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Abstract
Rheumatoid arthritis (RA) is an inflammatory autoimmune disease that occurs commonly in old people. Hot spring radon therapy
is widely practiced in Central Europe and Japan for relief from the painful symptoms. The usual duration of a spa treatment is a
week or two, and the relief is temporary. This article reports on the near-complete recovery of a patient who had been suffering
from RA for 10 years. The patient received 15 months of low-dose radon and g-radiation therapy in a room that reproduced the
conditions of a radon spa. The daily 40-minute exposure in the therapy room was supplemented by ten 6-minute radio-nebulizer
treatments. The inflammation markers C-reactive protein and matrix metalloproteinase 3 declined strongly to the normal level of
0.07 mg/dL and the near-normal level of 48.9 ng/mL, respectively. After the patient’s return to good health, the frequency of the
visits was reduced to twice each month. The patient’s protection systems appear to have adapted to stimulated conditions,
sufficiently to sustain the recovery from RA. Such a long-term course of treatments and follow-up maintenance could be carried
out in any hospital that has these low-dose radiation therapy rooms. The therapy could be scheduled to suit patient availability.
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Introduction

Radon therapy has been widely employed in Central Europe,

Russia, and Japan.1-8 Patients with age-related illnesses have

been receiving traditional radon hot spring treatments for more

than a century.9 In Europe, “bathing” in tunnels, mines, steam,

inhalation, and so on, has been practiced. This therapy has

included drinking radon water and inhaling radon gas. Falken-

bach and colleagues have reviewed studies to analyze the effect

of radon therapy on pain in rheumatic diseases.10 In a meta-

analysis, the pooled data showed no difference immediately

after treatment (P < .13). However, significant pain reduction

was observed in the radon group compared to the control group

at 3 months (P < .02) and 6 months (P < .002) after treatment.10

The mechanism was not discussed.

An Italian research group conducted radon-enriched hot

spring water therapy for asthma, upper nasal congestion, and

allergic rhinitis.11 Patients were treated for 12 to 28 days by

inhalation of radon gas from high-concentration radon water.

They were evaluated at baseline and after treatment. After

2 weeks of treatment, nasal resistance decreased, flow

increased, mucociliary clearance enhanced, ciliated to

muciparous cell ratio increased, and % forced expiratory

volume (in 1 second) increased in patients with asthma.

Inhalation therapy, rich in radon, improves objective
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indicators of nasal function in allergic rhinitis and chronic

rhinosinusitis and causes alleviation of pulmonary obstruc-

tion in asthma.11

In Japan, radon treatment using radon volatilizing from

radon-rich water is carried out at Misasa Medical Center

(Okayama University Hospital) for patients with reactive

oxygen species (ROS)-related diseases such as arteriosclero-

sis, osteoarthritis, and bronchial asthma. They are based on

previous reports that low-dose radiation induces antioxidant

capacity.12-14

Using a therapy room in Tokyo that was designed to

reproduce the conditions of the Bad Gastein radon hot spa,

we provided radon therapy successfully to 2 patients with

advanced breast cancer and to a patient who suffered from

severe inflammation.15,16 In this article, we describe the

case of a patient who had been suffering from rheumatoid

arthritis (RA) for 10 years. Following 15 months of daily

therapy using another therapy room in Osaka, she made a

near-complete recovery. We also review and discuss the

mechanism in relation to the results obtained from animal

studies.

Treatment Facility and Equipment

Therapy Room

The therapy room is designed to reproduce the conditions

of a health spa, that is, a warm, moist atmosphere of low-

dose ionizing radiation, like those in the Bad Gastein

radon hot spa. Because the duration of a visit to a health

spa is usually limited from days to weeks, the benefit

received is relatively small and short-lived. A therapy

room located in a clinic in Osaka allows a patient, living

nearby, to receive daily treatments, under carefully con-

trolled conditions, for as long a time as needed to achieve

a significant, long-lasting improvement. Furthermore, per-

iodic 1-day treatments can be provided to maintain the

improvement against aging-induced regression to the

patient’s previous condition.

