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Interferon gamma (IFN-y) challenges the ability of viruses to distinguish between target and off-target cells i.e.
viral tropism. Due to the similarity of viruses and nanoparticles in shape and size, we hypothesized that the effect
of IFN-y on viruses also applies to virus-mimetic nanoparticles. Therefore, we determined the influence of IFN-y
on nanoparticle tropism and cell uptake. For our experiments, we used cyclic RGD-peptide (cRGD) functionalized
polymeric nanoparticles and lipid nanocapsules (LNC) to target the o,f3 integrin receptor on cell membranes of
rat mesangial cells (rMCs), HelLa cells and human dermal microvascular endothelial cells (HDMEC). We used a
nanoparticle concentration range between 0.1 and 2 nM. The IFN-y concentrations and IFN-y incubation times
varied in the range of 100 IU-1000 IU and zero to 54 h respectively. When we measured nanoparticle uptake via
flow cytometry 24 h after cytokine administration to cells, our findings confirmed that IFN-y decreased the
tropism as well as the uptake of functionalized nanoparticles by target cells. We were able to demonstrate a
maximal IFN- y effect at a concentration of 100 IU of IFN-y and a 24-h incubation time. The presence of IFN-y is
associated with an upregulation of cholesterol 25-hydroxylase (CH25H). That the CH25H oxidation product, 25-
hydroxycholesterol (25HC), is known to inhibit cell-nanoparticle interactions points at the potentially underlying

mechanism of the observed INF-y effect.

1. Introduction

Viruses are specialists in recognizing their target cells. Their ability
to distinguish between target- and off-target cells is known as tropism
[1-4]. Recently, various research groups used viral pathogens as blue-
prints for nanoparticle design. The strategy aims to mimic the stringent
tropism of viruses. Thereby, side effects could be reduced since more
nanoparticles reached their target tissue [5-9]. However, this concept
often falls short of expectations in vivo. In tumor treatment, for instance,
the proportion of nanoparticles reaching their target site is frequently
found in the range between 1 % and 2.5 % percent [10] while the larger
amount of an administered dose accumulates in off-target tissues. The
great similarity between nanoparticles and viral pathogens in terms of
size, shape and target cell specificity gave rise to our hypothesis that
immune system effects on viral tropism might also affect nanoparticle
biodistribution (tropism-transfer hypothesis). For instance, IFN-y,
known to diminish the tropism of several viral species [11-19], was
previously shown to negatively affect target cell accumulation of
nanoparticles in vitro [20]. To investigate this aspect further could be
highly relevant for cancer therapy as tumors have increased IFN-y
concentrations compared to healthy tissues [21,22]. Therefore, drug
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nanotherapy could profit tremendously from a better understanding of
IFN-y effects on nanoparticle - cell interactions. We hypothesized that
IFN-y could reduce the uptake and tropism of nanoparticles which has a
marked effect on drug nanotherapy for which target cell identification
and cell uptake are essential. We assumed that the reason for the IFN-y
effect could be the altered cholesterol metabolism of cells. IFN-y is
known to increase the activity of CH25H, which in turn leads to an
accumulation of 25HC in cell membranes [20]. At the same time, this
leads to a cholesterol depletion of cell membranes, since 25HC stems
from the hydroxylation of cholesterol.

To challenge our hypotheses, we first investigated the impact of IFN-
y on nanoparticle - cell interactions, which are of paramount importance
for nanoparticle biodistribution. To this end, we examined the effect of
IFN-y on the uptake and tropism of nanoparticles for target and off-
target cells. Rat mesangial cells (rMC) exhibit a larger quantity of
ayPs-integrin on their surface than HeLa cells [23]. Based on this dif-
ference, the uptake of cRGD nanoparticles into rMCs is enhanced
compared to the uptake into HeLa cells. For our studies, we used (cRGD)
functionalized nanoparticles that trigger clathrin-mediated endocytosis
when binding to the of3-integrin receptor. We investigated whether
IFN-y effects, such as a loss of nanoparticle tropism or the diminution of
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particle uptake by target cells, depend on “cellular parameters” like cell
type, IFN-y incubation time and concentration or “particulate parame-
ters” like receptor ligands in the nanoparticle corona, nanoparticle
concentration and nanoparticle type. For our studies we used polymer
nanoparticles consisting of poly (lactic-co-glycolic acid) (PLGA) and
poly (lactic acid)-poly (ethylene glycol) (PLA-PEG) as well as LNCs, both
functionalized with cRGD peptide tethered to 2 kDa PEG chains (PEG2k)
for targeting the ayf3 integrin subtype [24,25]. To determine the IFN-y
effect, we used flow cytometry and compared the cell uptake of
cRGD-functionalized nanoparticles to ligand-free control nanoparticles
in IFN-y treated and untreated cells. To further scrutinize whether the
nanoparticles were taken up by the cells or remained on the cell surface
we used confocal microscopy which allowed us to localize particles
during and after cell uptake.

2. Results
2.1. Nanoparticles

Lipid- and polymer nanoparticles could reproducibly be manufac-
tured. Polymer nanoparticles had a size of 90 nm + 20 nm, LNCs of 75
nm =+ 20 nm. The zeta potential was between —25 and —45 mV for all
particles. Booth nanoparticle types were stable in size and fluorescence
properties for at least seven days (see supplementary information).

2.2. Determination of the IFN-y effect in cell monoculture

Uptake of nanoparticles into the rMCs was measured via flow
cytometry. Fig. 1 illustrates the cRGD functionalized polymer nano-
particles (cRGD-pNP), carboxylic acid group functionalized polymer
nanoparticles (COOH-pNP) and uncharged methoxy group functional-
ized polymer nanoparticles (MeO- pNP) uptake by rMCs in the presence
and absence of IFN-y. COOH-pNP and MeO-pNP serve as control nano-
particles. The extent of cRGD-pNP uptake in untreated rMCs is signifi-
cantly higher than the uptake of COOH-pNP (P value < 0.0001). The
value of cRGD-pNP and MeO-pNP varies significantly between untreated
and IFN-y-treated cells. In the case of cells treated with IFN-y, a slightly
higher cRGD-pNP uptake relative to the COOH-pNP can be observed,
although it is no longer significant. The decrease in the uptake of cRGD-
pNP is much more pronounced compared to the MeO-pNP. In summary
there is a significant IFN-y effect in case of the cRGD-pNP and COOH-
pNP uptake. Although the IFN-y effect is not significant for the MeO-
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Fig. 1. IFN-y effect on the uptake of cRGD-pNP (green bar), COOH-pNP
(red bar) and MeO-pNP (blue bar) by rMCs. Quantity of endocytosed nano-
particles in the presence and absence of IFN-y measured as APC-A geoMean
fluorescence intensity [a.u.] in flow cytometry. Particle concentration was 2
nM, IFN-y concentration was 100 IU and IFN-y incubation time was 24 h ****
= P value < 0.0001; *** = P value < 0.001; ** = P value < 0,01; * = P value <
0,05; ns = P value > 0,05.
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pNP, a trend of reduced uptake in the presence of IFN-y can also be
seen for these control nanoparticles. Overall, the reduced cell uptake is
most pronounced for the cRGD-pNP, followed by the COOH-pNP and the
MeO-pNP. This ranking holds also true for the nanoparticle uptake in the
absence of the cytokine. The more nanoparticles are taken up into the
cells, the greater is the reduction of nanoparticle uptake into target cells
in the presence of IFN-y. The effect is not only visible in the altered
absolute nanoparticle uptake, but also in the loss of cRGD-pNP uptake
relative to the COOH-pNP. The functionalization seems to provide no
longer an uptake advantage compared to the control nanoparticles when
the cytokine is present.

