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Abstract
Natural killer cells (NK) cells are lymphocytes and they are the most important key constituent
of the mammalian immune system against cancer tumor cells. The genome of NK cells is
categorically divided into inhibitory and activator genes that code ligands on the surface of NK
cells. Indeed, these ligands are cancer destroyer arms of the NK cells. On the other hand,
hematopoietic stem cells (HSCs) are the origin of all blood cells, derived from BM and
differentiate to immune cells. NK cells are not able to suppress cancer cells on their own only.
The main reason is because of their population (numbers are low), they cannot derive from HSCs
as fast as cancer cells division rate, and that is why external treatments have to be used to
suppress cancer cells. This project was designed to promote and give more potency to NK cells
to become more hostile to cancer cells. To reach this goal, three specific genes of NK cells,
cloned in bone marrow HSCs and differentiated the stem cells to NK cells. The success of the
colonization was examined by western blot and flow cytometry and in terms of evaluating the
functionality of the newly generated NK cells, the cytotoxicity was evaluated by MTT assay and
the apoptosis ability of newly generated NK cells was examined by Caspase 3/7 assay. The
results and data approved that the newly generated NK cells from BMHSCs are able to destroy
cancer cells.
Keywords: Natural killer cells, Bone Marrow, Hematopoietic Stem Cells
Introduction
Natural killer (NK) cells have vigorous functions in mammalian immunity [1]. In innate and
adaptive immune responses to infections, mainly by viruses, NK cells respond by secreting
inflammatory cytokines and destroying infected cells [2]. In humans, NK cells have been
characterized as a populace of lymphocytes that do not have cell surface articulation of CD3 and
express the bond particle CD56 [3]. NK cell’s cytotoxicity is managed by two groups of
receptors that bind to MHC Class I markers on the target cell’s surface and allow them to
separate between infected, pathogen-infected and/or tumor cells, by observing the present levels
of MHC molecules [4]. Specifically, Immunotherapy represents one of the major developments
in the treatment of cancer patients [5]. Current therapies focus on harnessing the adaptive
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immune system, by unleashing antitumor CD8 T cell responses [6]. There are plenty of
evidences approves that cancers develop multiple strategies to escape CD8 T cell recognition [7].
These tumours, however, can be preferentially attacked by natural killer (NK) cells as innate
lymphocytes that express activating receptors, including the NK group 2D (NKG2D) receptor,
which recognize ligands displayed on the surface of tumour cells and pathogen-infected cells
[8].
For NK cells to become cytotoxic to pathogens, inhibitory and activating ligands are required
[9]. That is why if it is intended to give the cytotoxic ability of NK cells to any other cells, it
should clone at least two activating and one inhibitory ligand genes to the target cells [10]. In
this study, we have colonized KLRA8 genes of ly49h and KLRA4 genes of ly49d, as activating
ligands and KLRD1 genes of CD94, as an inhibitory ligand to Hematopoietic Stem cell as the
origin of all blood cells. The stem cells were harvested from the experimental animals.
On the other hand, stem cells are generally either totipotent or pluripotent [11]. Totipotent cells
differentiate into two cell types, embryonic and extraembryonic cells. Pluripotent cells on the
other hand, are known as the progenies of totipotent cells and differentiate into cells, derived
from any of the three germ layers. Although, unipotent progenitor or multipotent cells have
alluded to as stem cells [12]. Pluripotent cells have the capability to form virtually all of the
possible tissue types found in human beings. Multipotent stem cells are different to some extent,
so they form a limited number of tissue types [13]. Multipotent cells only form cells of a closely
related family of cells (e.g., hematopoietic stem cells differentiate into platelets, white blood
cells, and red blood cells) [14].
The main objective of this research is to attempt to give division capability to NK cells, thus, they
could divide like normal cells and consequently, their population will increase. In another word,
in this research, the main topic is immunotherapy which we tried to give cancer suppression ability
of NK cells [15] to HSCs. Regarding this hypothesis, This research has two objectives: first,
generating NK cells from hematopoietic stem cells, and secondly evaluating functionality of the
generated NK cells in killing cancer cells. To follow the research's objectives, poses the following
questions:
1. If the ligand’s genes were successfully transfected into the stem cells genomes, could the
colonized genes code NK ligands on the HSCs membrane?
2. Does the transformed stem cell act as NK cell and kill cancer cells?
3. How reliable is this technique to be an option for suppression of cancer cells?
4. Would the transformation be inherited to the next generations of stem cell to achieve a high
population of transformed stem cells?
There are absolutely many terrific and hardworking researches on cancer immunotherapy,
suppression effects of T cells and NK cells on many different types of cancer cells which helped
us to understand this topic and helped us all the way. Some of those researches are given in
references, but the novelty of this research is because of using a specific stem cell for the purpose
of cytotoxicity and apoptosis. Regarding this hypothesis, after we differentiated stem cells to NK
cells which has been explained in methodology, Western blotting and Flow Cytometry techniques
were used to evaluate the transfection efficiency and MTT [16] and Caspase 3/7 assays [17], also
were used to examine the cytotoxicity and apoptosis ability of newly generated NK cells.
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Table 1: Research Model. The (A) section is Development of transgenic HSCs. For this purpose, we separated NK
cells from the thigh bone marrow of the experimental animal and cultured it in cell culture medium for the specific
genes to be separated from the entire genome of the NK cells. In continuation, we colonized the separated genes in
Harvested HSCs and for the evaluation of transfection efficiency, western blotting and flow cytometry was used.
The (B) section is to examine the functionality of the newly generated NK cells on cancer cells. For this purpose, we
sub-cultured human breast cancer cells and used the newly generated NK cells to examine their ability for
cytotoxicity and apoptosis.
Extraction
of Natural
Killer Cells

