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Abstract

While the primary purpose of radiotherapy (RT) is the elimination of cancer cells by inducing DNA-damage, considerable evidence
emerges that anti-neoplastic effects extend beyond mere tumor cell killing. These secondary effects are based on activation of dendritic
cells (DCs) via induction of antitumoral immune reactions. However, there is an ongoing debate whether or not irradiation of the DCs
themselves may negatively affect their maturation and functionality. Human monocytes were irradiated with different absorbed doses
(1 × 15 Gy relative biological effectiveness (RBE), 5 × 2 Gy (RBE), 1 × 0.5 Gy (RBE)) with photons, protons and carbon ions.
Differentiation and maturation of DCs were assessed by staining of corresponding cell surface molecules and functional analysis of
irradiated DCs was based on in vitro analysis of phagocytosis, migration and IL-12 secretion. Irradiation of CD14-positive DCs did not
alter surface phenotypes of immature DCs and mature DCs. Not only differentiation, but also functionality of immature DCs regarding
phagocytosis, migration and IL-12 secretion capacity was not negatively influenced through RT with photons, protons or carbon ions as
well as with different dose levels. After proton irradiation migratory capacity of immature DCs was increased. Our experiments reveal
that phenotypic maturation of DCs remains unchanged after RT with different fractionations and after irradiation with particle therapy.
Unaffected functionality (phagocytosis, migration and cytokine secretion) after RT of DCs indicated possible persistent potential for
inducing adaptive immune response. Additional effects on the immunogenic potential of DCs will be investigated by further functional
assays.
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1. Introduction

Dendritic cells (DCs) are professional antigen-
presenting cells (APCs) which play a crucial role in
initiating tumor immunity. Immature DCs (iDCs) reside
in peripheral tissue, where they are activated and matured
upon encounter of pathogens. Phagocytosed antigens
such as bacteria, viruses or damaged (tumor) tissue are
processed by the immunoproteasome in the iDC and
ultimately presented as epitopes on major histocompat-
ibility complex (MHC) molecules expressed by the DC.
The so-called monocyte-derived dendritic cells (MO-DC)
are generated from human CD14+ monocytes which
eventually differentiate over immature monocyte-derived
DCs (iMO-DCs) [1–3]. Proinflammatory cytokines further
induce differentiation into mature monocyte derived
DCs mMO-DCs, which cross-present the antigen derived
epitopes to T-cells on MHC I molecules in associated

tumor-draining lymph nodes [2,4,5]. Through increased
release of tumor-associated antigens (TAA) and immune-
activating danger-signals (DAMPs) after RT, DCs are
recruited. Cross-presentation of TAA leads to activation
of cytotoxic T-lymphocytes, therefore playing a pivotal
role in adaptive immune response and immunogenic
cell death [6,7]. During this maturation process of DCs,
Interleukin-12 (IL-12) is produced and plays an important
role in the activation of natural killer cells and T lym-
phocytes [8,9]. The costimulatory molecules CD80 and
CD86 are increasingly expressed on the cell surface and
subsequent binding of CD80/CD86 molecule to the CD28
molecule expressed on T cells delivers, in addition to T-cell
receptor (TCR) engagement, the co-stimulatory signal for
successful T cell activation followed by clonal expansion
of the antigen-specific T cell population.
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Radiotherapy (RT) is one of the main pillars of on-
cological therapy. Primary purpose of RT is elimination of
cancer cells by inducing DNA-damage that either causes in-
duction of tumor cell death or inhibition of the proliferating
capacity of these cells in the high dose region. However,
considerable evidence emerges, that antineoplastic effects
extend beyond these mechanisms. Furthermore, controver-
sial data on the effects of radiation dose (low dose RT with
doses<1 Gy vs. high dose RTwith doses>1 Gy) as well as
fractionation can be found in the literature [10–12] and may
be of clinical interest, since the high dose region reflects the
irradiated tumor and/or lymphatic region, whereas the low
dose region reflects the surrounding tissue.

