
Abstract. Background/Aim: Recent studies have indicated
that natural killer (NK) cells present in peripheral blood
mononuclear cells (PBMCs) might be responsible for the
somewhat poor outcome of clinical trials conducted with the
NK cell line NK-92, as well as chimeric antigen receptor-
modified NK-92 cells against leukemias and lymphomas.
These NK cells and how their cytotoxic profiles can be altered
by some common gamma chain receptor-dependent cytokines
or by removal of CD4+ cells have been addressed herein.
Materials and Methods: A time-resolved fluorometric assay
using 2.2’:6’.2”-terpyridine-6.6”-dicarboxylic acid-labeled
NK-92 or K562 as target cells was used for measuring the
cytotoxic activity of cytokine-treated PBMCs and purified NK
cells. Results: Pre-incubation with 25 ng/ml interleukin 12 (IL-
12), IL-15 or IL-21 for 72 h increased NK cell activity against
K562 cells by more than 90% (1:25 target:effector ratio),
whereas the corresponding NK cell activity against NK-92
cells was reduced by 15.9±0.1% by IL-12 and 50.6±2.9% by
IL-15 compared to cells treated with medium alone. IL-7, on
the other hand, increased NK activity against K562 to a much
smaller extent (10.4±0.4%) and inhibited NK-92 cell lysis by
15.2±0.3%. Interestingly, similar amounts of IL-2 potentiated
NK cell activity against both K562 and NK-92 cells by
50.9±0.5% and 14.3±0.9%, respectively. Purification of NK
cells with magnetic beads demonstrated that NK cells indeed
were responsible for the observed cytotoxic activity against
both NK-92 cells (58.5±9.10%, 1:100 target:effector ratio)
and K562 cells (81.6±9.57%, 1:100 target:effector ratio).
Elimination of CD4+ cells from PBMCs did not alter the NK

activity profile. Conclusion: This study highlights a problem
that might arise with immune-based NK-92 and chimeric
antigen receptor-transduced NK-92 cell therapies and
pinpoints the need for evaluating new NK-like cell lines.

Natural killer (NK) cells belong to the innate immune system
and have the ability to kill some tumor as well as virally
infected cells without prior sensitization (1). This cell type was
identified by Kiessling et al. (2) and Herberman et al. (3) in
1975 and comprises 5% to 15% of peripheral blood lympho-
cytes (2-4). NK cell-mediated cytotoxicity is accomplished by
different killer activation receptors (KARs) and killer inhibitory
receptors (KIRs) expressed on their surface (5). If the activation
receptors (or the majority of them) are not triggered by
corresponding ligands on the target cell, no lysis will occur. On
the contrary, if the inhibitory receptors are not activated due to
low or no expression of human leukocyte antigen class I
antigens on the target cell, the cell will be lysed (6).

Since the discovery of NK cells, different efforts have been
made in order to exploit these cells for clinical purposes (7).
However, there are several problems to be overcome with
respect to the cytotoxic potency of NK cells prepared from
PBMCs (8). This has forced scientists to utilize NK cell lines
in NK cell-based immunotherapies and the NK-92 cell line is
so far the only Food and Drug Administration-approved NK
cell line to be used in clinical trials (7, 9, 10). Phase I clinical
trials were also recently conducted with CD33-modified
chimeric antigen receptor (CAR)-modified NK-92 cells in an
effort to provide the first ‘off-the-shelf’ cellular products for
the treatment of cancer (11). However, it was recently
demonstrated that NK-92 cells are themselves in fact
susceptible target cells for PBMCs prepared from normal
healthy individuals (12). This is an observation that might even
pull the rug out from under NK-92 cell-based clinical trials. 

In an effort to determine whether this target cell
discrepancy could be manipulated, in this study PBMCs
were treated with different common gamma chain receptor-
dependent cytokines. The importance of these findings,
including a possible role of T-regulatory (Treg) cells is
analyzed and discussed. 
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Materials and Methods
Reagents. Recombinant human interleukin 2 (IL-2), IL-4, IL-7, IL-
15 and IL-21 were purchased from PeproTech EC (London, UK).