A

Development
of Transgenic
HSCs

Transfection
Efficiency
Flow
Cytometry

Gene
Separation
and
colonization

Research
Model

B

Harvesting
and Culturing
HSCs

Western
Blotting

Examine the
Functionality
of newly
generated NK
cells on
cancer cells

Cytotoxicity

MTT Assay

Apoptosis

Caspase 3/7
assay

in vitro culturing of
Cancer Cell Lines
(control - untreated vs
treated)

Materials and Methods
In regard to the first objective of this research, we have colonized two activating ligand's genes
(KLRA4 (ly49h) [18] , KlRA8 (ly49d) [19]) and one inhibiting ligand’s gene (KLRD1(CD94)
[20]), (given in Appendixes A, B and C) of NK cells into HSCs. The transgene stem cells with
NK cells’ cytotoxicity ability would divide as fast as any other normal cells. Consequently, the
population of newly generated NK cells will hike. To develop these transgene HSCs, first, we
separated NK cells from peripheral blood of our experimental animals (albino breed Sprague
Dawley rat) by magnet separation technique (LS column). After that extracted the NK cell's
DNA and separated our target genes from the entire genome by designing proper forward and
backward primers for PCR. On the other hand, HSCs were harvested from thigh bone marrow of
the experimental animal and cultured in the Xeno-free medium for reproduction. After that, the
specific separated target ligand's genes were transferred to harvested HSCs by Lipofectamine
2000 as a vector. At last, to examine the transfection success and efficiency ratio, we used
western blotting to detect the protein expression of transfected genes and flow cytometry to
analyze the newly generated NK cell's size and complexity.
Magnetic Separation: Regarding the separation of Natural Killer cells, an albino breed Sprague
Dawley rat was purchased, kept and treated in the laboratory for one week. The experimental
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animal was male and 280 grams in weight. For blood sample collection, the direct venipuncture
of the rat’s lateral tail vein procedure was done. The rat’s tail was washed and warmed at 39°C
for 10 minutes. With a 21G needle, 2ml of blood was obtained. Within 24 hours, five samples,
each 2ml was collected from the tail’s vein. The blood was collected in Purple blood collecting
tubes (specialized for hematology tests and full blood count (FBC)) with EDTA (Ethylene
Diaminete Traacetic Acid). Each tube containing blood was refrigerated at 4°C immediately after
collection. The Magnet Technology or Column Technology was founded based on using
Microbeads. Magnetic-activated cell sorting (MACS) is a method for the separation of various
cell populations depending on their surface antigens (CD molecules. LS Columns have been
developed for the tender isolation of Microbeads labeled cell. The MACS method allows cells to
be separated by using magnetic nanoparticles coated with antibodies against a surface antigen.
The nanoparticle’s electric bar causes the only cells which are expressing this antigen to attach to
the magnetic nanoparticles. As Microbeads are microscopic, superparamagnetic particles, a highgradient magnetic field is required to recollect the labeled cells. LS Columns have been
industrialized for positive selection of human and animal cells, particularly rare cells, out of a
heterogeneous cell suspension in amalgamation with a Separator. In this step of the experiment,
the blood samples were Passed through 30 μm nylon mesh (Pre-Separation Filters) to remove
cell clumps which may clog the column. The samples were centrifuged for 300×g at 4-8° for 10
minutes. After that, the supernatant was pipped off completely. 10 μL of CD49b (DX5)
Microbeads were added to each sample and was mixed well and incubated for 15 minutes at 4−8
°C. After that, cells were washed again by adding 2 mL of buffer and repeated centrifuge at
300×g for 10 minutes. The supernatant was Pipetted out completely. 500 μL of buffer was added,
to make samples prepared for loading into the columns. After that, three columns were put in the
magnetic field Separator. The columns were prepared by rinsing with 3 mL of buffer. The cell
suspension was applied to the columns. The unlabeled cells which were passing through were
collected, and the columns were washed with 3×3 mL of buffer. Washing steps were repeated
three times by adding buffer. 5 mL of buffer was flushed into the columns to wash out fractions
with the magnetically labeled cells. Subsequently, the separation was done; after that, the NK
cells suspension was cultured in DMEM (Dulbecco's Modified Eagle's medium). The medium
was treated with IL12 and Inomysine 10ng/ml for 24 hours to aggravate NK cells for improved
growth.
Harvesting and Culturing Hematopoietic Stem Cells: HSCs can be found mainly in umbilical
cord blood (CB), in bone marrow (BM) of healthy adults, and in adult blood after deployment
from the bone marrow with cytokines, such as G-CSF, or other agents [21]. HSCs can
differentiate into all mature blood cells [22]. Several stimulatory and inhibitory factors present in
