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A list of the abbreviations used in the text
a-SMA — smooth muscle actin alpha
CD34 — cluster of differentiation 34

CD68 —cluster of differentiation 68

CTGF — connective tissue growth factor
DR3 — serotypic representation of a HLA
DRS5 — serotypic representation of a HLA
eNOS - endothelial nitric oxide synthase
ET-1 — endothelin-1

HLA — histocompatibility antigen

HSP47 — heat shock protein 47

IL-13 — interleukin 13

MMP — matrix metalloproteinase enzymes
PBS — phosphate buffered saline

PDGF — platelet-derived growth factor

RP — Raynaud’s phenomenon

SLE — systemic lupus erythematosus

SSc — systemic sclerosis

TGF{ — transforming growth factor beta
TIMP — tissue inhibitor of metalloproteinases
VEGF- vascular endothelial growth factor
VEGFR - vascular endothelial growth factor receptor
VWF — von Willebrand factor



Introduction

Systemic sclerosis (SSc) is primary idiopathic d#is of the skin and internal organs
that is connected with the abnormal activity of fhoblasts and small blood vessels.
Immunity disorders are found together with varialegrees of fibrosis and vascular
damage in every SSc patient. The degree of themkmtioned damage is frequently not
uniform. It is not completely known which of thismiage was initiated by the disease,
and which occurs as a consequence of it. Vascuanges and endothelial damage are
usually already visible in the early stage of SBao clinical processes predominate in
SSc: 1 — an abnormal increase in the connectigadisiccompanied by the atrophy of
the organ parenchyma; and 2 — ischemia due to laasselerosis and their later atresia.
It is almost impossible to diagnose the preclingtage of SSc, but early treatment could
be more effective compared to the current restlts.complete cure for SSc is so far
possible. A deeper understanding of the biologizatesses of this disease could open
up new treatment possibilities.

About 20 million people around the world come dowith SSc every year (Karassa,
loannidis 2008), and tens of individuals in LithieanThe disease is instigated by many
factors: a cold, unfavourable environmental cooddi vibration, and work in the
plastics industry, especially with polyvinyl alcdhGenetic factors are also significant:
familial morbidity and an established connectiorthrwelass Il HLA are encountered
(DR3, DR5).

Various organs are damaged during SSc and theréfiisedisease is of interest to
physicians in several specialities. The confusiegjobogy of SSc, the complicated
pathogenesis, and the poor prognosis make SScpartant research object.

Relevancy of the dissertation

Systemic connective tissue inflammatory diseast&mpgdo the rheumatic disease group.
These are diseases, which are characterised Bnigsiamage of the connective tissue
and musculoskeletal system. They are distinguidhedarious symptoms, aetiologies,
and pathogeneses. Systemic sclerosis (SSc) arehsgdtupus erythematosus (SLE) are
systemic connective tissue diseases. A histologitaly of biopsy material is also used
to diagnose this disease. The determination ofhie®pathological signs of vascular
damage plays an important role in this analysis.

In order to prescribe proper treatment on timas ivery important to distinguish SSc
from RP and SRV in the early stages of the disdagealso very important to know the
development sequence in the pathological procesBes. study also attempts to
illuminate this sequence.

Compared to other connective tissue diseases,sSi®tatively rare: the prevalence rate
is about 105-290 per million inhabitants, the ilecide rate 2.6—28/million/per annum
(Silman 1997; Maricq et al. 1989; Medsger et allLAltman et al. 1991; Silman et al.
1988; Haustein, Albrecht 1993; Mayes et al. 20@3)nual mortality from SSc is 0.8—
3.8 deaths per million inhabitants (Medsger 1985)and 10—year survival is about 86%
and 69% respectively (Hesselstrand et al. 1998. mhjority of the patients die from
cardiopulmonary and renal complications. Due topber prognosis and insufficiently
effective treatments for SSc, new study for thesedse remain very important.



Dissertation aim and objectives

The aim of this dissertation is to determine thgueace in the development of vascular
damage and fibrosis by studying vascular changekerskin and connective tissue of
SSc patients with atresia characteristic of thih@agy and by comparing it with other
conditions, where there is no vascular atresia {SBBd with conditions, which are
characterised by vascular function instability (Rayd’s phenomenon).

Objectives:

1. To determine the predominant histopathological gkarand the sequence of their
development in the skin of SSc patients compardatidachanges in SLE and RP
patients.

2. To determine the histological, ultrastructural, téechemical, and
immunohistochemical signs that best reflect théyemmd late stages of SSc and
to compare the expression of these signs in thewkh their expression in the
skin biopsies of patients with SLE.

3. To compare the cellular composition of the inflanbmng infiltrate of the vascular
walls and perivascular tissue in the early andstdges of SSc and SLE.

4. To compare the late stage of the SSc and SRV disgasich is accompanied by
fibrosis and/or the expression of vascular atresiecorder to determine the
differences in the course of the pathogenesisexdliliseases.

Novelty of the dissertation:

1. An analysis of the eNOS, VEGF, VEGFR, and vWF imohistochemical
endothelial signs helps to determine the early rcd@mage of the vascular
endothelium and the significantly increased vascptmeability in the skin of
SSc patients and to differentiate them from SLERRd

2. An analysis of the eNOS, VEGF, VEGFR, and vWF imphistochemical
endothelial signs helps to differentiate SSc frdRVSand RP in the early stage of
the disease.

3. We established that endothelial damage of the sohatld vessels predominates
in the skin in the pathogenesis of the early stEg&Sc while signs of histological
and ultrastructural fibroblast damage begin to bezalistinct after endothelial
damage appears in the blood vessels.

Defended statements:

1. During the development of SSc, damage to the dohadld vessels first appears in
the skin biopsies while tissue fibrosation appéatesr and shows that the disease
is very advanced.

2. The efforts of the systems, which ensure an orgasisomeostasis, to restore the
blood vessels damaged in the course of SSc ardisam, but due to so far
undetermined reasons the vascular system doegcmiar and the fibrosis of the
tissues continues to progress.

3. By using immunohistochemical signs of vascular dgena skin biopsies, it is
possible to determine the early vascular damageactaistic of SSc, SLE, and
RP.



Research material and methods

Skin biopsies were studied from 60 patients witle,S8 E, and Raynaud’s phenomenon,
20 with each disease. The biopsies were taken gli®995-2004 at the Rheumatology
Clinic of the Vilnius University Faculty of Medicen(Table 1). Skin samples taken from
a corresponding location in 20 individuals of aresponding age and not suffering from
systemic diseases were also analysed as a coflraif the SSc, SLE, and Raynaud’s
phenomenon diagnoses were confirmed by clinical labdratory, immunological and
molecular diagnostic test data. The onset of tiseatie was calculated from the time
when the patient was diagnosed with the diseasgi@stion based on the classification
criteria used. All of the SSc patients met the A&l&ssification criteria (Subcommittee
for Scleroderma Criteria of the American Rheumatifissociation Diagnostic and
Therapeutic Criteria Committee. Preliminary crigefor the classification of systemic
sclerosis (scleroderma). Arthritis Rheum 1980; 23:90) and later criteria (LeRoy et
al. 1988). The diagnosis of systemic lupus erythiemes was established on the basis of
the SLE classification criteria revised in 1982thg American College of Rheumatology
(ACR) (Tan EM, Cohen AS, Fries JF, Masi AT, McShd&nkt Rothfield NF, et al. The
1982 revised criteria for the classification of teysic lupus erythematosus. Arthritis
Rheum 1982; 25:1271-7). Raynaud’s phenomenon wagndsed using the 1992 RP
classification criteria of the American College Bheumatology (ACR) (Leroy EC,
Medsger TA Jr. Raynaud's phenomenon: A proposal cfassification. Clin Exp
Rheumatol 1992; 10:485-8.)

The early stage of the disease was defined asettedpirom the establishment of
the diagnosis until the third year. The SSc, Slif, RP groups were formed so that each
patient group contained 10 patients in the eadgesand 10 in the late stage.

All of the patient biopsies were taken by the pbigsis of the Rheumatology
Clinic of the Vilnius University Faculty of Medicenfor diagnostic purposes due to a
clinical necessity. The control skin samples weakeh by the author from autopsy
material from Vilnius City University Hospital Suegy Department patients, who had
not been diagnosed with any systemic disease. Thepsies were performed in
accordance with medical law and clinical indicasioithe skin biopsies were processed
at the Pathology Laboratory of the Institute of Exmental and Clinical Medicine at
Vilnius University; the paraffin sections were sl with hematoxylin and eosin using
histochemical and immunohistochemical methods. ditbor performed the evaluation
of the micropreparations and the interpretatiorihef data. Three SSc early stage skin
biopsies were examined using an electron microsaofiee Pathology Laboratory of the
Institute of Experimental and Clinical Medicine iinius University and the author
performed the evaluation of the electron microscppetographs and the interpretation
of the data.



Table 1. Distribution of the studied patients by agd sex.

Disease Number of patients Average age

SSc 20 (1 man, 19 womern) 46.55 +10.87
SRV 20 (2 men, 18 women) 39.18 +11.55
RP 20 (3 men, 17 women) 37.02 +13.03
Healthy individualg 20 (3 men, 17 women) 47.26 = 14.05

(control)

The biopsy material was fixed in a 10% buffer folimaolution and embedded in
paraffin. The studied samples were stained usisiguadard routine histological staining
method with hematoxylin and eosin. The visual asialyand photography were made
using an Olympus BX51 light microscope.

The studied preparations were stained using thewolg standard histochemical
methods:

a mixture of picrin acid and sirius red (picrosgidor the connective tissue fibre
components and for analysis in a dark polarisingyosicope field.

Toluidine blue, pH 2.0 for the analysis of the pintproteoglycans in the mast
cell and connective tissue matrix.

During the immunohistochemical analysis the follogviprimary antibodies were
used:

1) rabbit IgG anti-human vWF (2g/ml, Dakopats A/S, Glostrup, Denmark); 2)
mouse IgG anti-human CD34 (Zg/ml, Cymbus Biotechnology Ltd, Charles Ford,
United Kingdom); 3) rabbit IgG anti-human VEGF {8/ml); 4) 2.9ug/ml rabbit IgG
anti-human VEGFR-1 (FLT-1); 5) dg/ml rabbit IgG anti-human VEGFR-2 (FLK-1); 6)
1 ug/ml rabbit IgG anti-human VEGFR-3 (FLT-4) (Fitzgét Industries International,
Concord, MA, USA); 7) mouse IgG anti-human CD683(jig/ml, DAKO); 8) rabbit
IgG anti-human eNOS(lIl) (21g/ml, Abcam, United Kingdom); 9) rabbit IgG anti-
human HSP47 (Rg/ml, ProSci, Inc, CA, USA).

A corresponding quantity of normal IgG or PBS of stame animal species, the
same class, and the same concentration were use@dative stain control in place of
the antibody under study.

The En Vision kit (DAKO) was used for the immundbshemical stain.

During the electron microscope examination, thealisnalysis and photography
were performed with a JEM 100-B electron microscope

The histopathological images from the light andcetn microscopy were
evaluated using the qualitative analysis method.

For the semi-quantitative analysis, the immunolkiséonical signs were evaluated
using a four point system: 0 — no signs, 1 — igolaigns, 2 — plentiful signs, 3 — very
plentiful signs. The quantitative analysis was mageng ANALYSIS software. The
preparations were photographed using an Olympus 1BX§ht and polarisation
microscope and a Nikon DXM 2000 video camera.

The statistical data analysis was performed usiR§SS statistics software for
Windows (version 12.0). The averages (A) of thenmar parameter values were
calculated with standard deviations (SD). The stiatil significance of the difference in



the nominal data was determined on the basis of Ghesquare o2) criteria, the
difference in the normal quantitative data averaigestwo independent samples was
determined using Student’s t-criteria, and theeddhce in the normal quantitative data
averages for three independent samples was dewdnun the basis of an ANOVA
single factor analysis of variance. The statistighificance of the difference in the rank
data when there are two independent samples wasndeed using Mann-Whitney-
Wilcoxon criteria.

A significance level of p<0.05, in which the resultvere deemed statistically
reliable, was selected.