Cells and cell lines. The human NK cell line NK-92 (ImmuneMedicine,
Inc. Vancouver, Canada) and the human erythroleukemia NK-sensitive
target cell line K562 were cultured at 37˚C in Roswell Park Memorial
Institute 1640 (RPMI 1640) medium (GIBCO™, Invitrogen Corp.,
Paisley, UK) plus 5% fetal calf serum (FCS; GIBCO™) supplemented
with 2 mM L-glutamine, 10 U/ml penicillin G sodium salt and 10
μg/ml streptomycin sulphate (GIBCO™) in a 95% humidified chamber
with 5% CO2 (13-14). The culture medium of the NK-92 cell line was
always supplemented with 20 U/ml of IL-2 but this was not present in
the killing assays. PBMCs were isolated from blood donated by healthy
volunteers (Finnish Red Cross Blood Service) by density gradient
centrifugation on Ficoll-Paque density gradient media (GE Healthcare
Life Sciences, Fairfield, CT, USA). 

Treatment of PBMCs with cytokines. PBMCs (1×106/ml) were pre-
treated in RPMI 1640 plus 5% FCS with or without 25 ng/ml of IL-
2, IL-4, IL-7, IL-15 or IL-21 for 72 h, before their NK activities
were tested against NK-92 and K562 cells. Results are indicated as
the percentage change in cell lysis compared to PBMCs treated with
medium alone.

Purification of human NK cells from PBMCs with magnetic beads.
Human NK cells were isolated using Dynabeads Untouched Human
NK Cells Kit (Invitrogen, Carlsbad, CA, USA) according to the
protocol provided by the manufacturer. In brief, beads were first
washed with an isolation buffer (Ca2+- and Mg2+-free phosphate-
buffered saline) supplemented with 2% FCS and 2 mM EDTA.
Isolated PBMCs, pretreated with heat-inactivated FCS, were
thereafter labelled with an antibody mix consisting of biotinylated
monoclonal antibodies towards human CD3, CD14, human
leukocyte antigen class II, CD123 and CD235 (20 min, 4˚C).
Antibody-labeled PBMCs were finally washed with the isolation
buffer, before being mixed and incubated with the pre-washed beads
(gentle tilting and rotation of the tube for 15 min at room
temperature). The bead-bound cells were then resuspended carefully
before the tube was placed under a magnetic field for 2 min. The
supernatant containing purified NK cells was transferred to a new
tube and the collected cells were finally washed and cultured in
RPMI 1640 plus 5% FCS (1×106 cells/ml) for 48 h. 

Removal of CD4+ cells from PBMCs with magnetic beads. Human
CD4+ T-cells were depleted from the PBMC cell suspension using
anti-CD4-labelled magnetic beads (Invitrogen) according to the
protocol provided by the manufacturer. In brief, beads were first
washed with an isolation buffer (Ca2+- and Mg2+-free phosphate-
buffered saline supplemented with 2% FCS and 2 mM EDTA).
PBMCs, suspended in the same buffer, were transferred to a tube
containing the washed anti-CD4-labeled beads (500 μl
beads/100×106 cells) and incubated in a rotation device for 30 min
(+4˚C). The tube was thereafter placed under a magnetic field for 3
min and cells not bound to the magnet were collected and
considered as CD4− PBMCs.

Labeling of target cells with benzophenone tetracarboxylic
dianhydride (BATDA). K562 or NK-92 target cells (1×106 in 1 ml

RPMI 1640 plus 5% FCS) were first pre-incubated for 15 min at
37˚C before incubation with 20 μM BATDA (PerkinElmer, Inc.,
Wellesley, MA, USA) for 25 min at 37˚C. The cells were finally
washed four times in RPMI 1640 plus 5% FCS with mild
centrifugation (306 × g, 2 min) and adjusted to 5×104 cells/ml
before being mixed with the effector cells.

