T helper 1 response is correlated with widespread pain,
fatigue, sleeping disorders and the quality of life in patients with
fibromyalgia and is modulated by hyperbaric oxygen therapy
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ABSTRACT

Objective. Hyperbaric oxygen therapy
(HBOT) has been used as treatment for
different clinical conditions, including
fibromyalgia (FM). HBOT modulates
brain activity, ameliorates chronic pain
and modifies the ratio of immune cells.
Clinical studies have provided evidence
that FM is associated with immune sys-
tem dysregulation. In the present study
we aimed to evaluate the effect of HBOT
on immune system and on the quality of
life-style of FM patients.

Methods. Patients with primary FM
and controls were treated with HBOT.
Physical, emotional and social assess-
ment, quality of sleep, tender points,
intensity score, WPI and symptom se-
verity were evaluated before and after
HBOT. Furthermore, a characterisa-
tion of CD4 T lymphocytes and their
cytokine production was performed
by flow cytometry. The expression of
TNF-a, IFN-y, IL-17, IL-9 and IL-22
was also assessed by RT-PCR. Finally,
the serum levels of serotonin were eval-
uated by ELISA.

Results. Our results confirm the partic-
ipation of immune system in the patho-
genesis of FM and highlight the impact
of HBOT treatment, with particular
regard to the changes on proinflam-
matory cytokines production by CD4 T
cells subsets.

Conclusion. FM patients show a Thl
signature and the activation of this sub-
set is modulated by HBOT.

Introduction

Fibromyalgia syndrome (FM) is a
very common disorder, often associ-
ated with other rheumatic diseases (i.e.
spondyloarthritis, connective tissue
disease, etc.), with a prevalence of 2 to
4% (1, 2). It is a chronic and diffuse

musculoskeletal disease affecting prev-
alently women (9:1 ratio woman/man),
without any evidence of gender-related
mechanism (3).

FM is characterised by a number of
common but non-specific symptoms:
chronic widespread pain with concomi-
tant fatigue, sleep disturbance, irritable
bowel syndrome, headache and mood
disorders; in addition, cognitive impair-
ment as alteration of short-term memo-
ry consolidation, speed of information
processing, attention span and multi-
tasking activities (4) are considered the
hallmarks of this clinical condition (5).
The daily activities appear difficult for
about 50% of FM patients and 30-40%
of them experience failure to do their
job (6), and require significant and per-
manent lifestyle changes.

The aetiology of FM is still not clear:
there is not a single trigger for FM and
a lot of physical and/or emotional con-
ditions can trigger or worsen symptoms
(7, 8). Despite the well-known connec-
tion between the nervous system and its
mediators (such as serotonin) and im-
mune cells, information on distribution
of lymphocyte subsets under stress and
pain conditions is limited (9). Almost
all immune cells express at least one
serotonin receptor and several immu-
noregulatory functions (i.e. modulation
of cytokine secretion, T-cell activation,
etc.) have been ascribed to serotonin in
recent years (10).

Pro-inflammatory cytokines (i.e. IL-
IRA, IL-6, and IL-8 but not IL-5, IL-4,
IL-13) have been already described as
involved in the pathogenesis of FM but
so far only few data are present in lit-
erature regarding their role (11).
Currently FM treatment is focused on
combination of non-pharmacological
and pharmacological interventions (6)
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Table I. Demographic characteristics of patients with fibromyalgia syndrome (FM) and controls.

directed to reduce pain and improve the
quality of life. Recently, hyperbaric ox-
ygen therapy (HBOT) has been used as
treatment for different clinical condi-
tions according to Hyperbaric Medi-
cine Society’s indications (12, 13).
There are evidences of the analgesic ef-
fects of HBOT in nociceptive, inflam-
matory and neuropathic pain models in
mice (14, 15) and humans (16). Several
studies have demonstrated that HBOT
modulates brain activity, ameliorates
chronic pain and modifies the ratio of
immune cells (12, 17). An earlier study
demonstrated a significant reduction in
tender points and VAS pain and a sig-
nificant increase in pain threshold after
HBOT in FM patients (18).

In the present study we have charac-
terised immune cells in the peripheral
blood of FM patients and evaluated the
effect of HBOT on immune system and
on health-related quality of life, with
the aim of better understanding the
pathogenesis of the disease.

Material and methods

Patients

Thirty-six patients (34 females and 2
males, mean age 38+12 years, mean dis-
ease duration 34+12 months) with pri-
mary FM, who fulfilled the 1990 Ameri-
can College of Rheumatology classifica-
tion criteria (19) and the 2010 American
College of Rheumatology preliminary
diagnostic criteria (20) and 10 age- and
sex-matched healthy controls (Controls)
were recruited at Policlinico Paolo Gi-
accone University Hospital, Palermo,
Italy and enrolled in this study. Ten
patients without systemic inflamma-
tory disorders (decompression sickness,
sudden and painless vision loss) (CTR
HBOT) that underwent HBOT treat-
ment were also enrolled as unrelated
disease controls. Patients with other
autoimmune disorders and secondary
FM, acute infectious diseases in the pre-
vious 3 weeks were excluded from the
study. Fourteen patients were not suit-
able for HBOT and were considered as
disease (FM) control group, twenty-two
were found eligible for HBOT and were
treated accordingly with the following
HBOT protocol: 40 daily sessions, 5
days/week, 90 minutes each, 100% oxy-
gen with air breaks at 2.0AT.
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FM HBOT TO FM untreated group Healthy controls

