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A B S T R A C T

One hallmark of molecular aging is glycation, better known as formation of so-called advanced glycation end
products (AGEs), where reactive carbonyls react with amino-groups of proteins. AGEs accumulate over time and
are responsible for various age-dependent diseases and impairments. Two very potent dicarbonyls to generate
AGEs are glyoxal (GO) and methylglyoxal (MGO). The plasma level of such dicarbonyls is higher in aging and
age-related diseases. Natural killer (NK) cells are cells of the innate immune system and provide a major defense
against tumor cells and virus infected cells. They are able to kill modified or infected cells and produce different
cytokines to modulate the function of other immune cells. Here we investigated the effect of GO- and MGO-
induced glycation on the function of NK cells. Using the human NK cell line NK-92, we could demonstrate that
both GO and MGO lead to glycation of cellular proteins, but that MGO interferes much stronger with NK cell
function (cytotoxicity) than GO. In addition, glycation of NK cell targets, such as K562 tumor cells, also interferes
with their lysis by NK cells. From this data we conclude that glycation acts negatively on NK cells function and
reduces their cytotoxic potential towards tumor cells.

1. Introduction

Glycation is a process in which carbonyls, such as sugar molecules
like glucose or fructose, react with amine residues of proteins or lipids
without involvement of enzymes (Singh et al., 2014). Following further
chemical, non-enzymatic reactions, so-called advanced glycation end
products (AGEs) are formed, which lead to protein crosslinking and
dysfunction. Not only sugars, but also other physiologically occurring
metabolites are able to form AGEs. Highly reactive dicarbonyl meta-
bolites can lead to glycation and are produced in the human body
during lipid peroxidation, amino acid oxidation and as side products of
metabolic pathways like glycolysis (Semchyshyn, 2014). Dicarbonyl
metabolites are the most important intermediates in non-enzymatic
protein modification (Henning and Glomb, 2016) and are much
stronger glycating agents then sugars (Brings et al., 2017). Two pro-
minent dicarbonyls existing in mammals are methylglyoxal (MGO) and
glyoxal (GO) (Fig. 1). An increase in the steady state level of reactive
carbonyl species is defined as carbonyl stress (Semchyshyn, 2014).
Under physiological conditions dicarbonyls are detoxified via the
glyoxalase system, which prevents AGE formation. During aging the
glyoxalase activity is reduced (Xue et al., 2011). Aging is associated
with an accumulation of AGEs which are thought to be responsible for

the pathogenesis of cardiovascular and metabolic diseases and im-
pairments (Kilhovd et al., 2005; Mallipattu and Uribarri, 2014;
Bennmann et al., 2014; Hussain et al., 2016; Scheffler et al., 2018).
Supporting this idea is the observation that high levels of dicarbonyls
can be found in the plasma of patients with age-related diseases like
type II diabetes and obesity (Nakayama et al., 2008; Masania et al.,
2016)

The immune system protects an organism against pathogens and
cancer cells. With increasing age, the function of the immune system is
slowly and constantly decreasing (Montecino-Rodriguez et al., 2013;
Weiskopf et al., 2009). Carbonyl stress and protein glycation have been
shown to have negative effects on the immune system. For example,
MGO suppresses T cell and dendritic cell functions and is linked with
reduced immune activity in diabetes (Price et al., 2010; Price and
Knight, 2009). Additionally, AGE-modified matrix proteins interfere
with migration and adhesion of T cells (Haucke et al., 2014). AGEs are
also able to upregulate adhesion molecule and cytokine expression in
monocytes (Takahashi et al., 2009). Other important immune effector
cells are natural killer (NK) cells which are cells of the innate immune
system and provide a defense against virus infected cells and tumor
cells because of their ability to detect and kill transformed cells. Fur-
thermore, they are able to modulate the function of other immune cells
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through the release of immunoregulatory cytokines like interferon γ,
tumor necrosis factor α or macrophage-colony stimulating factor (Farag
and Caligiuri, 2006). The lytic activity of NK cells is regulated by dif-
ferent receptors that can be classified as either activating or inhibitory.
Based on the expression of activating and inhibitory ligands, normal
cells, that should not be attacked, can be discriminated from trans-
formed cells, that need to be killed by NK cells (Pegram et al., 2011).
Important for target cell recognition and lysis is the formation of an
immunological synapse between the target cell and the NK cell. If a cell
is detected as abnormal, the NK cell will release perforin- and gran-
zyme-containing granules that will lead to the death of the target cell
(Krzewski and Strominger, 2008). Because of their ability to detect
transformed cells, NK cells play a major role in preventing tumor for-
mation. Different human NK cell lines have been established to study
the function of NK cells, such as the well characterized cell line NK-92,
which shows a high cytotoxic activity towards tumor cells (Maki et al.,
2001).

