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Abstract: Objective: Notch signaling pathways are essential for cell proliferation, differentiation, and apoptosis.
Fludarabine is widely used in the treatment of chronic lymphocytic leukemia (CLL). The present study aimed to
investigate the effects of Notch-1 siRNA and fludarabine on cell growth and chemosensitivity in CLL cells. Materials
and methods: Human CLL cell line MEC-1 was treated with Notch-1 siRNA and fludarabine. In the Notch-1 siRNA
plus fludarabine group, Notch1 siRNA was transfected into MEC-1 cells before fludarabine treatment. Expression
of Notch-1 mRNA and protein levels were determined by Quantitative Real-Time Polymerase Chain Reaction and
Western blotting, respectively. Cell proliferation and apoptosis were detected by MTT assay and flow cytometry,
respectively. Moreover, this study measured expression of anti-apoptotic factor Bcl-2 and pro-apoptotic protein Bax.
Results: Treatment with 1.6 µg/mL of fludarabine for 24 hours and Notch-1 siRNA-6150 were used. Notch-1 siRNA
effectively downregulated expression of Notch-1 in CLL cells. Both downregulation of Notch-1 by siRNA and fludarabine treatment suppressed cell growth and increased cell apoptosis. The combination of Notch-1 siRNA and
fludarabine led to an enhancement in growth inhibition and apoptosis rates in CLL cells, relative to single treatment.
Notch-1 siRNA and fludarabine treatment induced a significant increase in expression of Bax and a decrease in
expression of Bcl-2 in CLL cells. Notch siRNA synergistic fludarabine further increased the expression change of Bax
and Bcl-2. Discussion: Cell growth inhibition caused by Notch-1 siRNA and fludarabine treatment might be related to
cell apoptosis induction. Downregulation of Notch-1 may increase chemosensitivity to fludarabine in CLL.
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Introduction
Chronic lymphocytic leukemia (CLL) is one of
the most common hematological malignancies
in adults, worldwide [1]. It is characterized by
proliferation of aberrant monoclonal B lymphocytes with defective cell death mechanisms in
peripheral blood and bone marrow, lymph nodes, and the spleen [2-4]. Incidence of CLL has
increased yearly, likely due to the advancement
of diagnostic methods and environmental aspects. CLL is a heterogeneous disease with a
significant variation in disease progression [5].
Although current advancements have improved
remission rates and long-term survival of patients, CLL remains an incurable malignant blood disease [4, 6, 7]. Development of effective
therapeutic targets will largely contribute to the
treatment of CLL.

