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Abstract

Background: Although secondary myelodysplasia leukemias was observed after some
chemotherapy but the treatment of these malignancies is unclear. Thus, this study was examined
clinical and pathological features to evaluate the regenerative effect of transplanted bone
marrow-derived hematopoietic stem cells (BMHSCS) on the adverse effect of etoposide which
induced impairment of bone marrow function, and secondary leukemia induction, in albino rats.
Methods: Two groups of albino rats were established. Group 1 was used as control group.
Group 2, all rats were injected intraperitoneally with three consecutive doses of etoposide

(0.15ml/ rat), then divided into (subgp A), which was sacrificed at 3", 6™ day from the beginning
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of experiment and (subgp B) which was injected intravenously, with one dose of labeled
BMHSCs (0.5x10° cells /rat), at the 6" day from the beginning of experiment, and sacrificed at
1%, 5™ 10" and 13™ day post-treatment.

Results: All rats received chemotherapeutic drug (etoposite) in subgroup A showed
pancytopenia with severe leukemia, interstitial pneumonia and death. However, The Bone
Marrow hematopoietic stem cell (BMHSCs) treated group (subgroup B) elucidated overall
survival in all leukemic animals (induced by etoposide chemotherapeutic drug), with
hypercellularity in bone marrow, and reversible in lung tissues.

Conclusions: It could be concluded that etoposide demonstrated immune suppression with
myeloid leukemia, complicated with secondary lung injury. However, after the transplantation of

BMHSCS, significant repairing of bone marrow and lung tissues was observed.
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Background
Cytotoxic agents are alkylating agents as cyclophosphamide, melphalan and topoisomerase
inhibitors that interact with topoisomerase enzyme as etoposide, doxorubicin [1]. Etoposide (VP-
16, 4'-dimethylepipodophylloxin-9-[4, 6-O-ethylidene-beta-D-glucopyranoside]) has an
anticancer drug, was firstly produced in 1966 from epipodophyllotoxin which found in the
American May apple (Podophyllum peltatum) and approved for administration in 1983 [2].
Leukemia is a disease of the blood or bone marrow, characterized by increased numbers of
abnormal white blood cells [3]. It can be divided into acute myeloid leukemia (AML) and acute
lymphoblastic leukemia (ALL), the former is classified into eight groups (FAB 0-7) based on
lineage characteristics of the blast cells, but the latter being subdivided into B- and T-cell ALL
[4].
Materials and Methods
Experimental animals

Eighty five female Wister albino rats (each weighing 180-200 gm and two months old) were
purchased from Cairo University, animal house, Egypt. The study protocol was approved by the
Animal Ethics Committee at Cairo University, Egypt. All animals were maintained in a
pathogen-free environment and allowed to acclimatize one week prior to the experiment in
plastic cages (7 animals/ cage) inside a well-ventilated room. The animals were maintained under
standard conditions (temperature of 23+ 3°C, relative humidity of 60-70%, and a 12-hour
light/dark cycle), fed a diet of standard commercial pellets, and given water ad libitum.
Etoposide drug

Etoposide is a semisynthetic derivative of podophylotoxin used in the treatment of wide

variety of neoplasms. It is white crystalline powder and sparingly soluble in methanol but, it
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slightly soluble in water or ethyl ether. It manufactured in India by Fresenius Kabi Oncology Ltd
and purchased from (EG Group for Medical Devices) as 5 ml vial (100mg/5ml). The drug was
stored at temperature below 25°C, and protected from light and freezing. Each 1ml containing 20
mg etoposide and 30mg benzyl alcohol then dehydrated in alcohol.
Isolation and characterization of BMHSCs

Five adult female albino rats (2 months old) underwent BM harvesting by flushing the tibia
and femur with Low glucose Dulbecco’s modified Eagle’s medium (DMEM) (Cambrex Bio
Science, Walkersville, MD, USA). The mononuclear cell layer were isolated by Ficoll density
media (GE Healthcare Bio-Sciences, Pittsburgh, USA) and centrifuged for 30 minute at 1800
rpm at 20°C and repeated for 10 minute, for viability using trypan blue dye exclusion test for
dead cells [14]. Then resuspended in complete culture medium supplemented with 10% fetal calf
serum (FCS), penicillin (100 U/ml), and streptomycin (100 pg/ml) (Cambrex Bio Science,
Verviers, Belgium). The cells were incubated in 50c¢m culture flask (Falcon, Cairo, Egypt) at
37°C in a 5% humidified CO2 incubator for 3 days. Non-adherent cells were collected and
washed with fresh serum-free medium and counted by hemocytometer. BM-derived HSCs were
characterized by crowded cultured cells, that are variable in size and shape and most of them
appear rounded by inverted microscope and identified by staining with surface markers CD34
(surface marker for HSCs) and CD44 (surface marker for MSCs) (Beckman Coulter France
S.A.S) using flow cytometric analyses which performed on a Fluorescence Activated Cell Sorter
(FACS) flow cytometer (Coulter Epics Elite, Miami, USA).
Labeling of BMHSCs with iron oxide

Bone marrow derived hematopoietic stem cells (BMHSCs) were labeled by incubation with

ferumoxides injectable solution (25 microgram Fe/ml, Feridex, Berlex Laboratories) in culture
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medium for 24 hours with 375 nanogram/ml polylysine added 1 hour before cell incubation.
Labeling was histologically assessed using Prussian blue stain (Biodiagnostic, Co, Dokki, Giza,
Egypt). Feridex labeled HSCs were washed in PBS, trypsinized, washed and resuspended in 0.01
Mol/L PBS at concentration of (0.5x10° cells/ml) [15].

Experimental design

Eighty adult female albino rats were divided into 2 groups (gps 1) (n=30). Group 2 (n= 50)
were divided into 2 subgroup (subgp A and subgp B)

Group (1) the rats were injected intraperitoneally (i.p.) daily with phosphate buffered saline
(PBS) at 1.5 ml/rat and used as a control group.

Group (2) all rats were injected (i.p.) with three consecutive doses of etoposide drug daily at (15
mg/ kg bwt) (0.15ml/ rat) dissolved in 1.5 ml (PBS) and divided into 2 subgps.

Subgp A: Ten rats were sacrificed at 3™, 6™ from the beginning of the experiment and used as
etoposide induced leukemic diseases (Eto-I).

