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NEW ASPECTS IN THE MANAGEMENT OF BLOOD CANCER? 
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Abstract: Chronic myeloid leukemia (CML) is a slowly progressing haematological 
disorder, affecting mainly middle-aged and elderly people. Chemotherapy, stem cell 
therapy and interferon α treatment are the established methods to manage CML however 
the disease still remains incurable. Today a bcr-abl oncoprotein – a constantly expressed 
tyrosine kinase – is considered to be responsible for CML development thus most recently 
tyrosine kinase inhibitors emerge as potential tools to treat CML. However in many 
subjects a point mutation may lead to resistance against tyrosine kinase inhibitors, which 
requires the increase of applied doses or the introduction of combination therapies. Gene 
silencing is a promising therapeutic modality, raising the possibility of treatment of CML 
silencing of its oncogene expression. This review provides an update on the latest progress 
on gene silencing as a therapeutic tool in CML management. In vitro application of 
antisense siRNAs show promissing results and one candidate therapeutic agent is already 
under clinical trial. Gene silencing may be introduced in human therapy, therefore safety 
and efficacy of gene silencing is discussed in this review.  
 
Keywords: Fusion oncogene; Tyrosine kinase inhibitors; Gene silencing; Antisense; 
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Introduction 

 
Chronic Myeloid Leukemia (CML) is a rare haematological malignancy, char-

acterized with slow disease progression. The predominance of immature granulo-
cyte populations in the peripheral blood is the main hallmark of CML. The rest of 
the blood cells are displaced from the bone-marrow and they are unable to supply 
their function in the body, so the risk for infections grows.  

Due to the non-specific symptoms of CML, the diagnosis is often set up by rou-
tine hematological analysis. Thus in clinical tests – apart from bone-marrow biopsy 
– an important need is the development of cytogenetic and molecular biological 
diagnostic markers, which may help the early diagnosis and the introduction of 
targeted therapy. Follow-up analysis of the BCR-ABL transcript level by quantita-
tive PCR method is a potential marker to predict relapse [1, 2]. 

CML has a relatively rare incidence, [3] mostly affects people aged 65 years or 
older. According to the NCI’s SEER Cancer Statistics Review, based on survey 
between 2005–2009, the median age at diagnosis for chronic myeloid leukemia 

                                                           
1 Department of Nanobiotechnology and Regenerative Medicine, Faculty of Health Care, 

University of Miskolc 



K.-T. Dojcsák–Sz. Juhász–Fodor 

 

 

6 

was 64 years of age. The age-adjusted incidence rate was 1.6 per 100,000 men and 
women per year. This review estimates that 5,430 men and women (3,210 men and 
2,220 women) will be diagnosed with CML, presumably 610 men and women will 
die in this disease in 2012. By these prediction, 0.17% of men and women born 
today will be diagnosed with chronic myeloid leukemia at some time during their 
lifetime. 

The surviving rate has a close correlation with the stage of disease, with the 
early diagnosis and the responsiveness for the treatment. The overall 5-year relative 
survival for 2002–2008 from 18 SEER geographic areas was 59.1% [4]. The me-
dian age at death for chronic myeloid leukemia was 75 years of age. 

 
The molecular background of CML 
 

The first description of CML is dated back to 1845, when two patients were 
characterized with spleen enlargement connected with leukocytosis, but the phe-
nomenon was not explicable [5, 6].  

In 1973, Rowley observed a reciprocal chromosome transocation between the 9 
and 22 [t (9; 22)] chromosomes [7]. In this translocation, one part of the chromo-
some 22 coding BCR gene get through to the ABL coding region of the chromo-
some 9, so the latter becomes longer opposite with the chromosome 22 shortening. 
A short ABL region also translocates from the chromosome 9 to the chromosome 
22 creating abnormal BCR-ABL fusional gene [8, 9]. 

This translocation may effects different locuses inside a given gene, yielding fu-
sional genes with a different length and combination. The breaking in the ABL 
gene may happen anywhere within a > 300 kb segment at the 5’ end, most often 
upstream of the Ib exon, between exons Ib and Ia or between exons Ia and a2  
(Figure 1). 