Unrelated disease

n=22 n=14 (controls) control group
n=10  (CTR HBOT T0) n=10
Sex (F:-M) 20:2 14:0 9:1 8:2
Age (years, mean + SD) 36 +8 38+ 10 377 39+4
Disease duration (years, mean + SD) 38 £ 12 38+6 - -
BMI (mean + SD) 25457 248 +6.5 257+43 243+7.1
Smoking 18% 14% 10% 20%
Depression 45% 42% 10% 10%
Educational level:
primary school 42% 44% 46% 40%
secondary school 37% 38% 32% 36%
high school / university 21% 18% 22% 24%
Number of comorbidities
0 36% 32% 39% 30%
1 41% 50% 51% 59%
=2 33% 18% 10% 11%

36 Patients with Primary
Fibromyalgia (FM)

10 Healthy Controls
(Controls)

10 Subjects with unrelated
diseases (CTR)

14 FM Controls

not HBOT Treatment

HBOT Treatment:
* At time zero
FM HBOT TO

« After 3 months
FM HBOT T3

*Pain
*Fatigue

*mood

expression

Fig. 1. Flow chart of the study.

HBOT Treatment:
* At time zero
CTR HBOT TO

« After 3 months
CTR HBOT T3

Effect HBOT on:

*Quality of life

*Hours of sleep
*Serotonin sera levels
*Proinflammatory cytokine

Exclusions criteria for HBOT were
chest and heart pathology, inner ear
disease, claustrophobia and smoking.
Patients and controls baseline charac-
teristics, collected at the first interview,
are shown in Table I. Study design is
represented in Figure 1.

Informed consent was obtained from all
participants. The study was approved
by the local University Hospital ethics
committee.

Physical, emotional and social
assessment

Widespread pain (WP), fatigue, mood
and sleeping disorders and the quality of

life were assessed at time O (TO) and af-
ter 3 months (T3) of HBOT, with tender
points count, visual analogue scale (VAS)
pain, intensity pain score, visual ana-
logue scale (VAS) fatigue, Widespread
Pain Index (WPI), symptom severity
(SS), Mood score, Health Assessment
Questionnaire (HAQ) score, Functional
Assessment of Chronic Illness Therapy-
Fatigue (FACIT fatigue) scale and the
hours of sleep per day, respectively.

Tender points count and

intensity pain score

Manual Tender Points Examination
was assessed for number and severity as

Clinical and Experimental Rheumatology 2019
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described in the 1990-ACR guidelines
(19). Digital pressure of approximately
4 kg was applied at each of the 18 prede-
fined TP sites, and the patient’s pain re-
sponse at each site was scored between
0 =no painto 10 = severe pain.

Visual Analogue Scale (VAS) pain,
Visual Analogue Scale (VAS) fatigue
The VAS is a straight, 100-mm line (10
cm) that represents continuous pain or
fatigue intensity, where the left end of
the line indicates “no pain, ”and/or “no
fatigue” while the other end denotes
“pain or fatigue as bad as it could pos-
sibly be.” A patients indicated their lev-
el of pain (in mm), by marking a single
point on a line (21).

Widespread Pain Index (WPI)

It indicates the number areas (accord-
ingly to the new preliminary diagnostic
ACR criteria of FM) in which the pa-
tient has had pain over the last week. The
score will be between 0 and 19 (20). The
WPI was assessed by physician

Symptom Severity Scale (SS)

This scale is based on the patient’s expe-
rienced severity of fatigue, waking un-
refreshed and cognitive symptoms. The
patient indicated whether, during the
past week, they have experienced these
symptoms and the score O= no problem,
1= slight or mild problem, 2= Moderate
problem, 3= severe problem. (20).

Functional Assessment of Chronic

lliness Therapy-Fatigue (FACIT fatigue)
The FACIT Fatigue Scale is a short
questionnaire, 13 items, that measures
an individuals’ level of fatigue during
their usual daily activities over the past
week. The level of fatigue is measured
on a four point Likert scale (4 = not at all
fatigued to O = very much fatigued) (22).

Health Assessment Questionnaire
(HAQ) score

It includes 8 sections: dressing, arising,
eating, walking, hygiene, reach, grip,
and activities. There are 2 or 3 ques-
tions for each section. Scoring within
each section is from 0 (without any dif-
ficulty) to 3 (unable to do).

The 8 scores of the 8 sections are
summed and divided by 8 (23).
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Pittsburgh sleep quality index - PSQI
This index is used to investigate the
sleep quality level of the patient and
to demonstrate any sleep disturbance
during the previous month. It consists
of 19 items and seven subscales called
“sleep time”, “sleep disturbances”,
“sleep latency”, “daytime functionality
loss”, “habitual sleep efficiency”, “sub-
jective sleep quality” and “use of sleep-
ing medication”. Each item is weighted
on a 0-3 interval scale. The global
PSQI score is then calculated by total-
ing the seven component scores, pro-
viding an overall score ranging from
0 to 21, where lower scores denote a
healthier sleep quality( 24).

