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Hydrogen inhalation therapy has been proven to be safe and effective in disease treatment in multiple clinical reports, but the gas flow rates
used in different studies vary greatly. Since there is no upper limit for the safe concentration of hydrogen, this study tested the effects of high-
flow (not high concentration) hydrogen inhalation on immune function. From October 2019 to January 2020, 20 adult participants (31-60
years old) were enrolled in a self-controlled study to check the immune function in peripheral blood lymphocyte subsets before and after a
2-week hydrogen inhalation protocol. The participants inhaled hydrogen for 2 or 4 hours each day. After 2 weeks of hydrogen inhalation,
statistically significant changes were observed in follicular helper T cells, helper and cytotoxic T cells, natural killer and natural killer T cells,
and gamma delta T cells, generally suggesting a decrease in their proportions. These results show that high-flow hydrogen inhalation has an
inhibitory effect on the immune function of healthy participants. The study protocol received ethical approval from the Ethics Committee
of Fuda Cancer Hospital, Jinan University on December 7, 2018 (approval No. Fuda20181207).
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INTRODUCTION

Hydrogen gas is a promising gas stage medicine, with
a potential role in preventing cell injury from various
sources."? Hydrogen gas is generated in small amounts by
the hydrogenase enzymes of certain microbiota in the human
gastrointestinal tract from unabsorbed carbohydrates in the
intestine.® These carbohydrates are degraded and metabolized,
and the resulting hydrogen is partially diffused into blood flow
where it is released and can be detected in exhaled breath.
As the lightest molecule in nature, hydrogen gas exhibits
appealing penetration properties, as it can rapidly diffuse
through cell membranes.’

Previously, case reports®® and a real-world survey'® have
demonstrated that high-flow hydrogen inhalation (flow rate:
3 L/min; hydrogen/oxygen: 66.7%/33.3%; 4 hours each
day) was safe and effective for patients with nasopharyngeal
carcinoma, non-small cell lung cancer (NSCLC), and other
tumors. Although high-flow (not high concentration) hydrogen
inhalation can improve the immune function of patients with
advanced cancers, it is not clear how it affects the immune
function of people without cancer. The purpose of this study
is to evaluate the impact of high-flow hydrogen on immune
cells function in middle-aged participants, using accurate and
comprehensive immunoassay methods."!

PARTICIPANTS AND METHODS

Participants

Twenty middle-aged (31-60 years old) participants were re-
cruited in the study from October 2019 through January 2020
at Xu Kecheng Care Health Studio of Guangdong Province,

China. This study was a self-control study, comparing the
changes of immune indexes before and after hydrogen inhala-
tion for 2 weeks, so there was no control group. The enrollment
criteria were that subjects must be 31-60 years of age, with-
out chronic diseases or with mild chronic diseases that were
controlled with medication. The exclusion criteria were that
subjects must not have malignant tumors, organ transplants,
cardiac pacemakers, or refractory chronic diseases that are dif-
ficult to control with medication. The study protocol received
ethical approval from the Ethics Committee of Fuda Cancer
Hospital, Jinan University on December 7, 2018 (approval
No. Fuda20181207). Written informed consent was obtained
from each participant in accordance with the Declaration of
Helsinki.

Hydrogen inhalation method

Hydrogen was produced by a hydrogen-oxygen nebulizer
(AMS-H-03, Shanghai Asclepius Meditec Co., Shanghai,
China). The patients remained seated or recumbent and inhaled
amixture of hydrogen (66.7%) and oxygen (33.3%) through a
nasal tube with a gas flow rate of 3 L/min. Participants were
randomly divided into two groups by random number table
(Figure 1). Hydrogen inhalation sessions were for 2 (n = 10)
or 4 (n = 10) hours per day for 2 weeks in Xu Kecheng Care
Health Studio of Guangdong Province, China.

