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Abstract 
Introduction: Breast cancer is one of  the leading cause of  cancer deaths in women. Metastasis in BC is caused by immuno-
surveillance deficiency, such NK cell maturation, low NK activity and decreasing cytotoxicity. This study was performed to 
improve activating receptors and cytotoxicity of  NK cells using interleukins (ILs).
Methods: Human recombinant IL-2, -15, and -18 were used to induce NK cells. We measured the activating and inhibiting 
receptors, proliferation activity of  NK cells, and the cytotoxicity of  NK cells on BC cells (MCF7). The effects of  ILs were 
tested on the NK cell receptors CD314, CD158a and CD107a with flowcytometry, proliferation at various incubation times 
with 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy methoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay and concen-
trations of  TNF-α and IFN-γ by NK cells with ELISA.
Results: ILs increased NK cell receptor levels (CD314, CD158a, and CD107a) at 24 hours of  incubation. ILs increased NK 
cell viability, which increased with longer incubation. Moreover, ILs-induced NK cells inhibited proliferation in MCF7 cells, 
as well as increased TNF-α, IFN-γ, PRF1 and GzmB secretion.
Conclusion: IL-2, IL-15, and IL-18 improved activating receptors and proliferation of  NK cells. IL-induced NK cells in-
creased TNF-α, IFN-γ, perforin, and granzyme secretion and cytotoxic activity on BC cells. High NK cell numbers increased 
BC cell growth inhibition.
Keywords: Activator; breast cancer; interleukins; natural killer; receptor.
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Introduction
Breast cancer (BC) is the leading cause of  cancer deaths 
in women1, accounting for approximately 43.3%2. Mor-

tality of  most patients with solid tumors is due to met-
astatic spread to other organs1. Metastasis occurs when 
tumor cells acquire invasive features3 and the ability 
to escape from antitumor immunity4,5. Defects in an-
titumor immunity may also facilitate BC occurrence6. 
Metastasis in BC is caused by deficient immunosurveil-
lance, including impairment of  NK cell maturation, 
low NK cell counts in peripheral blood mononuclear 
cells (PBMCs), significantly lower NK activity in pa-
tients with BC than in healthy individuals7, decreased 
cytotoxic function8,9, NK abnormalities8, poor tumor 
infiltrate10,11, low NK cell numbers in tumors due to 
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their inefficient homing into malignant tissues8, defec-
tive expression of  activating receptors such as NK-
G2D, NKG2C, NKp30, NKp46, CD161, CD56dim, 
CD16, DNAM-1, and CD69 and high immunosuppres-
sion, namely overexpression, of  inhibitory receptors 
CD158a, CD158b, and NKG2A 8. One cancer therapy 
is to stimulate NK cell function and combine them with 
other agents to boost anti-cancer activity12. NK cells as 
immunomodulators can be activated using interleukin 
into lymphokine-activated killer cells (LAK). NK cells 
respond to a variety of  cytokines, such as IL-2, IL-12, 
IL-15, IL-18, IL-21, and Type I Interferons (IFNs), dis-
cretely or in combination with each other or with other 
modulators13, and tumor necrosis factor (TNF)14, which 
increases their cytolytic, secretory and anti-cancer func-
tions15. Through its interaction with NK cells, IL-2 
treatment was related with favourable result in various 
cancer type, making it the first effective immunotherapy 
for human cancer16.

Immunotherapy using NK cells can be used to obtain 
the large and sufficient numbers of  functional NK cells 
necessary for clinical therapy. The number, purity and 
state of  NK cell proliferation and activation are key fac-
tors in immunotherapy17. NK cells are known as nec-
essary effectors in suppressing cancer proliferation18. 
Therefore, the focus of  recent cancer therapy has been 
to promote and develop NK cells as drugs9, using NK 
effectors such as cytokines8.

This study was conducted to evaluate the effect of  
inducing interleukins (IL-2, IL-5, and IL-18) on NK 
cells toward the following: i) improvement of  NK cell 
activating receptors, including CD314, CD158d and 
CD107a; ii) increased proliferation of  NK cells; iii) NK 
cell secretion of  factors such as IFN-γ and TNF-α; iv) 
secretion of  IFN-γ, TNF-α, perforin (PRF1) and gran-
zyme B (GzmB) co-cultured NK and BC cells inhibi-
tion of  BC cell proliferation.
 
