Clinical immunology

DOI: https://doi.org/10.5114/ceji.2018.77389

Changes in chosen immune system indicators
and the level of HSP-70 after single
whole-body cryostimulation in healthy men

BARBARA SZPOTOWICZ-CZECH', MAGDALENA WIECEK?, JADWIGA SZYMURA’,

MARCIN MACIEJCZYK? ZBIGNIEW SZYGULA*

nstitute of Physical Culture, State University of Applied Sciences, Nowy Sacz, Poland

*Department of Physiology and Biochemistry, Faculty of Physical Education and Sport, University of Physical Education, Krakow, Poland
3Department of Clinical Rehabilitation, Faculty of Motor Rehabilitation, University of Physical Education, Krakow, Poland

‘Department of Sports Medicine and Human Nutrition, Faculty of Physical Education and Sport, University of Physical Education

in Krakow, Krakow, Poland

Abstract

Aim of the study: The aim of our research was to examine the influence of single whole-body
cryostimulation (WBC) on chosen immune system indicators including the heat shock protein HSP-70.

Material and methods: The study was carried out among ten young and healthy men (mean age
22.4 #1.65, with a body mass index of 22.91 +2.39 kg/m?). The participants were subjected to single
whole-body cryostimulation (at —130°C temperatures) in a special cryogenic chamber for 3 minutes.
Blood samples were collected three times: before cryostimulation, 30 minutes and 24 hours after WBC.
Immunoglobulins (IgA, IgG, IgM), interleukins (IL-6, IL-10, IL-1) and the heat shock protein (HSP-70)
were determined in the blood serum.

Results: As a result of a single exposure to cryogenic temperatures, a significant increase in the
level of IL-6 was observed 30 minutes after the WBC (p < 0.05) and a decrease in the level of HSP-70
24 hours after the treatment (p < 0.05). There were no significant changes in the level of interleukins
(IL-10, IL-1B) or immunoglobulins 30 minutes after a single WBC treatment or 24 hours later.

Conclusions: Detailed analysis of the issue shows that a single application of whole-body cryo-
stimulation causes a small, modulating effect on the IL-6 level. Single whole-body cryostimulation
treatment has also a slight silencing effect on the HSP-70 level in healthy, young men. Reduction in the
concentration of HSP-70 24 hours after WBC may indicate lack of the damaging impact on the spatial
structure of the protein due to cryogenic temperatures.

Key words: cold exposure, cryogenic temperatures, cold-stress response immunology, interleukin,

immunoglobulins, heat shock proteins-70.

Introduction

Studies examining the effects of cryogenic tempera-
tures on the human body were initiated more than thirty
years ago. A short treatment time of 2-3 minutes in tem-
peratures below —100°C, in a special cryogenic chamber,
is used both in patients and athletes. It was noticed that
physiological stress induced by short exposure to cryo-
genic temperatures influences a number of systems in the
human body: nervous-muscular, hormone [1], cardiovas-
cular [2] and immune system [3]. This also affects the pro-
oxidant-antioxidant balance in healthy participants [3, 4]
and patients with multiple sclerosis (MS) [5]. Whole-body
cryostimulation (WBC) is also used in the biological re-
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generation of athletes (treatment of post-trauma changes,
signs of overburdening, decreasing inflammation and mus-
cle relaxation) [6-8].

One of the body’s defence mechanisms against heat
loss is contraction of the peripheral blood vessels which
is regulated by the sympathetic nervous system (SNS).
In contrast, activated SNS mediates and affects, among
others, modulation of the immune response [9]. Various
aspects of the impact of WBC on the human body were
examined but unequivocal findings and lack of clarity in
the results of individual authors are noticed in studies con-
cerning the effects of WBC on the immune system. There is
a general belief that cold stimulates the immune system [9].
Immunomodulatory actions of cold exposure confirm the
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work of several authors [3, 4, 10, 11]. Nonetheless, studies
in which stimulation of the immune system did not occur
were also conducted [6, 12].

There is also controversy regarding the effect of cold
exposure on the level of selected interleukins which are
regulators of human body responses to infection, immune
responses, inflammation, and their main functions are T
lymphocyte and macrophage activation, differentiation of
B lymphocytes and modification of inflammatory response
[13, 14]. Most of the available papers describe the effects
of WBC on the level of selected interleukins (increased
1L-6, IL-10, IL-1ra; reduction in the level of IL-1a,
IL-1B, IL-2, IL-8, TNF-a, CRP [3, 4, 6-8], or no change in
the level of IL-6, IL-1f, TNF-o (tumor necrosis factor-o.)
[7, 15]. However, in the vast majority of prior research,
the effect of WBC was studied among athletes. For this
reason, we decided to mark these selected interleukins in
healthy, non-trained men in our research.

