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Abstract
Background: Regarding to the increase of cancer deaths in recent years and disability
of common therapies to eradicate cancers, as well as expansion of Natural Killer (NK)
cell therapy, it seems so vital to find new useful therapies against cancers. Breast cancer is the second main cause of cancer death among women. As it is impossible for a
majority of patients to receive NK cell therapy, an attempt was made to establish a
low-cost and efficient method for expanding and activating NK cells against breast
cancer cell line (MCF7).
Methods: NK cells were isolated from Peripheral Blood Mononuclear Cells (PBMCs)
applying either MACS based NK cell enrichment kit or antibodies and complement as
cytotoxic method. Then, the NK cells were cultured in Stem Cell Growth Medium
(SCGM) with feeder layer (irradiated PBMCs) along with PHA or OKT3. IL-2, IL-15
and IL-21 were used to expand NK cells and finally their cytotoxic activity was investigated by flow cytometry.
Results: Highly pure NK cells were obtained and no significant difference between the
two isolation methods was found. Using IL-2 plus IL-15, the number of NK cells increased up to100 fold after 16 days. No significant effect was observed after IL-21
treatment.
Conclusion: Our data indicated that cytotoxicity method can be considered a lowcost alternative for NK cell isolation kits. It seems that culturing NK cells for 14 days in
either PHA or OKT3 supplemented SCGM medium would be more effective than culturing for 16 days in the presence of IL-21.
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Introduction
As the common therapies of cancers are not able to
eradicate the whole cancer stem cells and rather suppress the immune system which leads to cancer relapse, finding a new way to specifically destroy cancer
cells without affecting healthy cells and the immune
system is a crucial requirement 1,2. Among all types of
cancers, breast cancer is the most commonly diagnosed
cancer and a major cause of death among women accounting for 15% of cancer deaths among females and
25% of all cancer cases worldwide. Thus, it represents
a critical public health problem and there is an urgent
need to develop effective treatments against the aggressive subtypes of breast cancer 3-5. MCF7, originally
isolated from a 69 year old woman suffering from metastatic breast cancer (Adenocarcinoma), is the most
studied cell line to evaluate breast cancer in vitro. Its
popularity in breast cancer researches reflects its fidelity to many aspects of the cancer in the clinical settings
6
.

Based on the immunosurveillance theory, the immune cells aren’t sufficiently powerful in cancerous
patients because their anti-tumor activity has been diminished 1,7,8. Thus, restoration of the power of the
immune system can be promising 5. In recent years,
some immuno therapeutic approaches have been introduced to activate the immune system against cancer
cells by strengthening different parts of immune system 9. Adoptive Cell Therapy (ACT) as a type of inactive immunotherapy is an approach to increase, change
and enhance the biological activities of immune cells
such as Natural Killer (NK) cells 10,11. NK cells as an
important part of innate immunity play a key role in
destroying the cancer cells. NK cells don’t kill normal
host cells because their inhibitory receptors can recognize self MHC class 1 molecules 12.
Nowadays, using NK cells for immunotherapy has
provided a new hope for curing cancers because of killing tumor cells without the need to recognize tumor-
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specific antigens 13. NK cells comprise a small portion
of peripheral lymphocytes population and hence, they
should be isolated, activated and expanded to a large
number, and then to be administered to the cancerous
patients 14,15.
In order to isolate NK cells, different studies have
used leukapheresis and closed automated systems of
cell separation and cultivation and also automated expansion instruments. Several different cytokines, stimulators and mediums such as IL-2, IL-15, IL-12, SCF,
IL-7, Phytohaemagglutinin (PHA) and OKT3 in XVIVO, SCGM, RPMI and GBGM media have been
applied for expansion of NK cells so far 16-19. Anti-CD3
(OKT3) and IL-2 can induce secretion of cytokines
from T cells which help to activate and expand NK
cells and, on the other hand, PHA can impair the immune competence of T cells in vitro 20,21. To better
expand NK cells, different feeder layers have also been
used, such as K562, HWFT, and EBV-LCL cell lines
and Peripheral Blood Mononuclear cells (PBMCs) 14.
As the proposed methods are so expensive for majority of patients, especially in developing countries,
and the rate of the cancer morbidity and mortality increases in such areas, an attempt was made to establish
an efficient and cost benefit, manual method for use in
developing countries. The results of this paper may
pave the way to develop the possibility of immune cell
therapy for low-income patients throughout the world.
Materials and Methods
Purification

