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ABSTRACT
One of the characteristic features of psoriasis is increased vascularization in the psoriatic plaque. It is known that this process 
occurs as a result of pathological angiogenesis, which leads to an increase of blood vessels in the lesion, increased proliferation 
of endothelial cells, vasodilation and increased permeability of the vascular wall, facilitating penetration of immune cells 
and increasing inflammation. Many signaling molecules are involved in the process of angiogenesis in psoriasis. The most 
important indicator of the severity of pathological angiogenesis is endothelial vascular growth factor (VEGF). The issue of using 
blood serum analysis for endothelial vascular growth factor (VEGF) and diagnostic imaging techniques of the vascular network 
in psoriatic plaques to determine the severity of the process and the possibility of using additional treatment directions aimed 
at reducing vascularization is being considered. At the moment, the mechanisms of angiogenesis in psoriasis are being actively 
studied, and the possibilities of therapeutic influence on this link of pathogenesis are especially interesting. 
The authors present an analysis of the current literature on this topic, and suggest possible available treatment strategies 
based on the data obtained. Further research in this direction is needed to optimize the therapy of psoriasis, the main purpose 
of which will be to reduce the duration of treatment and prolong the time of remission.
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Научный обзор 
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АННОТАЦИЯ
Одной из характерных особенностей псориаза является повышенная васкуляризация в псориатической бляшке. Из-
вестно, что данный процесс происходит в результате патологического ангиогенеза, который ведёт к увеличению кро-
веносных сосудов в очаге поражения, усилению пролиферации эндотелиальных клеток, вазодилятации и повышенной 
проницаемости сосудистой стенки, облегчая проникновение иммунных клеток и усиливая воспаление. В процессе ан-
гиогенеза при псориазе задействованы многие сигнальные молекулы. Наиболее важным индикатором выраженности 
патологического ангиогенеза является эндотелиальный фактор роста сосудов (VEGF). Рассматривается вопрос об ис-
пользовании анализа сыворотки крови на концентрацию эндотелиального фактора роста сосудов (VEGF) и диагно-
стических методик визуализации сосудистой сети в псориатических бляшках для определения тяжести течения за-
болевания и разработки дополнительных методов лечения, направленных на снижение васкуляризации. В настоящий 
момент механизмы ангиогенеза при псориазе активно изучаются, особенно интересны возможности терапевтического 
влияния на данное звено патогенеза. 
Авторами представлен анализ актуальной литературы по данной теме, предложены возможные доступные стратегии 
лечения с опорой на полученные данные. Показано, что необходимы дальнейшие исследования в этом направлении 
для оптимизации терапии псориаза, основной целью которой будут сокращение сроков лечения и продление времени 
ремиссии.

Ключевые слова: вульгарный псориаз; ангиогенез; эндотелиальный фактор роста сосудов; VEGF; общая аэрокрио-
терапия; ПУВА-терапия.
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BACKGROUND
Psoriasis vulgaris is one of the most common chronic 

recurrent immune-mediated skin diseases with a genetic 
predisposition, affecting primarily the skin and often the nails 
and musculoskeletal system. The disease is characterized by 
hyperproliferation of keratinocytes, impaired keratinization, 
inflammation, changes in immune regulation, vascular 
dilation and enhanced angiogenesis. The most characteristic 
features of psoriasis are infiltrated papules and plaques 
with desquamation on the surface, changes in nails, and 
arthropathies [1–3].

Neovascularization is a characteristic feature of psoriasis 
[4]. There is a tenfold increase in blood flow in psoriatic 
plaques due to dilation and elongation of papillary capillaries 
[5]. Some studies demonstrated that angiogenesis precedes 
the appearance of psoriatic rashes, which disappear when 
the microcirculatory system is normalized. Angiogenesis 
facilitates the penetration of the immune cells into the 
affected area, leads to enlargement of the blood vessels, 
increased proliferation of the endothelial cells, vasodilation 
and increased permeability of the vascular wall [6, 7]. 
Macroscopically, those changes are seen as a well-known 
Auspitz sign: pinpoint bleeding when scales are removed 
from the surface of a psoriatic plaque [8].

