
Abstract. Background/Aim: Recent studies indicate that
chimeric antigen receptor (CAR)-T-cells seem to be superior
to CAR modified NK-92 cells. One, at least partial,
explanation to this discrepancy has been addressed herein, by
having NK-92 cells as target cells in cytotoxicity reactions
using peripheral blood mononuclear cells. Materials and
Methods: A time-resolved fluorometric assay (TDA-labeled
NK-92 or K562 as target cells) was used for measuring the
cytotoxic activity of blood mononuclear cells (PBMC).
Results: The cytotoxic capacity of the NK-92 cells was initially
demonstrated by their ability to efficiently kill K562 cells.
Interestingly, having PBMC as effector cells rendered the very
same NK-92 cells sensitive to NK-cell mediated cytolysis. A
1:100 target:effector ratio gave 34.1% lysis compared to
72.2% lysis for K562 cells. Incubating PBMC for longer times
(24 up to 48 h) potentiated their NK-activity against NK-92
cells even more, reaching a level close to that obtained with
K562 cells. Conclusion: This study pinpoints a severe problem
that has to be considered in future immune-based cancer
therapies with NK-92 as well as CAR-transduced NK-92 cells. 

Natural killer (NK) cells are cytotoxic lymphocytes of the
innate immune system that have the ability to kill cancer as
well as virally infected cells without prior sensitization (1).
This observation has led to the use of NK cells for
therapeutic purposes. Especially hematologic malignancies
have turned out to be targets for NK cells collected by
apheresis using current good manufacturing processes
(cGMP) (2). However, the small number of collected NK
cells combined with their limited ex vivo therapeutic activity
has forced scientists to use NK cell lines (3, 4).

NK-92 is so far the only FDA-approved cell line to be
used in clinical trials and many immunotherapies have in fact
already been conducted with this cell line (5). Chimeric
antigen receptor modified NK-92 cells (CAR NK-92) (e.g.
CD19, CD20, CD138 and CS-1 specific) have lately also
been generated. Engineered cell lines might become very
attractive in future clinical trials; in fact, the first phase I
clinical trial has already been conducted with CD33-
modified CAR NK-92 cells (4, 6, 7). Altogether, CAR-
engineered NK-cells have potential to become the first “off-
the-shelf” cellular products for the treatment of cancer.
However, data presented here demonstrate a severe drawback
for using the NK-92 cell line in these types of clinical trials,
since these cells are in fact susceptible target cells for
peripheral blood mononuclear cells (PBMC) prepared from
normal healthy individuals. This finding and possible ways
to circumvent the problem are discussed.

Materials and Methods
Reagents. Recombinant human IL-2 was purchased from PeproTech
EC (London, UK).

Cell lines. The natural killer cell line NK-92 (ImmuneMedicine, Inc.
Vancouver, Canada), the erythroleukemia NK-sensitive target cell
line K562 and the human NK-like cell line YT, were all cultured at
37˚C in RPMI 1640 (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™) (8-10). The culture medium of
the NK-92 cell line was always supplemented with 20 U/ml of IL-
2, but not present in the killing assays. PBMC 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, CT, USA).  

Labelling of target cells with benzophenonetetracarboxylic
dianhydride (BATDA). K562, YT 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 4 times
in PBS with mild centrifugation (306 × g, 2 min) and were adjusted
to 5×104 cells/ml in RPMI 1640 plus 5% FCS before being mixed
with the effector cells.
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Cytotoxicity assay. The cytotoxicity assay was, with minor
modifications, performed as described earlier (11). In brief, serial
dilutions of NK-92 cells or PBMC in 100 μl/well (in triplicates)
were added to v-bottomed 96-well microtiter plates (Sarstedt Inc,
Nümbrecht, Germany). Effector to target ratios ranged from 100:1
to 1.25:1 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 was picked
and added to 100 μl europium solution (Eu) (PerkinElmer, Inc.)
contained within flat-bottomed 96-well Costar RIA/EIA plates
(Corning Inc., Corning, NY, USA). The spontaneous Eu release
was determined by incubating the target cells in the culture
medium alone instead of having effector cells added, and the
maximum Eu release was determined by incubating the target
cells in the same medium with 0.05% Triton X-100. The plates
containing Eu and the co-culture supernatants were finally shaken
for 15 min and the fluorescence of the EuTDA chelates formed
was measured using a 1420 Victor multi-label counter
(PerkinElmer Inc.). Percentages of specific releases were
calculated using the following formula:

Specific Release=(Experimental release-spontaneous release)/
(Maximum release-spontaneous release) ×100%

Statistical analysis. Comparisons between treatments were
performed using independent samples t-test (SPSS 23.0 software;
SPSS Inc., Chicago, IL, USA). All p-values less than 0.05 were
considered statistically significant. 