2.3. The impact of nanoparticle concentration

We measured the cRGD-pNP and MeO-pNP uptake at four different
nanoparticle concentrations of 2 nM (Fig. 2A), 1 nM (Figs. 2B), 0.5 nM
(Figs. 2C) and 0.1 nM (Fig. 2B). The objective of this experiment was to
scrutinize if the IFN-y effect is dependent on nanoparticle concentration.
Nanoparticle uptake was measured as cell fluorescence in the presence
or absence of IFN-y. The uptake of 2 nM, 1 nM and 0.5 nM cRGD-pNP is
significantly reduced by the IFN-y treatment while the uptake of 2 nM
and 0.5 nM MeO-pNP does not change significantly (Fig. 2A). As ex-
pected, the total uptake of nanoparticles from the 0.1 nM solution is
much lower than from higher concentrated solutions. However, the
trend that the uptake of the cRGD-pNP changes significantly by pre-
incubation with IFN-y, while the uptake of the MeO-pNP does not
change significantly, can also be seen with the 0.1 nM concentrated
nanoparticles (Fig. 2D). The results reveal that the IFN-y effect is not
concentration-dependent and can therefore be analyzed regardless of
the nanoparticle concentration used.

2.4. Impact of the cell line and the particle system on the reduced
nanoparticle uptake caused by IFN-y

To further verify the validity of our findings, we investigated
whether an IFN-y effect also occurs in other types of particle systems
such as LNCs and other cells such as HDMECs. Following a 24-h incu-
bation with IFN-y we measured a diminished uptake of cRGD func-
tionalized LNC nanoparticles (cRGD-LNC) in HDMECs. (Fig. 3A). The
uptake of the methoxy group functionalized LNC nanoparticles (MeO-
LNC) into the HDMECs was not affected. (Fig. 3A). Differences in uptake
between the cRGD-LNC and the MeO-LNC were only significant in the
absence of IFN-y. Compared to untreated cells, IFN-y treated HDMECs
behave differently. In this case, there is no difference in the uptake of the
cRGD-LNC and MeO-LNC. This means that the significant difference
between the cRGD-LNC and MeO-LNC, which can be measured under
untreated conditions is no longer present in IFN-y treated cells. The
uptake of cRGD-LNC into rMCs is considerably higher than the uptake
into the HDMECs (Fig. 3B). cRGD-LNC were taken up to a significantly
greater extent by the untreated rMCs compared to IFN-y treated rMCs
(Fig. 3B). Differences of the cRGD-LNC uptake ratio between untreated
and IFN-y treated cells is in case of the HDMESc much less pronounced
compared to that of the rMCs. Overall, the impact of the IFN-y treatment
regarding the uptake into the rMCs is comparable between the cRGD-
LNC and the cRGD-pNP (Figs. 1 and 3). It can, therefore, be concluded
that the IFN-y effect is strongly dependent on the cell line and less on the
particle system.

2.5. Impact of IFN-y on nanoparticle tropism and uptake in a rMC/HeLa
cell co-culture

The diagrams in Fig. 4 show the nanoparticle uptake in cocultures of
rMCs with HeLa cells in the presence and absence of IFN-y. This
experiment helps us to understand the impact of IFN-y on the tropism of
functionalized nanoparticles. Fig. 4A shows the uptake of nanoparticles
into the target cells (rMC) of the co-culture. Differences in cell uptake of
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Fig. 2. Impact of particle concentration on the IFN-y effect. Ordinate (APC-A geoMean fluorescence intensity [a.u.]): quantity of endocytosed nanoparticles
(green: cRGD-pNP; red: MeO-pNP); Abscissa (treatment), The particle concentration was 2 nM (A), 1 nM (B), 0.5 nM (C) and 0.1 nM (D). IFN-y concentration was 100
IU and IFN-y incubation time was 24 h **** = P value < 0.0001; *** = P value < 0.001; ** = P value < 0,01; * = P value < 0,05; ns = P value > 0,05.
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Fig. 3. IFN-y effect on human dermal microvascular endothelial cells (HDMEC) compared to the IFN-y effect on rMCs. Ordinate (FITC-A geoMean fluo-
rescence intensity [a.u.]): quantity of endocytozed nanoparticles; Abscissa (treatment), The diagram shows the effect of IFN-y on the uptake of cRGD-LNC (green bar)
and MeO-LNC (blue bar) into HDMECs (A) or rMCs (B). Nanoparticle concentration was 2 nM, IFN-y concentration was 100 IU and IFN-y incubation time was 24 h

% — P value < 0.0001; *

cRGD-pNP, MeO-pNP and COOH-pNP in the presence and absence of
IFN-y is significant. Fig. 4B maps the uptake of polymer nanoparticles
into the off-target cells (HeLa cells) of the co-culture. The quantity of
nanoparticles taken up by off-target cells decreases from cRGD-pNP over
COOH-pNP to MeO-pNP. IFN-y has no effect on cell uptake. Differences
between COOH-pNP, MeO-pNP and cRGD-pNP hardly changed after the
24 h IFN-y preincubation. Evaluating the uptake of cRGD-pNP into
target cells and off target cells of the co-culture, the difference in uptake
of cRGD-pNP is highly significant in the untreated case. A significant
difference in uptake quantity of cRGD-pNP occurs also in IFN-y pre-
treated co-culture, even if it is not that pronounced. A significant

* = P value < 0.001; ** = P value < 0,01; * = P value < 0,05; ns = P value > 0,05.

alteration in uptake amount of cRGD-pNP into target cells of the co-
culture can be measured. Uptake amount of cRGD-pNP into off-target
cells of the co-culture is hardly and not significantly affected by an
IFN-y preincubation. We document a reduced uptake and a loss of
tropism of cRGD-pNP in co-culture.

