Journal of Cytology & Histology

Ahmed, et al., J Cytol Histol 2014, S4:2
DOI: 10.4172/2157-7099.S4-015

ISSN: 2157-7099

Research Article Open Access

Chronic Myelogenous Leukemia: Cytogenetic and Biochemical Consequences
and Applications for Diagnosis and Judgment

Mahmoud Mohamed Ahmed"", ZeinabSalem Said? and Sherin Abdel-wahab Montaser?

1Assistant Professor of Cytogenetic, Radiation Biology Department-National Center for Radiation Research and Technology (NCRRT), Egypt
2| ecturer of Biochemistry, (NRRA), Cairo, Egypt

3Lecturer of Biochemistry, Radiation Biology Department, (NCRRT), Egypt

“Corresponding author: Mahmoud Mohamed Ahmed, Radiation Biology Department, National Center for Radiation Research and Technology (NCRRT), Atomic
Energy Authority, P.O. Box: 29 Nasr city, Cairo, Egypt, Tel: 00202 6713144; E-mail: mahmoud_70mohameds@yahoo.com

Rec date: Sep 20, 2014, Acc date: Nov 14, 2014, Pub date: Nov 15, 2014

Copyright: © 2014 Ahmed M, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Abstract

Background: Chronic myelogenous leukemia (CML) is a clonally myelopoliferative disorder of the hematopoietic
stem cell. Arginase activity is high during the mitotic cycle. In addition, TGF-B1 is one of cytokines that responsible
for immune cell dysfunction in patients with cancer.

Methods: Blood samples from six diagnosed CML cases studied and compared with control subjects. The first
three CML cases were in accelerated —phase (AP)-CML which, resistant to chemotherapy. The other three cases
responded for the treatment. Cytokinesis Blocked Micronucleus (CBMN) assay, arginase and TGF-B1 levels were
estimated for each CML and control groups.

Results and Conclusion: The treatment resistant group is characterized by low incidences of binucleated and
necrotic cells and low micronuclei expressions. Whereas, high frequencies of nucleoplasmic bridges (NPBs) were
scored (anaphase nucleoplasmic bridges). Increased levels of arginase and TGF-31 were recorded in the treatment
resistant group when compared with control and treated groups. The resistant cases characterized by low
incidences of binucleated cells and micronuclei and high count of NPBs explained by the high rate of mitotic division.
Whereas, the levels of arginase and TGF- (31 were increased in the resistant cases in comparison with those of
treatment responded and control groups.

Cytokinesis Blocked Micronucleus assay designed as diagnostic tool for differentiation between responding or
resistance chemotherapy in CML cases. Arginase, TGF-B1 levels recorded highly significant rules for the same

object.
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Introduction

CML has a triphasic clinical course: an initial indolent chronic
phase (CP), which is present at the time of diagnosis in ~83% of
patients with a median duration of 3-5 years; an accelerated phase
lasting 6 to 18 months, in which neutrophil differentiation becomes
progressively impaired and leukocytic counts are more difficult to
control with myelosuppressive medications; and a terminal blast crisis
(BC), a condition resembling acute leukemia lasting 3 to 6 months in
which myeloid or lymphoid blasts fail to differentiate [1].

CML is characterized by the Philadelphia chromosome (Ph), which
represents a reciprocal translocation between the long arms of
chromosome 9 and 22, t (9; 22) (q34: q 11) which forms and creates a
novel fusion gene BCR-ABL. the Ph links the BCR of chromosome 22
with the ABL proto-oncogene of chromosome 9. The normal ABL
gene product is a tightly regulated tyrosine kinase involved in cell
division and apoptosis. The BCR-ABL fusion gene product is a
constitutively active tyrosine kinase, the presence of which seems
sufficient to induce leukemia in both experimental animals and
humans [2].

Nilotinib (Tasgina) is pharmacologically related to imatinib
mesylate (Gleevec) and dasatinib (Sprycel), which are inhibitors of
BCR-ABL tyrosine kinase. Imatinib resistance can be defined as lack of
complete hematologic response in patients with CP-CML, or as a
failure to return to CP for patients with CML in AP or BC. The
majority of patients with imatinib-resistant CML either have
secondary BCR-ABL mutations that impair the ability of kinase to
adopt the closed conformation to which imatinib binds or directly
interfere with drug binding. Drug resistance is associated with
reactivation of BCR-ABL signal transduction [3,4].

Chromosomal aberrations can occur spontaneously or after
exposure to genotoxic agents and play an important role in cancer
pathogenesis [5]. There is considerable interest in understanding the
mechanisms underlying acquisition of chromosomal aberrations in
leukemic progenitor cells. CML is a prototypical stem cell malignancy
with a natural course of progression from CP to AP and BC.
Progression to BC is associated with acquisition of additional
chromosomal aberration beyond the underlying t (9; 22) chromosomal
translocation that characterizes CML [6]. The primary abnormality in
CML, the BCR-ABL oncogene, may induce genomic instability that
can predispose cells to additional mutations. BCR-ABL may enhance
production of reactive oxygen species (ROS) resulting in enhanced
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endogenous DNA damage. CML cells may also have altered DNA
repair process, including error-prone homologous recombination
(HR) and non-homologous end joining (NHE]) mechanisms [7,8].
However, the relationship of these abnormalities to chromosomal
instability CML cells is less well studied [9].

Over the past 17 years, the CBMN assay has evolved a
comprehensive method for measuring breakage, DNA misrepair,
chromosome loss, non-dysfunction, necrosis, apoptosis and cytostasis
[10,11]. This method now also used to measure nucleoplasmic bridges
(NPBs), a biomarker of dicentric chromosomes resulting from
telomere end-fusions or DNA misrepair [12]. The significance of these
developments and the concept of the CBMN assay as a "Cytome" assay
which implies that every cell in the system studied is scored
cytologically for its viability status (necrosis and apoptosis), its mitotic
status (mononucleated, binucleated and multinucleated) and its
chromosomal damage or instability status (presence of MNi, NPBs).
For these reasons, it is now appropriate to refer to this technique as the
cytokinesis block MN cytome (CBMN cyt.) assay [12].