Research results

In the early stage of SSc, neutrophils, lymphogytesnocytes, histiocytes, and isolated
plasmocyte infiltrates were visible near the blaedsels and ecrinal sweat gland ducts.
In places, similar infiltrates were visible in timerstitial and subcutaneous fatty tissue.

As the disease progresses, the density of the dlgaweular network and the total
qguantity of all of the cells decreases, but thengjtyaof connective tissue extracellular
matrix, especially fibrous collagen, increases. Tihmblasts were hyperfunctional and
oedematous. The elastic fibres were fragmented.cbliagen fibres were oedematous
and had uneven diameters. There was oedema betineeeallagen fibres.

In the later stages of SSc the inflammatory irdiss decreased or almost
completely disappeared. A sharp reduction in tha'skapillary layer was observed.
The blood vessel walls thickened, hyalinosis andross appeared, the lumens
narrowed, and devascularisation gradually developed

The collagen fibres gradually thickened and becdareser. In the later stages of
SSc, the number of fibroblasts declined. The etenaat glands became atrophic due to
the surrounding fibrosis and were found in only tiggper layer of the dermis. The
expressed accumulation of collagen and other esittdar matrix proteins were
primarily seen on the boundary of the reticularngisrand subcutaneous tissue. In the
early stage of SSc, thin, newly synthesised 10-+8Ccallagen fibrils were visible with
an electron microscope. Later larger diameter I§bpredominated. This showed the
maturation of the collagen. An ultrastructural gsa of the blood vessels showed
endothelial cell damage, vacuolisation, hyalin@mati and necrosis as well as the
activation of the pericyte and fibroblast endoplesmmetwork. Fairly abundant
infiltration that contained mast cells in close @ with fibroblasts, damaged blood
vessels, and damaged lymph vessels was visibleipdrly stage of SSc.

In the cases of SLE, the vascular walls and pecivdass had various degrees of
tissue oedema and inflammatory cell infiltratiom.the cases of Raynaud’s phenomenon
we found signs of arterial shrinkage, but thereenso signs of vasculitis or they were
slight. The signs of vasculitis were expressed teater degree in the SSc cases, and
especially in the early stage of the disease (TAble

10



Table 2. Distribution of the Vasculitis activity ithe skin (according to the
histopathological signs) in the early and late ssagf SSc and in the cases of SLE and
RP.

Disease Vasculitis activity

0 1 2 3
SSc 0/0 1/1 3/8 6/1
N=20
SLE 0/0 3/1 2/4 5/5
N=20
RP 5/2 5/8 0/0 0/0
N=20
Control 20 0 0 0
N=20
Comparison P
SSc - SLE 0.789
SSc - RP <0.0001
SSc — Control <0.0001
SLE — RP <0.0001
SLE — Control <0.0001
RP — Control <0.0001

Explanation: 0 = no signs of vasculitis; 1 = en@édti oedema, isolated neutrophils
along the blood vessel; 2 = endothelial oedemarsspafiltration by neutrophils,
macrophages, and lymphocytes along the blood ve&set endothelial damage,
abundant infiltration by inflammatory cells alorfgetblood vessel; / = early/late stage of
the disease.

11



Vasculitis activity

‘ OEarly stage B | ate stage ‘

20
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0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3points
SSc SLE RP control

Fig. 1. Distribution of the wvasculitis activity irthe skin (according to the
histopathological signs) in the early and late stag the cases of SSc, SLE, and RP.

The secondary vasculitis activity directly correthtto vVWF leakage into the
tissues, which was reliably greater for SSc pasi€¢hable 5).

We see from the data comparison that in the eddgesof the disease the
vasculitis activity did not differ in SSc and SLE&tnts, while in the late stage vasculitis
activity remained high in the skin of SLE patierist decreased in that of SSc patients.

In the picrosirius stained histological preparasicanalysed in polarised light,
thin, recently synthesised collagen fibres glowedeg, while thick, mature collagen
fibres glowed red. In the early stage of SSc wenfbmany green glowing collagen
fibres, but in the later stages red fibres predaeid.

In the cases of SLE and Raynaud’s phenomenon,|lthergy did not differ from
the control cases. But in the cases of Raynaudsngimenon there were clearly
shrunken arteries.

Vascular fibrosation accompanied by atresia wasllysencountered in the later
stages of SSc, while in the case of SLE and Raysalgtnomenon no distinct fibrosis
was encountered (Table 3).
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Table 3.

Skin tissue fibrosation in SSc, SLE, arRl patients compared to the

control
Disease Degree of fibrosation
0 1 2 3
SSc 5/0 4/0 1/1 0/9
N=20
SLE 712 3/8 0/0 0/0
N=20
RP 6/2 4/8 0/0 0/0
N=20
Control 20 0 0 0
N=20
Comparison p
SSc - SLE 0.004
SSc-RP 0.006
SSc — Control <0.0001
SLE - RP 0.752
SLE - Control <0.0001
RP — Control <0.0001

Explanation: 0 = no signs of fibrosation; 1 = a@lstiincrease in thin, picrosirius stained
fibres that glow green in polarised light; 2 = aorease in picrosirius stained fibres that
glow green and red in polarised light; 3 = an alaumo@ of thick, picrosirius stained

collagen fibres that glow red; / = early/late stafi¢he disease.

Tissue fibrosation

‘D Early stage
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20
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0

1 2

3 points
control

Fig. 2. Skin tissue fibrosation in SSc, SLE, andf@Rents compared to the control
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From the comparison of the data we see that ire#lnly stage of the disease the
degree of tissue fibrosation does not differ irheitSSc or SLE patients (either no
fibrosation existed or it was slight), but in tlaéd stage massive fibrosis developed in the
SSc patients,

Toluidine blue stain highlighted the mast cells,ichhwere distinguished by a
violet colour. Compared to the control, there wageater abundance of mast cells and
they more intensively degranulated in the earlgetaf SSc, but they significantly
decreased in the fibrosis stage (Table 4).

Table 4. The abundance and degranulation of thenalemast cell infiltration of SSc,
SLE, and RP patients compared to the control.

Disease Mast cell infiltration

0 1 2 3
SSc 0/0 1/8 2/2 7/0
N=20
SLE 0/0 2/3 3/3 5/4
N=20
RP 0/0 8/9 2/1 0/0
N=20
Control 0 20 0 0
N=20
Comparison p
SSc - SLE 0.285
SSc - RP 0.004
SSc — Control <0.0001
SLE - RP <0.0001
SLE - Control <0.0001
RP — Control 0.075

Explanation: 0 = no specifically stained profilek; = isolated specifically stained
profiles; 2 = frequent specifically stained pro$ije3 = abundant specifically stained
profiles; / = early/late stage of the disease.

14



The abundance and degranulation of the dermal mast cell infiltration

‘ OEarly stage M Late stage ‘
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Fig. 3. The abundance and degranulation of the alemmast cell infiltration of SSc, SLE,
and RP patients compared to the control.

From the comparison of the data we see that ireény stage of the disease the
mast cell infiltration and degranulation did noffeli in SSc and SLE patients (being
abundant.), but in the late stage, mast cell mfibn and degranulation remained
abundant in SLE patients, but decreased in SSerati

In the cases of the analysis of healthy skin begghis factor was visible only on
the edges of the blood vessel lumen and in thedblassel walls, essentially on the
inside. In the skin biopsies of the studied groups, VWF penetrated into the other
layers of the blood vessel walls and even got tihnéoextravascular space (Table 5). It is
possible to decide about the structural changeblearblood vessels on the basis of the
location of the vVWF-.

Table 5. vVWF leakage from the blood vessel lumémtine adjacent tissues in the skin of
SSc, SLE, and RP patients compared to the control

Disease VvWF leakage

0 1 2 3
SSc 0/2 4/9 3/1 3/0
N=20
SLE 2/4 715 1/1 0/0
N=20
RP 10/10 0/0 0/0 0/0
N=20
Control 20 0 0 0
N=20
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Comparison p

SSc - SLE 0.25
SSc - RP <0.0001
SSc - Control <0.0001
SLE - RP <0.0001
SLE - Control <0.0001
RP — Control 1.0

Explanation: 0 = no vVWF leakage; 1 = slight vWHizge near the blood vessel walls; 2
= slight vVWF leakage over tens of micrometers frdm blood vessel walls; 3 =
abundant VWF leakage; / = early/late stage of ibease.

VWF leakage
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Fig. 4. vWF leakage from the blood vessel lumen the adjacent tissues in the skin of
SSc, SLE, and RP patients compared to the control.

From the comparison of the data we see that ire#lnly stage of the disease the
VWF leakage into adjacent tissue in SSc patienssmare abundant compared to that in
SLE patients, and although in the late stage ofdisease VWF leakage into adjacent
tissue decreased in SSc patients, it remainedivelatmore abundant than in SLE
patients.

Isolated cells with CD68 positive IHC signs wereurid in the healthy skin
biopsies and in the cases of Raynaud’s phenomd&inay. were located in the interstices
as ordinary interstitial macrophages. We found dbaabh CD68 positive cell infiltrates in
the blood vessel walls and alongside the bloodeless the early stages of SSc and in
the cases of SLE (Table 6).
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Table 6. Tissue macrophages

Disease CD68 expression

0 1 2 3
SSc 0/0 2/6 4/4 4/0
n=20
SLE 0/0 2/3 4/5 4/2
n=20
RP 0/0 9/9 1/1 0/0
n=20
Control 0 20 0 0
n=20
Comparison p
SSc - SLE 0.298
SSc - RP <0.0001
SSc - Control <0.0001
SLE - RP <0.0001
SLE - Control <0.0001
RP — Control 1.0

Explanation: 0 = no specifically stained profilek; = isolated specifically stained
profiles; 2 = frequent specifically stained profile3 = abundant specifically stained
profiles; / = early/late stage of the disease.

CD68 expression
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Fig. 5. Tissue macrophages in the skin of SSc, Sirf, RP patients and the control
group.
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From the comparison of the data we see that ire#lnly stage of the disease the
tissue macrophage infiltration did not differ inett5Sc and SLE patients (being
moderately abundant), but in the late stage ofdtkease, tissue macrophage infiltration
decreased in SSc patients, but in SLE patiengnaimed similar to the early stage level.

Endothelial nitric oxide synthase was marginallpmssed in the skin biopsies of
healthy individuals, but its expression was muchrandistinct in the cases of SSc,
especially in the late stage of the disease, arkel($hble 7).

Table 7. Endothelial nitric oxide synthase expm@ssn the skin of SSc, SLE, and RP
patients compared to the control.

Disease Endothelial nitric oxide synthase Il (eNOS) exwies
0 1 2 3

SSc 0/0 4/8 6/2 0/0

n=20

SRV 0/0 2/3 8/7 0/0

n=20

RP 0/0 9/10 1/0 0/0

n=20

Control 0 20 0 0

n=20

Comparison P

SSc - SLE 0.27

SSc-RP 0.009

SSc — Control <0.0001

SLE - RP <0.0001

SLE - Control <0.0001

RP — Control 0.317

Explanation: 0 = no specifically stained profilek; = isolated specifically stained
profiles; 2 = frequent specifically stained profile3 = abundant specifically stained
profiles; / = early/late stage of the disease.
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Endothelial nitric oxide synthase Il (eNOS) expression
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Fig. 6. Endothelial nitric oxide synthase expressio the skin of SSc, SLE, and RP
patients compared to the control.

From the comparison of the data we see that inetréy stage of the disease
endothelial nitric oxide synthase expression dit ditfer in the skin of SSc and SLE
patients (being moderately abundant), but in the #age of the disease endothelial
nitric oxide synthase expression declined in tha sk SSc patients, but in SLE patients
it remained similar to the early stage level.

A slight expression of heat shock protein (HSP)wB& established in the skin
biopsies of 25% of the healthy individuals. Morerkeal HSP-47 expression was found
in the skin in the SLE cases, but HSP-47 was mastbressed in the course of the SSc,
especially in the early stage of the disease (Té@ple
Table 8. Heat shock protein (HSP) 47 expressiothén skin of SSc, SLE, and RP
patients compared to the control.