2.6. Verification of the localization of the nanoparticle in relation to the
cells

Flow cytometry enables conclusions regarding the quantitative
extent to which the measured cells are associated with nanoparticles.
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Fig. 4. Uptake of cRGD-pNP (green bar), COOH-pNP (red bar) and MeO-pNP (blue bar) into a IFN-y pre-treated and untreated rMC (target cell)/HeLa cell
(off-target cell) co-culture. The graphs represent the quantity of particle uptake by rMCs (A) or HeLa cells (B) measured as APC-A geoMean fluorescence intensity
[a.u.] in the presence or absence of IFN-y. The IFN-y effect is significant for all polymer particles used (A). The uptake of the untreated cells are plotted on the left-
hand side and the uptake of IFN-y treated cells is plotted on the right-hand side (Fig. 4A and B). The co-culture were separated by cell line in the diagrams (Fig. 4A
and B). Fig. 4A represents the uptake into the rMCs and Fig. 4B represents the corresponding uptake into the HeLa cells. Nanoparticle concentration was 2 nM, IFN-y
concentration was 100 IU and IFN-y incubation time was 24 h, **** = P value < 0.0001; *** = P value < 0.001; ** = P value < 0,01; * = P value < 0,05; ns = P value
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However, the method cannot differentiate between particles which have
crossed the cell membrane and those, which merely adhered to it. To
distinguish those two modes of particle-cell interaction, confocal mi-
croscopy was used. The confocal microscopic images show rMCs
(Fig. 5A/D), HelLa cells (Fig. 5B) and HDMECs (Fig. 5C) as they interact
with cells. In the vertical and horizontal Z-stack, it is noticeable that the
nanoparticles are distributed mostly homogeneously around the cell
nucleus. Only a small number of nanoparticles forms a distinct bound-
ary, which indicates adsorption on the cell membrane (Fig. 5). That
means that only a minor fraction of the nanoparticles adheres to the cell
membrane and that the nanoparticles are rather endocytosed by cells. In
general, the findings of the confocal microscopy investigations confirm
the results of the flow cytometry experiments. The images indicate that
the target cells (rMCs) show the highest uptake of cRGD-pNP in the
absence of IFN-y (Fig. 5A). After the IFN-y treatment, the total nano-
particle uptake decreases. There is only a slight difference in uptake of
MeO-pNP into IFN-y pre-treated and untreated rMCs (Fig. 5A). Due to
the minute differences in uptake, visual differences between untreated
and IFN-y pre-treated cells are not recognizable (Fig. 5 B/C/D).

2.7. Modulation of the IFN-y effect by the IFN-y concentration and
incubation time

First we analyzed the impact of varying IFN-y concentrations on pNP
uptake (Fig. 6A). At a concentration of 100 IU/ml IFN-y the reduced
uptake compared to the untreated cells is significant. Surprisingly, the
effect vanishes with a higher IFN-y concentrations and the difference in
uptake between untreated and treated cells is no longer significant
(Fig. 6A). The quantitative nanoparticle uptake also increases with
increasing concentrations of IFN-y, until no difference to untreated cells
can be detected above an IFN-y concentration of 1000 IU/ml (Fig. 6A).
The data shows that the IFN- y concentration has a decisive impact on
the IFN-y effect and can even counteract it. Next we investigated the
effect of incubation time on cell uptake (Fig. 6B). First hints of the IFN-y
effect can be observed at the 6-h mark, where a slight decrease in par-
ticle uptake is noticeable, even though it is not significant. The
maximum decrease in nanoparticle uptake is measured after 24 h of IFN-
y incubation. It is the only time point in our series of measurements that
shows a significant decrease in uptake as a consequence of IFN-y treat-
ment. Particle uptake increases again with extended IFN-y incubation
times. After 30 h, no significant difference can be measured compared to
the untreated sample. When the IFN-y incubation time is increased
further, the IFN-y effect is even reversed. Thus, after 48 h of incubation
with IFN-y, we were able to measure a significant increase in particle
uptake compared to untreated cells. In summary, like the IFN-y
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concentration, the IFN-y incubation time also has a major influence on
the effect strength and even on the ,direction’ of the IFN-y effect. A clear
maximum effect of [FN-y exists both in the time and the concentration
domain.

2.8. Impact of 25-hydroxycholesterol (25HC) on nanoparticle uptake
quantity into rMCs

As the 25 HC concentration of cell membrane is increased due to an
IFN-y treatment we investigated if it had an effect on cRGD-pNP uptake
into rMCs. When cells were supplemented with 25 HC the uptake of
cRGD-pNP dropped significantly (Fig. 7). The outcome demonstrates
that 25 HC could play a decisive role in the mechanism of the IFN-y
effect.

3. Discussion

We found that IFN-y causes a reduction of cRGD-decorated

4000 Fovovows
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cRGD cRGD + 25 HC

Fig. 7. Effect of 25HC on the uptake of cRGD functionalized polymer
nanoparticles into untreated (green bar) and 25-hydroxycholesterol
(25HC) pre-treated (red bar) rMCs. Ordinate (APC-A geoMean fluorescence
intensity [a.u.]): quantity of endocytosed nanoparticles; Abscissa (treatment).
Nanoparticle concentration was 2 nM, IFN-y concentration was 100 IU and IFN-
y incubation time was 24 h. The green bar represents the uptake quantity of
cRGD-pNP into rMC in untreated cells, the red bar into 25HC pre-treated cells.
wk — P value < 0.0001; *** = P value < 0.001; ** = P value < 0,01; * =P
value < 0,05; ns = P value > 0,05.
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Fig. 6. Influence of the interferon gamma concentration and the interferon gamma incubation time on the IFN-y-effect. Ordinate (APC-A geoMean fluo-
rescence intensity [a.u.]): quantity of endocytosed nanoparticles; Abscissa (treatment). The diagrams show the uptake of cRGD polymer particles according to the
IFN-y concentration A) and the IFN-y incubation time respoectively B). For Fig. A the incubation time in each case was 24 h. For Fig. B the IFN-y concentration was
100 IU/ml. **** = P value < 0.0001; *** = P value < 0.001; ** = P value < 0,01; * = P value < 0,05; ns = P value > 0,05.
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nanoparticle endocytosis by rMC target cells. Furthermore, in co-
cultures of target with off-target cells, we observed a reduction of
nanoparticle tropism, defined as the capacity of functionalized nano-
particles to differentiate between target- and off-target cell, in response
to pre-incubation with IFN-y. The results indicate that the “cellular pa-
rameters” [FN-y concentration and IFN-y incubation time have a pro-
nounced effect on nanoparticle uptake, whereas the “particulate
parameters” nanoparticle type and targeting ligand have only a minor
influence on the IFN-y effect.