Materials and methods
Induction of  NK cells using interleukins (IL-2, IL-
15, IL-18)
NK92MI cells (ATCC® CRL2408™) from Aretha 
Medika Utama, Biomolecular and Biomedical Research 
Center, Bandung, Indonesia, at a density of  2x106/
well, were grown and maintained in medium contain-
ing RPMI 1640 (Gibco 22400089), 10% FBS (Gibco 
10270106), and 1% antibiotic/antimycotic (Gibco 
1772653). Cells were treated with 5 or 10 ng/ml of  IL-2 

(Biolegend 589106), IL-15 (Biolegend 715902) or IL-
18 (GenScript Z031189) incubated at 5% CO2, 37°C 
for 24 h, which resulted in IL2-induced NK (IL2-NK), 
IL15-induced NK (IL15-NK), and IL18-induced NK 
(IL18-NK) cells, respectively. The IL-NK cells were 
used for assays such as measuring NK cell receptors, 
NK cell viability, cytotoxic activity toward BC cells by 
co-culture, and effector molecule secretion by NK cells 
(IFNγ, TNFα, PRF1, and GzmB levels).

Detection of  NK cell receptors using fluorescence 
activated cell sorting (FACS)
NK92 cells with a density of  5x105/well were cultured 
in complete medium containing RPMI 1640, 10% FBS, 
and 1% antibiotic/antimycotic incubated at 5% CO2, 
37 °C for 24 h. The NK cells were induced with IL-
2, IL-15, and IL-18 (10 ng/ml) and incubated for 24 
h. The medium was collected, and 1x105 - 1x106 NK 
cells were added to 500 ml of  FACS Buffer (PBS + 
2% FBS). Furthermore, NK receptors were stained 
with the surface markers CD314 (Ms anti-human, In-
vitrogen 521927), CD107a (Ms anti-human, Invitrogen 
519297), and CD158d (Ms Anti-human, 523653) in sin-
gle and multiple staining, followed by incubation in a 
dark room at 4 °C for 30 min. The cells were washed 
twice using FACS Buffer. NK receptors were stained 
with CD314, CD158d, or CD107a antibody conjugated 
with PE. The receptors were analyzed by flow cytom-
etry with a MACSQuant® Analyzer. The experiments 
and measurement of  surface markers were performed 
in triplicate19,20.

Cell viability of  ILs-induced NK (ILs-NK)
The NK cells at a density of  1x104/well were grown in 
96-well plates in NK medium. The cells were induced 
directly with 5 or 10 ng/ml of  IL-2, IL-15, or IL-18 
daily. Furthermore, cells were incubated at 5% CO2 and 
37°C, in a humidified atmosphere for 24, 48, 72, or 96 
h20. To determine the those above IL-NK viability per 
day, cell viability was assayed based on an optimized 
reagent containing resazurin converted to fluorescent 
resorufin by viable cells that absorbs light at 490 nm us-
ing 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxy methoxy-
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium assay (MTS; 
Promega G3580)21,22.

Effector molecules of  ILs-induced NK cells
ILs-induced NK cells at a density of  1x105 cells/well 
were grown and maintained in NK medium and incu-
bated at 5% CO2, 37 °C for 24 h. Cells and medium 
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were centrifuged at 500 g for 4 min, and the culture 
supernatant was preserved at -80°C for subsequent as-
says, such as for IFN-γ and TNF-α22,23. IFN-γ secre-
tion from NK cells was measured using a commer-
cial enzyme-linked immunosorbent assay kit (ElabSci 
E-EL-H0109) and the TNFα secretion from NK cells 
using a human ELISA Kit (ElabSci E-EL-H0109) fol-
lowing the manufacturer’s recommendation.

