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Potential of In Vitro Expanded NK Cells as a 
Highly Cytotoxic Tool for Fighting 
Human Natural Killer (NK) Cells
Natural killer cells are a population of cells of the innate 
immune system that, according to their phenotype, may 
appear as large granular lymphocytes or little lymphocytes of 
thick cell contents. The mean diameter of NK cells is 7–8 µm 
at rest and up to 10–12 µm when activated (Inverardi et al., 
1991). NK cells possess a spontaneous ability to eliminate the 
damaged, virus-infected or transformed cells in the organism 
(Vivier et al., 2008). On average, there are 5–15 per cent of 
terminally differentiated NK cells in the blood of adults at 
rest. In addition, NK cells can be found in the spleen, liver, 
uterus, lungs and, to a lesser extent, in the lymph nodes (Shi 
et al., 2011).

Target cells can be identified due to the attachment of 
NK cells on their surface, followed by the receptors activating 
or inhibiting NK cells binding to their ligands. The activation 
of NK cells depends on the balance of their signals in the 
cell (Pegram et al., 2011). With active signals dominating, 
NK cells release cytotoxic granules (containing perforin 
and granzymes), or transcription together with secretion 
of cytokine proteins takes place. Lytic response is a matter 
of minutes, since NK cells contain perforin and granzyme 
granules in cytozol also at rest. Moreover, it has been shown 
that these cells express constantly too, e.g. IFN-γ mRNAs 
(Stetson et al., 2003).

Two hypotheses exist about the activation of NK cells: 
the missing self and induced self hypotheses. According to 
the former, NK cells are able to recognise target cells that 
express either none or alien MHC class I molecules (Kärre et 
al., 1986). In the latter case, activation occurs when the cells 
express stress-induced ligands, e.g. MICA/MICB proteins are 
synthesised in case of virus infection (Groh et al., 2001).

To activate NK cells, one or several activating receptors 
need to bind to their ligands, and intensive inhibiting signals 
must be lacking on the surface of the target cell. Activation of 
CD16 receptor has been shown to be sufficient to induce NK 
cells degranulation (Bryceson et al., 2005). 

NK Cells and Cancer Therapy
In 2000, a research paper was published where the importance 
of NK cells in human organisms was ascertained: the low 
cytotoxicity of peripheral blood NK cells is directly associated 
with a heightened cancer risk (Imai et al., 2000). Based on 
this result, attempts have been made to use NK cells in anti-
cancer immunotherapy with different methods and strategies 
of medical treatment being applied.

An alternative method of treatment is to multiply NK 
cells in vitro and infuse the activated cells into the patient’s 
organism (autologous transplantation). The efficacy of such 
a therapy has been demonstrated in a number of mouse tests. 
For instance, it was found in the mouse model of multiple 

myeloma that the NK-cell-mediated tumour regression 
depends directly on the dose of cells administered (Alici et 
al., 2007). Still, human tests have yielded quite a modest 
outcome. Best results have been attained with malicious 
glioma: nine patients out of 16 responded to the treatment, 
and in three of the responders the tumour size decreased by 
more than half. As opposed to IL-2 therapy, no neurotoxic 
symptoms were observed with treatment when NK cell 
infusion was combined with IFN-β therapy (Ishikawa et al., 
2004).

As a solution, transplantation of NK cells (allogeneic 
transplantation) has been used, in which case the KIR 
receptors of donor and patient NK cells are different and, as 
a result, the function of transplanted NK cells in the recipient 
organism is not inhibited. Furthermore it has been shown that 
allogeneic NK cells have a remarkably higher cytotoxicity than 
autologous NK cells against kidney cancer and melanoma 
cells (Igarashi et al., 2004). Still, a successful transplantation 
of allogeneic NK cells may need a strong immunosuppression 
(Miller et al., 2005). It has also been pointed out that the 
development of transplanted NK cells may be disturbed in an 
incompatible KIR environment (Nguyen et al., 2005).

Regardless of shortcomings, a number of promising 
experiments have been made with allogeneic NK cells. Miller 
et al. have transplanted haploidentical NK cells in patients 
suffering from acute myeloid leukemia (AML). Allogeneous 
NK cells provoked a curative effect only after a high-dose 
chemotherapy was applied, and graft-versus-host disease 
was not identified. As a result of the therapy, five patients out 
of 19 achieved a complete remission of cancer (Miller et al., 
2005). Excellent results have been attained in analogous AML 
therapy of children. Patients in remission were given KIR-HLA 
incompatible NK cells after low-dose immunosuppression 
together with IL-2 treatment. As a result, no cancer relapse 
in patients was monitored for two years (Rubnitz et al., 2010).

