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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 anticancer 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
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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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activation by the usage of several bioactive supplements (Okt3, 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, IL2, 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
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-2activated 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
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Fig. 1. The average results of in vitro expansion of NK cells.

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

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).
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