Co-culture of  ILs-NK and breast cancer cells for 
measuring the cytoplasmic granules and effector 
molecules
The NK cells were treated with 5 or 10 ng/ml of  IL-2, 
IL-15, or IL-18 incubated at 5% CO2, 37°C for 24 h, 
which resulted in IL2-induced NK (IL2-NK), IL15-in-
duced NK (IL15-NK), and IL18-induced NK (IL18-
NK) cells. The MCF7 cells at a density of  1x106 cells/
well (DMEM+20% FBS+1% antibiotic/antimycotic) 
were cultured in a 24-well plate. The cells were incubat-
ed in a humidified atmosphere with 5% CO2 at 37°C 
for 24 h. NK cells were adjusted to 1x105 for the ra-
tio 1:5 (MCF7:IL2-NK = 1:5; MCF7:IL15-NK = 1:5; 
MCF7:IL18-NK = 1:5) and the ratio 1:1 (MCF7:IL2-
NK = 1:1; MCF7:IL15-NK = 1:1; MCF7:IL18-NK = 
1:1 NK cells) and were resuspended in 24-well plates 
containing MCF7 with the NK medium and DMEM 
at the ratio 1:1 (50%:50%) according to the optimized 
research (data not shown). The co-cultures of  IL2-NK, 
IL15-NK, IL18-NK and MCF7 were incubated in a 
humidified atmosphere with 5% CO2 at 37°C for 96 
h. Cells and medium were centrifuged at 500 g for 4 
min, and the medium was preserved at -80°C for sub-
sequent assays such as for IFN-γ (Human ELISA KIT, 
Biolegend 430104), TNF-α (Human ELISA KIT, Bi-
olegend 430204), PRF1 (Human ELISA KIT, ElabSci 
E-EL-H1123) and GzmB (Human ELISA KIT, ElabS-
ci E-EL-H1617)23,24.

Growth inhibition of  ILs-NK cells on breast cancer cells
This research method was adopted and modified based 
on the previous research by Parihar et al. (2002) and 
Lu et al. (2008)22,23. NK cells at a density of  1x106/
well were grown and maintained in NK medium, and 
cells were treated with 5 and 10 ng/ml of  IL-2, IL-15, 
or IL-18 daily and incubated at 5% CO2, 37°C for 96 
h, resulting in IL-induced NK cells. The BC cell line 
MCF7 (ATCC® HTB22™) was obtained from Aretha 
Medika Utama Biomolecular and Biomedical Research 
Center, Bandung, Indonesia, plated at a density of  

1x104/well and cultured on 96-well plates in 100 µl of  
complete medium (Dulbecco's Modified Eagle's Medi-
um (DMEM high glucose; Gibco 11995065), 10% FBS, 
1% antibiotic/antimycotic) and incubated at 5% CO2, 
37°C for 24 h. The following day, culture supernatant 
was aspirated, and the cells were washed with PBS (In-
vitrogen 1740576) and replaced with complete medium 
(DMEM + 1% antibiotic/antimycotic, 10% FBS). Cells 
were incubated at 5% CO2, 37°C for 24 h. For the BC 
cells treated with NK cells in the number-dependent 
experiment, the ratios of  BC cells to IL-induced NK 
cells were 1 : 5 (10,000 : 50,000), 1: 2 (10,000 : 20,000), 
1 : 1 (10,000 : 10,000) and 2 : 1 (10,000 : 5,000). The 
medium comparison of  cocultured cells was based on 
a preliminary study, and the best medium comparison 
of  NK medium and BC medium was 1:1. The con-
trols were the single cultures of  NK92MI or MCF7. 
The co-cultured NK and BC cells were incubated at 5% 
CO2, 37°C for 24 h, 48 h, 76 h, or 96 h. To determine 
the growth inhibition or cytotoxic effects of  NK cells 
toward BC cells using MTS assays, 20 µl of  reagent 
cell titer 96 ® Aqueouse one solution assay (Prome-
ga G3580) was added to each well and incubated for 3 
h. The cell absorbance was measured at 490 nm wave-
length (Multiskan Go, Thermo Scientific, USA). The 
inhibitory effect of  IL-NK cells toward BC cell viability 
was calculated according to the following formula23:

Statistical analysis
Statistical analysis was conducted using SPSS software 
(version 16.0). Data were presented as Mean±Standard 
Deviation. Significant differences among treatments 
were determined using the one-way Analysis of  vari-
ance (ANOVA) and p < 0.05 were considered as statis-
tically significant, along with Tukey honestly significant 
difference post hoc test and 95% confidence interval.