IFN-y effects previously ascribed to cholesterol depletion [20] must
be revised, since additionally experiments in which we depleted
cholesterol out of the cell membrane lead to an increased nanoparticle
uptake (data not shown). Our findings suggest, that the observed IFN-y
effect could be attributed to the pronounced influence of 25-hydroxy-
cholesterol (25HC) on membrane properties. Prior literature as well as
our investigation [20] shows that IFN-y promotes the oxidation of
cholesterol to 25HC in the cell membrane via activation of cholesterol
25-hydroxylase (CH25H). Experiments that increased the 25HC content
of cell membranes (Fig. 7), led to a significant reduction in nanoparticle
uptake. The diminution of nanoparticular uptake by 25HC is substantial
and comparable to the reduction of the nanoparticle uptake following an
IFN-y pre-treatment. Literature points at two additional pathways by
which 25HC could diminish nanoparticle uptake into target cells. First,
25CH prevents the fusion of viral nanoparticles with the target cell
[26-29]. This can be attributed to altered membrane properties and
could apply to nanoparticles as well. Second, 25HC was found to reduce
the affinity of peptide ligands and the cell membrane [33]. Due to the
virus-mimetic nature of our peptide coated nanoparticles, the effect of
IFN-y could also base on this mechanism. In summary our experiments
strongly suggest that the antiviral and uptake-reducing effects of HC25
described in the literature for viruses [26,28-31] is of high relevance for
nanoparticle systems. [FN-y triggers a variety of other mechanisms and
effects on cells, which could contribute to the IFN-y effect on NP uptake.
For example, it is known that an IFN-y treatment results in the arrest of
cells at the G1/S checkpoint via an induction of cyclin-dependent kinase
(CDK) inhibitors [32-34]. However, Kim et al. [35] reported that the
influence of the cell cycle phase on nanoparticle uptake is primarily
caused by cell division and is only significantly different after 28 h of
continuous particle incubation. Since our experimental conditions
remain far below this time frame it cannot explain the observed IFN-y
effect. We investigated also the aspect of passive uptake at 4 °C (sup-
plementary information section). In the presence and absence of IFN-y,
the NP internalization was significantly different, but on a very low level
of 5 % of the active uptake by cells at 37 °C. From this we concluded that
the passive uptake has essentially no effect of the IFN-y effects we
measured.

In agreement with our tropism-transfer hypothesis the results of our
study strongly suggest that the effects of IFN-y on viruses described in
literature [11-14,16-19] also apply to nanoparticles. The reduced
tropism of nanoparticles caused by IFN-y could be critical for the use of
virus-mimetic nanoparticles and for nanoparticle therapy in general. As
previously described, many nanoparticle therapy concepts are about
targeting specific tumors. Since some tumors exhibit increased IFN-y
release compared to healthy tissue [21,22], our results suggest a central
importance of our findings for tumor therapy. The benefit of function-
alized nanoparticles in relation to non-functionalized nanoparticles, in
particular their tendency to accumulate in target tissue, may be dimin-
ished in the presence of interferon gamma. Our results show that the
effect depends on the cell type, necessitating examination of IFN-y ef-
fects on target cells for nanoparticle therapies. Further findings that the
IFN-y effect can be minimized after a long IFN-y incubation period or at a
high IFN-y concentration might be utilized in nanoparticle therapy as
well. It is conceivable to achieve increased bioavailability by a better
understanding of the IFN-y effect.

The findings of our investigations are not limited to tumor therapy
since all nucleated cells can react to IFN-y [21]. Furthermore it is well
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known that IFN-y is released in in the case of inflammatory diseases such
as atherosclerosis, obesity and in the presence of pathogens or chemicals
[36-41]. However, increased IFN-y release is also observed under
certain pharmacotherapies. For instance, cells of the respiratory tract
secrete higher amounts of IFN-y during asthma therapy with predniso-
lone [42]. In some cases, IFN-y is directly administered during clinical
therapy of tuberculosis and some types of cancer [43]. Furthermore the
combination with IFN-« in the treatment of chronic hepatitis B [44] is
investigated in clinical studies. The findings can be used to make future
nanoparticle therapies more efficient and minimize side effects. How-
ever, further research is required to utilize the findings in practice.

It is well known that in addition to IFN-y other interferons and cy-
tokines influence virus cell interactions. Interferons such as [FN-o/p and
tumor necrosis factors (TNF) have a particular influence on viral tropism
[16,45-48]. Further studies could investigate the extent to which
IFN-o/p, IFN-A and TNF-o influence nanoparticle biodistribution.
Interesting in this context is the current work of Scott G Tilden et al.,
which describes a possible reduction in off-target cell accumulation
caused by IFN-A, which is induced by the anti-viral innate immune
response to virus-mimetic nanoparticles [49]. A synergistic influence of
the pro-inflammatory cytokines on inflammatory tissue damage could
be shown in the context of a SARS-CoV-2 infection [50]. Future research
will have to clarify the extent to which this synergism applies to nano-
particle systems.

4. Conclusion

Overall, we can confirm our tropism-transfer hypothesis, that the
effect of IFN-y on viruses regarding their preferential uptake by target
cells also applies to nanoparticle systems in general. It was shown that
the effects apply broadly, albeit to varying intensities. Our results
demonstrate that IFN-y affects nanoparticle-cell interactions in a variety
of ways. Thus, in the physiological range of IFN-y incubation time and
IFN-y concentration, the tropism of the nanoparticles is reduced and the
uptake into the target cells decreases. The strength of this effect depends
on factors such as the particle concentration and the cell type to be
addressed by nanoparticle therapy. The particle system itself appears to
have less influence. We identified an altered 25HC content in the cell
membrane caused by an IFN-y pre-treatment as one of the main factors
of the IFN-y effect. In our view, further research on the effect of the
body’s own defense mechanisms against viruses on nanoparticles is
highly valuable and beneficial for nanoparticle development.