Fludarabine, a purine analogue and cell cycle
non-specific drug, has been widely used in the
treatment of CLL, inhibiting DNA repair in resting cells and DNA synthesis in dividing cells [8].
Fludarabine has been considered the most
effective drug in treating CLL and is recommended as the frontline therapy [9]. Notch signaling pathway plays an essential role in regulating various cell processes. Aberrant regulation of Notch signaling pathways will lead to
abnormal tissue development, along with occurrence of tumors and other diseases [10, 11].
Accumulating evidence has indicated that inhibition of Notch-1 expression in tumor cells can
increase cell apoptosis and inhibit cell proliferation [12, 13]. Nefedova et al. [14] indicated that
inhibition of Notch signaling prevented drug
resistance and enhanced sensitivity to chemotherapy of cancer cells. However, cross-talk
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between fludarabine and Notch signaling pathways has not been demonstrated.
In the present study, researchers investigated
the effects of silencing Notch-1 and fludarabine
treatment on cell growth and apoptosis in CLL.
Moreover, this study explored whether down
regulation of Notch signaling could sensitize
CLL cells to fludarabine chemotherapeutics.
Materials and methods
Cell culture and treatment
Human CLL cell line MEC-1 was cultured in Dulbecco’s Modified Eagle Medium (DMEM, Hyclone, Logan, USA) supplemented with 10%
feral bovine serum (FBS) at 37°C under 5% CO2
humidified atmosphere. Cells were plated and
cultured in 6-well plates. After reaching 80%
confluence, cells were treated with scrambled
siRNA, Notch-1 siRNA, fludarabine, and Notch-1
siRNA + fludarabine, respectively. To determine
the effects of concentrations and exposure
times of fludarabine, cells were incubated with
various concentrations (0.2 µg/mL, 0.4 µg/mL,
0.8 µg/mL, 1.6 µg/mL, 3.2 µg/mL) of fludarabine for 24 hours, 48 hours, and 72 hours, respectively. After treatment, cells were harvested for further experimentation.
Small interference RNA (siRNA) treatment
Three Notch-1 siRNA sequences (Notch-1 siRNA-2010, siRNA-6150, and siRNA-780) were
used to examine the efficiency of silencing Notch-1 mRNA expression in MEC-1 cells. Specific
sequences for three Notch-1 siRNAs were as
follows: Notch-1 siRNA-2010 forward: 5’-CAGGGAGCAUGUGUAACAUTT-3’ and reverse: 5’-AUGUUACACAUGCUCCCUGTT-3’; Notch-1 siRNA6150 forward: 5’-GGGCUAACAAAGAUAUGCATT-3’ and reverse: 5’-UGCAUAUCUUUGUUAGCCCTT-3’; Notch-1 siRNA-780 forward: 5’-GUCCAGGAAACAACUGCAATT-3’ and reverse: 5’-UUGCAGUUGUUUCCUGGACTT-3’. Negative control
siRNA (forward: 5’-UUCUCCGAACGUGUCACGUTT3’ and reverse: 5’-ACGUGACACGUUCGGAGAATT-3’) did not match any known mammalian
gene bank sequences. MEC-1 cells were transfected with Notch-1 siRNAs or control siRNA
that had been precomplexed with Lipofectamine
2000 (Invitrogen, Carlsbad, CA, USA).
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Measurement of cell viability
Cell viability was evaluated with 3-(4,5-dimethylthiozol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay [15]. Briefly, MEC-1 cells were plated and cultured in 96-well plates. Cells in scrambled siRNA and Notch-1 siRNA groups were
transfected with scrambled siRNA and Notch-1
siRNA, respectively. Cells in the fludarabine group were treated with fludarabine. Cells in the
Notch-1 siRNA + fludarabine group were transfected with Notch-1 siRNA before fludarabine
treatment. After washing twice with PBS, the
cells were incubated in the presence of MTT for
4 hours at 37°C. MTT solution was then removed and replaced with 10% dimethylsulfoxide (DMSO) to solubilize formazan product at
37°C for 6 minutes. Optical density of the active cells was quantified at 540 nm.
Flow cytometric detection for cell apoptosis
Cells (with a density of 5×105) were harvested
by trypsinization and fixed using 4% paraformaldehyde at 4°C, overnight, to detect cell apoptosis. Cells were washed twice with cold PBS
and re-suspended in 50 µl pre-cooling binding
buffer and 5 µl 7-amino-actinomycin D (7-AAD)
dye solution. This was followed by incubation at
room temperature for 15 minutes under dark
conditions. After the addition of 450 µl binding
buffer, 1 µl Annxin V-phycoerythrin (PE) dye solution was added. Cells were then incubated
under dark conditions at room temperature for
15 minutes. Apoptotic cells were annexin V-PE
positive and 7-AAD negative. Samples were placed on a flow cytometer (Beckman Coulter, Chicago, USA) to measure apoptotic rates.
Quantitative real-time polymerase chain reaction (qRT-PCR) assay
TRIzol (Beyotime, Jiangsu, China) was used to
extract total RNA of the cells. cDNA was generated using Prime Script RT-PCR Kit (Thermo,
MAS, USA) on Roche 480 system (Roche, Dubai, UAE), following manufacturer instructions.
Synthesized first-strand cDNA was used as template and β-actin was applied as a normalization for PCR amplification, respectively. Standard curves and PCR results were analyzed
using Light Cycler 480 real-time PCR instrumentation. The following primers were used:
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Figure 1. Notch-1 siRNA downregulates expression of Notch-1 in CLL cells
and fludarabine treatment suppress CLL cell proliferation. A. Notch-1 siRNA
effectively downregulates expression of Notch-1 at the mRNA level in CLL
cells. B. Notch-1 siRNA suppresses expression of Notch-1 at the protein
level in CLL cells. C. Notch-1 protein levels were measured by Western blot.
All three Notch-1 siRNAs significantly downregulated expression of Notch-1
in CLL cells and Notch-1 siRNA-6150 showed the highest interfering efficiency. *P<0.05. D. Fludarabine suppresses cell proliferation in a dosagedependent manner in CLL cells. Treatment with 1.6 ug/mL of fludarabine
for 24 hours resulted in moderate cell injury for MEC-1 cells (with a cell
viability of 67.2%).