Vascular endothelial growth factor (VEGF) is the most 
important indicator of pathological angiogenesis. It mediates 
angiogenesis and is activated in plaques and blood serum of 
psoriasis patients. VEGF induces mitogenesis and endothelial 
cell migration and promotes cell invasion and vascular tube 
formation. Plasma levels of VEGF type A (VEGF-A) are higher 
in patients with psoriasis compared to healthy individuals and 
correlate with the severity of the disease course. Persistently 
high VEGF levels according to the Psoriasis Area and Severity 
Index (PASI) criteria even during remission, may be important 
in determining the time of remission because it promotes 
vascular permeability, which increases the penetration of 
inflammatory mediators [9, 10]. 

One of the main treatment methods in psoriasis is PUVA 
therapy, the key effect of which is reduction in excessive 
proliferation of keratinocytes. However, standard treatment 
of psoriasis is often difficult, and relapses of the disease can 
occur even after a full course of phototherapy.

New treatment methods aimed at decreasing VEGF 
and reducing neoangiogenesis may complement standard 
approaches to treatment of plaque psoriasis and may 
be useful in treatment of chronic inflammation [8]. It is 
suggested that general aerocryotherapy in combination with 
PUVA therapy (long-wave ultraviolet radiation combined with 
the photosensitizer 8-methoxypsoralen) may have a positive 
effect on the levels of vascularization in a psoriatic plaque. 
The effect of aerocryotherapy on VEGF levels which could 
enhance the effect of PUVA therapy, leading to a more 
pronounced therapeutic response and longer remission after 
the main course of treatment is of particular interest.

There are no current literature data on the combined 
use of PUVA and general aerocryotherapy in treatment of 
psoriasis. In our opinion, the use of this combination will 
increase the effectiveness of psoriasis treatment, but the 
mechanisms of this technology require further investigations.

This review was performed to search for the literature 
focused on the role of angiogenesis and vascular endothelial 
growth factor in the development and disease course of 
psoriasis vulgaris, as well as on the effect of physiotherapeutic 
methods of PUVA and general aerocryotherapy on these 
aspects of pathogenesis. For this purpose, we conducted 
a search using available databases of modern scientific 
literature and selected relevant articles published in the last 
10 years. The studies on the role of angiogenesis and VEGF 
levels in the pathogenesis of psoriasis vulgaris, as well as 
the effect of PUVA and aerocryotherapy on the mechanisms 
of pathological vascularization were analyzed.

ANGIOGENESIS IN PSORIASIS 
VULGARIS

Vascular changes play a major role in the pathogenesis 
of psoriasis vulgaris. Characteristic histological features of 
psoriatic plaques are elongation of interpapillary epidermal 
wedges, tortuous and dilated capillaries [5]. There is evidence 
that morphologic changes in the skin, such as dilation and 
tortuosity of the superficial vascular plexuses, angiogenesis, 
increased endothelial vein formation, and increased 
production of alkaline phosphatase in capillaries, may 
precede visible epidermal hyperplasia in psoriatic plaques 
[8, 11, 12]. 

It has been established that the expansion of the 
vascular network occurs during the development of new 
blood vessels. Angiogenesis and vasculogenesis are the two 
mechanisms involved in this process. Angiogenesis occurs 
when endothelial cells detach from the pre-existing blood 
vessels, migrate, and proliferate forming the new blood 
vessels. Vasculogenesis is the de novo formation of blood 
vessels as a result of differentiation of endothelial progenitor 
cells [13, 14].

The process of angiogenesis in psoriasis is closely 
related to the activation of the vascular endothelium 
by cytokines and growth factors [14]. A.C. Dudley and 
A.W. Griffioen [15] report that the immune cells producing 
cytokines such as interleukins (IL) 1, 6, and 22 activate 
excessive proliferation of keratinocytes. This leads to the 
expression of VEGF, which activates angiogenesis. VEGF-A 
in the skin of psoriasis patients is produced mainly by the 
activated keratinocytes [8].