5. Materials and methods
5.1. Materials

For the synthesis of the polymers, cRGD-PEGyk-PLAjgk, CY5-
PLGA12x, MeO-PEGok-PLA1gk, COOH-PEGo-PLA o we use: ¢ (RGDfK)
synthesised by (Synpeptide, China), Carboxy-PEGyk (JenKem Technol-
ogy, United States), Methoxy-PEGok (Sigma-Aldrich, United States),
PLGA;2x-COOH=Resomer® RG 502 H, Poly (D,L-lactide-co-glycolide,
acid terminated, Mw 7000-17,000 (Sigma-Aldrich, United States), CY5-
NH; (Lumiprobe, Germany), 1,8-Diazabicyclo [5.4.0]Jundec-7-ene
(DBU), N-Hydroxysuccinimide (NHS), N-(3-Dimethylaminopropyl)-N'-
ethylcarbodiimide hydrochloride (EDC), 2-(1H-Benzotriazole-1-yl)-
1,1,3,3-tetramethyluronium  hexafluorophosphate ~ (HBTU), 3,6-
Dimethyl-1,4-dioxane-2,5-dione, N,N-Diisopropylethylamine (DIPEA),
SpectraPor®1 Dialyse Membrane-Standard RC Tubing 6-8 kD (Spec-
trum Laboratories, Inc., United States). The upconcentration of the
nanoparticles was realised with Microsep Advance with 30k Omega 24/
pk (Pall, United States). CellTracker™ Green (Invitrogen™, Thermo
Fisher Scientific, United States), 4',6-Diamidino-2-phenyl-indol -dihy-
drochlorid (DAPI) (Sigma-Aldrich, United States) and 3,3-Dio-
ctadecyloxacarbocyanine Perchlorate (DiO) (Invitrogen™, Thermo
Fisher Scientific, United States) was used for staining the cells. For the
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cell culture we used Endothelial Cell Growth Medium MV (PromoCell
GmbH, Germany), RPMI-1640 Medium (powder, with L-glutamine,
without sodium bicarbonate) (Sigma-Aldrich, United States), Minimum
Essential Medium Eagle (EMEM) (with Earle’s salts, L-glutamine and
non-essential amino acids, without sodium bicarbonate, powder)
(Sigma-Aldrich, United States), Insulin-Transferrin-Selenium 100X (ITS)
(Gibco™, Thermo Fisher Scientific, United States), Fetal bovine serum
(South America Origin) (FBS) (Batch number: P201004, PAN-Biotech,
Germany), Trypsin 0,25 %/EDTA 0,02 % in PBS w/o Calcium and
Magnesium (Trypsin) (PAN-Biotech, Germany). Further we used Dul-
becco’s Phosphate Buffered Saline (DPBS), Leibovitz’s L-15 Medium
both from (Gibco™, Thermo Fisher Scientific, United States), Endothe-
lial Cell Basal Medium MV (prf) (PromoCell GmbH, Germany), Hydro-
cortisone (Sigma Aldrich, United States), Interferon y (INF-y), Rat
(GenScript, United States). The Milli-Q® EQ (7000) device provided the
millipore water. Octamethylcyclotetrasiloxane (OMS) (Sigma-Aldrich,
United States) was used as a lipophilic standard for cholesterol
quantification.

5.2. Methods

5.2.1. Polymer synthesis
The syntheses of the polymers have already been published [7,51]
therefore the procedures will only be described in brief:

5.2.2. Synthesis of COOH-PEGax-PLA 10

In the initial step, 3 g 3,6-dimethyl-1,4-dioxane-2,5-dione was pu-
rified from possible residual water by recrystallisation in 6 ml ethyl
acetate (85 °C) and dried for 12 h under vacuum. 348 mg (mol) COOH-
PEGk-OH was dried under vacuum for 12 h at 40 °C while stirring the
melt in a round bottom flask with a magnetic stirrer. The dried COOH-
PEGyk-OH was dissolved in 10 mL of anhydrous DCM. 1666 mg 3,6-
dimethyl-1,4-dioxane-2,5-dione and 573 pl 1,8-diazabicyclo [5.4.0]
undec-7-ene were added to the solution. The reaction mixture was
stirred in a round bottom flask for exactly 1 h before quenching with
351 mg benzoic acid. The mixture was precipitated in 200 ml ice-cold
diethyl ether. The copolymer was dissolved in 1 ml acetonitrile and
then precipitated again in 200 ml ice-cold diethyl ether. The dissolution
and precipitation step were repeated one more time before the copol-
ymer was dried under vacuum for 12 h at 40 °C-45 °C.

5.2.3. Synthesis Of MeO-PEGZK-PLA10K

The synthesis of MeO-PEGyk-PLA; o was performed as COOH-PEG k-
PLA;ok synthesis, with the difference that 325 mg MeO-PEGyk-OH was
used instead of 348 mg COOH-PEGyk-OH.

5.2.4. Synthesis Of CRGD-PEGZK-PLA10K

99 mg of 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC),
60 mg of N-Hydroxysuccinimide (NHS) and 310 mg of PLA10k-PEG2k-
COOH were added to a glass vial, dissolved in 1 mL anhydrous DMF and
stirred for 3 h at room temperature. To quench the reaction, 72 pl of 2-
mercaptoethanol was added to the mixture and stirred at room tem-
perature for further 15 min 19 mg cRGDfK, dissolved in 500 pl anhy-
drous N,N-Dimethylformamide 99.8 % (DMF) and 54 pl N,N-
diisopropylethylamine (DIPEA) was added and stirred for 48 h at room
temperature. The product was dialyzed against millipore water using a
dialysis membrane standard RC Tubing 6-8 kD for 24 h. Millipore water
was exchanged after 0.5, 1, 2, 4 and 6 h. The solution was lyophilized for
5 days.

5.2.5. 9,10-Phenanthrenequinone assay (PCA-assay)

The PCA-assay was performed to quantify the coupling efficiency of
cRGDfK to the polymer. 10 mg cRGDfK were dissolved in 10 mL milli-
pore water (stock solution). 300 pL of a cRGD-PEGk-PLA; ¢k solution in
acetonitrile at a concentration of 10 mg/mL was dropped into 2.7 mL of
Millipore water and stirred (800 rpm) at room temperature for 3 h
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(Sample solution). 300 pL PLA;k-PEG2k-COOH with a concentration of
10 mg/ml in acetonitrile was added dropwise into vigorously stirring
(800 rpm) solution of 0.14 mL of cRGDfK stock solution and 2.56 mL of
Millipore water. The solution was stirred at room temperature for 3 h
(Standard solution). The standard solution had a concentration of cRGD
referring to 100 % coupling efficiency of cRGDyK-PEG2k-PLA10k syn-
thesis. For recording a calibration curve 250 pL of this standard solution
were pipetted into Eppendorf tubes and diluted with Millipore water to
obtain dilutions referring to 100 %, 75 %, 50 %, 25 % and 0 % coupling
efficiency. 250 pL of each dilution and sample were pipetted in tripli-
cates into Eppendorf tubes. The final working solutions were obtained
adding 125 pL of a mixture of 6 parts of a 9,10-phenanthrene quinone
solution (150 pM in ethanol) with one part of 2N NaOH. 875 pL of
working solution were added to each of the prepared Eppendorf tubes
and incubation at 60 °C for 3 h. An aliquot of 125 pl was taken from each
Eppendorf tube and mixed with 125 pl of a 1N HCI. The samples were
transferred into black 96 well plate and stirred with an orbital shaker at
room temperature for 1 h at 125 rcf. The fluorescence was measured by
exciting at 312 nm and measuring the emission at 395 nm. To create the
calibration curve, the emission was plotted against the coupling effi-
ciency in %. The coupling efficiency was determined from the emission
of the sample. The PCA-assay for the LNC nanoparticles was performed
after preparation and functionalization in the same way as for the
polymer nanoparticles. The evaluation of the PCA-assay was attached to
the supplementary information section.