Results
Effect of  ILs toward NK cell characteristics
To determine the effect of  human recombinant ILs 
toward NK receptors, we evaluated the NK receptors 
including CD314, CD107a and CD158d (Figures 1-2). 
The data showed that ILs (IL-2, IL-15, and IL-18) sig-
nificantly up-regulated CD314 and CD107 and that IL-
15 and IL-18 significantly up-regulated CD158d, but 
IL-2 did not significantly up-regulate CD158d.
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Figure 1. Effect of 10 ng/ml ILs (IL-2, IL-15, and IL-18) toward NK cell receptors (CD314, CD158d, and CD107a) for 24 h 

incubation. 

*The data are presented as histogram among treatment, this research was conducted in triplicate for each treatment, symbol 

*present significant differences among inducer (IL2-induced NK, IL15-induced NK, IL18-induced NK) compared to control 

(untreated NK cells) toward CD314 expression, symbol # present significant differences among inducer (IL2-induced NK, 

IL15-induced NK, IL18-induced NK) compared to control (untreated NK cells) toward CD158d expression, symbol ∞ 

present significant differences among inducer (IL2-induced NK, IL15-induced NK, IL18-induced NK) compared to control 

(non-induced NK cells) toward CD107a expression. 
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    Figure 2. Effect of ILs (IL-2, IL-15, and IL-18) toward dot blot of NK receptors 

     *The dot blot of NK receptors (CD314, CD158d, and CD107a) are represented of triplication treatment 

Effect of  ILs toward NK cell proliferation
NK cells require effectors to activate NK cells; thus, 
this study was conducted to evaluate the effect of  ILs 
(IL-2, IL-15, and IL-18) toward NK cell numbers. We 
used ILs at levels of  5 and 10 ng/ml, and NK cell pro-
liferation was calculated at various incubation times (24, 

48, 72, and 96 h; Table 1). The data show (Table 1) that 
ILs (IL-2, IL-15, and IL-18) increased NK cell prolifer-
ation and that proliferation was lower at 24 h of  incu-
bation compared to 48 h, 72 h, and 96 h of  incubation. 
A higher concentration (10 ng/ml) of  ILs resulted in 
higher proliferation compared to 5 ng/ml.
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Table 1. Effect ILs (IL-2, IL-15, IL-18) toward NK cells viability (%) 
  

Concentrations 
(ILs) for inducing 

NK cells 

NK cells viability (%) 
Incubation time 

(24 h) 
Incubation time 

(48 h) 
Incubation time 

(72 h) 
Incubation time 

(96 h) 
Control 

 (non-induced NK) 100.00±13.16 abA 100.00±4.17 abA 100.00±0.46 aA 100.00±6.15 aA 
IL2-NK (5 ng/ml) 104.14±12.49 abA 109.66±9.12 abcAB 134.50±16.67 bcBC 143.13±3.20 bcC 

IL2-NK (10 ng/ml) 122.67±9.36 bA 129.12±0.39 cA 152.69±11.63 cB 153.16±4.21 cB 
IL15-NK (5 ng/ml) 79.36±12.27 aA 124.92±0.72 bcB 138.27±1.14 bcB 141.88±9.35 bcB 

IL15-NK (10 ng/ml) 109.29±23.55 abA 134.62±5.64 cAB 140.77±0.44 bcAB 153.37±1.73 cB 
IL18-NK (5 ng/ml) 81.19±17.92 abA 87.14±8.76 aA 120.36±6.64 abB 128.88±5.53 bB 

IL18-NK (10 ng/ml) 104.81±11.12 abA 115.75±21.71 bcAB 155.28±7.59 cC 142.31±7259 bcC 
  

*This research was performed 3 replication for NK cells viability. Data of NK cells viability (%) are presented  as mean 
±standard deviation, different small letters in the same column (among concentrations of ILs (IL-2, IL-15, IL-18) treatment 
in each periodic incubations (day 1, 2, 3, 4). Different capital letters in the same row  (among periodic incubations in each 
ILs treatment), were significantly different at p < 0.05 (Tukey honestly significant difference post hoc test) 

  