The PBMCs were isolated using Ficoll Paque (Bio
sera, UK) density gradient from whole blood samples
of 10 healthy donors after receiving the informed consent. Then, two different methods were applied to purify NK cells:
Isolation of NK cells with cytotoxicity method: 1.5×106
PBMCs along with 7.5 µg/ml anti CD3 and 15 µg/ml
anti CD19 (CMG, Iran) per 0.5 ml RPMI 1640 (Bioidea, Iran) medium were incubated at 37°C for 30 min.
Then, the rabbit complement (Innotrain, Kornberg,
Germany) was added (250 µl). Cells were further incubated at 37°C for 60 min and then, the cells were centrifuged and their purity was confirmed with flow cytometric analysis using anti-human CD56-PE/CY5
(Biolegend, USA) and anti-human CD3-PE (CMG,
Iran) 22.
Isolation of NK cells with MACS: Magni SortTM Human NK cell Enrichment kit (Ebioscience, USA) was
used for this purpose. A suspension of 1×107 PBMCs
in isolation buffer (PBS supplemented with 3% FBS
and 10 mM EDTA) was made according to the manufacturer’s instruction. Undesired cells such as B, T, and
NKT cells were excluded using biotinylated antibody
cocktail and streptavidin-coated magnetic beads by
negative selection. When undesired cells are bound by
antibody and magnetic beads, they stick to the magnetic field and just NK cells remain untouched and can
18
18

pass the magnetic field. Then, NK cells were eluted
and their purity was assessed as explained above.
NK cell expansion

NK cells purified by MACS were cultivated in two
different conditions:
Expansion of NK cells in SCGM with OKT3: Coculturing of 5×105 NK cells with 5×106 irradiated
PBMCs (2500 rad), as a simply accessible feeder cell,
was done with 10 ng/ml OKT3 (CMG, Iran), 500 IU/ml
IL-2 and 10 ng/ml IL-15 (Ebioscience, USA) in 2ml
SCGM (Cell Genix, Germany) medium supplemented
with 1% penicillin/streptomycin, 5% pre inactivated
AB serum to enhance NK function and 10% FBS (Gibco, USA) in a 25 cm2 culture flask at 37°C in 5% CO2
in standing position. The whole medium was refreshed
(Excluding OKT3) at 2 days intervals and culture was
continued for 14 days. Then, their cytotoxic activity
and CD107a expression were measured with flow cytometry method. In addition, 100 ng/ml IL-21 (Gibco,
USA) was added to the cultured cells and cytotoxic
activity as well as CD107a expression was assessed
again on day 16.
Expansion of NK cells in SCGM with PHA

Co-culturing of 5×105 NK cells with 5×106 irradiated PBMCs (2500 rad) and 1% V/V PHA plus 500
IU/ml IL-2 and 10 ng/ml IL-15 was done in 2 ml
SCGM medium in 25 cm2 culture flask at 37°C in 5%
CO2. Changing the medium was similar to the previous
condition. The culture continued for 14 days in standing position. Then, their cytotoxic activity and CD107a
expression was measured with flow cytometry method.
In addition, 100 ng/ml IL-21 (Gibco, USA) was added
to the cultured cells on day 14 and cytotoxic activity
and CD107a expression was assessed again on day 16.
Our negative controls in both conditions were NK cells
cultured with feeder layer but without any cytokine
treatment. Also, NK cells were cultured with the same
condition of expansion with OKT3 and PHA but without feeder layer.
In vitro cytotoxicity assay

On day 0, 14 and 16, the cytotoxic activity of NK
cells was assessed against pre-cultured MCF7 cells
(Pasteur Institute, Iran). MCF7 cells were grown in
RPMI 1640 medium with 10% FBS and 1% pen/strep in
culture flasks at 37°C and 5% CO2 for several days until adhering to the flask and reaching a desired number.
To investigate the NK cells cytotoxic activity, Annexin V/PI apoptosis detection kit (BD bioscience CO,
USA) was used. Firstly, the expanded NK cells were
co-incubated with MCF7 cells at 10:1 effector: target
ratio for 4 hr in 24-well plate. Then, according to the
manufacturer instructions, the cells were stained with
Annexin V (5 µL) and PI (5 µL) as well as with antiCD56-PE/CY5.
CD107a degranulation assay