Disease Heat shock protein (HSP) 47 expression

0 1 2 3
SSc 0/0 4/2 6/3 0/5
n=20
SLE 0/0 5/4 5/6 0/0
n=20
RP 718 3/2 0/0 0/0
n=20
Control 16 4 0 0
n=20
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Comparison p

SSc - SLE 0.086
SSc - RP <0.0001
SSc - Control <0.0001
SLE - RP <0.0001
SLE - Control <0.0001
RP — Control 0.708

Explanation: 0 = no specifically stained profilek; = isolated specifically stained
profiles; 2 = frequent specifically stained profile3 = abundant specifically stained
profiles; / = early/late stage of the disease.

Heat shock protein (HSP) 47 expression

‘ OEarly stage H | ate stage ‘

1 2 3 points
control

Fig. 7. Heat shock protein (HSP) 47 expressiorhendkin of SSc, SLE, and RP
patients compared to the control.

From the comparison of the data we see that ir#nky stage of the disease heat
shock protein (HSP) 47 expression did not differS6c and SLE patients (being
moderately abundant), but in the late stage, HSBxg¢ression in SLE patients remained
similar to the early stage level, while it incredhda SSc patients. In addition, in SSc
patients the location of the heat shock proteinRH&/ expression changed: in the early
stage it was mainly expressed in the walls of #ren@l blood vessels, in the late stage in
the fibroblasts.

CD34 was found in the majority of the skin biopsiesn the healthy individuals,
but its expression was more distinct in the SLEesa€D 34 was mainly expressed in
the early stage of SSc (Table 9).
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Table 9. CD34 expression in the skin of patienth 8Sc, SLE, and RP compared to the
control.

Disease CD34 expression

0 1 2 3
SSc 0/1 a/7 6/3 0/0
n=20
SLE 0/0 716 3/4 0/0
n=20
RP 2/2 8/8 0/0 0/0
n=20
Control 3 17 0 0
n=20
Comparison P
SSc - SLE 0.524
SSc-RP <0.0001
SSc — Control <0.0001
SLE - RP 0.001
SLE - Control 0.001
RP — Control 0.681

Explanation: 0 = no specifically stained profilek; = isolated specifically stained
profiles; 2 = frequent specifically stained profile3 = abundant specifically stained
profiles; / = early/late stage of the disease.

CD34 expression
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Fig. 8. CD34 expression in the skin of patientshvBSc, SLE, and RP compared to the
control.
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From the comparison of the data we see that in tharearly and late stages of
the disease, CD34 expression did not differ in &8t SLE patients, in the early stage it
was relatively more abundant, in the later staglatively less abundant.

A slight vascular endothelial growth factor expresswas encountered in the
skin biopsies of some of the healthy individualheTlargest VEGF-A expression
occurred in the early stage of SSc (Table 10).

Table 10. Vascular endothelial growth factor (VE@¥FEexpression in the skin of SSc,
SLE, and RP patients compared to the control.

Disease Vascular endothelial growth factor (VEGF)-A expiiess
0 1 2 3

SSc 0/0 3/5 5/5 2/0

n=20

SLE 3/3 6/3 1/4 0/0

n=20

RP 5/5 5/5 0/0 0/0

n=20

Control 13 7 0 0

n=20

Comparison P

SSc - SLE 0.04

SSc - RP <0.0001

SSc - Control <0.0001

SLE - RP 0.009

SLE - Control 0.198

RP — Control 0.061

Explanation: 0 = no specifically stained profilek; = isolated specifically stained
profiles; 2 = frequent specifically stained profile3 = abundant specifically stained
profiles; / = early/late stage of the disease.
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Vascular endothelial growth factor (VEGF)-A expression
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Fig. 9. Vascular endothelial growth factor (VEGF)eXpression in SSc, SLE, and RP
patients compared to the control.

From the comparison of the data we see that in tharearly and late stages of
the disease, vascular endothelial growth factorG#EA expression in SSc patients was
more abundant than in SLE patients. In SSc patiasular endothelial growth factor
(VEGF)-A expression was somewhat more abundantenetarly stage than in the late
stage.

Vascular endothelial growth factor receptor 1 (FLjTwas marginally expressed
in the skin biopsies of healthy individuals. Thegndistinct expression of this receptor

was visible in the skin in the early stage of SEable 11).
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Table 11. VEGFR-1 receptor-1 (FLT-1) expressiontha skin of SSc, SLE, and RP

patients compared to the control.

Disease VEGFR-1 (FLT-1) expression

0 1 2 3
SSc 0/0 3/6 5/4 2/0
n=20
SLE 3/3 6/6 1/1 0/0
n=20
RP 5/5 5/5 0/0 0/0
n=20
Control 12 8 0 0
n=20
Comparison P
SSc - SLE <0.0001
SSc-RP <0.0001
SSc — Control <0.0001
SLE - RP 0.220
SLE - Control 0.077
RP — Control 0.530

Explanation: 0 = no specifically stained profilek; = isolated specifically stained
profiles; 2 = frequent specifically stained profile3 = abundant specifically stained

profiles; / = early/late stage of the disease.

VEGFR-1 (FLT-1) expression
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Fig. 10. VEGFR-1 receptor-1 (FLT-1) expression e tskin of SSc, SLE, and RP

patients compared to the control.
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A slight expression of vascular endothelial grovabtor receptor 2 (FLK-1) was
encountered in the skin biopsies of healthy indigld. The most distinct FLK-1
expression was visible in the early stage of S&big@ 12).

Table 12. Vascular endothelial growth factor reoep? (FLK-1) expression in the skin
of SSc, SLE, and RP patients compared to the dontro

Disease VEGFR-2 (FLK-1) expression

0 1 2 3
SSc 0/0 8/8 2/2 0/0
n=20
SLE 3/2 7/8 0/0 0/0
n=20
RP 6/5 4/5 0/0 0/0
n=20
Control 14 6 0 0
n=20
Comparison P
SSc - SLE 0.005
SSc - RP <0.0001
SSc — Control <0.0001
SLE - RP 0.056
SLE - Control 0.005
RP — Control 0.333

Explanation: 0 = no specifically stained profilek; = isolated specifically stained
profiles; 2 = frequent specifically stained pro$ije3 = abundant specifically stained
profiles; / = early/late stage of the disease.
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VEGFR-2 (FLK-1) expression
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Fig. 11. Vascular endothelial growth factor recef2qFLK-1) expression in the skin of

SSc, SLE, and RP patients compared to the control.
A slight expression of vascular endothelial grofabtor receptor-3 (FLT-4) was

discovered in the skin biopsies of some of the thgaihdividuals. The most distinct

expression of this factor was visible in the eathge of SSc (Table 13).

Table 13. The expression of vascular endothelialvgr factor receptor-3 (FLT-4) in the

skin of SSc, SLE, and RP patients compared todgheal.

VEGFR-3 (FLT-4) expression

0 1 2 3
SSc 0/0 8/6 1/4 1/0
n=20
SLE 3/4 716 0/0 0/0
n=20
RP 7/8 3/2 0/0 0/0
n=20
Control 16 4 0 0
n=20
Comparison P
SSc - SLE <0.0001
SSc - RP <0.0001
SSc — Control <0.0001
SLE - RP 0.012
SLE - Control 0.004
RP — Control 0.708
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Explanation: 0 = no specifically stained profilek; = isolated specifically stained
profiles; 2 = frequent specifically stained profile3 = abundant specifically stained
profiles; / = early/late stage of the disease.

VEGFR-3 (FLT-4) expression
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Fig. 12. The expression of vascular endotheliaimgnofactor receptor-3 (FLT-4) in the
skin of SSc, SLE, and RP patients compared todh&al.

From the comparison of the data we see that in thethearly and late stages of
the disease, the expression of vascular endothgi@kth factor receptor VEGFR-1
(FLT-1) was more abundant in the skin of SSc p#&ighan in SLE patients and
somewhat more abundant in the early stage thdreitate stage.

In the early and late stages of the disease, theession of vascular endothelial
growth factor receptor -2 (FLK-1) was more abundarthe skin of SSc patients than in
SLE patients. In SSc patients vascular endotheliaivth factor receptor-2 (FLK-1)
expression did not differ in the early and lateyeta

Vascular endothelial growth factor receptor-3 (FT-expression was more
abundant in the skin of SSc patients in both thiéy/ eand late stages of the disease, and
somewhat more abundant in the late stage tharatiestage in SLE patients.

Discussion of the results

In the results of our work, it is observed thathe early stage of the disease vasculitis
activity did not differ in SSc and SLE patients I the late stage vasculitis activity
remained high in the skin of SLE patients, but mhed in SSc patients. It was
characteristic for the infiltrate components thrathe early stage of the disease mast cell
infiltration and degranulation did not differ in &&nd SLE patients (being abundant),
while in the late stage mast cell infiltration asheljranulation remained abundant in SLE
patients, but declined in SSc patients. Tissue opdnage infiltration did not differ in
SSc and SLE patients (being moderately abundant)inbthe late stage of the disease,
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tissue macrophage infiltration declined in SSceyat, while remaining similar in SLE
patients to the early stage level. In studying tlevelopment of fibrosis, data was
obtained that in the early stage of the diseaseddwggee of tissue fibrosation did not
differ in either SSc or SLE patients (either noslight fibrosation), but in the late stage
when massive fibrosis developed in SSc patients, dbgree of tissue fibrosation
remained almost unchanged in SLE patients. vWFalgakinto adjacent tissues was
more abundant in SSc patients than in SLE patié&iteough in the late stage of the
disease VWF leakage into the adjacent tissuesnaeklin SSc patients, it remained
relatively more abundant than in SLE patients. e tarly stage of the disease
endothelial nitric oxide synthase expression dit differ in the skin of SSc and SLE
patients (being moderately abundant), but in the #age of the disease endothelial
nitric oxide synthase expression declined in tha s SSc patients, but remained
similar to the early stage level in SLE patienteaviwhile heat shock protein (HSP) 47
expression in the early stage of the disease didliffer in SSc and SLE patients (being
moderately abundant), but in the late stage heatksprotein (HSP) 47 expression in
SLE patients remained similar to the early stagellébut increased in SSc patients. In
addition, the location of heat shock protein (H8P)expression changed in SSc patients:
in the early stage it is mostly expressed in théswa the dermal blood vessels, in the
late stage in the fibroblasts. In the early anck latages of the disease, vascular
endothelial growth factofVEGF)-A expression was more abundant in SSc pigtigan

in SLE patients. In SSc patients vascular endahgitowth factoVEGF)-A expression
was somewhat more abundant in the early stageithtdre late stage. In the early and
late stages of the disease, vascular endotheliavtr factor VEGFR-1 (FLT-1)
expression was somewhat more abundant in the $K$0 patients than in that of SLE
patients and somewhat more abundant in the eafjesthan in the late stage. In the
early and late stages of the disease vascular legiddtgrowth factoreceptor-2 (FLK-1)
expression was more abundant in the skin of SSergatthan in that of SLE patients. In
SSc patients vascular endothelial growth facemeptor-2 (FLK-1) expression did not
differ in the early and late stages of the disea¥escular endothelial growth factor
receptor-3 (FLT-4) expression was more abundatitarskin of SSc patients in the early
and late stages of the disease and somewhat monelait in the late stage than in the
early stage in SLE patients.

SSc is a complex multi-system ailment with an inptetely studied
pathogenesis. The increased production and acctionulaf collagen and other
connective tissue extracellular material develops aonsequence of an inflammatory
reaction. It is not known precisely why SSc pasehave more produced intercellular
material components. Besides internal causes sugeretic polymorphism, a series of
fibrotic mediators: PDGF, TGB; and CTGF participate in SSc pathogenesis.

