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ABSTRACT

Aim: The enrolment of blood progenitor cells from the bone marrow into peripheral blood or mobilization is required in leukemia
following treatment with chemotherapy and/or cytokines. In this experiment, we examined the mobilization of lymphocytes from
bone marrow to peripheral blood using interleukin-3 (IL-3) and granulocyte monocyte-colony stimulating factor (GM-CSF) in
experimentally induced leukemia model.

Methods: In our Laboratory, leukemia is induced in Balb/C mice by challenging with N’-N’ EthyInitrosourea (ENU) at the dose of
80mg/kg body twice in one week interval and confirmed by staining of peripheral blood and bone marrow smear. After confirma-
tion of leukemia induction, animals were received rmIL-3 and rmGM-CSF in combination for consecutive four days. Leishman’s
staining of peripheral blood smear and isolation of lymphocytes by percoll gradient method used in this study to determine the
cell count.

Results: Total leukocyte count exhibits 6 folds higher in number in leukemia group compared to control group. After combina-
tion of treatment the total leukocyte count was same as leukemic control group until the sacrifice of animals. But the lymphocyte
count increased around 2.6 fold after combination of IL-3 and GM-CSF treatment to leukemic mice.

Conclusion: This data suggests the mobilization of lymphocytes from bone marrow to peripheral blood may be immunologically
beneficial to combat against tumor cells
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Abbreviations: ENU: N-ethyl-N’-nitrosourea, rmlL-3: recombinant mouse Interleukin-3, rmGM-CSF: recombinant mouse
Granulocyte-Macrophage Colony-Stimulating Factor, CD-8: Cluster of Differentiation 8, CD-4: Cluster of Differentiation 4, HSC:
Haematopoetic stem cells, CTL: Cytotoxic T Lymphocytes.

cells transportation in following treatment with chemothera-
py and/or cytokines is termed as mobilization (Lemoli RM et
al., 2008). Numerous factors affect HSC mobilization: age,
type and dose of cytokines used, in the autologous setting,
the patient‘s diagnosis, mobilizing chemotherapy regimen,
number and type of previous chemotherapy cycles or ra-
diation, and interval from last chemotherapy cycle (Suarez-

INTRODUCTION

Conventional cancer treatment strategies include chemo-
therapy and radiotherapy. The rationale for administration
of high-dose chemotherapy and/or radiation to patients with
therapy-sensitive tumours is to reduce tumour burden (Ka-
pustay PM. 1997). Carriage of these therapies with respect

to higher drug doses and intensified schedule are resulted
by organ toxicities (e.g., bone marrow, heart, and lung) and
pancytopenia (Walker F et al., 1994).

Hematopoietic stem/progenitor cells (HSC) were formed
from the bone marrow and transported generally as mature
hematopoietic cells into peripheral blood. The alterations of

Alvarez B et al., 2012).

Leukemia is a type of cancer of the blood or bone marrow
featured by an abnormal increase of immature leukocytes
and clinically it is called blast cells. Generally, it starts in
the bone marrow, the soft tissue inside most bones. All of the
primary elements of the blood are derived from multipotent
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stem cells found primarily in the bone marrow. During the
diseased condition, impair the ability of the bone marrow to
produce red blood cells and platelets (Mackaness GB. 1964).
Lymphocyte which are derived from the bone marrow and
become matured in spleen or thymus, participates in im-
mune system. It is to be believed that; different subpopula-
tion of T cells performs different function in cancer. CD8+ T
cells mainly provide antitumor activity (Yusuf Net al., 2008;
Kmieciak M et. al., 2011). However, in leukemic condition
most of the lymphocytes are in defected condition. CD4+ T
cells are not involved directly in antitumor activity whereas
pure CD8+ T cells alone can have the antitumor activity as
well as can help to survive in marrow transplant condition
(Palathumpat V et al., 1995). The number of normal CD8+
T cells present in the blood is important and if the number
is not sufficient to fight against the cancer cells in leukemia,
the condition of the patient will deteriorate. In diseased con-
dition, as many normal activated CD8+ T cells will present
in the blood, immune system can protect the disease progres-
sion and so mobilization of lymphocytes by some cytokines
and growth factors (Fu P et al., 2006) are helpful.

IL-3 stimulates the differentiation of multipotent hematopoi-
etic stem cell into lymphoid lineage; IL-3 stimulates prolifer-
ation of all cells in the myeloid lineage, in conjunction with
other cytokines like GM-CSF). GM-CSF stimulates stem
cells to produce granulocytes and monocytes. Monocytes
exit the circulation and migrate into tissue, whereupon they
mature into macrophages and dendritic cells to fight against
infection through inflammatory cascade. The function of
IL-3 is quite similar to GM-CSF. Reports suggest that, com-
bination dose of GM-CSF and IL-3 enhances megakaryo-
cyte maturation and platelet count in primates (Stalh CP et
al., 1992). It was also suggested that, treatment of G-CSF
or GM-CSF with IL-3 exhibits increased rate of neutrophil
and monocyte release in peripheral blood from bone marrow
(Lord B et al., 1991). Treatment of IL-3 in patient with bone
marrow failure, observes significant increase in leukocyte
count (Ganser A et. al., 1990). It was reported that, GM-CSF
were used as immunotherapeutic agent in alone or in com-
bination with other factors and cytokines (Arellano M et al.,
2008) to treat different type of solid cancer. IL-3 alone also
can induce the lymphocyte differentiation and proliferation
(Leite-de-Moraes MC et al., 2002; Dilloo D et al., 1996).

