M, Pierce ST, Keating M,
et al. Myeloid markers in adult acute lymphoblastic leukemia. Cancer:
1995; 76: 1564 — 1570.

Yenerel MN, Atamer T, Yavuz AS, Kucukkaya R, Besisik S, Aktan
M, et al. Myeloid antigen expression provides favorable outcome in
patients with adult acute lymphoblastic leukemia: A single-center study.
Ann Hematol. 2002; 81: 498 — 503.

Putti MC, Rondelli R, Cocito MG, Arico M, Sainati L, Conter V, et
al. Expression of myeloid markers lacks prognostic impact in children
treated for acute lymphoblastic leukemia: Italian experience in AIEOP-
ALL 88-91 studies. Blood. 1998; 92: 795 — 801.

Wiersma SR, Ortega J, Sobol E, Weinberg KI. Clinical importance
of myeloid-antigen expression in acute lymphoblastic leukemia of
childhood. N Engl J Med. 1991; 324: 400 — 408.

Cantu-Rajnoldi A, Putti C, Saitta M, Granchi D, Foa R, Schiro R, et al.
Co-expression of myeloid antigens in childhood acute lymphoblastic
leukaemia: Relationship with the stage of differentiation and clinical
significance. BrJ Haematol.1991; 79: 40 — 43.

Pui CH, Bchm FG, Singh B, Rivera GK, Schell MJ, Roberts WM,
et al. Myeloid-associated antigen expression lacks prognostic value
in childhood acute lymphoblastic leukemia treated with intensive
multiagent chemotherapy. Blood. 1990; 75: 198 —202.

Ng SM, Ariffin WA, Lin HP, Chan LL, Chin YM. Clinical features
and treatment outcome of children with myeloid antigen coexpression
in B-lineage acute lymphoblastic leukemia: A study of 151 Malaysian
children. J Trop Pediatr. 2000; 46: 73 — 78.

Capitani N, Baldarl CT. The Bcl-2 family as a rational target for the
treatment of B-cell chronic lymphocytic leukaemia. Curr Med Chem.
2010; 17: 801 — 811.

Salomons GS, Smets LA, Verwijs-Janssen M, Hart AA, Haarman
EG, Kaspers GJ, et al. Bcl-2 family members in childhood acute
lymphoblastic leukemia: Relationships with features at presentation,
in vitro and in vivo drug response and long-term clinical outcome.
Leukemia. 1999; 13: 1574 — 1580.

Uckun FM, Yang Z, Sather H, Steinherz P, Nachman J, Bostrom B, et
al. Cellular expression of antiapoptotic BCL-2 oncoprotein in newly
diagnosed childhood acute lymphoblastic leukemia: a Children’s
Cancer Group Study. Blood. 1997; 15: 3769 —3777.

Wauchter C, Karawajew L, Ruppert V, Schrappe M, Harbott J, Ratei
R, et al. Constitutive expression levels of CD95 and Bcl-2 as well as
CD95 function and spontaneous apoptosis in vitro do not predict the
response to induction chemotherapy and relapse rate in childhood acute
lymphoblastic leukaemia. BrJ Haematol. 2000; 110: 154 — 160.
Tsurusawa M, Sacki K, Katano N, Fujimoto T. Bcl-2 expression and
prognosis in childhood acute leukemia. Children’s Cancer and Leuke-
mia Study Group. Pediatr Hematol Oncol. 1998; 15: 143 — 155.
Coustan-Smith E, Kitanaka A, Pui CH, McNinch L, Evans WE,
Raimondi SC, et al. Clinical Relevance of BCL-2 overexpression in
childhood acute lymphoblastic leukemia. Br J Haematol. 2000; 110:
154 —160.

Amirghofran Z, Daneshbod Y, Gholijani N. BCL-2 in combination to
myeloid antigen expression in adult acute lymphoblastic leukemia and
prognostic outcome. Oncol Res. 2009; 17: 447 — 454.