In many works by foreign authors it has been estaétl that damaged epithelial
and/or endothelial cells secrete inflammatory medsaand initiate an antifibrinolysin
reaction, which starts a blood coagulation mecmarasd a temporary increase in the
extracellular material components. The degranulatad the thrombocytes causes
vasodilatation and increases vascular permeabilfy.observed this phenomenon in our
research when vVWF positive components initiallyusmeglated in the lumens of the small
blood vessels, later permeating to the extravastiskues. The research by other authors
shows an increased vascular permeability in thly stage of SSc that decreases in the
late stage together with the density of the smlalbd vessels, which is also seen in our
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research material. When there is increased vaspdemeability, the myofibroblasts
(When activated, fibroblasts abundantly prodec&MA+ collagen.), epithelial cells,
and endothelial cells produce membrane-destroyiatrixnmetalloproteinase enzymes
(MMPs), as a consequence of which vascular perrigalburther increases. The
adjacent lymphocytes and other cells begin to predorofibrotic cytokines, such as
TGF{, IL-13, and PDGF, which further activate nearbycroghages and fibroblasts.
The cytokines and chemokines produced at the gitgcainew endothelial cells. When
the myofibroblasts produce more collagen than igratéed, the collagen accumulates
and fibrosis develops. Under such conditions thiéagen at the site of the damage
increases and increases. In our research, the lskipsy sections, stained with
histochemical picrosirius and studied using a p&dak microscope, repeated an
analogous situation: the early stages of the diseasre characterised by the
accumulation of freshly synthesised collagen. Thim $iopsy sections, taken from
patients in the late stage of SSc, stained histomadly with picrosirius, and studied
using a polarised microscope, demonstrated masgjgeegates of thick, nodose, old
synthesised collagen fibres. The fibre quantity diatheter depended on the stage of the
disease. The epidermis and skin appendages wephetd. Advanced fibrosis is usually
already hypocellular and therefore it is thoughattit is irreversible since no cells
producing MMPs remain. Although there is a hypothesbout the reversibility of
fibrosis, in our SSc research advanced fibrosis lygcellular and we think that it is
irreversible.

The hypothesis about the differentiation of nondtir cell lines into profibrotic
mesenchymal cells is finding ever wider recogniiiexplaining SSc pathogenesis. The
latest research is providing a great deal of dhtauaintracellular signalling pathways
regulating the fibrotic process and tissue damagmg SSc.

According to data from other authors, in the latges of SSc the number of
mast cells decreases in the skin, while in theyestdge it is greater than in healthy skin.
Our observations confirm that there are more ma#is @and they degranulate more
intensively in the early stage of SSc. During SB@stocyte degranulation causes
interstitial oedema, which we also observed in msearch. Later, the elastic fibres in
the papillary layer of the skin disappear duringcStBere are also no reticular fibres
there, and the collagen fibres become heterogen€uwselectron microscope research
showed the heterogeneity of the collagen fibres thatl the fibres were thicker in the
late stage of SSc.

Our research showed early vascular damage during B&er, during the
progression of the fibrosis and the decline infthee density, the number of permeable
blood vessels declined and the network of smallodlwessels thinned out. The
significance of the endothelial cells in SSc pathwpis has so far not been sufficiently
clear. On the one hand, the endothelial cells beciva target of immune activity during
SSc, and they can also act as additional immumneukdtors. Vascular damage during
SSc leads to hypoxia, ischemia, and vascular aotiusn our research we observed
high eNOS activity in the early stage of SSc thaakened as the fibrosis progressed.

Heat shock protein (HSP) 47 is a collagen-speaifatecular chaperone, located
in the endoplasmic network and plays an importah fn the synthesis of dermal
fibroblast collagen. According to data from othetthers, during SSc the increase in
HSP-47 expression coincides with an increase ilmgeh synthesis, which is confirmed
by the immunohistochemical data we obtained. lthmught that HSP-47 is a reliable
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IHC sign of activated fibroblasts when using roatihistological sections. HSP-47
causes increased collagen synthesis, secretioma@nanulation in fibroblasts and also
increases the free radicals. In our research vabkstted an increase in HSP-47 activity
in the fibroblasts in the late stages of SSc. Tiesns that significant fibrosation appears
as the disease progresses, but not at the onght afisease. Meanwhile in the early
stages of SSc, HSP47 activity was significantlyagge on the endotheliocytes. Keeping
in mind that HSP47 is a collagen-specific protdiattstimulates fibrosis, the difference
in its location on endotheliocytes in the earlygst@f SSc and on fibroblasts in the late
stage of SSc is very significant in our opinion.

Our observations confirm the works of those authdigh show that SSc begins
in the blood vessels, first of all from changestire capillaries, and later fibrosis
develops through vascular occlusion. In part itn@ essential to investigate which
causes initiate the chain of damage in the endothgés that is characteristic of SSc.
Many authors focus on ET-1, TGE-MMPs, tissue inhibitor of metalloproteinases
(TIMPs) and inflammatory mediators, interleukin asttemokine, and molecules which
were not studied in our research; we used the sporeding data of other authors.

Healthy endothelium functions as a reliable baretween the circulating blood
and the adjacent tissues, ensures the possibilap @exchange of materials and does not
allow the blood to coagulate. The endotheliocytgetan the blood vessels is a semi-
permeable barrier located on the boundary betwbhenbtood vessel lumen and the
perivascular tissues (Bazzoni 2006; Mackiewicz let2802 a). During SSc, vascular
pathology is connected with the damaged vasculactions: increased vasospasm,
reduced vasodilatation, and increased adhesionh@fwalls for thrombocytes and
lymphocytes. We observed this through the increaseé/NF expression in the blood
vessel lumens in the early stage of SSc. Von Wiled factor (VWF) is a large multimer
glycoprotein, produced in endothelial Weibel-Paldmelies. Our data confirmed the
clear leakage of von Willebrand factor in the emé&rvicinity of the blood vessels and
shows an increase in the permeability of the bleessel walls especially in the skin of
SSc patients.

The most distinct SSc damage of the blood vessaisible in the capillaries and
small blood vessels. The capillary damage is desdras deformed and abnormal loops.
In our research the expression of this proceseaa 1 forming the bushy capillaries in
the early stage of SSc.

Conclusions

1. Damage to the vascular endothelium and increasadgadility of the vascular
walls appears earlier than expressed fibrosis | $kin of SSc patients.
Fibrosation of the dermal blood vessels and vasattasia are encountered in the
later stages of SSc, meanwhile these signs arstimctiin SLE and RP patients.

2. The abundant expression of vascular endothelialtrdactor (VEGF)-A and its
receptor FLT-1 and especially HSP-47 (heat shoditepr, a collagen-specific
chaperone that induces fibrosis), and eNOS endathetric oxide synthase are
immunohistochemical signs of endothelial injurytie early stage of SSc. CD34
(an endothelial sign) is expressed relatively unily in the skin of SSc and SLE
patients, but more strongly in the early stagesobh diseases.

3. The increased permeability of the dermal vascukdilsws shown by the spread of
the VWF sign in the perivascular tissues that afgoeathe early stage of SSc and
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only slightly decreases in the late stage, but nesnmore frequent than for SLE
patients.

Third degree dermal vasculitis with an abundancemaicrophages (CD68)
characteristic of inflammatory infiltrate correldtevith VWF leakage to the
adjacent perivascular tissue, and with the infibva and degranulation of the
mast cells. In the early stages of SSc and SLEitelogical signs of vasculitis
did not differ, but they significantly decreasedtire late stage of SSc, while
remaining very expressed in the skin of patienthénlate stage of SLE.

. VWF aggregates in the blood vessel lumens, HSPxgiession in subcutaneous

fibroblasts, and the close contacts of activatbrbblasts with degranulating mast
cells are immunohistochemical and ultrastructurghs of fibroblast injury and
the late stage of SSc, which confirm the atresid @suassive fibrosation of the
skin and its blood vessels, which distinguishes f&3u SLE.

Practical recommendations

1.

2.

A skin biopsy as an auxiliary diagnostic methodsistable for differentiating
between the early stages of SSc, SRV, and RP.

In the pathogenesis of the early stage of SSc, gartmthe small blood vessels
predominates in the skin. It is expedient to comsithis when prescribing
treatment for SSc based on pathogenesis.
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SUMMARY IN LITHUANIAN
Tekste naudojamy trumpini y sarasas

a-SMA — lygiyju raumenm alfa aktinas

CD34 - diferenciacijos gréd4

CD68 —diferenciacijos grup68

CTGF — jungiamojo audinio augimo veiksnys
DR3 — serotipia HLA reprezentacija

DR5 — serotipia HLA reprezentacija

eNOS — endotelinazoto oksido sint&z

ET-1 — endotelinas -1

HLA — zmogaus leukoaitantigenas

HSP47 — kar§o Soko proteinas 47

IL-13- interleukinas 13

MMP- matrikso metaloproteinag

PBS — fiziologinis tirpalas su fosfatiniu buferiu
PDGF- trombocii sintezuojamas augimo veiksnys
RP — Reino sindromas

SRV - sistemia raudonoiji vilklige

SSc - sisteminiskleroz

TGF{ — transformuojantis augimo veiksnys beta
TIMP — audiniy metaloproteinaziinhibitorius
VEGF - kraujagysli endotelio augimo veiksnys
VEGFR - kraujagysti endotelio augimo veiksnio receptoriai
VWF — von Willebrand’o veiksnys

[zanga

Sistemiré skleroz (SSc) - tai pirmia idiopatire odos ir vidaus organfibrozé, susijusi
su sutrikusia fibroblasgtbei smulki; kraujagysh; veikla. Kiekvienam SSc ligoniui kartu
sujvairaus laipsnio fibroze ir kraujagyslpazeidimu randami imuniniai sutrikimai.
Minéty pazeidiny laipsnis dazniausiaidma nevienodas. Pilnai nezinoma, kuris is
iISvardinty pazeidiny liga inicijuoja, o kuris atsiranda kaip paseknKraujagysli
pakitimai ir endotelio pazeidimas paprastai stelpgmiankstyvoje SSc stadijoje. Sergant
SSc vyrauja du klinikiniai procesai: 1 - jungiamajodinio iSve§imas, lydimas organ
parenchimos atrofijos; 2 - iSemij&lkraujagysli sklerozs bei \élesres ju atrezijos.
Ikiklinikin és SSc stadijos diagnozuoti beveikmanoma, tuo tarpu ankstyvos gydymo
priemores gakty biti efektyvesrs lyginant su dabartiniais rezultatais. Kol kasskiai
pagydyti nuo SSc dar fmanoma. Sios ligos biologinio proceso gilesnis piakas

gakty atverti naujas gydymo galimybes.

Pasaulyje per metus SSc suserga apie 20 mjlgamoni (Karassa, loannidis 2008),
Lietuvoje - keliasdeSimt Zmoui Liga provokuoja daugybveiksniy: persalimas,
nepalankios aplinkosiygos, vibracija, darbas plastmagramorje, ypa su
poliviniliniais spiritais. Turi reikSrés ir genetiniai faktoriai: aptinkamas Seiminis
sergamumas, nustatytas rySys su llédasLA (DR3, DR5).
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Sergant SSc pazeidziaiuairas organai, toél Si liga domina keleto specialybpi
gydytojus. Paini SSc etiologija, stithga patogenezir bloga progno& daro SSc
aktualiu tyrimy objektu.

Darbo aktualumas

Sistemirks uzdegimiis jungiamojo audinio ligos priklauso reumaiiigy
grupei. Tai ligos, kuriomstalingas sisteminis jungiamojo audinio ir judamoj@igio
pazeidimas. Jos pasizyinairialype klinika, etiologija ir patogeneze. Sisiaéms
jungiamojo audinio ligoms priklauso sisteraiskleroz (SSc) bei sisteménraudonoji
vilklig ¢ (SRV, SRV). Sioms ligoms diagnozuoti taikomasiapsin:s medziagos
histologinis tyrimas. Tokiame tyrime svaabieikSne vaidina kraujagysli pazeidimo
histopatologiniy pozymiy nustatymas.
Labai svarbu, siekiant laiku skirti tinkangydym,, ankstyvose ligos stadijos atskirti SSc
nuo RP ir SRV. Taip pat labai svarbu zinoti patalogproces vystymosi eiliSkum,
kuri ir bando nusviesti Sis tyrimas.
Lyginant su kitomis jungiamojo audinio ligomis, Sy reliatyviai retas susirgimas:
sergamumas apie 105-290 sekgajy milijonui gyventoj;, susirgimo daznis nuo 2,6 iki
28 /milijonui/ per metus (Silman 1997; Maricq et B989; Medsger et al. 1971; Altman
et al. 1991; Silman et al. 1988; Haustein, Albreld®3; Mayes et al. 2003). Metinis
mirStamumas nuo SSc: 0,8-3,8 énirmilijonui gyventoj; (Medsger 1985).
ISgyvenamumas 5 ir 10 meatitinkamai yra apie 86% ir 69% (Hesselstrand.¢088).
Dauguma pacientmirSta nuo kardiopulmoniaiir renaliniy komplikacip. Dél blogos
SSc prognoss ir nepakankamai efektyvaus gydymo, Sios ligogi maumai lieka labai
aktualis.
Darbo tikslas ir uzdaviniai

Darbo tikslas — nustatyti kraujagyslipazeidimo ir fibrozs vystymosi eiliSkurg
iStiriant kraujagysh pakitimus odoje ir jungiamajame audinyje sergantié&sSc, su Siali
patologijai lidinga kraujagysii atrezija, bei palyginant su kitomisklémis, kuriy metu
kraujagysly atrezijos gra (SRV), bei suiiklémis, kurioms ladingas kraujagysii

funkcinis nestabilumas (Reino sindromas).