MATERIALS AND METHODS

Chemicals required:

N-ethyl-N’-nitrosourea (ENU) obtained from Sigma Aldrich,
USA. RPMI-1640, Hank’s balanced salt solution (HBSS),
Antibiotic solution from Himedia, India. Percoll from GE
Healthcare, USA. rmIL-3, mrGM-CSF from ImmunoTools

GmBH, Germany. Leishman’s stain from LOBA Chemicals.
PBS and the other chemicals were obtained from SRL, India.

Maintenance of animals

Male Balb/C mice, 3-4 weeks old, were obtained from Na-
tional Institute of Nutrition, Hyderabad, India. Mice were
housed in a virus-free animal facility for the duration of the
experiments as per guidelines of Institutional Animal Eth-
ics Committee, Tripura University (Ethical Clearance Ref.
No.: TU/IAEC/2014/VIIl/3-2; Dated: 12-09-2014). These
mice were kept and maintained specific pathogen free condi-
tion with proper humid (60-65%), and temperature 25-28°C
in Tripura University Animal House. Food, dietary supple-
ments and water were provided ad libitum.

Numbers of animal used

Four groups (two groups as control and two groups of leu-
kemic mice) were used for entire experiment having six ani-
mals in each group.

Group [: Normal control introduced with PBS only.
Group II: Challenged with ENU for leukemia induction.

Group III: Normal mice received only PBS and treated with
rmGM-CSF and rmIL-3 in combination starting at Sdays be-
fore sacrifice at 24 hr. of interval.

Group IV: Mice challenged with ENU and after five months
confirmed leukemia and treated with rmGM-CSF and rmIL-
3 in combination starting at 5 days before sacrifice at 24 hr.
of interval.

Treatment of animals

Leukemia control mice are produced by treating with N-
ethyl-N’-nitrosourea (ENU) at 80 mg/Kg body weight at
3-4 weeks old condition twice in one week interval (Chat-
terjee R et al., 2015; Law S et al., 2001).

Cytokine supplementation

After confirmation of leukemia induction, all the mice from
group III and IV were received rmIL-3 and rmGM-CSF in
combination for 4 consecutive days(ImmunoTools GmBH,
Germany) (Stalh CP et al., 1992, Lord Bl et al., 1991).

Sample collection

All the mice were sacrificed as per guidelines of Institu-
tional Animal Ethics Committee. Mice were dissected and
peripheral blood was collected using a sterile syringe into
a 2 ml micro centrifuge tube containing heparin solution.
The spleen was collected in 1X PBS for T cell isolation. The
bones from upper and lower legs were dissected and kept it
into 1X PBS for bone marrow smear.
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Blood smear and bone marrow smear preparation
After five months of first injection of ENU, a drop of periph-
eral blood were drawn in a clear, fresh and grease free slide
for blood film smear. The blood and bone marrow smear
were stained with Leishman’s stain for differential analysis
of blood cells. Appearance of blast cells confirmed the leuke-
mia induction in animal and was again confirmed by taking
bone marrow smear after sacrificing the animal.

Total count

Small amount of blood were used for total count using Neu-
beur’s hemocytometer chamber. Remaining blood sample
were used for analysis using Blood Analyzer (Cellenium 19,
Trivitron).

Isolation of splenic lymphocytes

Non-adherent cells from the splenic suspension removed af-
ter macrophage isolation was layered at the top of the percoll
layer. Percoll gradient were made using 0.25M sucrose solu-
tion and iso-osmolar percoll solution, according to the in-
struction of manufacturer (GE Healthcare USA). After cen-
trifugation of percoll gradients with cell suspension the layer
at upper phase contains lymphocyte cell population taken
in separate fresh tube (Depamede NS 2010). After isolation
small amount of cells were taken in 1.5 ml microfuge tube
to check the purity and was confirmed by using anti CDS8
primary antibody (SC-18860 FITC, Santacruz Biotech Inc.)
followed by FITC conjugated goat antimouse secondary
antibody. The isolated cells were 95% pure CD-8+ cell. In
brief, cells were fixed with 4% paraformaldehyde and kept in
1% gelatin coated slide. Cells were washed twice with PBST
and blocked with 3% BSA. The cells were incubated with
anti CD8 antibody conjugated FITC followed by washing
twice and count the cells under the fluorescence microscope.