Arginase (L-arginine amidinohydrolase) which catalyzes the
hydrolysis of L-arginine into L-ornithine and urea was first detected in
mammalian livers as the terminal enzyme of the urea cycle [13].
Arginase activity occurs also in other tissues, which are devoid of a
complete urea cycle [14]. In the latter instance, the importance of
arginase may be in the production of ornithine for the synthesis of the
polyamines putrescine and spermine, which are required for normal
cellular proliferation. Several reports indicate that a higher activity of
arginase is present in cancerous tissues which different from normal
tissues [15].

There are clear relations between mitotic disorders, chromosomal
aberrations, CBMN assay, arginase and TGF-Beta family. Mussai et al.
[16] stated that for the first time AML blasts alter the immune
microenvironment through enhanced arginine metabolism. Arginase
II is expressed and released from AML blasts and is present at high
concentrations in the plasma of patients with AML, resulting in
suppression of T-cell proliferation. They extended these results by
demonstrating an arginase-dependent ability of AML blasts to polarize
surrounding monocytes into a suppressive M2-like phenotype in vitro
and in engrafted no obese diabetic-severe = combined
immunodeficiency mice. In addition, AML blasts can suppress the
proliferation and differentiation of murine granulocyte-monocyte
progenitors and human CD341 progenitors. Finally, they showed that
the immunosuppressive activity of AML blasts can be modulated
through small molecule inhibitors of arginase and inducible nitric
oxide synthase, suggesting a novel therapeutic target in AML.
Pancytopenia observed at diagnosis. In addition, polyamine depletion
by deprivation of ornithine and polyamines causes chromosomal
damage in the mammalian cells [17].

The TGF-p family is a part of a super family of proteins known as
the transforming growth factor beta, which included inhibins, activin,
and bone morphogenetic protein. TGF-p acts as antiploriferative
factor in normal cells and at early stages of oncogenesis [18,19]. In
normal cells, TGF-f, acting through its signaling pathway, stops the
cell cycle at the G1 stage to stop proliferation, induces differentiation,
or promotes apoptosis. When a cancer cell, parts of the TGF-p
signaling are mutated, and TGF- no longer controls the cell [20].

On the other hand, Tumorgenesis in rodents, as well as in humans,
has been shown to be a multistep process, with each step reflecting an
altered gene product or gene regulatory process leading to autonomy

of cell growth. Initial genetic mutations are often associated with
dysfunctional growth regulation, as is demonstrated in several
transgenic mouse models. These changes are often followed by
alterations in tumor suppressor gene function, allowing unchecked cell
cycle progression and, by genomic instability, additional genetic
mutations responsible for tumor metastasis.

Here we show that reduced transforming growth factor-p signaling
in T lymphocytes leads to a rapid expansion of a CD8+ memory T-cell
population and a subsequent transformation to leukemia/lymphoma
as shown by multiple criteria, including peripheral blood cell counts
histology, T-cell receptor monoclonality, and host transferability.
Furthermore, spectral karyotype analysis of the tumors shows that the
tumors have various chromosomal aberrations. These results suggest
that reduced transforming growth factor-p signaling acts as a primary
carcinogenic event, allowing uncontrolled proliferation with
consequent accumulation of genetic defects and leukemic
transformation. TGF-f family members are a multifunctional group of
secreted proteins that function to control growth, differentiation, and
cell death. TGF-P signals are complex in nature and exert different
effects depending on cell type, environment, and subsequent signaling
pathways. When interacting with epithelial and hematopoietic cells,
two cell types that give rise to many cancers, TGF- signaling becomes
inhibitory, thus acting as a tumor suppressor in the early stage of
carcinogenesis [21].

The purpose of this study was to explore characteristic features of
CML using novel tools such as CBMN cytome assay, arginase and
TGF- B. Moreover, the presented work discusses the difference
between the resistance and responding achievement to nilotinib drugs
depending on the clinical investigation.

Materials and Methods

Chemicals

The chemicals of the blood culture were purchased from GIBCO-
BRL, USA, heat-inactivated foetal calf serum (FCS) from Sigma/
Aldrich chemical Co, St Louis, USA, TGF-B1 ELISA kit from DRG
International, Inc. USA, Corp@drg-international.com, and arginase
from Bio-diagnostic Comp., biodiagnostic_eka@lycos.com

Blood sampling and experimental design

Blood samples obtained from six cases of CML patients, three of
them were diagnosed as AP-CML that were drug resistant. The others
were CP-CML, responded to the drug treatment. The diagnosis was
based on clinical examination and laboratory evaluation, which carried
out by the consultant medical staff. All the cases were clinically
diagnosed with a medium duration 1-2 years at the accelerated phase.
We chose three cases were responded to nilotinib and returned to the
CP through one year but the others three cases were not responding
through the same period of treatment and still persisted in AP. One
patient from this group evolved to death.

The mean value of WBCs count for the T-group at the beginning of
treatment was 80,000 cells/mm?> and within 8 to 12 months through
the nilotinib period reached to 8,000 cells/mm? . In addition the Bcr-
abl was decreased through the same period of the treatment from the
ratio 2.03:0.27 prior to sampling, whereas the TR-group recorded the
following data: mean value of total leukocytes count at the beginning
of the treatment was 118,000 cells/mm?> and within one year of
nilotinib treatment, the mean value was 90,000 cells/mm? (Bcr-abl
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ratio was 3.84: 2.03) accordingly they received interferon therapy at
last three months prior to sample collection.

Further healthy subjects were also investigated and they had no
history of signs of leukemia. The control group and the patient groups
were matched for ethnic background, sex, smoking and age.