room temperature for 1 hours,
followed by incubation with primary antibodies against Notch1 (1:1000, Santa Cruz, CAL,
USA), Bax (1:1000, Santa Cruz,
CAL, USA), Bcl2 (1:1000, Santa
Cruz, CAL, USA), and β-actin
(1:1000, Santa Cruz, CAL, USA)
at 4°C overnight. Afterward,
the membrane was washed
with Tris-buffered saline with
0.1% Tween-20 (TBST) three
times and incubated with antirabbit or anti-mouse IgG conjugated horseradish peroxidase
secondary antibody (1:5000,
Zhongshan Jinqiao Biotechnology, Beijing, China) at room
temperature for 1 hour. Protein
bands were detected using an
enhanced chemiluminescence
detection kit (Millipore, Billerica, USA) and were analyzed
by laser densitometry with Multi Gauge version 4.0 (Fujinfilm
Life Science, Tokyo, Japan).
Quantitative analysis was normalized to βactin. All experiments were performed at least
three times.
Statistical analysis

Notch-1 forward: 5’-GGCACTTTCTGTGAGGAGGA-3’ and reverse: 5’-GCAGTCAGGCGTGTTGTTCT-3’; Bcl-2 forward: 5’-GAGGATTGTGGCCTTCTT-3’
and reverse: 5’-CCAGGAGAAATCAAACAGAG-3’;
Bax forward: 5’-CTGAGCAGATCATGAAGACA-3’
and reverse: 5’-CTCTGCAGCTCCATGTTACT-3’; βactin forward: 5’-CACTGTGCCCATCTACGA-3’
and reverse: 5’-TGATGTCACGCACGATTT-3’.

SPSS 20.0 software (SPSS Inc., Armonk, NY,
USA) was used to conduct statistical analysis.
Data are presented as mean ± standard deviation. All statistical tests were analyzed by twoway ANOVA. Statistical significance is defined
as P<0.05. Graphs were drawn using GraphPad
Prism 5.0 (GraphPad Software, La Jolla, CA,
USA).