NK Cells and Melanoma
Metastatic melanoma is the most lethal form of skin 
cancer originating from melanocytes. Melanoma, arising 
predominantly from clonally multiplying pigment cells, 
may rapidly become metastatic and spread to secondary 
organs (the lungs, liver, brain, pleura). Malignant melanoma 
is mostly a severe prognosis disease not responding either 
to chemotherapy or radiotherapy (Burke et al., 2010). 
Although melanoma induces T-cell response in organisms, 
immunotherapies based on T-lymphocytes have not been 
efficient. The reason may be the decreased expression 
of MHC class I proteins on the melanoma cells’ surface 
(Paschen et al., 2003). NK cells recognising the cells lacking 
MHC class I expression may offer a promising alternative in 
melanoma treatment. Recent investigations have established 
the extreme heterogeneity of cancer cell populations. Cancer 
stem cells highly resistant to chemotherapy and radiation 
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therapy have also been ascertained. CD133 is one of the 
markers for these stem cells. A great potential of NK cells 
in melanoma therapy was affirmed in a study where IL-2-
activated NK cells were capable of lysing CD133+ melanoma 
stem cells in vitro (Pietra et al., 2009).

Autologous, in vitro activated NK cells have been used in 
the therapy of IV grade melanoma. Parkhurst et al. conducted 
an investigation where a high dose (>1010 cells) of purified 
(96% ± 2%) NK cells was infused into patients following 
chemotherapy. None of the eight patients responded to the 
treatment. A reason for the failure may lie in the decreased 
levels of CD16 and NKG2D receptors on the infused NK cells’ 
surface, shown by molecular analysis of cells (Parkhurst et al., 
2011).

As the administration of autologous NK cells has also 
not been effective with other types of cancer, the potential 
of allogeneic NK cells in melanoma therapy should be 
investigated. Unfortunately, no clinical report on this subject 
has been published yet. But, in the recent study the efficiency 
of combined treatment in melanoma therapy was assessed. 
It was demonstrated that a combined treatment with in vitro 
IL-2-activated allogeneic NK cells and melanoma-specific 
antibodies (anti-GD3 monoclonal antibody) boosted ADCC 
response. The donor cell surface expression levels of CD16, 
NKG2D and NCRs receptors are likewise essential (Besser et 
al., 2013).

The aim of the present study was to develop a novel NK cell 
cultivation and activation strategy based on peripheral blood 
mononuclear cell (PBMC) fraction, using good manufacturing 
practice (GMP) compliant components. For optimal NK cell 
expansion, monocyte separation from the PBMC fraction and 

activation by the usage of several bioactive supplements (Okt-
3, IL-2, IL-15, medical colloids) was assessed. The cytotoxic 
potential of the produced in vitro propagated and activated 
NK cells against different human melanoma cell lines was 
assessed.

In Vitro Expansion of Human Natural Killer Cells 
NK cell cultures were obtained from PBMC fractions of whole 
blood derived from healthy donors. Cells were expanded in 
stem cell growth medium with the addition of different 
bioactive supplements (human inactivated serum, Okt-3, IL-
2, IL-15, medical colloids). Cell numbers, viability and human 
NK specific cell surface markers (NKp46, NKp44, CD3 and 
CD56) were continuously monitored. Optimised cultivation 
protocol involved monocyte separation from PBMC in the 
start of cultivation. Cultures were selectively stimulated with 
anti-human-CD3 antibody (Okt-3) for the first 48 hours of 
cultivation. Subsequently, cells were cultivated at a previously 
determined high-dose IL-2, which was found optimal for 
NK cell growth. Several experiments were performed by an 
optimised cultivation protocol with the blood of one donor. 
As an average, from 50 ml of donor blood, by the 20th day a 
culture was obtained with total cell number of 7.3×109cells, 
with 5.9×109 NK cells. NK cell average percentage in the 
yield was 83.9% (Fig. 1). However, depending on different 

donors, the percentage of NK cells in cultures ranged between 
17.22% and 90.09%. Although the results obtained revealed 
considerable variation between donors, detailed analysis 
showed that the difference was not associated with CD34+ 

hematopoietic stem cell percentage in peripheral donor 
blood. The maximal achieved expansion rate of NK cells in 
donor culture was 5396.3-fold, an average of different donors 
2353.9 fold. Monitoring of cultivation efficiency by cell growth 
parameters and quality by cell surface markers analysis is an 
essential prerequisite for high quality outcome in in vitro 
expansion of NK cells for autologous transplantation. The 
results of the current work show that in vitro expansion of 
human NK cells is a perspective method for application in 
medical use. 