Uzdaviniai:

1. Nustatyti vyraujatius histopatologinius pokyus ir ju vystymosi eiliSkura odoje
sergantiems SSc lyginant su poiays sergantiems SRV ir RP.

2. Nustatyti histologinius, ultrastruldtinius, histocheminius ir imunohistocheminius
zymenis, geriausiai atspindins ankstyy ir vélyva SSc stadijas ir palygintii
zymeny ekspresi odoje suy ekspresija SRV ligoniodos biopsijose.

3. Palyginti kraujagysli sienets ir perivaskulini audini uzdegiminio infiltrato
lasteline suckti ankstyvoje ir ¥lyvoje SSc ir SRV stadijose.

4. Palyginti SSc ir SRV lig vélyva stadip, lydima fibrozes, ir/ar kraujagysii
atrezijos iSreikStum siekiant nustatyti §iligy patogeness eigos skirtumus
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Darbo naujumas:

1.

Imunohistocheminj endotelio zymeneNOS, VEGF, VEGFR ir VWF anadiz
padeda nustatyti ankstyvus ryskius kraujagystidotelio pazeidimus ir
diferencijuoti juos nuo SRV ir RP.

. Imunohistocheminj endotelio Zzymen eNOS, VEGF, VEGFR ir vWF anadiz

padeda diferencijuoti SSc nuo SRV ir RP ankstyliges stadijoje.

. Nustatéme, kad ankstyvosios SSc stadijos patoggaexoje vyrauja smulii

kraujagysl endotelio pazeidimai, o histologiniai ir ultrag¢tiriniai fibroblasty
pazeidimo pozymiai pradeda ryskjau po kraujagysii endotelio pazeidimo.

Ginamieji teiginiai:

1.

2.

SSc vystymosi metu smulkkraujagyshy pazeidimas odos biopsijose atsiranda
ank<iausiai, audini fibrozavimas atsirandalrau ir rodo toli pazengusiliga.
Organizmo homeostaaiztikrinartiy sisteny pastangos atstatyti pazeistas SSc
eigoje kraujagysles yra Zenklios¢iau ¢l kol kas nenustatytpriezasiy
kraujagysly tinklas neatsistato, o audinio fibéotliau progresuoja.

. Naudojant imunohistocheminius kraujagyghiazeidimo zymenis odos

bioptatuose galima nustatyti ankstyvuosius krawgbgyazeidimus, fdingus
SSc, SRV ir RP.
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Tyrimo medziaga ir metodai

IStirta po 20 SSc, SRV ir Reino sindromu sefgatigoniy odos biopsiy, atlikty 1995-
2004 metais Vilniaus Universiteto Medicinos FakidtReumatologijos klinikoje
(Lentek 1). 20 atitinkamo amziaus nesergansisteminiais susirgimais zmani
atitinkamos lokalizacijos odosémginiai buvo analizuojami kaip kontroliniai. Viso$§,
SRV ir Reino sindromo diagnéz buvo patvirtintos kliniskai ir laboratoripi
imunologiny bei molekulires diagnostikos tyrinpduomenimis. Ligos pradzia buvo
skakiuojama nuo laiko, kai ligoniui buvo diagnozuotogmos ligos pagal naudotus
klasifikacinius kriterijus. Visi SSc ligoniai atko ARC klasifikacinius kriterijus
(Subcommittee for Scleroderma criteria of Ameri@dreumatism Association
Diagnostic and Therapeutic Criteria Committeelifiaary criteria for the
classification of systemic sclerosis (sclerodermmahritis Rheum 1980;23:581-90) ir
vélesnius kriterijus (LeRoy et al. 1988). Sisteasimaudonosios vilkligs diagnoz
nustatyta remiantis Amerikos reumataldglegijos (ARC) 1982 m. patikslintais SRV
klasifikacijos kriterijais (Tan EM, Cohen AS, FridB, Masi AT, McShane DJ,
Rothfield NF, et al. The 1982 revised criteria tioe classification of systemic lupus
erythematosus Arthritis Rheum 1982;25:1271-7). Bsindromas diagnozuotas
remiantis Amerikos reumatoladolegijos (ARC) 1992 m. RF klasifikacijos kritgis
(Leroy EC, Medsger TA Jr. Raynaud's phenomenontopgsal for classification. Clin
Exp Rheumatol 1992;10:485-8.)

Ankstyva ligos stadija buvo apé@iama kaip laikotarpis nuo diagnaz
nustatymo iki 3 met SSc, SRV ir RP gri@yis buvo formuojamos taip, kad kiekvienoje
ligoniy grupeje biaty po 10 ankstyvos ir 10élyvos ligos stadij ligoniy.

Visos ligoni biopsijos buvo paimtos Vilniaus Universiteto Madis fakulteto
Reumatologijos katedros gydytogliagnostikos tikslais, esant klinikineitmybei.
Kontroliniai odos pavyzdziai buvo paimti autoriaisVilniaus miesto universitetis
ligoninés chirurgijos skymi ligoniy, kuriems nebuvo diagnozuota jokia sistedrliga,
autopsiis medziagos, atliekant autopsijas pagal klinikinesedicinos teigs
indikacijas. Odos biopsijos buvo apdorotos Vilnidlmsversiteto Eksperimentds ir
klinikinés medicinos instituto Patologijos laboratorijojaygfininiai pjiviai buvo dazyti
hematoksilinu ir eozinu, histocheminiais bei imuistdcheminiais metodais. Autorius
atliko mikropreparat vertinimg ir duomeny interpretavim. Trys ankstyvos SSc stadijos
odos biopsijos buvo istirtos elektroniniu mikroskogilniaus Universiteto
Eksperimentias ir klinikinés medicinios instituto Patologijos laboratorijogeitorius
atliko elektronirgs mikroskopijos nuotraukvertinima ir duomenmy interpretavim.
Lentek 1. Tirty ligoniy pasiskirstymas pagal amziu irilyt

Liga Ligoniy skatius Amziaus vidurkis

SSc 20 (vyu 1, 46.55 £+ 10.87
moten19)

SRV 20 (vyn 2, moten 39.18 £ 11.55
18)

RP 20 (vyn 3, moteq 37.02 £13.03
17)

Sveiki asmenys 20 (vym 3, moten 47.26 + 14.05

(kontrok) 17)
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Tirti méginiai buvo dazomi standartiniu rutininiu histoiog dazymo khdu
- hematoksilinu ir eozinu. Vaizdo analibei fotografavimas atlikti Sviesiniu mikroskopu
Olympus BX51.
Tirti preparatai buvo nudazyti Siais standartini@asocheminiais tdais:
Pikrino ragsties ir sirius red misiniu (pikrosirius) — jungiajo audinio skaiduliniams
komponentams ir analizei tamsiame poliarizudi@amikroskopo lauke.
Toluidino meliu, pH 2.0 — puthijy lasteliy ir jungiamojo audinio matrikso

baltymy- proteoglikam analizei.
Imunohistocheminiam dazymui buvo naudojami En-\fisizualizacijos rinkiniai
(DAKO).
Elektroninio mikroskopinio tyrimo metu vaizdo arelbei fotografavimas atliktas
elektroniniu mikroskopu JEM 100-B.
Histopatologiniai Sviesos bei elektroagnmikroskopijos vaizdai buvo vertinami
kokybinés analizs adu.
Pusiau kiekybinei analizei imunohistocheminiai Zyryebuvo vertinami keturitaSky
(baly) sistema: 0 —éra Zzymens, 1 — pavieniai zymenys, 2 — daugiau zynterlabai
daug zymen. Kiekybinis vertinimas atliktas naudojant ,ANALYSTt kompiuterire
program. Preparatai buvo fotografuoti naudojant Sviesopbkarizacini Olymphus
BX51 mikroskop ir Nicon DXM 2000 vaizdo kamer

Statistie duomem analiz atlikti naudojant kompiuteris statistikos prograsn
SPSS for Windows (versija 12.0). Apskabti normalyju paramety reikSmi vidurkiai
(V) su standartiniais nuokrypiais (SN). Nomimgl duomem skirtumo statistinis
reikSmingumas nustatytas pagal Chi kvadrg@ukKriteriju, normaliju kiekybiniy
duomem vidurkiy skirtumas dviems nepriklausomoms imtims — nauddggjndento t
kriterijy, normaliyjy kiekybiniy duomem vidurkiy skirtumas trims nepriklausomoms
imtims — vienfaktorig dispersig analiz ANOVA. Ranginiy duomemn skirtumo
statistinis reikSmingumas esant dviems nepriklawsomimtims nustatytas naudojant
Mano — Vitnio - Vilkoksono (Mann-Whitney — Wilcox®kriterijy.

Pasirinktas reikSmingumo lygmuo p<0,05, kurianrultai laikyti statistiSkai
patikimais.

Tyrim y rezultatai

Ankstyvoje SSc stadijoje buvo stebimi neutngfiimfocity, monocity, histiocity
ir pavieniy plazmocity infiltratai apie kraujagysles ir ekrinupprakaito liauk latakus.
Vietomis panaiss infiltratai buvo stebimi intersticiume ir poodamne riebaliniame
audinyje.

Ligai progresuojant, m&jo odos kraujagysii tinklo tankumas bei vislasteliy bendras
kiekis, ta&iau gausjo jungiamojo audinio ekstradtelinio matrikso, ypaskaidulinio
kolageno. Fibroblastai buvo hiperfunkciski bei eds&km Elastires skaidulos buvo
fragmentuotos. Kolageno skaidulos buvo edemiskosvienodo skersmens. Tarp
kolagenini; skaidul; buvo edema.

Vélesrese SSc stadijose uzdegimjnnfiltraty sumagjo arba jie beveik visiSkai iSnyko.
Buvo stebima ryski speninio odos sluoksnio redakd{raujagyshi sienet¢s
sustoédavo, atsirasdavo hialinébei nekroz spindziai siautjo, laipsniskai vysisi
devaskuliarizacija.
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Kolageno skaidulos palaipsniui sty ir tankéjo. Vélesrese SSc stadijose sunégz
fibroblast;. Ekrininés prakaito liaukos tapo atrofiSkoél dupartios fibrozs ir déstesi tik
virSutiniame dermos sluoksnyje. ISreikStas kolagekdy ekstrastelinio matrikso
baltymy kaupimasis pirmiausiai buvo matomas retikésdinlermos ir poodzio ribose.
Ankstyvojoje sistemiés sklerozs stadijoje elektroniniu mikroskopu buvo matomos
plonos, naujai sintezuotos 10-30 nm kolageno fibriVéliau vyravo didesnio skersmens
fibril és. Tai ro@d kolageno brendim Ultrastruktiriné kraujagysh; analiz paroa
endotelio 4steliy pazeidim, ju vakuolizaciy, hialinizacip bei nekroz, o taip pat

pericity ir fibroblasty endoplazminio tinklo aktyvaaj Ankstyvojoje stadijoje buvo
stebima gana gausi infiltracija putliosiomastebmis, aptinkamomis glaudziame
kontakte su fibroblastais bei pazeistomis kraujigys ir limfagysemis.