All subjects were gave an informed consent for participation in the
study. The donors were selected according to current International
Programme on Chemical Safety (IPCS) guidelines for the monitoring
of genotoxic effects of carcinogens in human [22].

Venous blood were collected under sterile conditions in
heparinized vacationer tube (V= 5 ml), (Becton Dickinson, USA)
containing Lithium heparin as anticoagulant.

The heparinized blood from each subject divided into two parts, the
first for culture set-up in triplicate and the second for the biochemical
investigations. The study includes three groups as follows: treatment
resistant group (TR-group), Treatment group (T-group), and control
group (C-group).

Blood culture

Blood cultures were set up for 72 hrs according to the protocol
described by Evans and O' Riodran [23] and its modification by
Fenech [12].

Cytokinesis-block Micronucleus (CBMN) Assay

CBMN assay performed as described by Fenech [10,12] which
referred as cytome assay. We recorded mono-, bi-, tri- and quadri-
nucleated cells and cytotoxicity via necrotic and/or apoptic cell ratio.
Moreover, MNi and NPBs frequencies in the cells were detected for
1000 cells in each sample.

Determination of arginase

The method used by Biodiagnostic Company for plasma based
upon the colorimetric determination of urea by condensation with
diacetylmonoxime in an acid medium in the presence of ferric
chloride (oxidant) and carbazide (accelerator) [24].

Determination of TGF-B1

TGF-Bl was determined according to the method described by
DRG, TGF-B1 ELISA kit (DRG International. Inc. USA) based on the
sandwich principle.

Statistical Analysis

Data were present as distribution analysis, percentages, means + SE
and analyzed using two ways analysis of variance "F" test according to
Abramowitz and Stegum [25], the level for statistical significance was
p<0.05.

Results

Table 1 showed that TR-group had low incidence of binucleated
cells and low expression for the MNi. In addition, this group
characterized by high percentages of NPBs with unique form
(multinucleated thread-like bridges) and mononucleated cells as
shown in Figure 3A, 3B, 3H and 31

T-group data scored high values comparing to TR-group in the
frequencies of binucleated cells (1.8 fold), MNi in mononucleated cells
(6.5 folds) and binucleated cells (3.7 folds) Figure (2A-2D, 2K and 2L).
On the other hand, in T-group, the count of mononucleated cells was
decreased (1.4 fold), but the count of the necrotic cells was increased
(5.7 folds) when compared with TR-group (Figure 2E, 21, 2] and 3C,
3]). The NPBs were decreased significantly in T-group with 8.3 folds
when compared with TR-group as shown in Figure 3E and 3J.

Groups C-group TR-group T-group

% X*SE | % X*SE | % X+*S.E
Mononucleat | 64.17 | 641.7 | 77.66 776.6 | 55.16 5516
ed cells 15.06 9.682 91.772
Mononucleat | 0.45 45 +|0.95 9.5 +| 6.16 61.6 +
ed 1.92 2.842 6.6620
cells+ 1 Mn
Mononucleat | 0.0 00 [ 0.0 0.0+0.0 | 0.05 0.5+0.41
edcells + 2 0.0
Mn
Binucleated 324 3241 | 9.62 96.2 t| 17.60 176 +
cells 11 12.772 32442
Binucleated 0.67 6.7 x| 0.60 6.03 t| 221 221 +
cells +1 Mn 0.26 1.32 6.012
Binucleated 0.0 0.0 | 0.04 040 t|O0 0.0+£0.0
cells + 2 Mn 0.0 0.33
Nucleoplasmi | 0.16 1.6 +| 5.24 524 £| 0.63 6.3 +
c bridges 0.58 7.912 0.302b
Trinucleated | 1.01 10.10 | 0.77 7.7 +| 0.30 3.0+1.28
cells 415 1.98
Quadrinucleat | 0.57 570 | 024 240 £|O 0.0+0.0
ed cells 2.39 1.13
Apoptic cells | 0.41 410 | 210 21 +| 2.06 20.6 +

0.83 2.682 5.292
Necrotic cells | 0.14 140 | 2.77 27.7 +| 1583 158.3
0.60 9.032 40.842b

Results represents as mean + standard error
C-group: Control group

TR: Treatment resistant group

T: Treated group.

*P <0.05

a: P-value Significant when compared with C- group.

b: P-value Significant when compared with TR-group.

Table 1: The incidence of mono-, bi-, tri-, quadrinucleated, apoptic,
necrotic cells, and the frequencies of micronuclei and the
nucleoplasmic bridges in CML and control groups.(counts in 1000
cells).

Whereas, the statistical difference between the two groups was non-
significant when compared for the counts of apoptic cells (Figure
2F-2H and 3C). In addition, the results showed that there were not
significant differences between the counts of trinucleated and
quadrinucleated cells for all groups (Figure 2M, 3D, 3F and 3G), but
C-group recorded the highest counts. C-group data presented the
ratios of binucleated cells (32.4%) and mononucleated cells (64.1%).

J Cytol Histol

Histology and Histopathology

ISSN:2157-7099 JCH, an open access journal



Citation:

Ahmed MM, Said ZS, Montaser SAW (2014) Chronic Myelogenous Leukemia: Cytogenetic and Biochemical Consequences and

Applications for Diagnosis and Judgment. J Cytol Histol S4: 015. doi:10.4172/2157-7099.54-015

Page 4 of 8

Besides, it was characterized by low frequencies of MNi, NPBs, apoptic
cells and necrotic cells Figure 1A-1C.

