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BETWEEN ANGIOGENESIS AND ENDOTHELIAL CELL PROLIFERATION
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Danylo Halytsky Lviv National Medical University

Objective. Determination of morphological features of skin lesions in patients with widespread
psoriasis, study of the level of expression of immunohistochemical markers of vascularization.
Materials and methods. 80 patients with psoriasis were under observation. The control group con-
sisted of 20 practically healthy people (control group) of the same age. All patients underwent a
skin biopsy with a histological evaluation of the biopsy material to determine the form and severity
of the course of psoriasis in accordance with the requirements of the morphological section of the
modern classification.

Results and discussion. Applying the scale of intensity of skin vascularization according to Amin
M.M. et. al. (2012), it was detected that damaged dermal areas due to psoriasis, on average, had
17.25+5.34 micro vessels at magnification (x400), which corresponds to the level of moderate vascular-
ization (11-20 capillaries). Normal skin in control group had mean index 4.32+2.01 at (x400) at the lev-
el of weak vascularization (4-10 capillaries), which statistically reliably differs from general group
(p<0.05). Analysis of the condition of vascular bed at different levels of severity of psoriasis course
showed that a number of cells at moderate degree of severity (22.65+5.87) was considerably higher
than at mild psoriasis (10.09+£3.22), and even more numerous than in CG (4.324+2.01). Statistically
reliably both groups differ between them (p<0.05), and with CG (p<0.05). According to Fisher’s
exact test, distribution of absolute meanings of monitoring of intensity of cytoplasmic staining
with VEGF marker in all groups between them had a reliable difference (p<0.05). We detected a
moderate correlation connection between increased intensity of VEGF expression and amplification
of the severity of psoriasis course (r=+0.430). According to Fisher’s exact test, distribution of
monitoring of intensity of cytoplasmic staining with MMP-9 marker in all groups between them
had a reliable difference (p<0.05); a moderate correlation connection between increased intensity
of MMP-9 marker expression and amplification of the severity of psoriasis course was detected
(r=+0.532).

Conclusions. The results of conducted clinical, morphological and immunohistochemical
investigations enable to consider importance of neoangiogenesis processes in pathogenesis of this
dermatosis and need in elaboration of therapeutic measures with direct influence on this aspect of
pathogenesis.
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Introduction ulation) in general structure of skin diseases
Nowadays a marked increase in morbidity of (9%), among those admitted to hospital (35-
chronic dermatoses in the structure of skin 38%), as well as long-lasting, relapsing, incur-
diseases is observed. Considering evident able feature of dermatosis, which affects the
worldwide spread of psoriasis (3.5-5% of pop- most active, working individuals, increased
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incidence of low sensitivity to therapy that
leads to social de-adaptation of patients, tem-
porary disability, and, sometimes, invalidity.
Psoriasis is still an absolute “leader”. Besides
being one of the most widespread diseases,
psoriasis is one of the severest dermetoses.
Besides, more cases of torpid, malignant and
resistant to treatment course of dermatosis
have become one more negative tendency.
These factors undoubtedly make psoriasis not
only medical, but also social issue. Taking into
account actuality of psoriasis morbidity prob-
lem, specialists point out differentiated indi-
vidual approach to diagnostic and therapeutic
stages as a key aspect in the management of
patients [8; 9; 10]. Investigation of etiopatho-
genesis and elaboration of target influence on
its key aspects will enable to achieve a set
goal. Psoriasis is largely an immune system-
mediated disease with both genetic and envi-
ronmental predisposing factors. The preva-
lence is 3.5-5% of population in general struc-
ture of skin diseases (9%), among those admit-
ted to hospital (35-38%), as well as long-
lasting, relapsing, incurable feature of derma-
tosis, which affects the most active, working
individuals, increased incidence of low sensi-
tivity to therapy that leads to social de-
adaptation of patients, temporary disability,
and, sometimes, invalidity. The key patho-
physiology is immune cell-triggered keratino-
cyte hyperproliferation [1]. Although psoriasis
is largely T-cell-driven [2], the pathophysiolo-
gy is greatly modulated by abnormalities of the
papillary dermal vasculature. The Auspitz is a
visible, characteristic, vascular abnormality
that is pathognomonically diagnostic of psoria-
sis [3]. It appears as pinpoint bleeding that
occurring when the scale of psoriatic plaque
has been removed, reflecting vascular dilation
and elongation with increased blood vessel
permeability and a tortuosity specific for psori-
asis [4]. Importantly, these vascular changes
precede epidermal hyperplasia of psoriatic
lesions. Psoriasis improvement (on appropriate
treatment) is accompanied by normalization of
the vascular structure [5; 6], suggesting that
psoriasis-associated microvascular abnormali-
ties play functionally important roles in terms