the hematopoietic stem cell maturation [23]. After the preparation of the medium, the
experimental animal was sacrificed, and the thigh bone was discarded. We broke the bone to
wash out the bone marrow with normal saline. By this method, very few stem cells were
extracted. After that, cells were transferred to the liquid xeno-free expansion cell culture with
SCF-FLt, ligands, and IL 3,6. This medium is particularly designed for culturing stem cells. IL
3,6 helps the growth of the stem cells, but the medium prevents stem cells from becoming
mature. By culturing the stem cells to the liquid medium, the medium was incubated for 14 days
to raise the population of hematopoietic cells to adequate measurement.
Gene Separation and Colonization: After harvesting the Hematopoietic Stem Cells and extracting
the Natural Killer Cells it was time to separate our three targeted genes from the genome of
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extracted NK cells and colonize them into the HSCs genome. As it has been mentioned previously,
this research targeted (ly49d (Klra4), ly49h (Klra8) and CD94 (KLRD1)) genes. In Rat’s genome,
the gene’s name for ly49d receptor, is Klra4, for ly49h is Klra8 and for the inhibitory ligand CD94,
the gene’s name is KLRD1. The reason for choosing these three specific genes is because they
code activator and inhibitory ligands. Natural Killer cells to act against cancer cells need to have
two activators and one inhibitory ligand activated. Therefore, for HSCs to have cancer destroying
ability, they need to have both inhibitory and activator ligands on their cell membrane. For the
purpose of DNA extraction from the separated NK cells, the sample was taken out from the storage
and left for 15 minutes at room temperature. After that, the specimen was mixed well by inversion.
Then 4mL of the specimen was poured into a 10 mL tube containing 6 mL of RBC Lysis Solution.
The tube was capped and mixed well by inversion (>5 times). Incubated for 2 minutes at room
temperature and mixed once more by inversion (>5 times). Then the tube was centrifuged at 2000
g (3161rpm) for 10 minutes at room temperature. The supernatant was carefully poured off into
an appropriate biohazard container, leaving the NK cells and a small amount of residual liquid in
the bottom of the tube. The tube was vortexed to resuspend the NK cells in the residual fluid. After
that, 10 mL RBC Lysis Solution was added, tube capped, mixed by inversion, and centrifuged
again at 2000g for 10 minutes. Again, the supernatant was poured off, leaving the NK cells at the
bottom of the tube. 1.0 mL of NaCl Solution, 1 M was added. The tube vortexed vigorously to
resuspend and disperse the NK cells. 6.0 mL of Cell Lysis Solution was added to the tube with 50
µL RNase Solution. Tube caped and vortexed gently to mix. Incubated at 37°C, for 60 minutes to
lyse the NK cells and degradation of RNA.
After one-hour centrifuging, 1.0 mL Sodium Acetate Solution, 3 M was added to the sample
tube. Vortexed briefly to mix. The lysate was transferred to a 15ml Phase lock light tube, then
added 1.0 mL of Phenol chloroform isoamyl alcohol 25:24:1 to the sample. Tube caped tightly
and vortexed vigorously for 10 seconds. After that, the tube was again centrifuged at 1500 g for
5 minutes at room temperature for phases separation. The supernatant was poured into a 10 mL
centrifuge tube containing 5.0 mL of Isopropanol, 100%. The 10 mL sample tube was tightly
capped and inverted for 25 times slowly to facilitate precipitation of the DNA. After that, the
DNA was visible. The sample was Centrifuged at 2000 g for 5 minutes at room temperature. The
supernatant was gently discarded, leaving the DNA pellet at the bottom of the tube. Next, 10 mL
of Ethanol, 70% was added to the sample and centrifuged at 2000g for 3 minutes at room
temperature. Ethanol was added to the tube to keep the DNA pellet at the bottom of the tube. 500
µL of TE Buffer was added to the tube. Then the tube was capped and vortexed gently for 5-10
seconds. In the end, the sample was left overnight at 37 °C to dissolve the DNA pellet
completely. The day after, the sample was taken from storage and vortexed gently to mix. Now
the sample was ready for quantitation, storage, or testing.
After extraction of the NK cell’s DNA, the three specific genes had to be separated from the
entire genome for cloning into the HSCs. Any change in HSCs genome had to be able to pass
through generations to have a mass product of newly generated NK cells. To separate our three
specific genes (ly49d (Klra4), ly49h (Klra8) and CD94 (KLRD1)), from the DNA of NK cells,
the process of PCR was required. For that matter, based on our genes FASTA from NCBI, the
proper Forward and Reverse primer was designed. Table 2.
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Table 2: Designed Forward and Reverse primers for PCR.
KLRA4
Primer pair
1
Forward
primer
Reverse
primer
Product
length