Changes in the phenotype of NK cells and a decline in their function
have been observed during the aging process and with age-related
diseases. (Pera et al., 2015; Piątkiewicz et al., 2013; Bähr et al., 2018;
O’Shea et al., 2010; Rosenstock et al., 2017). Furthermore, aging and
age-related diseases are linked with high levels of reactive carbonyls
and an accumulation of AGEs. As NK cells are circulating in the
bloodstream they might be influenced by these carbonyl compounds,
however the role of carbonyl stress and glycation specifically on NK cell
function has not been studied yet. Therefore, the aim of the present
study is to investigate how carbonyl stress induced glycation of NK cell
proteins affects their function. The highly reactive dicarbonyl com-
pounds MGO and GO were used to treat NK cells and their impact on
NK cell-dependent tumor lysis was investigated.

2. Materials and methods

2.1. Cell line and cell culture

The NK cell line NK-92 and the myelogenous leukemia cell line
K562 were kindly provided by Roland Jacobs (Hannover Medical
School, Germany). The cells were cultured in RPMI 1640 (Lonza, Basel,
Switzerland) supplemented with 10% fetal calf serum (FCS) (GE
Healthcare, Little Chalfont, UK), 100 U*ml−1 penicillin and 100
mg*ml−1 streptomycin (Thermo Fisher Scientific, Waltham, USA) and
1mM sodium pyruvate (Thermo Fisher Scientific) in humidified 5%
CO2 atmosphere at 37 °C. NK-92 cells were additionally supplemented

with 200 U/ml Interleukin-2 (IL-2) (Novartis Pharma GmbH, Zwickau,
Germany). All assays using NK cells were performed with IL-2 supple-
mentation.

2.2. Glycation of the cells

Cells were glycated using MGO and GO (both from Sigma Aldrich,
St. Louis, USA). NK-92 or K562 at a density of 0.3*106 cells/ml were
incubated in low serum medium (1% FCS, +200 U/ml IL-2 for NK cells)
with 0.3mM, 0.6mM, 1mM or 2mM of MGO or GO for 4 h in humi-
dified 5% CO2 atmosphere at 37 °C. Afterwards the cells were washed
with PBS and proteins were isolated or the cells were used for the
different assays in normal medium (10% FCS).

2.3. Protein isolation and western blot

After glycation the NK cells were washed with PBS and cell pellets
were solubilized at 4 °C for 2 h in buffer containing 150mM NaCl,
50mM Tris, 1% Triton X, 100mM phenyl-methylsulfonyl fluoride and a
protease inhibitor cocktail (Sigma-Aldrich) at pH 8. After centrifugation
at 16,000 g, supernatant was collected. Proteins were separated by SDS-
PAGE on a 10% gel and transferred to a nitrocellulose membrane.
Protein bands were visualized using ponceau red staining solution
containing 0.1% Ponceau S (Carl Roth, Karlsruhe, Germany), 3% tri-
chloroacetic acid and 3% sulfosalicylic acid. Glycation was detected
using monoclonal anti-CML antibody (CML-26, ab125145) (Abcam,
Cambridge, U.K.) at 0.05 μg/ml followed by incubation with a perox-
idase conjugated secondary antibody. Antibody binding was visualized
using Luminata Forte (Merck Millipore, Billerica, USA) as substrate and
a molecular Imager® Gel Doc™ XR System (Bio-Rad, Hercules, USA).
Anti-Actin Ab5 antibody (612,657) (BD Biosciences, San Diego, USA) at
a concentration of 0.05 μg/ml served as loading control.