Immunophenotype evaluation

Up to 5 mL of peripheral blood was extracted from elbow vein
in all enrolled patients before and after 2 weeks of hydrogen
inhalation. Peripheral blood mononuclear cells were isolated
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Figure 1: A trial flow chart.

using Ficoll solution and labeled with fluorescent antibodies
(BD Biosciences, San Jose, CA, USA). T lymphocytes, natural
killer (NK) cells, natural killer T (NKT) cells and gamma delta
T (y0 T) cells were analyzed using flow cytometry (FACSanto
II; BD Biosciences) by a professional third-party inspection
center (Shuangzhi Purui Medical Laboratory Co., Ltd., Wuhan,
Hubei Province, China).

Statistical analysis

The calculation method of sample size was based on MedSci
Sample Size tools (MSST) software (MedSci, Shanghai,
China). The general clinical data of participants were all
compared using a two-way analysis of variance before hy-
drogen inhalation. Cell subsets between and within groups
were compared by one-way analysis of variance analysis and
Bonferroni’s multiple comparison test. Statistical differences
were indicated by P < 0.05. All analyses and figures were
produced using Prism 5.0 software (GraphPad, San Diego,
CA, USA).

REsuLTs

Clinical data of adult participants with high-flow hydrogen
inhalation

A total of 20 participants were recruited consecutively to
participate in the study. The general clinical data of the cohort
are shown in Table 1.

Changes of T cell subsets of adult participants with high-flow
hydrogen inhalation
We analyzed four types of immune cells from the peripheral
blood of subjects: total T cells, CD4* T cells, CD8" T cells, and
regulatory T cells. No significant difference in the numbers
of ratios of any cell type was found within or between the
two hydrogen inhalation groups (Additional Figure 1). The
changes in the proportions of a variety of different functional
subsets of CD4* and CD8* T cells were further analyzed. These
subsets included: terminally differentiated cells, memory
cells, anti-virus cells, functional cells, and exhausted cells.
No significant differences in the proportions of CD4* T cell
subtypes (Additional Figure 2) and CD8" T cell subtypes
(Additional Figure 3) were found within or between the two
hydrogen inhalation groups.

We also analyzed the changes in the proportions of T helper
(Th) cells and cytotoxic T (Tc) cell subsets. Compared with the
baseline, the proportion of Th1 cells decreased in the 2 hours

Table 1: General clinical data of adult participants with
high-flow hydrogen inhalation

2 h group 4 h group
Parameters (n=10) (n=10) P-value
Sex >0.05
Female 5 6
Male 5 4
Age (yr) >0.05
31-40 5 4
41-50 4 4
51-60 1 2
Chronic diseases that >0.05
drugs can control
Hypertension 3 2
Hyperlipidemia 2 3
Type 2 diabetes 1 2

Note: Data are expressed as number, and were analyzed by two-way analysis
of variance.

group, and the proportion of Th17 cells decreased in the 4
hours group (both P <0.05, Figure 2A and C). No significant
differences in the proportions of Th2 cell in the two groups
(Figure 2B). The proportion of Tcl and Tc2 cells decreased
(both P <0.05) in the 2 hours group, and the proportion of Tc17
cells decreased (P < 0.05) in the 4 hours group (Figure 2D-F).

Comparing with the baseline, follicular helper T (Tfh)
cell subtypes Tthl and Tfh2 both showed a decrease in their
proportions (both P < 0.05), while Tth17 cells showed a
significant increase in their proportions (P < 0.001) in the 2
hours group, but these changes were not observed in the 4
hours group (Figure 3).

Changes of NKT and NK cells of adult participants with high-
flow hydrogen inhalation

We analyzed the changes in the proportions of NK and NKT
cells, and observed that the proportion of NKT cells decreased
in the 4 hours group (P < 0.05, vs. baseline; Figure 4A). The
ratio of NK cells and activated NK cells did not change sig-
nificantly before and after hydrogen inhalation (Figure 4B
and C). The proportion of killer NK cells also decreased in
the 4 hours group (P < 0.05; Figure 4D), and the proportion
of anti-virus NK cells decreased significantly in both groups
(both P < 0.01; Figure 4E).