Isolation of peripheral blood mono-
nuclear cells and flow cytometry
Peripheral blood mononuclear cells
(PBMC) were obtained by density
gradient centrifugation using Ficoll-
Hypaque (Pharmacia Biotech, Upp-
sala, Sweden from 22 FM patients, 10
healthy controls and 10 patients with
non-related autoimmune disorders that
underwent HBOT treatment. Cell vi-
ability (trypan blue dye exclusion) was
always >95%. Cells cultured in RPMI
1640 (Euroclone, MI, Italy) supple-
mented with 10% FCS and antibiotics
(Euroclone, MI, Italy) were activated
with anti-CD3/CD28 beads (ratio 1:2)
and/or ionomycin (Sigma, St. Louis,
MO, US 1 pg/mL final concentration)
and phorbolmyristate acetate (PMA,
Sigma, 150ng/mL final concentration)
for 6h in the presence of 10 mg/ml of
monensin (Sigma, St. Louis, MO) for
blocking protein secretion, and then
stained with appropriate mAbs. Flow
cytometry analysis was performed us-
ing a FACSCanto (BD Biosciences).
At least 100.000 cells (events), gated
on lymphocytes region, were acquired
for each sample. Data were analysed
with FlowJo software programs. The
antibodies used were the following:PE
anti-human TNF-a (clone MADb11, Bi-
olegend, San Diego, CA, USA), APC
anti-human IFN-y (clone 4S.B3, Bio-
legend), APC anti-human IL-22 (clone
2G12A41, Biolegend), PE anti-human
IL-17 (clone eBio 64CAP17, eBlosci-
ence Affimetrix Inc., San Diego, CA,
USA), Alexa Fluor 647 anti-human

IL-9 (clone MH9A4, Biolegend), PE
anti-human PU-1 (R&D Systems, Min-
neapolis, MN, USA), Per CP/Cy 5.5 an-
ti-human CD3 (clone UTCHT1, Biole-
gend), Pe-Cyanine 7 anti-human CDS8a
(clone SK1, eBloscience Affimetrix
Inc), PerCp anti-human CD4 (MEM-
241, Abcam, Cambridge UK).

RT-PCR

Total RNA was isolated from PBMC
of FM patients and controls at base-
line and after HBOT using the com-
mercially available illustra RNAspin
Mini Isolation Kit (GE Healthcare,
Little Chalfont, Buckinghamshire,
UK), according to the manufacturer’s
instructions. Total RNA was reverse
transcribed to cDNA using the High
Capacity cDNA Reverse Transcription
Kit (Applied Biosystems). For quan-
titative TagMan RT-PCR, master mix
and TagMan gene expression assays
for GAPDH (Hs99999905_m1) house-
keeping, for TNF-o (Hs00174128_
ml),  IFN-y (Hs00989291_m1),
IL-17  (Hs00174383_ml1), IL-22
(Hs01574154_m1) were obtained from
Applied Biosystems. Samples were run
in triplicate using the Step-One RT-
PCR System (Applied Biosystems).
Relative changes in gene expression
between patients and controls at TO and
T3 were determined using the AACt
method. Final values were expressed as
fold induction.

Enzyme-linked immunosorbent

assay (ELISA) for TNF-a and IFN-y
Cytokine production from sera of pa-
tients and controls was assayed by
commercial ELISA (Abcam) accord-
ingly to manufacture instructions.

Enzyme-linked immunosorbent

assay (ELISA) for serotonin

Serotonin production from sera of pa-
tients and controls was assayed by
commercial ELISA (Abcam) accord-
ingly to manufacture instructions.

Statistical analysis

Presentation of sample size is based on
achievingan overall 80% power to dem-
onstrate that improvement rate in ten-
der sites is at least 0.50 (these improve-
ments were based on the improvements
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Table II. Mean scores at baseline (TO) and after HBOT (T3).

reported by Efrati ef al. 2015). Assum-
ing a true success rate of 87% a sam-
ple of n=31 will provide 80% power to
show that HBOT treatment induces at
least 87% improvement on tender sites.
This is based on a power analysis using
the normal approximation for the bino-
mial, with one-sided alpha=0.05.
Student’s -test, ANOVA and a mul-
tivariate linear regression were used,
when appropriated, to calculate the
statistical significance between groups.
Adjustment of p-value due to multiple
outcomes comparison has been per-
formed by using Sedak test and more
conservative Bonferroni test adjust-
ment. p-values less than 0.05 were con-
sidered significant.

Results

Effect of HBOT on pain, fatigue,
quality of life, mood and hours of sleep
The effect of the HBOT on patients’ pain,
was assessed by the evaluation of chang-
es in the number of tender points, in the
value of intensity score pain, of WPI and
of symptom severity. As shown in Table
II both the two groups (FM HBOT TO
and FM untreated) had very close mean
scores at baseline for all the measures.
HBOT treatment of FM patients led to
statistically significant improvements in
the mean scores of pain perception. Par-
ticularly, as shown in Table III a signifi-
cant reduction in the number of tender
points, in the value of intensity score
pain, of WPI and of symptom severity
was found in FM HBOT-treated patients
(FM TO vs. FM T3).

We also evaluated HBOT effects on the
physical functions, the psychological
distress and the quality of life among
FM HBOT-treated patients (T3). As
shown in Table II and Table III, a sta-
tistically significant improvement was
found in the FACIT questionnaires.
HAQ questionnaires was found sig-
nificant only at 10%. On the contrary
HBOT did not improve the total hours
of sleep, but as referred by patients the
quality of sleep ameliorates in FM pa-
tients after the treatment (Table III).