Cytotoxicity assay. The cytotoxicity assay was, with minor
modifications, performed as described earlier (15). In brief, serial
dilutions of PBMCs depleted of CD4+ cells or purified NK cells in
100 μl/well (in triplicates) were added to v-bottomed 96-well
microtiter plates (Sarstedt Inc, Nümbrecht, Germany). Target to
effector (T:E) ratios ranged from 1:100 to 1:12.5 following the
addition of 100 μl (5×103) of target cells to each well. Following a
short centrifugation (34 × g, 1 min), the co-cultures were incubated
for 2 h at 37˚C in a 95% humidified chamber with 5% CO2. They
were then centrifuged for 5 min (688 × g), and 20 μl of supernatant
from each well were removed and added to 100 μl europium
solution (Perkin Elmer, Inc.) contained within black flat-bottomed
96-well Costar plates (Corning Inc., Corning, NY, USA). The
spontaneous europium release was determined by incubating the
target cells in the culture medium alone instead of having effector
cells added, and the maximum europium release was determined by
incubating the target cells in the same medium with 0.05% Triton
X-100. The plates containing europium and the co-culture
supernatants were finally shaken for 15 min and the fluorescence of
the europium–TDA chelates formed was measured using a 1420
Victor multi-label counter (PerkinElmer Inc.). The percentage of
specific release was calculated using the following formula:

                                  (Experimental release - spontaneous release)
Specific release =
                               (Maximum release - spontaneous release)×100%
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Figure 1. Relative peripheral blood mononuclear cell- mediated natural
killer cytotoxic activity against NK-92 cells upon 72 h stimulation with
interleukin (IL). K562 cells (filled bars) or NK-92 cells (open bars)
were used as target cells. Results are expressed as means±SD (N=3).



Results
IL-12 and IL-15 potentiate NK cell activity against K562
cells but inhibit the NK activity of PBMCs against NK92
cells. Treatment of PBMCs with 25 ng/ml IL-12 or IL-15 for
72 h, compared to medium alone, increased their NK activity
against K562 cells (T:E ratio 1:25) with 90.0±0.1% and
97.9±3.7%, respectively (Figure 1). However, replacing
K562 cells with NK92 cells reduced the cytotoxic activity,
with 15.9±0.1% for IL-12 and 50.6±2.9% with IL-15
compared to medium-treated PBMCs. Similar findings, but
to a smaller extent, were noted with IL-7. Both IL-2 and IL-
21 increased NK cell activity against NK92 as well as K562
cells. Interestingly, IL-21 increased the killing activity of
PBMCs against K562 cells to 131.5±0.3%, compared to
culturing them in medium alone for 72 h (Figure 1). Similar
trends for all cytokines tested at other T:E ratios were found
(data not shown).

Purified NK cells kill NK-92 cells. Table I shows the NK
activity against K562 and NK-92 cells using NK cells
purified with magnetic beads. NK activity increased to
approximately 2.5-fold when K562 cells were incubated with
purified NK cells in a 1:50 ratio. For NK-92 cells, lysis
increased approximately twofold. As observed previously
with PBMCs (12), when purified NK cells were cultured for
48 to 72 h in medium, similarly high NK activities against
both target cells were observed (data not shown). 

Similar cytotoxic behavior of PBMCs and PBMCs depleted
of CD4+ cells. The findings shown in Table I that PBMCs
as well as purified NK cells lyse both NK-92 and K562 cells
equally well upon 48 to 72 h culture in medium alone is
intriguing. In an effort to find out whether NK cells specific
for NK-92 cells are under some type of regulation, we next
depleted PBMCs of CD4+ cells using magnetic beads. For a
1:100 T:E ratio, the percentage lysed NK-92 cells increased
from 35.2±3.96% using PBMCs to 63.0±0.56% using CD4+-
depleted PBMCs. The corresponding values with K562 as
target cells changed from 51.8±1.98% lysed cells to

73.6±2.30%. Experiments conducted at other T:E ratios and
with effector cells cultured for 48 h in medium showed a
similar lysis pattern (Figure 2).