Changes of yo T cells of adult participants with high-flow
hydrogen inhalation

The changes in the proportions of 5 T cells and their subsets
were also analyzed. Comparing with the baseline, no statisti-
cal changes were found in the proportions of total yd T cells
(Figure 5A1). The proportion of Vdelta (V) 1 cells decreased
in the 2 hours group (P <0.05; Figure 5A2), and the proportion
of the anti-virus subset decreased significantly in both groups
(both P <0.01; Figure 5B2). The proportion of the V52 cells)
killer subset decreased significantly in the 2 hours group (P <
0.01; Figure 5C1), and the proportion of anti-virus V52 cells
decreased in the 2 hours group and decreased significantly in
4 hours group (P < 0.05 and P < 0.01; Figure 5C2).
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Discussion

Immune cell senescence refers to the phenotypic character-
istics of individual lymphocytes, regardless of their immune
function which does not necessarily decrease during aging.'>'*
Immune cell exhaustion refers to the decrease in immune
function due to excessive free radicals in the mitochondria,
causing the cell to lose its function and enter programmed
apoptosis regardless of age."> Senescence and exhaustion
do not indicate the inevitable and progressive decline of all
immune functions, but rather constitute a highly dynamic pro-
cess of remodeling and adaptation.'® Thus, we tested whether
hydrogen gas inhalation can rescue the function of exhausted
and senescent lymphocytes, as hydrogen gas was reported to
protect the mitochondrial function of human lymphocytes.'”°
By comparing the immune functions of advanced non-small
cell lung cancer patients before and after hydrogen inhalation,
we found that 2 weeks of hydrogen inhalation was enough
to reverse multiple senescent or exhausted cell subsets into

Figure 2: Immunoassays of helper
T (Th) cell and cytotoxic T (Tc) cell
subsets before and 2 weeks after
2 or 4 hours high-flow hydrogen
inhalation in adult participants.
Note: (A—C) Quantitative results of
Th1(A), Th2 (B)and Th17 (C) subsets,
respectively. (D-F) Quantitative
results of Tc1 (D), Tc2 (E) and Tc17

* (F) subsets, respectively. *P < 0.05
(one-way analysis of variance analysis
followed by Bonferroni's multiple
comparison test).

Figure 3: Immunoassays of
follicular helper T cell (Tfh) and its
subsets before and 2 weeks after
2 or 4 hours high-flow hydrogen
inhalation in adult participants.
Note: (A) Quantitative results of Tth
cells. (B—E) Quantitative results of
Tfh1 (B), Tfh2 (C), Tfh17 (D) and
activated subsets (E), respectively.
*P < (.05, ***P < 0.001 (one-way
analysis of variance analysis followed
by Bonferroni's multiple comparison
test).

functional subsets,?® so we used the same hydrogen inhalation
duration during this study. There were no obvious changes in
any T cell subsets due to hydrogen inhalation in either cell
number, memory phenotype, differentiation phenotype or
senescent or exhausted phenotype. This result indicates that
2 weeks of hydrogen inhalation will not significantly change
the number or proportion of major T lymphocyte subsets in
health persons. The number and function of immune cells of
patients with advanced NSCLC are significantly lower than
those of middle-aged participants, which becomes the basis
for the high-flow hydrogen therapy to play a therapeutic role.?
Therefore, it can be speculated that the high-flow hydrogen
therapy is a regulatory therapy that can restore the damaged
immune system to function, but has little effect on the normal
immune system.

Cytokines are the central mediators of immune responses,
and Th cells are dedicated cytokine-producing cells. By pro-
ducing effector cytokines, Th cells play critical roles during
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adaptive immune responses to infections, and distinct Th
subsets are involved in conferring protective immunity to dif-
ferent pathogens.?! Th1 and Th2 cells produce interferon-y and
interleukin-4, respectively, while Th17 cells produce IL-17.
While Th1 cells are mainly important for host defense against
intracellular bacteria and viruses, they are also responsible for
the development of tumor immunity and organ-specific auto-
immunity.?? Th2 cells are responsible for the pathogenesis of
inflammatory asthmatic and allergic diseases.® Th17 cells are
essential for orchestrating immune responses to extracellular

Figure 4: Immunoassays of NKT and
NK cell before and 2 weeks after 2 or 4
hours high-flow hydrogen inhalation
in adult participants.