Sequence (5'->3')
ATTTGCATAGCAAGG
CTGTAGATG
AAGGATAGAATAGGG
AGGGCACA

Template
strand

Length

Start

Stop

Plus

24

1

24

Minus

23

70

48

Template
strand

Length

Start

Stop

Plus

21

1

21

Minus

23

70

48

Template
strand

Length

Start

Stop

Plus

22

1

22

Minus

22

70

49

Tm
59.7
2
60.3
8

GC
%
41.
67
47.
83

Selfcomplementarity

Self 3'
complementarity

6

1

2

0

GC
%
47.
62
47.
83

Selfcomplementarity

Self 3'
complementarity

6

2

2

0

GC
%
45.
45

Selfcomplementarity

Self 3'
complementarity

4

2

50

2

2

70

KLRA8
Primer pair
1
Forward
primer
Reverse
primer
Product
length

Sequence (5'->3')
TTAGCTAGCACAAGG
CTGTAG
AAGGATAGAATAGGG
AGGGCACA

Tm
57.4
7
60.3
8

70

KLRD1
Primer pair
1
Forward
primer
Reverse
primer
Product
length

Sequence (5'->3')
ATCGAATGCACAAGG
CTGTAGA
AAGGATAGAATAGGG
AGGGCAC

Tm
60.0
9
58.7
5

70

To prepare the PCR cocktail, 50 µL of distilled water was added to the PCR tube then buffer 1x;
plus 0.05 units/µL of Taq polymerase was added. After that 200 µM of dNTP mix was added to
the tube. Then 0.5 mM of MgCl2 and 0.5 µM of each Forward primer and 0.5 µM of Reverse
primer was added to the tube. At last 200 pg/µL of DNA template was added to the tube and set
for PCR and amplification of genes. Afterward, Lipofectamine 2000 was used for transfection.
Lipofectamine is a Transfection Reagent suitable for the transfection of nucleic acids (DNA and
RNA) into eukaryotic cells. In this part of the experiment, the extracted and separated genes had
to be transferred to the Hematopoietic Stem Cells. One day before starting the transfection
procedure, transgene HSCs were cultured in cell plates with 500 μl of growth medium without
antibiotics. After that, DNA was diluted in 50 μl of Opti-MEM I Serum Medium without serum,
and mixed. After 5 minutes of incubation, added the diluted DNA with 100 μl diluted
Lipofectamine 2000, then mixed gently and incubated for 20 minutes at room temperature. The
solution turned to cloudy appearance. Afterward, added 100 μl of complexes to each well,
containing cells and medium, and mixed gently by rocking the plate back and forth. After that,
Incubated cells at 37°C in a CO2 incubator for 48 hours. Hematopoietic stem cells are quite
sensitive, and Lipofectamine could be toxic to them. To solve this matter, titrated the amount of
lipofectamine used (keeping the ratio Lipo/DNA constant), and changed the medium every 6
hours. It also makes a difference whether cells are attached to a plastic or a cover glass during
transfection. Indeed, plastic being preferred. Finally, we avoided splitting cells right after
transfection and we let them recover. Now the samples were ready for the transfection efficiency
assessment. For this part of the experiment, western blotting and flow cytometry were used.
Western Blotting: Western blotting technique is mostly used for the identification of a particular
protein from the mixture of protein [24]. In this method, the labeled antibody against a particular
protein is used to identify the desired protein, so it is a specific test. Regarding running western

6

blotting for each ligand, three samples for each ligand were prepared. Samples contained as
follows:
1. ly49d, KLRA4 ladder (30KD), extracted NK cells and treated HSCs.
2. ly49h, KLRA8 ladder (31KD), extracted NK cells and treated HSCs.
3. CD94, KLRD1 ladder (17KD), extracted NK cells and treated HSCs.
Samples were combined with loading buffer, reducing agent and distilled water and transferred
to a tube and treated for 10 minutes in a preheated heating block set to 80°C, so only the primary
structure remains. Meanwhile, we prepared 800 ml of the running buffer and took 200 ml of the
buffer and added to 500 ml of acting antioxidant. This process ensures that the protein maintains
at a reduced state.
After that, the jar was rinsed with distilled water and made wells with a plastic comb. Took the
samples from the heating block and centrifuged. Transferred 15 ml of the protein sample into the
separate wells in the gel. In the first well, loaded 5 ml of protein ladder which will separate from
visible bands of determining molecular weights. These bands will enable us to determine the
molecular weight of the proteins of the sample (sample 1, KLRA8,31KD. Sample 2,
KLRA4,30KD. Sample 3, KLRD1,17KD), each on a separated gel. Antibodies are critical to the
success of the western blot technique. They allow the selective detection of the protein of
interest. Typically, a primary antibody is used to bind the protein of interest individually, and a
labeled secondary antibody was used for detection.
Flow Cytometry: Flow cytometry is for the identification of the cellular subsets based on cell
essential properties, most often by the use of fluorochrome-conjugated antibodies, recognizing
distinct cell-surface epitopes that define the cells of interest [19]. The Flow cytometry was used
to examine the expression of our transfected genes, and for each ligand, specific antibodies were
used. Table 3.
•
•

•

The monoclonal antibody eBio4E5 (4E5) reacts with Ly-49D, an activating member of
the Ly-49 family of NK cell receptors.
The monoclonal antibody 3D10 recognizes Ly-49H, a member of the C-type lectin Ly-49
multigene family of receptors found on natural killer cells. Ly-49H, like Ly-49D, lacks
the characteristic ITIM (immunoreceptor tyrosine-based inhibitory motif) and contains an
arginine in the transmembrane domain implying these molecules act as activation
receptors.
The 18d3 monoclonal antibody reacts with rat CD94, a 70 kDa type II transmembrane
glycoprotein. CD94 belongs to the C-type lectin superfamily and is present as a
heterodimer with NKG2 on the surface.