Extracellular immunoglobulin (Ig) and T cell receptors
take part in the recognition of foreign antigens and protec-
tion of the body against extracellular dangers. Immuno-
globulins, comprising a group of glycoproteins, may be
found in serum as well as body fluids and are an element
which recognizes the humoral immune response. In the lit-
erature, very few studies evaluating the influence of WBC
on the level of immunoglobulin can be found. Among the
available publications, studies conclude a lack of changes
in the group of athletes [16] or their reduction in patients
with ankylosing spondylitis due to WBC usage [17]. In
this study, it was decided to determine the level of three
immunoglobulin classes among the five existing ones. Im-
munoglobulin M, which first appears after contact with
an organism’s antigen, IgG belonging to one of the most
important serum antibodies and immunoglobulin A — the
main antibody class secreted externally [18].

Heat shock proteins (HSP) function as protection of
other proteins from abnormal changes, acting as chaperone
proteins. The name of these proteins was established due
to the conditions in which they were first described by the
Italian geneticist Ferrucio Ritosso, discovering them acci-
dentally in Drosophila (Drosophila melanogaster) at an
elevated temperature in an incubator [19]. This resulted in
increased synthesis of the HSP family of proteins, which
all work to protect cells from harmful environmental condi-
tions, silencing or weakening the effects of stressors [20-22].
Enhanced expression of HSP genes is also induced by
physiological processes, as well as pathophysiological
conditions such as ischemia, acidosis, oxidative stress,
UV radiation, bacterial and viral infections, heavy metals
and others [23, 24]. Proteins from the HSP-70 family are
among the most well-known heat-shock proteins. In stress-
ful conditions, these proteins combine with polypeptides of
abnormal structure, take part in the development of abnor-
mally collapsed or damaged proteins, prevent denaturation
and aggregation, allowing denatured proteins to return to
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their normal structure [25]. These proteins protect the car-
diac muscle, skeletal muscles, lungs and liver against dam-
age caused by ischemia and reperfusion. In the literature,
there are no reports on the effects of extreme cold (from
—110°C to 130°C) on synthesis of the HSP-70 protein in
the human body and to what extent it occurs at all. Given
that exposure to very low temperatures is stressful for the
body, it can be expected that there will also be variations
in the level of the HSP-70 protein. However, the literature
on the subject does not supply any reports of this nature.

The aim of the study was to investigate the early and
late effects of a single cryostimulation treatment on the
level of immunoglobulin classes A, G and M, interleukins
(IL-6, IL-10, IL-1B) and the heat shock protein HSP-70 in
healthy men.

Material and methods

Participants of the study comprised 10 young men aged
20-25 (mean age 22.40 +1.65, with a body mass index of
22.91 £2.39 kg/m?). All participants were volunteers who
did not use any stimulants during and two weeks before
the experiment. They familiarized themselves with written
instructions about the research goals and procedures, and
signed written consent stating conscious and voluntary par-
ticipation in the study. The proposed research methodology
was accepted by the Bioethics Commission at the Regional
Medical Chamber in Krakow.

The participants underwent medical screening prior to
entering the cryochamber.

The screening involved measurements of systolic
blood pressure (SBP), diastolic blood pressure (DBP), and
heart rate (HR); an electrocardiography reading (EKG);
and an interview that aimed to eliminate any contraindica-
tions to whole-body cryostimulation.

The following somatic traits were measured in all par-
ticipants prior to the experiment: body height (BH), body
mass (BM), fat percentage (FP), fat mass (FM) and lean
body mass (LBM). Table 1 and 2 show the characteristics
of the study participants.