Angiogenesis involves a large number of stimulating 
proangiogenic factors produced in psoriatic plaques, such as 
IL-8, IL-9, IL-17, VEGF, tumor necrosis factor alpha (TNF-α), 
hypoxia-inducible factor (HIF), fibroblast growth factor (FGF), 
platelet-derived endothelial cell growth factor (PD-ECGF), 
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endothelial cell stimulating angiogenesis factor (ESAF), 
cyclooxygenase-2 (COX-2), vasoactive factors (endothelin 
and nitric oxide [NO]), and anti-angiogenic factors such as 
angiostatin, thrombospondin, and endostatin. Disrupted 
interaction between pro- and anti-angiogenic factors also 
leads to pathological angiogenesis, which initiates the 
development of the disease. IL-17 secreted by the Th17 
cells upregulates angiogenic factors including VEGF and 
IL-8. TNF-α produced by the mast cells, macrophages, 
keratinocytes, and lymphocytes appears to enhance the 
expression of IL-8, VEGF, FGF, Ang, and Tie-2 receptors in the 
endothelial cells. These factors have been established to play 
an important role in the induction of vascular proliferation in 
psoriatic plaques, as a decrease in their levels is associated 
with improvement of the skin condition [8, 13, 14]. 

L. Zhou et al. [12] suggest that the mesenchymal stem 
cells may be responsible for vascular changes, because the 
psoriatic mesenchymal stem cells secrete more angiogenic 
factors such as VEGF and NO and show higher expression 
levels of angiogenic genes such as HIF1a, transforming 
growth factor beta (TGF-β), and angiopoietin, compared 
to normal cells. Mesenchymal stem cells are thought to 
promote cutaneous capillary proliferation by overexpression 
of angiogenic cytokines and growth factors. It has been shown 
that some genes and proteins of dermal mesenchymal stem 
cells in psoriasis are abnormal and associated with the function 
of the endothelial cells [16]. In addition, the pathological 
role of the human dermal microvascular endothelial cells 
(HDMEC) was reported: in studies in psoriasis patients, they 
demonstrated increased migration and formation of vascular 
tubes, as well as decreased proliferation and metabolism, 
compared to HDMEC in healthy people, which indicated their 
role in the pathogenesis of psoriasis [17].

Angiogenesis in psoriatic lesions (“inflammatory 
angiogenesis”) is characterized by significant vasodilation, 
vessel elongation, and increased vascular permeability. In the 
healthy skin, capillary loops exhibit a predominantly arterial 
phenotype. In psoriatic plaques, typical features of venous 
capillaries are present, such as a single or multilayered basal 
membrane and fenestrated endothelium, including bridging 
endothelial openings that increase vascular permeability. The 
role of neoangiogenesis in psoriasis is confirmed by the fact 
that the improvement of the skin condition with treatment 
is accompanied by normalization of the new blood vessel 
formation [8, 13].

Attempts have been made to assess the efficacy 
of psoriasis treatment by measuring the intensity of 
microvascular perfusion in plaques, for example, using 
native capillaroscopic images of the plaque microvessels 
in psoriasis patients treated with pulsed dye laser [18]. It is 
suggested that measurement of cutaneous perfusion using 
non-invasive techniques may be a valuable method to assess 
the treatment effectiveness. Further studies are needed to 
investigate whether non-invasive skin imaging can be used to 
assess residual psoriatic disease activity. S.C. Hanssen et al. 

[14], who studied the effect of adalimumab on vascularization 
in psoriasis, reported that non-invasive measurement of 
vascular function may be a valuable marker of the disease 
activity. Additional knowledge of the vascular network 
role and response can be crucial for early assessment of 
the treatment effectiveness, probably using non-invasive 
techniques such as Doppler ultrasound skin imaging. 