Subgp B: The remaining rats from gp 2 were injected intravenously (1.v.) in the tail vein, with
one dose of labeled BMHSCs (0.5x10° cells /rat) added in 0.5ml PBS, at the 6 day from the
beginning of the experiment and sacrificed at 1%, 5%, 10" and 13™ day post-treatment (dpt) then
used as BMHSC:s treated etoposide induced leukemic disease (HSCs treated Eto-I)

The animals were examined daily along the experiment. Clinical signs, mortality and
morbidity rates were recorded. Blood samples were collected at the times of sacrificed, from
median eye canthus on EDTA-tubes for hematological examination and flow cytometric
analysis. Blood film was done for differential leukocytic count and for differential myeloid
leukemia cells by staining with Giemsa [16], and others sections stained Sudan Black B [17] and

Periodic Acid Schiff (PAS) stain [18] which were purchased from (Biodiagnostic, Co, Dokki,
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Giza, Egypt). The rats in all groups were euthanized by xylazine (40mg/kg) and ketamine
(400mg/kg) [19] before sacrificed. Bone marrow yield was collected by flushing of the femur
and stained with Giemsa for cytological examination. Samples from femur bones and were
collected from died and sacrificed animals in all groups for histochemical using Prussian blue
stain and immunohistochemistry examinations. Other sections from femur bones and lungs
tissues were collected for histopathological examination.
Flow cytometric analysis for detect myeloid leukemia

Ten pl of undiluted fluorescent labeled-CD13 and CD33 antibodies (Beckman Coulter
France S.A.S), on 100 pl of blood in test tube and mix firmly for 30 seconds, then incubated for
15 -30 minutes at room temperature, then add 2 ml of lysing solution (PeliLyse A1, 10x diluted)
and incubated for 10-15 minutes at room temperature until complete lysing, then analyzed the
samples within 90 minutes [20].
Histochemical examination using Prussian blue stain for detected the labelabed BMHSCs

Five microns of paraffin-embedded, unstained bone marrow sections were prepared and
deparafinized then immersed in mixture of 40 ml of distilled water, 5 ml of potassium
ferrocyanide and 5 ml of acid activation buffer and Stir briefly in Coplin jar 50 ml for 20 minutes
then, wash well in distilled water and add 10 drops of eosin on the section then leave to act 10-15
seconds, then wash again in distilled water. After that, dehydrate in ascending alcohols, clear in
xylene, then examined using light microscopy to ensure homing of Labeled BMHSCs in the
bone marrow yield [21].
Immunohistochemistry (CD34 immunostaining) for cellularity of BMHSCs

This method used DakoCytomation's Envision system and a polyclonal primary rabbit

CD34 antibody purchased from (Biorbyt, Cambridge, England) which is marker for progenitor
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hematopoietic stem cells. Five micron thick serial sections were prepared on positive charged
slides. Antigen retrieval was performed using heat epitope antigen retrieval method by
programmed a PT-Link (Dako, Glostrup, Denmark) containing Envision™ FLEX target retrieval
solution, High pH (50%) (Dako, Glostrup, Denmark) for 20 min. Afterward, 100 p from diluted
primary CD34 " antibody (1:200) was applied to all slides except negative control slides (0.1ml of
antibody diluents was applied without primary antibody) at 4°C for overnight, then washed 3
times (20 minute each) using Envision™ FLEX FLEX Wash Buffer (Dako, Denmark) and
treated with Envision™ FLEX/HRP Buffer (Bioscience) for 30 minutes. Peroxidase compatible
chromogen (DAB) was applied to each slide. Slides were stained with Mayer's Hematoxylin for
3-5 min and washed distilled water [22].
Pathological examination

Specimens from femur bone (treated by EDTA (10%) for decalcification and lungs tissues,
were collected from all groups and fixed in 10% neutral buffered formalin (NBF), dehydrated in
alcohol and embedded in paraffin wax. Sections about Sum thickness were prepared and stained
with Harries hematoxylin and eosin for histopathological examinations [23].
Statistical analysis

Statistical analysis was done using one-way analysis of variance (ANOVA). It was done to
compare between control and other treated groups, followed by post-hoc analysis (Dunnett's test)
using SPSS (Statistical Package for Social Sciences) version 17 according to Borenstein [24].
Data were presented in the form of mean + Standard Deviation. The difference was considered
statistically significant when p < (0.05).
Results

Identification and purification of BMHSCs
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BM-derived HSCs were characterized by crowded cultured cells, that are variable in size and
shape and most of them appear rounded by inverted microscope. The identification and
purification of HSCs by Flow cytometric analysis of immunophenotype based on cell surface
markers showed that these cells expressed high level of CD34 and negative for CD44 cell marker
indicating that BM-HSCs were isolated.

Hematological findings

Hematological findings, demonstrated no significant changes in most of blood constituents,
(red blood cells (RBCs) count, hemoglobin concentration (Hb), packed cell volume (PCV), red
cells indices and platelets count) in all rats of (subgp A, B) when compared with the control
group (gp 1) or compared with each other. While, white blood cells (WBCs) showed significant
decrease (leukocytopenia) in their count in the rats of subgp A and subgp B at 1% dpi, when
compared to gp 1 and subgp B, at 5, 10%, 13" dpt, but 5%, 10" dpt, displayed highly significant
increase when compared to others groups (Fig. 1).

In addition, differential count of white blood cells demonstrated significant decrease in
neutrophil cells in subgp A and subgp B at 1% dpi in comparison with gp 1 and subgp B at 5",
10™, 13™ dpt, which was gradually increased but not reach to gp 1. Monocyte cells displayed
significant decrease in of subgp A and subgp B at 1%, 5" dpt, in comparison with gp 1 and subgp
B at 10" and 13" dpt, which reached to normal. Lymphocyte cells were significantly decreased
in subgp A when compared to gp 1 and subgp B, which were significant increase but still
unreached to normal group (gp 1). Leukemic cells indicated by significantly increased in
hypersegmented neutrophil cells and myeloblastic leukemia cells in subgp A and subgp B at 1%

dpt when compared to gpl. These cells displayed gradually significantly decreased in the
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percentage in subgp B at 5%, 10%, 13™ dpt, when compared to subgp A but not reach to normal in
gp 1 (Fig. 2).
Blood Film
By stained with Giemsa stain for detection of leukemic cells

Blood films exhibited normal mature erythrocytes and leukocytes in control group (gp 1)
(Fig. 3a). Meanwhile, all rats in subgp A at 3", 6™ dpi and subgp B at 1" dpt displayed
myeloblastic leukemia cells, hypersegmented neutrophil cells (Figs. 3b). However, the rats in
subgp B at 5% dpt showed dysplastic neutrophils with ringed nucleus (Fig. 3¢) and myeloblast
leukemic cells. Moreover, subgp B at 10" 13" dpt showed disappeared in blast cells with
significantly hypersegmented neutrophil cells and dysplastic neutrophils with ringed nucleus in
some rats. Other rats in the same group particularly, at 13" dpt, showed apparently normal
lymphocytes and monocytes (Fig. 3d).
By stained with Sudan Black B (SBB) stain for detected myeloblastic leukemia

Blood films showed negative SBB stained mature white blood cells in control group (Fig.
4a), while, all rats in subgp A showed positive myeloblastic leukemia cells (black cells) and
negative stained lymphocyte cell when compared to gp 1 (Fig. 4b). However, the rats in subgp B
in all sacrificed noticed decreased number of positive SBB stained myeloblastic leukemia cells
with appearance of negative stained mature WBCs in comparison with subgp A (Figs. 4c, d).
By stained with Periodic Acid Schiff (PAS) stain for detected lymphoblastic leukemia

Blood films showed negative PAS stained mature white blood cells of the control group (Fig.
5a), besides subgp A appeared negative PAS stained myeloblastic leukemia cells (Fig. Sb).

