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1. WYKAZ STOSOWANYCH SKROTOW

ACA (ang. anti-centromere antibodies) - przeciwciala antycentromerowe (przeciw
biatkom kinetochorowym)

ACR (ang. American College of Rheumatology) - Amerykanskie Towarzystwo
Reumatologiczne

ANA (ang. antinuclear antibodies) - przeciwciata przeciwjadrowe

anty-PM/Scl (ang. anti-PM/Scl, anti-Polymyositis-Scleroderma antibodies)
przeciwciata przeciw PM/Scl (kompleksowi biatek jaderkowych o aktywnos$ci
rybonukleazy)

anty-RNAP 11l (ang. anti-RNA polymerase IlI antibodies) - przeciwciala przeciw
polimerazie III RNA

anty-TOPO I (ang. anti-topoizomerase I antibodies) - przeciwciala przeciw
topoizomerazie |

dcSSc (ang. diffuse cutaneous systemic sclerosis) - twardzina uktadowa z
uogo6lnionymi stwardnieniami skory

DLCO (ang. diffusing capacity of the lung for carbon monoxide) - dyfuzja tlenku wegla w
ptucach

DUs (ang. digital ulcers) - owrzodzenia paliczkoéw rak

ELISA (ang. enzyme-linked immunosorbent assay) - test immunoenzymatyczny
EULAR (ang. European League Against Rheumatism) - Europejska Liga do Walki
z Reumatyzmem

GFR (ang. glomerular filtration rate) - przesaczanie klebuszkowe

HIF-1 (ang. Hipoxia induced factor) - czynnik indukowany hipoksjg-1

HRCT (ang. high resolution computed tomography) tomografia komputerowa wysokiej
rozdzielczos$ci

ILD (interstitial lung disease) - $rddmiazszowa choroba ptuc

1eSSc (ang. limited cutaneous systemic sclerosis) - twardzina uktadowa z
ograniczonymi stwardnieniami skory

mRSS - (ang. modified Rodnan skin thickness score) - zmodyfikowana skala Rodnana
NVC - (ang. nailfold videocapillaroscopy) - kapilaroskopia watu paznokciowego
PAH (ang. pulmonary arterial hypertension) - tetnicze nadci$nienie plucne

PGI2 (ang. prostaglandin 12) - prostaglandyna 12

RCS (ang. Raynaud’s Condition Score) - skala nasilenie objawu Raynauda



SSe (ang. Systemic Sclerosis — SSc) - twardzina uktadowa

TNF-o. (ang. tumor necrosis factor-o) - czynnik martwicy nowotwordw alfa
TGF-B (ang. transforming growth factor-f) - transformujacy czynnik wzrostu beta
VEGTF (ang. vascular endothelial growth factor) - naczyniowo-srédblonkowy

czynnik wzrostu



2. STRESZCZENIE

NOWE BIOMARKERY ZABURZEN MIKROKRAZENIA
W TWARDZINIE UKLADOWEJ

2.1. Wprowadzenie

Twardzina uktadowa jest autoimmunologiczng chorobg tkanki tacznej zwigzang
z postepujacym widknieniem skory i narzagdow wewnetrznych. Zgodnie z aktualng koncepcja
patogenezy choroby, poczatkowo dochodzi do uszkodzenia komoérek $rddbtonka, zaburzen
mikrokrazenia 1 rozwoju stanu zapalnego. Sam proces widknienia wydaje si¢ wtornym do
stymulacji przez cytokiny uwalniane ze §rédbtonka. Kliniczng manifestacja zaburzen krazenia
sg m.in.: przetlom nerkowy, nadcis$nienie plucne lub objaw Raynauda, ktory niejednokrotnie
wyprzedza pojawienie si¢ innych cech twardziny uktadowej nawet o kilka lat, stwierdzany
u ponad 95% chorych. Krytyczne niedokrwienie wraz z owrzodzeniami dystalnych czesci
palcow stanowi najciezsza posta¢ zaburzen mikrokrazenia, prowadzac do wystapienia bolu,
niepetlnosprawnosci oraz zmniejszenia jakosci zycia.

Wczesne rozpoznanie 1 leczenie nieprawidlowosci naczyniowych w twardzinie
ukladowej] ma zasadnicze =znaczenie dla poprawy wynikow leczenia pacjentow
1 zapobiegania dlugotrwatym powiklaniom. W ostatnich latach trwaja poszukiwania
biomarkeréw szybkiej progresji zmian naczyniowych, ktore odpowiednio wcze$nie

pozwolityby na intensyfikacje¢ leczenia reologicznego.

2.2. Cele pracy

Celem pracy byta analiza zaburzen mikrokrazenia prowadzacego do objawu Raynauda
1 patologii nerek u pacjentow z twardzing uktadowg oraz poszukiwanie nowych biomarkerow
zwigzanych z uszkodzeniem naczyn w przebiegu twardziny ukladowej, w tym

w szczegllnosci:

1) Ocena mozliwosci wykorzystania kopeptyny 1 czynnika indukowanego
hipoksja-1 o (HIF-1a) jako potencjalnych biomarkeréw zaburzen mikrokrazenia
w twardzinie uktadowe;j

2) Ocena potencjalnej korelacji miedzy stezeniem kopeptyny oraz czynnika
indukowanego hipoksja-1a 1 aktywno$cig twardziny ukladowe;j

3) Analiza wplywu leczenia reologicznego alprostadylem na stg¢zenie wybranych

biomarkeréw zaburzen mikrokrazenia u pacjentow z twardzing uktadowsa



2.3. Materiat i metody

Do badan przedstawionych w cyklu publikacji wtaczono 50 pacjentéw z rozpoznang
twardzing uktadowg spetniajacych kryteria klasyfikacyjne ACR/EULAR. Do grupy kontrolne;j
wiaczono 30 zdrowych ochotnikoéw dobranych pod wzgledem wieku i ptci.

Zajecie narzadowe oceniano wedtug rekomendacji diagnostyczno-terapeutycznych
Polskiego Towarzystwa Dermatologicznego. Zaburzenia naczyniowe oceniano na skorze
gladkiej twarzy i1 konczyn (liczba i lokalizacja owrzodzen paliczkéw, teleangiektazji), oraz
wykonanie badania kapilaroskopowego z oceng zaburzen mikrokrazenia wg klasyfikacji
Cutolo.

Jako potencjalne biomarkery zaburzonego mikrokrazenia obwodowego wybrano:
czynnik indukowany hipoksja-la (HIF-1a) oraz kopeptyne. Stezenia HIF-1a 1 kopeptyny
oceniono przy pomocy metody ELISA. Poziom istotnoS$ci statystycznej przyjeto dla p<0,05.