Serotonin sera levels are reduced in

FM and correlate with disease severity
Serotonin levels in the sera of FM
patients at TO (minimum 20 ng/ml,
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FM HBOT FM HBOT FM untreated
TO T3 n=14
n=22 n=22
Widespreade Pain Index (mean + SD) 148+0.7 109+09 15+1.2
Symptom Severity (mean + SD) 9.19+£05 55+05 90+0.2
Tender points (mean + SD) 1641 +£0.6125 135+0.6 153+09
VAS pain (mean + SD) 7.7+03 62+04 8+0.2
VAS fatigue (mean + SD) 82+03 64+04 8+04
Mood score (mean + SD) 23+03 1.7+0.2 22+02
HAQ (mean = SD) 179+2.5 13.7+2.1 173+3.1
FACIT (mean + SD) 158+1.6 283+2.1 16+1.1
Hours of sleep (mean + SD) 47+0.2 54+03 51x04
PSQI (mean + SD) 18.7+2.7 88+1.0 3+1.8

Table III. HBOT effects on the physical functions, the psychological distress and the

quality of life.
FM TO vs. FM T3 Mean diff SE Sidak’s test Bonferroni’s test
Adjusted p-value Adjusted p-value
FACIT -12.43 1916 0.0000179 1.79E-05
Symptoms severity 3.619 0.603 0.0000583 6.56E-05
PSQI 9.636 1.223 0.0000942 0.000121
Tender points 2.863 0.574 0.0003745 0.000562
WPI 3.909 0.884 0.0011974 0.002156
Intensity score 2.111 0.580 0.0075033 0.01693
HAQ 4.181 1.954 0.084092 0.398804
Hours of sleep -0.681 0.304 0.104092 0.323785
Mood scale 0.545 0.299 0.104092 0.746078

maximum 87 ng/ml) were significantly
lower compared to the control group
(healthy controls) (p=0.001; minimum
111 ng/ml, maximum 302 ng/ml). In-
terestingly, the level of serotonin in
FM patients increased after HBOT
treatment (Fig. 2 A) but they did not
correlate either with an improvement
in the mood score (data not shown) or
with the FACIT score (Fig. 2B).

mRNA expression proinflammatory
cytokines

In order to investigate cytokine pro-
duction and their potential association
with specific pattern of inflammation,
we first performed a RT-PCR analysis
for proinflammatory cytokines among
PBMCs from FM patients and healthy
controls (Controls). As shown in Table
IV, strong basal expression of TNF-a
and IFN- mRNAs -, but not IL-17A
and IL-22 mRNAs, was observed in
FM patients respect to healthy controls,
suggesting a proinflammatory status in
FM characterised by the activation of
genes related to Thl-type responses.
Furthermore, HBOT treatment caused
a profound and significant reduction of

all cytokines mRNAs in all the tested
patients (Table IV). The mRNA expres-
sion level of TNF-a was directly corre-
lated with the number of tender points
(12 =0.54, p<0.0025) and the HAQ (12
=0.53, p<0.001) (data not shown).

TNF-a and IFN-y serum levels

are increased in FM patients and
correlate with disease severity

Serum levels of TNF-a and IFN-y
were also measured and were found
significantly higher in FM compared
to healthy controls (Controls) (p<0.001
for both) at baseline (Table V). Of note,
TNF-a and IFN-y serum levels corre-
lated significantly with symptom sever-
ity score (12=0.51 for TNF-a p< 0.0001
and r2=0.54 for IFN-v, p<0.0025) (Fig.
2C-D) The levels of these cytokines
dramatically dropped out after HBOT
treatment (Table V).

Percentage and cytokine production
by T lymphocytes at baseline and

after HBOT

Since HBOT shows immunomodula-
tory capability, we evaluated a possible
effect on the immune cell response. We

Clinical and Experimental Rheumatology 2019
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Fig. 2. HBOT effects on the physical functions, the psychological distress and the quality of life.
A. Mean relative changes in serum serotonin level at TO and T3. B. Correlation between FACIT and
serotonin sera levels. P<0.05 were considered significant. C-D. Correlation between symptom severity

and TNF-a (C), IFN-y (D) sera levels respectively.

Table IV. Differences of mRNA mean expression.

FM vs. Controls Mean diff SE Sidak’s test Bonferroni’s test
Adjusted p-value  Adjusted p-value
IFN-y 0.92333 0.01453 0.00099 0.00099
TNF-a 0.93333 0.01666 0.00099 0.00127
1L-17 0.86211 0.07023 0.01316 0.02641
1L-22 0.85012 0.07637 0.01316 0.03190
FM TO vs. FM T3
IFN-y 0.28333 0.070317 0.03951 0.040109
TNF-a 429166 1.121786 0.03951 0.049204
1L-17 -0.12167 0.26806 0.66893 2.675751
1L-22 -0.44167 0.156214 0.07222 0.147162

used flow cytometry to analyse circu-
lating T cell subsets in patients (FM
and patients with unrelated diseases
control group: CTR HBOT) before and
after HBOT treatment (TO, T3).