Western blotting

Results

Western blotting was implemented for quantification of protein expression. Cells were lysed in
radioimmunoprecipitation assay (RIPA) buffer
(Cwbiotech, Bejing, China) containing a protease inhibitor. Total protein concentrations were
measured by BCA assay (Cwbiotech, Bejing,
China). Protein samples were separated using
10% sodium dodecyl sulfate polyacrylamide gel
electrophoresis and then were transferred to a
polyvinylidene difluoride membrane. The mebrane was blocked with 5% non-fat milk at
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Notch-1 siRNA effectively downregulates expression of Notch-1 in CLL cells
To evaluate the effects of siRNA on Notch signaling pathways, three types of Notch-1 siRNAs
(Notch-1 siRNA-2010, siRNA-6150, and siRNA780) were used. This study initially evaluated
the interfering efficiency of different siRNAs on
expression of Notch-1 at mRNA and protein levels. After transfection with three Notch-1 siRNAs and control siRNA for 48 hours, cells were
collected to examine the expression of Notch-1
Int J Clin Exp Med 2019;12(2):1771-1777
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dosedependent manner (Figure
1D). Treatment of MEC-1 cells
with 1.6 µg/mL of fludarabine
for 24 hours resulted in moderate cell injury (with a cell viability of 67.2%). Thus, treatment
with 1.6 µg/mL of fludarabine
for 24 hours was used in subsequent studies.
Downregulation of Notch-1 by
siRNA increases fludarabine
chemosensitivity
Effects of Notch-1 siRNA and
fludarabine on cell growth were
evaluated by MTT assay. Data
showed that both downregulation of Notch-1 and fludarabine
treatment resulted in a reduction of MEC-1 cell growth (P<
0.05, Figure 2A). Combination
of Notch-1 siRNA and fludarabine treatment led to an obvious enhancement in growth
inhibition relative to single treatment in MEC-1 cells (P<
0.05, Figure 2A). The influence
of Notch-1 siRNA and fludarabine on cell apoptosis was evaluated by flow cytometric detecFigure 2. Downregulation of Notch-1 by siRNA increases fludarabine chetion. Flow cytometry analysis
mosensitivity. A. Silencing Notch-1 and fludarabine treatment effectively
demonstrated that cell apoptoinhibited cell proliferation by MTT array. The combination of Notch-1 siRNA
and fludarabine led to an enhancement in growth inhibition relative to sinsis was significantly increased
gle treatment in CLL cells. B, C. Notch-1 siRNA and fludarabine treatment
after Notch-1 siRNA or fludarasignificantly increased cell apoptosis. The combination of Notch-1 siRNA
bine treatment (P<0.05, Figure
with fludarabine increased cell apoptosis rates in CLL cells. *P<0.05 rel2B and 2C). Growth inhibition
ative to control group, #P<0.05 relative to single treatment. NS: Notch-1
induced by Notch-1 siRNA and
siRNA, Flud: fludarabine.
fludarabine might be partially
attributed to the increase of
at mRNA and protein levels using qRT-PCR and
cell apoptosis. Moreover, to further verify the
Western blot analysis, respectively. Results
mechanisms of combined effects, this study
showed that all three Notch-1 siRNAs signifiinvestigated cell apoptosis rates induced by
cantly downregulated expression of Notch-1 at
fludarabine after Notch-1 siRNA transfection.
both mRNA (Figure 1A) and protein levels
Flow cytometry showed that the combination of
(Figure 1B and 1C) in CLL cells. Of these, NotchNotch-1 siRNA with fludarabine increased cell
1 siRNA-6150, showing the highest interfering
apoptosis rates in CLL cells relative to single
efficiency, was chosen for subsequent analytreatment (P<0.05, Figure 2B and 2C). Present
sis.
data suggests that Notch-1 siRNA transfected
MEC-1 cells were more sensitive to fludarabineFludarabine suppresses cell proliferation in a
induced apoptosis.
dosage-dependent manner in CLL cells
Notch-1 siRNA and fludarabine treatment upMEC-1 cells were incubated with 0.2 µg/mL,
regulates Bax and downregulates Bcl-2 in CLL
0.4 µg/mL, 0.8 µg/mL, 1.6 µg/mL, and 3.2 µg/
cells
mL of fludarabine for 24 hours, 48 hours, and
72 hours, respectively. Results revealed that
To further clarify the mechanisms of enhanced
fludarabine suppressed cell proliferation in a
cell apoptosis of CLL cells induced by Notch-1
1774
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Figure 3. Notch-1 siRNA and fludarabine treatment upregulates pro-apoptotic protein Bax and downregulates antiapoptotic factor Bcl-2 in CLL cells. A, B. Notch-1 siRNA and fludarabine treatment induce a significant increase
of Bax mRNA levels and a significant decrease of Bcl-2 mRNA levels. Notch siRNA synergistic fludarabine further
increase the changes of Bax and Bcl-2 mRNA levels. C-E. Notch-1 siRNA and fludarabine treatment induce a significant increase of Bax protein levels and a significant decrease of Bcl-2 protein levels. Notch siRNA synergistic
fludarabine further increase the changes of Bax and Bcl-2 protein levels. *P<0.05 relative to control group, #P<0.05
relative to single treatment. NS: Notch-1 siRNA, Flud: fludarabine.