Flow cytometric analysis
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Flow cytometric analysis of peripheral blood of rats exhibited no expression of cell surface
myeloid leukemia markers CD13 and CD33 in control group (Fig. 6a). However, all rats in
subgp A and subgp B at 1% dpt displayed higher expression of their myeloid leukemia markers
curves when compared to control group (Fig. 6b). Meanwhile, this curve elucidated lower
expression in subgp B at 5 dpt (Fig. 6¢), and continued to decreased at 10", 13"dpt when
compared to subgp A (Fig. 6d).

Bone marrow smear stained with Giemsa stain for detection cellularity of bone marrow

Bone marrow smear showed normal appearance, with different developmental stages of stem
cell lines in all rats in control group (Fig. 7a). However, all rats in subgp A particularly at 6™ dpi
noticed severe hypocellularity (loss of bone marrow cells) (Fig. 7b). Increase of cellularity with
different developmental stage of stem cells in bone marrow, with dysplastic leukemic cells and
hypersegmented neutrophilic cells was appeared in subgp B particularly at 5" dpt (Fig. 7c),
hypercellularity observed in bone marrow reached to normal appearance mainly at 13% dpt,
different than those observed in subgp A (Fig. 7d).

Histochemical analysis (Prussian blue stain) for detection of BMHSCs homing in bone
marrow:

Bone marrow yield showed negative staining with Prussian blue of control rats and subgp A
(Figs. 8a, b). Meanwhile, bone marrow yield of the rats of subgp B at 1% dpt displayed multiple
positive stain spindle and cuboidal stem cells (Fig. 8c), decreased at 5™ dpt, and disappeared at
101, 13 dpt (Fig. 8d).

Immunohistochemistry (CD34 immunostained progenitor BMHSCs)

Bone marrow progenitor stem cells (BMHSCs) analysis
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The rats in subgp A displayed significant decrease in CD34 immunostained bone marrow
progenitor stem cells (BMHSCs), as well as in subgp B at 1% dpt, when compared to control
group. While, the animals in subgp B at 5%, 10" dpt were significantly increased in CD34
immunostained bone marrow progenitor stem cells compared to subgp A and subgp B at 13% dpt
which was significantly decreased in CD34 immunostained bone marrow progenitor stem cells
compared to control group (Fig. 9).

Bone marrow progenitor stem cells (BMHSCs) microscopical findings

Positive of round cells CD34 immunostained bone marrow progenitor stem cells were
detected in control group (Fig. 10a). While, few round cells positive immunostaining cells with
CD 34 was observed in the bone marrow of the rats in subgp A mainly at 6" dpi and subpg B at
13™ dpt (Figs. 10b, d) but increased the positive spindle cells of immunostaining CD34 in subgp
B at 1% ,5™ 10" dpt (Fig. 10¢).

Pathological findings

Depression, emaciation with loss of appetite was detected in the etoposide group particularly
at 61 dpt, besides mortality rate reached to 50% and morbidity was 100%. In comparison, the
ratio of mortality in subgp B at 1%, 5" dpt reached to 12% and morbidity was 70%, and
disappeared after 6™ day from treatment with HSCs. Severe to moderate congestion in lungs
particularly in subgp A. Histopathology of bone marrow in all mortalities and sacrificed animals
in subgp A which infected with (Eto-I) at 3™ 6™ dpi and in subgp B which treated with
(BMHSCs) at 1% dpt, showed pancytopenia (myelosuppression) characterized by increasing of
fat cells and RBCs, replaced the necrotic hematopoietic cells, with presence of myeloid leukemia
(blast) cell infiltrated the peripheral part of bone marrow, and severe dysplastic leukemia cells

(neutrophils with rounded nucleus) encountered the central part of bone marrow in compared to
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control group which appeared normal structure (Figs. 11a, b, c¢). Meanwhile, subgp B,
particularly 5™ dpt displayed increased production of hematopoietic stem cells with decreased of
fat cells and RBCs. However, myeloid dysplastic leukemia cells still represented with no
myeloid blast in bone marrow in most rats (Fig. 11d). After that, hypercellularity manifested
complete production of hematopoietic cells with decrease in fat cells and RBCs and reduction in
myeloid dysplastic leukemic cells in subgp B particularly at 10%dpt (Fig. 11e). Bone marrow in
subgp B at 13™ dpt appeared apparently normal in architecture with complete disappeared of
myeloid blast cells (Fig. 11f) but few myeloid dysplastic leukemic cells still noticed

In the same time, the lungs with the rats treated with (Etop-I) (subgp A), showed hyperplasia
and desquamation in the epithelial lining of the bronchioles with neutrophilic cell debris led to
obliteration of their lumen (Fig. 12a), besides edema in interstitial tissues. Alveolitis
characterized by swollen mn pneumocytic cells with aggregation of inflammatory cells mainly
macrophages, neutrophils with few eosinophils. Thrombosis was observed with thickening in the
wall of peribronchial blood vessels. Meanwhile, interstitial pneumonia manifested by
aggregations of leukocytic cells and fibrous tissues proliferation, besides emphysematous areas
showed in subgp A particularly at 3", 6™ dpi (Fig. 12b). Bronchiolitis characterized by metaplasia
in the epithelial lining in bronchioles with inflammatory edema leading to thickening in their wall
(Fig 12¢), in addition to hyperplasia in peribronchial lymphoid tissues in subgp B at 1%, 5" dpt
(Fig. 12d). However, subgp B at 10™ dpt noticed focal areas of hyperplasia in the septal cells with
round cells infiltrated the alveolar tissue with collagen fiber (Fig. 12e), progressed to mild
interstitial inflammation with increase of collagen fiber, leading to regeneration with complete

healing in lungs tissues in subgp B at 13" dpt (Fig. 12f).

Discussion
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Acute myeloid leukemia (AML) means that infiltrated bone marrow, blood, and other tissues
with malignant cells of the myeloid lineage [25]. Our work was carried out on group of albino
rats injected (i.p.) with three consecutive doses of etoposide drug at (15 mg/ kg. bwt) and
sacrificed at 3™, 6™ days from the beginning of experiment (subgp A), some of them (subgp B)
followed by one dose of labeled BMHSCs (0.5x10° ml/rat) (i.v.) at 6™ dpi, then sacrificed at 1%,
5t 10™ and 13" days post-transplantation of BMHSCs. Cell surface myeloid leukemia
antibodies CD13 and CD33 were used, confirmed myeloid leukemia using Flow cytometric
analysis in etoposide group [26]. Activated natural killer cells (NK) cells and T cells express
CD33 [27], on the majority of AML cells and the level of CD33 seems to correlate with the
disease prognosis [28]. Histochemical analysis (Prussian blue stain) and immunohistochemistry
using CD34 (surface marker for primitive BMHSCs) were used, conformed homing of BMHSCs
in the treated group.