Thus, complex pathologic angiogenesis in a psoriatic 
plaque additionally increases the influx of proinflammatory 
cytokines, intensifying the inflammatory process. Active 
vascularization it noted even before the onset of clinical 
symptoms and persists even after treatment, possibly 
playing a role in the rapid relapses of the disease. To date, 
the influence on the mechanisms of angiogenesis in psoriasis 
vulgaris are of a great interest. 

THE ROLE OF VEGF IN PSORIASIS 
The role of VEGF in psoriasis is especially important. 

It is a typical proangiogenic factor for the Notch input 
signals, which regulate physiological angiogenesis and 
neovascularization. It was mentioned before that the levels 
of many angiogenic factors are increased in psoriasis, but 
some data indicate that VEGF particularly plays a crucial role 
in the pathogenesis of psoriasis and neoangiogenesis. VEGF 
expression has been shown to increase both in the psoriasis 
foci and in the serum of psoriasis patients. VEGF acts as an 
autocrine regulator of epidermal hyperplasia, causing keratin 
imbalance and epidermal hyperplasia in psoriasis, forming 
the characteristic morphologic lesion [8, 12, 19]. The VEGF 
family includes VEGF-A, VEGF-B, VEGF-C, VEGF-D, and 
placental growth factor (PlGF), but VEGF-A is believed to be 
the key regulator of angiogenesis [7, 15].

VEGF promotes the formation of cell adhesion molecules 
in capillaries and increases vascular permeability, which 
leads to the migration of leukocytes to the skin, increasing 
inflammation in psoriasis patients. This process leads to 
increased oxygen consumption and further activation of 
other angiogenic factors, making psoriasis difficult to treat. 
The study of the mechanism of angiogenesis in psoriasis 
vulgaris showed that the concentration of VEGF-A in 
patients positively correlated with the PASI (psoriatic lesion 
area and severity index) and BSA (lesion area index) scores. 
Thus, VEGF plays an important role in angiogenesis and 
inflammation and can be used in assessment of the severity 
of psoriasis [13, 19]. 

According to different studies, the amount of VEGF in 
psoriatic plaques is associated with the severity of skin 
disease, and VEGF plasma levels can predict adverse 
cardiovascular events in individuals with atherosclerosis. 
Inhibition of angiogenesis may improve the disease 
course, while regression of psoriatic plaques may lead to 
normalization of the microvasculature. Some studies have 
shown that VEGF deficiency leads to increased endothelial 
cell apoptosis and blood vessel reduction [12, 17, 20].
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Thus, inhibition of angiogenesis by suppression of VEGF 
may be a promising approach in treatment of psoriasis. This 
approach is expected to be particularly effective in patients 
with high levels of VEGF-A. Some patients reported that the 
use of anti-VEGF agents, such as bevacizumab for cancer 
treatment, resulted in remission of psoriasis [7, 15]. 

THE EFFECT OF HYPOXIA 
AND REACTIVE OXYGEN SPECIES 
ON ANGIOGENESIS

The additional effects of hypoxia and reactive oxygen 
species (ROS) on the mechanisms of angiogenesis in psoriasis 
are currently being studied. In addition to T-cell recruitment, 
inflammation, abnormal vascular growth, and angiogenesis 
in the dermis, local hypoxia is observed in psoriasis [21]. 
There is evidence that hypoxia and inflammation induce 
the release of various angiogenic factors, which trigger 
neovascularization. Hypoxia is known to trigger the release 
of pro-angiogenic factors, namely hypoxia-inducible factor-1 
(HIF-1) and cytokines, such as VEGF [16].

VEGF is also regulated by oxygen. The concept of reduced 
oxygen levels being a central driving force in the formation 
of a new vascular network was awarded the Nobel Prize 
in Physiology or Medicine in 2019 [22]. Under low oxygen 
conditions, signaling pathways induce heterodimerization of 
the transcription activator HIF-1 associated with adaptation 
to both cellular and general hypoxia. Since angiogenesis 
depends not only on the expression of proangiogenic but 
also antiangiogenic factors, the regulation of angiogenesis 
depends on the molecular balance between stimulators 
and inhibitors. Proangiogenic signaling is enhanced by 
pathophysiological stimuli such as hypoxia, which results 
from increased tissue mass, vascular dysfunction, and 
vascular occlusion [8, 15].