Effect of  ILs toward NK cell secretion of  IFN-γ 
and TNF-α
In this study, we evaluated the effect of  10 ng/ml ILs 
(IL-2, IL-15, and IL-18) toward IFN-γ and TNF-α se-
cretion by NK cells for 24 h (Figure 3). Figure 3 shows 
that IL-2, IL-15, and IL-18 significantly increased IFN-γ 
and TNF-α compared to controls (untreated NK cells).
Effect of  ILs toward IFN-γ, TNF-α, perforin, and 
granzyme in co-cultured breast cancer and NK cells
This study was aimed to measure the cytokines includ-
ing IFN-γ, TNF-α, and cytolytic enzymes such as PRF1 
and GzmB, which are secreted by co-cultured MCF7 
and NK cells (Table 2). The data in Table 2, show that 

MCF7 cells secreted low levels of  PRF1 (20.00 pg/ml) 
and GzmB (13.33 pg/ml) and produced low levels of  
IFN-γ (1.83 pg/ml) and TNF-α (1.98 pg/ml). Co-cul-
ture of  MCF7 and non-activated NK cells increased 
IFN-γ, TNF-α, PRF1, and Gzm. Higher NK cell num-
bers in co-cultured cells increased the cytokines and 
cytolytic enzyme secretion of  both non-activated and 
activated NK cells. IL-15 and IL-18 were the best ef-
fectors to induce NK cells to secrete IFN-γ, TNF-α, 
PRF1, and GzmB. The highest levels of  IFN-γ, TNF-α, 
PRF1, and GzmB in co-cultured MCF7 and NK cells 
were secreted from co-cultured MCF7 and IL18-NK 
cells at a ratio of  1:5.

Table 2. Effect ILs toward cytokines, cytolitic enzyme of co-culture breast cancer and NK 

cells 

 
Samples 
(Co-culture MCF7+NK) 
in various ratio 

Level of cytokines, cytolitic enzyme 
IFN-γ (pg/ml) TNF-α 

(pg/ml) 
PRF1 (pg/ml) GzmB (pg/ml) 

Control (MCF7) 1.83±0.33 a 1.98±0.24 a 20.00±10.00 a 13.33±4.51a 
MCF7 + NK(1:1) 14.50±3.93 b 5.24±0.28 a 40.00±10.00 ab 29.00±4.36 b 
MCF7 + NK(1:5) 32.28±1.35 c 13.85±2.79 b 110.00±10.00 b 55.67±12.50 b 
MCF7 + IL2-NK(1:1) 17,39±3.56 b 15.04±0.21 bc 160.00±40.00 cd 87.00±11.79 c 
MCF7 + IL2-NK (1:5) 35.72±0.38 c 37.44±1.47 d 230.00±40.00 de 149.00±7.21 d 
MCF7 + IL15-NK (1:1) 18.28±5.74 b 19.03±1.66 bc 150.00±20.00 cd 88.67±11.68 c 
MCF7 + IL15-NK (1:5) 59.28±1,90 d 42.21±4.23 d 250.00±30.00de 140.67±12.86 d 
MCF7 + IL18-NK (1:1) 17.72±3.37 b 20.44±2.37 c 170.00±40.00 cd 96.00±1.73 c 
MCF7 + IL18-NK (1:5) 60.17±3.71 d 60.56±3.15 e 320.00±70.00 f 149.67±11.93 d 
 
*This research was peroformed 3 replication for IFN-γ, TNF-α, PRF1, GzmB. Data are presented  as mean ±standard 
deviation. Different supercript small letters (a,b,c,d) in the same coloumn (among ratio of MCF7 and  ILs-induced NK cells in 
IFN-γ level), different supercript small letters (a,bc,c,d) in the same coloumn (among  ratio of  MCF7 and ILs-induced NK cells 
in TNF-α level), different supercript small letters (a,ab,b, cd,de,f) in the same coloumn (among ratio of MCF7 and ILs-induced 
NK cells in PFR1 level), different supercript small letters (a,b,c,d) in the same coloumn (among ratio of MCF7 and ILs-
induced NK cells in GzmB level), were significantly different at p < 0.05 (Tukey honestly significant difference post hoc 
test). 
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Effect of  ILs toward BC proliferation in co-cul-
tured BC and NK cells
To investigate NK cells as immunomodulators to kill 
and inhibit BC cell proliferation, we performed this re-
search using co-cultured MCF7 and NK cells at various 
ratios. The effect of  NK cells at various ratios can be 
seen in Table 3. The data in Table 3, showed that the 
ratio of  BC and NK cells determined cancer cell pro-
liferation, and the NK cell number affected cytotoxic 

potency on cancer cells. The growth inhibition among 
the MCF7 : NK ratio was significantly different. Higher 
NK cell numbers were more toxic than lower NK cell 
numbers, and the lowest NK cell number demonstrat-
ed the lowest growth inhibition on MCF7. The highest 
growth inhibition of  NK cells was obtained with the 
highest NK numbers, with the MCF7: NK ratio of  1:5. 
The IL inducers (IL-2, IL-15, and IL-18) did not exhibit 
significant differences in the inhibition of  cell prolifer-
ation.