Whole-body cryostimulation procedure

Ten men underwent a single WBC session at the
Malopolskie Province Cryotherapy Center in Krakow.
Before entering the cryochamber, the participants were
asked to dry their skin thoroughly with a towel to remove
sweat, since sweat could cause an acute feeling of cold.
Each participant was provided with a surgical gauze mask,
ankle-high woolen socks, warm knee protectors, gloves,
a band or cap to protect the ears, wooden clogs and shorts.
After preparing themselves, the participants entered the
pre-chamber in groups (2-4 volunteers) for about 30 sec-
onds in the temperature of —60°C. Next, they entered the
main chamber, walking in a circle one behind the other for
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Table 1. Characteristics of examined subjects

Variables Mean +SD Min. Max.
Age (years) 22.0 £1.65 20.0 25.0
Height (cm) 179.0 +4.62 170.0 187.0
BM (kg) 73.0 +8.96 64.0 89.0
BMI (kg/m?) 23.0 £2.39 20.0 27.0
PF (%) 14.0 +4.25 8.0 22.0
FM (kg) 11.0 £3.96 5.0 16.0
LBM (kg) 63.0 +6.44 55.0 73.0
SBP (mm Hg) 118.00 £10.59 105.0 135.0
DBP (mm Hg) 74.00 £7.38 60.0 85.0
HR (bpm) 73.20 +8.65 60.0 88.0

The values are mean +standard deviation

BM — body mass, BMI — body mass index, PF — percentage of fat, FM — fat
mass, LBM — lean body mass, SBP — systolic blood pressure, DBP — diastolic
blood pressure, HR — heart rate

three minutes in the temperature of about —130°C and un-
der camera supervision. The three minutes later, the partic-
ipants moved to a room with a temperature of about 19°C,
where 30 minutes after WBC venous blood was collected.

Blood tests and biochemical analysis

The venous blood sampling procedure was performed
three times: before the visit in the cryogenic chamber (I),
30 minutes after the WBC treatment (II) and 24 hours after
the treatment (III). Blood samples were taken in accordance
with applicable standards between 2:00-4:00 p.m. from
a vein in the elbow joint in a volume of 6 ml by a sports
physician or laboratory diagnostician, after a 10-minute
rest in a sitting position. BD Vacutainer Systems Vacuum
CAT 6.0 ml volume were used for the sampling of venous
blood. The men taking part in the study could not perform
any physical activity 24 hours prior to the blood collection.

IL-6, IL-1B, IL-10, HSP-70 were determined by enzyme
immunoassay — high-sensitivity ELISA kits. Interleukins
were determined using a kit from R&D Systems. Test sen-
sitivity: IL-6 = 0.039 pg/ml; IL-10 = 0.09 pg/ml; IL-1p =
0.057 pg/ml. Coefficient of variation (CV) of intra-assay for
IL-6 < 7.8%, IL-10 < 9.4%, IL-1 < 10.2% and between tests
(inter-assay) IL-6 < 7.2%, IL-10 < 8.5% and IL-1f < 10.4%.

Determination of IgA, IgG and IgM was performed
with the immunoradiometric method by the ARCHI-
TECT c¢ System analyzer using the tests: Immunoglobu-
lin A (Limit of Quantitation (LOQ) < 0.03 g/l; Total CV
<4.1%), Immunoglobulin G (LOQ < 0.061 g/l; Total CV
<3.4%), Immunoglobulin M (LOQ < 0.02 g/I; Total CV
<4.4%); kits from Abbott Laboratories. This method con-
sists in measuring the increasing turbidity of the sample
caused by the formation of insoluble immune complexes
after adding antibodies against IgA, IgG, IgM, respective-
ly, to the sample.
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Table 2. Morphological blood indicators of examined sub-
jects before WBC

Variables Mean +SD Min. Max.
Leukocytes (10°/L) 5.56 +1.28 4.0 7.80
RBC (10"%/L) 5.35 +0.28 4.90 5.90
Hb (g/dL) 16.06 +0.74 14.50 17.40
Hct (%) 5239 +3.91 44.57 59.20
MCV (L) 86.60 +2.67 82.0 90.0
MCH (pg) 30.10 +0.88 28.0 31.0
MCHC (g/dL) 34.61 £0.84 33.20 35.90
PLT (10°/L) 227.40 +49.14 153.0 315.0
NEUT (10°/L) 3.22 £0.96 1.93 5.27
LYMPH (10°/L) 1.61 £0.51 1.24 1.87
MONO (10°/L) 0.49 £0.11 0.34 0.69

The values are mean +standard deviation

RBC — red blood cells, Hb — hemoglobin, Hct — hematocrit, MCV — mean
corpuscular volume, MCH — mean corpuscular hemoglobin, MCHC — mean
corpuscular hemoglobin concentration, PLT — platelets, NEUT — neutrophils,
LYMPH — lymphocytes, MONO — monocytes

HSP-70 was determined using the kits: WUHAN
EIAB Science; test sensitivity = 0.039 ng/ml; detection
range: 0.15-10.0 ng/ml.