Statistical analysis

All the readings were taken 3-5 times repeats of same experi-
ments. Data were expressed as means + SEM. Data were an-
alyzed Student’s t test for test of significant using GraphPad
Prism software. All statistical test were considered as (***p
<0.001, **p <0.01, *p <0.05).

RESULTS

Leukemia induction

After 5 months of the ENU challenge, mice showed some
secondary infection including hair fall, foot and mouth in-
fection, red colour of lower portion of nose. Two mice out
of twelve treated mice were dead within five days of ENU
introduction. Peripheral blood smear from tail vein showed
appearance of blast cells with Leishman’s stain in ENU chal-
lenged mice which were absent in control group is confirmed

for leukemia induction. Further it is supported by bone mar-
row smear of ENU challenged group showed presence of
blast cells which is one of the conventional diagnosis pro-
cesses for the leukemia patient.

Total Count

The other conventional diagnostic process of leukemia is to
count the total leukocyte number. In ENU challenged mice
the total count increased around six fold compared to control
mice (Figure 1). After treatment with IL-3 and GM-CSF in
combination for 4 days, the total count of leukocyte taken
every 24 hrs after treatment was not changed significantly.

Induction of lymphocyte count in peripheral
blood after cytokine treatment:

After complete treatment of IL-3 and GM-CSF in ENU chal-
lenged group, number of lymphocyte (Figure 2) per 100
leukocytes were increased. Splenic lymphocytes (Figure 3)
were isolated in percoll gradient method from all the groups
of animals after the experiment was over. The total splenic
lymphocyte count was almost four fold decreased in ENU
induced leukemia animal which was restored again after
treatment with IL-3 and GM-CSF in combination for con-
secutive four days.

DISCUSSION

Leukemia model is developed in our laboratory with ENU
treatment according to the protocol published earlier (Chat-
terjee R et al., 2015). Blast cell appearance in peripheral
blood as well as bone marrow smears confirmed the leuke-
mia disease. The total cell count was increased, which are the
symptoms, reminiscent of leukemia disease. But, after treat-
ment of IL-3 and GM-CSF the total count remained same.
Facilitating the normal and active cell count in peripheral
blood may combat better way against the leukemic cells and
after treatment with IL-3 and GM-CSF lymphocytes count
was significantly increase compared to untreated leukemia .
This might indicates the mobilization of lymphocytes from
bone marrow to peripheral blood supported by lymphocyte
count in peripheral blood.

Cytotoxic T lymphocytes (CTLs) are the antigen specific ef-
fector cells of the immune system with the ability to lyse
the virus infected cells, abnormal cells or parasites in a con-
tact-dependent manner (Groscurth P et al., 1998). Numerous
studies revealed that in solid tumor, the cytotoxic activity
of CTL is decreased (Aerts J G et al., 2013, Hariharan K et
al., 1995). During the disease condition, the number of func-
tional normal cytotoxic T lymphocytes are (CTL) decreased
in lung cancer (Aerts J G et al., 2013). These results also sup-
port our data that in diseased condition, the decreased num-
ber of CTL might be due to the killing activity of tumor cells
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and/or due to a hostile environment created by blast cells. It
may happen that these cytokines may not activate CTL ac-
tivity directly. Rather through antigen presenting cells these
cytokines activate CTL activity. All of the CTL cells present
in peripheral blood in leukemia condition may not function
normally due to the hostile environment. Some tropic factors
including cytokines like IL-3 and GM-CSF may responsible
for differentiation and proliferation of normal hematopoietic
stem cells of lymphoid lineage (Hoggatt J et al., 2011).

CONCLUSION

In animal leukemia model induced by carcinogen ENU,
the number of cytotoxic T lymphocytes (CTL) was signifi-
cantly reduced without affecting the total leukocyte count
in the peripheral blood. The number of lymphocyte was
again induced significantly towards normal with the treat-
ment of IL-3 and GM-CSF in combination for consecutive
4 days. These experimental results may possibly suggest an
immune-therapeutic approach for leukemia treatment.
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Figure 1: Diagram showing cell numbers in total count after
IL-3 and GM-CSF administration. The counting of cells were
done in three repeats and results were calculated in average
of all repeats + SD (***p < 0.001, **p < 0.01).
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Figure 2: The lymphocyte count of peripheral blood from all
mice of each group separately. In ENU challenged animal to-
tal count is 10 times lower than control group but increased 6
times after cytokine combination treatment. The counting of
cells were done in three repeats and results were calculated in
average of all repeats £ SD (***p < 0.001, **p < 0.01).
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Figure 3: The lymphocyte count after isolation from splenic
suspension pulled together from all mice of each group sepa-
rately. In ENU challenged animal total count is 3 times lower
than control group but increased 2.5 times after cytokine com-
bination treatment. The counting of cells were done in three
repeats and results were calculated in average of all repeats
+ SD (**p <0.01).
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