A decrease in cellular oxygen levels increases the HIF-1 
activity [21]. HIF-1 is a potent VEGF inducer, which is activated 
by reactive oxygen species and promotes angiogenesis by 
triggering VEGF expression. Thus, angiogenesis may be 
induced by ROS-mediated oxidative stress. More and more 
data indicate that angiogenesis associated with oxidative 
stress is largely dependent on VEGF [23]. 

Oxidative stress in psoriasis is a key metabolic factor 
determining the production of ROS. The Wnt and Notch 
signaling pathways are also involved in the pathogenesis 
[24]. Many studies have been conducted to demonstrate the 
role of oxidative stress in the pathogenesis of psoriasis. 
It was shown that the expression of the antioxidant 
superoxide dismutase was decreased in the epidermis and 
dermis of psoriatic lesions, while the expression of HIF-1α 
was increased [21]. 

The increased ROS production occurs if there is 
antioxidant deficiency, which can be caused by hypoxia. 
It is now known that ROS-mediated redox signaling plays 

a central role in angiogenesis. Physiologically ROS play an 
important role in the cell differentiation and maintenance of 
homeostasis. Overproduction of ROS (O2 and H2O2), in turn, 
promotes neovascularization. Proangiogenic factors induce 
the proinflammatory cells to participate in the pathologic 
process, which also leads to the formation of ROS. The 
excess of ROS causes oxidative stress, further stimulating 
angiogenesis, damaging the cells and tissues and leading 
to various pathological changes. The expression of cell 
adhesion molecules and vascular permeability in capillaries 
increase leading to enhanced leukocyte migration from the 
skin. This leads to the formation of a pathological circle and 
the development of chronic skin inflammation characteristic 
of psoriasis [12, 23]. 

ROS induce the release of VEGF from various cell types, 
and VEGF, in turn, promotes endothelial cell migration and 
proliferation by increasing intracellular ROS. Thus, the VEGF 
pathway may be a crucial link between oxidative stress, 
hypoxia, and angiogenesis in psoriasis, especially for the 
HIF-1α/VEGF signaling pathway, which plays a synergistic 
role in psoriasis neovascularization. Consequently, the 
pathway involving hypoxia, ROS, high VEGF levels and 
consequent enhanced angiogenesis and inflammation may 
be a potential target for psoriasis treatment. However, 
the specific relationship between ROS and angiogenesis 
in psoriasis requires further investigation, which will 
allow a more complete understanding of the psoriasis 
pathogenesis and improvement of treatment methods for 
this disease [23].

TREATMENT METHODS TARGETING 
PATHOLOGIC ANGIOGENESIS

Monoclonal antibodies to VEGF 

The methods that influence the pathologic angiogenesis 
are considered a new promising direction in treatment of 
psoriasis vulgaris today. Monoclonal antibodies to VEGF 
and other antiangiogenic agents are very promising [16]. 
Therapeutic strategies for VEGF-A blockade have been 
developed, including (1) direct neutralization of VEGF-A using 
monoclonal antibodies such as bevacizumab, ranibizumab, 
and ramucirumab; (2) inhibition of the VEGF-A receptor using 
VEGF-A receptor tyrosine kinase inhibitors such as sorafenib, 
regorafenib, sunitinib, and vandetanib; (3) prevention of 
the VEGF-A binding to its receptors using a false receptor 
fusion protein that binds to free VEGF-A, such as VEGF 
Trap (aflibercept). There are reports of improvement in 
the psoriasis disease course in patients treated with these 
inhibitors for other conditions and in animal models. It has 
also been shown that antiangiogenic therapy and a new 
small-molecule VEGF/VEGFR-2 inhibitor are effective in 
reducing the number and size of the microvessels in the skin 
and suppressing angiogenesis in psoriasis [20].
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In one study, sunitinib ointment for topical application 
was demonstrated to supress imiquimod-induced psoriasis-
like inflammation by regulating keratinocyte proliferation 
and apoptosis through suppression of p-Stat3 and VEGF 
expression [25]. There are also reports that thalidomide is 
effective in treatment of psoriasis by inhibiting VEGF- and 
FGF-2-mediated angiogenesis [23].