5.3. Polymer characterization

5.3.1. Synthesis of CY5-PLGA

1 mg CY-5-NH2, 184 mg Resomer® RG 502 H, Poly (D,L-lactide-co-
glycolide, acid terminated, Mw 7000-17,000 (PLGA12x-COOH) and 12 mg
O-(Benzotriazol-1-y1)-N,N,N’,N’-tetramethyluronium-hexafluorophosphat
(HBTU) were dissolved in as little DMF as possible. 11 pL N,N-Diisopro-
pylethylamin (DIPEA) was added and the mixture was stored in the
refrigerator overnight at —20 °C, protected from light. The mixture was
added dropwise into 45 ml of ice-cold diethyl ether and the precipitate spun
down by centrifugation at 3000 rpm. The supernatant diethyl ether was
decanted, and the precipitate was dried in a nitrogen stream. The dry
product was dissolved in 5 mL acetonitrile and precipitated again in ice-
cold diethyl ether. The process was repeated until the diethyl ether su-
pernatant is no longer blue, but at least 3 times. The product was dried in
under vacuum at room temperature for 24 h.

5.3.1.1. Polymer nanoparticle preparation. The polymer nanoparticles
were produced by dropwise addition of polymer solution into vigorously
stirring solution of 10 % PBS. The composition of the polymer solution
for each nanoparticle is shown in Table 1. The concentration of the stock
solution of each component was 10 mg/ml (in acetonitrile).

The solution was stirred for 3 h at 800 rpm. The particles were
ultracentrifuged (Microsep®Advance centrifugation filter 30k) at 3000
rcf for 30 min 1 ml of Leibovitz’s L-15 medium was added to the
concentrated particles. The particles were measured using nanoparticle
tracking analysis and adjusted to the respective concentration with
Leibovitz’s L-15 medium.

5.3.1.2. Lipid nanocapsules (LNCs) preparation. The LNC preparation
and functionalization has already previously been published [52]. In
short: approximately 4000 mg of Kolliphor® HS 15 was weighed into a
Falcon tube and mixed with Millipore water to produce a 40 % (m/m)

Table 1
Particle CY5-PLGA [pl] PLA;0k-PEG2-MeO [ul] PLA;k-PEG2k-cRGD [pl]
cRGD-NP 90 X 210
MeO-NP 90 210 X
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solution. To obtain a clear solution, the mixture was heated briefly to
50 °C. 887 mg of the resulting Kolliphor® HS 15 solution, 30 mg 1,2-dio-
leoyl-sn-glycero-3-phosphocholine (DOPC), 415 mg Miglyol 812, 12 mg
of a 1 % NacCl solution (m/m) in Millipore water, 656 mg Millipore water
and 2 mg 3,3-Dioctadecyloxacarbocyanine Perchlorate (DiO) were
weighed into a glass vial with plastic lid. The mixture was heated to
90 °C under stirring at 300 rpm. Next, the solution was cooled down to
60 °C. This process of heating and cooling was repeated two more times.
The stirring speed was increased to 700 rpm during the last cooling cycle
and 5 mL Millipore water were added at a temperature of 78 °C (the
solution must still be clear). After addition of water, the mixture was
stirred for another 5 min. The spontaneously forming LNCs were filtered
with a 0.2 pm RC syringe filter and stored protected from light at room
temperature. The LNCs were characterized using nanoparticle tracking
analysis.

5.4. Functionalization of lipid nanocapsules (LNCs)

A cRGDSC stock solution was prepared in Millipore water with a
concentration of 1 mg/mL. DSPE-PEGy-Mal and DSPE-mPEGy, were
each dissolved in DPBS to obtain a stock solution with a concentration of
12 mg/mL 80 pL cRGDfC stock solution, 201 pL DPBS and 16.94 pL
DSPE-PEGgg-Mal stock solution were pipetted into an Eppendorf tube
(Tube 1). 281 y L DPBS and 16.16 pL of the DSPE-mPEG stock solution
to were added in another Eppendorf tube (Tube 2). Tube 1 and 2 were
shaken under exclusion of light for 2 h at room temperature. 21.5 pL of
LNC solution was added to both tubes before shaking the samples for
further 3 h at 37 °C under light exclusion. The samples were cooled for 5
min in water with a temperature below 5 °C. For the purification of the
functionalized LNC solutions, the samples were each placed in a
Microsep®Advance centrifugation filter 30k, diluted with 4 ml DPBS
and centrifuged at 1500 g for 15 min. The filters were refilled with 4 ml
DPBS and centrifuged again with the same settings. The functionalized
LNCs were measured using nanoparticle tracking analysis.

5.5. Nanoparticle tracking analysis (NTA)

We characterized the hydrodynamic diameter and the size distribu-
tion of polymer nanoparticles and LNCs via nanoparticle tracking
analysis (NTA) using a NanoSight NS300 (Malvern Panalytical, United
Kingdom). For a measurement, we diluted the respective nanoparticle
sample 1:10000 with Millipore water. The samples were injected into
the system with a syringe and a flow cell was used for the measurement.
We measured with the following capture settings: screen gain: 2; camera
level: 16; number of captures: 3 (N = 3) and with a capture duration of
60 s. The settings for the process were set to a screen gain of 10 and a
detection threshold of 3. The Polydispersity Index (PDI) can be calcu-
lated from the measurement data by squaring the quotient of the stan-
dard deviation and the mean of the hydrodynamic diameter. (The results
of the NTA measurements are attached to the supplementary informa-
tion section).