SRV atvejais kraujagyslisieneése ir perivaskuliariai buvgrairaus laipsnio audini
edema ir uzdegiminilasteliy infiltracija. Reino sindromo atvejais rasdavomeajy
susitraukimo pozyna, tatiau vaskulito pozymi nebuvo arba jie buvo nezyn

Vaskulito pozymiai labiau buvo iSreiksti SSc atvgjar ypa ankstyvoje ligos stadijoje
(Lentek 2).

Lentele 2. Vaskulito aktyvumo (pagal histopatolagepozymius) pasiskirstymas odoje
SSc ankstyvoje irdlyvoje stadijose, SRV bei RP atvejais.

Liga Vaskulito aktyvumas

0 1 2 3
SSc 0/0 1/1 3/8 6/1
N=20
SRV 0/0 3/1 2/4 5/5
N=20
RP 5/2 5/8 0/0 0/0
N=20
Kontrole 20 0 0 0
N=20
Lyginimas P
SSc - SRV 0,789
SSc- RP <0,0001
SSc- Kontro¢ <0,0001
SRV - RP <0,0001
SRV - Kontroé <0,0001
RP- Kontroé <0,0001

Paaiskinimai: ,0 = gra vaskulito pozymy; ,1“ = endotelio edema, palei kraujagysl
pavieniai neutrofilai; ,,2“ = endotelio edema, pakeaujagyst negausi neutrofi,
makrofagy, limfocity infiltracija; ,3“ = endotelio pazeidimai, palei &ujagys¢ gausi
infiltracija uzdegimimis lastekmis; ,/* = ankstyvojiielyvoji ligos stadija

Antrinio vaskulito aktyvumas tiesiogiai koreliaga vVWF prasisunkimu
audinius, kuris patikimai didesnis SSc sergantiegumniams (Lented 5).

IS duomen palyginimo matome, kad ankstyvoje ligos stadijpgskulito
aktyvumas SSc ir SRV ligoniams nesiskyo \elyvoje stadijoje SRV ligoni odoje
vaskulito aktyvumas isliko aukstas, o SSc — ¢jmz
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Pikrosiriusu dazytuose histologiniuose preparauasalizuojamuose
poliarizuotoje Sviesoje, plonos, nesenai sintezzuktdagenias skaidulos Svyti zalia
spalva, o storos bei subrendusios kolagengkaidulos Svyti raudonai. Ankstyvojoje
SSc stadijoje rasdavome daug zaliai Swytirkolageniny skaiduly, o vlesrese stadijose
dominavo raudonos skaidulos.

SRV bei Reino sindromo atvejais S&yinas nesisky¥ nuo kontrots atvey. Taciau
Reino sindromo atvejaisidavo ryskiai susitraukusiarterip.

Kraujagysli; fibrozavimas lydimas atrezijos dazniausiai buvtrégamas SSc
vélesrese stadijose, tuo tarpu SRV ir Reino sindromo atvg$ki fibroz nebuvo
neaptinkama (Lentél3).

Lentek 3. Odos audinj fibrozavimas sergantiems SSc, SRV ir RP lyginarkantrole

Liga Fibrozavimo laipsnis

0 1 2 3
SSc 5/0 4/0 1/1 0/9
N=20
SRV 712 3/8 0/0 0/0
N=20
RP 6/2 4/8 0/0 0/0
N=20
Kontrolé 20 0 0 0
N=20
Lyginimas p
SSc — SRV 0,004
SSc- RP 0,006
SSc- Kontrod <0,0001
SRV- RP 0,752
SRV- Kontrok <0,0001
RP- Kontroé <0,0001

Paaiskinimas: “0" = éra fibrozavimo pozymi; “1" = plony, pikrosiriusu dazyt, stebint
poliarizuotoje Sviesoje Svyitny zalia spalva skaidulnezymus pagaégpmas; “2” =
pikrosiriusu dazyf, poliarizuotoje Sviesoje Svyidn zalia bei raudona spalva skaigul
pagaugjimas; “3” = gausu star, raudonai Svytitiy kolageniny skaiduly, dazyt
pikrosiriusu; ,/* = ankstyvoji/¢lyvoji ligos stadija

IS duomen palyginimo matome, kad ankstyvoje ligos stadigyeliniy
fibrozavimo laipsnis nei SSc, nei SRV ligoniamsisleg¢ (fibrozavimo arba nebuvo,
arba jis buvo nezymus), eélyvoje stadijoje tuo metu kai SSc ligoniams \&gstmasyvi
fibroze,

Toluidino nelio dazymas iSryskino putliasiagsteles, kurios iSsiskirdavo
violetine spalva. Lyginant su kontrole, pujli lasteliy buvo gausiau ir jos intensyviau
degranuliuodavo ankstyvoje SSc stadijojerySkiai sumagjo fibrozés stadijoje.
(Lentek 4).
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Lentek 4. Odos putliju lasteliy infiltracijos gausa ir degranuliacija sergant SSRY ir
RP lyginant su kontrole

Liga Putliyju lasteliy infiltracija

0 1 2 3
SSc 0/0 1/8 2/2 7/0
N=20
SRV 0/0 2/3 3/3 5/4
N=20
RP 0/0 8/9 2/1 0/0
N=20
Kontrolé 0 20 0 0
N=20
Lyginimas p
SSc - SRV 0,285
SSc- RP 0,004
SSc- Kontro¢ <0,0001
SRV - RP <0,0001
SRV - Kontroé <0,0001
RP- Kontroé 0.075

Paaiskinimas: ,0“ = éra specifiSkai nudazytprofiliy; ,1“ = pavieniai specifiSkai
nudazyti profiliai; ,2* = dazni specifiSkai nudazyrofiliai; ,3“ = gaudis specifiskali
nudazyti profiliai; ,,/* = ankstyvoji/¢lyvoji ligos stadija

IS duomen palyginimo matome, kad ankstyvoje ligos stadijmjgliuyjy lasteliy
infiltracija ir degranuliacija SSc ir SRV ligoniamegsiskyé (buvo gausi), o &élyvoje
stadijoje SRV ligoniams putljy lasteliy infiltracija ir degranuliacija iSliko gausi , o 8S
ligoniams — mago.

Sveiky odos biopsij analizs atvejais Sis veiksnys buvo stebimas tik kraujagys
spindzio ribose bei kraujagyslsienetse, iS esrgs intimoje. Tirianyju grupiy odos
biopsijose VWF skve#dsi i kitus kraujagysli sieneliy sluoksnius ir net iSsiliedavio
ekstravaskulia erdw (lentek 5). Pagal vVWF lokalizacijgalima buvo sgisti apie
kraujagysli strukfirinius pokyius.

Lentek 5. VWF nutekjimas i$ kraujagysii spindzioj aplinkinius audinius SSc, SRV ir
RP ligony odoje, lyginant su kontrole

Liga VvWF nutekéjimas

0 1 2 3
SSc 0/2 4/9 3/1 3/0
N=20
SRV 2/4 715 1/1 0/0
N=20
RP 10/10 0/0 0/0 0/0
N=20
Kontrolé 20 0 0 0
N=20
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Lyginimas p

SSc - SRV 0,25
SSc- RP <0,0001
SSc- Kontro¢ <0,0001
SRV - RP <0,0001
SRV - Kontrok <0,0001
RP- Kontroé 1.0

Paaiskinimai: ,,0“ = &ra VWF nutekjimo; ,1“ = negausus VWF nutékmas Salia
kraujagysts siendds; ,2“ = negausus VWF nutékmas per keliasdeSimt mikrometr
nuo kraujagysis sienels; ,3“ = gausis VWF issiliejimai; “/* = ankstyvoji/élyvoji ligos
stadija

IS duomen palyginimo matome, kad ankstyvoje ligos stadijféF nutekjimas
1 aplinkinius audinius SSc ligoniams buvo gausesygsnant su SRV , ir norsélyvoje
ligos stadijoje SSc ligoniams VWF nuéiknasi aplinkinius audinius majp, jis isliko
santykinai gausesnis, negu SRV ligoni

Paviers lasteks su CD68 teigiamu IHC zymeniu buvo randamos syedos
biopsijose ir Reino sindromo atvejais. Jos buvalizkiotos intersticiume kaigprastiniai
intersticiniai makrofagai. Gausus CD68 teigighpsteliy infiltratus kraujagysli
sienetse bei palei kraujagySRVs rasdavome ankstyvosestafgose ir SRV atvejais
(lentele 6).
Lentek 6. Audiny makrofagai

Liga CD68 ekspresija

0 1 2 3
SSc 0/0 2/6 4/4 4/0
n=20
SRV 0/0 2/3 4/5 4/2
n=20
RP 0/0 9/9 1/1 0/0
n=20
Kontrolé 0 20 0 0
n=20
Lyginimas p
SSc - SRV 0,298
SSc- RP <0,0001
SSc- Kontro¢ <0,0001
SRV - RP <0,0001
SRV - Kontrok <0,0001
RP- Kontroé 1.0

Paaiskinimas: ,0“ = éra specifiSkai nudazytprofiliy; ,1“ = pavieniai specifiSkai
nudazyti profiliai; ,2* = dazni specifiSkai nudazyrofiliai; ,3“ = gausis specifisSkai
nudazyti profiliai; ,/* = ankstyvoji/¢lyvoji ligos stadija.
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IS duomen palyginimo matome, kad ankstyvoje ligos stadigjeliniy
makrofag; infiltracija SSc ir SRV ligoniams nesiskyfbuvo vidutiniSkai gausi), o
vélyvoje ligos stadijoje SSc ligoniams audimhakrofag, infiltracija mazjo, o SRV
ligoniams isliko panasi kaip ankstyvoje stadijoje.

Endotelire azoto oksido sint@ézbuvo nezymiai iSreikSta sveikmoni; odos
bioptatuose, tau jos ekspresija buvo daug ryskesne SSc; lrgas wlyvoje stadijoje
bei SRV atvejais (lentél7).

Lentek 7. Endotelio azoto oksido sintazekspresija odoje sergant SSc, SRV ir RP
lyginant su kontrole

Liga Endotelires azoto oksido sintag Il (eNOS) ekspresija
0 1 2 3

SSc 0/0 4/8 6/2 0/0

n=20

SRV 0/0 2/3 817 0/0

n=20

RP 0/0 9/10 1/0 0/0

n=20

Kontrolé 0 20 0 0

n=20

Lyginimas p

SSc — SRV 0,27

SSc- RP 0,009

SSc- Kontrot <0,0001

SRV - RP <0,0001

SRV - Kontrok <0,0001

RP- Kontroé 0.317

Paaiskinimas: ,0" = éra specifiSkai nudazytprofiliy; ,1“ = pavieni specifisSkai
nudazyti profiliai; ,2* = dazni specifiSkai nudazyrofiliai; ,3“ = gaudis specifiskali
nudazyti profiliai; ,/* = ankstyvoji/¢lyvoji ligos stadija

IS duomen palyginimo matome, kad ankstyvoje ligos stadigjelotelio azoto
oksido sintags ekspresija odoje SSc ir SRV ligoniams nesisklyuvo vidutiniSkai
gausi), o ¥lyvoje ligos stadijoje SSc endotelio azoto oksiddaszs ekspresija odoje
mazjo, o SRV ligoniams isliko panasi kaip ankstyvadjadijoje.

Nezymi terminio Soko proteino HSP-47 ekspresijadonustatyta 25% svaik
Zmoniy odos biopsijose. ZymesiSP-47 espresija odoje buvo randama SRV atvejais,
taciau labiausiai HSP-47 pasireikSdavo SSc eigojes yoatyvoje ligos stadijoje (lentel
8).
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Lentek 8. Terminio Soko proteino HSP-47 ekspresija SRY 8 RP ligoni; odoje
lyginant su kontrole

Liga Terminio Soko proteino HSP-47 ekspresija

0 1 2 3
SSc 0/0 4/2 6/3 0/5
n=20
SRV 0/0 5/4 5/6 0/0
n=20
RP 7/8 3/2 0/0 0/0
n=20
Kontrolé 16 4 0 0
n=20
Lyginimas p
SSc - SRV 0,086
SSc- RP <0,0001
SSc- Kontrad <0,0001
SRV - RP <0,0001
SRV - Kontrok <0,0001
RP- Kontroé 0.708

Paaiskinimas: ,0“ = éra specifiSkai nudazytprofiliy; ,1“ = pavieniai specifiSkai
nudazyti profiliai; ,2“ = dazni specifiSkai nudazyrofiliai; ,3“ = gaudis specifisSkai
nudazyti profiliai; ,,/* = ankstyvoji/¢lyvoji ligos stadija.