In contrast, the most common breakpoint within the BCR gene, takes place in 
the 5.8 kb region, in the major breaking cluster region (M-bcr). This is a compre-
hensive five-exon region previously marked b1-b5, which corresponds to the re-
gion 12–16 of the BCR exon today. The resulting hybrid gene is named by the 
breaking points according to the above-mentioned b3a2 or b2a2 interfacing points. 
The protein transcribed from the aberrant gene is a 210 kDa fusion oncogene (p210 
BCR-ABL). 
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Figure. 1. Schematic representation of the breaking regions of BCR and ABL gene. 
The breaking in the ABL gene happens most often upstream of the Ib exon, between 

exons Ib and Ia or between exons Ia and a2 (black arrows). The most common 
breakpoint within the BCR gene is the major breaking cluster region (M-bcr). Cou-

pling of the different breaking end points results variant length of oncoproteins. 
 
In rare cases, the fracture of the BCR gene may occur in the so-called small bcr 

region (m-bcr), located upstream within the long (54.4 kb) introns [10]. As a result, 
a 190 kDa BCR-ABL fusion protein is generated (p190 BCR-ABL) [8, 9]. The 
largest fusion oncoprotein generated as a product of the p230 BCR-ABL (e19a2) 
oncogene, but this is rare in classic CML. 

As a result of the variability of breaking points, a variety of fusion protein ver-
sions may be formed. The type of p210 oncoprotein variant features neoplastic 
expansion of the granulocytes and megakaryocytes. These cells are trapped in mye-
locyte/metamyelocyte intermediate phase, and prevented in the differentiation and 
maturation processes [11]. 

In contrast, the phenotype connected with the p190 BCR-ABL oncoprotein is 
characterized by monocytosis, with low neutrophil/monocyte ratio. In case of the 
p190 variant, the progenitors suffer from a myeloproliferative defect, while the 
differentiation pathways of neutrophils fail as a result of the p210 variants. 

The fusion oncoprotein is responsible for the disease development. The ABL 
protein is normally a regulated tyrosine kinase enzyme that commutes between the 
nucleus and the cytoplasm, performing its role. Proapoptotic function mainly mani-
fested in most cellular and genotoxic responses [8]. In the chimeric onkoprotein, 
BCR is responsible for the dimerization of the two proteins. Phosphorylating each 
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other, they produce a continuously active tyrosine kinase enzyme. Due to its func-
tion, this oncoprotein is mostly located in the cytoplasm, causing the phosphoryla-
tion of several proteins. The oncoprotein participates in the regulation of signal 
transduction pathways, which causes cell proliferation independent to growth fac-
tors and helps cell survival of the undifferentiated forms through its anti-apoptotic 
effect. Beside these functions, it reduces the ability of leukemic cells to adhere to 
the bone marrow stroma and thus may increase the number of circulating immature 
blast cells [12]. These above mentioned processes result failure in the bone marrow 
progenitor cell differentiation.   

 
Therapeutic possibilities of CML 
 

Chemotherapy 
 

After the diagnosis, the initial treatment is a combination of chemotherapy and 
radiotherapy. Busulfan was the first used chemotherapeutic drug, it was replaced 
by Hydroxyurea. Chemotherapeutics play a role in the regulation of white blood 
cell count and symptomatic treatment mainly in the chronic phase. It rapidly lowers 
WBC counts and its main advantage is the per os applicability. Their effect how-
ever proved insignificant in the accelerated and blast phase, and a many side effects 
also occurred. They have an adverse effect on post-transplant survival as well. 

 
Transplantation 

 
Stem cell transplantation (allogenic or autologous) therapy ensured a new op-

portunity for – the chemotherapy resistant patients, but it has a lot of difficulties. 

The post-transplant relapse, however, were frequently observed phenomenon, 
caused by the main mediator allogeneic T cells. [8]. The other disadvantage is the 
transplant-related mortality, which can be quite high, ranging from 15% to more 
than 70%. 