Table 3. Effect ILs-induced NK cells and NK cells number toward breast cancer cells growth 

inhibition 

 

ILs-induced NK cells 
(ILs-NK) 

Comparison  breast cancer  (MCF7) and NK cell 
(1:5) (1:2) (1:1) (2:1) 

  

Control 
(non-induced NK) 85.01±2.65 aD 65.16±4.21 aC 42.19±5.60 aB 16.79±1.08 aA 
IL2-NK (5 ng/ml) 101.42±1.26 aD 78.22±1.91 aC 65.02±2.23 aB 35.71±0.72 bcA 

IL2-NK ( 10 ng/ml) 98.79±4.20 aD 77.74±9.39 aC 58.72±1.86 aB 37.64±1.70 cA 
IL15-NK (5 ng/ml) 86.75±10.58 aC 66.22±4.10 aB 44.68±7.10 aA 34.65±4.75 bcA 

IL15-NK (10 ng/ml) 86.83±13.86 aC 69.64±8.53 aBC 47.03±11.93 aAB 37.83±8.25 cA 
IL18-NK (5 ng/ml) 87.58±1.98 aB 77.78±4.79 aB 47.66±17.77 aA 25.28±3.28 abA 

IL18-NK (10 ng/ml) 86.01±1.52 aD 67.62±6.79 aC 52.45±1.08 aB 30.04±1.75 bcA 
 

* This research was performed 3 replication. The data of cells inhibition (%) are presented as mean ±standard deviation, 
different small letters in the same column (among concentrations of ILs (IL-2, IL-15, IL-18) treatment on 
comparison MCF7 and NK cell (1:5, 1:2, 1:1, 2:1), different capital letters in the same row (among ratio MCF7 and NK 
cells) in each ILs concentrations. 

Discussion
Induction using ILs (IL-2, IL-15, and IL-18) in NK 
cells showed that ILs increased activating receptors in 
NK-92 cells, namely NKG2D/CD334, CD158d, and 
CD107. This result was in line with previous research 
that metastatic melanoma (MM) patients exhibited de-
creased CD161 and NKG2D24. The expression of  the 
activating NK cell receptors was significantly decreased 
in acute myeloid leukemia (AML) patients compared to 
healthy donors25. The biological functions of  NK cells 
are tightly regulated during their interaction with cy-
tokines such as IL-12, IL-15, and IL-18, and the conse-
quences of  this interaction are manifested in NK cells26. 
NK cells treated with IL-15 up-regulated the expression 
of  NK receptors, including Nkp30, Nkp46, NKG2C, 
and NKG2D25. This up-regulation is associated with 
a concomitant increase in the NK cell activity27. Hu-
man NK cell memory-like responses have been direct-
ly demonstrated in vitro following cytokine activation 

with IL-12, IL-15, and IL-18. A brief  (16-hour) pre-ac-
tivation with IL-12, IL-15, and IL-18, followed by rest 
in vitro for 1–6 weeks, resulted in enhanced function-
ality, including IFN-γ production following re-stimula-
tion with cytokines, or exposure to leukemia targets28,29. 
IL-2, IL-12, IL-15 and IL-18, applied systemically and 
for ex vivo activation and expansion of  NK cells, have 
improved NK cell antitumor activity by increasing the 
expression of  NK cell activating receptors and by in-
ducing cytotoxic effector molecules30. IL-2 significantly 
increased KIR2DL1, KIR2DL2, and KIR3DL2 recep-
tors on their surface by 30% vs. 22%, 37% vs. 30%, 
and 24% vs. 14%, respectively31. IL-12 alone or in com-
bination with IL-18 significantly induced NK cell ac-
tivity and CD107a degranulation marker expression in 
MM32. Resting NK cells typically express very low or 
undetectable levels of  KIR2DL4 on their cell surfaces. 
Activation of  NK cells with IL-2 and feeder cells re-
sulted in a transient increase in the level of  cell surface 
KIR2DL433.
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ILs increased NK proliferation, and a longer periodic 
incubation significantly increased NK viability (Figure 
3). These data were validated with previous research 
showing that IL15 efficiently triggered the activation 
and proliferation of  NK and CD8+ T cells34,35. NK cell 
activity is regulated by cytokines such as IL-2, IL-12, 
IL-15, IL-18 and type I interferons (IFNs)36,37. NK cells 
treated with IL2 (IL2-NK) induced the proliferation of  
injected NK cells in the lung and increased the overall 