As shown in Fig. 3A-B, no differences
were found in the mean percentage of
total CD4 and CDS8 lymphocytes at
baseline and after HBOT both in pa-
tients (TO: CD4 50%, CD8 23%, T3:
CD4 48%, CD8 35%) and CTR HBOT
(TO: CD4 42%, CD8 23%, T3: CD4
37%, CD8 22%). Additionally, no sig-
nificant differences were found between
CTR HBOT TO and healthy controls
(Controls) (CD4 40%, CDS8 21%, T3:
CD4 45%,CDS8 25%) (data not shown).
We then analysed cytokine production
among T cell population. As T cells
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immediately secrete cytokines in vivo,
intracellular detection of cytokines in
these cells ex vivo normally requires
the incubation with brefeldin A or
monensin, which block protein secre-
tion. Thus, PBMCs were shortly incu-
bated in the presence of monensin. In
single-colour analyses among T cells,
the percentages of total lymphoid cells
expressing IL-17A,IL-22,IL-9, TNF-a
and IFN-y was compared in FM pa-
tients (TO) and CTR HBOT (TO). As
shown in Figure 3C-D, no significant
differences were found among FM pa-
tients and CTR HBOT. (IL-17 FM vs
controls (CTR HBOT) 0.04+0.06 vs.
0.01£0.009%, p>0.05; 1L-22 0.34+0.39
vs.  006£0.02%, p>0.05; IL-9
0.27+0.40 vs. 0.5£0.09%, p>0.05 and

IFN-y 0.7£0.62 vs. 0.20£0.08 p>0.05,
respectively).

In contrast, the analysis of CD4* T cell
subsets (able to produce several cy-
tokines) showed different expression
of IL-17A, IL-22, IL-9,TNF-o and
IFN-v in FM patients and CTR HBOT
at TO. Particularly, a Th1-type signature
(TNF-o and IFN-y) was found in FM
patients respect to CTR HBOT before
treatment (Th17 FM vs. CTR HBOT
0.07£0.09 vs. 0.07+£0.08%, p>0.05;
Th22 0.30+0.34 vs.0.07+0.5%, p>0.05;
Th-90.14£0.11 vs. 0.36+0.08 %, p>0.05
and Th1 IFN-y0.99+0.62 vs.0.11+0.13,
p<0.05, Thl TNF-o 0.40+0.34 vs.
0.5+0.33%, p<0.05, respectively) (Fig.
4A-B). Additionally, in the presence of
Ionomycin and PMA, there was a sig-
nificant increase of TNF-a and IFN-y
expression in CD4* T cells of FM pa-
tients respect to CTR HBOT,Th1 IFN-y
1.64+1 vs. 097£03%, p<0.05; Thl
TNF-o 15.8+1.6 vs. 1248, p<0.05)
(Fig. 4C-D).

CD4 T cells were then analysed for
simultaneous expression of cytokines.
Circulating IL-17A*IL-22* double pos-
itive cells were not expanded in FM
patients, when compared with CTR
HBOT(FM vs. CTR HBOT IL17+/
IL22+ 0.016+0.03 vs. 0.009+0.013%,
p>0.05) (data not shown), conversely,
TNF-o*IFN-y* double positive cells
were increased in FM after lonomycin
PMA stimulation when compared to
CTR HBOT (5,23+1.2 vs. 0.53+0.08,
p>0.05) (Fig. 4C-D), indicating expan-
sion of Thl but not Th17/Th22 cells.
Interestingly, IL-17A and IL-22 were
expressed by different cells, suggesting
a Th22 polarisation. Circulating CD4*
cells negative for all these cytokines
were significantly lower in FM pa-
tients than in controls at baseline (41%
vs. 52%), indicating a general trend
toward higher levels of inflammatory
cytokine-producing CD4* cells in sub-
jects with FM compared with those
without disease (Supplementary Fig.
1A).

Finally, we evaluated if the distribution
of lymphocyte subsets was affected
by HBOT. Twenty-two patients and
10 CTR under HBOT (CTR HBOT)
were evaluated after three months (T3)
of treatment. HBOT over time led to
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Table V. Multivariate linear regression model of TNF-o and IFN-y.

FM and controls FM TO and FM T3

TNF-a IFN-y TNF-a IFN-y
VARIABLES coef se coef se coef se coef se
FM vs. Controls 24.9235%** 2.12 10.9708*** 1.70
FM TO vs. FM T3 -0.0368%** 0.00 0.4569*** 0.09
Depression 1.1190 2.11 -1.6456 1.70 0.0855 0.17 -6.4847 4.74
BMI 0.0660 0.22 0.2166 0.18 -0.0073 0.01 0.5244 0.36
Smoking -1.2969 2.28 0.8488 1.83 -0.1338 0.16 2.8997 453
Constant 13.0651** 5.07 5.2401 4.07 1.6419%** 0.30 -8.4011 8.49
Observations 32 32 44 44
R-squared 0.807 0.769 0.831 0.737
##4p<0.01.
a massive and significant reduction of  Discussion fatigue, cognitive field, mood distur-

all tested (17A, IL-22, IL-9, TNF-a and
IFN-v) and particularly of the Thl-re-
lated cytokines TNF-o. and IFN-y. The
decrease of this Thl cytokine response
was correlated with a global improve-
ment in disease scores in all patients.
No significant modifications were
found for the other T cells subsets at T3
(Supplementary Fig. 1B).

The analgesic effects of HBOT have
been studied in nociceptive, inflamma-
tory and neuropathic pain models, and
it was demonstrated to be useful for the
treatment of various chronic pain syn-
dromes including FM (25). Herein we
have evaluated the clinical response to
HBOT treatment in our cohort of FM
patients in modulating pain thresholds,

bance and the quality of sleeping. Our
results confirm the participation of im-
mune system in the pathogenesis of
FM and highlight the impact of HBOT
treatment, with particular regard to the
changes on proinflammatory cytokines
production by CD4 T cells subsets.