Note: (A) Quantitative results of NKT
cell. (B) Quantitative results of NK cells.
(C-E) Quantitative results of activated
(C), killer (D) and anti-virus subsets (E) of
NK cells. *P < 0.05, **P<0.01 (one-way
analysis of variance analysis followed by
Bonferroni’s multiple comparison test).
NK: Natural killer; NKT: natural killer T.

Figure 5: Inmunoassays of y& T cell
and subsets before and 2 weeks
after 2 or 4 hours high-flow hydrogen
inhalation in adult participants.
Note: (A1-3) Quantitative results of y5 T
celland its subsets. (B1-3) Quantitative
results of yd 1 subsets. (C1-3)
Quantitative results of yd 2 subsets. *P <
0.05, **P<0.01, ***P<0.001 (one-way
analysis of variance analysis followed by
Bonferroni’s multiple comparison test).
y0: Gamma delta.

bacteria and fungi, and they are also responsible for some
autoimmune diseases and severe asthma.’* After hydrogen
inhalation, every functional subset of Th cells was inhibited,
representing an overall decline in the immune function of Th
cells after hydrogen inhalation. Tc cells are divided into three
classes. Tcl cells can kill intracellular pathogens and tumors
by releasing granzymes and perforin into the immunological
synapse,” while Tc2 cells can mediate the propagation of
allergy and arthritis,?® and Tc17 cells take part in the propa-
gation of autoimmunity, immunity to viral infections and
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tumor responses.?’ All three kinds of Tc cells were simultane-
ously decreased after hydrogen inhalation, which represents
a reduction in the ability of the immune system to eliminate
abnormal cells. Generally, the inhibitory effect of hydrogen
gas absoption was observed in both Th and Tc in the blood
across most cellular subtypes, indicating that overall immune
function was disturbed.

Tth cells are resident in lymph nodes and the spleen because
their purpose is to help B cells, while non-Tth effector cells
such as Th and Tc cells are destined to predominantly leave
lymphoid tissues and traffic to sites of infection or inflam-
mation.”® Tth1l, Tth2 and Tfh17 cells can also co-express
Tth and Th cell associated genes, and effectively act as Thl,
Th2 and Th17 cells in the germinal center of lymph nodes
or the spleen.” The changes in Tth cells were observed only
in the 2 hours group, but in these subjects the proportion of
Tthl and Tth2 cells decreased, and the proportion of Tth17
cells increased significantly. This indicates that the ability to
clear malignant cells or virus infections in lymphoid tissues
is weakened, but that the ability to fight bacteria or fungi is
strengthened.?® Why there is an effect after 2 hours of hydrogen
inhalation, but no effect in the 4 hours group may be explained
from the body’s self-regulation and the microenvironment of
lymph nodes in further study.?®*

The immune repertoire of NK,** NKT?! and yd T* cells play
important regulatory roles in infection and tumor immunity.
Here we found that the total number of NKT cells decreased
after hydrogen inhalation, while neither the total number
of NK cells nor yd T cells changed significantly. Multiple
functional subsets of NK cells were significantly reduced,
including killer NK cells, anti-virus NK cells, anti-virus Vol
cells, killing V52 cells, and anti-virus Vo2 cells), while no
subsets were increased. The reduction in the proportion of
so many functional subsets, which were more pronounced
in the 4 hours group than in the 2 hours group, is likely to
reflect a weakening of the subject’s positive anti-infection
and anti-tumor immune capabilities. Based on the detection
of Th, Tc and Tth cells, it can be considered that the effect
on lymphocytes of 2 weeks of hydrogen inhalation is a broad
reduction in lymphocyte function, which will reduce the body’s
anti-infection and anti-tumor abilities, and is therefore not a
method for preventing tumorigenesis.