2.4. Wyniki

Pacjenci z twardzing uktadowa mieli znacznie wyzsze stezenie kopeptyny w osoczu
(4,21 pmol/L [3,04-5,42]) w porownaniu do grupy kontrolnej (3,40 pmol/L [2,38-3,76],
p<0,01). Stwierdzono dodatnig korelacj¢ pomiedzy nasileniem objawu Raynauda a st¢zeniem
kopeptyny (r=0,801, p<0,05). Pacjenci ,pO6znym” wzorcem zmian naczyniowych
w kapilaroskopii (5,37 pmol/l [4,29-8,06]) charakteryzowali si¢ wyzZszymi warto$ciami
kopeptyny niz pacjenci o ,,wczesnym’ (2,43 pmol/l [2,25-3,20], p<0,05) 1 aktywnym wzorcu
(3,93 pmol/l [2,92-5,16], p<0,05). Pacjenci z twardzina uktadowa, u ktérych wystepowaty
owrzodzenia paliczkoOw palcéw mieli istotnie statystycznie wyzsze stezenie kopeptyny (5,71
pmol/l [IQR 4,85-8,06]) niz pacjenci bez owrzodzen na paliczkach palcow (3,31 pmol/l, [2,28-
4,30], p<0,05). Ponadto stezenie kopeptyny charakteryzowalo si¢ dobrg doktadnos$cia
diagnostyczng w rozroéznianiu pacjentow z owrzodzeniem palcow i1 bez (AUC=0,863). Dozylne
leczenie analogami prostaglandyn (alprostadylem) powodowalo zmniejszenie stezenia

kopeptyny z 4,96 [4,02-6,01] do 3,86 pmol/l [3,17-4,63] (p<0,01) po 4-6 cyklach podawania.

Pacjenci z twardzing uktadowa mieli istotnie statystycznie wyzsze stezenie czynnika
indukowanego hipoksja-la (3,042 ng/ml [2,295-7,749]) w pordéwnaniu z grupa kontrolng
(1,969 ng/ml [1,531-2,903] p<0,01). Pacjenci z uogo6lniong postacig twardziny ukladowej
(2,803 ng/ml, IQR 2,221-8,799) i formg ograniczong (3,231 ng/ml, IQR 2,566-5,502)
wykazywali zwigkszone st¢zenie czynnika indukowanego hipoksjg-1a w poréwnaniu z grupg

kontrolng (p<0,01). Stwierdzono statystycznie wyzsze stezenie czynnika indukowanego



hipoksja-1a. u pacjentow z "aktywnym" kapilaroskopowym obrazem twardzinowym wg

klasyfikacji Cutolo (6,625 ng/ml, IQR 2,488-11,480) w pordwnaniu z pacjentami z obrazem
»wezesnym” (2,739, IQR 2,165-3,282, p<0,05) i ,,p6znym” (2,983 ng/ml, IQR 2,229-3,386,

p<0,05). Jednoczes$nie stwierdzono, ze pacjenci, u ktoérych nie wystepowaly owrzodzenia

paliczkéw palcdéw, mieli znaczaco wyzsze stg¢zenie czynnika indukowanego hipoksja-1a (4,367

ng/ml, IQR 2,488-9,462) niz pacjenci z aktywnymi owrzodzeniami paliczkow palcow (2,832

ng/ml, IQR 2,630-3,094, p< 0,05) oraz owrzodzeniami paliczkéw palcow w przesztosci (2,668
ng/ml, IQR - 2,074-2,983, p<0,05).

2.5. Wnioski

1.

Kopeptyna 1 czynnik indukowany hipoksja-la (HIF-1a) mogg postuzy¢ jako
potencjalne biomarkery zaburzen mikrokrazenia obwodowego u pacjentow
z twardzing uktadowa

Stezenie kopeptyny w surowicy wykazuje pozytywna korelacj¢ z nasileniem
objawu Raynauda i wystepowaniem owrzodzen obwodowych w przebiegu
twardziny uktadowej oraz jest czulym parametrem odpowiedzi na leczenie
reologiczne

Stwierdzono statystycznie wyzsze stezenie czynnika indukowanego hipoksja-
la w surowicy u pacjentow z "aktywnym" kapilaroskopowym obrazem
twardzinowym wg klasyfikacji Cutolo w porownaniu z pacjentami z obrazem
,wczesnym” 1,,p6znym”

Monitorowanie st¢zenia kopeptyny 1 czynnika indukowanego hipoksja-la
u pacjentow z twardzing uktadowa moze pozwoli¢ na identyfikacj¢ pacjentow
o wysokim ryzyku nasilonych zaburzen mikrokrazenia i tym samym wczesnego

rozpoczecia intensywnego leczenia reologicznego



3. SUMMARY

NEW BIOMARKERS OF MICROVASCULAR IMPAIRMENT
IN SYSTEMIC SCLEROSIS.

3.1. Introduction

Systemic sclerosis is an autoimmune connective tissue disease associated with
progressive fibrosis of the skin and internal organs. According to the current concept of disease
pathogenesis, endothelial cell damage, microcirculation disorders, and inflammation develop
initially. The process of fibrosis itself seems to be secondary to stimulation by cytokines
released from the endothelium. Clinical manifestations of circulatory disorders include renal
crisis, pulmonary hypertension, or Raynaud's phenomenon, which often precedes the
appearance of other features of systemic sclerosis by several years and is found in over 95% of
patients. Critical ischemia together with ulceration of the distal parts of the fingers is the most
severe form of microcirculation disorder, leading to pain, disability, and reduced quality of life.

Currently, it is challenging to identify patients at risk of rapid disease progression and
development of severe organ complications at an early stage. For these reasons, the aim of the
study is to search for new biomarkers associated with vascular damage in the course of systemic

sclerosis, to assess their relationship with disease activity and response to vascular therapy.

3.2. Objective

The aim of the study was to analyze microcirculatory disorders leading to Raynaud's
phenomenon and renal pathology in patients with systemic sclerosis, as well as to search
for new biomarkers associated with vascular damage in systemic sclerosis, including in

particular:

1. Evaluation of the potential use of copeptin and hypoxia-inducible factor-la (HIF-
la) as biomarkers for microcirculatory disorders in systemic sclerosis.

2. Assessment of the potential correlation between the concentration of copeptin and
hypoxia-inducible factor-1a and the activity of systemic sclerosis.

3. Analysis of the impact of rheological treatment with alprostadil on the concentration
of selected biomarkers of microcirculatory disorders in patients with systemic

sclerosis.



3.3. Material and methods

50 patients with systemic sclerosis and qualified for rheological treatment with
alprostadil have been enrolled in the study according ACR/EULAR classification criteria. The
control group included 30 healthy volunteers who were matched for age and sex. Organ
involvement was assessed according to the diagnostic and therapeutic recommendations of the
Polish Society of Dermatology. Vascular disorders have been assessed on skin of the face and
limbs (number and location of digital ulcers, telangiectasia), nailfold capillaroscopy image
classified according to Cutolo scale.

Hypoxia-inducible factor-lo (HIF-1a) and copeptin were selected as potential
biomarkers for analysis. HIF-1 and copeptin concentrations were assessed by ELISA. Statistical

significance level was assumed for p<0.05.