 
Interferon-alpha  

 
The interferon alpha therapy applied as additional treatment option for patients 

who are not responding to transplantation. 10–30% of the patients achieved com-
plete recovery, providing complete cytogenetic response and longer survival com-
pared with current therapies. However the disadvantage of this therapy like serious 
side effects must be taken into account at about 90% of patients [13]. 
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Tyrosine-kinase inhibitor 
 

In the 1990’s a number of small molecule tyrosine kinase inhibitor has been iso-
lated and synthesized. Imatinib (Gleevec) become the most common. This small 
molecule is able to specifically inhibit the production both of the ABL-containing 
protein, and ABL-related (ARG) protein, thereby lowers abnormal cell growth rate 
and induces apoptosis [14, 15]. Imatinib was first used in 1998 for patients who 
cannot tolerate interferon herapy. As a consequence complete hematologic and 
cytogenetic response was achieved at 95% and 40–50% of the patients [16, 17] in 
chronic phase. This new drug has been soon appeared as a cutting-edge therapeutic 
agent, and currently used as a primary therapeutic option in most cases. The seven-
year (IRIS) study found that 74% of patients turned into complete cytogenetic re-
mission by 400 mg daily dose [18], and the overall survival ratio was 81% [19]. 

Despite these successes, some patients showed signs of Imatinib resistance or in-
tolerance. The main reason of this resistance is a point mutation in the kinase do-
main – such as BCR-ABL/T315I –, resulting Threonine/Isoleucine replacement in 
315 position. This causes conformational changes in the spatial structure of the 
protein, whereby the agent is unable to bind and exert its influence in the adenosine 
triphosphate binding pocket of the enzyme [20, 21]. 

T315I is the most common point mutation phenomenon which causes resis-
tance. This is the major problem during the application of tyrosine kinase inhibitors 
since the presence of the mutation excludes the application of Imatinib and some 
second-generation tyrosine kinases as well. Dasatinib and nilotinib are effective 
against a number of point mutations in small daily doses however they are not re-
ported as the final solution for patients bearing the T315I point mutation. After 
failure of the second-generation tyrosine kinase inhibitors, the Ambit Bioscience 
company started to develop a third generation product – the Aurora kinase inhibitor 
VX-680 – specifically against the major resistance-causing mutant BCR-ABL on-
coprotein mentioned previously [20]. 

In addition, the drug's effect may be reduced if its therapeutic concentration 
falls below the limit. Decreased import protein function, the presence of multi-drug 
resistance gene (MDR-1), or drug interactions may also play a role in this phe-
nomenon [19]. 

All of these underline the fact that the previous conventional treatments and the 
newer applied tyrosine kinase inhibitors will not be a permanent solution in CML 
treatment, so further therapies should be tried on the level of gene, therefore an-
tisense therapy or gene silencing can be a good candidate in this process. 

Gene therapy in the treatment of CML 
 
The discovery of RNA interference (RNAi) in the early 2000’s provided new 

hope for patients suffering from CML. The phenomenon of RNAi is a specific 
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mechanism in eukaryotic cells against foreign (e.g. viral) genetic material entering 
into the cells or failed nucleic acid products generated by cells.  

The process mediated by the antisense effect of small double-stranded RNA 
(siRNA) segments which arising or introduced into the cell. They integrate into the 
RNA Induced Silencing Complex (RISC), in which the sense strand breaks down 
and the antisense strand binds to the catalytic unit of the complex. The antisense 
strand recognizes and binds to the complementary mRNA segments by partial or 
complete homology and triggers their fragmentation and degradation. The break-
down is a series of hydrolysis – in the presence of Mg 2+ ions – during the cleavage 
enzyme splits the phosphodiester chain of mRNA resulting the release of 5' –PO3– 
and 3' –OH- groups [22]. Finally, the exonucleases bind to the RNA fragments and 
complete their degradation inside the cell [23].  

The molecular biology is trying to exploit this phenomenon, not only in creating 
models of diseases, but in the treatment of many incurable diseases and cancer 
therapy as well. During gene silencing the RNA interference – using the allocated 
synthetic siRNA sections – is applied to cancel mRNA molecules transcribed from 
fusion oncogenes and ultimately defective proteins arising from them. Chromoso-
mal translocation in chronic myeloid leukemia also results a fusion oncogene, 
which is exclusively expressed in myeloid cells [24]. The complete homology be-
tween siRNA and BCR-ABL gene is important for the efficiency of synthetic small 
RNA segments. According to Murao the chemical modification of the 3' end of 
siRNA both on the sense and the antisense strand designed against BCR-ABL 
(p210) resulted effective gene silencing in the leukemia cell line K562 [25]. 