Although, etoposide is a very important anticancer agent and the primary cytotoxic target for
it is topoisomerase II inhibitor. Our study revealed positive myeloid leukemia (myeloblastic
leukemia cells, dysplastic neutrophil cells (ring cells) and hypersegmentated neutrophils) after
three consecutive doses of etoposide (subgp A). Our results may attributed to that secondary
AML may be induced dependent on treatment schedule and cumulative dose of etoposide,
particularly after multiple intravenous doses [29, 30, 5]. Other authors, Bokemeyer [31]
elucidated that high-dose etoposide, especially higher than 2.0 g/m? of cumulative dose,
increased risk for developing secondary leukemia. The leukemic cells in our work were
confirmed by giemsa, Sudan black b, while it negative by periodic acid Schiff. Simultaneously,
myelosuppression with leukopenia in blood film were detected in etoposide group (subgp A).

Same as lesions as, loss of cellularity of hematopoietic stem cells with presence of aggregated
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myeloid of dysplastic neutrophils (ringed nucleus) leukemia cells, were observed histologically
in bone marrow tissue. Lovett [32] who reported that etoposide enhanced DNA-topoisomerase 11
cleavage complexes within DNA substrates that contained the mixed lineage leukemia (MLL).
Upon that, Stanulla [33] said, continuous exposure to etoposide can detect DNA-topoisomerase
IT cleavage complexes in hematopoietic progenitor cell line. However, different studies
discovered that, secondary leukemias induced by etoposide, was associated with translocations
of (MLL) gene at human chromosomal band 1123 [34]. This MLL gene spans 100 kb, has
important functions in embryogenesis and hematopoiesis [35, 36] MLL fusion proteins induce
high expression of MEISI and HOX genes that inhibit differentiation and induce stabilization of
immature hematopoietic cells [37]. Some studies assessed the rearrangements of
the MLL/ALLI gene with 20% of acute lymphoblastic leukemias (ALL) and with 5-6% of acute
myeloid leukemias (AML) [38, 39]. In other hand, Ezoe [S] found that etoposide has a promote
effect on cleavage and illegitimate repair along all chromosomes, but the specific oncogenic
fusions with MLL lead to a tumorigenesis, in a hematopoietic stem-cell subpopulation. Due to
changes found in bone marrow by repeated doses of etoposide in rats in (subgp A), reflect the
presence of lung asthma which manifested by obstruction in bronchioles with interstitial
pneumonia. This attributed to that chemotherapy is a toxic substance that reduces humeral and
cell- mediated immune response, leading to lung asthma [40]. Kim [41] who reported that drug-
induced anaphylaxis is a main deterioration in patients receiving chemotherapy, as etoposide,
manifested by cough, chest discomfort, dyspnea, and sweating.

From previous reports, there are strong association established between the hematologic
malignancies risk and severe asthma in lungs, attributed to allergy-induced by cytotoxic agents

and immune suppression. The above mention results (in etoposide group) in bone marrow tissues
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were disappeared gradually after transplanted with BMHSCs (subgp B) and less detectable
particularly at 13" dpi. As well as lung damaged were progressed to normal after remodeling of
bone marrow yield. The simultaneously remodeling injury in bone marrow and lung tissues after
the transplantation with BMHSCs (Subgp B) are correlated with activity of immune system,
which has elicited cellular and humoral mechanisms that develop natural immune responses
against tumors [42]. Current work, studied the significant of HSCs on myloid leukemia and
allergic lungs. HSCs give a series of progenitors that produce cells of a given type such as
multipotent progenitors (MPPs) that give common myeloid progenitors (CMPs) which result
either megakaryocyte and erythrocyte progenitors (MEPs) or granulocyte and macrophage
progenitors (GMPs) [43]. Meanwhile, early lymphoid progenitors (ELPs) able to producing T, B,
and NK cells which count prolymphocytes or common lymphoid progenitors (CLPs) then
become pre-B cells [44- 46]. Also, HSCs can generate multiple extracellular growth factors
cytokines as (GM-CSF) which both regulate proliferation and differentiation of the precursor
stem cells [47, 48] and predominantly appeared on the granulocyte/macrophage lineages,
resulting in more production of mature neutrophils and macrophages [49]. Additionally to GM-
CSF, there are cytokines and extracellular matrix molecules are responsible for reverse cytopenia
and mobilize the immune system against cancer disease [S0]. Moreover, allogeneic progenitor
cell transplantation contained more T lymphocytes and natural killer cells [S1]. T cells inhibit the
production of leukemic colony-forming unit granulocyte-macrophage (CFU-GM) colonies
because of higher expression levels of the protein in tumor cells as Proteinase-3 [52]. In addition
to, Aswald [53] discovered other component from the innate immune system (autologous
Gamma-Delta T (GD-T) cells) have a role as potential anti-cancer immune effector cells, they

found that this cells appeared fewer in peripheral blood in acute myeloid leukemia (AML) (prior
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to chemotherapy) but significantly increased after induction therapy. Nevertheless, eosinophils
act as central effector cells in allergic inflammation, in addition to mast cells and basophils [54],
but recently discovered the antitumor activity for their where, eosinophils express both FceRs,
should be able to interact with tumor-targeted IgE to enhance these anti-tumor effects [S5]. The
IgE class has antibodies found in blood and extracellular fluid, involved type I hypersensitivity
(anaphylactic/allergic) reactions, and there have cancer therapy properties [56]. Eosinophils
appeared scattered malignant tissues, known as tumor-associated tissue eosinophilia (TATE),
which has been associated with good prognosis in carcinoma cell [S7]. Basophils develop from
CD34" progenitors in the bone marrow, involved in allergic/anaphylactic (type I
hypersensitivity) reactions, and express FceRI, secrete Tu2 (T helper 2) cytokines, and release
histamine, lipid mediators, chemokines, and cytokines after activation in circulation same as
eosinophils, besides mast cells and macrophages, which express both FcyRI and FceRI, can
sensitized with anti-tumour-specific IgG or IgE [58,59]. Lung in asthma usually showed blood
vessel proliferation i the mucosa and submucosa lead to increased blood flow and
microvascular permeability, and edema formation in alveolar and bronchiolar walls [60].
Numerous factors of cytokines of the CXC family expressed from basophils to regulate the
inflammatory reaction for angiogenesis, tissue repair and new tissue generation [61].
Conclusion

It could be concluded that sequential doses of etoposide consider a highly toxic on the blood
and tissues in rats where it exhibit immune suppression resulting anaplastic changes in
progenitor bone marrow cells particularly acute myeloid leukemia and the development of

pulmonary disease during or following chemotherapy due to anaphylaxis. Meanwhile, after
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transplantation of BMHSCS, hypercellularity with mild leukemic cells in bone marrow was

observed and repairing in lung tissues.