Leukocytes, lymphocytes, monocytes, neutrophils and
platelets were determined with the fluorescence flow cy-
tometry method using a semiconductor laser. RBC, MCV,
MCH and MCHC were determined using hydrodynamic
focusing (HDF) and the DC impedance method (conducto-
metric method). Hemoglobin was determined via the SLS
method — this method utilizes the sodium lauryl sulphate
(SLS: C,H,,SO,Na) surfactant. All the above indices were
determined with the automated XT-2000i analyzer. Hema-
tocrit was determined using the microhematocrit method
immediately after the collection of blood from subjects.

In this paper, it was decided to correct all the exam-
ined indicators taking into account the changes in plasma
volume after the treatment. The calculation of changes
in plasma volume APV was done on the basis of chang-
es in concentration of total protein levels 30 minutes and
24 hours following WBC. Protein concentrations were de-
termined using the biuret reagent (Roche reagent — Hitachi,
Japan), Cobas 6000 analyzer.

The following formula was used for APV calculation
[26]:

APV =—-100*[(P, - P)/(P))]

P, — initial protein level before WBC treatment

P, — final protein level after WBC treatment

The formula by Kraemer and Brown [27] was used for
final corrections of the examined parameters:

V.= (%APV*0.01*V ) + V,

V., — corrected value

V, - value after WBC
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Statistical analysis

Statistical analysis of the obtained results were performed
using an MS Excel spreadsheet and the STATISTICA 10
software package. Basic numerical characteristics of the
analyzed variables — that is, arithmetic mean and standard
deviations — were determined. After the normal distribution
of the results was assessed, the significance of differences
was determined using Friedman ANOVA and the signifi-
cance of differences between each pair of data was deter-
mined using the Wilcoxon matched-pairs test. Statistical
significance was accepted at p < 0.05.

Results

Initial values of blood morphological indicators were
within normal limits (Table 2). We observed only a small
increase in plasma volume 30 minutes after the first treat-
ment (% APV = 0.94) and 24 hours later (% APV = 1.03),
but these changes were not significant.

Table 3 shows a comparison of the results obtained be-
fore the WBC treatment and 30 minutes as well as 24 hours
after its completion.

In the present study, all immunoglobulin levels were
within normal limits prior to the WBC, and all the studied
males were healthy.

Venous blood collected 30 minutes after the single
WBC treatment showed no significant changes in the level
of the examined indicators (IgG, IgM, IgA, IL-10, IL-1,
HSP-70) — Table 3. One WBC treatment caused an increase
in the level of IL-6 30 minutes after WBC (p < 0.05).

24 hours after the single WBC treatment, levels of
the HSP-70 heat shock protein significantly decreased
(p <0.05). In blood taken 24 hours after the single WBC
procedure, there were no significant changes in the level
of the studied immunoglobulin classes: IgA, IgG, IgM and
IL-6, IL-10, IL-1p (Table 3).

Discussion

In the present study, we try to answer the question of
whether single exposure to cryogenic temperatures affects
the level of individual immunological blood indicators and
the level of heat shock proteins. In examining the effect
of a single WBC treatment on the human body, we want
to know whether the use of only a 3-minute treatment is
beneficial and sufficient for safe systemic stimulation for
healthy participants, as well as athletes.

Mainly three systems (and their mutual cooperation)
take part in the body’s response to cold: the nervous, endo-
crine and immune system. Cold-induced vasoconstriction
is a protective insulating physiological response regulated
by the sympathetic nervous system, which reduces heat
loss [28, 29]. To maintain heat balance in a cold environ-
ment, the body releases heat generating hormones (cate-
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cholamines, triiodothyronine) [30] which may cause heat
generation in a non-shivering manner. In order to stimulate
metabolism, reflex stimulation of skeletal muscles and the
development of muscle tremors are often also necessary.
Exposure to cold causes, among others: increase in activi-
ty of the adrenergic neurotransmitter, i.e. norepinephrine,
a2-adrenergic receptors [28, 29] and increased cortisol se-
cretion [31, 32]. Lymphatic organs are also innervated by
sympathetic noradrenergic nerve fibres, and o-adrenergic
receptors can be found on a substantial majority of lym-
phoid cells (except for T-helper cells) [33-35].