survival of  mice with osteosarcoma lung metastasis38. 
The NK cell expansion has been attempted using cy-
tokines such as IL-2 and IL-1539, which are required for 
both NK cell maturation and survival40. IL-2 is the main 
cytokine that stimulates NK cell activation and prolif-
eration41. NK cells also exhibit memory-like properties, 
and cytokine-induced memory-like (CIML) NK cells 
are generated via brief  pre-activation with IL-12, IL-15, 
and IL-18 and later exhibited enhanced functionality 
upon re-stimulation42.

 

Figure 3. Effect of ILs (IL-2, IL-15, and IL-18) toward IFN-γ and TNF-α secretion by NK cells. 

*The data are presented as histogram among treatment, this research was conducted in triplicate for each treatment, NK cells 

were induced ILs 10 ng/ml , incubation for 24 h, symbol (a) present significant differences among inducer (IL-2 10 ng/ml, 

IL-15 10 ng/ml, IL-18 10 ng/ml) compared to control (non-induced NK cells) toward secretion of IFN-γ, symbol (b) present 

significant differences among inducer (IL-2 10 ng/ml, IL-15 10 ng/ml, IL-18 10 ng/ml) compared to control (non-

induced NK cells) toward secretion oTNF-α. 

  

Interleukin activation of  NK cells increased the prolif-
eration and number of  NK cells, and longer incubation 
of  NK cells further enhanced proliferation. This result 
was validated with previous research showing that aer-
osol IL-2 augments the efficiency of  NK cell therapy. 
Aerosol IL-2 increased organ-specific migration and 
NK cell expansion in the lung, the number of  NK cells 
in the individual tumor nodules, and tumor cell killing43. 
Aerosol IL-2 increases lung NK cell numbers by stim-
ulating local NK cell proliferation. Aerosol IL2's effect 
on NK cell proliferation is  organ-specific, which makes 
it ideal for the specific targeting of  lung metastasis38,43. 
In vitro studies with IL-2 to support proliferation and in 
vivo adoptive transfers into murine cytomegalovirus-in-
fected mice demonstrated that NK cell proliferation in-
creased44. Interleukin 15 (IL-15) promotes the survival 
of  NK cells by preventing apoptosis. IL-15 suppressed 
apoptosis by limiting Bim expression through the ki-
nases Erk1 and Erk2 and mechanisms dependent on 
the transcription factor Foxo3a, while promoting ex-

pression of  Mcl-1, which was necessary and sufficient 
for the survival of  NK cells45. NK cells are dramatically 
reduced in patient carrying mutations, IL-15 may regu-
late human NK cell development46,47, and human IL15 
(hIL15) induces survival and proliferation of  mouse 
NK cells48. IL-18 promotes NK cell proliferation and 
activation, alleviating IL18-induced FasL expression 
and activation of  Fas-mediated death signaling and in-
creasing anti-apoptosis molecules (Bcl-XL)49.