Reference

1.

R.A. Larson, ’Is secondary leukemia an independent poor prognostic factor in acute
myeloid leukemia?,” Best Pract Res Clin Haematol., Mar 2007, vol. 20, no. (1), pp. 29-37.
K.R. Hande, “Clinical applications of anticancer drugs targeted to topoisomerase II”.
Biochim Biophys Acta. Oct 1998, vol. 1; 1400, no. (1-3), pp. 173-84.

A.V. Hoffbrand , PAH. Moss, and JE Pettit, “Essential haematology”. 5th ed. Oxford:
Blackwell Publishing; UK. 2006. pp. 230—40.

C.A. Stiller, “Epidemiology and genetics of childhood cancer”, Oncogene, 2004, vol 23,
pp. 6429-6444. doi :10.1038/sj.onc.1207717 .

S. Ezoe, “Secondary leukemia associated with the anti- cancer agent, etoposide,
a topoisomerase II inhibitor” Int J Environ Res Public Health, Jul 2012, vol. 9, no. (7), pp.
2444-53. doi: 10.3390/ ijerph9072444.

S. Knipp, B. Hildebrandt, J. Richter, R. Haas, U. Germing, and N. Gattermann,
“Secondary myelodysplastic syndromes following treatment with azathioprine are
associated with aberrations of chromosome 7, Haematologica., 2005, vol. 90, no. (5), pp.
691-693.

L.A. Godley and R.A.Larson, “Therapy-related myeloid leukemia”, Semin Oncol., Aug
2008, vol. 35, no. (4), pp. 418-29. doi: 10.1053/j.seminoncol.2008.04.012.

S. Kayser, K. Dohner, J. Krauter, C.H. Kohne, H.A. Horst, and G. Held, et al., “The

impact of therapy-related acute myeloid leukemia (AML) on outcome in 2853 adult patients

GSJ© 2019
www.globalscientificjournal.com

232


https://www.ncbi.nlm.nih.gov/pubmed/?term=Ezoe%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22851953

GSJ: Volume 7, Issue 9, September 2019
ISSN 2320-9186

10.

11.

12.

13.

14.

15.

16.

17.

with newly diagnosed AML”, Blood, 2011,vol. 117, no. (7), pp. 2137-2145. doi:
10.1182/blood-2010-08-301713.

M. Schwaiblmair, W. Behr, T. Haeckel, B. Mirkl , W. Foerg, and T. Berghaus, “Drug
induced interstitial lung disease”, Open Respir Med J., 2012, vol 6, pp. 63-74.

L.S. Snyder and M.I. Hertz, “Cytotoxic drug-induced lung injury” Semin Respir
Infect., Sep 1988, vol 3, no. (3), pp. 217-28.

A.H. Limper, “Chemotherapy-induced lung disease” Clin Chest Med., Mar 2004, vol. 25,
no. (1), pp. 53-64.

I. L.Weissman, “Translating stem and progenitor cell biology to the clinic: barriers and
opportunities”, Science, 2000, vol. 287, no. (5457), pp. 1442-1446.

P. Ljungman, A. Urbano-Ispizua, M. Cavazzana-Calvo, T. Demirer, G. Dini, and H.
Einsele, et al., “Allogeneic and autologous transplantation for haematological diseases,
solid tumours and immune disorders: definitions and current practice in Europe”, Bone
marrow transplant, 2006,vol. 37, no. (5), pp. 439-449.

R.I. Freshney, Culture of Animal Cells: A Manual of Basic Technique. 3rd edn. Wiley-
Liss, Inc: New York; 1994.

D.L. Kraitchman, A.W. Heldman, E. Atalar, L.C. Amado, B.J. Martin, M.F. Pittenger,
and J.M. Hare, et al., “In vivo magnetic resonance imaging of mesenchymal stem cells in
myocardial infarction”, Circulation, 2003, vol. 107, no. (18), pp 2290-93.

B. Houwen, “Blood film preparation and staining procedures”, Clin Lab Med., Mar 2002,
vol. 22, no. (1), pp. 1-14.

HL Sheehan and GW Storey. “An improved method of staining leukocyte granules with

Sudan Black B”, Journal of Pathology and Bacteriology, 1947, pp. 59: 336.

GSJ© 2019
www.globalscientificjournal.com

233


http://www.uptodate.com/contents/pulmonary-toxicity-associated-with-systemic-antineoplastic-therapy-clinical-presentation-diagnosis-and-treatment/abstract/6

GSJ: Volume 7, Issue 9, September 2019
ISSN 2320-9186

18.

19.

20.

21.

22,

23.

24.

25.

J.F. McManus, “Histological and histochemical uses of periodic acid”, Stain Technol., Jul
1948, vol. 23, no. (3), pp. 99-108.

S. Leary, W. Underwood, R. Anthony, S. Cartner, D. Corey, and T. Grandin et al,
“AVMA Guidelines for the Euthanasia of Animals: 2013 Edition; Washington University,
St. Louis, Veterinary Medical Association 1931 N. Meacham Road Schaumburg, IL 60173

https://www.slideshare.net/charmkey5/avma-guidelines-for-the-euthanasia-of-animals-

2013-edition

J.K. Nicholson, S.W. Browning, S.L. Orloff, and J.S. McDougal, “Inactivation of HIV
infected H9 cells in whole blood preparations by lysing/fixing reagents used in flow
cytometry”, J Immunol Methods, 1993, vol. 160, pp. 215-218.

R. Ellis, “Perls Prussian blue Stain Protocol, Pathology Division, Queen Elizabeth
Hospital”, South Australia, 2007.

C.R. Taylor and L. Rudbeck, “Education Guide. Immunohistochemical Staining
Methods”, 6" ed. Denmark, Dako, 2013.

https://www.agilent.com/cs/library/technicaloverviews /public

/08002 _ihc_staining_methods.pdf .

R.A.B Drury and E.A. Wallington, “Carleton's Histological Technique”, 5th edt. Oxford
University Press, New York, 1980.

M. Borenstein, H. Rothstein, and J. Cohen, “Biochemistry (Moscow)”, vol. 70, pp. 79-
84, Sample power statistics 1.0.SPSS, Inc., Chicago, 1997.

S.S. Hoseini and N.K.Cheung, “Acute myeloid leukemia targets for bispecific

antibodies”, Blood Cancer J., 2017, vol. 7, no.(2), pp. €522.

GSJ© 2019
www.globalscientificjournal.com

234


https://www.slideshare.net/charmkey5/avma-guidelines-for-the-euthanasia-of-animals-2013-edition
https://www.slideshare.net/charmkey5/avma-guidelines-for-the-euthanasia-of-animals-2013-edition
https://www.agilent.com/cs/library/technicaloverviews%20/public%20/08002_ihc_staining_methods.pdf
https://www.agilent.com/cs/library/technicaloverviews%20/public%20/08002_ihc_staining_methods.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hoseini%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=28157217
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheung%20NK%5BAuthor%5D&cauthor=true&cauthor_uid=28157217
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5386336/

GSJ: Volume 7, Issue 9, September 2019
ISSN 2320-9186

26.