Discussion

NK-92 and CAR-NK-92 cells in particular are cellular tools
that in the near future might have potential for treating different
forms of cancer. As summarized by Kloess et al. (16), several
phase I and II clinical trials have already been conducted, but
there are also many ongoing trials against diseases such as
lymphoma, leukemia and glioblastoma. The reports available
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Table I. Natural killer activity (% lysis) against NK-92 and K562 cells using peripheral blood mononuclear cells (PMBCs) and purified NK cells.

                                                                                                                                                        Target:Effector cell ratio

Target cells                                    Effector cells                                  1:100                               1:50                               1:25                                1:12.5

K562                                                  PBMCs                                   39.5±1.16                       23.3±1.15                      15.9±1.12                        11.1±1.58
NK-92                                                PBMCs                                   20.8±1.24                       18.2±0.15                      10.1±0.73                        11.4±1.51
K562                                          Purified NK cells                           81.6±9.57                       60.3±5.66                      40.2±1.87                        25.7±2.18
NK-92                                        Purified NK cells                           58.5±9.10                       36.9±3.70                      20.0±3.40                        16.5±3.04

Data are expressed as means±SD and are representative of three independent experiments.

Figure 2. Comparison of the cytotoxic activity of native (open symbols)
and CD4+-depleted (closed symbols) peripheral blood mononuclear
cells as effector cells against target K562 cells (squares) and NK-92
cells (circles). Results are expressed as means±SD (N=3). 



from these clinical trials have unfortunately so far not been that
encouraging and a partial explanation for these dissatisfactory
results was recently given by Bergman et al. (12). In that study,
it was demonstrated that NK-92 cells were easily killed by
PBMCs isolated from blood donated by healthy volunteers. A
pre-incubation for 48-72 h in normal culture medium enhanced
the NK cell activity against these cells even further, reaching
similar cytolysis levels as for K562 cells.

Despite the earlier reported observation that no prior
sensitization was needed in order for PBMCs to lyse NK-92
cells (12), it was still of interest to verify that NK cells were
in fact responsible for the observed cytolysis. Data presented
in Table I shows that NK cells purified with magnetic beads
exhibited increased cytotoxic activity (58.5±9.10%) against
NK-92 cells (1:100 T:E ratio) compared with the unpurified
counterpart (20.8%). As expected, using K562 cells as target
cells, a similar lysis pattern was observed.

Since it was demonstrated that NK cells are active players
in cytotoxic reactions with NK-92 cells as target cells (Table
I), it was of interest to analyze whether cytokine treatment
of PBMCs would alter cell lysis in a similar fashion as has
been reported for K562 cells. Interestingly, the common
gamma chain receptor-dependent cytokines studied here can
be divided into two different groups: IL-2 and IL-21, which
potentiated NK cell activity against both target cell lines; and
IL-7, IL-12, and IL-15, which potentiated NK cell activity
against K562 cells but inhibited that against NK-92 cells
(Figure 1). One explanation for this discrepancy might be
cytokine-induced expression of KIRs or KARs, or
alternatively, down-regulation of some of these receptors.
There appears to be an alteration that results in a change in
overall T:E cell-binding properties, leading also to a change
in the balance between these competing “kill” and “do not
kill” signals. Cytokine-mediated alterations in KIR and KAR
expression levels have been described by Ewen et al. (17).

Treg cells, which can be subdivided into natural and
induced Treg cells, are part of the adaptive immune system
and have been reported to suppress NK cells (18, 19). Data
presented in Figure 2 show that removing CD4+ cells,
including Treg cells, from the PBMC population led to a
similar increase in NK activity against both target cell lines.
This observation indicates that the increase in NK activity
against NK-92 cells (in the comparison between using CD4+-
depleted PBMCs pre-incubated for 48 h and those without
any pre-incubation) is not directly mediated by Treg cells.

Additional studies are of importance in characterizing
these NK cells, their regulation and mechanism of action,
with respect to ongoing and future clinical studies with NK-
92 or CAR NK-92 cells. However, the data presented here
do not favor the feasibility of NK-92 cell-based
immunotherapies, instead they further indicate that other NK
or NK-like cell lines such as YT might be more relevant for
use in adoptive immunotherapies. 
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