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Adaptive immunity, with its rearranging immunoglobulin and
T-cell receptors, has caught most of the attention of current
genetic and immunological research and overshadowed the
importance of the receptors expressed by cells of the innate
immune system. Natural Killer cells have evolved two main
receptor systems to carry out their functions, both of them
involving activating and inhibitory receptors include members
from the Immunoglobulin-like superfamily as well as lectin-
like receptors. Killer Immunoglobulin-like receptors (KIR) are
polymorphic cell surface molecules present on Natural Killer
(NK) cells which recognize classical HLA class | molecules
and in doing so provide an alternative means of modulating
the immune response to infected or tumoural cells. In this
study we did the Separation of Natural killer cells (NK cells)
from rat’s blood with the technique of LS column with the
help of CD49 markers and Cultured of harvested NK cells in
animal cells media (Dulbecco’s Modified Eagle’s Medium)
with the help of animal cell culture technique. after
pluralization of NK cells that was the Extraction of certain
genes m RNA (Klra4,KlIra8, KLRDZ1) of NK cells with the help
of mRNA extraction technique .on the other hand we had to
harvest hematopoietic stem cells from the thigh bone marrow
of rats and culture them in to the special designed culture
media for culturing stem cells (that would prevent the cell to
form mature).at the end the main transfection would be done
by transferring of protein synthesis system of Nk cells in to the
harvested stem cells by the help of Lipofectamine .
Keywords— Natural killer cells, Killer immunoglobulin-like
receptors, human leukocyte antigen, major histocompatibility
complex class I, Dulbecco’s Modified Eagle’s Medium.

Classification of immune system to innate and acquired
immune responses

The immunity system is responsible for response to an
invading organism or immunogen which is received by our
body [1]. This response is directed by innate and adaptive
arms of the immune system. The border between adaptive and
innate immune system in some aspects is not clear [1] [31]. In
fact, these two systems are combined together in many
responses. The innate immune system is mediated by the cells
and factors which are responsible for the fast and first defense
against infection whereas the adaptive immune response
which is mainly organized by T and B cells are in charge for a
long term memory response [2]. The cells involved in innate
immunity are including different variety of myeloid and
lymphoid cells such as neutrophils, basophils, macrophages
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and eosinophils [2][3]. The other cells like dendritic cells play
a dual role in both -

adaptive and innate immunity [5]. In recent years there are
several reports about the role of natural killer (NK) cells in
acquired immunity. Previously it was believed that NK cells
are involved in innate immunity but recent reports have
indicated that NK cells have memory against pathogens and
after a primary infection [7], they respond faster in the second
time. This response happens specially after viral infection
[6][7]. The line and situation of factors and cytokines in innate
and adaptive immunity is more complicated and there are lots
of reports about the role of different cytokines in both
immunities [8].

Development of lymphoid lineages

Blood cells are originated from the CD34+ pluripotent stem
cells and developed from hematopoietic stem cells (HSCs).
They are classified into two different main groups called
lymphoid and myeloid lineages. Lymphoid lineage cells are
including T and B lymphocytes as well as natural killer (NK)
cells, while other blood cells such as erythrocytes,
megakaryocytes, granulocytes and macrophages belong to the
myeloid lineage [9] [11]. Dendritic cell is not clearly
categorized because it is originated from both lymphoid and
myeloid progenitors [10].
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Figure 1. The differentiation and development of myeloid and
lymphoid lineages (He et al., 2014).The structure of rat NK

cells receptor families
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NK cells are defined with a group of receptors that can either
activate or inhibit NK cell reactivity [15]. Activating receptors
consists of receptors with interaction with soluble ligands like
cytokines as well as receptors that react with cell surface
molecules. Some interleukin receptors such as IL-15R, IL-2R,
IL-18R and IL12Rare coupled to the common gamma chain
and are involved in NK cell development and effector activity
[16]. NK cells need priming by different factors, such as IL-15
secreted by dendritic cells(DC) [17] or macrophages [18], IL-
12 [18] [19] or IL-18[20], to act as a functional effector. In
mammals, NK cell receptors based on their effects on
cytotoxic activity are grouped into two major groups,
inhibitory and stimulating receptors. All inhibitory NK cell
receptors consist of one or more copies of immune receptor
tyrosine based inhibitory motif (ITIM) in their cytoplasmic
domains [21]. In contrast, several activating NK receptors
employ adapter proteins including an immune receptor
tyrosine based activation motif to pass on their signals.
Structurally, NK cell receptors are also classified into two
main groups: one group called NK C type lectin receptor
consisting of a dimeric type Il transmembrane domain, a
domain very similar to C type lectin, and the other group
named NK immunoglobulin (Ig) like receptors (KIR) having a
type | transmembrane domain and Ig like domains [22] [23].
Members of the CLEC2 subfamily as ligands for NKRP1
subfamily resemble C type lectin like receptors (left). Ligands
of CD94/NKG2 receptors and Ly49 receptors (mouse only)
are MHC class | complexes consisting of a heavy chain, B2
microglobulin, and a peptide (right). Symbols “+” and “-”
show activating and inhibitory functions, respectively. For
Nkrpla, Nkrplf, and Nkrplg, functional activity remains
unknown [24].
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Figure 2. Human NK cell subsets. Following monokine
stimulation the CD56”"" NK cells produce high levels of
cytokines. This subset is an immune regulatory cell whereas
CD56%™ has cytotoxicity activity (Cooper, et al., 2001; Farag
& Caligiuri, 2006).