CD34: Is a stem cell marker, although its expression on human hematopoietic stem cells is
reversible [25]. CD34, serves as a surface receptor that undergoes receptor-mediated endocytosis
and regulates adhesion, differentiation, and proliferation of hematopoietic stem cells and other
progenitors [26]. In flow cytometry charts, the forward scatter (FS) shows the size of cells which
is in the case of Hematopoietic Stem cells, is 0.2- 6 µM in diameter and the side scatter (SS)
shows the complexity of cells which is to detect the expression of ligand or granularity of cells.
As it has been shown in Table 3, the samples of treated HSCs are divided into three groups.
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Table 3: Separation of samples regarding specific antibodies for flow cytometry. Correlation coefficients ( r ) were
calculated between three antibodies used for flow cytometry assay. The relation between reducing undifferentiated
stem cells in samples medium shown in negative antibodies raw. The percentage of undifferentiated stem cells reduces
due to rising the percentage of differentiated stem cells or transgene NK cells. The R-value for samples with no
antibodies or negative antibodies is 0.9979 against very small P-value. On the other hand, the growth in the number
of transgene NK cells in samples contained positive antibodies has a correlation of 0.9984 against the very small Pvalue.
TIME/DAY
1
2
7
Negative
Antibody
Correlation
(R value)
Significance
F (P value)
Positive
antibody
correlation
(R value)
Significance
F (P value)

•
•
•

KLRA8 EXPRESSION
3D10PE-,CD34+
3D10PE+,CD34+
82
18
39
61
3
97
3D10PE-,CD34+
4E5-,CD34+
82
85
39
37
3
5

KLRA4 Expression
4E5-,CD34+
4E5+,CD34+
85
15
37
63
5
95
18d3PE-,CD34+
83
35
2

KLRD1 Expression
18d3PE-,CD34+
83
35
2

18d3PE+,CD34+
17
65
98

0.9979
0.00016001
3D10PE+,CD34+
18
61
97

4E5+,CD34+
15
63
95

18d3PE+,CD34+
17
65
98

0.9984
0.00016127

Sample 1: 3D10PE monoclonal antibody to detect the expression of ly49h ligand and
CD34 as a stem cell marker to detect hematopoietic stem cells.
Sample 2: eBio4E5 (4E5) monoclonal antibody to detect the expression of ly49d ligand
and CD34 as a stem cell marker to detect hematopoietic stem cells.
Sample 3: 18d3 monoclonal antibody to detect CD94, and CD34 as a stem cell marker to
detect hematopoietic stem cells. As it has been shown in Table 2, specific antibodies used
to detect transgenic HSCs with target ligand.

The second objective of this research, was to examine the functionality of the newly generated
NK cells on cancer cell lines by the aspect of cytotoxicity and apoptosis. For this portion of the
research, we used two different assays for each regard. For examining the cytotoxicity, MTT
Assay was used and for the purpose of examining the apoptosis, Caspase 3/7 Kit, was used.
A specific cancer line was chosen and provided to examine the cytotoxicity and apoptosis
preventing ability of the Newly Generated NK cells on the real cancer cell line. ZR-75-l human
breast cancer cells, obtained from the source and were routinely cultured in phenol red-free RPM
1640. The cells were supplemented with 2 mML-glutamine, 1 mM sodium pyruvate, 100 IU
penicillin/ml, streptomycin, and 10% (v/v) fetal bovine serum and incubated under a humidified
atmosphere of 95% air/5% CO2 at 37°C. Cells were passaged weekly by treatment with 0.05%
trypsin/0.02% EDTA (w/v). The ZR-75-l cells used in the present study were at their 93rd
passage at the time of inoculation.
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MTT Assay
The ZR-75-l carcinoma cells were seeded at a density of 1 × 10³ per well in 96 well plate and
incubated for 24 hours. Cells were treated with Newly Generated NK cells at a concentration
ranging from 0 to 5 (μM) for 24 hours according to Table 4. Viability assay was carried out with
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) reagent (Sigma, MO,
USA).
Regarding MTT assay, bilaterally, we assessed the nuclear condensation and mitochondrial
membrane potential (Δψm) of Treated and untreated cells by staining them with 0.5 mg/mL of
nuclear stain Hoechst 33342, for 10 minutes. After the staining and after 2 hours incubation, the
images were captured with DS-Qi2 camera using UV-ﬁlter of Nikon Ti-U Inverted ﬂuorescent
microscope and documented with NIS element software. Cells with apoptotic condensed nuclei
were scored as percentage per sample and for each assay three random ﬁelds were scored. For
analyzing Δψm, the medium was gently aspirated and 100 μL of serum-free Opti-MEM
containing 50 nM TMRM dye was added. After 10 minutes of incubation at 37 °C, images were
captured using a TRITC ﬁlter of ﬂuorescent microscope.
Caspase 3/7 Kit Results
Following treatments, cells were subjected to Caspase 3/7, activities measurement with CaspaseGlo assay kit. The plates containing cells were removed from the incubator and allowed to
equilibrate to room temperature for 30 minutes. 100 μl of Caspase-Glo reagent was added to
each well. The content of the wells was gently mixed with a plate shaker at 300–500 rpm for 30
seconds. The plate was then incubated at room temperature for 2 hours. Caspase-dependent
pathways can be further divided into extrinsic or intrinsic pathway, as determined by the
involvement of caspase-8 or caspase-9, respectively. Both intrinsic and extrinsic pathways
involved activation of caspase-3/7 which is important for inducing downstream DNA cleavage
molecules. To examine the molecular mechanism underlying apoptosis process, we stained cells
with amino luciferin-labeled substrates of caspase and determined the caspase-3/7, activities by
measuring the luminescence intensities every three hours. As shown in Figure 3, it was observed
a slow increase of caspase-3/7 activity, which peaked after 18 hours of treatment of ZR-75-l
carcinoma cell lines with newly generated NK cells. The activity of caspase-3/7 increased
significantly from 6 to 12 hours, but increased even after 30 hours of treatment, indicating a
more latent effect of Newly Generated NK cells on ZR-75-l carcinoma cell lines.
Results
Western blotting: western blot was used to detect the expression of target proteins. As it has
been shown in Figure 1, these bands are showing the expression of colonized genes according to
comparing the molecular weight of the proteins on ladder and proteins molecular weight in the
sample (sample 1, KLRA4,3kD. Sample 2, KLRA8,31kD. Sample 3, KLRD1,17KD) each on a
separated gel.
For this experiment, the provided antibodies were as follows:
•