IL-6, IL-10, IL-1pB

The endocrine and immune systems are the two main
systems which are involved in the body’s response to
cold. In this study, it was decided to designate selected
pro- and anti-inflammatory cytokines because of the im-
portant role played by cytokines in mutual two-way in-
teraction between the endocrine and the immune system
[36]. The interaction of hormones and cytokines during
thermal stress may affect homeostasis of the immune re-
sponse and balance between pro- and anti-inflammatory
cytokines [37-39].

IL-6 is a multi-directional, pleiotropically acting
cytokine involved in B lymphocyte proliferation [40].
It participates not only in inflammatory reactions and in-
fections but also in the regulation of metabolic processes
and nerve regeneration [41]. Its most important functions
are participation in the immune response, hematopoiesis
and inflammatory response [42, 43]. IL-6, independent of
TNF-a., also influences induction of the most important
anti-inflammatory cytokine IL-10 [3, 4].

IL-10 is a cytokine which in effect, contributes to the
inhibition of the cellular immunological cell type and
inflammatory responses, and is produced by activated T
cells, predominantly Th2 helper cells, B cells, monocytes

Table 3. Significant changes in chosen immune system
indicators in response to single whole-body cryostimula-
tion in young men

Variables Before 30 minutes 24 hours
WBC after WBC after WBC
1gG (g/) 9.99 +2.41 9.96 £2.54 9.92 +2.61
IgM (g/) 0.77 £0.24 0.74 +0.23 0.77 +0.23
IgA (g/l) 1.59 £0.60 1.57 £0.59 1.56 £0.59
IL-6 (pg/ml) 0.62 +0.12 0.73 +0.15%* 0.70 £0.20
IL-10 (pg/ml) 0.95 +0.26 0.93 +0.21 0.80 +0.30
IL-1B (pg/ml) 1.31 +0.28 1.37 £0.34 1.48 +0.26
HSP-70 (ng/ml) 1.07 £0.04 1.04 £0.07 0.91 £0.16%**

The values are mean #+standard deviation

Ig — immunoglobulin, IL — interleukin, HSP — heat-shock protein
Statistically significant difference at p < 0.05

*significant differences between before WBC — after WBC
**significant differences between before WBC — 24 hours after WBC
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and macrophages [44]. IL-1p, however, is an interleukin
which acts systemically. It is secreted into the blood and
synthesized similarly to IL-10 by monocytes and macro-
phages [39, 45].

Exposure to cold causes the release of catecholamines,
and it was found that adrenaline and noradrenaline can
reduce the inflammatory response, particularly through
monocytes, macrophages and T lymphocytes, resulting
in weakened synthesis of pro-inflammatory cytokines
(TNF-a, IL-1pB, IL-12) and an increased level of anti-in-
flammatory cytokines (IL-10, IL-1ra) [37]. According to
our results, whole-body cryostimulation applied only once
increase the IL-6 level 30 minutes after WBC and has no
significant effect on modulating the levels of IL-10 and
IL-1p in the blood serum of healthy young people. Simi-
larly to our results, the level of IL-6 significantly increased
both 30 minutes after a single treatment (—130°C/3") and
after the series, having a mobilizing effect on the immune
system [3]. Similar changes were observed in males train-
ing tennis due to the use of the WBC twice a day for 5
days (-120°C/3"), causing a significant increase in IL-6
and decrease in TNF-a. [8]. It is probable that the increased
frequency of treatments had a significant impact on the
level of secreted cytokines. Ziemann et al. [8] suggest that
perhaps explanations for this should be sought in one of
the thermoregulatory mechanisms which are involuntary
contractions of working muscles, during which just like
during exercise levels of IL-6 increase. Also it indicates
that with the increase of IL-6 in the working muscles cor-
tisol increases [8]. Cortisol is the main glucocorticoid in
the human body, released in response to various stressful
situations that affect inter alia the inhibiting of the immune
response [46].