Groups C-group TR-group T-group

% XtSE | % X:tSE | %

64.62 646.2 *

16.76

78.61 786.1 *

9.292

61.37 613.7

27.73

Total no. of
mononucleated
cells with
and/or without
Mn

33.24 3324 *

10.74

15.50 156
5.272

20.43 204.3

38.54

Total no. of
Binucleated
cells with
and/or without
Mn& NB

3.63 363 £

4.15

12.72 1272 +

22.032

25.24 252.4

55.422

Total no. of
aberrant cells
(cells with Mn,
NB & necrotic,
apoptic,tri-,qua
dri-nucleated
cells

+

Results represents as mean * standard error
C-group: Control group

TR: Treatment resistant group

T: Treated group

*P <0.05

a: P-value Significant when compared with C- group

b: P-value Significant when compared with TR-group

Table 2: The frequencies of total numbers of mono-, binucleated cells
with and/or without micronuclei, and the total numbers of aberrant
cells.

Table 3 showed the results of the biochemical investigations for the
three groups. Arginase level was higher in TR-group than T-group
with 1.7 folds and more than C-group with 3.9 folds. On the other
hand, TGF-B1 value of the TR-group was insignificantly higher than
that of T-group. Both groups had significant increment of TGF-p1
levels when compared with C-group (3.9-4.1 folds) Figure 4.

(B) Binucleated cell with MN

(C) Binucleated cell with NB

Figure 1: Micrographs of cells of C-group (A-C).

Results represents as mean standard error
C-group: Control group

TR: Treatment resistant group

T: Treated group

*P<0.05

a: P-value Significant when compared with C- group.

b: P-value Significant when compared with TR-group

Table 3: The levels of Arginase and TGF- p1 in human CML and
control groups.

Table 2 indicated that TR-group had the lowest percentage of
binucleated cells with and/or without MNi and NPBs. While T-group
pointed to highest percentage of aberrant cells included the expression
of MNi, apoptic cells, necrotic cells, NPBs, trinucleated cells and
quadrinucleated cells. C-group had the highest percentage of
binucleated cells, and the lowest one for the aberrant cells.

Groups Arginase (IU/L) TGF- B1(pg/ml)
C-group 110.27 £2.15 1336.70 + 144.10
Discussion
TR-group 439.44 + 29.822 5500.00 + 124.872
Allogenic stem cell transplantation was the first treatment modality
T-group 256.58 £ 33,242 523330 £45.84% in CP-CML that was capable of inducing of cytogenetic and molecular

remissions and resulted in superior long-term leukemia-free survival
in approximately 50% of patients [26].

In the early 1980s, it was demonstrated that interferon-a induced
complete or partial cytogenetic remission in approximately 20% of
patients with CP-CML. Therefore, some investigators appropriately
argued at the time that patients with CP-CML could undergo a
treatment trial with interferon-a first and could consider
transplantation only if they failed to achieve complete cytogenetic
remission [27].

Recently, nilotinib and imatinib have replaced both allogenic stem
cell transplantation and interferon-a as first- line treatment for CP-
CML. Nilotinib and imatinib are the generation of tyrosine kinase
inhibitors of c-ABL oncogene I receptor tyrosine kinase, arginase,
platelet derived growth factor receptor and they target the adenine
triphosphate binding site within the breakpoint cluster region (BCR)-
ABL-1 fusion protein, which is the disease-causing mutant kinase in
CML [2,28].
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(A) Mononucleated cell with one MN (B) Mononucleated cell with one MN
&necrotic cell

(C) Binucleated cells (D) Binucleated cell with NPB

(F) Apoptic cell
(H) Apoptic cell and binucleated cell with one

MN

(1) Necrotic cell,

N v = Ngy
(K) Nucleoplasmic bridge with apoptic and (L) Multinucleated and binucleated cells with
necrotic daughter cells NPB

(M) Trinucleated cell.

Figure 2: Micrographs of CML cells of T-group (A-M).

°

(A) Not -responded binucleated cell and (B) Binucleated cell with protrusion and MN
mononucleated cell with and without one MN

§ e
(C) Binucleated cell with necrotic daughter
and mononucleated cell with MN

(D) Trinucleated cell with one MN

(E) Multinucleated NB (Anaphase
Nucleoplasmic Bridges)

-

(H) Completed and incomplete division o
binucleated cell

(J) Multinucleated NPB with necrotic daughters

Figure 3: Micrographs of CML cells of TR-group (A-]).
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The level of arginase in
human CML and control
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Figure 4: represents the levels of arginase and TGF-B1 in human CML and control groups.

The follow-up of patients who were randomized to the imatinib or
nilotinib study indicated that the overall survival rate was 88%. There
are some cases were resistant or intolerant of imatinib or nilotinib, and
they have secondary BCR-ABL mutation that interferon with the drug
binding and this associated with the reactivation of BCR-ABL signal
transduction [29].

The CBMN cytome assay is comprehensive system for measuring
DNA damage, cytostasis, and cytotoxicity, DNA damage events are
scored specifically in once-divided binucleated cells and include (a)
MN, a biomarker of chromosome breakage and/or whole chromosome
loss, (b) NPBs, a biomarker of DNA misrepair and/or telomere end -
fusion. Fenech (2007) stated that the cytokinesis-block micronucleus
cytome assay is a comprehensive system for measuring DNA damage,
cytostasis and cytotoxicity. DNA damage events are scored specifically
in once-divided binucleated (BN) cells and include (a) micronuclei
(MNi), a biomarker of chromosome breakage and/or whole
chromosome loss, (b) nucleoplasmic bridges (NPBs), a biomarker of
DNA misrepair and/or telomere end-fusions, and (c) nuclear buds
(NBUDs), a biomarker of elimination of amplified DNA and/or DNA
repair complexes. Cytostatic effects are measured via the proportion of
mono-, bi- and multinucleated cells and cytotoxicity via necrotic
and/or apoptotic cell ratios. Further information regarding
mechanisms leading to MNi, NPBs and NBUDs formation is obtained
using centromere and/or telomere probes. The assay is being applied
successfully for biomonitoring of in vivo genotoxin exposure, in vitro
genotoxicity testing and in diverse research fields such as
nutrigenomics and pharmacogenomics as well as a predictor of

normal tissue and tumor radiation sensitivity and cancer risk. The
procedure can take up to 5 days to complete [12].