Ne 2 (48), 2022

of the primary psoriasis pathogenesis. Angio-
genesis of psoriatic lesions (“inflammatory
angiogenesis”) is characterized by significant
vasodilation, vessel elongation, and increased
vascular permeability [7, 8]. In healthy skin,
the dermal vessels exhibit principally the arte-
rial phenotype, whereas the vessels of psoria-
sis evidence venous capillaries characterized
by a single- or multi-layered basement mem-
brane and a fenestrated endothelium that en-
hances vascular permeability [9]. Normal
functioning of the tissues depends on regular
transport of oxygen by blood vessels. Angio-
genesis is the process of formation of new
blood vessels from the existing vascular sys-
tem, which plays an important role in normal
tissue functioning (ovulation, wound healing,
etc.) and in pathological processes (tumors,
rheumatoid  arthritis,  hyperproliferation,
among which is psoriasis). Secretion of angi-
ogenic factors, the source of which may be
endothelial ones, macrophages, etc., is an im-
portant mechanism of neoangiogenesis regu-
lation. Growth of new vessels is determined
by balance between its stimulants and inhibi-
tors. In low meaning of correlation between
stimulants and inhibitors of vessel formation,
neoangiogenesis is blocked or just slight, and
vice versa, in high meanings of this correla-
tion, active launching of neoangiogenesis oc-
curs. Growth factors are polypeptides with
molecular weight 5-50 kDa, united in group
of trophic regulatory substances. Similar to
hormones, these factors have a wide spectrum
of biological activity on various cells, and
unlike hormones, growth factors are produced
by non-specific cells, located in all body tis-
sues. The most powerful and dominant stimu-
lant of angiogenesis is vascular endothelial
growth factor (VEGF), which is heterodimer
glycoprotein growth factor, a potential mito-
gen for epithelial cells of the vessels. Among
non-specific stimulants of angiogenesis, ma-
trix metalloproteinase (MMP) should be sin-
gled out, which is a group of matrix-
destructing enzymes, the source of which are
fibroblasts, macrophages, neutrophils and
other cells that play an important role in tissue
remodeling, including neoangiogenesis pro-
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cesses. Both rapid epidermal proliferation and
dermal inflammatory infiltration are accom-
panied by numerous formations of new blood
vessels, which start during the early changes
of psoriasis and vanish after skin lesion clear-
ance. These observations highlighted that an-
giogenesis is the chief distinguishing feature
during the pathogenesis of psoriasis. The aim
of our research was to determine morphologi-
cal peculiarities of skin lesions in patients
with common psoriasis, investigation of the
levels of expression of immunohistochemical
markers of vascularization.

Materials and methods

Eighty examined patients (47 males and 33
females) aged 24-58 years with psoriasis
(general group) and 20 individuals — without
this pathology (in general, healthy) for control
group (CG) were included in the investiga-
tion. Skin biopsy with histological evaluation
of biopsy materials was performed for all pa-
tients to establish form and severity of the
course of psoriasis according to requirements
of morphological chapter of contemporary
classification [10, 11, 12].