Many of the activating or co activating NK cell receptors
expressed by rat and human NK cells recognize self-antigens
(Table 1). For example, the activatingNKG2D receptor
recognizes numerous self-ligands in the host. Several of the
activating Killer Cell Immunoglobulin like Receptor (KIR),
Ly49, and CD94-NKG2C receptors are capable of recognizing
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self-major histocompatibility complex (MHC) class | proteins,
and members of the “natural cytotoxicity receptors” group
(such as NKp30, NKp44, and NKp46) (such as NKp30,
NKp44, and NKp46) appear able to bind as yet undefined self-
ligands in the host [25] [26]. Thus NK cells express many
activating receptors for self that could potentially drive auto
reactivity [27]

Table 1. Activating and Co activating NK Cell Receptors (Orr
& Lanier, 2010).

Common Name  Ligand Gene Species
Ly49D H-2DY Hamster ~ Klra4 Mouse

MHC class |
Ly49H MCMV-m157 Klra8 Mouse
Ly49pP MCMV Klral6 Mouse
NK1.1, NKR- Unknown Kirblc Mouse
P1C
NKR-P1F Clrg Klirb1f Mouse
PILR O-glycosylation  Pilrbl Mouse

CD99
2B4 CD48 CD244 Human
LFA-1, CD1la ICAM-1, 2,3 ITGAL Mouse, human
CD94-NKG2C, Mouse Qa—lb KLRD1-KLRC2, Mouse, human
E Human HLA-E 3
II. METHODOLOGY

In this project it was intended to process the transfer of protein
synthesis system of natural killer cells in to the hematopoietic
stem cells harvested from the bone marrow of thigh bone of
the experimental animal.to fallow the process and approach
the goal it started with the separation of NK cells from the
blood of experimental animal by LS column (magnet
separation)[30][31], technique .the blood cell are marked with
CDA49- and transfer to the columns with CD49+ after expose
of the blood only the marked cells stick to the side of the
column and they would be population of NK cells .After
harvesting of NK cells from the columns it is subjected to flow
cytometry test to ensure the population of NK cells is at least
80% of the harvested cells .After that the NK cells was
cultured in animal cell culture medium for growth and
increase of their population .In the culture we used NK cells
receivers activator such as IL 12,15,18.In this particular
experiment we used IL 12 to activate the growth of the cells
and push their transgenic factor of their regulation to help to
grow more and more .for even better growth we used the help
of Inomycin /PMA 10mg[28] and 50mg[29] for 24 hr to
provoke of growth of the NK cells and their ligands .After
getting enough NK cells we extracted RNA by following the
protocol of extraction of MRNA .After the extraction we used
flow cytometry to ensure the concentration , purity and
integrity of the extracted RNA is more than 80%. with the
help of Q PCR and appropriate designed primer we separated
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three target genes (Klra4, Klra8, KLRD1). In the other hand
the stem cells was harvested from bone marrow of the rat and
been cultured in to the stem cells special media (xeno- free
expansion cell culture with SCF,FLt-ligands 1L3,6) to prevent
maturation .the lipofectamine was inserted in the medium of
the extracted RNAs and stabilized with the RNA to ready for
transfer. After that the compound was transferred to the
medium of stem cells for the last process, to transfer the
protein synthesis system of NK cell’s genes to the
hematopoietic cells. after the transfer, stem cells were
maturated to NK cells with the possibility of faster division
rate as NK cells and increase in population as NK cells against
cancer cells with the help of transgenic NK cells.

1. RESULTS AND CONCLUSION

In zinc transporter lab at the faculty of science of university
Malaya we designed a project to use all these information to
create transgenic NK cells .The main objective of this
experiment was to transfer the mMRNA (extracted from natural
killer cells of rats peripheral blood) of specific genes to
hematopoietic stem cells (harvested from the thigh bone) of
the experimental rat .in other words the experiment was about
to transferring the protein synthesis system of NK cell ligand’s
genes to HPSc cells to make cloned blood stem cells.to check
the results of cloning procedures under the topic of
transfection efficiency we used three techniques of flow
cytometry ,western blotting and FACS with help of green fb
proteins .after adding the vector +medium to HSCs medium
there was time required that the vector transfer the RNA to
the cells ,in time table of 1hr ,24hr,48hr and 7 days .within this
period of time we checked the transfection efficiency
separately by help of flow cytometry and FACS to observe the
percentage of transfection .all the data is analysed by SPICE
software that is designed most likely for flow cytometry
results .figure 3 shows the flow cytometry results of the
transfection efficiency of the period of time 1hr ,24hr,48hr
.the results shows the percentage of transfected HSC cells.
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Figure 3. the results show that in the first hour(A) 3% of
hematopoietic cells transformed to the NK cells and in 24
hour(B)10% and in the 48 hour(C) 47% of stem cells
transformed to the NK cells.