Prior to this study, we recruited 20 patients with advanced
NSCLC, who underwent high-flow (not high concentration)
hydrogen therapy for 2 weeks (4 hours per day, also 3 L/min,
66.7% hydrogen, 33.3% oxygen) before receiving standard
treatments.”® Before hydrogen inhalation, abnormally high in-
dexes of the patients included exhausted Tc cells, senescent Tc
cells, and killer V81 cells. After 2 weeks of hydrogen therapy,
the number of exhausted and senescent Tc cells decreased to
within the normal range, and there was an increase in the num-
ber of killer Vé 1 cells. Abnormally lower indexes included
functional Th and Tc cells, Th1, NKT cell, NK cell, and V52
cells. After 2 weeks of hydrogen therapy, all six cell subsets
increased to within the normal range. For advanced NSCLC
patients, the immune senescence involved nearly all lympho-
cyte subsets, and 2 weeks of hydrogen treatment significantly
improved most of these indexes.?® The effects of hydrogen
therapy on advanced NSCLC patients and middle-aged non-

tumor participants in this study appear to be contradictory. The
reason for this may be that the lymphocytes of patients with
progressive tumors and those of non-tumor patients are quite
different. The subgroups indicating senescence and failure
in lymphocytes of cancer patients are significantly increased
compared to those of non-tumor patients, so harmful free
radicals in mitochondria may be neutralized by a large flow
of hydrogen, improving the health of the cell.'

In general, most of the immunological indicators of middle-
aged participants did not change significantly after 2 weeks
of high-flow hydrogen inhalation, and a small number of
anti-infection and anti-tumor cell subtypes showed a decrease,
reflecting certain adverse reactions. There are still some limi-
tations on this study. The sample size was small, and the age
group involved in the study was not broad enough. Further
research and improvement are needed.

Acknowledgements

Thanks to the hydrogen inhalation site and service staff at Xu Kecheng
Healthcare Studio of Guangdong Province, China.

Author contributions

Design of the study: JBC and FM; data collection: XFK; data analysis:
JBC and XFK; manuscript writing: JBC and FM. All authors approved
the final version of the manuscript.

Conflicts of interest

The authors have no conflicts of interest to declare.

Financial support

None.

Institutional review board statement

This study protocol received ethical approval from the Ethics Com-
mittee of Fuda Cancer Hospital of Jinan University on December 7,
2018 (approval No. Fuda20181207).

Declaration of participant consent

The authors certify that they have obtained all appropriate consent
forms from the participants. In the forms, the participants have given
their consent for the images and other clinical information to be re-
ported in the journal. The participants understand that the names and
initials will not be published.

Biostatistics statement

The statistical methods of this study were reviewed by the biostatisti-
cian of Fuda Cancer Hospital of Jinan University, China.

Copyright license agreement

The Copyright License Agreement has been signed by all authors
before publication.

Data sharing statement

Individual participant data that underlie the results reported in this
article, after deidentification (text, tables, figures, and appendices).
Study protocol and informed consent form will be available im-
mediately following publication, without end date. Results will be
disseminated through presentations at scientific meetings and/or by
publication in a peer-reviewed journal.

Plagiarism check

Checked twice by iThenticate.

Peer review

Externally peer reviewed.

Open access statement

This is an open access journal, and articles are distributed under
the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike 4.0 License, which allows others to remix, tweak, and
build upon the work non-commercially, as long as appropriate credit
is given and the new creations are licensed under the identical terms.
Additional files

Additional Figure I: Immunoassays of T cell subsets before and
2 weeks after 2 or 4 hours high-flow hydrogen inhalation in adult
participants.

Additional Figure 2: Immunoassays of CD4" T cell subsets before
and 2 weeks after 2 or 4 hours high-flow hydrogen inhalation in adult
participants.

Medical Gas Research | March | Volume 11 | Issue 1 -




Chen et al. / Med Gas Res

www.medgasres.com

Additional Figure 3: Immunoassays of CD8" T cell subsets before
and 2 weeks after 2 or 4 hours high-flow hydrogen inhalation in adult
participants.

REFERENCES

1.

11.

13.

14.

LeBaron TW, Laher I, Kura B, Slezak J. Hydrogen gas: from clini-
cal medicine to an emerging ergogenic molecule for sports athletes
(1). Can J Physiol Pharmacol. 2019;97:797-807.