Sample/gel,1: ly49d: KLRA4: ly49d primary: ZO-41 Monoclonal Antibody (ZO411A12)/ secondary: Mouse anti-Rat IgG (Heavy chain) HRP 18.
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•
•

Sample/ gel,2: ly49h: KLRA8: ly49h primary: ZO81- Monoclonal Antibody (ZO811A12)/ secondary: Mouse anti-Rat IgG (Heavy chain) HRP 11.
Sample/gel,3: CD94: KLRD1: MA5-15818 Monoclonal Antibody, NKG2/CD94/
secondary: Mouse anti Rat CD94 Antibody.
Ladder

Ly49d Expression

KLRD8, 31KD

KLRA4,30KD

Ly49h Expression

CD94 Expression

KLRA8,31KD
KLRD1,17KD

KLRA4,30KD
KLRD1, 17KD

Figure 1: Contains the results of western blotting sample/gel,1: ly49d: KLRA4: ly49d primary: ZO-41 Monoclonal
Antibody (ZO41-1A12)/ secondary: Mouse anti-Rat IgG (Heavy chain) HRP 18. The first column is the ligands ladder
showing the molecular weight of 30 kD for KLRA4 gens. The second column shows the ly49d ladder, the third column
shows the expression of ly49d protein (30kD) in untreated, extracted NK cells as control and the fourth column shows
the expression of ly49d protein as well in treated HSCs with KLRA4 gens. B: Contains the results of sample/gel,2:
ly49h: KLRA8: ly49h primary: ZO81- Monoclonal Antibody (ZO81-1A12)/ secondary: Mouse anti-Rat IgG (Heavy
chain) HRP 11. The first column shows the ly49h ladder, the second column shows the expression of ly49h protein
(31kD) in untreated, extracted NK cells as control and the third column shows the expression of ly49h protein as well
in treated HSCs with KLRA8 gens. C: Contains the results of sample/gel,3: CD94: KLRD1: primary: MA5-15818
Monoclonal Antibody, NKG2/CD94/ secondary: Mouse anti Rat CD94 Antibody. The first column shows the KLRD1
ladder, the second column shows the expression of CD94 protein (17kD) in untreated, extracted NK cells as control
and the third column shows the expression of CD94 protein as well in treated HSCs with KLRA8 genes.

Flow Cytometry: Flow cytometry can determine the number of positive cells within a
transfected cell population (percentage of positive cells) [27]. Besides, flow cytometry with
sorting aptitudes, can be used for positive cell populations [28]. Nevertheless, flow cytometry
requires the cells to either express a fluorescent protein, such as GFP, or the protein of interest
must be labeled with a fluorescent molecule. Table 3 shows the antibodies mixed with each
specific ligand for detecting by flow cytometry, and figure 4 shows the transfection ratio based
on passing the time by flow cytometry.
Flow Cytometry was used to evaluate the target gene expression. Totally three samples with each
own specific antibody were set for Flow Cytometry three times. For the first time, one day after
transfection and the second time two days after transfection and the last time, seven days after
transfection. Each time three samples were run with flow for detection of transfection ratio.
A

B

Ly49d

Ly49h

10

CD94

Figure 2: Shows the flow cytometry results. (A): ly49d: increase in population of transfected HSCs with expressed
of 3D10PE+, CD34+, (A): ly49h: increase in population of transfected HSCs with expressed of 4E5+, CD34+. (A):
CD94: increase in population of transfected HSCs expressed of 18d3PE+, CD34+. (B): ly49d Dot plots show
significantly increase in size of treated HSCs from 5µ to 10µm by incubation with 3D10PE+. (B): ly49h Dot plots
show significantly increasing in size of treated HSCs form 5µ to 10µm by incubation with 4E5. (B): CD94 Dot plots
show significant increase in size of treated HSCs from 5µ to 10µm by incubation with 18d3PE.
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Figure 3: Flow cytometry statistical measurements. Regarding the expression of target genes in samples, the diagram
shows the statistical measurements of the transfection efficiency. There were three samples each containing specific
antibodies. This table shows the average and standard deviation of each sample per each day of running experiment.
According to statistics for sample 1- KLRA8 expression, after 7 days, totally 58.6% of all transfected HSCs have
ly49d ligand on their cell membrane. The data shows 0.39 standard deviation. Second according to statistics for sample
2- KLRA4 expression, after 7 days, totally 57.6% of all transfected HSCs have ly49h ligand on their cell membrane.
The data shows 0.40 standard deviation. According to statistics for sample 3- KLRD1 expression, after 7 days, totally
40% of all transfected HSCs have CD94 ligand on their cell membrane. The data shows 0.40 standard deviation as
well. By assessing the data, 58.9% of all treated HSCs with target genes, express target ligands on their cell membrane.