The first gene therapy trials for treatment of CML occurred in vitro on a leuke-
mia cell line K562 expressing the BCR-ABL oncogene. Wilda and colleagues 
compared the effect of siRNA designed against the M-BCR-ABL variants in con-
trast with the efficacy of tyrosine kinase inhibitor treatment. The effect of siRNA 
designed against the oncogene resulted a significant inhibition on mRNA and pro-
tein levels. In addition, the apoptotic process of leukemia cells was strengthened. 
siRNA treatment has been shown to be as effective as Imatinib, although this effect 
came later in time, which may occur due to the long half-life of bcr-abl oncopro-
tein. When both types of therapy were used in combination they had no additive 
effect [26]. Thinking this further, Scherr and colleagues extended their experiments 
to primary cells derived from the pooled peripherial blood of six patients suffering 
from CML. As before, they received a similar degree of inhibition of BCR-ABL at 
the mRNA and protein levels, however the normal c-bcr and c-abl mRNA was not 
affected. The BCR-ABL chimeric protein – dependent cell proliferation rate – was 
also decreased by the effect of gene silencing [27]. 

The opportunities of the practical application of RNAi continued to expand for 
the treatment of CML. There are numbers of literatures in this topic, where gene 
silencing used in mapping genes and signaling pathways which are closely associ-
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ated with disease and can take our knowledge closer to understanding the pathome-
chanism of disease.  

Heat shock protein 32 (Hsp32) may consider as a new molecular target in 
Imatinib-resistant patients. Due to the continuous production of Hsps have an im-
portant role in the survival of CML cells through their antiapoptotic and cell-
protective effect [28]. Gene silencing of HSP32 by siRNA induces apoptosis and 
growth inhibition in leukemia cells. In combination with Imatinib and Nolitib a 
synergistic growth inhibitory effect was achieved in Imatinib-resistant cells culture 
[29]. Various neuro-hormones and bcl-2 protein have similar antiapoptotic role in 
cell survival [30], which can be taken into account as targets in the molecular ther-
apy of CML. 

Patients bearing the T315I point mutation show resistance against all tyrosine 
kinase inhibitors, which significantly complicates the therapeutic treatment. The 
siRNA therapy may help in sensitivisation against agents as well. In the course of 
the combination of the BCR-ABL siRNA with Imatinib or nilotinib, a 27–30% 
decrease was observed in the expression of the MDR1 gene responsible for drug 
resistance. In addition, cell membrane transport of the substance improved, as well. 
These results suggest that the combination of the two types of therapy could open 
the way to successful implementation of the tyrosine kinase inhibitors again [31]. 
 
Gene silencing in human therapeutic use; new treatment option? 

 
The RNA interference approach appears to be an effective therapeutic method 

of CML. The interest is growing by the in vivo trials focused on the possibilities 
and potential. 

Koldehoff (2009) published a case study, which described a siRNA therapy in a 
women suffering from Imatinib-resistant CML. The 47 year-old patient carrying 
b3a2 BCR-ABL (p210) variant in the accelerated phase (Ph +) received allogeneic 
cell transplantation as first treatment, but +155 days later she showed molecular 
and cytogenetic relapse. 

From the day +247 Imatinib therapy was applied, during which the bcr-abl titer 
increased steadily, and palpable lymph node swelling appeared in the patient. +421 
days after transplantation a resistance developed to Imatinib therapy in the patient 
as a result of Y253F point mutation, therefore, the lipid based siRNA therapy was 
started at the day +426 in parallel with tyrosine kinase inhibitors. The lipid enve-
lope packaged siRNA did not cause any side effects and was effective in reducing 
the level of bcr-abl mRNA. The treatment was repeated two more times to keep the 
bcr-abl mRNA levels reduced. However, the patient died at day +455 after trans-
plantation with 70% blastic cell ratio. Following the administration of third siRNA 
therapy the efficacy was below than expected, which suggests a possible means of 
resistance, or decreased transfection efficiency because of the activation of RNases 
in the serum.This unfortunate event, may predict the possibility of activation of 
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various signaling pathways and the unexpected effects of non-specific reactions 
within the organization [32]. 