siRNA and fludarabine, this study investigated
expression of anti-apoptotic factor Bcl-2 and
pro-apoptotic protein Bax. It was found that Notch-1 siRNA and fludarabine treatment induced
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a significant increase of Bax mRNA levels and a
significant decrease of Bcl-2 mRNA levels in
MEC-1 cells. Notch siRNA synergistic fludarabine further increasd changes of Bax and Bcl-2
Int J Clin Exp Med 2019;12(2):1771-1777
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mRNA levels (Figure 3A and 3B). Protein level
changes of Bax and Bcl-2 were consistent with
mRNA levels (Figure 3C-E). Results indicate
that fludarabine drug sensitivity enhanced by
silencing Notch-1 was related to downregulation of anti-apoptotic factor Bcl-2 and upregulation of pro-apoptotic protein Bax.
Discussion
Results of the present study showed that both
downregulation of Notch-1 by siRNA and fludarabine treatment suppressed cell growth and
increased cell apoptosis. Downregulation of Notch-1 was correlated with chemosensitivity of
fludarabine in CLL. Additionally, silencing Notch1 and fludarabine treatment downregulated anti-apoptotic factor Bcl-2 and upregulated proapoptotic protein Bax.
Notch signaling pathways play an important
role in cell proliferation, differentiation, survival, and apoptosis. Notch signal disorders, interacted with other signal pathways, can lead to
the occurrence of tumors in a variety of ways.
Previous studies have shown that abnormal
activation of Notch signaling pathways is associated with the development of various cancers, such as breast cancer [16], glioma [17],
nasopharyngeal carcinoma [18], and colon cancer [19]. A member of Notch family, Notch-1 is
most commonly detected in tumor tissues [20].
Abnormal expression of Notch-1 plays an
important role in the regulation of tumor growth,
metabolism, and cell apoptosis. Regulation of
Notch-1 may be considered a novel target for
treatment of CLL. To explore the effects of Notch-1 during the development of CLL, expression of Notch-1 in MEC-1 cells was interfered
using siRNAs. Results showed that silencing
Notch-1 in MEC-1 cells suppressed cellular proliferation and promoted cell apoptosis, consistent with previous studies [11, 21, 22].
Fludarabine has been widely used in the treatment of CLL. Previous studies have indicated
that fludarabine treatment could increase complete remission rates and overall response
rates of CLL patients [23, 24]. Fludarabine plus
cyclophosphamide is the recommended firstline treatment of CLL. However, drug resistance
is still an important issue in the treatment of
patients with CLL. Notch signaling pathways
play a critical role in the development and progression of tumors. This might be a new therapeutic target for the treatment of CLL. Previous
studies have indicated that silencing Notch-1
enhanced the sensitivity of drugs on tumors
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[12, 14]. The present study investigated whether silencing Notch-1 could affect the viability of
CLL cells and the sensitivity to fludarabine chemotherapy. In this experiment, the synergistic
effects of silencing Notch-1 and fludarabine
treatment on CLL cells were studied. Present
results confirmed the role of Notch-1 in the pathogenesis of CLL, finding that silencing Notch1 enhanced CLL cell sensitivity to fludarabine.
Previous studies have shown that Bax and
Bcl-2 are involved in the apoptosis of tumor
cells and downregulation of Bax or upregulation
of Bcl-2 can reverse the apoptosis effects of
drugs [25-27]. The present study demonstrated
that cell apoptosis was increased, along with
the upregulation of Bax and downregulation of
Bcl-2. It was also found that both silencing
Notch-1 and fludarabine treatment increased
Bax expression and reduced Bcl-2 expression
at mRNA and protein levels. Therefore, results
suggest that silencing Notch-1 can enhance
fludarabine-induced cell apoptosis, possibly
mediated by Notch pathways via regulation of
Bcl-2 family expression.
Conclusion
The present study demonstrated that cell
growth inhibition caused by Notch-1 siRNA and
fludarabine treatment might be associated with
cell apoptosis induction. Moreover, downregulation of Notch-1 could enhance chemosensitivity to fludarabine in CLL. Future studies should combine the inhibitors of Notch molecules
with neoplastic drugs, aiming to further investigate the roles of Notch signaling in chemotherapeutic drug sensitivity and demonstrate the
specific regulatory roles of Notch signaling
pathways in the treatment of tumors.
Acknowledgements
This study was supported by a grant from
Medical Science and Technology Development
Program of Shandong Province, China: No.
2016WS0472.
Disclosure of conflict of interest
None.
Address correspondence to: Ke-Hong Bi, Department of Hematology, Qianfoshan Hospital Affiliated
to Shandong University, No. 16766 Jingshi Road,
Lixia District, Jinan 250014, Shandong Province, China. Tel: +86-13583107822; E-mail: bikehong11@
126.com