3.4. Results

We found significantly higher copeptin concentration in patients with systemic sclerosis
(4.21 pmol/L [3.04-5.42]) in comparison to control group (3.40 pmol/L [2.38-3.76], p<0.01).
Copeptin significantly correlated with Raynaud’s condition score (r=0.801, p<0.05). Patients
with “late” capillaroscopic patterns had higher copeptin concentrations (5.37 pmol/L [4.29-
8.06]) than patients with “early” (2.43 pmol/L [2.25-3.20], p<0.05) and “active” patterns (3.93
pmol/L [2.92-5.16], p<0.05]). Copeptin was found to be significantly higher in systemic
sclerosis patients with DUs (5.71 pmol/L [IQR 4.85-8.06]) when compared to systemic
sclerosis patients without DUs (3.31 pmol/L, [2.28-4.30], p<0.05). Additionally, copeptin
concentration had good diagnostic accuracy in discriminating between patients with and
without digital ulcers (AUC=0.863). Alprostadil decreased copeptin concentration from 4.96
[4.02-6.01] to 3.86 pmol/L [3.17-4.63] (p<<0.01) after 4-6 cycles of administration.

The results show a marked increase in hypoxia-inducible factor-1a levels in patients
with systemic sclerosis (3.042 ng/ml [2.295-7.749]) when compared to the control group (1.969
ng/ml [1.531-2.903] p<0.01). Patients with both, diffuse cutaneous SSc (2.803 ng/ml, IQR
2.221-8.799) and limited cutaneous SSc (3.231 ng/ml, IQR 2.566-5.502) displayed an increased
serum hypoxia-inducible factor-1a levels compared to the control group (p<0.01). We found
a notable increase in hypoxia-inducible factor-la plasma concentration in patients with an
"active" pattern (6.625 ng/ml, IQR 2.488-11.480) compared to those with either an "early"
pattern (2.739, IQR 2.165-3.282, p< 0.05) or a "late" pattern (2.983 ng/ml, IQR 2.229-3.386,
p<0.05). Patients with no history of digital ulcers had significantly higher levels of hypoxia-



inducible factor-la (4.367 ng/ml, IQR 2.488-9.462) compared to patients with either active
digital ulcers (2.832 ng/ml, IQR 2.630-3.094, p<0.05) or healed digital ulcers (2.668 ng/ml,
IQR - 2.074-2.983, p<0.05).

3.5. Conclusion

1.

Copeptin and hypoxia-inducible factor-la (HIF-la) may serve as potential
biomarkers for peripheral microcirculatory disorders in patients with systemic

sclerosis

. The serum concentration of copeptin shows a positive correlation with the severity

of Raynaud's phenomenon and the occurrence of peripheral ulcers in systemic
sclerosis. It is also a sensitive parameter for response to rheological treatment.
The serum concentration of copeptin is a sensitive parameter for monitoring the
response to rheological treatment

Serum hypoxia-inducible factor-1 alpha concentration is statistically higher
in patients with an "active" capillaroscopic pattern of systemic sclerosis according

to Cutolo's classification, compared to patients with an "early" and "late" pattern

. Monitoring the concentrations of copeptin and hypoxia-inducible factor-1 alpha

in patients with systemic sclerosis may allow the identification of individuals at high
risk of severe microcirculation disorders and, consequently, the early initiation

of intensive rheological treatment



4. WSTEP
Twardzina uktadowa (Systemic Sclerosis — SSc) to autoimmunologiczna choroba tkanki
lacznej charakteryzujaca si¢ postepujacym wioknieniem skory i narzagdow wewnetrznych.
Choroba ma przewlekly, postepujacy przebieg prowadzacy do niepetnosprawnosci chorych
oraz istotnego obnizenia jakosci zycia [1]. W zlozonej patogenezie twardziny uktadowej
wyrdznia si¢ 3 gtowne procesy [2]:
e zaburzenia morfologii i funkcji naczyn mikrokrazenia
e zaburzenia immunologiczne (obecno$¢ autoprzeciwcial w surowicy i1 naciekow
zapalnych w zajetych tkankach)
e postepujgce witoknienie skory 1 narzgdow wewngetrznych
W rozwoju twardziny ukladowej najwcze$niejsze zmiany dotycza uszkodzenia komorek
srodbtonka 1 zaburzeh mikrokrgzenia, a sam proces wioknienia wydaje si¢ wtérnym do
stymulacji przez cytokiny uwalniane ze $rddbtonka, ptytek krwi i komorek zapalnych [3].
Zaburzenia mikrokrazenie przyjmuja szerokie spektrum objawéw. Jedng z ich
najwczesniejszych manifestacji klinicznych, ktéra niejednokrotnie wyprzedza pojawienie si¢
innych cech twardziny uktadowej nawet o kilka lat, jest objaw Raynauda, stwierdzany u ponad
95% chorych [4]. Dalsza progresja zaburzen morfologii i czynnosci drobnych naczyn
przyczynia si¢ do niedokrwienia tkanek z powiktaniami w postaci owrzodzen, martwicy
1 autoamputacji paliczkoéw. Zaburzenia mikrokrazenia obwodowego prowadza do wystgpienia
bolu oraz uposledzenia sprawnos$ci pacjentow [1].
W twardzinie uktadowej kluczowe jest wczesne rozpoznanie oraz identyfikacja chorych
z ryzykiem wystapienia powiktan narzadowych. Heterogenno$¢ objawow stanowi problem
w szybkiej identyfikacji pacjentow zagrozonych szybkim postgpem choroby i1 rozwojem
cigzkich powiklan narzadowych. Wczesna intensyfikacja leczenia naczyniowego
1 Immunosupresyjnego jeszcze na etapie subklinicznym, znaczaco poprawitaby skutecznosé¢
terapii 1 rokowanie u pacjentdéw z twardzing uktadowa [5]. Dlatego tez trwaja poszukiwania
biomarkeréw, ktore pozwolg na:
e monitorowanie nasilenia choroby (korelacja z wtdknieniem skory i uszkodzeniem
narzadéw wewnetrznych)
e okreSlenie rokowania przebiegu choroby (identyfikacja pacjentow o wigkszym
ryzyku szybkiej progresji 1 rozwoju ci¢zkich powiktan narzadowych)
e ocen¢ odpowiedzi na leczenie (szybka identyfikacja pacjentow nieodpowiadajacych

na zastosowang terapie).



Poniewaz uszkodzenie mikrokrazenia wystepuje najwcze$niej w rozwoju twardziny
uktadowej, dlatego tez zbadanie biomarkeréw zwigzane z wptywem na budowe i funkcje

naczynia, wydajg si¢ by¢ optymalnym podej$ciem.
Analizowane biomarkery wraz z uzasadnieniem wyboru

Kopeptyna

Kopeptyna jest C-koncowa czescig pro-wazopresyny. Jej cechy, takie jak stabilnos¢
w osoczu, tatwo$¢ zmierzenia oraz dtuzszy okres pottrwania niz wazopresyny sprawiaj 3, Ze jest
ona coraz szerzej badang czasteczka dla okreslenia aktywnos$ci uktadu wazopresynergicznego
w organizmie [6]. Wazopresyna jest waznym peptydem o wlasciwosciach
wazokonstrykcyjnych, ktory moze podobnie do angiotensyny II 1 endoteliny, by¢
zaangazowanym w skurcz naczyn podczas objawu Raynauda oraz uszkodzenie komorek
srodbtonka [7].