Results and their discussion

Early changes, which can be observed on
light optic level, are dilatation and tortuosity

of the vessels of derma papillae and moderate
perivascular lymphocyte infiltrates with slight
swelling of the neighboring stroma. Marker
CD34, giving specific membranous reaction
with vascular endothelium helps to more
thoroughly evaluate qualitative and quantita-
tive changes in vascular structure. Applying
the scale of intensity of skin vascularization
according to Amin M.M. et. al. (2012), it was
detected that damaged dermal areas due to pso-
riasis, on average, had 17.25+5.34 micro vessels
at magnification (x400), which corresponds to
the level of moderate vascularization (11-20
capillaries). Normal skin in control group had
mean index 4.32+£2.01 at (x400) at the level of
weak vascularization (4-10 capillaries), which
statistically reliably differs from general group
(p<0.05). Analysis of the condition of vascular
bed at different levels of severity of psoriasis
course showed that a number of cells at moder-
ate degree of severity (22.65+5.87) was con-
siderably higher than at mild psoriasis
(10.094£3.22), and even more numerous than
in CG (4.32+2.01) (table 1). Statistically reli-
ably both groups differ between them
(p<0.05), and with CG (p<0.05).

Table 1 Quantitative characteristic of the density of micro vessels according to meanings of CD34
marker expression depending on severity of the course of common psoriasis, M+m

. Control group | Severity of the course of common psoriasis
g;%l:?;?:kgi (n=20) Mild degree Moderate degree
(n=21) (n=59)
Density of micro vessels per 1|4 35,5 10.09+3.22" 22.65+5.87 "ue
mm (*x400)

Note: ~ — difference is reliable in relation to control group at 5% level of significance (p <0.05);
— difference is reliable in relation to psoriasis of mild degree at 5% level of

* 3k

significance (p <0.05).

Angiogenesis is always accompanied by in-
creased expression of vascular endothelial
growth factor (VEGF) involved in pathologi-
cal process of tissues. Immunohistochemical
investigation of biopsy skin materials with
VEGF marker even at the beginning of dis-

ease development showed a considerably in-
creased expression of vascular endothelial
growth factor in epidermal keratinocytes (be-
sides horny layer) and in the vascular endo-
thelium and perivascular dermal infiltrates of
affected areas due to psoriasis. Intensity of
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staining of psoriatically changed areas of the
skin commonly corresponded to the 3™ cate-
gory — strong reaction, whereas normal epi-
dermis in CG with VEGF always showed
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moderate or weak reaction (2, 1 categories of
staining) (p<0.05). VEGF expression also
considerably increased with the worsening of
pathological process (table 2).

Table 2 Meaning of VEGF expression depending on psoriasis, n, (%)

Expression of Control group

VEGF marker (n=20)
Negative (0) -

Weak (1) 16 (80%)
Moderate (2) 4 (20%)
High (3) -

Excessive (4) -

Severity of common psoriasis severity

Mild degree Average degree
(n=21) (n=59)

6 (29%) " 18 (30%) "+

15 (71%) ° 30 (51%) s

11 (19%) “sx

Note: : — difference is reliable in relation to control group at 5% level of significance (p<0.05);
— difference is reliable in relation to psoriasis of mild degree at 5% level of significance

(p<0.05).

According to Fisher’s exact test, distribution
of absolute meanings of monitoring of inten-
sity of cytoplasmic staining with VEGF
marker in all groups between them had a
reliable difference (p<0.05). We detected a
moderate correlation connection between in-
creased intensity of VEGF expression and
amplification of the severity of psoriasis
course (r=+0.430), indicating the importance
of neoangiogenesis processes in pathogenesis
of this disease and necessity of treatment
measures with direct influence on this aspect
of pathogenesis. It has significant perspec-
tives for target therapy with humanized mon-
oclonal antibody against vascular endothelial

growth factor (VEGF) of patients with such
diagnosis. On investigation of distribution of
meanings of MMP-9 [13, 14] marker expres-
sion depending on the severity of common
psoriasis course according to recommenda-
tions of Aronson Peter J. (2008), a significant
increase in expression of this marker in com-
parison with control group was established
(table 3), especially in psoriasis of moderate
degree of severity in regions of intracorneal
abscesses Munro-Sabouraud, areas of Kogoj
pustulosis and perivascular dermal infiltrates
having numerous neutrophil infiltration [15,
16].
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Table 3 Distribution of meanings of MMP-9 marker expression depending on severity of common
psoriasis course, n, (%)