FM is one of the most common caus-
es of chronic widespread pain among
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rheumatic diseases. It is characterised
by reduced pain thresholds, fatigue,
non-refreshed sleep, mood disturbance
and cognitive impairment (5, 26). The
management of chronic pain is some-
times challenging and requires a mul-
tidisciplinary approach. Most pharma-
cological and physical therapies only
slightly or temporarily ameliorate pain
symptoms (27).

According to data present in the litera-
ture, our FM patients showed a very
high pain score and fatigue that af-
fect the carrying out of daily activities
(6). The restful sleep associated with
awakening headache greatly contribute
to aggravating the clinical picture of
FM patients (5). In view of the enor-
mous set of symptoms and the constant
chronic pain poorly responsive to tradi-
tional therapies, a new therapeutic ap-
proach has already been considered in
patients with chronic pain and more re-
cently with FM. In fact, several studies
have already demonstrated that HBOT
can modulate chronic pain changing

Clinical and Experimental Rheumatology 2019

pain perceptions by the induction of
the neural nitric oxide-dependent re-
lease of opioid peptides (28). This con-
dition may explain the improvement
of pain threshold, symptom severity,
sleep and quality of life also in FM pa-
tients. Yildiz et al. have already found
that HBOT significantly reduced the
number and threshold of tender points
(18), and an Israeli group evaluated its
efficacy in improving the symptoms
of fibromyalgia patients by rectifying
their typically altered brain functions
(25). Particularly, Serotonin [5-hy-
droxytryptamine (5-HT)] a neurotrans-
mitter regulating sleep, appetite, mood
and other important brain functions
was demonstrated to be able to regulate
many other organ systems acting as a
peripheral hormone. In fact, most of the
peripheral body’s serotonin is circulat-
ing in the bloodstream, transported
by blood platelets (29). Platelets store
serotonin at very high concentrations
in their dense granules (at 65 mM) and
secrete it upon activation (30). Rest-

ing plasma serotonin concentrations
(around 10 nM) can rapidly increase to
10 uM or more when platelets become
activated at the site of thrombus forma-
tion or inflammation (31, 32).

Thus, although the levels of serotonin
in the sera of patients with fibromyal-
gia appear to exhibit a tendency to be
lower than in patients with unrelated
disease controls and healthy controls
(33), at least when measured by ELISA,
the variation of serotonin levels also in
our data (within the disease groups)
after HBOT is not correlated with an
improving in the mood of FM patients.
This suggests that peripheral serotonine
can have a major role in FM through
the modulation of the inflammatory
process and reduced level of peripheral
serotonin can favour a proinflammatory
status. Alterations in 5-HT signalling
have been described in inflammatory
conditions of the gut, such as inflamma-
tory bowel disease. The association be-
tween 5-HT and inflammation, howev-
er, is not limited to the gut, as changes
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in 5-HT levels have also been reported
in patients with allergic airway inflam-
mation and rheumatoid arthritis (34).
Despite the described role of 5-HT in
the activation of macrophages and DC
in terms of production of proinflamma-
tory cytokines and phagocytic activity,
the activation of 5-HTR2Band 5-HTR7
has also been shown to promote anti-
inflammatory macrophage polarisation
suggesting the important role of seroto-
nine in the modulation of immune re-
sponse (35).

We therefore conclude that measure-
ment of the concentration of seroto-
nin in serum is not a useful tool for
the evaluation of mood/depression but
could be useful to evaluate the global
inflammatory status of FM patients
and their response to HBOT treatment
since increased level of sera serotonine
directly correlate with a good quality of
life of FM patients.

Given the immunomodulatory role of
serotonin we have characterised cy-
tokine production in the peripheral
blood of FM patients and the subsets of
CD4 T lymphocytes often involved in
the pathogenesis of immune-mediated
disorders.

Differently from Kaufmann et al. (9)
in our cohort of FM patients the CD4/
CDS ratio was found unmodified when
compared to the control group.
Interestingly, we found an expansion
of Thl lymphocytes, characterised by
increased expression of the Th1-related
cytokines TNF-a and IFN-v, indicating
a Thl signature in FM patients. More-
over, this proinflammatory status was
dramatically modified during HBOT
which contributes to a global improve-
ment of the quality of life, pain percep-
tion and cognitive capacities.

Clinical studies have provided evi-
dence that FM is associated with im-
mune dysregulation of plasma levels of
pro-inflammatory cytokines. Increase
of cytokine production may provoke
symptoms such as fatigue, fever, sleep,
pain and myalgia (9), all of which oc-
cur in FM patients (36, 37). Altera-
tions in pro-inflammatory cytokine
levels have been observed in the serum
and biopsies of FM patients (38, 39).
Moreover, a pilot study has already
demonstrated a possible pathogenetic
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role of cytokines (TNF-a, IFN-y, IL-1
and IL-6) in FM (40). Despite this evi-
dence, another study has shown that
treatment with anti-TNF-a monoclonal
antibodies in patients with axSpA and
coexisting FM does not improve pain
perception and additionally, FM seems
to have a negative impact on TNF-a
response and retention rate (41). If on
the one hand TNF-a blockade alone
does not improve pain perception, but
may lead to inadequate subjective as-
sessment of the response to ongoing
treatment of other immunomediated
pathologies such as spondylarthritis,
on the other HBOT treatment greatly
enhances pain perception and consen-
sually reduces the upregulated pro-in-
flammatory cytokines in patients with
FM suggesting a pathogenic role for
cytokines in FM.