Fenech [12] and Hoffelder et al. [30] proposed that NPBs between
nuclei in BN cells should be scored in the CBMN assay because they
provide a measure of chromosome rearrangement. NPBs occur when
centromeres of dicentric chromosomes are pulled to opposite poles of
the cell at anaphase. It is possible to observe dicentric anaphase bridges
before the nuclear membrane is formed, because cells proceed through
anaphase and telophase rapidly, completing cytokinesis, which
ultimately results in breakage of the NPB when the daughter cells
separate. However, in the CBMN assay, BN cells with NPBs are
allowed to accumulate because cytokinesis is inhibited and the nuclear
membrane is eventually formed around the chromosomes allowing an
anaphase bridge to be observed as NPB. Furthermore, chromosomal
instability is a key step in the generation of the cancer cell karyotype.
An indicator of unstable chromosomes is the presence of chromatin
bridges during anaphase. We examined in detail the fate of anaphase
bridges in cultured oral squamous cell carcinoma cells in real-time.
Surprisingly, chromosomes in bridges typically resolve by breaking
into multiple fragments. Often these fragments give rise to
micronuclei (MN) at the end of mitosis. The formation of MN is
shown to have important consequences for the cell. We found that
MN have incomplete nuclear pore complex (NPC) formation and
nuclear import defects and the chromatin within has greatly reduced
transcriptional activity. Thus, a major consequence of the presence of
anaphase bridges is the regular sequestration of chromatin into
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genetically inert MN. This represents another source of ongoing
genetic instability in cancer cells.

In the present study, the results indicated that TR-group had some
characteristic data which different from T-group. Such as, low
frequencies of binucleated cells, decreased levels of MNi expressions,
and low incidence of apoptic and necrotic cells. While, the NPBs
scored with high ratio in TR-group when compared with T-group,
moreover the NPBs characterized in this study with unique form
(multinucleated thread-like shape) that different from that of C-group
and T-group.

These results discussed in view of the CBMN cytome assayby
Fenech (12).The blood progenitor cells of the TR-group have a very
high rate of mitotic division that cannot arrested by cytochalasine B.
So, the cells divided more than one time in blood culture. This event
occurred in the presence of unbalanced aberration, translocation and
complex karyotypes which led to abnormal NPBs, low incidences of
apoptosis, necrosis and increasing in the count of the blood progenitor
cells. The previous findings agreed and consistent with those of Brady
etal. [31] and Nakanashi et al. [32].

Various mechanisms can led to NPBs formation following DNA
misrepair of strand breaks in DNA [33]. Typically, a dicentric
chromosome and an acentric chromosome fragments are formed and
caused the development of NPBS and MNi, respectively. Misrepair of
DNA strand breaks could also lead to the formation of dicentric ring
chromosome and concatenated ring chromosome which could also
result in the formation of NPBs. An alternative mechanism for
dicentric chromosome and NPBs formation is telomere end fusion
caused by telomere shortening, loss of telomere capping proteins or
defects in telomere cohesion [34].

Table 2 showed that the comparison between the groups for the
total counts of mono-and binucleated cells which indicated that TR-
group less responded to arresting mitosis than in T- and C-groups.
The apoptosis and the necrosis processes were recorded in T-group
more than TR-group, so the total count of aberrant cells for T-group
was observed more than TR- and C-groups.

The investigation on the pattern of distribution of enzymes in
different tissues is of particular importance as this type of information
can help localize certain biochemical processes that are unique to a
tissue. In addition, such information might provide a basis for
developing diagnosis and therapeutic approaches when theses tissue
are damaged or encountered a malignant state.

Results obtained in the study (Table 3) are consistent with this
notion. Arginase was recorded in TR-group with high level more than
T-group which indicated that this enzyme performs an important role
in the cell proliferation. These include synthesis of precursors of
polyamines [35], and proline [36]. These metabolites are required for
normal cell differentiation and collagen formation [37].

On the other hand, the level of TGF- Pl in TR-group was
insignificantly increase more than T-group and C-group. TGF-f1 is a
protein that controls proliferation, cellular differentiation, and other
functions in most cells. It is a type of cytokine which plays a role in
immunity, cancer, bronchial asthma, heart disease and diabetes [38].
TGEF-P acts as an antiproliferative factor in normal cells and at early
stages of oncogenesis, in addition TGF-Bl induces apoptosis in
numerous cell types and plays a crucial role in the regulation of the cell
cycle [19].

There is high expression of genes related to drug resistance and
inhibiting cell apoptosis. In order to address the mechanism of CD133
positive tumor cells showing strong resistance to therapeutic drugs,
both CD133 positive cells and CD133 negative cells were collected to
investigate the expression of multi drug resistance and DNA mis-
match repair related genes, as well as related genes related to inhibiting
cell apoptosis within these two populations. BCRP1 has been
demonstrated to play an important role in the drug resistance of
normal stem cells and tumor stem cells [39,40]. In addition, the
presence of DNA repair protein MGMT has been demonstrated to
render cells resistant to cytotoxic actions of methylating and
chloroethylating agents, such as tomozolomide [41,42].

The data presented in this study displayed the importance of
CBMN assay as a tool of investigation of the CML-patient to evaluate
the cytogenetic instability and the cytogenetic remission with any
treatment. In addition, we recommended that the nilotinib and/or
imatinib intolerant or resistant for some cases must be supported by
mitotic arresting and apoptic enhancing agents. Moreover, the
presence of low incidence of binucleated cells for CML in CBMN assay
does not mean low nuclear division index, but it means that the
controlling and governing of cytochalasine B for the mitotic division is
very low (high division rate).
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References

1. Faderl S, Talpaz M, Estrov Z, O'Brien S, Kurzrock R, et al. (1999) The
biology of chronic myeloid leukemia. N Engl ] Med 341: 164-172.