On the molecular level, high dose irradiation has been
shown to upregulate stress proteins, which can function as
neoantigens, activating APC on the one hand [13], but has
also been shown to massively kill blood cells, such as lym-
phocytes after whole-body irradiation in vivo [14,15] and
to reduce DC function in vitro [10]. Regarding low dose ir-
radiation, results are also controversial showing stimulated
expression of APC and increased IL-12 levels [16,17] but
also a decrease of T-cell proliferation due to reduced APC
and T-cell interaction [18]. Additionally, most of the DC-
mediated processes depend on their state of differentiation,
maturation and migration capacity, which might all be in-
fluenced by irradiation. These above-mentioned secondary
effects may have the potential to contribute to anti-tumor
responses in a local, but also systemic manner via activa-
tion of the immune system outside of the irradiated volume
(abscopal effects) [19,20].

Despite of the well understood physical aspects of par-
ticle therapy, radiobiology and its clinical relevance regard-
ing activation of the immune system are still scarcely under-
stood and we did not find any data describing direct effects
on immune cells like DCs. Particle therapy consists not
only of low-linear energy transfer (LET) RT with protons
but also heavier high-LET ions like carbon ions (C12). Al-
though often assumed to be a low-LET treatment, the LET
of protons is heterogeneous, with values up to 10 times that
of photons over the last 2 mm of the beam range (5 to 20
keV/um) at the edge of the spread-out Bragg peak (SOBP)
[21]. High LET has the potential to intensely damage cells
due to DNA damage and may therefore induce higher pro-
portions of cell death. These effects are well-known in tu-
mor cells and therefore we hypothesized that particle ther-
apy of dendritic cells might also decrease their function.

In this study we investigated for the first time the ef-
fects of different irradiation types (photon, proton and car-
bon ion RT) and dose concepts (low-dose, normofraction-
ated and hypofractionated/ablative RT) on the phenotype
and functionality of MO-DCs.

2. Methods
2.1 Isolation of PBMC and generation of MO-DCs

CD14+ monocytes were isolated from peripheral
blood mononuclear cells (PBMCs) from healthy donors ob-
tained from the Blutbank Mannheim by MACS® technol-
ogy using C14 MicroBeads (Miltenyi Biotec, Germany).
Isolated monocytes (5 × 106 cells) were cultivated in 5
mL MO-DC differentiation medium (RPMI 1640) supple-
mented with 250 IU/mL IL-4 and 800 IU/mL GM-CSF in
T25 flasks, and incubated at 37 ◦C and 5% CO2. On day
3, 5 mL of MO-DC differentiation medium was added to
the MO-DC cultures. On day 7, MO-DCs differentiation
medium (Miltenyi Biotec, Germany) was replaced by 5 mL
ofMO-DCmaturationmedium (Miltenyi Biotec, Germany)
(RPMI 1640 containing L-Glutamin and tumor necrosis
factor alpha (TNFα)). MO-DCs were harvested either on
day 7 or day 11 using ice-cold PBS 5 mM EDTA to detach
cells from the cell culture flask.

2.2 Irradiation
Photon irradiation was performed with a biological

cabinet x-ray irradiator (XRAD 320 Precision X-ray Inc.,
N. Bradford, CT, MO, USA) with 320 kV and 12.50 mA
and a 110 cGy/min dose rate at absorbed doses of 1 × 0.5
Gy (low dose RT) and 1× 15Gy (hypofractionated/ablative
RT) on day 0 and 5 × 2.0 Gy (normofractioned RT) on day
0–4. Proton and carbon ion (C12) irradiation were applied
using an extended Bragg Peak for cell culture flasks (30
mm) at Heidelberg Ion Beam Therapy Centre (HIT). Irra-
diation was performed using an active raster scanning tech-
nique with a horizontal beamline [22]. For protons an en-
ergy of E = 69.1–92.3 MeV/u with a LET = 3.9 keV/µm
(range: 3.0–8.5 keV/µm) was used. For carbon ions, an
energy of E = 1.56–2.12 GeV (specific energy of 129.8–
176.6 MeV/u) with a LET = 60 keV/µm (range: 45–175
keV/µm) was used. Both resulted in a 30 mm spread out
Bragg Peak (SOBP).

Since relative biological effectiveness (RBE)-values
are dose-dependent, biological dose estimations were made
according to the local effect model (LEM) IV in pre-
experimental calculations and a mean RBE of 1.2 for pro-
tons [23] and 2.5 for C12 [24]was used. Therefore, physical
absorbed doses of 1 × 0.42 Gy, 5 × 1.67 Gy and 1 × 12.5
Gy (RBE of 1.2) for protons and 1× 0.2 Gy, 5× 0.8 Gy and
1 × 6 Gy for C12 (RBE of 2.5) were applied on day 0–4.
Radiotherapy was performed at room temperature. Cell vi-
ability was measured on day 7 and 11 using LIVE/DEAD™
Fixable Yellow Dead Cell Stain Kit (Thermo Fisher Scien-
tific, MA, USA), Supplementary Fig. 1.