IS duomen palyginimo matome, kad ankstyvoje ligos stadifejeninio
Soko proteino HSP-47 ekspresija SSc ir SRV ligosiasisky (buvo vidutinio
gausumo), o &lyvoje stadijoje SRV ligoniams HSP-47 ekspresgikd panasi kaip ir
ankstyvoje, o SSc ligoniams — paggasBe to, SSc ligoniams keégi terminio Soko
proteino HSP-47 ekspresijos lokalizacija — anksjgngtadijoje labiausiai iSreikSta odos
kraujagysl, sienetse, \élyvoje — fibroblastuose.

CD34 buvo randamas daugumoje syeiknoniy ody biopsijose, t&au jo

ekspresija buvo ryske8iSRV atvejais. Labiausiai CD 34 buvo iSreikStas 8®&¢u,
ligos ankstyvojoje stadijoje (lenteD).
Lentek 9. CD34 ekspresija odoje sergantiems SSc, SRWjiRlyginus su kontrole.

Liga CD34 ekspresija

0 1 2 3
SSc 0/1 a/7 6/3 0/0
n=20
SRV 0/0 716 3/4 0/0
n=20
RP 2/2 8/8 0/0 0/0
n=20
Kontrolé 3 17 0 0
n=20
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Lyginimas P

SSc - SRV 0,524
SSc- RP <0,0001
SSc- Kontro¢ <0,0001
SRV - RP 0,001
SRV - Kontrok 0.001
RP- Kontroé 0.681

Paaiskinimas: ,0“ = éra specifiSkai nudazytprofiliy; ,1“ = pavieniai specifiSkai
nudazyti profiliai; ,2* = dazni specifiSkai nudazyrofiliai; ,3“ = gausis specifisSkai
nudazyti profiliai; ,/* = ankstyvoji/¢lyvoji ligos stadija.

IS duomen palyginimo matome, kad ir ankstyvoje &lyvoje ligos stadijoje
CD34 ekspresija SSc ir SRV ligoniams nesigkgnkstyvoje stadijoje buvo santykinai
gausesé vélyvoje — santykinai mazesn

Nezymi kraujagysii augimo veiksnio ekspresija buvo aptinkama dakeskg
Zzmoniy odos biopsijose. Didziausia VEGF-A ekspresija igglsidavo ankstyvoje SSc
stadijoje (lented 10).

Lentek 10. Kraujagysii augimo veiksnio VEGF-A ekspresija odoje sergard, SRV ir
RP lyginant su kontrole

Liga Kraujagysliy augimo veiksnio (VEGF-A) ekspresija

0 1 2 3
SSc 0/0 3/5 5/5 2/0
n=20
SRV 3/3 6/3 1/4 0/0
n=20
RP 5/5 5/5 0/0 0/0
n=20
Kontrolé 13 7 0 0
n=20
Lyginimas P
SSc - SRV 0,04
SSc- RP <0,0001
SSc- Kontrot <0,0001
SRV - RP 0,009
SRV — Kontroé 0.198
RP- Kontroé 0.061

Paaiskinimas: ,0" = éra specifiSkai nudazytprofiliy; ,1* = pavieniai specifisSkai
nudazyti profiliai; ,2* = dazni specifiSkai nudazyrofiliai; ,3“ = gaudis specifiskali
nudazyti profiliai; ,/* = ankstyvoji/¢lyvoji ligos stadija

IS duomen palyginimo matome, kad ir ankstyvoje i&lyvoje ligos stadijoje
kraujagysli augimo veiksnio VEGF-A ekspresija SSc ligoniamgdgausesiinei
SRV ligoniams. SSc ligoniams kraujagysdiugimo veiksnio VEGF-A ekspresija kiek
gausesé ankstyvoje stadijoje, lyginant sélyva.

Kraujagysli augimo veiksnio receptorius 1 (FLT-1) buvo nezyngeeikstas
sveiky Zzmoni; odos biopsijose. RySkiausia Sio receptoriaus esgarbuvo stebima
odoje SSc ankstyvojoje stadijoje ( lentele 11).
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Lentek 11. VEGFR-1 receptoriaus-1 (FLT-1) ekspresija edgrgant SSc, SRV ir RP

lyginant su kontrole

Liga VEGFR-1 (FLT-1) ekspresija

0 1 2 3
SSc 0/0 3/6 5/4 2/0
n=20
SRV 3/3 6/6 1/1 0/0
n=20
RP 5/5 5/5 0/0 0/0
n=20
Kontrolé 12 8 0 0
n=20
Lyginimas P
SSc - SRV <0,0001
SSc- RP <0,0001
SSc- Kontro¢ <0,0001
SRV - RP 0,220
SRV - Kontroé 0.077
RP- Kontroé 0.530

Paaiskinimas: ,0“ = éra specifiSkai nudazytprofiliy; ,1“ = pavieniai specifiSkai
nudazyti profiliai; ,2* = dazni specifiSkai nudazyrofiliai; ,3“ = gaudis specifiskali
nudazyti profiliai; ,/* = ankstyvoji/¢lyvoji ligos stadija.

Kraujagysliy augimo veiksnio receptoriaus 2 (FLK-1) nezymi ekspa buvo
aptinkama sveik zmoni; odos bioptatuose. RysSkiausia FLK-1 ekspresija ®igbima
ankstyvojoje ¥lyvojoje SSc stadijoje (lentell2).

Lentek 12. Kraujagysli augimo faktoriaus receptoriaus-2 (FLK-1) ekpresijaje
sergant SSc, SRV ir RP lyginant su kontrole

Liga VEGFR-2 (FLK-1) ekspresija

0 1 2 3
SSc 0/0 8/8 2/2 0/0
n=20
SRV 3/2 7/8 0/0 0/0
n=20
RP 6/5 4/5 0/0 0/0
n=20
Kontrole 14 6 0 0
n=20
Lyginimas P
SSc - SRV 0,005
SSc- RP <0,0001
SSc- Kontro¢ <0,0001
SRV - RP 0,056
SRV - Kontrok 0.005
RP- Kontroé 0.333
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Paaiskinimas: ,0“ = éra specifiSkai nudazytprofiliy; ,1“ = pavieniai specifiSkai
nudazyti profiliai; ,2* = dazni specifiSkai nudazyrofiliai; ,3“ = gaudis specifiskali
nudazyti profiliai; ,/* = ankstyvoji/¢lyvoji ligos stadija.

Kraujagysliy augimo veiksnio receptoriaus 3 (FLT-4) nezymi e&spa buvo
aptinkama dalyje sveikzmoni; odos biopsij. Zymiausia $io veiksnio ekspresija buvo
stebima ankstyvojojeélyvojoje SSc stadijoje (lentell3).

Lentek 13. Kraujagysh augimo veiksnio receptoriaus-3 (FLT-4) ekspresgaje
sergant SSc, SRV ir RP lyginant su kontrole.

VEGFR-3 (FLT-4) ekspresija

0 1 2 3
SSc 0/0 8/6 1/4 1/0
n=20
SRV 3/4 716 0/0 0/0
n=20
RP 7/8 3/2 0/0 0/0
n=20
Kontrole 16 4 0 0
n=20
Lyginimas P
SSc - SRV <0,0001
SSc- RP <0,0001
SSc- Kontro¢ <0,0001
SRV - RP 0,012
SRV - Kontrok 0.004
RP- Kontroé 0.708

Paaiskinimas: ,0“ = éra specifiSkai nudazytprofiliy; ,1“ = pavieniai specifiSkai
nudazyti profiliai; ,2* = dazni specifiSkai nudazyrofiliai; ,3“ = gausis specifisSkai
nudazyti profiliai; ,/* = ankstyvoji/¢lyvoji ligos stadija.

IS duomen palyginimo matome, kad ir ankstyvoje i&lyvoje ligos stadijoje
kraujagyslh; augimo faktoriaus VEGFR-1 (FLT-1) ekspresija S§oniy odoje buvo
gausesé nei sergatiy SRV ir kiek gausesnankstyvoje stadijoje, lyginant sglyva.

Ankstyvoje ir \élyvoje ligos stadijoje kraujagysiiaugimo faktoriaus
receptoriaus-2 (FLK-1) ekspresija SSc ligpndoje buvo gausesémei sergantiems
SRV. SSc ligoniams kraujagyslaugimo faktoriaus receptoriaus-2 (FLK-1) ekpresija
ankstyvoje ir ¢lyvoje stadijoje nesiskyt

Ankstyvoje ir \elyvoje ligos stadijoje kraujagysliaugimo veiksnio receptoriaus-
3 (FLT-4) ekspresija SSc liganbdoje buvo gausesiir kiek gausesiivelyvoje
stadijoje, lyginant su ankstyva nei sergantiems SRV

Rezultaty aptarimas

Misu darbo rezultatuose stebima, kad ankstyvoje ligadijpje vaskulito aktyvumas
SSc ir SRV ligoniams nesiskyro \&lyvoje stadijoje SRV ligonj odoje vaskulito
aktyvumas isliko aukstas, o SSc — gazinfiltrato suaciai buvo hidinga, kad
ankstyvoje ligos stadijoje putiiy lasteliy infiltracija ir degranuliacija SSc ir SRV
ligoniams nesiskyr (buvo gausi), o &lyvoje stadijoje SRV ligoniams puiliy lasteliy
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infiltracija ir degranuliacija iSliko gausi , o S8goniams — mago. Audiniy makrofag
infiltracija SSc ir SRV ligoniams nesisky(buvo vidutiniSkai gausi), oélyvoje ligos
stadijoje SSc ligoniams audinmakrofag, infiltracija ma£jo, o SRV ligoniams isliko
panasi kaip ankstyvoje stadijoje. Tiriant fibész/ystymsi, gauti duomenys, kad
ankstyvoje ligos stadijoje audinfibrozavimo laipsnis nei SSc, nei SRV ligoniams
nesiskye (fiborozavimo arba nebuvo, arba jis buvo nezymasklyvoje stadijoje tuo
metu kai SSc ligoniams vysi masyvi fibroz, SRV ligoniams audinifibrozavimo
laipsnis beveik nesikeit VWF nutelkjimasi aplinkinius audinius SSc ligoniams buvo
gausesnis, lyginant su SRV, ir nokdywoje ligos stadijoje SSc ligoniams VWF
nutelkéjimasi aplinkinius audinius majo, jis isliko santykinai gausesnis, negu SRV
ligoniu. Ankstyvoje ligos stadijoje endotelio azoto oksgiotazs ekspresija odoje SSc
ir SRV ligoniams nesiskyr(buvo vidutiniSkai gausi), oélyvoje ligos stadijoje SSc
endotelio azoto oksido sintegzekspresija odoje mgb, o SRV ligoniams isliko panasi
kaip ankstyvoje stadijoje. Tuo tarpu terminio Sgkoteino HSP-47 ekspresija
ankstyvoje ligos stadijoje SSc ir SRV ligoniamsiskeg¢ (buvo vidutinio gausumo), o
vélyvoje stadijoje SRV ligoniams puiliy HSP-47 ekspresija isliko panasi kaip ir
ankstyvoje, o SSc ligoniams — paggasBe to, SSc ligoniams keégi terminio Soko
proteino HSP-47 ekspresijos lokalizacija — anksjgnabadijoje labiausiai iSreikSta odos
kraujagysly sienetse, \élyvoje — fibroblastuose. Ankstyvoje iélyvoje ligos stadijoje
kraujagysli augimo veiksnio VEGF-A ekspresija SSc ligoniamgdgausesiinei
SRV ligoniams. SSc ligoniams kraujagysdiugimo veiksnio VEGF-A ekspresija kiek
gausesé ankstyvoje stadijoje, lyginant sglyva. Ankstyvoje ir ¥lyvoje ligos stadijoje
kraujagysli augimo faktoriaus VEGFR-1 (FLT-1) ekspresija S§oniy odoje buvo
gausesé nei sergatiy SRV ir kiek gausesnankstyvoje stadijoje, lyginant sglyva.
Ankstyvoje ir lyvoje ligos stadijoje kraujagysiiaugimo faktoriaus receptoriaus-2
(FLK-1) ekspresija SSc ligoniodoje buvo gauseémei sergantiems SRV. SSc
ligoniams kraujagysii augimo faktoriaus receptoriaus-2 (FLK-1) ekpreai&styvoje ir
vélyvoje stadijoje nesiskyr Ankstyvoje ir \élyvoje ligos stadijoje kraujagysliaugimo
veiksnio receptoriaus-3 (FLT-4) ekspresija SScrigadoje buvo gausesiir kiek
gausesé vélyvoje stadijoje, lyginant su ankstyva nei sergamis SRV.