 
A lipid-based antisense therapeutic agent undergoing clinical trials to treat 
leukemia 

 
The mechanism of antisense therapy action is basically the same as RNAi. The 

antisense strand is a short, single-stranded pieces of chemically modified nucleo-
tide which are inserted artificially into the cell during therapy. These oligos also 
should be complementary to bind to the target mRNA and inhibit the protein for-
mation. During inhibition, the antisense oligo may physically block the translation 
of proteins or recruit the enzyme RNase H to destroy the mRNA. 

The main obstacle for these therapies is the transfer of the genetic material into 
the cell, across the membrane. Furthermore, the naked oligo is very sensitive to the 
cytoplasmic exo- and endonucleases, so its intracytoplasmic half-life is very short 
and limited. The key issue in the siRNA and antisense therapy is the delivering 
method of genetic material. There is several numbers of delivering methods, but 
the most promising siRNA and antisense oligo carriers are the nano polymers and 
lipid based nanoparticles (liposomes – SNALP: stable nucleic acid nanoparticles). 

The BP-100 - 1.01 (Bio-Path), a liposome-based antisense therapeutic agents 
showing neutral surface charge. Its original target was  the Gleevec-resistant CML, 
but may be suitable in Acute Myeloid Leukemia (AML), Acute Lymphoblastic 
Leukemia (ALL), Myelodisplastic Syndrome (MDS) and  for the treatment of 
breast cancer. The active substance (anti-GRB2 oligonucleotide) results gene si-
lencing of the Growth Receptor-Bound Protein 2 (GRB-2), a protein that is essen-
tial for smooth operation of cancer cell signal transduction pathways. The onco-
genic tyrosine kinase is able to bind to GRB-2 protein that leads to downstream 
signaling activation causing unlimited cell proliferation. Previous animal studies 
demonstrated effective cell growth inhibition by the L-GRB-2 in CML. A Phase I 
clinical trial of the BP-100 - 1.01 was completed on the first group of patients in 
July 2011. 5 mg/m2 dose of L-GRB-2 was administered as an intravenous injection 
for 6 Gleevec-resistant CML patients two times a week for four weeks. The pa-
tients' laboratory values showed a temporary improvement in the bone marrow and 
blasts results. In case of two patients, their condition was temporarily improved or 
stabilized. A patient with blast phase showed significant reductions in the propor-
tion of blast cells (from 81% to 4%), but he had to stop the treatment due to central 
nervous system symptoms. In conclusion, low-dose therapeutic agents were well 
tolerated by patients without any side effects associated with treatment, and the 
data also suggest anti-leukemia effect. The results of this clinical trial were pre-
sented at the 53th Annual Meeting of the American Society of Hematology (ASH) 
in December 2011 by Jorge Cortes and colleagues. The company announced results  
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of the second study group of patients in February 2012. Treatment was well toler-
ated in volunteers receiving 10 mg/m2 dose of drug and side effects have not been 
observed [33, 34]. 

 
Discussion 

 
Chemotherapy, radiation and bone marrow transplantation was the primary 

therapeutic modality of CML for a long time. Later, tyrosine kinase inhibitors ap-
peared, and have become cutting-edge among treatment methods. Beside their suc-
cessful use, the cytogenetic and molecular changes can draw attention to resistance 
in some cases. In terms of the early detection of resistance and the detection of 
early signs of relapse, the molecular-level monitoring may be important. The appli-
cation of next-generation tyrosine kinase inhibitors and their combination with 
other therapeutic methods may offer further therapeutic possibilities as well. 

Gene silencing as therapeutic option showed significant, reproducible results 
not only for CML leukemia cells in vitro, but also showed promise to human-
related use. Practical significance can be associated with the search of genes and 
identification of new therapeutic targets in the pathogenesis of CML as well. Sev-
eral attempts have recently been done to develop an antisense-based therapeutic 
drug (Table 1), which may be suitable for the treatment of CML. The Hadassah 
Medical Organization has developed a siRNA preparation as a SV40vector-based 
anti-BCR-ABL therapeutic agent, which was successful in pre-clinical testing. 
However, the human-related application raises questions about the immuno stimu-
latory effect of the virus vector-based delivery system. 

Table. 1. 

Summary table of the current antisense therapeutic agents under development. 
Available from: http://clinicaltrials.gov/ 

 
Currently, an antisense therapeutic agent packaged into lipid-based delivery sys-

tem is under clinical trials with promising early results. However, many questions 
still need to be answered, in order to gene silencing could be used safely as a hu-
man therapy.  