2.3 Phenotypic analysis
To investigate whether irradiated monocytes are able

to differentiate into DCs, we irradiated CD14-positive
PBMCs on day 0 (-4) with different radiation doses.
To analyze the differentiation to iMO-DCs and mMO-
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Fig. 1. Gating strategy. Cells are gated for alive cells (FSC-A vs. SSC-A) and single cells (FSC-A vs. FSC-H). The population of
HLA-DR+ cells was then used to determine the population with a high CD80 and CD86 co-expression. CD80+CD86+ cell population
is gated on CD83+ and CD209+ cells. Final gating parameters are: HLA-DR+CD80+CD86+CD83+CD209+ for mMO-DCs.

DCs, cells were labeled with specific monoclonal anti-
bodies for characteristic surface markers. Non-specific
binding was assessed using appropriate isotype controls.
Mean fluorescence intensity (MFI) was measured via flow
cytometry. Antibodies used were: CD14 PE, #clone
HB15e (eBiosciences); CD80 PerCP-eFlour710, #clone
2D10.4 (eBiosciences); CD83 PE, #clone HB15e (eBio-
sciences); CD86 Pacific blue, #clone GL-1 (Bioledgend);
CD209 PE-Cy7, clone# eB-h209 (eBiosciences); HLA-
DR APC, clone# L243 (Bioledgend). iMO-DCs were
defined as CD14−, C80+, CD83−, CD86−, HLA-DR+

CD209+, whereas mMO-DCs were defined as CD14−,
C80+, CD83+, CD86+, HLA-DR+, CD209+ following a
defined gating strategy (Fig. 1).

2.4 Functional assays
Different functional assays have been performed to

distinct timepoints. Fig. 2 gives an overview of the experi-
mental setup.

2.4.1 Phagocytosis assay
To analyze phagocytotic capacity of iMO-DCs

and mMO-DCs cells were incubated with Fluorescein
isothiocyanate-labled (FITC-labeled) Dextran (Sigma) (1
mg/mL) for 60 minutes at 37 ◦C. A control sample was kept
on ice (4 ◦C) to check for non-specific binding. Uptake
was measured analyzing the MFI (mean flourescence
intensity) of Fluorescein isothiocyanate (FITC) signal via
flow cytometry.

2.4.2 Migrational analysis
In order to analyze the migrational ability of iDCs,

modified Boyden chamber assays were performed: Poly-
carbonate membranes with 8-µm pores were coated with
0.5 µg/cm2 Collagen I (Corning, Bodenheim, Germany)
and stored overnight at 4 ◦C before the experiments. Next,
5 × 105 cells/mL were loaded into the upper chamber of
a 48-well modified microchemotaxis chamber (Multiwell
Chemotaxis Chamber, Neuro Probe, MD, USA). The lower
well contained cell culturemedium containing SDF-1α (0.1
µg/mL), as indicated. An 8-µm pore size polycarbonate

Fig. 2. Overview of the experimental setup. Radiation was per-
formed on the day of the CD14+ monocytes isolation, which was
defined as day 0. For the fractionated regimen with 5 × 2 Gy, ir-
radiation was done once daily on days 0–4, whereas for the single
fraction regimes, irradiation was performed only on day 0.

membrane separated the lower and upper chambers. Meth-
ods have been described in detail by our work group before
[25]. After 5 hours of incubation at 37 ◦C, transmigrated
iDCs on the lower chamber side were stained with methy-
lene blue and counted with a Leica DC300F microscope.
The number of invading cells was counted using a phase-
contrast microscope. Two fields were randomly selected
per well, and the number of the cells was recorded by an
investigator blinded to experimental set-up.

2.4.3 Cytokine measurements
Cell supernatants were harvested on day 11 from in

vitro culture experiment on generating CD14 derived MO-
DC. Cells supernatants were analyzed for IL-12 Cytokine
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levels using an IL-12 ELISA kit (Coud-Clone Corp, TX,
USA).