The room, supplied by Lead & Company Co (Yokohama,

Japan), has walls that contain natural monazite. This radioac-

tive mineral, excavated from a mountainous area of Japan,

contains phosphate of thorium and rare earth elements. The

average g-radiation dose rate in the room was 11 mGy per hour,

and the average concentration of radon radioactivity was 200

000 Bq/m3, as measured using Alpha-Scint-1 monitor (TRA-

CERLAB, Koeln, Germany).

Radio-Nebulizer

Uranium ore (150 g) is placed into an 8-L stainless steel con-

tainer. Then 4 L of water is added and left to stand for about

12 hours, as radon gas emanating from the ore dissolved in the

water. Radon water of 15 mL is poured into the cup of an

ultrasonic nebulizer. The patient inhales all of the vapor from

the cup (about 6 minutes).

Case Report: Patient With RA Recovers
After 15 Months of Radiation Therapy

The patient was 63 years of age when she was diagnosed

with RA at a major hospital. During her treatments

with bucillamine, loxoprofen, and methotrexate from

September 2006 until January 2016—almost 10 years, she

did not experience improvement as her condition deterio-

rated nor did she obtain significant relief from the

increasingly painful symptoms. Water accumulated on her

right knee; walking became excruciatingly painful and

tiring; her whole body sagged. Removing the shoes from

her swollen feet was a very difficult task. Eventually, she

could not raise her arms above her shoulders, had painful

swelling in both wrists, and could hardly do housework

such as cooking.

In 2016, at age 73, she heard that low doses of (ionizing)

radiation might help. She visited the Ootaki Clinic in Osaka

and accepted the clinician’s recommendation to try low-dose

radiation treatments in a therapy room (hormesis room) fol-

lowed by radio-nebulizer treatments. It was a major commit-

ment on her part to continue receiving these treatments for an

indefinitely long time, starting on February 8, 2016. For

40 minutes each day, 5 days every week, the patient occupied

the small therapy room, where the temperature and relative

humidity were maintained at about 40�C and 70%, respec-

tively. Using The International Commission on Radiological

Protection formula,17 effective dose ¼ 6.7 � 10�6 mSv per

Bq�h�m�3, the effective dose of each 40-minute exposure was

calculated to be about 0.4 mSv. About 30 minutes after leav-

ing the therapy room, the patient received 10 consecutive

treatments with a radio-nebulizer. She received the nebulizer

treatments 6 days every week. She felt no symptomatic side

effects from any of these treatments.

By July 2016, the inflammation had subsided and the

pain throughout her body almost disappeared. The daily

treatments ended on May 13, 2017. To prevent regression

to her previous condition, she began to receive a treatment

in the therapy room followed by 10 nebulizer treatments

twice every month. By February 2018, at age 75, the

patient’s appetite had returned to normal; her muscular

strength was restored, also to her legs and right knee. A

happy smile appeared on her face.

The markers in Figure 1 clearly indicated a significant

improvement. When the treatments started on February 8,

2016, the clinician did not measure the markers for RA because

he did not anticipate the dramatic improvements that he began

to observe later on. The inflammatory marker C-reactive pro-

tein (CRP), measured on July 7, 2016, was 4.03 mg/dL. It

declined to 0.69 mg/dL on January 28, 2017, and to the normal

value of 0.07 mg/dL on May 13, 2017. As for the RA blood

marker matrix metalloproteinase 3 (MMP-3), its value was

1,680 ng/mL on July 7, 2016. It decreased to 61.8 ng/mL in

January 28, 2017, and to the almost normal level of 48.9 ng/mL

on May 13, 2017.
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Discussion

Rheumatoid arthritis is one of the typical collagen diseases. It is

an inflammatory autoimmune disease in which self-immunity

mainly affects the joints of arms and legs, thereby causing joint

pain and joint deformation. The effectiveness of radon hot

spring treatment against the pain suffered by patients with

RA was shown in the statistical analysis by Falkenbach

et al.10 In the Misasa Medical Center, patients stay in the

high-concentration radon room without bathing. The room

temperature is 42�C, and the radon concentration is about

2080 Bq/m3 (100 times the average natural background radia-

tion level). Every 2 days, steam from the hot spring is inhaled

for 40 minutes under high humidity (90%) conditions. The

effective dose is 50 to 67 mSv. The inhibitory effects of radon

inhalation on ROS-related pathology have been reported12-14;