Fig. 1. The average results of in vitro expansion of NK cells.
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In Vitro Expanded NK Cells are Highly Cytotoxic against 
Melanoma Cells
In vitro expanded NK cells were used in cytotoxicity assays 
against different melanoma cell lines (M21, SK-Mel, A375M 
and VM891). Melanoma cells were co-cultured with NK cells 
for either seven or 25 hours. Different effector to target 
cell (E:T) ratios were used to evaluate the efficiency of the 
process. The results of experiments are very promising (Fig. 
2). The specific cytotoxicity for the 10:1 E:T ratio ranged from 
56 to 95% in the seven-hour assay, giving a mean NK cell 
lytic value of 78.6% against melanoma cell lines. The results 
of other E:T ratios showed a slightly lower outcome, thus 
confirming the linear correlation between effector to target 
cell ratio and NK cell cytotoxicity. Interestingly, prolongation 
of the experiment gave a considerably higher result only at the 
E:T ratio 1:1. This may indicate that NK cells effector function 
in a prolonged experiment is mediated through different 
cytotoxic cytokine production rather than by direct target cell 
lysis. These results show that in vitro expanded NK cells have 
great potential in immunotherapy against melanoma (Fig. 3).

Conclusion and Future Perspective
The results show that human NK cells can be successfully 
expanded from PBMC fractions of peripheral blood in a stem 
cell growth medium with GMP-compliant bioactive medium 
supplements in sufficient amount, and that in vitro expanded 
NK cells are highly cytotoxic against melanoma cells. In 
combination with other advanced immunotherapies, in vitro 
expanded NK cells have a high potential to fight against 
melanoma by activating the body’s own immune system.

References

1. Alici E, Konstantinidis KV, Sutlu T, Aints A, Gahrton G, Ljunggren 

HG, Dilber MS (2007). Anti-myeloma activity of endogenous and 

adoptively transferred activated natural killer cells in experimental 

multiple myeloma model. Exp Hematol. 2007 Dec;35(12):1839-46.

2. Besser MJ, Shoham T, Harari-Steinberg O, Zabari N, Ortenberg R, 

Yakirevitch A, Nagler A, Loewenthal R, Schachter J, Markel G (2013). 

Development of allogeneic NK cell adoptive transfer therapy in 

metastatic melanoma patients: in vitro preclinical optimization 

studies. PLoS One. 2013;8(3):e57922.

3. Bryceson YT, March ME, Barber DF, Ljunggren HG, Long EO (2005). 

Cytolytic granule polarization and degranulation controlled 

by different receptors in resting NK cells. J Exp Med. 2005 Oct 

3;202(7):1001-12.

4. Burke S, Lakshmikanth T, Colucci F, Carbone E (2010). New views on 

natural killer cell-based immunotherapy for melanoma treatment. 

Trends Immunol. 2010 Sep;31(9):339-45.

Fig. 2. Cytotoxicity of in vitro expanded NK cells against different 

melanoma cell lines.

Fig. 3. Light microscopy imaging of the cytotoxicity assays. A) Control: 

M21 melanoma cell line; B) M21 cells co-cultured with NK cells for 7 hours 

(E:T ratio 5:1)



Journal for Clinical Studies  51www.jforcs.com

Kairi Kärblane, MSc, is a researcher in the 
Competence Centre for Cancer Research Ltd.  
She has studied gene technology in Tallinn 
University of Technology. 
Email: kairivarv@gmail.com

Therapeutics

Lilian Järvekplg, PhD, is scientific leader in the 
Competence Centre for Cancer Research and 
professor in Tallinn University of Technology. 
She has more than 100 scientific publications. 
Main research subjects are plant viruses and 
diseases, human pathogens and diseases, 
cancer and vaccines. 
Email: lilian.jarvekulg@ttu.ee

Monika Drews, PhD, is a senior researcher in the 
Competence Centre for Cancer Research and 
Tallinn University of Technology. She received 
her Doctor’s degree in Natural Sciences. The 
main research subject is recombinant proteins. 
Email: monika.drews@ttu.ee

Reet Rumvolt, MSc, is a senior researcher in 
the Competence Centre for Cancer Research 
Ltd and researcher in Tallinn University of 
Technology in the Department of Gene 
Technology. She has studied biology in the 
University of Tartu. Reet has participated in 
teaching activities of TUT Institute of Gene 
Technology. 
Email: reet.rumvolt@ttu.ee

Riin Ehin, MSc, is the CEO and Chairwoman 
of the Board of Competence Centre for 
Cancer Research Ltd. She has studied 
medicine and biology at the University of 
Tartu and the University of Helsinki. Riin Ehin 
is the Chairwoman of the Board of Estonian 
Biotechnology Association and member of the 
council of the Institute of Clinical Medicine of 
Tallinn University of Technology.
Email: riin.ehin@vtak.ee

5. Groh V, Rhinehart R, Randolph-Habecker J, Topp MS, Riddell SR, 

Spies T (2001). Costimulation of CD8alphabeta T cells by NKG2D via 

engagement by MIC induced on virus-infected cells. Nat Immunol. 