27.

28.

29.

30.

31.

32.

R.O. Casasnovas, F.K. Slimane, R. Garand, G.C. Faure, L. Campos, and V. Deneys, et
al., “Immunological classification of acute myeloblastic leukemias: relevance to patient
outcome”, Leukemia, 2003, vol. 17, no. (3), pp. 515-527.

T. Hernandez-Caselles, M. Martinez-Esparza, A.B. Perez-Oliva, A.M. Quintanilla-
Cecconi, A. Garcia-Alonso, and D.M.R. Alvarez-Lopez, et al., “A. study of CD33
(SIGLEC-3) antigen expression and function on activated human T and NK cells: two
isoforms of CD33 are generated by alternative splicing”, J Leuk Biol., 2006,vol. 79, pp.
46-58.

C. Krupka, P. Kufer , R. Kischel , G. Zugmaier , J. Bogeholz , and T. Kohnke , et al.,
“CD33 target validation and sustained depletion of AML blasts in long-term cultures by the
bispecific T-cell-engaging antibody AMG 330, Blood, Jan 2014, vol. 16, no. 123(3), pp.
356-65.

K .Sugita, T. Furukawa, M. Tsuchida, Y. Okawa, S. Nakazawa, and J. Akatsuka, et al.,
“High frequency of etoposide (VP-16)-related secondary leukemia in children with non-
Hodgkin's lymphoma”, Am J Pediatr Hematol Oncol., 1993, vol. 15, no. (1), pp. 99-104.

C. Kollmannsberger, J. Beyer, J.P. Droz, A. Harstrick, J.T. Hartmann, and P. Biron,
et al., “Secondary leukemia following high cumulative doses of etoposide in patients treated
for advanced germ cell tumors”, J Clin Oncol., 1998, vol. 16, no. (10), pp. 3386-3391.

C. Bokemeyer, H.J. Schmoll, M.A. Kuczyk, J. Beyer, and W.Siegert , “Risk of
secondary leukemia following high cumulative doses of etoposide during chemotherapy for
testicular cancer”, J Natl Cancer Inst., 1995,vol. 87, no. (1), pp. 58-60.

B.D. Lovett, D. Strumberg, I.A. Blair, S. Pang, D.A. Burden, and M.D. Megonigal, et

al,, “Etoposide metabolites enhance DNA topoisomerase II cleavage near leukemia-

GSJ© 2019
www.globalscientificjournal.com

235


https://www.ncbi.nlm.nih.gov/pubmed/?term=Krupka%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24300852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kufer%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24300852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kischel%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24300852
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zugmaier%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24300852
https://www.ncbi.nlm.nih.gov/pubmed/?term=B%C3%B6geholz%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24300852
https://www.ncbi.nlm.nih.gov/pubmed/?term=K%C3%B6hnke%20T%5BAuthor%5D&cauthor=true&cauthor_uid=24300852

GSJ: Volume 7, Issue 9, September 2019
ISSN 2320-9186

33.

34.

3S.

36.

37.

38.

39.

associated MLL translocation breakpoints. Biochemistry”, 2001, vol. 40, no. (5), pp. 1159-
1170.

M. Stanulla, J. Wang, D.S. Chervinsky, S. Thandla, and P.D. Aplan, “DNA cleavage
within the MLL breakpoint cluster region is a specific event which occurs as part of higher-
order chromatin fragmentation during the initial stages of apoptosis”, Mol Cell Biol., 1997,
vol. 17, pp. 4070-4079.

P.H. Domer, D.R. Head, N. Renganathan, S.C. Raimondi, E. Yang, and M. Atlas,
“Molecular analysis of 13 cases of MLL/11g23 secondary acute leukemia and identification
of topoisomerase II consensus-binding sequences near the chromosomal breakpoint of a
secondary leukemia with the t(4;11)”, Leukemia, 1995, vol. 9, pp. 1305-1312.

J.L. Hess, B.D. Yu, B. Li, R Hanson, and S.J. Korsmeyer, “Defects in yolk sac
hematopoiesis in Mll-null embryos”, Blood, 1997, vol. 90, pp. 1799—-1806.

A. Yokoyama, T.C. Somervaille, K.S. Smith, O. Rozenblatt-Rosen, M. Meyerson, and
ML. Cleary, “The menin tumor suppressor protein is an essential oncogenic cofactor for
MLL-associated leukemogenesis”, Cell, 2005,vol. 123, pp. 207-218.

P. Ernst, J.K. Fisher, W. Avery, S. Wade, D. Foy, and S.J. Korsmeyer, “Definitive
hematopoiesis requires the mixed-lineage leukemia gene”, Dev Cell, 2004a, vol. 6, pp. 437—
443.

E. Canaani, T. Nakamura, T. Rozovskaia, S.T. Smith, T. Mori, and C.M. Croce, et
al,, “ALL-1/ MLL1, ahomologue of Drosophila TRITHORAX, modifies chromatin and
is directly involved in infant acute leukaemia”, Br J Cancer, 2004, vol. 90, pp. 756—760.
T.C. Somervaille and M.L. Cleary, “Grist for the MLL: How do MLL oncogenic fusion

proteins generate leukemia stem cells?, “Int J Hematol., 2010, vol. 91, pp. 735-741.

GSJ© 2019
www.globalscientificjournal.com

236



GSJ: Volume 7, Issue 9, September 2019
ISSN 2320-9186

40.

41.

42.

43.

44.

45.

46.

47.

48.

M.M. Mohi EI-Din, A.M. Mostafa, and A. Abd-Elkader, “Experimental studies on the
effect of (Lambda-Cyhalothrin) insecticide on lungs and the ameliorating effect of plant
extracts (Ginseng (Panax Ginseng) and garlic (Allium sativam L.) on asthma development
in albino rats”, BMC Res Notes, 2014, vol. 7, pp. 243.

Y.N. Kim, J.Y. Kim, J.W. Kim, J.H. Kim, H.I. Kim, and S. Yune et al., “The hidden
culprit: a case of repeated anaphylaxis to cremophor”, Allergy Asthma Immunol Res.,
2016,vol. 8, no. (2), pp. 174-177.

G.P. Dunn, A.T. Bruce, H. Ikeda, L.J. Old, and R.D. Schreiber, “Cancer immunoediting:
from immunosurveillance to tumor escape, Nat Immunol., 2002,vol. 3, pp. 991-998.

K. Akashi, D. Traver, M. Miyamoto, and LL. Weissman, “A clonogenic common
myeloid progenitor that gives rise to all myeloid lineage”, Nature, 2000, vol. 404, pp.193-
197

M. Kondo, I.LL. Weissman, and K. Akashi, “Identification of clonogenic common
lymphoid progenitors in mouse bone marrow”, Cell, 1997, vol. 91, pp. 661-672.