2.4. Cytotoxicity assay

Cytotoxic function of NK-92 cells was analyzed by flow cytometry
with the use of K562 cells as target cells similar described by Duan et al.
(2011). The K562 cells were washed with PBS and labeled with 0.5 μM
carboxyfluorescein diacetate succinimidyl ester (CFSE) (BD Bios-
ciences) in PBS for 5min. The reaction was quenched by adding serum
containing medium and after an additional washing step with medium,
the cells were used for the assay. 20,000 labeled target cells were mixed
with NK-92 cells at an Effector:Target (E:T) Ratio of 10:1 in a V-bottom
plate in normal medium (10% FCS) without phenol red in a total vo-
lume of 200 μl. The cells were centrifuged for 1min at 135g and in-
cubated at 37 °C for 4 h. After the incubation, all cells were stained with
5 μl 7-AAD Viability Staining Solution (BioLegend, San Diego, USA) and
analyzed using a BD Accuri C6 flow cytometer (BD Biosciences). CFSE
was measured in the FL-1 channel (excitation 488 nm, 530/30 nm band
pass filter) and 7 AAD was measured in the FL-3 channel (excitation
488 nm, 670 nm long pass filter). At least 4000 CFSE+ cells were re-
corded and the proportion of dead target cells (CFSE+/7 AAD+) was
measured. Spontaneous cell death was analyzed by incubating target
cells without NK cells and the NK cell-dependent cytotoxicity was cal-
culated as:

(%(dead target cells) %(spontaneous cell death)
(100% %(spontaneous cell death)

Cells without MGO or GO treatment served as control and their cyto-
toxicity were set to 100%

2.5. Conjugate forming assay

For measuring the conjugate formation of NK cells and target cells
an assay similar to Burshtyn and Davidson (2010) was used. K562 cells

Fig. 1. Methylglyoxal and glyoxal.
Reaction of the two dicarbonyls methylglyoxal (MGO) and glyoxal (GO) with
amine residues of proteins or lipids results in the formation of advanced gly-
cation end products (AGEs).
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were stained with CFSE, as described for the cytotoxicity assay. NK-92
cells were stained similar to the target cells but with 1 μM Cell Pro-
liferation Dye eFluor™ 670 (Thermo Fisher Scientific). 40,000 target
cells were mixed with NK cells at E:T ratio of 2:1 in medium without
phenol red in a reaction tube. The cells were centrifuged for 1min at
100 g and incubated at 37 °C for 20min. Afterwards the mixture was
analyzed by flow cytometry. CFSE was measured in the FL-1 channel
(excitation 488 nm 530/30 nm band pass filter) and eFluor™ 670 was
measured in the FL-4 channel (excitation 633 nm 675/25 nm band pass
filter). Percentage of CFSE+/eFluor™ 670+ events (conjugates of NK
cells and target cells) related to the total number of events was calcu-
lated. Cells without MGO or GO treatment served as control and their
conjugate formation were set to 100%.

2.6. Metabolic activity

30,000 NK cells were incubated in V-bottomplates in a total volume
of 100 μl with different concentrations of MGO or GO in NK cell
medium with low serum concentration (1% FCS) for 4 h at 37 °C.
Methylthiazolyldiphenyl-tetrazolium bromide (MTT) (Sigma-Aldrich)
was dissolved in RPMI 1640 (Lonza, Basel, Switzerland) without phenol
red. Cells were washed with PBS and incubated for 4 h at 37 °C in
normal NK cell medium (10% FCS) without phenol red supplemented
with 0.5mg/ml MTT. After incubation the medium was discarded,
formazan crystals were dissolved in 150 μl dimethyl sulfoxide (DMSO)
and the solution was transferred to a normal 96-well flat-bottom plate.
Absorption was measured at 570 nm using a CLARIOstar plate reader
(BMG Labtech, Ortenberg, Germany) and the background absorption at
630 nm was subtracted. Cells without MGO or GO treatment served as
control and were set to 100%.

2.7. Apoptosis assay

Cells were glycated as described in 2.2, washed with PBS and
apoptosis assay using APC Annexin V Apoptosis Detection Kit with 7-AAD
(Biolegend) was performed according to the protocol. In brief, 0.5*106

cells were resuspended in 100 μl Annexin V binding buffer, stained with
7 AAD and Annexin V for 15min and were analyzed using a BD Accuri
C6 flow cytometer (BD Biosciences). Annexin V APC was measured in
the FL-4 channel (excitation 633 nm, 675/25 nm band pass filter) and
7 AAD was measured in the FL-3 channel (excitation 488 nm, 670 nm
long pass filter). The percentage of Annexin V−/7 AAD− cells was used
to determine the number of living cells.

2.8. Bright-field images

NK-92 cells were glycated for 4 h as previously described, washed
with PBS and transferred to normal medium (10% FCS). After 24 h
bright-field images were taken using an Axiovert 100 microscope (Carl
Zeiss, Oberkochen, Germany).

