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Introduction The pain reducing effects of certain natural
springs containing the radioactive noble gas radon have
been described for centuries. Today, one expects that small
cumulative dose of radiation of about 0.3 mSv originating
from radon progeny impacts on the immune system and
bone metabolism of patients suffering from chronic painful
degenerative and/or inflammatory diseases. However,
osteoimmunological analyses of patients during radon spa
were lacking.
Objectives We initiated the observational and explorative
RAD-ON01 study to analyse for the first time the impact of
radon spa on the immune status in the whole blood of 100
patients.
Methods Whole blood of the patients was drawn before and
at weeks 6, 12 and 30 after therapy. Deep immunophenotyp-
ing was performed by multicolour flow cytometry and cyto-
kine analyses by ELISA.
Results The RAD-ON01 study confirmed a long-lasting pain
reduction. While the major immune cells were only mar-
ginally affected, in particular regulatory T cells and den-
dritic cells were temporarily increased and activation
markers on immune cells were decreased. Further, a
decrease of serum markers related to bone erosion was
observed. The cytokine analyses showed that temporarily
increased TGFb following radon spa correlates with
reduced pain perception of the patients. To exclude pla-
cebo effects, in November 2018 the RAD-ON02 study
(EUDRACT: 2016-002085-31) started. With this prospec-
tive, temporarily placebo-controlled and double- blinded
trial the evidence level of radon spa application and
knowledge on osteoimmunological modes of action of
radon should be improved.
Conclusions We conclude that patients with musculoskeletal
disorders do benefit from radon spa and that osteoimmuno-
logical mechanisms are modulated by exposure of the patients
to very low doses of radiation. Future randomized studies
should improve the evidence level for radon as therapeutic
option for chronic painful degenerative and/or inflammatory
diseases.
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Introduction Inflammatory mediators like S100A8 and -A9
released by the synovium have been implicated in the regu-
lation of pain. They may regulate pain either via direct
stimulation of nerve endings in the synovium or via stimu-
lation at the site of the dorsal root ganglia (DRG), ena-
bling an increased phagocyte infiltration and causing
sensitization.
Objectives To elucidate the role of S100A9 in the pain
response after induction of an acute synovitis using streptococ-
cal cell walls (SCW) as a trigger.
Methods Acute synovitis was induced by a single i.a. injection
of SCW in the knee joint of C57Bl6 (WT) mice and
S100A9-/- mice, control mice received a saline injection. Serum
S100A8/A9 levels were investigated by ELISA. Joint swelling
and cell influx was assessed by 99mTc accumulation and histol-
ogy. Pain response were investigated using an Incapacitance
Tester (weight bearing), Catwalk (gait analysis) and von Frey’s
filaments (mechanical allodynia). Gene expression of inflamma-
tory mediators and neuron activation markers in DRG were
determined by q-PCR. Monocyte influx and protein expres-
sion was monitored by immunohistochemistry (IHC).
Results A single i.a. injection of SCW resulted in increased
synovial and serum levels of S100A8 and S100A9 at day
1, which returned to basal levels at day 7. Joint swelling
and cell influx were similar in WT and S100A9-/- mice at
day 1 day excluding a role for S100A8/9 in synovitis. WT
mice showed a marked and significant decrease in per-
centage of weight bearing on the SCW injected hindpaw
(28%) compared to saline injection (47%, p<0.001) at
day 1, whereas S100A9-/- mice did not. In addition, gait
analysis showed increased ‘limping’ in the WT mice,
whereas the S100A9-/- mice did not. Both mouse strains
showed a similar reduction of paw withdrawal threshold,
excluding a role for S100A8/9 in allodynia. DRG showed
no increased phagocyte infiltration after SCW injection
and no change in gene expression of MCP-1, KC, IL-1b
or TNF was measured. In addition, F4/80 staining was
unchanged in both WT and S100A9-/- mice. However,
neuron activation markers NAV1.7, ATF3 and GAP43
were significantly increased at 1 day after SCW injection
in WT mice, compared to saline injected mice (p=0.022,
0.004 and 0.030, respectively) and not in S100A9-/- mice,
which is in line in with the reduced pain response
observed earlier in S100A9-/- mice. The difference in
NAV1.7 expression in the DRG was further confirmed at
protein level with IHC.
Conclusions These findings show that S100A9 is an important
mediator of inflammatory nociceptive pain response, and not
of peripheral sensitization. During the acute phase of inflam-
mation S100A8/A9 is likely involved via direct activation of
nerve endings in the synovium and not via monocyte infiltra-
tion in the DRG.
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