2.5 Statistical analysis
Data is displayed as means +/– standard deviations

(SD). Comparisons between two groups were performed
using Student’s t-test or Wilcoxon rank test (software:
SPSS 24, IBM Corporation, NY, USA). Asterisk in fig-
ures indicates statistical significance (p< 0.05) between the
respective samples and control (ctr) in black and for sam-
ples of same fractionation schemes between different RT-
techniques in grey.

3. Results
3.1 Irradiation of CD14-positive PBMCs does not alter
surface phenotypes of iMO-DCs and mMO-DCs

Irradiation of monocytes on day 0 with photons, pro-
tons and carbon ions mostly showed no significant change
in the expression profile of characteristic surface markers
of iMO-DCs (CD14−, CD209+, HLA-DR+) compared to
the untreated control on day 7. Only after 5 × 2 Gy (RBE)
proton irradiation, level of iMO-DCs was significantly in-
creased compared to untreated control and photon irradi-
ation (Fig. 2). Furthermore, the surface marker profile of
mMO-DCs (CD14−, CD80+, CD83+, CD 86+, CD209+,
HLA-DR+) on day 11 was not significantly different to the
untreated control (Fig. 3A,B).

3.2 Irradiated iMO-DCs maintain their phagocytic
capacity

Phagocytosis activity of MO-DCs was analyzed by
measuring the uptake of FITC-labeled Dextran by MO-
DCs. Uptake of FITC-labled Dextran by iMO-DCs was an-
alyzed at 37 ◦C culture condition. Incubation of iMO-DCs
with FITC-labled Dextran at 4 ◦C culture condition repre-
sents the condition of passive internalization of FITC-labled
Dextran by iMO-DCs following the biochemical process of
diffusion.

Uptake of FITC-labeled Dextran did not show signif-
icant differences between irradiated MO-DCs compared to
untreated MO-DCs. Moreover, no significant differences
between FITC-labeled Dextran uptake could be detected
within the three treatment groups (Photons/C12/Protons) of
irradiated MO-DCs (Fig. 4).

3.3 Migrational activity of iMO-DCs is not altered after
photon and C12 irradiation but increased after proton
irradiation

Migration of iMO-DCs was analyzed on day 7. Com-
pared to untreated control, migratory capacity was signif-
icantly decreased after 1 × 15 Gy photon and 1 × 0.5
Gy (RBE) C12 irradiation, although differences after C12
irradiation were small. However, treatment of CD14+
cells on day 0 with protons induced a significant increase
in the migratory capacity of iMO-DCs compared to the

Fig. 3. Effect of irradiation on the amount of iMO-DCs and
mMO-DCs. (A) Effect of irradiation on the amount of iMO-DC
generated from CD14+ cells. CD14+ cells were irradiated with
Photons: 1 × 0.5 Gy, 5 × 2 Gy, 1 × 15 Gy; Carbon Ions (C12)
1 × 0.5 Gy (RBE), 5 × 2 Gy (RBE), 1 × 15 Gy (RBE); Protons
1 × 0.5 Gy (RBE), 5 × 2 Gy (RBE), 1 × 15 Gy (RBE). iMO-
DCs were identified on day 7 of the maturation process using flow
cytometry. Frequencies of iMO-DCs are depicted as fold change
with respect to non-irradiated iMO-DCs (ctr). Analysis performed
using Student’s t-test (asterisk indicates statistical significance p
< 0.05) between the respective samples and control (crt) in black
and for samples of same fractionation schemes between different
RT-techniques in grey. All phenotypic assays were performed in
triplicates. (B) Effect of irradiation on the amount of mMO-DC
generated from CD14+ cells. CD14+ cells were irradiated with
Photons: 1 × 0.5 Gy, 5 × 2 Gy, 1 × 15 Gy; Carbon Ions (C12) 1
× 0.5 Gy (RBE), 5 × 2 Gy (RBE), 1 × 15 Gy (RBE); Protons 1
× 0.5 Gy (RBE), 5 × 2 Gy (RBE), 1 × 15 Gy (RBE). mMO-DCs
were identified on day 11 of the maturation process using flow
cytometry. Frequencies of mMO-DCs are depicted as fold change
with respect to non-irradiated mMO-DCs (ctr). All phenotypic
assays were performed in triplicates.

untreated control, irrespective of dose and fractionation
scheme (Fig. 5).
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Fig. 4. Measurement of phaygocytic capacity of iMO-DCs
measured on day 7 using FITC-labeled Dextran. CD14+

Monocytes were irradiated on day 0 with Photons: 1 × 0.5 Gy,
5 × 2 Gy, 1 × 15 Gy; Carbon Ions (C12) 1 × 0.5 Gy (RBE), 5 ×
2 Gy (RBE), 1× 15 Gy (RBE); Protons 1× 0.5 Gy (RBE), 5× 2
Gy (RBE), 1 × 15 Gy (RBE). Non-irradiated iDCs were used as
control (ctr). Uptake of FITC-labeled Dextran by iMO-DCs was
analyzed at 37 ◦C culture condition and 4 ◦C culture condition.
All phagocytosis assays were performed in triplicates.