H. Igarashi, S.C. Gregory, T. Yokota, N. Sakaguchi, and P.W. Kincade, “Transcripition
from the RAGI1 locus marks the earliest lymphocyte progenitors in bone marrow.
Immunity”, Aug 2002, vol. 17, no. (2), pp. 117-30.

T. Kouro, V. Kumar, and P.W. Kincade, “Relationships between early B- and NK-
lineage lymphocyte precursors in bone marrow”, Blood, 2002, vol. 100, pp. 3672-3680.

M. Dean, T. Fojo, and S. Bates, “Tumour stem cells and drug resistance”, Nature Reviews
Cancer, 2005, vol. 5, no. (4), pp. 275-284.

B. Chanda, A. Ditadi, N.N Iscove, and G. Keller, “Retinoic acid signaling is essential for

embryonic hematopoietic stem cell development™, Cell, 2013, vol. 155(1), pp. 215-227.

GSJ© 2019
www.globalscientificjournal.com

237


https://www.ncbi.nlm.nih.gov/pubmed/?term=Mohi%20El-Din%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=24739272
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mostafa%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=24739272
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abd-Elkader%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24739272
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3999737/

GSJ: Volume 7, Issue 9, September 2019
ISSN 2320-9186

49.

50.

S1.

52.

53.

54.

5S.

56.

C.A. Sieff, S.G. Emerson, R.E. Donohue, D.G. Nathan, E.A. Wang, and G.G. Wong, et
al, “Human recombinant granulocyte-macrophage colony-stimulating factor: A
multilineage hematopoietin”, Science, 1985, vol. 230, no.(4730), pp. 1171-1173.

P.R. Baraniak and T.C. McDevitt, “Stem cell paracrine actions and tissue
regeneration”, Regen Med, Jan 2010, vol. 5, no. (1), pp.121-143.

P. Dreger, T. Haferlach, V. Eckstein, S. Jacobs, M. Suttorp, and H. Loffler, et al.,
“GCSF-mobilized peripheral blood progenitor cells for allogeneic transplantation: Safety,
kinetics of mobilization, and composition of the graft”, Br J Haematol., 1994, vol. 87, pp.
609-613

J.J. Molldrem, E. Clave, Y.Z. Jiang, D. Mavroudis, A. Raptis, and N. Hensel et al.,
“Cytotoxic T lymphocytes specific for a nonpolymorphic proteinase 3 peptide preferentially
inhibit chronic myeloid leukemia colony-forming units” Blood. 1997; 90(7): 2529-2534.
J.M. Aswald, X.H. Wang, S. Aswald, A. Lutynski, M.D. Minden, and H.A. Messner, et
al., “Flow cytometric assessment of autologous gammadelta T cells in patients with acute
myeloid leukemia: potential effector cells for immunotherapy?”, Cytometry B Clin Cytom.,
2006, vol. 70, pp. 379-390.

K.D. Stone, C. Prussin, and D.D. Metcalfe, “IgE, Mast Cells, Basophils, and
Eosinophils”, J Allergy Clin Immunol., 2010, vol. 125, no., (2), pp. S73—-S80.

L.S. Leoh, T.R. Daniels-Wells, and M.L. Penichet, “IgE Immunotherapy against
Cancer”, Curr Top Microbiol Immunol., 2015, vol. 388, pp. 109—-149.

C.A. Janeway, P. Travers, M. Walport, and M. Schlomchick,” Immunobiology: the
immune system in health and disease. Garland Science”, New York, Chapter 4, the

generation of lymphocyte antigen receptors, 2005a, pp. 135-168.

GSJ© 2019
www.globalscientificjournal.com

238


https://www.ncbi.nlm.nih.gov/pubmed/?term=Stone%20KD%5BAuthor%5D&cauthor=true&cauthor_uid=20176269
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prussin%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20176269
https://www.ncbi.nlm.nih.gov/pubmed/?term=Metcalfe%20DD%5BAuthor%5D&cauthor=true&cauthor_uid=20176269
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=20176269
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leoh%20LS%5BAuthor%5D&cauthor=true&cauthor_uid=25553797
https://www.ncbi.nlm.nih.gov/pubmed/?term=Daniels-Wells%20TR%5BAuthor%5D&cauthor=true&cauthor_uid=25553797
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=25553797

GSJ: Volume 7, Issue 9, September 2019
ISSN 2320-9186

57.

58.

59.

60.

61.

P. Sahni, A Patel, M.d. Shylaja, J. Hallur, and PK. Gujjar, “Tumor Associated Tissue
Eosinophilia in Oral Squamous Cell Carcinoma: A Histo-Chemical Analysis” Malays J] Med
Sci., 2015, vol. 22, no. (6), pp. 21-25.

J.T. Schroeder, D.W. MacGlashan, and L.M. Lichtenstein, “Human basophils: mediator
release and cytokine production”, Adv Immunol., 2001, vol. 77, pp. 93-122.

B. Min and W.E. Paul, “Basophils and type 2 immunity”, Curr Opin Hematol., Jan 2008,
vol. 15, no. (1), pp. 59-63.,

E. Crivellato and D. Ribatti, “Cooperation of Mast Cells and Basophils in Allergy”, J
Allergy Ther., 2013, vol. 4, pp. 135.

P. Romagnani, L. Lasagni , F. Annunziato, M. Serio, and S. Romagnani, “CXC
chemokines: the regulatory link between inflammation and angiogenesis”, Trends

Immunol., 2004, vol. 25, no. (4), pp. 201-9.

GSJ© 2019
www.globalscientificjournal.com

239


https://www.ncbi.nlm.nih.gov/pubmed/?term=Sahni%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28223881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28223881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Md%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28223881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hallur%20J%5BAuthor%5D&cauthor=true&cauthor_uid=28223881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gujjar%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=28223881
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5295753/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5295753/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schroeder%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=11293121
https://www.ncbi.nlm.nih.gov/pubmed/?term=MacGlashan%20DW%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=11293121
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lichtenstein%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=11293121
https://www.ncbi.nlm.nih.gov/pubmed/11293121
https://www.ncbi.nlm.nih.gov/pubmed/?term=Min%20B%5BAuthor%5D&cauthor=true&cauthor_uid=18043247
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paul%20WE%5BAuthor%5D&cauthor=true&cauthor_uid=18043247
https://www.ncbi.nlm.nih.gov/pubmed/18043247
https://www.ncbi.nlm.nih.gov/pubmed/?term=Romagnani%20P%5BAuthor%5D&cauthor=true&cauthor_uid=15039047
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lasagni%20L%5BAuthor%5D&cauthor=true&cauthor_uid=15039047
https://www.ncbi.nlm.nih.gov/pubmed/?term=Annunziato%20F%5BAuthor%5D&cauthor=true&cauthor_uid=15039047
https://www.ncbi.nlm.nih.gov/pubmed/?term=Serio%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15039047
https://www.ncbi.nlm.nih.gov/pubmed/?term=Romagnani%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15039047
https://www.ncbi.nlm.nih.gov/pubmed/15039047
https://www.ncbi.nlm.nih.gov/pubmed/15039047