K.-T. Dojcsák–Sz. Juhász–Fodor 

 

 

14 

Acknowledgement 
 
Present work was realized as a part of TÁMOP-4.2.1.B-10/2/KONV-2010-0001 project 

– in the framework of New Hungarian Development Plan. The realization of this project 
was supported by the European Union, co-financed by the European Social Fund. 

 
 

References 
 
[1] Elmaagacli, A. H.; Freist, A. and Hahn, M.: Estimating the relapse stage in chronic 

myeloid leukaemia patients after allogeneic stem cell transplantation by the amount of 
BCR-ABL fusion transcripts detected using a new real-time polymerase chain reaction 
method. B. J. of Haem. 113:1072–1075; 2001. 

[2] Goldman, J. M., Kaeda, J. S. and Cross, N. C. P.: Clinical decision making in chronic 
myeloid leukemia based on polymerase chain reaction analysis of minimal residual 
disease. Blood. 94:1484–1486; 1999. 

[3] Baccarani, M. and Dreyling, M.: Chronic myelogenous leukemia: ESMO ClinicalRe-
commendations for diagnosis, treatment and follow-up. Ann. of Onc. 20:105–107; 
2009. 

[4] Howlader, N., Noone, A. M., Krapcho, M. et al.: SEER Cancer Statistics Review, 
1975–2009 (Vintage 2009 Populations), National Cancer Institute. Bethesda, MD, 
[based on November 2011 SEER data submission, posted to the SEER web site, 2012] 
Available from: http://seer.cancer.gov/csr/1975_2009_pops09/. 

[5] Geary, C. G.: The story of chronic myeloid leukaemia. Br. J. Haematol. 110:2–11; 
2000. 

[6] Goldman, J. M. and Melo, J. V.: Chronic Myeloid Leukemia – Advances in Biology 
and New Approaches to Treatment. N. Engl. J. Med. 349:1451–1464; 2003. 

[7] Rowley, J. D.: A new consistent chromosomal abnormality in chronic myelogenous 
leukaemia identified by quinacrine fluorescence and Giemsa staining. Nature 
243:290–293; 1973. 

[8] Goldman, J. M. and Melo, J. V.: Chronic Myeloid Leukemia – Advances in Biology 
and New Approaches to Treatment. N. Engl. J. Med.; 349:1451–1464; 2003. 

[9] Melo, J. V.: The diversity of BCR-ABL fusion proteins and their relationship to leuke-
mia phenotype. Blood. 88:2375–2384; 1996. 

[10] Chissoe, S. L., Bodenteich, A. and Wang, Y. F.: Sequence and analysis of the human 
ABL gene, the BCR gene, and regions involved in the Philadelphia chromosomal 
translocation. Genomics. 27:67–82; 1995. 

[11] Clarkson, B. and Strife, A.: Linkage of proliferative and maturational abnormalities in 
chronic myelogenous leukemia and relevance to treatment. Leukemia 7:1683–1721; 
1993. 

[12] Deininger, M. W., Goldman, J. M. and Melo, J. V.: The molecular biology of chronic 
myeloid leukemia. Blood. 96:3343–3356; 2000. 

 
 
 



Antisense Therapy New Aspects in the Management of Blood Cancer? 

 

 
 

15 

[13] Chronic Myeloid Leukemia Trialists’ Collaborative Group. Interferon alfa versus 
chemotherapy for chronic myeloid leukemia: a meta-analysis of seven randomized tri-
als. J. Natl. Cancer. Inst. 89:1616–1620; 1997. 

[14] Buchdunger, E.; Zimmermann, J. and Mett, H.: Inhibition of the Abl protein-tyrosine 
kinase in vitro and in vivo by a 2-phenylami-nopyrimidine derivative. Cancer. Res. 
56:100–104; 1996. 

[15] Okuda, K., Weisberg, E. and Gilliland, D. G.: ARG tyrosine kinase activity is inhib-
ited by STI571. Blood. 97:2440–2448; 2001. 

[16] Druker, B. J., Talpaz, M. and Resta, D. J.: Efficacy and safety of a specific inhibitor of 
the BCR-ABL tyrosine kinase in chronic myeloid leukemia. N. Engl. J. Med. 
344:1031–1037; 2001. 