2. Goldman JM, Melo JV (2001) Targeting the BCR-ABL tyrosine kinase in
chronic myeloid leukemia. N Engl ] Med 344: 1084-1086.

3. Shah NP, Nicoll JM, Nagar B, Gorre ME, Paquette RL et al. (2002)
Multiple BCR-ABL kinase domain mutations confer polyclonal
resistance to the tyrosine kinase inhibitor imatinib (STI571) in chronic
phase and blast crisis chronic myeloid leukemia. Cancer Cell 2: 117-125.

4.  Gambacorti-Passerini CB, Gunby RH, Piazza R, Galietta A, Rostagno R,
et al. (2003) Molecular mechanisms of resistance to imatinib in
Philadelphia-chromosome-positive leukaemias. Lancet Oncol 4: 75-85.

5.  Venkitaraman AR (2007) Chromosomal instability in cancer: causality
and interdependence. Cell Cycle 6: 2341-2343.

6. Perrotti D, Jamieson C, Goldman J, Skorski T (2010) Chronic myeloid
leukemia: mechanisms of blastic transformation.] Clin Invest 120:
2254-2264.

7. Gaymes TJ, Mufti GJ, Rassool FV (2002) Myeloid leukemias have
increased activity of the nonhomologous end-joining pathway and
concomitant DNA misrepair that is dependent on the Ku70/86
heterodimer. Cancer Res 62: 2791-2797.

8.  Slupianek A, Nowicki MO, Koptyra M, Skorski T (2006) BCR/ABL
modifies the kinetics and fidelity of DNA double-strand breaks repair in
hematopoietic cells. DNA Repair (Amst) 5: 243-250.

J Cytol Histol

Histology and Histopathology

ISSN:2157-7099 JCH, an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/10403855
http://www.ncbi.nlm.nih.gov/pubmed/10403855
http://www.ncbi.nlm.nih.gov/pubmed/11287980
http://www.ncbi.nlm.nih.gov/pubmed/11287980
http://www.ncbi.nlm.nih.gov/pubmed/12204532
http://www.ncbi.nlm.nih.gov/pubmed/12204532
http://www.ncbi.nlm.nih.gov/pubmed/12204532
http://www.ncbi.nlm.nih.gov/pubmed/12204532
http://www.ncbi.nlm.nih.gov/pubmed/12573349
http://www.ncbi.nlm.nih.gov/pubmed/12573349
http://www.ncbi.nlm.nih.gov/pubmed/12573349
http://www.ncbi.nlm.nih.gov/pubmed/17700075
http://www.ncbi.nlm.nih.gov/pubmed/17700075
http://www.ncbi.nlm.nih.gov/pubmed/20592475
http://www.ncbi.nlm.nih.gov/pubmed/20592475
http://www.ncbi.nlm.nih.gov/pubmed/20592475
http://www.ncbi.nlm.nih.gov/pubmed/12019155
http://www.ncbi.nlm.nih.gov/pubmed/12019155
http://www.ncbi.nlm.nih.gov/pubmed/12019155
http://www.ncbi.nlm.nih.gov/pubmed/12019155
http://www.ncbi.nlm.nih.gov/pubmed/16297667
http://www.ncbi.nlm.nih.gov/pubmed/16297667
http://www.ncbi.nlm.nih.gov/pubmed/16297667

Citation:

Ahmed MM, Said ZS, Montaser SAW (2014) Chronic Myelogenous Leukemia: Cytogenetic and Biochemical Consequences and

Applications for Diagnosis and Judgment. J Cytol Histol S4: 015. doi:10.4172/2157-7099.54-015

Page 8 of 8

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Sujata C, Jeremy MS, Can-Lan S, Hardik M, WenYong C, et al. (2012)
Chronic myelogenous leukemia stem and progenitor cells demonstrate
chromosomal instability related to repeated breakage-fusion-bridge
cycles mediated by increased non-homologous end joining. Blood 119:
6187-6197.

Fenech M (2000) The in vitro micronucleus technique. Mutat Res 455:
81-95.

Fenech M (2006) Cytokinesis-block micronucleus assay evolves into a
"cytome" assay of chromosomal instability, mitotic dysfunction and cell
death. Mutat Res 600: 58-66.

Fenech M (2007) Cytokinesis-block micronucleus cytome assay. Nat
Protoc 2: 1084-1104.

Greenberg DM (1960) Enzymes of urea cycle. In: Boyer PD, Lardy H,
Myrback K, eds, Enzymes. Vol 4. 2nd ed. New York: Academic Press; p.
257-67.

Pohjanpelto P, Holttd E (1983) Arginase activity of different cells in tissue
culture. Biochim Biophys Acta 757: 191-195.

Akram ], Mahmoud A, Hamid-Reza R (2001) Rhodanese and arginase
activity in normal and cancerous tissues of human breast, esophagus,
stomach and lung. Arch Irn Med 4: 88-92.

Mussai F, De Santo C, Abu-Dayyeh I, Booth S, Quek L (2013) Acute
myeloid leukemia creates an arginase-dependent immunosuppressive
microenvironment. Blood 122: 749-758.

Knuutila S, Pohjanpelto P (1983) Polyamine starvation causes parallel
increase in nuclear and chromosomal aberrations in a polyamine-
dependent strain of CHO. Exp Cell Res 145: 222-226.

Daopin S, Piez KA, Ogawa Y, Davies DR (1992) Crystal structure of
transforming growth factor-beta 2: an unusual fold for the superfamily.
Science 257: 369-373.

Susnow N, Zeng L, Margineantu D, Hockenbery DM (2009) Bcl-2 family
proteins as regulators of oxidative stress. Semin Cancer Biol 19: 42-49.
Blobe GC, Schiemann WP, Lodish HF (2000) Role of transforming
growth factor beta in human disease. N Engl ] Med 342: 1350-1358.