Results
NK-92 cells can lyse K562 cells. The cytolytic capacity of
the NK-92 cells used were first analyzed in a regular killing
assay by having K562 cells as target cells. Figure 1 shows
that a 1:5 ratio of K562:NK-92 cells already gave an NK
activity in the range of 10%, that increased to 23.3% with a
1:20 target:effector ratio. When NK-92 cells were used as
control targets cells, no killing could be observed at all. 

PBMC can kill NK-92 cells. By changing the effector cells
from NK-92 to PBMC, but still having K562 cells as target
cells, an NK-activity can be noticed from around 5% lysis
[PBMC:K562 (6.25:1) cell ratio] up to 72.2% for a 100:1
E:T ratio (Figure 2). Interestingly, NK-92 cells could also be
lysed by PBMC. As can be seen in Figure 2, an E:T ratio of
12.5:1 resulted in a 11.6% release, whereas a 100:1 E:T ratio
gave 34.1% lysis. Another human NK-like cell line, namely
YT, was not sensitive to lysis mediated by PBMC.

Pre-culturing PBMC for 24 to 48 h in medium increased their
NK activity against NK-92 cells. Figure 3A shows the NK-
activity against NK-92 and K562 cells after culturing PBMC
in medium for 24 h. This 24-h pre-culture of PBMCs increased
their NK activity against NK-92-cells from 34.1%, without pre-
incubation, to 50.2% lysis (1:100 E:T ratio). A similar
proportional increase in NK activity was also observed for the
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Figure 2. Blood mononuclear cells as effector cells against K562 (filled
squares), NK-92 (open squares) or YT cells (open circles). Results are
expressed as means±SD and are representative of three independent
experiments. 

Figure 1. NK-92 are functional natural killer cells. K562 cells (filled
squares) or NK-92 cells (open squares) were used as target cells.
Results are expressed as means±SD and are representative of three
independent experiments.



other PBMC:NK-92 ratios. However, the K562 sensitivity was
more or less the same for most of the E:T ratios regardless of
whether the PBMC had been pre-incubated for 24 h or not. A
48-h pre-incubation reduced the NK-activity against K562 cells

compared to the 24 h pre-culture, whereas the percent release
values were close to similar for NK-92 cells (Figure 3B). Pre-
culturing the PBMC for 72 h reduced the NK activity for both
target cell lines, as shown in Figure 3C.
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Figure 3. Incubation of blood mononuclear cells for 24 h (A), 48 h (B) or 72 h (C) prior to the NK activity analysis against K562 (filled squares)
or NK-92 (open squares) cells. Results are expressed as means±SD and are representative of three independent experiments. *p<0.05 as compared
with K562 cells. 



Discussion

The expansion and maintenance of autologous as well as
allogeneic NK cells ex vivo in quantities needed for adoptive
immunotherapies is rather demanding (12). Different types of
cytokines, especially Interleukin-2, are normally added to these
culture vessels in order to improve the outcome. However,
regulatory T-cells (Treg) that can suppress the NK-activity are
also expanded and possibly activated in these ex vivo cultures
(13). Altogether, these circumstances have made human cell
lines with NK properties very attractive for adoptive
immunotherapies and the CAR cell engineering technology has
accentuated this development even further (4, 14, 15).

Since the NK-92 cell line is a realistic alternative for the
clinic, either as such or as a CAR engineered variant, we
initially confirmed its NK activity with erythroleukemia
K562 cells (Figure 1). Interestingly and to our great surprise,
when these NK-92 cells were used as target cells, they could
easily be killed by PBMCs isolated from normal healthy
donors (Figure 2). The percent lysis values observed for
K562 cells were more than two times higher compared to
NK-92 cells at 25:1 to 100:1 effector:target ratios. The
results in Figure 2 demonstrate that NK-92 are in fact
susceptible to NK cell mediated lysis, which might well
explain the rather weak outcome of the “first-in-man clinical
trial” conducted by Tang et al. with CD33-CAR NK-92 cells,
as well as the findings that CAR-T-cells in general seem to
be superior to CAR NK-92 cells (7, 16). The human NK-like
leukemia cell line YT, another potential cell line for adoptive
immunotherapies, was not sensitive at all (Figure 2), an
observation that now makes the YT cell line more attractive
for adoptive immunotherapies compared to NK-92 cells. 

By pre-culturing the PBMCs in normal medium for 24 h
up to 72 h, compared to no pre-culturing conditions (Figure
2), generated cells that could lyse NK-92 cells even better
(Figure 3A and B) and with an almost similar killing pattern
as with K562 cells (Figure 3A-C). 

Whether the increased NK activity against NK-92 cells by
time is due to down-regulation of certain regulatory T cells
or NK-cells with some kind of regulatory properties,
mediated by soluble factors or already known cytokines or
direct cell-to-cell contacts, remains to be seen. There are
several issues that have to be clarified in order to further
develop effective NK-92 cell-based immunotherapies. 
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