Zmiany naczyniowe w twardzinie ukladowej obejmuja nie tylko waskulopati¢ ale
réwniez deregulacj¢ napigcia naczyniowego [8]. Opdr naczyn krwionosnych jest regulowany
przez zlozong interakcj¢ migdzy modulacja ukladu wspoélczulnego, a miejscowymi
1 ogdlnoustrojowymi mediatorami wazoaktywnymi, takimi jak angiotensyna II, endotelina-1
1 wazopresyna [9]. Angiotensyna Il (Ang II) to wysoce aktywny oktapeptyd bioracy udziat
w regulacji ci$nienia krwi. Angiotensyna Il ma dwa gltéwne podtypy receptorow, typ 1 (ATIR)
i typ 2 (AT2R), nalezagce do siedmiu blon transbtonowych obejmujacych nadrodzing
receptoroOw sprzezonych z biatkiem G [10]. Chociaz klasycznie angiotensyna Il znana jest ze
swojej roli w utrzymaniu homeostazy uktadu krazenia, obecnie uznawana jest réwniez za
mediator stanu zapalnego 1 zwtoknienia poprzez stymulacje AT1R [11, 12]. Patofizjologiczne
znaczenie zaburzen osi angiotensyna I/angiotensyna Il/angiotensyna-(1-7) zostalo
potwierdzone w patogenezie twardziny uktadowej [13]. Endotelina-1 (ET-1) jest kolejnym
silnym endogennym czynnikiem obkurczajacym naczynia krwionosne. Wykazano rowniez jej
role we wtoknienie komorek naczyniowych, poprzez stymulacje produkcji reaktywnych form
tlenu 1 cytokin prozapalnych [14, 15]. Agonistyczne autoprzeciwciata skierowane przeciwko
receptorom AT1 i ET-1 typu A u pacjentow z SSc s3g zwigzane z wigkszym ryzykiem
$miertelnosci 1 zajeciem narzadowym [16].

Wazopresyna (AVP) jako peptyd wazoaktywny, podobnie jak angiotensyna II
1 endotelina-1 moze bra¢ udziat w skurczu naczyn, stanach zapalnych i zwtoknieniu [17].

Do tej pory AVP byt intensywnie badany w roznych patologiach ukladu sercowo-



naczyniowego [6] wedlug naszej wiedzy dotychczas nie ma dostgpnych danych na dotyczacych

uktadu wazopresynergicznego u pacjentow z twardzing uktadowa.

Czynnik indukowany hipoksja-1ao (Hypoxia Inducible Factor-1a; HIF-1a)

Kluczowy czynnik transkrypcyjny w odpowiedzi na przewlekle niedotlenienie, moze
mie¢ istotne znaczenie w patogenezie chordb przebiegajacych z nadmiernym widknieniem
[18].

HIF-1 jest heterodimerem, zlozonym z podjednostek a i f [19]. Poziom podjednostki
HIF-1a zwigzany jest ze stopniem zawartosci tlenu w komodrkach 1 w czasie hipoksji
gwaltownie wzrasta. Ekspresja podjednostki HIF-1B jest konstytutywnie stabilna
1 niezalezna od stgzenia tlenu w komorce [20]. Oprocz HIF-1 istniejg dwa inne izotypy
z rodziny czynnikdéw indukowanych niedotlenieniem, znane jako HIF-2 i1 HIF-3, ktore rowniez
odgrywaja role w odpowiedziach transkrypcyjnych na niedotlenienie, w tym
neowaskularyzacje¢ [21]. Jednak HIF-1 jest uwazany za jeden z najwazniejszych czynnikow
indukowanych niedotlenieniem, zaangazowanych w metabolizm komorkowy, procesy
naprawcze tkanek w odpowiedzi na zapalenie [21]. HIF-1 stymuluje produkcje wiokien
macierzy pozakomoérkowej, przebudowe naczyn i nieprawidtowa angiogeneze, skutkujac
nasileniem hipoksji [22]. Wykazano, ze sygnalizacja HIF-1a jest zwigzana z chorobami
sercowo-naczyniowymi, zapalnymi i metabolicznymi [23].

Coraz wigcej dowodoéw wskazuje, ze czynnik indukowany niedotlenieniem-1a, moze
by¢ zaangazowany w patogenezg chorob przebiegajacych z postepujacym wioknieniem, takich
jak twardzina uktadowa [18]. Polimorfizm rs12434438 genu dla HIF-1 zwigzany jest
z predyspozycja do rozwoju twardziny uktadowej [24]. Takagi i wsp. [25] wykazali, Ze genotyp
AA w 1512434438 byt zwigzany z podgrupa pacjentow z SSc z cigzkim tetniczym
nadci$nieniem plucnym (PAH), co sugeruje, ze SNP rs12434438 moze przyczyniaé si¢ do
rozwoju PAH z SSc [25]. Wyniki badania przeprowadzonego przez Mao 1 wsp. [26] sugeruja,
ze szlak sygnatlowy HIF-lo/czynnik wzrostu §rodbtonka naczyn (VEGF) moze odgrywac
kluczowa role w posredniczeniu w indukowanej hipoksjg $rodbltonkowej przemianie
mezenchymalnej (EndMT) obserwowanej w mikrokrazeniu skornym pacjentow z SSc.
Uszkodzenie komorek $rodblonka jest kluczowym zdarzeniem wyzwalajacym przebudowe
naczyn, patologiczny rozrost tetniczek btony wewnetrznej, w konsekwencji okluzje naczyn
krwiono$nych [26]. Znaczenie przejscia $rodbtonka do mezenchymalnego (EndMT)
w patofizjologii zwtoknienia tkanek i1 waskulopatii obserwowanych w réznych chorobach

z postepujacym widknieniem jest opisywane w patofizjologii twardziny uktadowej [27].



Znalezienie nowych biomarkerow moze pomdc w wyodrebnieniu pacjentéw z szybka
progresja zmian naczyniowych i wysokim ryzykiem powiktan narzagdowych. Zmiany stezenia
analizowanych zwigzkoéw moga okazac si¢ pomocne jako wskazniki odpowiedzi na leczenie
naczyniowe. Odpowiednio wczesna intensyfikacja leczenia reologicznego moze zapobiec

patologicznej przebudowie naczyn i spowolni¢ proces widknienia [28, 29].