Lucas PJ] McNeil N, Hilgenfeld E, Choudhury B, Kim §J, et al. (2004)
Transforming growth factor-beta pathway serves as a primary tumor
suppressor in CD8+ T cell tumorigenesis. Cancer Res 64: 6524-6529.
Albertini RJ1, Anderson D, Douglas GR, Hagmar L, Hemminki K, et al.
(2000) IPCS guidelines for the monitoring of genotoxic effects of
carcinogens in humans. International Programme on Chemical Safety.
Mutat Res 463: 111-172.

Evans HJ, O'Riordan ML (1975) Human peripheral blood lymphocytes
for the analysis of chromosome aberrations in mutagen tests. Mutat Res
31:135-148.

Marsh WH, Fingerhut B, Miller H (1965) Automated And Manual Direct
Methods For The Determination Of Blood Urea. Clin Chem 11: 624-627.
Abramowitz M, Stegun IA (1972) Handbook of mathematical functions.
Dover Publications, Inc New York USA p 918.

Van Rhee F, Szydlo RM, Hermans J, Devergie A, Frassoni F, et al. (1997)
Long-term results after allogeneic bone marrow transplantation for
chronic myelogenous leukemia in chronic phase: a report from the

This article was originally published in a special issue, entitled: "Histology and
Histopathology", Edited by Borislav A. Alexiev, University of Maryland Medical
Center, USA

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

Chronic Leukemia Working Party of the European Group for Blood and
Marrow Transplantation. Bone Marrow Transplant 20: 553-560.

Cortes JE, Talpaz M, Kantarjian H (1996) Chronic myelogenous
leukemia: a review. Am ] Med 100: 555-570.

Daley GQ, Van Etten RA, Baltimore D (1990) Induction of chronic
myelogenous leukemia in mice by the P210bcr/abl gene of the
Philadelphia chromosome. Science 247: 824-830.

Hazarika M, Jiang X, Liu Q, Lee SL, Ramchandani R, et al. (2008) Tasigna
for chronic and accelerated phase Philadelphia chromosome--positive
chronic myelogenous leukemia resistant to or intolerant of imatinib. Clin
Cancer Res 14: 5325-5331.

Hoffelder DR, Luo L, Burke NA, Watkins SC, Gollin SM, et al. (2004)
Resolution of anaphase bridges in cancer cells. Chromosoma 112:
389-397.

Brady N, Gaymes TJ, Cheung M, Mufti GJ, Rassool FV (2003) Increased
error-prone NHE] activity in myeloid leukemias is associated with DNA
damage at sites that recruit key nonhomologous end-joining proteins.
Cancer Res 63: 1798-1805.

Nakanishi M, Shimada M, Niida H (2006) Genetic instability in cancer
cells by impaired cell cycle checkpoints. Cancer Sci 97: 984-989.

Thomas P, Umegaki K, Fenech M (2003) Nucleoplasmic bridges are a
sensitive measure of chromosome rearrangement in the cytokinesis-
block micronucleus assay. Mutagenesis 18: 187-194.

Blasco MA (2005) Telomeres and human disease: ageing, cancer and
beyond. Nat Rev Genet 6: 611-622.

Tobor CW, Tobor H (1981) Polyamines. Annu Rev Biochem 87: 351-357.

Rodwell VW (1996) Catabolism of protein and of amino acid nitrogen.
In: Murray RK, Granner DK, Mayes PA, Rodwell VW, Eds. Harper’s
Biochemistry. 24th ed. New York: Appleton & Lange 334-337.

Rao RM, Mishra OP, Santhanam K, Vijayaraghavan PK (1980) Dermal
wound healing in experimentally injured rats: roles of arginase. Nutr Rep
Int 22:167-172.

Herpin A, Lelong C, Favrel P (2004) Transforming growth factor-beta-
related proteins: an ancestral and widespread superfamily of cytokines in
metazoans. Dev Comp Immunol 28: 461-485.

Zhou S, Schuetz JD, Bunting KD, Colapietro AM, Sampath J, et al. (2001)
The ABC transporter Bcrpl/ABCG2 is expressed in a wide variety of
stem cells and is a molecular determinant of the side-population
phenotype. Nat Med 7: 1028-1034.

Hirschmann-Jax C, Foster AE, Wulf GG, Nuchtern JG, Jax TW, et al.
(2004) A distinct "side population” of cells with high drug efflux capacity
in human tumor cells. Proc Natl Acad Sci U S A 101: 14228-14233.

Rabik CA, Njoku MC, Dolan ME (2006) Inactivation of O6-alkylguanine
DNA alkyltransferase as a means to enhance chemotherapy. Cancer Treat
Rev 32:261-276.

Cai S, Xu Y, Cooper RJ, Ferkowicz M], Hartwell JR, et al. (2005)
Mitochondrial ~ targeting of human O6-methylguanine DNA
methyltransferase protects against cell killing by chemotherapeutic
alkylating agents. Cancer Res 65: 3319-3327.