5.6. Characterization of PLA1gx-PEGay block copolymers with TH NMR

H NMR spectra were taken on a Bruker Avance-400 or Avance-500
NMR spectrometer (Bruker). 20 mg of each sample were dissolved in
700 pL CDCl3 (Chloroform-d) and transferred to a NMR Tube (Deutero
GmbH) for the measurement. By integrating signals with the TopSpin
software 4.0.8 (Bruker Corporation, Billerica, MA, USA), the numerical
average molecular weight of the PLA;k-PEGyk block copolymers was
calculated. The number of oxyethylene units in the PEG chain was
calculated by dividing the molecular mass specified by the manufac-
turer, by the molecular mass of the repeating units (44.03 g/mol). Since
oxyethylene contains four protons (-OCH2CHg2-) a 2 kDa PEG (PEGyy)
chain contains 182 protons. The ratio of the polyethylene glycol (PEG)
signal integral divided by 182 served as a calibration to calculate the
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number of monomers in the polylactic acid (PLA) chain of the block-
copolymer. To this end the integral of the PLA signal was determined
and calculated as number of protons. PLA shows two relevant peaks in
an 'H NMR spectrum. The first peak (~CHs) was located at about 1.6
ppm and the second peak (-CH-) at 5.2 ppm. The number of monomers
in the PLA chain was calculated as the sum of the signal integrals (Appa
cus and Appa cy) divided by the respective number of protons (Equation

(1).

APLA CH3 + APLA CH

Number of PLA units = 3 )

(Equation 1)

The entire molecular mass of the PLA;ox-PEG2x block copolymer was
calculated by multiplying the mean number of PLA units by the mo-
lecular weight of a single PLA repeating unit (72.06 g/mol), which yields
the molecular mass of the PLA chain. To this was added the molecular
weight of the PEG chain. Represented in equation (2) below.

72.06 -5 + M(PEG)
mol

Apra cHy + Apra cH

M(PLA — PEG) = —2 1 (Equation 2)

The 'H NMR spectra of the MeO- and COOH- PLA;-PEGy block
copolymers are attached to the supplementary information section.

5.7. Cell culture

5.7.1. General information

Rat mesangial cells (rMC) were cultivated on RPMI-1640 Medium
supplemented with 10 % (v/v) FBS, 1 % (v/v) ITS and 100 pM hydro-
cortisone (rMC-medium). We used Minimum Essential Medium Eagle
(EMEM) for the HeLa cells and Endothelial Cell Growth Medium MV for
the HDMECs. For all experiments, we used always rMCs in the 78th
passage/HDMECs in the 5th passage and HeLa cells between the 40th
and 50th passage. The cells were always 80 %-90 % confluent (T75
flask) at the time of the experiment/preparation for the experiment.
Interferon was supplemented 24 h after cell seeding.

5.7.2. Detachment of the cells

First, the cells were washed with pre-warmed DPBS and then de-
tached from the bottom of the cell culture plate with trypsin (5 min,
37 °C, 5 % CO2). The cell suspension was mixed with twice the amount
of the respective cell medium to neutralize the trypsin that had previ-
ously been added. The suspension was then transferred to a falcon tube
and centrifuged at 200 rcf for 5 min. The supernatant was aspirated, and
the cells were resuspended in the respective cell medium.

5.7.3. Cell staining for flow cytometry

In the case of co-culture experiments, it was necessary to stain a cell
species to be able to distinguish the cells in the flow cytometry. There-
fore, we stained the rMCs with CellTracker Green (CTG). To this end 50
pg CTG were dissolved in 11 pL anhydrous DMSO. The solution was
pipetted into 10989 pl rMC-Medium without FBS (staining solution).
The rMCs were detached as described and resuspended in the staining
solution after aspiration of the supernatant. The cell suspension was
pipetted into a Petri dish, covered with aluminium foil, and stirred for
50 min at 37 °C and 5 % CO» (50 rpm). Subsequently, the cell suspension
was transferred to a Falcon tube and centrifuged at 200 rcf for 5 min. The
supernatant was removed, and the cells were resuspended in DPBS. The
cells were centrifuged again at the same settings and the supernatant
was aspirated again. The rMCs were resuspended in rMC medium.

5.7.4. Cell staining for confocal microscopy

For confocal microscopy, cell nuclei were stained with DAPI and the
cell membrane respectively the lipophilic intracellular structures with
DiO. For this, a DiO stock solution was prepared by dissolving 1.76 mg
DiO in 0.5 mL DMSO and adding the same volume of ethanol. For a
better solubilization of DiO, the mixture was heated to 55 °C. 2.5 pl of
the DiO stock solution was diluted with 997.5 pL of DPBS to prepare the
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final DiO solution for staining. For staining the cell nuclei, 10 pL DAPI
were mixed with 990 pL DPBS. The cells were fixed with 250 pL of 4 %
paraformaldehyde solution for 10 min before staining. After fixation, the
cells were washed 3 times with DPBS (250 pL) and then incubated with
250 pL DiO solution for 15 min at room temperature in the absence of
light. Before nuclei staining, the cells were washed again 3 times and
then incubated with 250 pL DAPI solution for 10 min in the absence of
light at room temperature. After DAPI staining, the cells were washed
again 3 times and stored over DPBS in the dark at 4 °C.

5.7.5. Cell counting

For the cell counting and setting the number of cells of the respective
experiments, we used a Neubauer improved cell counting chamber (Paul
Marienfeld, Germany).

5.7.6. Interferon treatment

The 100 IU/ml interferon gamma working solution was prepared by
adding 1.1 pL interferon stock solution (1.0%10° IU interferon gamma in
1 ml DPBS) to 11 mL of the respective cell medium. The 500 IU/ml and
1000 IU/ml interferon gamma working solutions were prepared by
adding 5.5 pL and 11 pL respectively of the interferon stock solution to
11 mL of the respective cell medium. After a 24-h growth period, the
medium above the cells was aspirated and replaced with 500 pL per well
of the respective interferon-containing cell medium. In the case of the
control group, the medium was also aspirated but replaced with the
respective interferon-free cell medium. This was done to exclude a
possible alteration of the results by changing the medium. The interferon
incubation time varied between the trials.

5.7.7. Enhancement of the 25-hydroxycholesterol (25HC) content of the
cell membrane

Enhancement of the 25-hydroxycholesterol (25HC) content in the
cell membrane was done in analogy to increasing the cholesterol content
in the cell membrane, which was extensively published [53]. Therefore,
only a brief mention will be made:

25 mg of 25HC were weighed in a glass vial and dissolved in 1 mL of
a chloroform/methanol (1:1 v:v) solution. 100 pL of this 25HC solution
were heated in a glass vial to 80 °C to evaporate the solvents. Methyl-
B-Cyclodextrin (MBCD) was dissolved in serum free RPMI medium to
obtain a 5 mM MPCD solution. 5.18 mL of the MBCD solution were added
to the 25HC solid. To dissolve the 25HC, the mixture was sonicated for
10 min in cycles of 8 s with 4 s of switched-on ultrasonic bath and 4 s of
switched-off ultrasonic bath. The clear 25HC/MfCD solution was vor-
texed intensely for 5 min. The preparation was warmed up to 37 °Cin a
water bath, before 300 pL of the solution was added for 30 min to each
well of a 24 well plate to enrich the cell membrane with 25HC.