Fig. 5. Effect of irradiation on migratory capacity of iMO-
DC. CD14+ cells were irradiated with Photons: 1 × 0.5 Gy, 5 ×
2 Gy, 1 × 15 Gy; Carbon Ions (C12) 1 × 0.5 Gy (RBE), 5 × 2
Gy (RBE), 1 × 15 Gy (RBE); Protons 1 × 0.5 Gy (RBE), 5 × 2
Gy (RBE), 1× 15Gy (RBE).Migration assay was performedwith
iMO-DCs on day 7 of the maturation process. Migrated iMO-DCs
are depicted as fold change with respect to migrated non-irradiated
iMO-DCs (ctr). Statistical analysis performed using Student’s t-
test. Asterisk indicates statistical significance p < 0.05 between
the respective samples and control (crt) in black and for samples
of same fractionation schemes between different RT-techniques in
grey. All migration assays were performed in triplicates.

3.4 Irradiation does not impair cytokine production of
IL-12 in mMO-DCs

IL-12 secretionwasmeasured using supernatants from
MO-DC differentiation set up. IL-12 cytokine levels
were non-significantly different comparing supernatants
harvested from untreated MO-DCs to supernatants har-
vested from treated MO-DCs. Furthermore, no signifi-
cant differences of IL-12 levels were detected within super-
natants harvested form the different treatment groups (MO-
DCs irradiated with Photons, C12, Protons) compared to
untreated control (Fig. 6).

Fig. 6. IL-12 Cytokine levels in cell supernatants of mDCmea-
sured on day 11. CD14+ Monocytes were irradiated on day 0
with Photons: 1 × 0.5 Gy, 5 × 2 Gy, 1 × 15 Gy; Carbon Ions
(C12) 1 × 0.5 Gy (RBE), 5 × 2 Gy (RBE), 1 × 15 Gy (RBE);
Protons 1 × 0.5 Gy (RBE), 5 × 2 Gy (RBE), 1 × 15 Gy (RBE).
Non-irradiated iDCs were used as control (ctr). Statistical analy-
sis performed using Student’s t-test. Asterisk indicates statistical
significance p < 0.05 of samples of same fractionation schemes
between different RT-techniques in grey. All cytokine assays were
performed in triplicates.

4. Discussion
Although extensive research is carried out in the field

of radiation oncology regarding the local tumor tissue or
the surrounding normal tissue effects, the influence of irra-
diation on immune activation due to DCs is not satisfacto-
rily investigated so far. Especially the influence of different
doses and fractionation as well as different radiation types
is unclear.

Most of preclinical experiments are performed using
single RT doses only, thus comparability with the clinically
used concepts is disputable. Strength of our experiments
is that we used different doses: low dose, high dose and
a normofractionated dose regimen. Since antigen contact
with DC might occur in different places, radiation doses on
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DCs might differ considerable. For example, in the tumor
itself the RT dose can be very high like in hypofractionated
concepts like stereotactic body radiotherapy (SBRT) and is
then applied in a single dose or in a small number of frac-
tions (e.g., 1× 15 Gy). On the other hand, it is possible that
DCs in the tumor itself might be exposed to normofraction-
ated doses over several days before they start migrating to
the lymph nodes (e.g., 5 × 2 Gy). Another possible place
where DC might be activated during a course of RT is the
surrounding tissue, where only low doses (e.g., 1× 0.5 Gy)
of the prescribed total dose arrive.

Our results demonstrate that irradiation with different
dose regimens and RT techniques did not negatively in-
fluence the phenotype and differentiation of iMO-DCs to
mDCs, which is supported by the data ofMerrick et al. [26],
where no significant alteration of surface markers was seen
after RT with 2, 8 and 30 Gy.