2.9. Statistical analysis

Data is presented as scatter blots including mean ± standard de-
viation (SD). For statistical analysis, one-way ANOVA with post-hoc
Tukey-Test was performed using OriginPro 2017 software (OriginLab
Corporation, Northampton, USA). A difference between a treatment
and the control at p < 0.05 were considered as statistically significant
and P-values of the Tukey-Test (treatment compared to control) are
displayed on each graph.

3. Results

3.1. MGO or GO treatment leads to glycation of NK cells

In the first series of experiments we analyzed glycated proteins of
NK-92 cells cultured in the absence or presence of the two dicarbonyls
MGO and GO. Therefore, NK-92 cells were incubated with increasing
concentrations (0, 0.3, 0.6, 1 and 2mM) of MGO or GO in low serum
medium (1% FCS) for 4 h to generate AGE modifications. Proteins were
isolated and separated by SDS-PAGE. The composition of the protein
bands did not change with treatment which could be seen by ponceau
red staining of the membranes (Suppl. Fig. 1). Glycation was detected
using an anti-CML antibody which not only detects the carbox-
ymethyllysine (CML) modification, but also AGEs derived by MGO,
which has been shown previously (Bennmann et al., 2014; Hussain
et al., 2016). Treatment with MGO (Fig. 2A) led to glycation of the cells,
which could be detected as a broad smear in the western blot analysis.
A concentration-dependent increase in the signal was visible with the
strongest signal at 2mM. Similar results were obtained using GO as
glycating agent (Fig. 2B).

3.2. Metabolic activity is only reduced at high MGO concentrations

To test whether treatment with MGO or GO changes the viability of
the cells, apoptosis assays were performed using Annexin V and 7 AAD
staining and no changes could be observed (Suppl. Fig. 2). We next

Fig. 2. Detection of glycation by western Blot.
NK-92 cells were incubated with different concentrations of
MGO (A.) and GO (B.) for 4 h in low serum medium (1% FCS).
Cells were washed and proteins were isolated, separated by
SDS-PAGE and transferred to a nitrocellulose membrane.
Glycation was detected using monoclonal CML-26 antibody.
Representative Blots from at least 3 experiments are shown.
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investigated whether glycation was affecting the metabolic activity of
the NK-92 cells. An MTT assay was performed after incubating the NK-
92 cells with MGO or GO for 4 h. Concentrations up to 0.6mMMGO did
not significantly alter the metabolic activity of the NK-92 cells (Fig. 3A).
At 1mM and 2mM MGO, the metabolic activity was reduced by about
40%. Treatment with GO, even at high concentrations up to 2mM, did
not reduce the metabolic activity of the NK-92 cells (Fig. 3B). Ad-
ditionally, the cells were glycated for 4 h, washed with PBS, transferred
to normal medium with 10% FCS and pictures were taken after 24 h
(Fig. 4). The NK-92 cell line usually grows in aggregates. No differences
in growth patterns could be observed with treatments up to 0.6 mM,
however, treatment with 1mM MGO led to a marked reduction in

aggregate formation, and a treatment with 2mM MGO completely
prevented the formation of aggregates. In contrast, incubation with GO
did not change aggregate formation of the cells even at high con-
centrations of 2mM.

3.3. Glycation interferes with cytotoxic function of NK cells

The first step of the cell-mediated cytotoxicity by NK cells is the
attachment to the target cell. Therefore, a conjugate forming assay was
used to determine whether or how glycation by MGO or GO interferes
with the ability of the NK cells to form conjugates with the myelo-
genous leukemia cell line K562. Because of the low expression of

Fig. 3. MTT Assay.
NK-92 cells were treated with MGO (A.) or GO (B.) for 4 h in low serum medium (1% FCS) and MTT assay was performed. Cells without MGO or GO treatment were
set to 100%. Data represents average mean ± SD of 4 (A.) and 5 (B.) independent experiments. Each dot represents data from one independent experiment.

Fig. 4. Aggregation of NK-92 cells.
NK-92 cells were treated with MGO or GO for 4 h in low serum medium (1% FCS), washed with PBS and resuspended in normal Medium (10% FCS). The cells were
incubated for 24 h and bright-field pictures were taken.
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inhibitory ligands, these cells can be easily lysed by NK cells and are a
common model to study NK cell function (Lisovsky et al., 2015). NK-92
cells and K562 cells alone were used as control to set the gates (Fig. 5A).
Treatment with 0.3 and 0.6mM MGO led to a reduction of conjugate
formation by about 20% and 40% respectively (Fig. 5B). High con-
centrations of 1mM and 2mM MGO inhibited the conjugate formation
nearly completely. Glycation with GO led to a small reduction of con-
jugate formation (Fig. 5C). This effect was much weaker compared to
the treatment with MGO with about 15% reduction at 2mM GO.