Lysosomal-associated membrane protein-1 (LAMP1 or CD107a) surface expression was evaluated by
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stimulating NK cells with MCF7 cell line. NK cells
and target cells were co-incubated with ratio of 10:1
(E:T) and stained with 5 µl anti-human CD107a FITC
(Ebioscience, USA) for 1 hr in 96-well plate. Then, the
Monensin solution (Bio Legend, UK) was added to
each well and incubated for 4 hr. After washing and
adding blocker (AB+serum), the cells were washed
again and stained with anti-CD56-PE/CY5 and antiCD3-PE for flow cytometry analysis.
For the negative control, freshly isolated NK cells
without any stimulation were co-cultured with MCF7
cells and then CD107a expression and apoptosis were
assessed.
Statistical analysis

Statistical analysis was performed using KruskalWallis test in the case of comparison of purity between
two different isolation methods and one way ANOVA
was applied in the case of assessing cytotoxic activation and expression of CD107a marker. Statistical significance was set at p≤0.05. All experiments were done
three times and their mean and Standard Deviation
(SD) values are shown.

Figure 1. Flow cytometry analysis of two NK cell isolation methods
from PBMCs (A). Using MagniSortTMHuman NK cell Enrichment
kit, more than 92% purity was detected. We also detected 83% NK
cell purity after incubating PBMCs with anti-CD3, anti- CD19 and
mouse complement. Bare chart shows no statistically significant
difference between the two methods (B).

Results
NK cell isolation

Using cytotoxicity method, high pure NK cells with
low percentage of other mononuclear cells were obtained by this method. Finally, the average purity of
NK cells was 83±3.21%. Using Magni SortTM Human
NK cell Enrichment kit, NK cells with 92.9±4.71%
purity were obtained (Figure 1A). Statistical analysis
showed no significant difference between the two isolation methods (p=0.051), (Figure 1B).
NK cell expansion and activation

1) Stimulation with OKT3: In comparison with day 0,
flow cytometry analysis on day 14 and 16 showed 35fold and 60-fold increase in NK cell numbers, respectively (Figure 2). The differences between day 0 and
14, day 0 and 16 and also day 14 and 16 were statistically significant (p=0.007, p=0.00, p=0.027, respectively). The mean percentage of CD56+CD3-cells was
92.5±2.1% on day 14 and 91.4±3.2% on day 16.
On day 0, cytotoxicity of NK cells was 0.12±0.12%
while after stimulating with OKT3, cytotoxicity of
88.97±7.97% on day 14 and 87.77±6.55% on day 16
were achieved. NK cell cytotoxicity increased significantly on day 14 and 16 in comparison to day 0 (p=
0.000). There was no significant difference between
day 14 and 16 (p=0.83) (Figure 3). The viability of NK
cells on day 0, 14 and 16 was 88±0.7, 91±2.7 and
96.16±0.94%, respectively. The difference between
day 0 and 14 was not significant (p=0.157) but between
day 0 and 16 and between day 14 and 16 was statistically significant (p=0.003, p=0.023, respectively).
The mean apoptosis rate of NK cells was 12±0.8,
5.4±0.5 and 11±0.9% on days 0, 14 and 16, respectively. Compared to day 0, the difference was significant

Figure 2. Linear chart shows the comparison of NK cells proliferation stimulated with PHA and OKT3 between days 0, 14 and 16.

for day 14 (p=0.000). Between day 0 and 16, no significant difference was observed (p=0.306).
After culturing NK cells in SCGM medium, on day
0.85±4.3% NK cells in which 1±0.2% were CD107a
positive were detected. After treating NK cells with
OKT3, 34±3.2% CD107a positive NK cells remained
on day 14 and 24.3±1.7% CD107a positive NK cells
on day 16 after treatment with IL-21. So, after treating
NK cells with OKT3, CD107a expression was significantly increased on day 14 and 16 in comparison to day
0 (p=0.000, p=0.003) but was significantly decreased
on day 16 compared to day 14 (p=0.000), (Figure 4).
2) Stimulation with PHA: on 14th and 16th days, the
cells were expanded by an average of 50-fold and 100fold, respectively (Figure 2). In comparison to day 0,
significant increase of expansion was detected on day
14 (p=0.003) and 16 (p=0.000). Also, significant increase was detected between day 14 and 16 (p=0.003).
Compared with OKT3 treated NK cells, difference in
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Figure 3. Flow cytometry analysis of NK cells cytotoxicity against breast cancer cell line, MCF7, using Annexin V/PI (A). NK cell cytotoxicity on
day 0 (a). NK cell cytotoxicity on day 14 and 16 in the OKT3 treated populations (b and c). NK cell cytotoxicity on day 14 and 16 in the PHA treated
populations (d and e). Bare and linear charts (B and C) and show the comparison of NK cells cytotoxicity treated with OKT3 or PHA in different
days. Asterisk (*) represents for p<0.05.