Since specific immune responses against TAA depend
on the ability of DCs to internalize antigen and migrate to
lymph nodes for further T-cell activation, we subsequently
tested phagocytic and migrational capacities. Firstly, we
could demonstrate that phagocytic and migrational capac-
ities iMO-DCs are not negatively altered after irradiation
and secondly that high-LET RT with protons and C12 did
also not negatively influence functionality of iMo-DCs, de-
spite our initial hypothesis. Furthermore, after proton irra-
diation with 5 × 2 Gy and 1 × 15 Gy, migrational activity
showed a slight increase. Our findings are similar to the re-
sults of Merrick et al. [26] which suggest that functionality
of irradiated DC is not significantly changed by different
RT doses.

Only one other published paper regarding photon irra-
diation of human DCs was found which reported partially
contradictory results regarding differentiation and function-
ality: Cao et al. [10] showed that CD86 expression, which
is a marker for mMO-DCs, and their functional capacity,
measured by T-cell activation is downregulated by irradia-
tion. However, they did not investigate detailed phagocytic
or migrational capacity as well as secreting of the immunos-
timulatory cytokine IL-12 of DCs. An additional factor that
decreases comparability of these results, is the fact that they
used DCs generated from PBMCs obtained from patients.
with multiple sclerosis. It is not unlikely that in this set-
ting, in vitro generated DCs are negatively impaired in their
functional capacity due to the underlying autoimmune dis-
ease. A comparison with DCs derived from healthy donors
is lacking and results should therefore be taken with pre-
caution.

We also investigated wether irradiation alters IL-12
cytokine production of mMO-DCs and found no decrease
in IL-12 production, supporting the hypothesis of preserved
functional ability of DCs after RT. Thus, our overall results
regarding phenotype and functional capacities of DCs after
irradiation are supported by the data given from Merrick et
al. [26]. However, the experimental set up lacks a positive

control, e.g., experiments on irradiated DCs stimulated with
an IL-12 inducing agent. Within the given experimental set
up, incapability of the maturation medium used in this ex-
perimental set up to induce IL-12 secretion of mature DCs
cannot be excluded.

One possible limitation of our analysis is certainly the
artificial in vitro situation which cannot fully represent the
situation in vivo including the interaction with the microen-
vironment. Furthermore, while we did show a possible
preserved IL-12 secretion of irradiated mMO-DCs, we did
not investigate the direct interaction between DCs and T-
cells which represents the final activation step in immune
response and anti-cancer cell activity. Overall, the model
used for DCs generation represents an artificial model thus
in vitro generated Mo-DCs might differ in their function-
ality from in vivo Mo-DCs. Moreover, this work cannot
exclude an impact of irradiation on other subsets of DC
(cDCs, pDCs). Our data however support the notion that
DCs play an important role in the radiation associated im-
mune response in cancer therapy: for example, in combina-
tion experiments of photon irradiationwith toll like receptor
agonists 7 (TLR7) we and other groups have shown in sev-
eral tumor models including pancreatic cancer, colon can-
cer, sarcoma and lymphomas that DC activity is essential to
convey a strong immunogenic antitumor effect of radiation
[27–29]. Nevertheless, DCs that are present in cancer pa-
tients may have a different sensitivity to radiation than DCs
generated with cells of healthy subjects given another lim-
itation of the experiments performed in this research work.

To our current knowledge, no research group has ever
investigated effects of particle therapy (e.g., proton and/or
C12) on DC function. Although it is known that particle
therapy offers beneficial characteristics regarding higher
LET and higher relative biological effectiveness and there-
fore induces cancer cell killingmore than conventional pho-
ton RT, our results indicate, that particle therapy might have
a rather stimulatory effect on immune cells like DCs, as
we demonstrated in migration assays for proton irradiation
(Fig. 5).

All together our data show that irradiation with pho-
tons, protons and carbon ions do not markedly alter the phe-
notypic maturation of MO-DCs, nor does irradiation alter
their basic functionality including phagocytosis, migration
ability and cytokine secretion. The data support the notion
that DCs can play a robust role in the immune response after
radiotherapy of cancer.

5. Conclusions
In summary, our results show that different fractiona-

tion regimens and doses do not negatively impact differenti-
ation and functionality of DCs and therefore we assume that
their potential for inducing an adaptive immune response is
not significantly impaired. Although using a higher LET,
particle therapy with protons and carbon ions did not reduce
DC function compared to photon RT, but might be stimula-
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tory regarding migrational capacity of iMO-DCs.
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