Int J Clin Exp Med 2019;12(2):1771-1777

Notch-1 siRNA enhances chemosensitivity in CLL cells
References
[1]
[2]
[3]

[4]

[5]
[6]

[7]
[8]

[9]

[10]
[11]
[12]

[13]

[14]

[15]

1777

Rozman C and Montserrat E. Chronic lymphocytic leukemia. N Engl J Med 1995; 333: 10521057.
Dighiero G and Hamblin TJ. Chronic lymphocytic leukaemia. Lancet 2008; 371: 10171029.
Montserrat E, Bauman T and Delgado J.
Present and future of personalized medicine in
CLL. Best Pract Res Clin Haematol 2016; 29:
100-110.
Rozovski U, Hazan-Halevy I, Keating MJ and
Estrov Z. Personalized medicine in CLL: current
status and future perspectives. Cancer Lett
2014; 352: 4-14.
Chiorazzi N, Rai KR and Ferrarini M. Chronic
lymphocytic leukemia. N Engl J Med 2005;
352: 804-815.
Cramer P, Hallek M and Eichhorst B. State-ofthe-art treatment and novel agents in chronic
lymphocytic leukemia. Oncol Res Treat 2016;
39: 25-32.
Veliz M and Pinilla-Ibarz J. Treatment of relapsed or refractory chronic lymphocytic leukemia. Cancer Control 2012; 19: 37-53.
Souchet-Compain L, Nguyen S, Choquet S and
Leblond V. Fludarabine in Waldenstrom’s macroglobulinemia. Expert Rev Hematol 2013; 6:
229-237.
Rai KR, Peterson BL, Appelbaum FR, Kolitz J,
Elias L, Shepherd L, Hines J, Threatte GA,
Larson RA, Cheson BD and Schiffer CA.
Fludarabine compared with chlorambucil as
primary therapy for chronic lymphocytic leukemia. N Engl J Med 2000; 343: 1750-1757.
Miele L. Notch signaling. Clin Cancer Res
2006; 12: 1074-1079.
Kopan R and Ilagan MX. The canonical Notch
signaling pathway: unfolding the activation
mechanism. Cell 2009; 137: 216-233.
Zang S, Chen F, Dai J, Guo D, Tse W, Qu X, Ma
D and Ji C. RNAi-mediated knockdown of
Notch-1 leads to cell growth inhibition and enhanced chemosensitivity in human breast cancer. Oncol Rep 2010; 23: 893-899.
Aktas S, Zadeoglulari Z, Ercetin P and Olgun N.
The effect of differentiating and apoptotic
agents on notch signalling pathway in hepatoblastoma. Hepatogastroenterology 2010; 57:
891-898.
Nefedova Y, Sullivan DM, Bolick SC, Dalton WS
and Gabrilovich DI. Inhibition of Notch signaling induces apoptosis of myeloma cells and
enhances sensitivity to chemotherapy. Blood
2008; 111: 2220-2229.
Mosmann T. Rapid colorimetric assay for cellular growth and survival: application to proliferation and cytotoxicity assays. J Immunol
Methods 1983; 65: 55-63.