A pilot study by A. Luengas-Martinez et al. [24] proved 
the principle for VEGF-A inhibition as an adjuvant treatment 
strategy to selectively target vascular pathology in psoriasis. 
It is hypothesized that this approach may be particularly 
useful in patients with high levels of VEGF-A. It could 
personalize and complement existing anticytokine strategies 
and other standard treatments for psoriasis. 

Pharmacologic approaches to target the VEGF-A/
VEGFR system are now widely used, especially in the fields 
of oncology and ophthalmology. However, despite the 
importance of the vascular network in the pathogenesis of 
psoriasis, no anti-VEGF-A therapy has been approved for 
treatment [23]. It raises the question of how we can influence 
neoangiogenesis with physiotherapeutic techniques available 
in clinical practice.

Antioxidants 
It is known that the use of the drugs targeting 

oxidative stress, such as antioxidants, is highly beneficial 
in treatment of skin diseases. For example, studies have 
shown that glabridin suppresses imiquimod-induced 
psoriasis-like inflammation in the skin of BALB/c mice by 
improving antioxidant status and reducing the levels of pro-
inflammatory cytokines. 

Colchicine significantly induces protective response to 
oxidative stress in neutrophils by reducing lipid peroxidation 
and modulating Ca2+ release.

More importantly, high doses of vitamin C can also be 
effective in treatment of skin diseases due to its antioxidant 
properties. Thus, proanthocyanidins are widely used in 
treatment of various diseases associated with oxidative 
stress and angiogenic factors due to their potent antioxidant, 
anti-angiogenetic, antiproliferative, and anti-oncogenetic 
properties [23].

PUVA therapy 
Despite tremendous advances in psoriasis therapy and 

the use of numerous highly effective biological drugs, 
current clinical guidelines still recommend PUVA as first-
line therapy for moderate to severe psoriasis. It is known 
that phototherapy can suppress systemic inflammation 
in psoriasis patients by reducing serum levels of CRP 
and IL-6. PUVA acts mainly by suppressing keratinocyte 
proliferation, inducing apoptosis, regulating the function 
of lymphocytes and antigen-presenting cells, and reducing 
the production of cytokines such as TNF-α. In the study 
by S. Coimbra et al. [9], a significant decrease in VEGF 
levels was observed at the end of PUVA course, but VEGF 

plasma levels were still significantly higher than in the 
control group [26]. It is assumed that PUVA can reduce 
VEGF expression by primary influence on VEGF production 
by keratinocytes or by inhibiting keratinocyte proliferation 
as a secondary effect [27].

PUVA is known to reduce excessive keratinocyte 
proliferation in psoriasis. However, there is evidence that 
ultraviolet light can induce ROS that activate the inflammatory 
pathway via the NF-κB transcription factor (nuclear factor 
kappa-light-chain-enhancer of activated B cells). The 
suppression of ROS, resulting in the decreased production of 
TNF-α and angiopoietin-2, is poorly understood [28].

Phototherapy is highly effective but also causes adverse 
reactions, which can be significantly reduced by careful 
patient management and attention to contraindications. The 
known consequences of high cumulative doses of ultraviolet 
light are skin photoaging and photocarcinogenesis. An 
increased risk of squamous cell cancer was described 
after > 150 PUVA procedures, with a significantly increased 
risk reported after > 350 procedures. Data from American 
publications indicate an increased risk of melanoma 
development after PUVA, but this may be partly due to the 
fact that American protocols include monthly maintenance 
procedures after remission is achieved, whereas European 
protocols do not recommend further irradiation after 
remission and do not show an increased risk of melanoma 
development [27].

To optimize psoriasis treatment and reduce the risk of 
side effects it is necessary to minimize the number of PUVA 
procedures with achievement of a pronounced clinical effect 
and long-term remission after a full course of therapy. 