GSJ: Volume 7, Issue 9, September 2019
ISSN 2320-9186

RECEx(10¢/mm?) Hemoglobin conc.(g/dl)

) 16

] i

¢ £

i §=
i §

H i
' £

: %
E

1 2 ¢

2

b aath  faeed  feml) e ek )

a e e ten ddpid)  GthopiA)  lsdmiB)  SthopuB)  10thdpuB)  13thdpeiB)
X Times per days

mGpl wGpl(A) @ Gp2iE)

PCV(%
(%] MCV(fl)
&
@ L
=3
£3 50
<]
* 5 20
5 E
) 20
: g
o 20
IrddpiA)  BthoplA] istdpelf] Sthobt(®) 10thdpsiB) 13thdps)
Time per days 10
mGpl mGp2{4) mGR2(B) o
IAdp(A)  GthplA)  lmepE)  ShpUE)  10thomB)  1Sthepeis)
Time per days
C MCH(pg) wGp1 WGp2iA) WGR2(B)
-l MCHC(%)
18
% 3
=i »
g
B 3
. g
& g
£
"
OpA]  Gncp()  ImoxE  Shept®)  10hdp®)  1Sthdmis) s
o
Time per davs Suopil enep(a)  mows  Smon®  l0hom®)  1xnop)
upl mGpIA) mEp2E)
Time per days
e f
WBCsx(10%/ul)
Platelets (103/ml)
1000 :
00 1
om0
E mo -
X e
e H
E s ER *
= %00 3 .
= o H
100 * *
[}
dpfA)  isidptB)  SthaptiB) 10thdpB) 13thapB)
[
e diie Iedpin)  BMdplA  IMOREl  SMAH)  10MApGE  13thdpes)

®Gpl MGR2jA) WGp2B)

Figure 1: Mean of the red blood cells count (RBCs x10%/mm3), hemoglobin concentration (g/dl)
,packed cell volume (PCV %), corpuscular volume (MCV) (fl), mean corpuscular hemoglobin
(MCH) (pg) , mean corpuscular hemoglobin concentration (MCHC) (%) , platelet count

(x10°/ml) and white blood cells count (WBCs x103/mm3) in (control group), (subgp A, B).
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Figure 2: Mean of the Neutrophil (%), Monocyte (%), Lymphocyte (%) , Hypersegmented

neutrophil (%) and myeloblastic leukemia cells (%) of rats in (control group), (subgp A, B).
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Figure 3: Blood film stained with Giemsa, (a) normal mature neutrophilic cell (thick arrow)

and lymphocytic cell (thin arrow) in control group, (b) myeloblastic leukemia cells (thick arrow),
hypersegmented ne‘iltrophilié ceI‘I (thin arrows) and (c) dysl‘)lasticu neutrophil, with ringed nucleus
in (subgp A, B), af”l__St, 5t.dpt, (d) normal monocyte cell at 13th dpt (arrow). (Giemsa stain., x

100)
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(

Figure 4: Blood film stained Sudan black b, (a) negative SBB stained mature white blood cells
(arrows) in control group, (b) severe positive SBB stained myeloblastic leukemia cells (thin
1%, 5 dpt, (c, d)

w) with negative

tain, x 100)

Figure 5: Blood film stained by periodic acid Schiff (PAS), (a) negative PAS stained mature
white blood cells (arrows) in control group, (b) negative PAS staining myeloblastic leukemia cell

in (subgp A) (arrow). (PAS stain, x1000)
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Figure 6: Histogram of peripheral blood, (a) negative of myeloid markers CD 13 and CD 33
in control group, (b) higher expression of myeloid markers CD13 and CD33 curve in (subgp A),
(¢) lower expression of myeloid markers in (subgp B) at 5% dpt, (d) continuous decreased in

expression at 10™, 13 dpt.
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Figure 7: Bone marrow smear, (a) difference of developmental stages of stem cells lines in
control group, (b) severe lost of bone marrow cells in subgp A at 6th dpi, (¢) dysplastic cells with
hypersegmented neutrophils and different developmental stage of stem cells (arrows) in subgp B

at 5th dpt, (d) incre

x1000)

Figure 8: Bone marrow yield, (a, b) negative staining with Prussian blue in control group and
(subgp A), (¢) positive Prussian blue stain for multiple spindle and cuboidal cells (s) in subgp B

at 1% dpt, (d) no positive Prussian blue cells in subgp B at 13" dpt. (Prussian blue stain)
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Figure 9: Mean of the CD34 immunostained cells % of rats in (control group), and (subgp A, B)

Figure 10: Bone marrow stained with CD 34 immunostaining, (a) several positive round cells
stained with CD 34 (arrows) in control group, (b, d) few positive round cells stained with CD 34
(arrow) in (subgp A, B) at 6™ dpi and 13™ dpt , respectively, (¢) positive spindle cells stained

with CD 34 (arrow) in subgp B at 5™ dpt.
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Figure 11: Photograph of Bone marrow, (a) normal structure of bone marrow in control group,
(b) aggregation of blast leukemia cells (arrows), with (¢) loss of cellularity and presence of
myeloid dysplastic leukemia cells (neutrophils with ringed nucleus) (thick arrow) and myeloid
blast cells (thin arrow) in subgp A at 6 and B at 1% dpi, (d) while at 5™ dpt percentage of
myeloid dysplastic leukemia cells with no myeloid blast cells, (e) at 10™ dpt hypercellularity
with reduction in myeloid dysplastic leukemic cells (arrow), (f) at 13™ dpt normal architecture of

bone marrow yield. (H&E., x 80- 200)
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Figure 12: Lungv"“ §téined wi_th heméthylin aﬂd eosjn, (a) :"obstructe‘td bronchioles with
desquamated epithelival-éélls and neutroplﬁlic ‘déb:r.is inside;;chrer lumen '(arfow), (b) interstitial
pneumonia with aggregations of leukocytic cells besides, emphysematous areas in subgp A at 3™
,6™ (dpi), (¢) bronchiolitis with metaplasia in the epithelial lining of bronchioles (thin arrow) ,
thickening in wall with edema and round cells infiltration (thick arrow) in subgp B at 1% dpt, (d)
in addition to hyperplasia bronchial lymphoid tissue (arrow) at 5™ dpt, (e) focal areas of
hyperplasia in the septal cells (thin arrow) with increase of collagen fiber (thick arrow) in subgp
B at 10th (dpt) , (f) regeneration in pulmonary tissues was detected in subgp B at 13" dpt.

(H&E., x 80-200)
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