Interleukins (IL2, IL15, and IL18) triggered cytokine 
(IFN-γ and TNF-α) secretion by NK cells. This result 
was supported by previous research demonstrating that 
NK cells can be activated by various stimuli, includ-
ing cytokines such as IL-2, IL-12, IL-15, and IL-1850. 
Upon cytokine stimulation, NK cells become LAK 
cells that proliferate, produce cytokines, and up reg-
ulate effector molecules such as adhesion molecules, 
NKp44, PRF, Gzm, Fas ligand (FasL), and TNF-related 
apoptosis-inducing ligand (TRAIL)51,52. Other factors, 
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such as TNF-α, IL-1, IL-2, IL-15 and CD28, serve as 
co-stimulatory factors, enhancing IFN-γ production 
by NK cells, as well as NK cell proliferation and cy-
totoxicity53,54. IL-12 and IL-18 stimulate NK cell lines, 
increasing the secretion of  IFN-γ55. IL-12 and IL-18 are 
critical regulators that activate NK cells via the produc-
tion of  cytokines and direct lysis of  target cells56. Two 
of  the primary cytokines released by activated NK cells 
are IFN-γ and TNF-α57. Activated NK cells are potent 
producers of  numerous cytokines, including IFN-γ, 
TNF-α and numerous chemokines56.

Co-cultured BC cells (MCF7) and activated NK cells 
released higher levels of  IFN-γ, TNF-α, PRF1, and 
GzmB compared to non-induced NK cells. Interleu-
kins (IL-2, IL-15, and IL-18) increased the secretion of  
IFN-γ, TNF-α, PRF1, and GzmB; this result was in line 
with previous research that demonstrated an increase 
in the production of  IFN-γ and TNF-α in CD107a of  
co-cultured NK-92 cells with cancer cells (HeLa, SiHa, 
and C-33A) pre-treated with the antitumor HO-1 in-
hibitor (SnPP). Antitumor agents increased IFN-γ and 
TNF-α in co-cultured NK cells and cancer cells 19. Ex-
pression of  apoptosis-related proteins such as cleaved 
caspase-3 and Bax was increased in cancer cells co-cul-
tured with NK-92 cells20. NK cells kill cancer cells by 
the release of  cytoplasmic granules that contain a num-
ber of  proteins, such as PRF1 and Gzm, which lyse tar-
get cells20. NK cells release the membrane-disrupting 
protein, PRF1, and proteolytic serine proteases, Gzm, 
from secretory granules57. The secretory pathways in 
NK cells ultimately regulate the separate lytic and regu-
latory capacity of  these cells at the frontline of  antitu-
mor responses58. When K562 target cells and NK cells 
were co-cultured at ratios of  5:1 or 1:1, after 60 min, 
NK cells produced the cytokines IFN-γ and TNF-α58.

NK cells have anticancer potency, and higher NK cell 
numbers significantly increased cytotoxic activity (Table 
3). These data were verified by previous studies show-
ing that these cells are major effector cells of  innate 
immunity and are generally thought to play a funda-
mental role in antitumor responses8,59. NK cells control 
tumor growth and metastasis diffusion in vivo50. There 
are low NK cell numbers in tumors due to their inef-
ficient homing into malignant tissues8. Decreasing NK 
cell numbers are observed in PB of  cancer patients; 
therefore, NK cells decrease in tumor infiltrate8. The 
activity and numbers of  NK cells need to be enhanced 
for better efficacy60. NK cell infiltration in solid tum-
ors was associated with a better prognosis61. NK cells 

need to be isolated and expanded in sufficient numbers 
for them to act as effector cells60. The comparison of  
effector and tumor determined NK cell cytotoxicity. A 
previous study showed that the lowest ratio (1.25:1) of  
effector and cervical epidermoid carcinoma (CaSki), 
effector and grade II, human cervix squamous cell 
carcinoma (SiHa) resulted in the highest viable cell tar-
get, while the highest ratio (20:1) resulted in the lowest 
viability or highest inhibition of  target cells62. In mice 
lacking IL-12 and IL-18 cytokines, the cytolytic activity 
of  the NK cells is further impaired, indicating that the 
cytolytic activity of  NK cells is synergized by IL-12 and 
IL-18 in vivo19. The NK cells kill cancer cells through 
at least three mechanisms. NK cells can use the PRF/
Gzm-containing granule exocytosis pathway, the nitric 
oxide (NO) pathway and the death receptor-ligand path-
way. The PRF1/Gzm pathway is the principle pathway 
by which NK cells kill cancer cells63.

Conclusion
IL-2, IL-15, and IL-18 improved activating receptors 
and proliferation of  NK cells. IL-induced NK cells in-
creased TNF-α, IFN-γ, PRF1, and GzmB secretion and 
cytotoxic activity on BC cells. High NK cell numbers 
increased BC cell growth inhibition.
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