human trials have demonstrated that radon treatment has anti-

inflammatory and pain-reducing effects. These benefits were

further confirmed in animal models of carrageenan-induced

inflammatory paw edema and formalin-induced irritation

pain.17,18 However, it is regrettable that the descriptions of

mechanisms that are related to pathological condition improve-

ment are insufficient in these reports. In this case report, we

write about our discovery of the very significant improvement

in the health of a patient with severe RA following her long-

term therapy in a room with conditions similar to the Bad

Gastein radon hot spa. It can be expected from the changes

in the pathological conditions and the rheumatism-related mar-

kers. MMP-3 inflammation occurs in the synovial cells cover-

ing the inside of various joints of the whole body of patients

with RA, progressively spreading from the synovium to the

cartilage and bone, eventually destroying the joint itself and

causing joint deformation. Since MMP-3 is produced from

proliferated synovial cells in RA, it is thought that this protein

directly plays a major role in cartilage destruction. Therefore, if

the serum MMP-3 concentration in a patient with RA shows a

high value or rises, it is predicted that the progress of joint

destruction will be fast. On the contrary, the value decreases

when the disease state stabilizes due to the therapeutic effect.

Although serum MMP-3 concentration does not increase in

joint diseases such as osteoarthritis, gout, and many collagen

diseases, it may be high even in systemic lupus erythematosus

(SLE), glomerulonephritis, and the like, and the specificity in

diagnosis of RA is not necessarily high. Therefore, it is usually

combined with a CRP test, which can judge degree of inflam-

mation, in clinical diagnosis of RA.19 In doing so, clinicians

obtain more accurate information of bone destruction, inflam-

mation, and pathology of the patient. From the recovery of the

inflammatory markers CRP and MMP-3 as described above,

we can easily predict that other inflammatory cytokines tumor

necrosis factor-a (TNF-a), interferon-g (INF-g), and interleu-

kin-6 (IL-6) previously obtained from our animal experiments

will change in a similar manner. Also, the decline of the mar-

kers after treatment correlated well with the relief experienced

by the patient from the painful symptoms of RA and the happy

expression on her face.

Regarding the mechanism of the rheumatic condition

improvement effect by low-dose radiation, the following 8

mechanisms have been reviewed in the article written by Calabr-

ese et al in 201320: nitric oxide (NO)/inducible nitric oxide

synthase (iNOS) declines,21,22 decline of ROS,23 increase of

heme-oxygenase,24 induction of apoptosis,25 increase of TNF-

a and transforming growth factor-b1 (TGF-b-)1,26 activity of

transcription factor (NF-k-B) and activated protein 1,27

decreased adhesion of leukocytes and polymorphonuclear leu-

kocyte (PNM) to endothelial cells,28,29 and increase of regula-

tory T (Treg) cells.30,31 Among these mechanisms, our research

group has proposed the involvement of Treg cells in the low-

dose, radiation-induced rheumatic condition improvement

effect. Based on these basic experimental data, we attempted

to improve the effect on human rheumatic disease. Thus, we

would like to describe the details of the process leading up to

this mechanism in this report. For details of other mechanisms,

refer to cited documents. The detail mechanisms at the cellular

and molecular level of the effect of improving rheumatic disease

by radon treatment, shown in a human, were inferred from the

results obtained by animal experiments. We anticipated some

benefit from the observed effects of low-dose g-irradiation on

our rheumatism model mice. In animal models, we had investi-

gated the effects on several autoimmune diseases by a 0.5 Gy g-

irradiation—a small dose that is significantly lower than a high

dose, but slightly higher than the low-dose definition. For the

SLE model (MRL-lpr/lp) mouse, the RA model, and the like, g-

irradiation inhibited the production of inflammatory cytokines

and autoantibodies and showed a remarkable pathological

condition-improving effect. Involvement of Treg cells in its

mechanism is suggested.30,32,33 That is, Treg cells were impli-

cated in the improvement of autoimmune disease by the

Figure 1. Changes in inflammatory rheumatoid markers, CRP and
MMP-3, during the low-dose radiation treatments. The patient
remained in the therapy room for 40 minutes a day, 5 days a week.
She also inhaled radon-containing vapor from the radio-nebulizer, 10
times consecutively (6 minutes each time), 6 days a week. CRP indi-
cates C-reactive protein; MMP, matrix metalloproteinase 3.
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irradiation. Regulatory T cells constitute a distinct subset that