Control group Severity of common psoriasis course
1\/][3;/[[;‘_6981031;;{); (=20 Mlzﬁjze ig)ree Mode(l;lz;tgg(;egree
Negative (0) - a -
Weak (1) 20 (100%) ] -
Moderate (2) ; 10 (48%) * 6 (10%) "+
High (3) - 11(52%) " 39 (66%) "+
Excessive (4) - i 14 (24%) s

Note ~ — difference is reliable in relation to control group at 5% level of significance (p<0.05);
— difference is reliable in relation to psoriasis of mild degree at 5% level of significance

(p<0.05).

According to Fisher’s exact test, distribution
of monitoring of intensity of cytoplasmic
staining with MMP-9 marker in all groups
between them had a reliable difference
(p<0.05); a moderate correlation connection
between increased intensity of MMP-9
marker expression and amplification of the
severity of psoriasis course was detected
(r=+0.532). For substantiation of possible
effective target therapy, it is expedient to use
matrix ~ metalloproteinase =~ MMP-9  on
investigation of skin biopsy materials of
patients  with  psoriasis, taking into
consideration existence of inhibitors of matrix
metalloproteinase, which as a component of
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XPOHIYHI 3ATTAJIBHI TEPMATO3U: B3AEMO3BA30K MIK
AHTI'TOI'EHE3O0M I TIPOJHI®EPALICIO EHAOTEJIIOLNUTIB

Bo3znsik 1.4., Cuzon O.0., Jamko M.O., Yanuk-Yuxko 1.O., Acuarypos I'.€.
JIvsigcokuil HayioHanbHul MeOuuHull yHigepcumem imeni [anuna I aruybroco

Beryn. [1copia3 — 11e 3aXBOPIOBaHHS HIKIPH, SIKE CYITPOBOKYETHCSI CHCTEMHUM 3aTIAJICHHSIM 1 ypaXKae
npubnu3Ho Bix 1 1o 5% HaceneHHs B ychoMy cBiTi. HaiiOunbln oOIpyHTOBaHOIO TEOpi€ro
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€TIONATOreHe3y BBAXKAETHCS IMYHHA, 3TAHO 3 SKOI0 BHUPIMIAIBHY POJIb BIIrPAlOTh MOPYLICHHS B
KJIITUHHIN JIaHIIl IMYHITETY 3 OUIbII BUPAKEHUMHU 3MIHaMH T-cuctemu.

Merta poGoru. BusznaueHHs MOpQOJIOriYHUX OCOOIMBOCTEH ypaKeHHs UIKIpM Yy XBOpHX Ha
PO3MOBCIO/PKEHUI  TIcopia3, JOCHKEHHS pIBHSA  eKchpecii  IMYHOTICTOXIMIYHHUX — MapKepiB
BaCKyJISIpH3allii.

Marepiaaun ta meroau. Ilin cnocrepexennsm mnepedyBamu 80 xBopux Ha rcopia3. KoHTpombHy
rpyny ckiaanu 20 MpakTUYHO 3A0POBHX JIFOAEH (KOHTPOJbHA Ipyra) TOTO X BiKy. YCIM XBOpPHM
NPOBOJAWIN O10ICII0 MIKIPH 3 TICTOJOTIYHOIO OIIIHKOIO O10ICIHHOrO Marepiaily Ui BCTAHOBJIECHHS
(dopMHu Ta TSHKKOCTI mepediry mcopiazy BIAMOBIIHO JO BUMOT MOP(OIOTIYHOTO PO3AITY CydacHOi
Kacugikarii.