Figure 4. Flow cytometry analysis of CD107a expression on NK
cells staining with CD56-PE/CY5 and CD107a-FITC (A) Dot plots
show the CD3- CD56+ NK cells were gated. The percent frequency
of CD3−CD56+ NK cells that express CD107a marker is indicated
in the quadrants in control in compare with PHA and OKT3 treated
populations. Linear chart (B) shows the comparison of CD107a
expression on NK cells treated with PHA or OKT3 in different days.

expansion was not significant on day 14 (p=0.209)
while on day 16, the expansion rate was significantly

20
20

higher (p=0.04).
After treatment with PHA, the cytotoxic activity on
day 14 and 16 was 96±2.63% and 45.8±8.5%, respectively. The cytotoxicity of NK cells was significantly
higher on day 14 and 16 compared to day 0 (p=0.000
and p=0.001, respectively). NK cell cytotoxicity decreased significantly on day 16 compared to day 14 (p=
0.000), (Figure 3). In comparison with OKT3 supplemented condition, cytotoxicity of PHA stimulated NK
cells significantly decreased on day 16 (p=0.002) while
no difference was found on day 14 (p=0.22).
The mean viability of NK cells on day 14 and 16
was 95.54±0.43% and 92.28±0.83%, respectively. Significant increase was detected in NK cell viability on
day 14 and 16 compared with day 0 (p=0.0001). Viability of PHA stimulated NK cells on day 14 was higher than OKT3 treated ones (p=0.035), while on day 16,
viability of OKT3 treated NK cells was significantly
more (p=0.006).
Also, 10.7±0.6% apoptotic NK cells were detected
on day 14 and 15.5±0.6% on day 16. Compared to day
0 in which 12±0.8% of NK cells were apoptotic, the
decrease of apoptosis on day 14 was not significant
(p=0.121). However, increase of NK cells apoptosis on
day 16 was significantly more than the days 0 and 14
(p=0.002, p=0.000, respectively).
On day 14, from 97±1.7% NK cells, 43.9±2.1%
were CD107a positive and on day 16, the percentage of
NK cells was 89±3.9% with 18.14±1.86% CD107a
positive cells. Thus, CD107a expression increased significantly (p=0.000) on day 14 and 16 in comparison to
day 0. The CD107a expression showed significant decrease on day 16 compared to day 14 (p=0.000), (Figure 4). NK cells cultivated as negative control in
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SCGM medium died on day 7. In comparison with
OKT3 treated NK cells, CD107a expression of PHA
stimulated NK cells on day 14 was higher (p=0.013),
while on day 16, CD107a expression of these cells was
significantly lower (p=0.014).
Discussion
Considering the ability of NK cells in killing cancer
cells without pre-stimulation, applying them for cellbased immunotherapies has been increased in recent
years 23,24. Several studies for in vitro expansion of NK
cells have been conducted, so far. However, identifying
the optimum NK cell activation and expansion method
still continues 25. Hence, an attempt was made to establish a manually cost benefit approach to expand NK
cells in vitro in order to develop them for low income
patients suffering from breast cancer in near future.
In this in vitro study, peripheral blood samples were
used to isolate the NK cells using two distinct methods
of isolation; conventional immunomagnetic method
and the cytotoxicity method. Although the purity of
NK cells isolated with cytotoxic method was less than
the conventional method, statistical analysis showed no
significant difference between them (p=0.051). Therefore, it might be possible to apply the cost benefit cytotoxicity method as an alternative with a nearly similar
efficiency. However, some modifications are needed to
improve the purity. For example, removing monocytes
along with T and B cells might be helpful 26. At the
moment of this work, because the budget of the project
was too limited, it was not possible for us to improve
the purity by eliminating monocytes as well as to evaluate these NK cells in all the mentioned experiments.
This is now done and the results were promising (data
not shown).
As NK cells comprise low percentage of white
blood cells population, applying methods to achieve
appropriate numbers of these cells is vital 17. Among
cytokines, IL-2 has been extensively used, because it is
the only cytokine available in clinical grade, and also
IL-15 which doesn’t stimulate Tregs 27. Therefore,
these two cytokines have been chosen for this work. In
the present study, OKT3 or PHA were applied as the
stimulators as Imai et al detected no sufficient expansion of NK cells while using IL-2 and IL-15 alone 28.
Due to irradiation of PBMCs as feeder layer, T cells
don’t proliferate but anti-CD3 (OKT3) and IL-2 can
induce secretion of cytokines from T cells which can
activate and proliferate NK cells. After a while, IL-2activated NK cells can kill autologous PBMCs 20,21.
Therefore, the pure population which remains in the
medium, is expanded NK cell and the risk of infusing
viable PBMCs is decreased 27.
In one of our experiments, 60-fold proliferation was
achieved after co-culturing of irradiated PBMCs and
NK cells with OKT3 supplemented SCGM in the culture flasks. After the 16th day, 96% purity was detected which was comparable with Siegler U et al’s find-