General aerocryotherapy
General aerocryotherapy is a method of briefly exposing 

the human body to extremely low temperatures for medical 
purposes. As a rule, cooled air, usually in the form of liquid 
nitrogen, is used. General aerocryotherapy was introduced 
about 35 years ago, however, it wasn’t sufficiently studied in 
dermatologic patients. For centuries, low temperatures have 
been used for therapeutic, recreational, and athletic purposes 
to accelerate recovery. The work of Hippocrates suggested 
that cold therapy could “relieve fatigue” by reducing depletion 
of energy or strength; references to the use of ice and snow 
to treat edema have led some to consider them a precursor 
to cryotherapy. Exposure to cold is thought to accelerate 
recovery due to its vasoconstrictive effect which decreases 
inflammation and metabolism [29–31]. 

It could be reasonable to study the effects of general 
aerocryotherapy on previously described mechanisms of 
angiogenesis, proangiogenic factors, hypoxia and ROS in 
psoriasis. There is evidence that cryotherapy reduced the 
levels of inflammatory markers IL-6 and TNF-α in patients 
with rheumatoid arthritis [32].

Reactive oxygen and nitrogen species play key roles 
as signaling molecules and vasodilators in the activation 



DOI: https://doi.org/10.17816/dv627134

DERMATOLOGY
Russian journal  

of skin and venereal diseasesVol. 27 (3) 2024
354

of growth factors such as FGF, VEGF, insulin-like growth 
factor I (IGF-1), hepatocyte growth factor (HGF), platelet 
derived growth factor BB (PDGF-BB), and brain-derived 
neurotrophic factor (BDNF), which are extracellular signals 
regulating the functions of the muscular, cardiovascular, 
and nervous systems. According to the literature, general 
aerocryotherapy significantly reduces the production of ROS 
and nitric oxide (H2O2 and NO), as well as the concentration 
of serum IL-1β and C-reactive protein. There is evidence 
that general aerocryotherapy also reduces the levels of 
circulating growth factors such as HGF, IGF-1, PDGF-BB, 
VEGF, and BDNF [33].

The physiologic benefits of general aerocryotherapy are 
attributed to the suppression of inflammation and cytokine 
release induced by reactive oxygen and nitrogen species. 
Cryotherapy also reduces oxidative stress and inflammatory 
response without remodeling the extracellular matrix. 
Hydrogen peroxide (H2O2) and nitric oxide (NO) are produced 
mainly during the inflammatory response [33]. H2O2 and NO 
molecules are involved in the transcription regulation through 
redox modification or nitrosation of transcription factors, 
which induce the expression of many molecules such as 
cytokines and growth factors. Thus, the immunomodulatory 
effects of cryotherapy may be useful in chronic autoimmune 
diseases [32]. 

Studies in animal models show that moderate 
hypothermia (with local and/or core body temperature 
around 30ºC) can suppress the leukocyte infiltrate 
formation, gene transcription of pro-inflammatory 
cytokines, enzymatic pathways such as collagenases, 
metalloproteinases, and pro-angiogenic agents such as 
VEGF. For example, in rheumatoid arthritis, cryotherapy can 
reduce levels of pro-inflammatory cytokines and proteolytic 
enzymes. There is evidence that cryotherapy reduced serum 
TNF-α levels and tended to reduce serum IL-6 levels in 40 
patients with rheumatoid arthritis. The molecular pathways 
targeted by cryotherapy (proinflammatory cytokines, VEGF) 
suggest some interesting anti-inflammatory properties 
of cryotherapy in rheumatic inflammatory diseases that 
require further investigation [26].

H. Tabisz et al. [34] concluded that general 
aerocryotherapy has the potential to improve performance 
and reduce the severity of symptoms in some chronic 
conditions. There was a 4.3-fold decrease in TNF-α levels, 
and an increase in the anti-inflammatory cytokine IL-10. In 
addition, the authors of the study made a hypothesis based 
on the mechanisms of vasoconstriction, supported by an 
increase in the expression of adrenergic α-receptors, rather 
than sympathetic nerve activity, while sympathetic activity 
itself decreases [31].