Pe3yabTaTi Ta iX 00roBopeHHsl. 3aCTOCOBYIOUHM IIKaJTy 1HTEHCHBHOCTI BacKyJspu3allii IIKIpH 3a
Amin M.M. et. al. (2012), BusBIEHO, IO TOMIKO/PKEHI AUISHKHA INKIPU BHACHIIOK IICOpia3y B
cepelHbOMY MatoTh 17,25+5,34 mikpocyauH npu 36inbieHHi (X400), 1o BiANOBIIa€ PIBHIO TOMIPHOI
Backyssipuzarii (11-20 kaninsapis). HopmanpsHa mikipa KOHTPOJIBHOI TPYITU Majla CEPEAHIN MOKa3HUK
4,32+£2,01 (x400) Ha piBHI cnabkoi Backyspu3alii (4-10 kaniispiB), MO CTATUCTHYHO JOCTOBIPHO
BiApi3Hs€ThCS BiA 3aranbHoi rpynu (p<0,05). AHami3 cTaHy CyJUHHOTO pyCla MPH Pi3HUX CTYTEHIX
TSDKKOCTI Tepediry rcopiasy IMoKasaB, IO KUIBKICTh KJIITHH MPH CEPEAHBOMY CTYMEHI TSIKKOCTI
(22,65+5,87) Oyna 3Ha4HO OLTBIIO, HiXK MpH JierkoMy Ticopiasi (10,09+3,22), 1 HaBiTh OiIbIIE, HIX Y
KT (4,32+2,01). CTaTUCTUYHO TOCTOBIPHO OOMABI TPYMH BIAPIZHAIOTHCS K MK co0oto (p<0,05), Tak
i K[ (p<0,05). 3a Tounum kpurepiem @Pimepa po3noAisl aOCOMIOTHUX 3HAUYEHb MOHITOPHHIY
IHTEHCUBHOCTI 3a0apBiieHHs nuToruiazMu MapkepoM VEGF y Bcix rpynax Mik HOIMH MaB JIOCTOBIpHY
pizauiro (p<0,05). BusiBieHO MOMipHUI KOPETAIIMHUN 3B’SI30K MK IMiJBUIICHHSIM 1HTEHCHBHOCTI
excripecii VEGF Ta mocuieHHsIM TsDKKOCTI mepebiry mcopiady (r=+0,430). 3a ToUHUM KpUTEpieEM
dimepa po3NOALT MOHITOPUHTY IHTEHCHUBHOCTI 3a0apBiieHHs UTOIIIa3Mu MapkepoM MMP-9 B ycix
rpymnax MiX o000 MaB OCTOBIpHY pi3HUIlO (p<0,05); BHSIBICHO MOMIPHUI KOPEISIIHHIA 3B’ 130K
MDK MiJBUIIEHHAM 1HTEHCUBHOCTI ekcmpecii Mmapkepa MMP-9 Ta mocuieHHsSM TSOHKKOCTI mepediry
ncopiazy (r=+0,532).

BucHoBku. Pe3ynbraT TpOBENCHMX KIIHIYHUX, MOPQOIOTIYHUX Ta IMYHOTICTOXIMIYHHX
JOCITI/PKeHb JTO3BOJISTIFOTh BPAaxyBaTH 3HAYCHHS IIPOIIECIB HEOAHTIOT€HE3y B IMATOTE€HE31 NTaHOTO
JepMaro3y Ta HeOOXiJHICTh PO3POOKH TEpaleBTUYHHUX 3aXOJiB 3 Oe3nmocepenHiM BIUIMBOM Ha IO
CTOPOHY IaTOT€HE3Y.

Krouosi ciioBa: ricopias, iMyHITET, HEOaHT10T€HE3.
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