To study the cytotoxicity of NK cells against tumor cells, a flow
cytometry-based cytotoxicity assay was performed. CFSE labeled K562
cells were incubated with NK cells for 4 h and stained with 7 AAD
afterwards to detect dead target cells (Fig. 6A). Cytotoxicity was re-
duced by about 40% at 0.6mM MGO and was reduced by over 85% at
the higher concentrations of 1mM or 2mM (Fig. 6B). GO had a weaker
effect on cytotoxicity compared with MGO treatment with about 25%
reduction at 2mM GO (Fig. 6C).

3.4. Glycation of the tumor cells reduces their susceptibility to NK cells lysis

To further investigate the role of cell-cell contact, tumor cells were
glycated using MGO and GO. Similar to the NK cells, K562 cells were
incubated with MGO or GO for 4 h and glycation was proven by the
western blot analysis (Suppl. Fig. 3).

Glycation of K562 cells with 1mM and 2mM MGO resulted in a
reduced conjugate formation by about 25% and 30%, respectively
(Fig. 7A). Incubation with 2mM GO also reduced the conjugate for-
mation by about 25% (Fig. 7B). We could also observe that glycation of

the target cells made them more resistant to NK cell-mediated lysis. An
impaired NK cell-mediated cytotoxicity could be detected when the
tumor cells were glycated with MGO concentrations from 0.6mM to
2mM (Fig. 7C). High concentrations of GO also reduced the NK cell-
mediated cytotoxicity (Fig. 7D). A reduction of about 15% could be
measured at a GO concentration of 2mM. Both MGO and GO showed a
similar reduction of conjugate formation and cytotoxicity by the NK
cells.

4. Discussion

Dicarbonyl stress and glycation can have a negative effect on the
immune system. We decided to use the well-characterized NK cell line
NK-92 instead of using primary cells because primary cells differ in
their cytotoxic potential and receptor expression due to a high het-
erogeneity of different donors (e.g. age, sex, body weight) (Viel et al.,
2017; Almeida-Oliveira et al., 2011; Al-Attar et al., 2016). The K562
cell line was chosen as a target cell line because it is easily lysed by NK
cells and is a well-established model to study NK cell function (Lisovsky
et al., 2015). Using NK-92 cells we were able to show that incubation
with the dicarbonyls MGO or GO resulted in detectable glycation of NK
cell proteins. Only high MGO concentrations of 1 or 2mM reduced the
metabolic activity of NK cells whereas physiological occurring con-
centrations of less than 1mM had no effect on the metabolic activity of
NK-92 cells. Treatment with MGO or GO led to reduced conjugate
formation and cytotoxicity towards tumor cells. Furthermore treatment
with MGO and GO even at high concentrations of 1 or 2mM did not
induce apoptosis which could be shown by 7 AAD and Annexin V

Fig. 5. Conjugate forming assay.
NK-92 cells were labeled with eFluor 670 and K562 cells were labeled with CFSE. K562 cells and NK cells were mixed at E:T ratio of 2:1 and conjugates were
measured using flow cytometry. Tubes with K562 alone and NK-92 alone served as control to set the gates (A.). NK-92 cells were treated with MGO (B.) and GO (C.)
for 4 h in low serum medium (1% FCS) and conjugate forming assay was performed. Data represents average mean ± SD of 3 (B.) and 5 (C.) independent
experiments. Each dot represents data from one independent experiment.
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staining. From this data it can be concluded that functional decline of
NK cells are not due to cell death. As mentioned previously, killing of
the target cells requires cell-cell contacts and the formation of a lytic
synapse between the NK cell and the target cell (Krzewski and
Strominger, 2008). These contacts might be inhibited by glycation of
the NK cells and could explain the reduced conjugate formation and
cytotoxicity of glycated NK cells. Moreover, glycation of cell surface
receptors might reduce their ability to activate the NK cell. Both MGO
and GO inhibited the conjugate formation as well as the cytotoxicity of
NK-92 cells. In diabetic patients, the plasma concentrations of MGO and
GO are abnormally increased (Kong et al., 2014; Lapolla et al., 2005).
Dicarbonyls are highly reactive, however its actual plasma concentra-
tion is relatively low, since most of the produced MGO or GO (90–99%)
is bound to macromolecules (Allaman et al., 2015). To reach a high rate
of glycation, the experiments in this study were performed within a
short incubation time of 4 h with concentrations up to 2mM. Similar
concentrations and incubation times have been used before to study the
influence of glycation on a neuronal-like cell line (Bennmann et al.,
2014; Frank et al., 2019).