Figures 2,3 and 4 showing the transfection ratio based on passing time. According to the data
assessed with Flow Cytometry assay;
24 hours after the transfection;
•
•
•
•

Sample 1: 18% expression of ly49d, 82%, no expression of ly49d ligand.
Sample 2: 15% expression of ly49h, 85% no expression of ly49h ligand.
Sample 3: 17% expression of CD94, 83% no expression of CD94 ligand.

48 hours after the transfection;

11

•
•
•

Sample 1: 61% expression of ly49d, 39%, no expression of ly49d ligand.
Sample 2: 63% expression of ly49h, 37% no expression of ly49h ligand.
Sample 3: 65% expression of CD94, 35% no expression of CD94 ligand.

7 days after the transfection;
•
•
•

Sample 1: 97% expression of ly49d, 3%, no expression of ly49d ligand.
Sample 2: 95% expression of ly49h, 5% no expression of ly49h ligand.
Sample 3: 98% expression of CD94, 2% no expression of CD94 ligand.
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Figure 4: Transfection Ratio Based on Time.

MTT Assay: In this part of the research, the cytotoxic eﬀect of Newly generated NK on ZR-75-l
carcinoma cells at various concentrations (0–5 μl) of NK cells was investigated. As illustrated in
Table 4, newly generated NK cells reduced the number of viable cells signiﬁcantly at the
concentration ranging from 3 to 5 μl. To assess apoptosis, we evaluated nuclear condensation by
Hoechst staining in ZR-75-l carcinoma cells treated with NK cells (15 μl). As shown in figure 5,
Newly Generated NK cells induced eﬀective nucleus condensation at 48 hours, indicating the
occurrence of cytotoxicity.
Table 4: Cell Viability by MTT assay has shown at diﬀerent concentrations (0–5 μl) of newly generated NK cells
treatment on cancer cells for 24 hours.

cell viability (%)

MTT assay results
150
100
50
0

Noemalizing Data

100

100

100

85

67

100
43

21

Z Control:
NK cells
only/100%,
5µL
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Cancer Cells
only +…

P Control:
0µL cancer
cells+5µL,N
K cells

P Control:
1µL cancer
cells+4µL,N
K cells

P Control:
2µL cancer
cells+3µL,N
K cells

PControl:
3µL cancer
cells+2µL,N
K cells

P Control:
4µL cancer
cells+1µL,N
K cells

P Control:
5µL cancer
cells+0µL,N
K cells

100

100

100

85

67

43

21

100

Concentration Range
Noemalizing Data
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Figure 5: The exposure of newly generated NK cells (15 μM for 48 h) induced nuclear condensation as illustrated
in Hoechst stained images (scale bar 50 μm). Arrows indicate condensed nuclei.

Caspase 3/7 Kit: At last to examine the apoptosis effect of the newly generated NK cells on the
ZR-75-l carcinoma cells, and for the matter of comparison, the Caspase 3/7 assay also was used.
According to the results of this assay which id given in figure 6 and table 5, the exposure of the
newly generated NK cells on ZR-75-l carcinoma cells, cause cancer cells apoptosis. Incubation of
the cancer cell with newly generated NK cells causes a time-dependent activation of caspase-3/7
activity. These results suggest that the newly generated NK cells, induced apoptosis via
mitochondrial-dependent intrinsic pathway. The caspase-3/7 cleaves several target proteins. By
looking at results, DNA fragmentation was detected in NK cells, exposed to cancer cells.

Figure 6: Western blot results showing the expression levels of cleaved caspase 3 and 7 in ZR-75-l carcinoma cell
lines treated with various concentrations (1.5, 3.62 and 5 µg/ml) of newly generated NK cells. β-actin served as a
loading control.
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Table 5: Caspase-3/7, activities in presence of newly generated NK cells on treated cancer samples determined as
increase in luminescence and shows gradual increment activity of caspase-3/7 after treatment.
Increase Compare to Control

CASPASE 3/7 RESULTS
caspase 3
6
5
4
3
2
1
0

caspase7

Linear (caspase 3)