SSc - tai suétingas daugiasisteminis susirgimas su nepilnataSgatogeneze.
Uzdegimires reakcijos pasekoje vystosi kolageno ir kitos jangpjo audinio
ekstrahstelints medziagos padidinta gamyba ir kaupimasésaNiksliai zinoma, koél
sergant SSc atsiranda daugiau gamiptarphstelines medziagos komponentBe
vidiniy priezasiy, tokiy kaip genetinis polimorfizmas, éifibroziniy mediaton;: PDGF,
TGF{$, CTGF dalyvauja SSc patogesgz

Gausiuose uzsienio autgrilarbuose nustatyta, kad pazeistos epitelio indoelio
lasteks iSskiria uzdegimo mediatorius ir inicijuoja aiftifnolizing grandirg, kuri
paleidzia kraujo kregimo mechanizm bei ekstrajstelines medziagos komponent
laikinaji pagaugjima. Trombocit; degranuliacija sukelia vazodilatacif padidina
kraujagysly pralaidum. Toki reiSkin mes stejome niisy tyrimuose, kai VWF teigiami
komponentai iS pradzikaugesi smulki kraujagysh spindziuose, &iau prasisunkdavo
i ekstravaskulinius audinius. Kitwutoriy tyrimai rodo padiding kraujagysh pralaiduna
SSc ankstyvoje stadijoje, @lyvoje pralaidumas map, ir mazja smulky kraujagyslhy
tinklo tankumas, kas taip pat matoma iismtyrimo medziagoje. Esant padidintam
kraujagysly pralaidumui, miofibroblastai (aktyvuoti, fibroblas gausiai gaminantys
kolagen =-SMA+) bei epitelio ir endoteligbteks gamina membranas ardas
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metaloproteinazes (MMPS), to pasekoje kraujagysialaidumas dar padif.
Aplinkiniai limfocitai bei kitos hsteks pradeda gaminti profibrozinius citokinus, tokius
kaip TGF$, IL-13 bei PDGF, kurie toliau aktyvuoja esars aplinkoje makrofagus bei
fibroblastus. Vietoje pagaminti citokinai bei chekimai pritraukia nauj endotelio
lasteliy. Kai miofibroblastai pagamina daugiau kolagenojoelegraduojama, kolagenas
kaupiasi ir vystosi fibroz Tokiomis alygomis pazeidimo vietoje kolageno vis g&as
Misy tyrime analogisk situacip atkartojo ligoniy odos biopsij pjaviai dazyti
histochemiskai picrosiriusu ir tirti poliarizuotuiknoskopu: ankstyvai ligos stadijai buvo
odos bioptat pjaviai dazyti histochemiskai picrosiriusu ir tirti j@rizuotu mikroskopu
demonstravo masyvias siigimazguag, senai sintezugtkolageno skaidul sankaupas.
Skaiduly kiekis bei skersmuo priklaéisiuo ligos stadijos. Epidermis ir odos priedai
buvo atrofuoti. Pazengusi fibrépaprastai tna jau hipadstelirg, tod¢l manoma, kad ji
negiztama, nes nebelieka MMPs gami&iariasteliy. Nors yra hipotezi apie fibrozs
griztamum, misy SSc tyrimuose pazengusi fibéoazuvo hipohstelirg, ir, manome, kad
negiztama.

Hipotez apie nefibrozini lasteliy liniju diferenciaciy i profibrozines mezenchimines
lasteles randa vis platggoripazinimy aiSkinant SSc patogeredNaujausieji tyrimai
suteikia nemazai duomempie intrajstelinés signalizacijos kelius, reguliucjas
fibrozés proces ir audiny pazeidim SSc metu.

Kity autoryy duomenimis,¥lesrese SSc stadijose dermoje razputliyjy lasteliy, kai
ankstyvojoje stadijojeyjbiina daugiau negu sveikoje odojeidd stekejimai patvirtina,
kad putlyju lasteliy yra daugiau ir jos intensyviau degranuliuoja ayasjoje SSc
stadijoje. SSc metu mastaciiegranuliacija sukelia intersticiumo edgrka ir mes
stelzgjome niisy tyrimuose. \éliau, SSc metu iSnyksta elastinskaidulos papiliariniame
dermos sluoksnyje, taip pat ten jau @ed retikuliny skaidul;, kolagenirs skaidulos
tampa heterogeniskos.td elektronires mikroskopijos tyrimai paraédkolagenini
skaidul; heterogeniSkum skaidulos buvo storeés lyvoje SSc stadijoje.

Misy tyrimai paro@ ankstyvus kraujagyslipazeidimus sergant SScéllu,
progresuojant fibrozei ir majant lasteliy tankiui, magjo pratekam kraujagysh kiekis
bei retjo smulkiy kraujagyslhi tinklas. Endotelinj lasteliy reikSmé SSc patogenépe iki
Siol nepakankamai aiski. IS vienos psis- endoteligs lasteks SSc metu tampa imuninio
aktyvumo taikiniu, taip pat jos gali veikti kaip plomi imuniniai stimuliatoriai
Kraujagysly pazeidimas SSc metu veda prie hipoksijos, iscleanmijkraujagysii
okliuzijos. Misy tyrimuose ankstyvojoje SSc stadijoje sfeime aukst eNOS

aktyvunms, silprejanti progresuojant fibrozei.

47-kDa terminio Soko baltymas (HSP-47) - tai speigfkolagenui molekulinis
Saperonas, lokalizuotas endoplazminiame tinklaidina svarhi role odos fibroblast
kolageno sintege. Kity autoriy duomenimis, SSc metu HSP-47 ekspresijos gadids
sutampa su kolageno singszadiajimu, ka patvirtina ntisy gauti imunohistocheminiai
duomenys. Manoma, kad HSP-47 yra patikimas aktywviotoblast; IHC Zymuo
naudojant rutininius histologiniusipyjius. HSP-47 fibroblastuose sukelia padiglint
kolageno sinteg sekreciy bei kaupimag taip pat didina laiqyu radikal;. Misy
tyrimuose HSP-47 aktyvumo padjona konstatavome fibroblastuosélyvose SSc
stadijose. Tai reiSkia, kad zymus fibrozavimasratgla ligai progresuojant, o ne ligos
pradzioje. Tuo tarpu ankstyvose SSc stadijose HaRg/{/umas buvo Zymiai didesnis
ant endoteliocit. Turint omenyje, kad HSP47 yra kolagenams speasibaltymas,
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skatinantis fibrog, jo lokalizacijos skirtumas ant endoteliacankstyvoje SSc ir ant
fibroblast; vélyvoje SSc stadijose fisy poziiriu yra labai reikSmingas.

Miisy stelgjimai patvirtina t; autoriy darbus kurie rodo, kad SSc prasideda kraujaggsl|
visy pirma nuo pakitim kapiliaruose, per kraujagyslokliuzija ir véliau vystosi fibroz.
IS dalies netitina nagriti kokios priezastys paleidzia SSadingy pazeidiny grandirg
endoteliocituose. Daugelio autp@émesys nukreiptasET-1, TGF-beta, MMPs,
metaloproteinazi inhibitorius (TIMPS) bei uzdegimo mediatorius,arieukinus ir
chemokinus, molekules kuriosisy tyrimuose nebuvo tirtos, meamémeés kity autoriy
atitinkamais duomenimis.

Sveikas endotelis atlieka patikimo barjero targudiuojancio kraujo ir aplinkiniy

audiniy funkcija, uztikrina medziag apsikeitimo galimyb ir neleidzia kraujui kresi.
Kraujagysése endoteliocit sluoksnis - tai pusiau pralaidus barjeras, lokulias
pasienyje tarp kraujagys spindzio ir perivaskuligiaudiny (Bazzoni 2006;
Mackiewicz et al. 2002 a). SSc metu kraujagyphtologija yra susijusi su pazeistomis
kraujagysly funkcijomis: padidintu vazospazmu, sumazinta vdmidcija, padidjusiu
sienelyy adhezyvumu trombocitams ir limfocitams. Mes tabsjome per
imunohistocheminvWF ekspresijos padifima kraujagysh spindziuose SSc
ankstyvoje stadijoje. Von Willebrand’o faktoriusF) yra didelis multimerinis
glikoproteinas, gaminamas endotelio Weibel — Pakateliuose. Misu duomenys
patvirtino rySk; Von Willrebrando faktoriaus patekin iSorine kraujagyshy aplinka ir
rodo kraujagysis sieneds pralaidumo padigima ypat SSc ligoni; odoje.

RysSkiausiai SSc kraujagyslpazeidimai stebimi kapiliaruose ir smulkiose keayyjskse.
Kapiliary pazeidimas apilinamas deformuotomis ir netaisyklingomis kilponikisy
tyrime Sio proceso iSraiSka matomariniams kapiliarams susidarant ankstyvoje SSc
stadijoje.

ISvados

1. Sergantiems SSc odoje atigdl, negu iSreiksta fibrézpasireisSkia kraujagysi
endotelio pazeidimai ir padigks kraujagysh siene¢s pralaidumas. Odos
kraujagysl fibrozavimas bei kraujagysliatrezija aptinkamosélesrese SSc
stadijose, tuo tarpu sergantiems SRV ir RP Sie ipagayneryskis.

2. Kraujagysliy endotelio augimo veiksnio VEGF-A ir jo receptosaelT-1 ir yp&
HSP-47 (terminio Soko baltymo, kolagenams speafs§aperono skatinéio
fibroze), bei eNOS (endotelio azoto sinéa} gausi ekspresija yra ankstyvos SSc
stadijos endotelio pakenkimo imunohistocheminiangnys. CD34 (endotelio
zymuo) ekspresuojamas santykinai vienodai SSc ¥ &Rniy odoje, bet
stipriau ankstyvose abig|igu stadijose.

3. Padicjusi odos kraujagysii siene¢s pralaidum rodo VWF Zzymens iSplitimas
perivaskuliniuose audiniuose pasireiSkiantis jaksgyvoje SSc stadijoje ir tik
nezymiai sumagantis &lyvoje, bet iSliekantis gausesnis nei SRV ligoniams

4. Odos treio laipsnio vaskulitas su uzdegiminiam infiltrabfidinga makrofag
gausa (CD68) koreliavo su VWF nuggkiu | aplinkinius perivaskulinius
audinius, ir su putlijy lasteliy infiltracija bei degranuliacija. Ankstyvose SSc ir
SRV stadijose histologiniai vaskulito pozymiai rsksire, bet jie rySkiai mago
SSc ¢lyvoje stadijoje, téiau liko labai iSreiksti ¥lyvos stadijos SRV ligomi
odoje.
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5. VWF agregatai kraujagyslispindziuose, HSP-47 ekspresija poodzio
fibroblastuose ir aktyvuatfibroblasty artimi kontaktai su degranuliuoj@nmis
putliosiomis 4stekmis - tai imunohistocheminiai ir ultrastraikiniai fibroblasty
pakenkimo ir ¢lyvos SSc stadijos Zymenys patvirtinantys masysios ir jos
kraujagysly fibrozavim bei atreziy, atskiriargia SSc nuo SRV.

Praktin és rekomendacijos

1. Odos biopsija kaip pagalbinis diagnostinis metdddsa diferencijuoti tarp
ankstyvos SSc, SRV ir RP stadij

2. Ankstyvosios SSc stadijos patogeéjezodoje vyrauja smulkikraujagysly
pazeidimail ta tikslinga atsizvelgti skiriant patogeneze pagriS86c gydym.
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