As stated in the work of Pournot et al. [7], cryostimu-
lation can be effective in reducing the inflammatory pro-
cess caused by exercise. They reported that an hour after
application of WBC there was a decrease in IL-1 and
increase in IL-1ra compared to the control group, while
TNF-a, IL-6 and IL-10 remained unchanged. In turn,
the use of the WBC over a 12-week period (-110°C/2%),
3 times a week in non-trained persons did not cause any
change in the level of IL-1p, and similarly in the levels of
IL-6 and TNF-a [46]. Similarly, in the work of Selfe et al.
[15], there were no significant changes in the level of IL-6
in 14 rugby players in 17, 2" or 3" treatments at —135°C.
Perhaps the differences in the results of the said authors
should be associated with the particular participant’s dif-
ferent adoptive abilities to adapt to the low body tempera-
ture and their response to the situation in which they are,
often “stressful situations”. As observed by Hausswirth
et al. [47], the thermal comfort of the participants during
WBC (-110°C/3") was described as “uncomfortable” and
maintained for 20 minutes post the applied treatment [47].

A series of experiments indicating changes in the lev-
el of individual interleukins were carried out in a sports
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environment, in which WBC is used to treat post-traumat-
ic changes, signs of overburdening, in order to speed up
tissue healing, reduce inflammation and facilitate muscle
relaxation [6, 16].

In the study by Rhind et al. [31], on the first day of
the experiment, exposure to cold (cold water immersion —
CWI) caused changes in the level of IL-1f3 and TNF-a.,
suggesting a dominant influence of a-adrenergic mech-
anisms. After 7 days of physical activity, on the 8" day
of the experiment, TNF-a and IL-1f secreted by mono-
cytes decreased and the expression of IL-1ra increased,
indicating the predominance of -adrenergic mechanisms.
The authors postulate that these changes were induced by
exposure to cold, but preceded by 7-day strenuous physi-
cal activity. Therefore, it is extremely difficult to compare
works exploring the effects of WBC on the level of indi-
vidual indicators in healthy, non-trained individuals with
studies devoted to evaluation of the efficacy of WBC in
the process of recovery after exercise in athletes or with
studies researching the influence of WBC on ill subjects.

IgG, IgM, IgA

Immunoglobulins play a very important role in the
body’s defence mechanisms. IgM, IgG and IgA are three
classes of immunoglobulins which share a common idio-
type. They have an identical variable domain of the light
and heavy chain against the same antigen [48]. The anti-
gens that appear in the body are recognized by Th cells
which proliferate, release and stimulate B cells to produce
antibodies. Attention should be paid to the close coopera-
tion of T as well as B lymphocytes and other cells in hu-
moral type response [49].

In the studied group of healthy individuals, as a re-
sult of single WBC treatment, no significant changes in
the levels of the tested IgG, IgM and IgA were noticed.
Perhaps there is a need for long-term stimulus to induce
significant changes. In the literature, there are no studies
on the effect of cold cryogenic action on immunoglobulin
levels in healthy and/or non-trained subjects. In a group of
athletes, Banfi er al. [6] investigated the influence of 5 re-
peated WBC treatments (—110°C/2") and similarly, did not
notice any changes in the level of IgG, IgM, IgA. Whereas
Sieron et al. [17] studied the effect of 10 WBC treatments
(=130°C/2") in patients with ankylosing spondylitis. They
found a significant reduction in the level of IgA and IgG,
explaining that the decrease in the concentration of acute
phase proteins and immunoglobulins in these patients may
indicate the anti-inflammatory effects of WBC. Decreas-
es in the levels of IgA and IgM were recorded during the
first 4 months of a year-long Antarctic expedition. These
changes were associated with stress in connection with
participation in the expedition, while no infections of the
upper respiratory tract were found [50]. Due to lack of pa-
pers describing the impact of single WBC treatments on
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the level of immunoglobulins, no references to the results
of other authors can be made. The increase in IgG after
a single immersion in cold water up to the chest in athletes
for 1 hour and in the water temperature of 14°C was only
examined by Jansky et al. [51].

HSP-70

To the best of our knowledge, this is the first study to
evaluate the influence of cryogenic temperatures on the
level of the heat shock protein (HSP-70) in the human
body. So far, there have been only a few research papers
on the effect of cold on the level of heat shock proteins,
mainly in fish, mice and insects [52-55]. Most authors ex-
amine the effect of hypothermia on prokaryotic and eu-
karyotic organisms. In contrast, it should be emphasized
that whole-body cryostimulation does not cause hypother-
mia of the human body [15].