[17] Druker, B. J., Tamura, S. and Buchdunger, E.: Effects of a selective inhibitor of the 
Abl tyrosine kinase on the growth of Bcr-Abl positive cells. Nat. Med. 2:561–566; 
1996. 

[18] O’Brien, S. G., Guilhot, F. and Larson, R. A.: IRIS Investigators Imatinib compared 
with interferon and low-dose cytarabine for newly diagnosed chronic-phase chronic 
myeloid leukemia. N. Engl. J. Med. 348:994–1004; 2003. 

[19] Bödör, CS.: A krónikus myeloid leukaemia kezelésének aktuális kérdései a ti-
rozinkináz-gátlók korszakában. LAM. 19:781–785; 2009. Article in Hungarian. 

[20] Shah, N. P.: Medical Management of CML. Hematology Am. Soc. Hematol. Educ. 
Program 371–375; 2007. 

[21] Branford, S., Rudzki, Z. and Walsh, S.: High frequency of point mutations clustered 
with in the adenosine triphosphate–binding region of BCR/ABL in patients with 
chronic myeloid leukemia or Ph-positive acute lymphoblastic leukemia who develop 
imatinib (STI571) resistance. Blood. 99:3472–3475; 2002. 

[22] Liu, J., Carmell, M. A. and Rivas, F. V.: Argonaute2 is the catalytic engine of mam-
malian RNAi. Science 305:1437–1441; 2004. 

[23]  Orban, T. I. and Izaurralde, E.: Decay of mRNAs targeted by RISC requires XRN1, the 
Ski complex, and the exosome. RNA 11:459–469; 2005. 

[24] Heidenreich, O.: Targeting oncogenes with siRNAs. In: Mouldy Sioud ed. siRNA and 
miRNA gene silencing: From bench to bedside. New York: Humana Press, 2009: 
221–242. 

[25] Murao, S., Diala, I. and Fujii, M.: Suppression of bcr-abl mRNA by chemically modi-
fied siRNA. Nucleic Acids Symposium Series 52:499–500; 2008. 

[26] Wilda, M., Fuchs, U. and Wossmann, W.: Killing of leukemic cells with a BCR/ABL 
fusion gene by RNA interference (RNAi). Oncogene 21:5716–5724; 2002. 

[27] Scherr, M., Battmer, K. and Winkler, T.: Specific inhibition of bcr-abl gene expres-
sion by small interfering RNA. Blood 101:1566–1569; 2003. 

[28] Mayerhofer, M., Florian, S. and Krauth, M. T.: Identification of heme oxygenase-1 as 
a novel BCR/ABL-dependent survival factor in chronic myeloid leukemia. Cancer 
Res. 64:3148–3154; 2004. 

[29] Mayerhofer, M., Gleixner, K. V. and Mayerhofer, J.: Targeting of heat shock protein 
32 (Hsp32)/heme oxygenase-1 (HO-1) in leukemic cells in chronic myeloid leukemia: 
a novel approach to overcome resistance against imatinib. Blood 111: 2200–2210; 
2008. 



K.-T. Dojcsák–Sz. Juhász–Fodor 

 

 

16 

[30] Roszer, T. and Banfalvi, G.: FMRFamide-relatedpeptides: Anti-opiate transmitters 
acting in apoptosis. Peptides 34:177–185; 2012. 

[31] Koldehoff, M., Kordelas, L. and Beelen, D. W.: Small interfering RNA against BCR-
ABL transcripts sensitize mutated T315I cells to nilotinib. Haematologica 95:388–
397; 2010. 

[32] Koldehoff, M. and Elmaagacli, A. H.: Therapeutic Targeting of Gene Expression by 
siRNAs Directed Against BCR-ABL Transcripts in a Patient with Imatinib-Resistant 
Chronic Myeloid Leukemia. In: Mouldy Sioud editor. siRNA and miRNA gene silenc-
ing: From bench to bedside. New York: Humana Press, 2009:451–466. 

[33] ClinicalTrials.gov. A service of U.S. National Institues of Health [Intenet]. Available 
from: http://clinicaltrials.gov/ct2/show/study/NCT01159028?term=GRB2&rank=1 

[34] Bio- Path Holding, Inc. [Internet] Available from: 
http://www.biopathholdings.com/bp101.html 

 