The remarkable plasticity of CD4* T
cells allows individuals to respond to
environmental stimuli in a context-
dependent manner. A balance of CD4*
T cell subsets is critical to mount re-
sponses against pathogen challenges
to prevent inappropriate activation, to
maintain tolerance, and to participate
in immune responses. CD4* T cell sub-
sets have significant cross-talk, with
the ability to “differentiate” given ap-
propriate environmental signals, sug-
gesting that environmental factors
could participate to the activation of
immune system (42). Particularly, FM
patients show a Thl signature and the
activation of this subset is modulated
by HBOT.

Further studies are necessary to better
characterise immune response under-
lying FM, to understand the possible
pathogenetic mechanisms and to de-
velop novel therapeutic tools.

Authors’ affiliations

'Dipartimento Biomedico di Medicina
Interna e Specialistica, Sezione di
Reumatologia, Universita di Palermo;
Dipartimento di Biopatologia e
Biotecnologie Mediche, Universita di
Palermo;

3Unita di Medicina Iperbarica,
Policlinico P. Giaccone, Palermo;
“Department of Experimental Bio-
medicine and Clinical Neurosciences,
University of Palermo;

SDepartment of Biotechnological and
Applied Clinical Science, Rheumatology
Unit, School of Medicine, University
of L’ Aquila;

0OPUSmedica, PC&R, Persons,

Care & Research Network, Piacenza;
"Rheumatology Unit, Luigi Sacco
University Hospital, Milan, Italy.

References

1. CLAUW DJ, ARNOLD LM, MCCARBERG BH,
FIBROCOLLABORATIVE: The science of fi-
bromyalgia. Mayo Clin Proc 2011; 86: 907-
11.

2. CABO-MESEGUER A, CERDA-OLMEDO G,
TRILLO-MATA JL: Fibromyalgia: prevalence,
epidemiologic profiles and economic costs.
Med Clin 2017; 149: 441-8.

3. GRANJT: The epidemiology of chronic gen-
eralized musculoskeletal pain. Best Pract
Res Clin Rheumatol 2003; 17: 547-61.

4. HEIDARI F, AFSHARI M, MOOSAZADEH M:
Prevalence of fibromyalgia in general popula-
tion and patients, a systematic review and me-
ta-analysis. Rheumatol Int 2017; 37: 1527-39.

5. BENNETT RM: Clinical manifestations and
diagnosis of fibromyalgia. Rheum Dis Clin
North Am 2009; 35: 215-32.

6. MACFARLANE GJ, KRONISCH C, DEAN LE et
al.: EULAR revised recommendations for
the management of fibromyalgia. Ann Rheum
Dis 2017; 76: 318-28.

7. SCHMIDT-WILCKE T, CLAUW D1J: Fibromy-
algia: from pathophysiology to therapy. Nat
Rev Rheumatol 2011; 7: 518-27.

8. SARZI-PUTTINI P, ATZENI F, MEASE PJ:
Chronic widespread pain: from peripheral to
central evolution. Best Pract Res Clin Rheu-
matol 2011; 25: 133-9.

9. KAUFMANN 1, EISNER C, RICHTER P et al.:
Lymphocyte subsets and the role of TH1/
TH2 balance in stressed chronic pain patients.
Neuroimmunomodulation 2007; 14: 272-80.

10. HERR N, BODE C, DUERSCHMIED D: The ef-
fects of serotonin in immune cells. Front Car-
diovasc Med 2017, 4: 48.

11. RODRIGUEZ-PINTO I, AGMON-LEVIN N,
HOWARD A, SHOENFELD Y: Fibromyalgia and
cytokines. Immunol Lett 2014; 161: 200-3.

12. BARILARO G, MASALA FI, PARRACCHINI R
et al.: The role of hyperbaric oxygen therapy
in orthopedics and rheumatological diseases.
Isr Med Assoc J 2017, 19: 429-34.

13. OPASANON S, PONGSAPICH W, TAWEEPRA-
DITPOL S, SUKTITIPAT B, CHUANGSUWAN-
ICH A: Clinical effectiveness of hyperbaric
oxygen therapy in complex wounds. J Am
Coll Clin Wound Spec 2014; 6: 9-13.

14. ZELINSKI LM, OHGAMI Y, CHUNG E, SHI-
RACHI DY, QUOCK RM: A prolonged nitric
oxide-dependent, opioid-mediated antinocic-
eptive effect of hyperbaric oxygen in mice. J
Pain 2009; 10: 167-72.

15. HEEMAN JH, ZHANG Y, SHIRACHI DY,
QUOCK RM: Involvement of spinal cord opi-
oid mechanisms in the acute antinociceptive
effect of hyperbaric oxygen in mice. Brain
Res 2013; 1540: 42-7.

16. SUTHERLAND AM, CLARKE HA, KATZ J,

Clinical and Experimental Rheumatology 2019



18.

20.

21.

22.

23.

24.

KATZNELSON R: Hyperbaric oxygen thera-
py: A New Treatment for Chronic Pain? Pain
Pract 2016; 16: 620-8.

. KAHLE AC, COOPER JS: Hyperbaric, physi-

ological and pharmacological effects gases.
Treasure Island: StatPearls Publishing 2018.
YILDIZ S, KIRALP MZ, AKIN A ef al.: A new
treatment modality for fibromyalgia syn-
drome: hyperbaric oxygen therapy. J Int Med
Res 2004; 32: 263-7.

