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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.

Keywords: psoriasis; angiogenesis; endothelial vascular growth factor; VEGF; cryotherapy; PUVA.

To cite this article:
Kochergin NG, Brezhneva AA, Yazkova OS, Fadeev AA. Angiogenesis in psoriasis as a therapeutic target (literature review). Russian journal of skin and
venereal diseases. 2024;27(3):348-359. DOI: https://doi.org/10.17816/dv627134

Received: 18.02.2024 Accepted: 15.04.2024 Published online: 04.07.2024
&
ECOCVECTOR Avrticle can be used under the CC BY-NC-ND 4.0 International License

© Eco-Vector, 2024


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/dv627134
https://doi.org/10.17816/dv627134
https://crossmark.crossref.org/dialog/?doi=10.17816/dv627134&domain=PDF&date_stamp=2024-07-04

349

Poccuickmit KypHan
JEPMATONOMA Tom 27 N° 3, 2024 KOMHbIX 11 BEHEPUYECKIX DoMe3Hen

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

HayuHbIi 0630p

AHruoreHes npu ncopuase Kak TepaneBTU4ecKas
MuweHb (0630p nuTepaTypbl)

H.I. Kouepruu', A.A. Bpexnesa', 0.C. Auxosa?, A.A. Dapees’

! MepBblit MOCKOBCKMIA roCyAapCTBEHHbI MeAMUMHCKMIA yHuBepeuTeT umern U.M. CeueroBa (CeueHoBcKuit YrueepcuteT), Mocksa, Poceuss;
2 ||enTpanbHas nonMKIMHUKa, Mocksa, Poccus

AHHOTALMSA

OpHoit U3 xapaKTepHbIX 0cobeHHOCTeN Ncopruasa SBNSETCS MOBbILLEHHas BacKyNspu3aumMs B ncopuatuyeckoi bnswke. M3-
BECTHO, 4TO [aHHbIN MPOLIECC MPOUCXOAMT B pe3y/bTaTe NaToorMyeckoro aHr1oreHe3a, KoTopbIi BeET K YBENMYEHMIO KPO-
BEHOCHBIX COCY/0B B 04are MopaKeHus, ycuneHuo nponmdepawmnm 3HA0TENUANbHBIX KIETOK, Ba30AWNATaLMUN U NOBLILLEHHOM
MPOHMLLAEMOCTH COCYLMCTON CTEHKM, 0bneryas NpOHUKHOBEHME UMMYHHBIX KITETOK U YCWIMBas BocnaneHue. B npouecce aH-
rMoreHesa npu ncopuase 3afeicTBOBaHbl MHOTUE CUTHasbHble MoneKynbl. Hanbonee BaXHbIM UHAMKATOPOM BbIPaXEHHOCTH
NaToNoOrMyYeCKoro aHr1oreHe3a sIBNSETCA SHLOTENMaNbHbIA GakTop pocta cocynos (VEGF). PaccmatpueaeTcs Bonpoc 06 uc-
Mosb30BaHMM aHanM3a CbIBOPOTKW KPOBM Ha KOHLEHTpaUMio 3HAOoTeNManbHoro daktopa pocta cocynos (VEGF) u amarHo-
CTUYECKUX METOAMK BM3yanu3auum COCYAMCTON CeTU B McopuaTUyeckux BnswwKax Ans onpefeneHns TAXECTU TeYeHus 3a-
boneBaHus 1 pa3paboTky AONOAHUTENBHBIX METOAOB JIEYEHNS, HAaMPaBEHHbIX HA CHIKEHWE BacKynapu3auuu. B HacTosawwmii
MOMEHT MeXaHWU3Mbl aHTMOreHe3a Npy Ncopuase akTUBHO U3y4atoTcs, 0COBEHHO MHTEPECHbI BO3MOXHOCTM TepaneBTUYECKOr0
B/IMSIHUS HA JaHHOE 3BEHO MaToreHesa.

ABTOpaMu NpefcTaBneH aHanM3 aKTyasbHOM IUTepaTypbl N0 AaHHOW TeMe, NPeAsIoXeHbI BO3MOXHbIe LOCTYMHbIe CTpaTerum
NIeYeHNA C ONOPOW Ha NoJyYeHHble AaHHble. [loKa3aHo, YT HE0OX0AMMBI fanbHENLLWNE UCCNEA0BAHUSA B 3TOM HanpaBieHU
ANS OMTMMM3aLWMKM Tepanum Ncopuasa, 0CHOBHON Lieblo KOTOpOM ByayT COKpaLLeHMe CPOKOB JieYeHUs U NPOAJIEHNE BPEMEHM
pemuccum.

KntoueBble cnoBa: BynbrapHblii NCOpMas; aHrMoreHes; aHA0TeNManbHbIM GakTop pocta cocynos; VEGF; obLias aspokpuo-
Tepanus; [YBA-Tepanus.
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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.
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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-a),
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 [NQ]), 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-a 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-B), 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 plagues, 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 plague 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.
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[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
plague 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 (PIGF), 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-1is 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-1a
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
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a central role in angiogenesis. Physiologically ROS play an
important role in the cell differentiation and maintenance of
homeostasis. Overproduction of ROS (02 and H202), 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-1a/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-a. 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
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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-kB transcription factor (nuclear factor
kappa-light-chain-enhancer of activated B cells). The
suppression of ROS, resulting in the decreased production of
TNF-a 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-a in patients
with rheumatoid arthritis [32].

Reactive oxygen and nitrogen species play key roles
as signaling molecules and vasodilators in the activation
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of growth factors such as FGF, VEGF, insulin-like growth
factor | (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 (H202 and NO), as well as the concentration
of serum IL-1B 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 (H202) and nitric oxide (NO) are produced
mainly during the inflammatory response [33]. H202 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 30°C) 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-a 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-a 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 a-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
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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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