5. ZALOZENIA I CEL PRACY:

Celem pracy byta analiza zaburzen mikrokrazenia prowadzacego do objawu Raynauda
1 patologii nerek u pacjentéw z twardzing uktadowa oraz poszukiwanie nowych biomarkerow
zwigzanych z uszkodzeniem naczyn w przebiegu twardziny ukladowej, w tym

w szczegolnosci:

1) Ocena mozliwosci wykorzystania kopeptyny 1 czynnika indukowanego
hipoksja-1oc  (HIF-1a) jako potencjalnych biomarkeréw zaburzen mikrokrazenia
w twardzinie uktadowe;j

2) Ocena potencjalnej korelacji miedzy stezeniem kopeptyny oraz czynnika
indukowanego hipoksja-1a i aktywnoscig twardziny uktadowej

3) Analiza wptywu leczenia reologicznego alprostadylem na stg¢zenie wybranych

biomarkeréw zaburzen mikrokrazenia u pacjentow z twardzing uktadowsa
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Abstract

Background: Systemic sclerosis is an immune-mediated rheumatic disease characterized by
vascular abnormalities, tissue fibrosis and autoimmune phenomena. Summary: Renal disease
occurring in patients with systemic sclerosis may have a variable clinicopathological picture.
The most specific renal condition associated with systemic sclerosis is scleroderma renal crisis,
characterized by acute onset of renal failure and severe hypertension. Although the manage-
ment of scleroderma renal crisis was revolutionized by the introduction of angiotensin-con-
verting enzyme inhibitors, there is still a significant proportion of patients with poor out-
comes. Therefore, research on establishing disease markers (clinical, ultrasonographical and
serological) and clear diagnostic criteria, which could limit the risk of developing scleroderma
renal crisis and facilitate diagnosis of this complication, is ongoing. Other forms of renal in-
volvement in systemic sclerosis include vasculitis, an isolated reduced glomerular filtration
rate in systemic sclerosis, antiphospholipid-associated nephropathy, high intrarenal arterial
stiffness and proteinuria. Key Messages: Scleroderma renal crisis is the most specific and life-
threatening renal presentation of systemic sclerosis, albeit with declining prevalence. In pa-
tients with scleroderma renal crisis, it is mandatory to control blood pressure early with in-
creasing doses of angiotensin-converting enzyme inhibitors, along with other antihypertensive
drugs if necessary. There is a strong association between renal involvement and patients’
outcomes in systemic sclerosis; consequently, it becomes mandatory to find markers that may
be used to identify patients with an especially high risk of scleroderma renal crisis.
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Introduction

Systemic sclerosis (SSc) is a chronic multisystem disease characterized by thickening of
the skin and fibrosis of various internal organs [1, 2]. Although the exact pathogenesis of SSc
still remains incompletely understood, vasculopathy and dysregulation of the immune system
are considered to play a significant role [3].

In SSc one of the most significant, acute consequences of vasospasm and arterial damage
is renal involvement. In contrast to pulmonary arterial hypertension, which is characterized
by slowly progressive vasculopathy, the vascular changes in renal scleroderma usually
develop rapidly due to higher values of systemic blood pressure in comparison to pulmonary
pressure [4]. The renal involvement in SSc may remain subclinical until the late stages [5].
Autopsy studies reveal occult renal pathology in 60-80% of SSc patients [6]. Cannon et al. [7]
found that up to 50% of asymptomatic patients have clinical markers indicative of renal
dysfunction, such as proteinuria, an increased creatinine concentration, or hypertension.
Various studies suggest a strong association between renal involvement and worse patient
outcomes in SSc [3, 8]. In addition, a multinational SSc inception cohort study found renal
crisis to be one of the predictors of early mortality in SSc patients [9].

The most studied form of renal involvement, associated with the most dramatic clinical
course, is scleroderma renal crisis (SRC). The other forms of renal involvement include anti-
neutrophil cytoplasmicantibody (ANCA)-associated vasculitis,anisolated reduced glomerular
filtration rate (GFR) in SSc, antiphospholipid (aPL)-associated nephropathy, high intrarenal
arterial stiffness and proteinuria (Fig. 1).

Scleroderma Renal Crisis

The most specific form of renal involvement in SSc is SRC, characterized by acute onset of
renal failure and severe hypertension. On presentation, 90% of patients with SRC consistently
have blood pressure levels exceeding 150/90 mm Hg and decreased renal function (230%
reduction in estimated GFR [eGFR]). SRC occurs in 10-15% of patients with diffuse cutaneous
SSc (dcSSc) and only rarely (1-2%) in limited cutaneous SSc (1cSSc) [10, 11]. SRC was a
predominant cause of death in previous decades [12, 13]; however, in recent years, declining
trends have been observed [14]. An analysis of 637 patients with dcSSc with a disease duration
<4 years from the European League against Rheumatism Scleroderma Trials and Research
(EUSTAR) cohort has shown the prevalence of SRC at an estimated 2.4% [15, 16].

Pathogenesis of SRC

The exact pathogenesis of SRC is still under investigation, but genetic and environmental
factors are likely involved. The primary pathogenic process is thought to be injury to endo-
thelial cells resulting in intimal thickening and proliferation of the renal intralobular and
arcuate arteries. SRC appears histologically as “onionskin lesions” of the renal interlobular
arteries [17]. Antiendothelial cell antibodies, which are capable of inducing endothelial cell
apoptosis, have been detected in up to 85% of SSc patients [18]. In addition to structural
changes, episodic vasospasm, named “renal Raynaud’s phenomenon,” contributes to renal
hypoperfusion, increased renin release and juxtaglomerular hyperplasia. Hyperreninemia
causes vasoconstriction and renal ischemia, which contributes to accelerated hypertension
[19-21]. Endothelin-1, a peptide that plays a role in blood vessel constriction, and its receptor
ET-B are overexpressed in patients with SRC [22].

Alterations in cellular and humoral immunity may both play a role in SRC pathogenesis
[23-25]. SSc has been associated with activation of type 2 helper T lymphocytes, cytokine
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Fig. 1. The spectrum of kidney involvement in systemic sclerosis. c-ANCA, diffuse cytoplasmic staining; anti-
PR3, anti-proteinase 3 antibodies; p-ANCA, perinuclear pattern; anti-MPO, anti-myeloperoxidase antibodies.

production and excess collagen accumulation, all of which participate in the development of
vasculopathy [26]. The potential pathogenic role of specific autoantibodies is implied by the
association between their presence and the development of SRC [27, 28]. Furthermore, the
complement degradation product C4d, which is regarded as an immunologic marker of
antibody-mediated rejection of renal allografts, was detected in native renal biopsies from a
subset of SRC patients [29].

There is a strong relationship between SRC development and specific MHC classes, in
particular HLA (human leukocyte antigen)-DRB1*0407 and HLA-DRB1*1304. Additionally,
gene screening studies showed an association of SRC with genes in the complement region.
Polymorphism in the endothelin ligand receptor axis, but not in the angiotensin-converting
enzyme (ACE) axis, has also been associated with an increased risk of SRC [30].

CD147, also known as extracellular matrix metalloproteinase inducer, is a glycosylated
membrane protein which belongs to the immunoglobulin superfamily. Yanaba et al. [31] found
that an increased concentration of serum soluble CD147 was associated with the presence of
SRC. Therefore, CD147 may play a role in the development of SRC, and measurement of circu-
lating soluble CD147 may be a useful biomarker for SRC risk stratification.