J Cytol Histol

Histology and Histopathology

ISSN:2157-7099 JCH, an open access journal


http://www.ncbi.nlm.nih.gov/pubmed/22493298
http://www.ncbi.nlm.nih.gov/pubmed/22493298
http://www.ncbi.nlm.nih.gov/pubmed/22493298
http://www.ncbi.nlm.nih.gov/pubmed/22493298
http://www.ncbi.nlm.nih.gov/pubmed/22493298
http://www.ncbi.nlm.nih.gov/pubmed/11113469
http://www.ncbi.nlm.nih.gov/pubmed/11113469
http://www.ncbi.nlm.nih.gov/pubmed/16822529
http://www.ncbi.nlm.nih.gov/pubmed/16822529
http://www.ncbi.nlm.nih.gov/pubmed/16822529
http://www.ncbi.nlm.nih.gov/pubmed/17546000
http://www.ncbi.nlm.nih.gov/pubmed/17546000
http://www.ncbi.nlm.nih.gov/pubmed/6849972
http://www.ncbi.nlm.nih.gov/pubmed/6849972
http://www.ams.ac.ir/AIM/0142/jamshid0142.html
http://www.ams.ac.ir/AIM/0142/jamshid0142.html
http://www.ams.ac.ir/AIM/0142/jamshid0142.html
http://www.ncbi.nlm.nih.gov/pubmed/23733335
http://www.ncbi.nlm.nih.gov/pubmed/23733335
http://www.ncbi.nlm.nih.gov/pubmed/23733335
http://www.ncbi.nlm.nih.gov/pubmed/6682797
http://www.ncbi.nlm.nih.gov/pubmed/6682797
http://www.ncbi.nlm.nih.gov/pubmed/6682797
http://www.ncbi.nlm.nih.gov/pubmed/1631557
http://www.ncbi.nlm.nih.gov/pubmed/1631557
http://www.ncbi.nlm.nih.gov/pubmed/1631557
http://www.ncbi.nlm.nih.gov/pubmed/19138742
http://www.ncbi.nlm.nih.gov/pubmed/19138742
http://www.ncbi.nlm.nih.gov/pubmed/10793168
http://www.ncbi.nlm.nih.gov/pubmed/10793168
http://www.ncbi.nlm.nih.gov/pubmed/15374963
http://www.ncbi.nlm.nih.gov/pubmed/15374963
http://www.ncbi.nlm.nih.gov/pubmed/15374963
http://www.ncbi.nlm.nih.gov/pubmed/10913908
http://www.ncbi.nlm.nih.gov/pubmed/10913908
http://www.ncbi.nlm.nih.gov/pubmed/10913908
http://www.ncbi.nlm.nih.gov/pubmed/10913908
http://www.ncbi.nlm.nih.gov/pubmed/1128546
http://www.ncbi.nlm.nih.gov/pubmed/1128546
http://www.ncbi.nlm.nih.gov/pubmed/1128546
http://www.ncbi.nlm.nih.gov/pubmed/14300078
http://www.ncbi.nlm.nih.gov/pubmed/14300078
http://www.nature.com/bmt/journal/v20/n7/abs/1700933a.html
http://www.nature.com/bmt/journal/v20/n7/abs/1700933a.html
http://www.nature.com/bmt/journal/v20/n7/abs/1700933a.html
http://www.nature.com/bmt/journal/v20/n7/abs/1700933a.html
http://www.nature.com/bmt/journal/v20/n7/abs/1700933a.html
http://www.ncbi.nlm.nih.gov/pubmed/8644769
http://www.ncbi.nlm.nih.gov/pubmed/8644769
http://www.ncbi.nlm.nih.gov/pubmed/2406902
http://www.ncbi.nlm.nih.gov/pubmed/2406902
http://www.ncbi.nlm.nih.gov/pubmed/2406902
http://www.ncbi.nlm.nih.gov/pubmed/18765523
http://www.ncbi.nlm.nih.gov/pubmed/18765523
http://www.ncbi.nlm.nih.gov/pubmed/18765523
http://www.ncbi.nlm.nih.gov/pubmed/18765523
http://www.ncbi.nlm.nih.gov/pubmed/15156327
http://www.ncbi.nlm.nih.gov/pubmed/15156327
http://www.ncbi.nlm.nih.gov/pubmed/15156327
http://www.ncbi.nlm.nih.gov/pubmed/12702565
http://www.ncbi.nlm.nih.gov/pubmed/12702565
http://www.ncbi.nlm.nih.gov/pubmed/12702565
http://www.ncbi.nlm.nih.gov/pubmed/12702565
http://www.ncbi.nlm.nih.gov/pubmed/16925578
http://www.ncbi.nlm.nih.gov/pubmed/16925578
http://www.ncbi.nlm.nih.gov/pubmed/12621075
http://www.ncbi.nlm.nih.gov/pubmed/12621075
http://www.ncbi.nlm.nih.gov/pubmed/12621075
http://www.ncbi.nlm.nih.gov/pubmed/16136653
http://www.ncbi.nlm.nih.gov/pubmed/16136653
http://www.ncbi.nlm.nih.gov/pubmed/6206782
http://www.ncbi.nlm.nih.gov/pubmed/15062644
http://www.ncbi.nlm.nih.gov/pubmed/15062644
http://www.ncbi.nlm.nih.gov/pubmed/15062644
http://www.ncbi.nlm.nih.gov/pubmed/11533706
http://www.ncbi.nlm.nih.gov/pubmed/11533706
http://www.ncbi.nlm.nih.gov/pubmed/11533706
http://www.ncbi.nlm.nih.gov/pubmed/11533706
http://www.ncbi.nlm.nih.gov/pubmed/15381773
http://www.ncbi.nlm.nih.gov/pubmed/15381773
http://www.ncbi.nlm.nih.gov/pubmed/15381773
http://www.ncbi.nlm.nih.gov/pubmed/16698182
http://www.ncbi.nlm.nih.gov/pubmed/16698182
http://www.ncbi.nlm.nih.gov/pubmed/16698182
http://www.ncbi.nlm.nih.gov/pubmed/15833865
http://www.ncbi.nlm.nih.gov/pubmed/15833865
http://www.ncbi.nlm.nih.gov/pubmed/15833865
http://www.ncbi.nlm.nih.gov/pubmed/15833865

	Contents
	Chronic Myelogenous Leukemia: Cytogenetic and Biochemical Consequences and Applications for Diagnosis and Judgment
	Abstract
	Keywords:
	Introduction
	Materials and Methods
	Chemicals
	Blood sampling and experimental design
	Blood culture
	Cytokinesis-block Micronucleus (CBMN) Assay
	Determination of arginase
	Determination of TGF-B1

	Statistical Analysis
	Results
	Discussion
	Acknowledgment
	Future studies
	References