. WOLFE F, SMYTHE HA, YUNUS MB, BEN-

NETT RM, BOMBARDIER C, GOLDENBERG
DL: The american college of rheumatology
1990 criteria for the classification of fibromy-
algia. report of the multicenter criteria com-
mittee. Arthritis Rheum 1990; 33: 160-72.
WOLFE F, CLAUW DIJ, FITZCHARLES MA et
al.: The american college of rheumatology
preliminary diagnostic criteria for fibromyal-
gia and measurement of s ymptom severity.
Arthritis Care Res 2010; 62: 600-10.
FLAHERTY SA: Pain measurement tools for
clinical practice and research. AANA J 1996;
64: 133-40.

WEBSTER K, CELLA D, YOST K: The func-
tional assessment of chronic illness therapy
(FACIT) measurement system: properties,
applications, and interpretation. Health Qual
Life Outcomes 2003; 1: 79.

PINCUS T, SUMMEY JA, SORACI SA IR,
WALLSTON KA, HUMMON NP: Assessment
of patient satisfaction in activities of daily
living using a modified stanford health as-
sessment questionnaire. Arthritis Rheum
1983; 26 :1346-53.

BUYSSE DJ, REYNOLDS CF 3rRD, MONK TH,
BERMAN SR, KUPFER DJ: The Pittsburgh

Clinical and Experimental Rheumatology 2019

25.

26.

217.

28.

29.

31.

32.

33.

HBOT ameliorates FM symptoms / G. Guggino et al.

sleep quality index: a new instrument for
psychiatric practice and research. Psychiatry
Res 1989; 28: 193-213.

EFRATI S, GOLAN H, BECHOR Y et al.:
Hyperbaric oxygen therapy can diminish fi-
bromyalgia syndrome--prospective clinical
trial. PLoS One 2015; 26: 10.

CLAUW DJ: Fibromyalgia: a clinical review.
JAMA 2014; 311: 1547-55
BINKIEWICZ-GLINSKA A, BAKULA S, TOM-
CZAK H et al.: Fibromyalgia syndrome - a
multidisciplinary approach. Psychiatr Pol
2015; 49: 801-10.

ZELINSKI LM, OHGAMI Y, CHUNG E, SHI-
RACHI DY, QUOCK RM: A prolonged nitric
oxide-dependent, opioid-mediated antinoci-
ceptive effect of hyperbaric oxygen in mice.
J Pain 2009; 10: 167-72.

BERGER M, GRAY JA,ROTH BL: The expand-
ed biology of serotonin. Annu Rev Med 2009;
60: 355-66.

. MCNICOL A, ISRAELS SJ: Platelet dense gran-

ules: structure, function and implications for
haemostasis. Thromb Res 1999; 95: 1-18.
MOSSNER R, LESCH KP: Role of serotonin
in the immune system and in neuroimmune
interactions. Brain Behav Immun 1998; 12:
249-1.

DUERSCHMIED D, CANAULT M, LIEVENS D
et al.: Serotonin stimulates platelet receptor
shedding by tumor necrosis factor-alpha-
converting enzyme (ADAMI17). J Thromb
Haemost 2009; 7: 1163.71.

JASCHKO G, HEPP U, BERKHOFF M et al.:
Serum serotonin levels are not useful in di-
agnosing fibromyalgia. Ann Rheum Dis 2007;
66: 1267-8.

34.

3s.

36.

37.

38.

39.

40.

41.

42.

SHAJIB MS, KHAN WI: The role of serotonin
and its receptors in activation of immune
responses and inflammation. Acta Physiol
2015; 213: 561-74.

DE LAS CASAS-ENGEL M, CORBI AL: Sero-
tonin modulation of macrophage polariza-
tion: inflammation and beyond. Adv Exp Med
Biol 2014; 824: 89-115.

STAUD R: Evidence of involvement of cen-
tral neural mechanisms in generating fibro-
myalgia pain. Curr Rheumatol Rep 2002; 4:
299-305.

GUR A, OKTAYOGLU P: Status of immune
mediators in fibromyalgia. Curr Pain Head-
ache Rep 2008; 12: 175-81.

LUCAS HJ, BRAUCH CM, SETTAS L, THEO-
HARIDES TC: Fibromyalgia-new concepts of
pathogenesis and treatment. Int J Immuno-
pathol Pharmacol 2006; 19: 5-10.

SALEMI S, RETHAGE J, WOLLINA U et al.:
Detection of interleukin Ibeta (IL-lbeta),
IL-6, and tumor necrosis factoralpha in skin
of patients with fibromyalgia. J Rheumatol
2003; 30:146-50.

WALLACE DJ, LINKER-ISRAELI M, HALLE-
GUA D, SILVERMAN 8, SILVER D, WEISMAN
MH: Cytokines play an aetiopathogenetic
role in fibromyalgia: a hypothesis and pilot
study. Rheumatology 2001; 40: 743-9.
BELLO N, ETCHETO A, BEAL C, DOUGADOS
M, MOLTO A: Evaluation of the impact of fi-
bromyalgia in disease activity and treatment
effect in spondyloarthritis. Arthritis Res Ther
2016; 18: 42.

CAZA T, LANDAS S: Functional and phe-
notypic plasticity of CD4® T cell subsets.
Biomed Res Int 2015; 2015: 521957.

S-89



	CER Guggino page 81
	CER 12015 Guggino