Clinical Symptoms of SRC

Patients with SRC may present with headaches, hypertensive retinopathy, encepha-
lopathy, seizures, fever and general malaise. Pulmonary edema is also common, resulting
from water and salt retention due to overload and oliguria [32, 33].

Laboratory tests of patients with SRC reveal multiple abnormalities. A rapid increase in
serum creatinine concentration and/or microangiopathic hemolytic anemia is associated
with severe glomerular damage and with intravascular hemolysis [34]. In addition, the renin
concentration is also significantly increased [7]. Urinalysis commonly demonstrates mild
proteinuria and hematuria with granular casts visible on microscopy [35]. Markers of endo-
thelial cell perturbation have been observed, including a high concentration of soluble
adhesion molecules in the blood (VCAM-1, ICAM-1 and E-selectin) [36].

Ninety-nine experts evaluated a broad list of potential diagnostic criteria in order to
identify key aspects of SRC [37], the results of the study were used for the development of
classification criteria for SRC (Fig. 2). A consensus was reached regarding the following
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+ SBD > 140 mmHg

- DBP > gommHg

BLOOD PRESSURE

A rise in SBD > 30 mmHg above normal

+ Arise in DBP > 20 mmHg above normal
KIDNEY INJURY Fulfilled KDIGO Criteria

New/worsening anemia

Schistocytes or other red blood cell
fragments on blood smear

Thrombocytopenia

MICROANGIOPATHIC |
HEMOLYTIC ANEMIA AND {
DIAGNOSTIC CRITERIA | e r O TTOPTRA [ Elevated lactate dehydrogenase
OF SRC \ Laboratory evid: ofh i

| Low/absent haptoglobin

Negative direct anti-globulin test

Ve Hypertensive retinopathy ‘

p \
~ Hypertensive encephalopathy

—/ Acute heart failure ]

ORGAN DYSFUNCTION ]—<<

A Senseem—
! Acute pericarditis

] [Hi thological findi; on kidney
RENAL HISTOPATHOLOGY J l biopsy consistent with SRC

Fig. 2. Proposed diagnostic criteria for scleroderma renal crisis (SRC). SBD, systolic blood pressure (German:
“systolischer Blutdruck”); DBP, diastolic blood pressure; KDIGO, Kidney Disease: Improving Global Out-
comes.

aspects and may be a useful tool that summarizes valid clinical features of SRC, thus directing
the diagnosis.

Blood Pressure. (1) Acute rise in blood pressure defined as one or both of the following:
systolic blood pressure >140 mm Hg; diastolic blood pressure >90 mm Hg. (2) A rise in
systolic blood pressure >30 mm Hg above normal and/or diastolic blood pressure >20 mm
Hg above normal. (3) Blood pressure measurement should be taken twice, separated by at
least a 5-min interval. (4) If blood pressure readings are discordant, repeat readings should
be obtained until 2 consistent readings are obtained.

Kidney Injury. Acute kidney injury fulfilling Kidney Disease: Improving Global Outcomes
(KDIGO) criteria.

Microangiopathic Hemolytic Anemia and Thrombocytopenia. (1) New or worsening
anemia not due to other causes. (2) Schistocytes or other red blood cell fragments on blood
smear. (3) Thrombocytopenia <100,000/uL, confirmed by manual smear. (4) Laboratory
evidence of hemolysis: elevated lactate dehydrogenase, reticulocytosis, and/or low/absent
haptoglobin. (5) Negative direct antiglobulin test.

Organ Dysfunction. (1) Hypertensive retinopathy confirmed by an ophthalmologist. (2)
Hypertensive encephalopathy. (3) Acute heart failure. (4) Acute pericarditis.

Renal Histopathology. Histopathological findings on kidney biopsy consistent with
SRC [37].
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Table 1. Differential diagnosis of

.. ANCA-associated vasculitis
scleroderma renal crisis

Malignant hypertension

Drug-induced renal injury

Complement dysregulation

Hemolytic uremic syndrome/thrombotic thrombocytopenic
purpura

Transplant rejection

The proposed diagnostic criteria for SRC are presented in Figure 2.

Renal biopsy is not recommended in patients with SSc presenting with typical features
of SRC, but it plays a key role in cases with atypical presentation or in doubtful cases [38-40].
SSc mostly affects the interlobular arteries, in contrast to hemolytic uremic syndrome /throm-
botic thrombocytopenic purpura (HUS/TTP), which predominantly affect the glomeruli.
Malignant hypertension-associated thrombotic microangiopathy may have an appearance
identical to that seen in SSc, although this is more often associated with underlying arterio-
nephrosclerosis. Clinical history and serological data help to distinguish these etiologies [41].
Table 1 shows the differential diagnosis of SRC.

Risk Factors for SRC Development

Rapidly progressive skin thickening appears to be the main risk factor for SRC, with most
dcSSc patients developing SRC within 7.5 months to 4 years of disease onset [10, 11, 42].
According to Moinzadeh et al. [43], development of proteinuria and/or hypertension, as well
as positive anti-RNA polymerase III (anti-RNAP III) antibodies are the strongest risk factors
for SRC. Terras et al. [44] and Stochmal et al. [45] showed that the presence of anti-RNAP 11
antibodies in patients with SSc correlates with renal crisis and severe cutaneous involvement.
Although an association between SRC and anti-RNAP Ill antibodies has already been reported
in patients with dcSSc, Takada et al. [46] recently reported a case of anti-RNAP III antibody-
associated SRC in a patient with 1cSSc.

A number of other risk factors have been identified, for example, anemia [42], recent
cardiac events, large joint contractures [47], digital pitting scars, myalgia and myopathy [38].
Shimizu et al. [48] reported a case of SRC complicated by thrombotic microangiopathy in a
patient with no other risk factors after infection with influenza B virus. In regard to medica-
tions, glucocorticoids have been implicated as a major risk factor when used in doses >15 mg
per day in the preceding 6 months [49]. It is hypothesized that high doses of corticosteroids
can promote endothelial dysfunction and inhibit prostacyclin production, which in turn
increase ACE activity [50]. Cyclosporin therapy is another risk factor for SRC development
[51].

Treatment of SRC and Preventive Measures

The key to management of SRC is early detection and treatment with ACE inhibitors
(ACE-I) [52]. The EULAR recommends ACE-I as first-line treatment, and that patients started
on steroids should be carefully monitored for the development of SRC [53]. Studies have
shown thatif the diagnosis of SRC is delayed or if ACE-I are not used aggressively, irreversible
kidney damage and death are more likely to occur [34, 54]. Early detection and aggressive
treatment are also crucial to prevent other complications associated with SRC, such as hyper-
tension, retinopathy and pulmonary edema [35]. Unfortunately, the data show that over half
of SRC cases have a delay in diagnosis, and thus long-term mortality remains significant [55].
If blood pressure control remains suboptimal at the maximum tolerated doses of ACE-I, other
antihypertensive drugs (calcium channel blockers as second-line and diuretics or alpha-
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blockers as third-line treatment) should be added. Angiotensin Il receptor blockers should be
used only in patients intolerant to ACE-I [52]. There has also been recentinterestin combining
ACE-I with endothelin receptor blockers and agents targeting complement component 5 [54].
The target for antihypertensive treatment is to decrease systolic blood pressure by 20 mm
Hg and diastolic blood pressure by 10 mm Hg per 24 h to the normal range, avoiding hypo-
tension.