Guan P, Sun ZM, Luo LF, et al. Hydrogen gas alleviates chronic
intermittent hypoxia-induced renal injury through reducing iron
overload. Molecules. 2019;24:1184.

Smith NW, Shorten PR, Altermann EH, Roy NC, McNabb WC.
Hydrogen cross-feeders of the human gastrointestinal tract. Gut
Microbes. 2019;10:270-288.

Sakai D, Hirooka Y, Kawashima H, et al. Increase in breath hy-
drogen concentration was correlated with the main pancreatic duct
stenosis. J Breath Res. 2018;12:036004.

Liu C, Kurokawa R, Fujino M, Hirano S, Sato B, Li XK. Estima-
tion of the hydrogen concentration in rat tissue using an airtight
tube following the administration of hydrogen via various routes.
Sci Rep. 2014;4:5485.

Chen J, Mu F, Lu T, Du D, Xu K. Brain metastases completely
disappear in non-small cell lung cancer using hydrogen gas inhala-
tion: a case report. Onco Targets Ther. 2019;12:11145-11151.
Chen J, Kong X, Mu F, Lu T, Du D, Xu K. Hydrogen-oxygen
therapy can alleviate radiotherapy-induced hearing loss in patients
with nasopharyngeal cancer. Ann Palliat Med. 2019;8:746-751.
Chen J, Mu F, Lu T, Ma Y, Du D, Xu K. A Gallbladder carcinoma
patient with pseudo-progressive remission after hydrogen inhala-
tion. Onco Targets Ther. 2019;12:8645-8651.

Chen JB, Pan ZB, Du DM, et al. Hydrogen gas therapy induced
shrinkage of metastatic gallbladder cancer: A case report. World J
Clin Cases. 2019;7:2065-2074.

. ChenJB, Kong XF, Lv YY, et al. “Real world survey” of hydrogen-

controlled cancer: a follow-up report of 82 advanced cancer pa-
tients. Med Gas Res. 2019;9:115-121.

Mousset CM, Hobo W, Woestenenk R, Preijers F, Dolstra H, van
der Waart AB. Comprehensive phenotyping of T cells using flow
cytometry. Cytometry A. 2019;95:647-654.

. Lanna A, Henson SM, Escors D, Akbar AN. The kinase p38 acti-

vated by the metabolic regulator AMPK and scaffold TAB1 drives
the senescence of human T cells. Nat Immunol. 2014;15:965-972.
Henson SM, Lanna A, Riddell NE, et al. p38 signaling inhibits
mTORC 1-independent autophagy in senescent human CD8" T
cells. J Clin Invest. 2014;124:4004-4016.

Akbar AN, Henson SM, Lanna A. Senescence of T lymphocytes:
implications for enhancing human immunity. Trends Immunol.
2016;37:866-876.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Date
Date

Garg AD, Agostinis P. Cell death and immunity in cancer: from
danger signals to mimicry of pathogen defense responses. Immunol
Rev. 2017;280:126-148.

Fulop T, Kotb R, Fortin CF, Pawelec G, de Angelis F, Larbi A.
Potential role of immunosenescence in cancer development. Ann N
Y Acad Sci. 2010;1197:158-165.

Yang Y, Gao F, Zhang H, et al. Molecular hydrogen protects human
lymphocyte AHH-1 cells against 12C6™ heavy ion radiation. Int J
Radiat Biol. 2013;89:1003-1008.

Akagi J, Baba H. Hydrogen gas restores exhausted CD8" T cells
in patients with advanced colorectal cancer to improve prognosis.
Oncol Rep. 2019;41:301-311.

Yang Y, Li B, Liu C, et al. Hydrogen-rich saline protects im-
munocytes from radiation-induced apoptosis. Med Sci Monit.
2012;18:Br144-148.

Chen JB, Kong XF, Qian W, et al. Two weeks of hydrogen inhala-
tion can significantly reverse adaptive and innate immune system
senescence patients with advanced non-small cell lung cancer. Med
Gas Res. 2020;10:149-154.