In fact, under the topic of transfection efficiency we used
FACS method with the help of green fb (florescent protein)
vector to check the percentage of transfected hematopoietic
cells. figure 4 shows the printed results of the procedure in
first hour and  after 7 days.

Figure 4: the first colour print(A) of FACS method shows the
transfected stem cells and migration of the cells from right to left of
the diagram and the second print (2) shows the increase of the
transgene NK cells and migration of them to the right side of the
diagram.

For the third and last transfection efficiency check of our
medium we used western blotting protocol to reveal that the
availability of RNA of NK cells in transfected stem cells. for
that purpose, we ran the blotting gel to see the migration of
RNA with the help of lipofectamin.

Figure 5: in western blotting that the gel shows the migration of the
ly49d, ly49h and cd 94 genes throw the gel.

Based on our result to over view and analyse the relation of
results in different protocols of transfection efficiency we used
SPICE software designed specifically for the analysis of flow
cytometry data. we transfer all data of the three different
techniques in four different period of time (1hr,24hr,48hr and
7 days) in diagram. The table 1 shows three different
techniques data based on transfection percentage in period of

time.
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Table 1. three different technique of flow cytometry, western
blotting and FACS show the transfection percentage of stem
cells in 1hr,24hr,48hrand 7 days.

Based on our results after first hour of transferring medium +
vector to our hematopoietic stem cells culture, flow cytometry
shows 5% of stem cells transformed to the NK cells, western
blotting shows 4% of stem cells transformed to the NK cell
and FACS show 5% of transfection. After that the 24hr
present of medium + vector in the stem cell culture flow
cytometry shows 38% transfection, western blotting shows
35% and FACS shows 39% of stem cells accepted the RNA
from the NK cells. After 48 hours’ flow cytometry shows 56%
of transfection and western blotting shows 52% and FACS
shows 57% of stem cells transformed to the NK cells.as it
going based on our results after the period of 7 days our flow
cytometry results shows 87% of our stem cells become NK
cells and western blotting shows 85% and at last our results of
FACS shows 89% of all hematopoietic stem cells genetically
transformed to the NK cells. To understand the mean of all
these data and to realize the total percentage of hematopoietic
stem cells that transformed to the NK cells we calculate the
total data mean and did draw the diagram of our all total
percentages. Table 2 shows the diagram drown based on the
means of total percentage of each period of time. based on our
three techniques results the diagram shows that 4.6% of all our
hematopoietic stem cells with in the period of 1-hour time
transformed to NK cells. after 24 hours 33.3% and after 48
hours 55% and at the end after 7 days the mean of three used
technique shows that 87% of all stem cells transformed
genetically to NK cells.

Table 2. the diagram of averages of transfection efficiency of
three different techniques.
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By analysing the data, we had by the SPICE drown this
diagram that shows totally 45.97 % of all hematopoietic stem
cells transformed to natural Killer cells. The transfection
process could transform nearly half of the harvested stem cells
to natural Killer cells. On the other hand, the genes cloned
inside the stem cells could produce the ligands, activator and
inhibitory receptors on the cell membrane of stem cells.

in zinc transporter lab of university Malaya, we designed a
project to transform hematopoietic stem cells harvested from
bone marrow of rat to natural killer cell to promote the
immune system of the experimental animal against cancer.
natural Killer cells basically are the most prominent element of
immune system against cancer cells but the only problem is
that because the derive from hematopoietic cells as shown in
figure 1 the quantity of them always less than cancer cells and
they are not able to defeat cancer cells on their own that’s why
to cure cancer and against it we have to use procedures like
chemotherapy ,radiotherapy etc.so to help the body and
promote the activity of the immune system against cancer we
tried to transform the hematopoietic stem cells as the origin of
NK cells to NK cells with regular dividing. That’s why we
design this project to extract RNA of NK cells and from
hundreds of genes with help of Q PCR we separated three
prominent gene Kilra4 the gene what is responsible for
activator ligand of LY94D and Klra8 as gene of another
activator ligand LY49H and KLRD1gene of co activating
ligand of CD94.we cloned these three genes inside the stem
cells with the help of a vector called lipofectamin and treat the
medium with 1L12,2,and 15 to help the transformed cells for
coding the ligands on the cell membrane . after four domain of
time as given in table 1 with the help of three techniques we
checked the transfection efficiency .and by data analysis
software we conclude that 46% of all harvested stem cells that
been emitted to vector + RNA genetically transformed to
natural Killer cells and mature stem cells dividing normally as
an immune element. With help of this transformed NK cells
and their ability to divide as normal cells that would be
obviously faster than deriving from stem cells we would hope
that by promoting ability of immune system of experimental
animal could be a chance for cancer cure.
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