Risk factors for poor outcome in SRC include the following: a serum creatinine concen-
tration >3 mg/dL at presentation, male gender, a delay in initiating antihypertensive
treatment, inadequate blood pressure control, congestive heart failure, normotensive SRC,
and renal biopsy findings showing (1) arteriolar fibrinoid necrosis, (2) severe glomerular
ischemic collapse or (3) severe tubular atrophy and interstitial fibrosis [50].

In terms of preventive measures, regular blood pressure monitoring and seeking early
attention when blood pressure suddenly increases [11, 14] are vital. Patients deemed at high
risk for SRC may benefit from shorter follow-up intervals with particular focus on subtle
changes or abnormalities in proteinuria and eGFR, intensive home blood pressure moni-
toring (to include 24-h ambulatory blood pressure monitors) and earlier nephrology consul-
tation [56]. Renal function should be assessed regularly via serum creatinine concentration,
eGFRand serumrenin concentration, as well as via general urine analysis and 24-h proteinuria
[57].

There is no evidence at present to support the use of ACE-I prophylactically, although
prompt initiation of treatment remains a key point in SRC therapy. New therapeutic options
are needed [14, 53].

Plasma exchange, which has been proposed for thrombotic microangiopathy, has not
demonstrated efficacy and should not be recommended, with the exception of rare SRC
patients who might develop thrombotic microangiopathy associated with anti-ADAMTS-13
antibodies [58]. There are currently no clinical trial data regarding the use of plasma exchange
in SRC.

In severe cases of SRC with systemic complement activation and resistant to conven-
tional treatment, eculizumab, the C5 blocker, has recently been proposed as a possible
treatment option. Eculizumab is a humanized recombinant monoclonal antibody directed
against complement component 5. The drug inhibits the generation of C5a and C5b-9, and
thus inhibits lysis and endothelial damage [59]. The rationale for the involvement of the
complement system in the pathogenesis of SRC, as well as for the usage of eculizumab, is as
follows: an association of hypocomplementemia with SSc and vascular involvement, occur-
rence of microangiopathic hemolytic anemia in SRC, C5b-9 deposits in capillaries of SSc
patients’ skin biopsies and C4d deposits in renal peritubular capillaries of SSc patients with
a poor renal outcome [60].

Renal Replacement Therapy and Renal Transplantation

Despite treatment, dialysis is still needed in 23% of SRC patients, and permanent dialysis
in 41% of SRC patients [10]. Up to half of the cases requiring renal replacement therapy even-
tually come off dialysis, although this may be between 6 and 24 months after the initial SRC.
Renal transplantation offers superior survival in SSc compared with long-term dialysis [61],
although it should be emphasized that renal transplantation is not always possible due to the
severe multiorgan involvement. In a cohort of 260 patients with SSc who underwent kidney
transplantation, the overall 5-year graft survival rate was 56.7% [62]. In areport of the United
Network of Organ Sharing, recurrence of disease after transplantation was 6.7% [58]. Based
on the finding that cyclosporine may be responsible for acute renal failure in patients with
SSc, calcineurin inhibitors are not recommended as immunosuppressants after kidney trans-
plantation [51]. Data from the Australia and New Zealand Dialysis and Transplant (ANZDATA)
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Fig. 3. Potential biomarkers of
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Apelin (2)

noglobulin and mucin domain 3;
NT-proBNP, N-terminal prohor-
mone of brain natriuretic peptide.

registry and the European Renal Association-European Dialysis and Transplant Association
(ERA-EDTA) Registry confirmed that overall survival of SSc patients receiving renal
replacement therapy is worse than that of patients with other causes of end-stage renal
disease. However, patients with SSc have a higher rate of dialysis-independent renal function
recovery [63, 64].

Antinuclear Antibodies Associated with SRC

Autoimmune serology can be used to identify patients at significant risk of SRC. Anti-
RNAP III antibodies and anti-topoisomerase I (anti-Topo I/anti-Scl70) have been associated
with an increased risk of developing SRC. The anti-centromere antibodies, typically seen in
1cSSc, are considered “protective” against renal crisis [65]. A proportion of 16.7-24% of
patients with the anti-RNAPIII antibodies develop SRC [44, 66, 67].

An Italian study [68] showed that patients with anti-RNAP I-IIl antibodies tend to develop
SRC early in the course of the disease, while anti-Topo [-positive patients typically develop
SRC later. In that study, 100% of the patients who were anti-RNAP I-III positive developed
SRC within 18 months from disease onset, and in almost 30% of the patients, SRC was the
presenting symptom of the disease. In the anti-Topo I-positive group, the onset of SRC
occurred within 18 months of the disease in only 50% of the cases; 23% of the patients
developed SRC between 18 and 48 months, and 27% >48 months after the disease onset. All
anti-RNAP I-IlI-positive patients developed hypertensive renal crisis, while in the anti-Topo
I group, 40% were diagnosed with the normotensive type of SRC. Patients with anti-Topo I
antibodies tended to have higher creatinine levels and a less favorable outcome.

The available data indicate that detecting SSc-specific antibodies with a prognostic value
may lead to a better risk stratification.

Other Biomarkers

Chiba et al. [69] found soluble T-cell immunoglobulin and mucin domain 3 (sTIM3) to be
more frequently elevated in patients with a history of SRC. Chighizola et al. [70] identified
N-terminal prohormone of brain natriuretic peptide (NT-proBNP) as a potentially useful
biomarker for risk stratification of renal outcome in SRC, selectively identifying patients
likely to require renal replacement therapy.
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Table 2. Comparison of hypertensive and normotensive SRC

Hypertensive SRC Normotensive SRC

90% of SRC cases 10% of SRC cases

BP levels >150/90 mm Hg Absence of hypertension although BP is often elevated
compared to the patient’s baseline values; worse renal outcome
and higher mortality

Nearly half of patients require renal replacement therapy  Earlier need for renal replacement therapy
6-24 months after SRC

Good response to treatment with ACE-I ACE-I or dialysis seems to be less effective in this group

SRC, scleroderma renal crisis; BP, blood pressure; ACE-I, angiotensin-converting-enzyme inhibitor.

Recently, adipokines (cell signaling proteins secreted by adipose tissue) have attracted
much attention as a cytokine family contributing to the various pathological processes of SSc.
Chemerin, one of the adipokines, appears to be a promising marker of increased risk of
impaired renal function in the early stage of SSc [71, 72]. Adipsin was suggested to take part
in the pathogenesis of SRC due to an alternative pathway of complement activation [60].
Apelin, the secretion of which is decreased in SSc, was reported to inhibit the fibrotic process
in numerous organs including the kidneys [73].