ings in which, they have achieved 62.7 fold NK cells
expansion with near to 100% purity after 19 days 29.
NK cells survival can be decreased after 7 days of
culturing with IL-21 30, so IL-21 was added to the medium for 48 hr on day 14. After treating OKT3 stimulated NK cells with IL-21, the cytotoxic ability was not
increased (87.77%) in comparison with NK cells treated with IL-2 and IL-15 alone (88.97%). Thus, it seems
that only IL-2 and IL-15 are sufficient to improve the
cytotoxicity of NK cells. Granzin et al have shown a
beneficial synergism of 500 IU IL-2, irradiated EBVLCLs as feeder layer and initial administration of IL-21
which resulted in high expansion of NK cells 31. Thus,
it seems that IL-21 could be more efficient in expansion of NK cells not in enhancement of their cytotoxicity.
In another experiment, using PHA, instead of OKT3, IL-2 and IL-15 along with PBMCs as feeder layer,
100-fold expansion of NK cells with negligible percentage of T cells was observed. The expansion of
PHA treated NK cells was more than OKT3 treated
ones. So, PHA can be a better choice for expansion of
NK cells. Imai et al have reported just 2 to 5 fold expansion of NK cells after 7 days while T cells comprised 35% of the cell population 28. This might be due
to using PHA and IL-2 as the stimuli without any feeder layer in their experiment. It confirms that the role of
feeder layer to improve NK cells expansion is indispensable.
On day 14, IL-21 was added to the PHA supplemented SCGM medium to increase the cytotoxicity of
NK cells but the cytotoxicity decreased from 96% to
45.8%. Duarte et al have found that PHA can impair
the immune competence of T cells in vitro 32. Secretion
of cytokines from T cells present in the PBMCs population is necessary to activate and proliferate NK cells.
Thus, co-culturing NK cells and PBMCs along with
PHA can lead to increase of activation and cytotoxicity
of NK cells because of impaired activity of T cells.
This is confirmatory for our findings. However, NK
cell proliferation was also increased in our experiment.
Using OKT3 or PHA as a stimulator, cytotoxicity increased on day 14 in comparison to day 0. Comparing
the treatment with PHA and OKT3, cytotoxicity was
equal in both groups on day 14. While the cytotoxic
ability of OKT3 treated NK cells was stable on the
16th day, a severe decrease was observed in PHA
treated NK cells on day 16. These results show that the
enhanced cytotoxic ability of NK cells in the presence
of OKT3 is more stable and long lasting comparing
stimulation with PHA.
Interestingly, the percentage of viable NK cells cultured with OKT3 (96.16%) was more than those cultured with PHA (92.28%) after 16 days, which means
that PHA is probably toxic for NK cells and may kill
them after a while. Accordingly, Klöß et al have detected the 88.5% viable NK cells cultured in SCGM
medium after 14 days which is consistent with our re-
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sults 33. Increased percentage of CD107a expression on
day 14 in comparison to day 0 in both PHA and OKT3
stimulated cells was in line with findings of Park et al
34
. However, the expression of CD107a decreased on
day 16 in comparison to day 14. This decrease was
much less in OKT3 treated NK cells.
Conclusion
In this study, it has been shown that isolating relatively high pure NK cells with cytotoxicity method is
possible. Irradiated PBMC could be a suitable, cost
benefit and accessible option as feeder layer for NK
cells expansion. As our data shows, using OKT3, the
cytotoxic activity of NK cells, CD107a expression and
also NK cell viability increased on day 14 while apoptosis of NK cells decreased accordingly. On day 16,
although the viability of OKT3 stimulated NK cells
increased in comparison with day 14, the CD107a expression decreased. Other indexes were stable. On the
other hand, by applying PHA, an increase of CD107a
expression, cytotoxic activity and viability of NK cells
on day 14 were detected and NK cell apoptosis decreased. On day 16, the cytotoxic activity and viability
as well as CD107a expression of NK cells decreased
and accordingly, apoptosis of NK cells increased. Applying IL-21 did not increase cytotoxicity of the NK
cells.
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