Some studies report a 29.5% reduction in the blood 
flow in the superficial skin vascular networks (at a depth 
of up to 2 mm), while others report a 91% reduction [35, 
36]. The study [34] reported a 45% to 74% reduction in the 
blood flow in the deep vascular networks (at a depth of 8 

mm). As a result of local vasoconstriction, the reduction in 
the blood flow led to a decrease in the temperature of the 
blood-supplied tissues. The main goal of cryotherapy is heat 
removal, which is facilitated by a decrease in the cell and 
tissue core temperature and blood flow [30]. This mechanism 
may be useful in suppressing pro-inflammatory cytokines 
and growth factors in inflammatory foci. In the study [30], 
exposure to general aerocryotherapy was reported to cause 
a rapid decrease in temperature in the outer layers of human 
skin, leading to the release of endorphins and a subsequent 
pain reduction.

General aerocryotherapy is often used in rheumatoid 
arthritis. There is evidence that cryotherapy can inhibit the 
regulation of mediators involved in inflammation and joint 
destruction (cytokines, enzymes, proangiogenic factors). 
The technique is used in a wide range of rheumatic 
diseases as a symptomatic treatment due to its analgesic, 
anti-inflammatory, myorelaxant, vasoconstrictor, enzyme-
blocking, and antioxidant effects. Recent studies have 
shown potential effects of cryotherapy on important 
molecular and cellular targets involved in immune 
inflammation, such as pro-inflammatory cytokines, VEGF, 
enzymatic pathways (metalloproteinases, collagenase), 
ICAM-1 adhesion molecules, leukocyte infiltrate formation 
and oxidative stress in rats and humans, and norepinephrine 
in humans. 

By increasing norepinephrine levels cryotherapy can 
decrease IL-6 and iNOS levels, which are known to be 
involved in the endothelial dysfunction and inflammation [26]. 
In addition, there is evidence that general aerocryotherapy 
has a positive effect on metabolic syndrome and serum lipid 
levels, which is useful in psoriatic patients with comorbidities. 
The advantages of the procedure are no medication use, no 
invasive techniques, and no other specialists involved, except 
for a physiotherapist [29]. 

To improve the effectiveness of psoriasis treatment 
additional suppression of neoangiogenesis with 
a combination of PUVA and general aerocryotherapy is being 
considered. This technique supposedly reduces excessive 
angiogenesis by correcting tissue hypoxia, decreasing ROS 
levels, and reducing serum VEGF levels [32]. We suggest 
that the efficacy of PUVA may increase with the additional 
effect of general aerocryotherapy on pathologic angiogenesis 
and inflammation. Such a technique is of particular interest 
due to its availability, good tolerability, and minimal 
contraindications. Presumably, the combination of PUVA with 
general aerocryotherapy can increase the remission time due 
to the normalization of the vascular system.

CONCLUSION
Psoriasis cannot be cured to date due to its complex 

pathogenesis. The main goal of treatment is to control 
and stabilize the course of the disease, slow down the 
progression, reduce clinical symptoms such as erythema, 
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scaling, plaque infiltration and pruritus, reduce short- and 
long-term adverse reactions, control psoriasis-related 
complications, and improve the quality of life.

To date, the studies on the use of general aerocryotherapy 
in treatment of psoriasis are insufficient. The effects of 
aerocryotherapy on angiogenesis in patients with psoriasis 
are of particular interest. It is supposed that combination of 
PUVA and general aerocryotherapy can improve the clinical 
effect, prolong remission time, reduce VEGF and ROS levels, 
increase tissue oxygenation, and decrease proinflammatory 
cytokines blood levels. Moreover, this treatment is widely 
available and well tolerated and can be used if there are 
contraindications to systemic therapy. 

Thus, further studies are needed to optimize treatment of 
psoriasis using available physiotherapeutic techniques.
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