0

6

12

18

24

30

48

caspase 3

1.5

2.21

3.1

3.62

4.3

5

3.6

caspase7

1.4

2.11

2.98

3.3

4.1

4.98

3.45

Discussion:
The MTT assay was used to examine the cytotoxicity effect of the newly generated NK cells on
the chosen cancer cell line, which is ZR-75-lcarcinoma cell in this research. According to the
MTT assay results, the exposure of the newly generated NK cells, reduce the sell viability up to
80 percent. Bilaterally by MTT assay, the apoptosis effect of the newly generated NK cells with
causing malformation, also examined. The results indicate that the newly generated NK cells
cause nucleus malformation of the ZR-75-l carcinoma cell lines.
After examining the cytotoxicity effect of the newly generated NK cells on ZR-75-l carcinoma
cell lines, the research continued to examine the apoptosis effect of the newly generated NK
cells. For this regard the Caspase 3/7 assay was used.
The first objective of this research was to generate NK cells from hematopoietic stem cells. To
examine the transfection efficiency western blotting and flow cytometry was used. The results of
the western Blotting, approves the expression of KLRA4 which is the gene for ly49d ligand,
KLRA8 gene for ly49h ligand and finally KLRD1 gene for CD94 ligand. The western blot
results, suggest that the transfected genes are expressed in the transfected stem cell. On the other
hand, the Flow Cytometry was used to determine the number of positive cells within the
transfected cell’s population. The flow results, approves that, after 7 days of transfection, 97% of
transfected cells expressed ly49d, 95% expressed ly49h, and 98% of the transfected stem cells,
expressed CD94 ligands.
Regarding the second objective of this research, to evaluate functionality of the generated NK
cells in killing cancer cells, MTT assay was used to examine the viability of the transfected cells.
The MTT results, suggest that, at the concentration of 3 to 5 μl, newly generated NK cells
significantly, reduced the number of viable cells and in case of their appoptosis abilities, newly
generated NK cells induced eﬀective nucleus condensation at 48 hours, indicating the occurrence
of cytotoxicity. Finally, in case of apoptosis property of the newly generated NK cells, the results
of the caspase-3/7, shows cleaves of the target proteins. The detection of DNA fragments,
suggest that the transformed stem cells has apoptosis ability.
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Conclusion
We have designed an experiment to change hematopoietic stem cells, collected from the bone
marrow of experimental animals to natural killer cells, to advance the immune system of the
experiment creature against CTCs. After four circles of time, as clarified previously, with using
of four unmistakable procedures, western blotting, flow cytometry, MTT assay and Caspase3/7,
we implied transfection productivity, and cytotoxicity. According to data examination it's been
cleared that above 95 percent of all gathered HSCs which were complexed with DNA in addition
to vector, hereditarily changed to NK cells, which means stem cells separated ordinarily
developed as an immune component. With the assistance of these newly generated NK cells and
their ability to divide as typical cells with regular division speed (that would be less time
consuming than deriving from BM), it could be a chance for the destruction of tumor cells.
To examine the transfection success, western blotting and flow cytometry techniques were used.
The results prove that 95 percent of all gathered HSCs, hereditarily changed to NK cells. The data
suggest that the answer to the first and forth research question is yes.
And to evaluated the functionality of the newly generated NK cells by two aspect of cytotoxicity
and apoptosis, MTT Assay and Caspase 3/7 assay results, suggest that the newly generated NK
cells, have the cytotoxicity and apoptosis ability on the cancer cell line, which is a positive answer
to the second and third research question.
No research is without limitation; ours is not an exception. The results showed that the ultimate
goals had been reached but this research was done in vitro, The results have not been obtained
from animal models because of many barriers such as facilities, permissions and allowances
required. Also, this research has a weakness or gap. A very exclusive question. The NK cells are
basically aggressive cells. By producing a mass amount of NK cells in a live model, that would be
a chance for the NK cells, attack the body’s organs. This research has no answer for this question
but to find the answer, is the future work of this research.
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Appendixes:
Appendix A: LY49h Gene Bank Full Report:
Ly49h
NCBI Reference Sequence
Locus
Source
Gene

Mus musculus strain C57BL/6J Chromosome 6, GRCm38.p3 C57BL/6J
NC_000072.6
NC_00007230604 bp, DNA linear, CON 09-FEB-2015
Mus musculus (house mouse) Organism Mus musculus
"Klra4". 3531..27072

Gene Synonym
Gene ID:
Sequence of The
Designed Primer

="Chok; Klra32; Klra33; Ly-49d; Ly49d; ly49r<129>"
16635, updated on 22-Nov-2015
>gi|372099104:c130070801-130040198 Mus musculus strain C57BL/6J
Chromosome 6, GRCm38.p3 C57BL/6J
AGCAATAGCTCAAGGCTGTAGATGTGTCAGTTTCTCACTTTTGCTCATGTGCCCTCCCTATTCTA
TCCTT

Appendix B: LY49d Gene Bank Full Report
Ly49d
NCBI Reference Sequence
Locus
Source
Gene

Mus musculus strain C57BL/6J Chromosome 6, GRCm38.p3 C57BL/6J
NC_000072.6
NC_00007219075 bp, DNA linear, CON 09-FEB-2015
Mus musculus (house mouse) Organism Mus musculus
"Klra8’, 2201.16873"

Gene Synonym
Gene ID:
Sequence of The
Designed Primer Based
On Its FASTA

="Cmv-1; Cmv1; Ly49h; Ly49u<129>"
/db_xref="GeneID:16639"
>gi|372099104:c130132098-130113024 Mus musculus strain C57BL/6J
Chromosome 6, GRCm38.p3 C57BL/6J
AAATTAGAAAGAGTGATCTGCAAATTCACCTGGAATAACAAAAAACCTAGGATAGCAAAAACTCT
TCTC

Appendix C: CD94 Gene Bank Full Report
KLRD1
NCBI Reference Sequence
Locus
Source
Gene
Gene Synonym
Gene ID:
Sequence of The
Designed Primer Based
On Its FASTA

Klrd1 Killer cell lectin-like receptor, subfamily D, member 1 [
Mus musculus (house mouse)]
NC_000072.6
NC_00007214476 bp, DNA linear. CON 09-FEB-2015
Mus musculus (house mouse) Organism Mus musculus
/Chromosome="6", gene
1604.12287, /gene="Klrd1"
/gene_synonym="CD94"
/db_xref="GeneID:16643"
>gi|372099104:129586489-129600376 Mus musculus strain C57BL/6J
Chromosome 6, GRCm38.p3 C57BL/6J
AAAATTATTGTCAAACAGTAATGATGAGATACAGTAAAGTGTTAAAAACTAAACAACAACAACAA
CAACA

17