It has been demonstrated that HSP mRNA was actively
produced in the erythrocytes of brown trout which were
subjected to heat shock [56,57] and in rainbow trout red
blood cells after exposure to 25°C for 2 hours, after previ-
ous month-long adaptation to 9-11°C temperatures [52]. In
mice subjected to whole body cooling (2-3°C temperature
for 8 hrs) a cellular response to stress was induced. This
resulted in an increased expression of HSP-72 mRNA in
the brain, heart, kidneys, liver and lungs, with a decrease in
body temperature by 2.5°C [53]. In addition, in Drosophila
larvae [54] and Leuconostoc esenteroides [55], in response
to the cold, the thermal-shock protein is synthesized during
the period of thermal regeneration after hypothermia,
which is necessary in order for the maximum stimulation
of the HSP expression. Also, in mice after 1 hour at normal
temperature, there was a large increase in the synthesis of
HSP-72 mRNA. It has been suggested that induction of
heat shock proteins can occur as a result of the transition
from 0°C to 25°C rather than as a result of the reaction
to applying 0°C temperature [53]. In addition, exposure
of 5-day-old larvae to 0°C for less than 8 hours did not
cause any induction of heat shock proteins, however, 11-
16 hours proved to be optimal to increase HSP synthesis
[54]. Liu et al. [58] studied the induction of HSP genes in
human diploid fibroblast cells previously incubated at 4°C.
HSF (heat shock factor) activation, increase in the number
of HSP transcripts and increased synthesis of this protein
were all results of increasing the temperature to 37°C. Not
only exposure to low temperature but also its increase ac-
tivates this response. It is postulated that perhaps during
exposure to cold, metabolism slows down but after expo-
sure, the body of the animal regenerates itself and begins
to produce new proteins, or in order to obtain induction of
HSP, a specific type of cell damage is needed [53, 54]. The
authors indicate that the effects of cold cause denaturation
of proteins and denatured proteins can lead to the induc-
tion of HSP, which in response to cold, is manifestation of
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damage to the cells caused by the low temperature. HSP
will be helpful in unfolding improperly folded proteins.

The mechanism by which the effects of cold induce
HSP genes is not well understood, however, it is described
that there are two mechanisms that may be responsible
for induction of HSP genes: the damaging effect of cold
temperature on cells or an increase in oxygen free radicals
[58]. The HSF1 protein mediates in stress induced by cold
but does not exhibit the characteristic hyperphosphoryla-
tion of protein observed for the HSF1 protein activated by
heat stress [59], and thus mechanisms of inducing cellular
stress as a result of cold or heat may differ [53].

The results obtained in this study are different from
the results of the research described above. It is difficult
to refer to the works of other authors because of applied
designation methodology, study material and interspecies
differences. Perhaps a 3-minute treatment at —130°C is not
a sufficient amount of stress on the body to activate chaper-
one proteins in order to prevent the formation of defects in
the spatial structure of the protein. What is puzzling is the
reduction in the level of HSP-70 observed 24 hours after
treatment. Perhaps the effects of cold caused the “silencing”
or “extinguishing” of the HSP gene transcription. It is also
possible that under the influence of the cryogenic cold, cor-
tisol levels increased in subjects resulting in suppression of
HSP-70, which was also found in studies on fish that were
exposed to a temperature of 12°C [60]. Referring to the
studies of other authors, regeneration and increased synthe-
sis of chaperones should occur after exposure to cold. The
opposite direction of changes was observed in this study.

Due to the different results of individual authors and
no clear conclusion, it is still not apparent what effects
the modulation the immunological response under the
influence of WBC, whether it impacts the use of cryo-
genic temperatures and direct effect of cooling and if the
stress factor plays a significant role in the procedure itself,
which may also affect the immune system. No changes
in the synthesis of heat shock protein HSP-70 after the
WBC treatment and the decrease in its level a day later
may have double meaning. Firstly, the results may indicate
a lack of damaging effect of cryogenic temperatures on the
spatial structure of proteins, and as a result of this, lack
of increased HSP-70 synthesis. Secondly, the use of the
WBC treatment to induce physiological stress may not be
effective in increasing the acceleration and regeneration of
the cell cytoskeleton.

Conclusions

Single whole-body cryostimulation treatment causes
a small, modulating effect on the IL-6 level. Single whole-
body cryostimulation treatment has also a slight silencing
effect on the HSP-70 level in healthy, young men. However,
further studies with a larger number of participants and
similar methodology to examine the impact of a series of
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WBC treatments and delayed response of the immune sys-
tem after repeated WBC treatments are needed to confirm
the research results.
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