prevents immune pathology via suppression of pathogenic

T cells, such as Th17 cells. Regulatory T cells have a critical

function in the regulation of autoimmune diseases, including RA

and collagen-induced arthritis (CIA), while Th17 cells, one of

the pathogenic T cells, have an aggravating function.34-38 Reg-

ulatory T cells express CD4, IL-2 receptor a-chain, and tran-

scriptional factor Foxp3.39 Th17 cells and Treg cells are both

differentiated from naive CD4þ T cells, and differentiation to

Treg versus Th17 cells is found to be mutually exclusive. Naive

CD4þ T cells will be differentiated to Th17 cells in the presence

of TGF-b with IL-6 and to Treg cells in the presence of TGF-b
and IL-2.40-43 Based on these reports, we subsequently investi-

gated attenuation of CIA by low-dose g-ray irradiation, and

involvement of Treg cells in its mechanisms were examined in

CIA model mouse.44 Collagen-induced arthritis is the most

widely used as a human RA model and shows pathology similar

to human RA, such as synovitis, pannus formation, bone destruc-

tion, and the like.

It is found that the inflammatory cytokines TNF-a, INF-g,

and IL-6 serve as important triggers as the onset of this condi-

tion involves the activation of T cells and the production of

autoantibodies.45-47 Arthritis was induced by sensitizing male

DBA/1J mice with bovine type II collagen as an emulsion with

complete Freund’s adjuvant via the tail vein and sensitizing

them. This model mouse was given whole-body g-irradiation

at a dose of 0.5 Gy, once a week, from the third day before

collagen sensitization and then irradiated for 8 weeks. As a

result, arthritis developed more than 4 weeks after collagen

sensitization in the CIA disease group, and the disease state

score reached the maximum value at around 8 weeks. The

irradiation was observed to delay the onset of the pathological

condition by around 2 weeks, along with the inhibition of foot

swelling and bone destruction. The incidence of CIA was also

ameliorated. Splenomegaly and increased production of

TNF-a, INF-g, IL-6, and anti-II collagen antibodies, induced

by arthritis, were also markedly reduced by g-irradiation. In

addition, analysis of the population of T cells revealed that the

irradiation caused a significant increase of Treg cells in

comparison with the CIA disease model group. Gamma-

irradiation-induced Treg cell upregulation would be caused

by the reduction of IL-6 production, since IL-6 is involved in

the differentiation of naive CD4þ T cells into Treg cells. In the

basic experiments using the CIA mouse model, we would con-

sider that low-dose g-ray irradiation can ameliorate the patho-

logical conditions in RA through induction of Treg cells.

Subsequently, we examined the inhibitory mechanism of

inflammatory cytokine production via mitogen-activated pro-

tein kinase (MAPK) phosphatase 1 (MKP-1) expression. Acti-

vation of extracellular signal-regulated kinase1/2 (ERK1/2) of

MAPK has been reported as an effect on cells by ionizing

radiation.48,49 Meanwhile, we revealed that MKP-1, which

dephosphorylates and inactivates MAPK, is activated by g-

irradiation, leading to inactivating ERK1/2 and p38 MAPK.