Zhu J, Paul WE. Heterogeneity and plasticity of T helper cells. Cell
Res. 2010;20:4-12.

Szabo SJ, Sullivan BM, Peng SL, Glimcher LH. Molecular mech-
anisms regulating Thl immune responses. Annu Rev Immunol.
2003;21:713-758.

Gordon S. Alternative activation of macrophages. Nat Rev Immu-
nol. 2003;3:23-35.

Korn T, Bettelli E, Oukka M, Kuchroo VK. IL-17 and Th17 Cells.
Annu Rev Immunol. 2009;27:485-517.

Kaech SM, Cui W. Transcriptional control of effector and memory
CDB8" T cell differentiation. Nat Rev Immunol. 2012;12:749-761.
Cho BA, Sim JH, Park JA, et al. Characterization of effector mem-
ory CD8" T cells in the synovial fluid of rheumatoid arthritis. J Clin
Immunol. 2012;32:709-720.

Huber M, Heink S, Pagenstecher A, et al. IL-17A secretion by
CD8* T cells supports Th17-mediated autoimmune encephalomy-
elitis. J Clin Invest. 2013;123:247-260.

Crotty S. T follicular helper cell biology: a decade of discovery and
diseases. Immunity. 2019;50:1132-1148.

Velu V, Mylvaganam GH, Gangadhara S, et al. Induction of Th1-
biased T follicular helper (Tth) cells in lymphoid tissues during
chronic simian immunodeficiency virus infection defines function-
ally distinct germinal center Tth cells. J Immunol. 2016;197:1832-
1842.

O'Brien KL, Finlay DK. Immunometabolism and natural killer cell
responses. Nat Rev Immunol. 2019;19:282-290.

Terabe M, Berzofsky JA. Tissue-specific roles of NKT cells in tu-
mor immunity. Front Immunol. 2018;9:1838.

Hayday AC. yd T cell update: adaptate orchestrators of immune
surveillance. J Immunol. 2019;203:311-320.

of submission: May 1, 2020
of decision: May 12, 2020

Date of acceptance: May 13, 2020
Date of web publication: Feb 26,

2021

-Medical Gas Research | March | Volume 11 | Issue 1




A T cell B CD4* T cell

(CD3*) (CDS*CD4*)
1004 1004
,g 80- E 8o
2 60 e E 60-
5 404 .‘2 40+
S B
X 204 20
0 T T T T 0 T T T T
Before After Before After Before After Before After
2h 4h 2h 4h
C CcD8* T cell D Regulatory T cell
(CDS’CDB") (CDS"CD4"CDZ5*CD127')
50+ 8-
N 40+ " 6-
3 30- S
3 C 4
g 20- .~§T~i \‘;
= i) ";‘= . % 2- m‘
0 0

Bef'ore Af{er Bef‘ore Afier Bef'ore Afier Bef'ore Afier
2h 4h 2h 4h

Additional Figure 1: Immunoassays of T cell subsets before and two weeks after 2 or 4 hours high-flow hydrogen
inhalation in adult participants.
(A-D) Quantitative results of total T cells (A), CD4" T cells (B), CD8" T cells (C), and regulatory T cells (D). Data were

analyzed by one-way analysis of variance analysis followed by Bonferroni's multiple comparison test.
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Additional Figure 2: Immunoassays of CD4" T cell subsets before and two weeks after 2 or 4 hours high-flow
hydrogen inhalation in adult participants.

(A-E) Quantitative results of terminally differentiated subsets (A), central memory subsets (B), effective memory subsets
(C), functional subsets (D) and exhausted subsets (E), respectively. Data were analyzed by one-way analysis of variance

analysis followed by Bonferroni's multiple comparison test.
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Additional Figure 3: Immunoassays of CD8" T cell subsets before and two weeks 2 or 4 hours high-flow hydrogen
inhalation in adult participants.

(A-E) Quantitative results of terminal differentiated subsets (A), central memory subsets (B), effective memory subsets
(C), functional subsets (D) and exhausted subsets (E), respectively. Data were analyzed by one-way analysis of variance

analysis followed by Bonferroni's multiple comparison test.