Comparing the treatment of NK cells with MGO and GO revealed a
much stronger effect of MGO on NK cell function. Similar physiological
differences between MGO and GO treatment have also been observed in
other studies (Santos et al., 2017; Kniep et al., 2006; Akhand et al.,
2001). The reaction of MGO and GO with amino acids results in dif-
ferent AGE modifications. For example, GO lead to the formation of
carboxymethyllysine (CML) and glyoxal-derived lysine dimer (GOLD),
while Carboxyethyllysine (CEL) and Argpyrimide are MGO-derived
AGEs (Nowotny et al., 2015). So the different AGEs could have different

effects on the function of the NK cells, which might explain the dif-
ferences observed between the two treatments. In the western blot
analysis we could show a concentration dependent increase in the
signal with MGO and a similar result for the treatment with GO.
However, we cannot conclude from these results that both compounds
produce similar amounts of AGEs. The antibody used in this study was
raised against CML, but is also able to detect AGEs derived by MGO,
which has been shown previously (Bennmann et al., 2014; Hussain
et al., 2016), but it still produces a stronger signal for GO modified
proteins. MGO is known to be generally more reactive then GO and has
a higher glycation potency (Argirova and Breipohl, 2002; Sadowska-
Bartosz et al., 2014). This might be the reason for the reduction of
metabolic activity at high MGO concentrations and could also explain
the stronger effect of MGO on the NK cell function. Even though the
intensity of the two treatments differs, the present study shows an
overall negative effect of MGO and GO on human NK cell function.
Because high levels of MGO and GO are found in the plasma of diabetic
and obese patients, these findings might help to explain the reduced NK
cell function in these diseases. Nevertheless, in our experiments MGO
was more harmful compare to GO.

Furthermore, we were able to show that glycation of the target cells
led to a slight reduction of conjugate formation and NK cell-dependent
lysis. Compared with the incubation of the NK cells with MGO, which
showed a strong effect, an incubation of the target cells with MGO had a
much weaker effect. Glycation of the NK cells could result in mod-
ifications of proteins that are in involved in adhesion, target cell re-
cognition and degranulation, which will make the NK cells less active. If
the target cells are glycated, interaction between NK cells and tumor

Fig. 6. Cytotoxicity Assay.
CFSE-labelled K562 cells were mixed with NK-92 cell at E:T ratio of 10:1. After 4 h incubation, 7 AAD was added to each sample. Because of the CFSE labeling, target
cells can be distinguished from NK cells and dead target cells can be identified as 7 AAD positive (A.). NK-92 cells are treated with different concentrations of MGO
(B.) and GO (C.) for 4 h in low serum medium (1% FCS) and cytotoxicity assay was performed. Data represents average mean ± SD of 3 independent experiments.
Each dot represents data from one independent experiment.
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cells might be decreased because of the glycation of cell surface pro-
teins. In this case the NK cells are not directly influenced by glycation
and are therefore still highly active. Moreover, the K562 cell line is
expressing a low amount of inhibitory receptors, which make them an
easy target for NK cells (Duan et al., 2011; Lisovsky et al., 2015).
Therefore, the NK cells are still able to kill the glycated target cells, but
the efficiency is slightly reduced. Both MGO and GO were affecting the
susceptibility of K562 cells to NK cell lysis. Therefore, glycation of the
tumor cell might have a protective effect against NK cells. Chiavarina
et al. showed a high level of glycated proteins in colon cancer tissue,
due to a high metabolism rate and a low glyoxalase 1 activity, that was
beneficial for tumor growth (Chiavarina et al., 2017). The findings of
this study could provide another explanation why glycation might be a
benefit for tumor cells.

Anti-cancer effects of MGO have been discussed because of the
ability of MGO to induce apoptosis in several cancer cell lines (Talukdar
et al., 2009). Taking the results from this study, these anti-cancer effects
may have to be critically discussed because MGO will also have strong
negative effects on the function of NK cells, which are important sup-
pressors of tumor growth.

In summary, this study showed that MGO and GO had a negative
effect on NK cell function. Conjugate formation and NK cell-dependent
cytotoxicity were reduced when NK-92 cells were glycated. MGO had a
much stronger effect compared with GO. Glycation of the tumor cells
also resulted in slightly lower conjugate formation and lysis, suggesting
that glycation might be beneficial for the tumor.
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