Since p38 MAPK is involved in the production of inflamma-

tory cytokines (TNF-a and IL-6), the influence of the irradia-

tion on TNF-a production via p38 MAPK activation was

examined using macrophages in order to clarify the molecular

mechanism of anti-inflammatory action by g-irradiation.50 As a

result, phosphorylation (activation) of ERK1/2 and p38 MAPK

was reduced by g-irradiation 15 minutes after the irradiation,

suggesting the increased activity of MKP-1 by g-irradiation. As

expected, increased expression of MKP-1 was also observed

15 minutes after the irradiation. Based on these results, 0.5 Gy

g-irradiation showed the inhibitory effect of p38 MAPK acti-

vation via increased MKP-1 expression. It is known that acti-

vation of p38 MAPK is involved in TNF-a production, one of

inflammatory cytokines. Then, the effect of irradiation on p38

MAPK activation after lipopolysaccharide (LPS) stimulation

was investigated. It was shown that p38 MAPK activation by

LPS was suppressed in irradiated cells. Next, the effect of

suppressing TNF-a production by g-irradiation was examined.

TNF-a production was suppressed in the irradiated cells as

expected. From these results, it was suggested that MKP-1

Figure 2. Surmised mechanism of attenuated autoimmune diseases by low-dose ionizing radiation. Whole-body ionizing irradiation against
autoimmune diseases! increase in MKP-1 expression in macrophages! suppression of production of inflammatory cytokines (TNF-a, IL-6,
etc)! Th17 decrease and Treg cells increase! inflammatory cytokines and autoantibody production reduction! attenuation of autoimmune
pathology and inflammatory rheumatoid markers. MKP-1 indicates mitogen-activated protein kinase phosphatase 1.
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increase by irradiation causes dephosphorylation of p38

MAPK, suggesting the possibility of suppression of TNF-a
production. The involvement of MKP-1 in TNF-a production

using MKP-1 knocking down cells by small interfering RNA

was further examined. TNF-a production increased in MKP-1

knockdown cells, suggesting that p38 MAPK activation by

LPS and TNF-a production downstream of LPS may be sup-

pressed via increased MKP-1 expression by g-irradiation.

A mechanism of improvement of autoimmune disease of

radiation including g-rays was surmised from our previous

basic experiments in animal models. A reduction of IL-6 pro-

duction may correct the balance that was inclined to Th17 cells

to the Treg cell differentiation direction, and the scheme shown

in Figure 2 can be evaluated.

We also elucidate the effect of improving autoimmune dis-

eases through this increase in Treg cell proportion in other

autoimmune disease model mice such as experimental autoim-

mune encephalomyelitis model.51 Since the increase in the

Treg cells ratio occurs commonly in the autoimmune disease

improvement effect by small dose g-rays, it is highly likely that

it plays an important role in the disease condition improvement

effect. We believe that this increase in Treg cells ratio is a new

paradigm in an autoimmune pathology improvement effect,

using low doses of ionizing radiation. We suggest that Treg

cells are also involved as a mechanism of improvement of

autoimmune pathology in patients, by low-dose radiation room

therapy. In addition, the increase in Treg cells is considered to

be closely related to the mechanism of improvement of rheu-

matic pathology by low-dose radiation as described by Calabr-

ese and Calabrese.20 Therefore, it is important to investigate

this therapy as a treatment for refractory autoimmune diseases.

Conclusions

Rheumatoid arthritis is a painful and debilitating disease that

affects many old people. Some travel a great distance to visit a

radon hot spring spa and receive a short-lived benefit. How-

ever, most patients are treated with various pharmaceutical

remedies that relieve symptoms but do not change the illness.

This case report describes the achievement of a significant

reversal of this disease. The daily exposure in the special ther-

apy room and the supplementary radio-nebulizer treatments

produced a major change after 15 months. Moreover, it appears

possible to sustain the improvement by a periodic maintenance

treatment, twice monthly.

This very important discovery should be confirmed by

repeating the long-term therapy on other patients and measur-

ing the inflammatory rheumatoid markers at frequent intervals,

for example, monthly, starting from the beginning of the treat-

ment. Health science centers around the world should begin to

investigate this alternative form of treatment and perform

proper clinical studies because it may lead to lasting cures for

many important diseases.

The development of the special, low-dose radiation therapy

room is very important. It allows long-term treatments to be

carried out in hospitals or clinics located anywhere in the

world. It makes this form of treatment accessible to all patients

at an affordable cost.
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