[16] Guo S, Liu M and Gonzalez-Perez RR. Role of
Notch and its oncogenic signaling crosstalk in
breast cancer. Biochim Biophys Acta 2011;
1815: 197-213.
[17] Fukaya R, Ohta S, Yamaguchi M, Fujii H,
Kawakami Y, Kawase T and Toda M. Isolation
of cancer stem-like cells from a side population of a human glioblastoma cell line, SKMG-1. Cancer Lett 2010; 291: 150-157.
[18] Zhang Y, Peng J, Zhang H, Zhu Y, Wan L, Chen
J, Chen X, Lin R, Li H, Mao X and Jin K. Notch1
signaling is activated in cells expressing embryonic stem cell proteins in human primary
nasopharyngeal carcinoma. J Otolaryngol
Head Neck Surg 2010; 39: 157-166.
[19] Zhang Y, Li B, Ji ZZ and Zheng PS. Notch1 regulates the growth of human colon cancers.
Cancer 2010; 116: 5207-5218.
[20] Dykxhoorn DM, Novina CD and Sharp PA.
Killing the messenger: short RNAs that silence
gene expression. Nat Rev Mol Cell Biol 2003;
4: 457-467.
[21] Maillard I and Pear WS. Notch and cancer:
best to avoid the ups and downs. Cancer Cell
2003; 3: 203-205.
[22] Gao MQ, Choi YP, Kang S, Youn JH and Cho NH.
CD24+ cells from hierarchically organized
ovarian cancer are enriched in cancer stem
cells. Oncogene 2010; 29: 2672-2680.
[23] Wierda WG. Current and investigational therapies for patients with CLL. Hematology Am Soc
Hematol Educ Program 2006; 285-294.
[24] Keating MJ, O’Brien S, Albitar M, Lerner S,
Plunkett W, Giles F, Andreeff M, Cortes J,
Faderl S, Thomas D, Koller C, Wierda W, Detry
MA, Lynn A and Kantarjian H. Early results of a
chemoimmunotherapy regimen of fludarabine,
cyclophosphamide, and rituximab as initial
therapy for chronic lymphocytic leukemia. J
Clin Oncol 2005; 23: 4079-4088.
[25] Yoshino T, Shiina H, Urakami S, Kikuno N,
Yoneda T, Shigeno K and Igawa M. Bcl-2 expression as a predictive marker of hormonerefractory prostate cancer treated with taxanebased chemotherapy. Clin Cancer Res 2006;
12: 6116-6124.
[26] Chun E and Lee KY. Bcl-2 and Bcl-xL are important for the induction of paclitaxel resistance in
human hepatocellular carcinoma cells. Biochem Biophys Res Commun 2004; 315: 771779.
[27] Ueno H, Kondo E, Yamamoto-Honda R, Tobe K,
Nakamoto T, Sasaki K, Mitani K, Furusaka A,
Tanaka T, Tsujimoto Y, Kadowaki T and Hirai H.
Association of insulin receptor substrate proteins with Bcl-2 and their effects on its phosphorylation and antiapoptotic function. Mol
Biol Cell 2000; 11: 735-746.

Int J Clin Exp Med 2019;12(2):1771-1777