2001 Mar;2(3):255-60.

6. Igarashi T, Wynberg J, Srinivasan R, Becknell B, McCoy JP Jr, 

Takahashi Y, Suffredini DA, Linehan WM, Caligiuri MA, Childs RW 

(2004). Enhanced cytotoxicity of allogeneic NK cells with killer 

immunoglobulin-like receptor ligand incompatibility against 

melanoma and renal cell carcinoma cells. Blood. 2004 Jul 

1;104(1):170-7.

7. Imai K, Matsuyama S, Miyake S, Suga K, Nakachi K (2000). Natural 

cytotoxic activity of peripheral-blood lymphocytes and cancer 

incidence: an 11-year follow-up study of a general population. 

Lancet. 2000 Nov 25;356(9244):1795-9.

8. Inverardi L, Witson JC, Fuad SA, Winkler-Pickett RT, Ortaldo JR, Bach 

FH (1991). CD3 negative “small agranular lymphocytes” are natural 

killer cells. CD3 negative “small agranular lymphocytes” are natural 

killer cells. J Immunol. 1991 Jun 1;146(11):4048-52.

9. Ishikawa E, Tsuboi K, Saijo K, Harada H, Takano S, Nose T, Ohno T 

(2004). Autologous natural killer cell therapy for human recurrent 

malignant glioma. Anticancer Res. 2004 May-Jun;24(3b):1861-71.

10. Kärre K, Ljunggren HG, Piontek G, Kiessling R (1986). Selective 

rejection of H-2-deficient lymphoma variants suggests alternative 

immune defence strategy. Nature. 1986 Feb 20-26;319(6055):675-

8.

11. Miller JS, Soignier Y, Panoskaltsis-Mortari A, McNearney SA, Yun 

GH, Fautsch SK, McKenna D, Le C, Defor TE, Burns LJ, Orchard PJ, 

Blazar BR, Wagner JE, Slungaard A, Weisdorf DJ, Okazaki IJ, McGlave 

PB (2005). Successful adoptive transfer and in vivo expansion of 

human haploidentical NK cells in patients with cancer. Blood. 2005 

Apr 15;105(8):3051-7.

12. Nguyen S, Dhedin N, Vernant JP, Kuentz M, Al Jijakli A, Rouas-

Freiss N, Carosella ED, Boudifa A, Debré P, Vieillard V (2005). NK-

cell reconstitution after haploidentical hematopoietic stem-cell 

transplantations: immaturity of NK cells and inhibitory effect of 

NKG2A override GvL effect. Blood. 2005 May 15;105(10):4135-42.

13. Parkhurst MR, Riley JP, Dudley ME, Rosenberg SA (2011). Adoptive 

transfer of autologous natural killer cells leads to high levels of 

circulating natural killer cells but does not mediate tumor regression. 

Clin Cancer Res. 2011 Oct 1;17(19):6287-97.

14. Paschen A, Méndez RM, Jimenez P, Sucker A, Ruiz-Cabello F, Song 

M, Garrido F, Schadendorf D (2003). Complete loss of HLA class 

I antigen expression on melanoma cells: a result of successive 

mutational events. Int J Cancer. 2003 Mar 1;103(6):759-67.

15. Pegram HJ, Andrews DM, Smyth MJ, Darcy PK, Kershaw MH (2011). 

Activating and inhibitory receptors of natural killer cells. Immunol 

Cell Biol. 2011 Feb;89(2):216-24.

16. Pietra G, Manzini C, Vitale M, Balsamo M, Ognio E, Boitano M, 

Queirolo P, Moretta L, Mingari MC (2009). Natural killer cells kill 

human melanoma cells with characteristics of cancer stem cells. Int 

Immunol. 2009 Jul;21(7):793-801.

17. Rubnitz JE, Inaba H, Ribeiro RC, Pounds S, Rooney B, Bell T, Pui CH, 

Leung W (2010). NKAML: a pilot study to determine the safety 

and feasibility of haploidentical natural killer cell transplantation 

in childhood acute myeloid leukemia. J Clin Oncol. 2010 Feb 

20;28(6):955-9.

18. Shi FD, Ljunggren HG, La Cava A, Van Kaer L (2011). Organ-

specific features of natural killer cells. Nat Rev Immunol. 2011 Sep 

23;11(10):658-71.

19. Stetson DB, Mohrs M, Reinhardt RL, Baron JL, Wang ZE, Gapin L, 

Kronenberg M, Locksley RM (2003). Constitutive cytokine mRNAs 

mark natural killer (NK) and NK T cells poised for rapid effector 

function. J Exp Med. 2003 Oct 6;198(7):1069-76.

20. Vivier E, Tomasello E, Baratin M, Walzer T, Ugolini S (2008). Functions 

of natural killer cells. Nat Immunol. 2008 May;9(5):503-10.