5.8. Flowcytometry

Flow cytometry was used to quantify nanoparticle uptake into cells.
To distinguish in the co-culture between the rMCs and the HeLa cells in
the flow cytometry, we stained the rMCs with CellTracker Green. We
coupled Cy5, a red fluorescence dye, to the PLGA block of our polymeric
nanoparticles and we stained the LNCs with DiO, a lipophilic fluorescent
dye to be capable to measure the uptake ratio of our nanoparticle by the
flow cytometry. For analysis the BD FACSCanto™ II and the BD

Table 2
Parameters used for the determination of LNC uptake via
FACS.
Parameter Voltage
Forward scatter (FCS) 0
Sideward scatter (SSC) 150
FITC detector setting 370

APC detector setting 350
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LSRFortessa™ cell analyzer (both BD Biosciences, United States) were
used. Samples were always measured in triplicate (n = 3) using the
parameters shown in Tables 2 and 3 for LNCs and polymer nanoparticles
respectively.

Cells were seeded into 24- or 96 well plates at 80 %-90 % con-
fluency. INF-y was added to the cells at the earliest 24 h after seeding to
ensure attachment of all cell lines used. Before the particle solution was
added to the cells, they were washed 3 times with 300 pl DPBS per well.
Each well was then incubated with 300 pl of pre-warmed (37 °C) par-
ticulate solution for 75 min (polymer nanoparticle concentration: 0.1
nM and LNC concentration: 1 nM). After incubation, the solution of
particles was removed, and each well was washed 3 times with 300 pL of
pre-warmed DPBS (37 °C). To detach the cells, 200 pL of trypsin 0.25 %
was pipetted into each well after aspiration of the supernatant. The
plates were then kept for 5 min in the incubator (37 °C, 5 % CO»).
Complete detachment of the cells was verified using a light microscope.
500 pL of cell medium was pipetted into each well of the cell-trypsin
suspension. In the case of using tubes for measurement, the cell sus-
pension was transferred into a 2 mL Eppendorf tube (each well into an
Eppendorf tube) and centrifuged (200 rcf, 5 min, 4 °C). The supernatant
was aspirated, and the cells were resuspended with cold DPBS (4 °C) in
the Eppendorf tube and centrifuged with the same settings. The super-
natant was removed again, and the cells were resuspended once more in
300 pL cold DPBS. Prior to the measurement, the cell suspension was
then pipetted into a 5 mL tube (75 * 12 mm, PS) (Sarstedt, Germany). In
the case of using a BD High Throughput Sampler (HTS) (BD Biosciences,
United States), 200 pL of the cell suspension was pipetted into a 96 well
plate. The cell suspension from one well of a 24 well plate was trans-
ferred to 3 wells of the 96 well plate. The 96 well plate was measured
using the HTS unit. Depending on the investigated nanoparticles, the
voltages of the detectors used are specified in the subsequent table.

5.9. Confocal microscopy

The information about the location of the nanoparticles in cells was
obtained by confocal microscopy. cRGD-/MeO-polymer nanoparticles
and cRGD-/Meo-LNCs were used for confocal microscopy. Cells were
incubated with polymer nanoparticles at a concentration of 0.75 nM and
lipid nanocapsules of 1 nM respectively. Polymer nanoparticles were
stained with CY5 to make them visible, LNCs were stained with DiO. To
achieve 80 %-90 % confluency, 1250 rMCs, 6500 HeLa cells and 10000
HDMECs were seeded per well (p-Slide 8 Well ibiTreat) (Ibidi GmbH,
Germany). Optionally, cells were IFN-y treated 24 or 48 h before cell
fixation (see cell staining for Confocal microscopy). Z-stack images were
taken to identify whether the particles were taken up by the cells or
attached to their surface. Zeiss LSM 710 (Carl Zeiss AG, Germany) was
used for our investigations.

5.9.1. Cell viability determined by MTT assay

The wuse of the 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenylte-
trazoliumbromid (MTT) assay is a widely used method for determining
cell viability [54-56]. In brief: In a 96 well plate, 2500 cells were seeded
in 100 pL RPMI (+10 % FBS, +HC, +ITS) medium per well. The outer,
peripheral wells were filled with PBS for evaporation protection. After
24 h of incubation, the supernatant was aspirated. 100 pL of the
respective nanoparticle dispersion or medium (with or without IFN-y)

Table 3
Parameters used for the determination of polymer
nanoparticle uptake via FACS.

Parameter Voltage
FCS 0
SSC 150
FITC detector setting 250
APC detector setting 350
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were pipetted into the wells (n = 6). Untreated cells were used as “100 %
control” and 0,1 % SDS in RPMI medium treated cells were used as
positive control. The cells were incubated for further 24 h 3.75 mL MTT
stock solution (19.36 mg MTT dissolved in 7.74 mL PBS and sterile
filtered) was mixed with 10.9 mL RPMI medium and 0,4125 mL FCS to
obtain the MTT working solution (0.625 mg/mL MTT as final concen-
tration). The cell distribution and cell morphology were assessed by
microscopy. After aspiration of the medium, 200 pL. MTT working so-
lution was added to the cells and incubated for 3 h at 37 °C. The su-
pernatant was then carefully aspirated and 100 pl of a 10 % SDS in PBS
solution was added to the cells. The plates were sealed tightly with
Parafilm and incubated overnight in the absence of light. The plates
were then gently moved and measured at 570 nm and 690 nm (ab-
sorption and transmission). For further information see supplementary
information section.

5.10. Data analysis

The raw flow cytometry data acquired with BD FACSCanto ™II and
BD LSRFortessa™ cell analyzer (both BD Biosciences, United States) was
analyzed with the Flowing Software (v2.5.1, Cell Imaging and Cytom-
etry Core, Turku Bioscience Centre, Turku, Finland, with the support of
Biocenter Finland).

The data from the confocal microscope was edited and processed
using the ZEN blue software (Version 3.6.095.01000, Carl Zeiss Micro-
scopy GmbH, Germany).

5.11. Statistical evaluation

Depending on the experimental design, a one-way ANOVA or two-
way ANOVA was conducted via GraphPad Prism 8.0.1 software. The
alpha level was defined as 0.05 for each statistical evaluation. The P
value was determined as follows: **** = P value < 0.0001; *** = P
value < 0.001; ** = P value < 0,01; * = P value < 0,05; ns = P value >
0,05.
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