Other adipokines have been associated with organ fibrosis in SSc; however, their link
with renal involvement is not fully established and requires further investigation (Fig. 3) [74].

Normotensive SRC

In approximately 10% of patients, SRC occurs in the absence of hypertension (normo-
tensive SRC) [75-77]. Relative hypertension may be present, i.e., a significant increase in
blood pressure which still remains within the normal range but is elevated compared to the
patient’s baseline values (e.g., 130/85 mm Hg in a young woman whose baseline value is
100/70 mm Hg) [78]. Absence of elevated blood pressure in SRC may delay its diagnosis and
treatment, leading to disease progression. Therefore, any change in blood pressure or any
kidney dysfunction should lead to close monitoring and additional tests. Normotensive renal
crisis diagnosis is particularly challenging and requires confirmation of progressive azotemia
and/or microangiopathic hemolytic anemia with thrombocytopenia. To diagnose normo-
tensive renal crisis, an elevated serum creatinine concentration and at least one of the
following should be found: proteinuria, hematuria, thrombocytopenia, hemolysis or hyper-
tensive encephalopathy.

Normotensive SRC is associated with worse prognosis, a higher mortality rate and an
earlier need for renal replacement therapy (Table 2) [11, 75, 79, 80]. The poor outcome has
been, in part, attributed to subclinical renal injury leading to thrombotic microangiopathy in
the setting of delayed diagnosis. Normotensive SRC is more common in patients with cardiac
involvement. Based on several case reports, it was hypothesized that cardiac involvement
may preclude a hypertensive response and worsen prognosis [76]. However, a study
comparing 15 normotensive renal crisis patients with 116 hypertensive SRC patients did not
show differences in the prevalence of cardiac involvement [75]. Significant differences that
may contribute to a worse prognosis in normotensive SRC are more frequent occurrences of
severe anemia, thrombocytopenia and pulmonary hemorrhage [75]. In the study by Helfrich
et al. [75], 64% of the normotensive patients received prednisone >30 mg/day compared
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Table 3. Comparison of SRC and ANCA-associated vasculitis

540

SRC ANCA-associated vasculitis
Occurs mainly in dcSSc and only rarely (1-2%) in 1cSSc Occurs mainly in 1cSSc
Malignant hypertension Mild hypertension

Acute onset of renal failure and severe hypertension

Subacute presentation with progressive renal failure

Patients develop SRC within 7.5 months to 4 years of SSc onset ~ Typically occurs several years after SSc onset

ACE-I as the first-line treatment in SRC Does not respond to ACE-I

Steroids (=215 mg/day) are one of the major risk factors Responsive to steroids

SRC, scleroderma renal crisis; ANCA, antineutrophil cytoplasmic antibody; SSc, systemic sclerosis; dcSSc, diffuse cutaneous
SSc; 1eSSc, limited cutaneous SSc; ACE-], angiotensin-converting enzyme inhibitor.

with 16% of the hypertensive patients. Conversely, 52% of the hypertensive but only 7% of
the normotensive patients received no corticosteroids.

Despite the lack of clinical studies, ACE-I are often used in normotensive SRC patients,
but they seem to be less effective in this group of patients than in hypertensive SRC patients
[81].

ANCA-Associated Vasculitis and SS¢

ANCA are autoantibodies directed against enzymes localized within primary granules of
neutrophils and lysosomes in monocytes and are implicated directly in the pathogenesis of
small vessel vasculitis [82]. ANCA-associated vasculitis is rare in SSc, found in up to 9% of
patients [83]. ANCA-associated vasculitis is a systemic necrotizing vasculitis of unknown
etiology, including granulomatosis with polyangiitis (previously Wegener’s granulomatosis),
microscopic polyangiitis, renal limited vasculitis, and Churg-Strauss syndrome. Two major
patterns of ANCA can be distinguished by indirectimmunofluorescence: a diffuse cytoplasmic
staining pattern (c-ANCA) mainly associated with anti-proteinase 3 (anti-PR3) antibodies,
and a perinuclear pattern (p-ANCA) mainly associated with anti-myeloperoxidase (anti-
MPO) antibodies. It has been postulated that scleroderma vasculopathy exacerbates the
interaction of ANCA with the endothelium near the vascular pole and neutrophil activation in
the glomerulus [53].

Most cases of ANCA-associated vasculitis are described as normotensive renal failure
related to anti-MPO crescentic glomerulonephritis [84]. In contrast to classic SRC, the majority
of such cases occur in 1cSSc rather than dcSSc, and the process has a subacute presentation
with progressive renal failure, mild hypertension and proteinuria. ANCA-associated vascu-
litis, in comparison to SRC, causes renal failure due to mononuclear cell infiltration and vessel
wall destruction. These two conditions can only reliably be distinguished by histopathological
examination [85]. ANCA-associated vasculitis typically occurs after several years of SSc -
compared to SRC, which mainly occurs in the earlier stages of disease [86]. The main differ-
ences between SRC and ANCA-associated glomerulonephritis are shown in Table 3. Its diag-
nosis should be considered in any SSc patient with positive MPO antibodies and renal failure.

Isolated Reduced GFR in SSc

Clinically apparent renal involvementis uncommon in SSc. Many patients with SSc demon-
strate less severe complications associated with a decreased GFR. The mechanisms of chronic
and slowly progressive renal disease in SSc are still not fully elucidated [87]. Patients with SSc
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with normal kidney function develop blood vessel abnormalities in the kidneys which are
comparable to those seen in other organs. In most patients this damage is subclinical. Autopsy
studies reveal occult renal pathology in 60-80% of patients with SSc, and almost all of these
cases involve vascular abnormalities. It seems that renal involvement in SSc is primarily char-
acterized by vascular damage and glomerular hypofiltration, which is quite different from
patients with diabetic or hypertensive nephropathy, where hyperfiltration and increased
glomerular capillary pressure represent the major causes of progressive renal dysfunction [6].
Impaired renal function may be present in SSc despite a normal serum creatinine concen-
tration as serum creatinine may not be elevated until the GFR is <50% of normal [6].

There is an association between renal dysfunction and pulmonary hypertension. Campo
et al. [88] recently evaluated 76 consecutive SSc patients with pulmonary arterial hyper-
tension and found that at the time of diagnosis, 45.6% had renal dysfunction (eGFR <60 mL/
min/1.73 m?), while only 6.5% of them had had a prior episode of renal crisis. Furthermore,
eGFR was a strong predictor of survival in this cohort, with eGFR values <60 mL/min/1.73
m? associated with a 3-fold increase in mortality. This strong association may be a reflection
of pulmonary hypertension and right heart failure contributing to renal dysfunction through
fluid retention and neuroendocrine activation.

aPL-Associated Nephropathy

aPL syndrome is characterized by antibodies directed against either phospholipids or
plasma proteins bound to anionic phospholipids [89]. The presence of aPL is correlated with
a constellation of clinical features including venous and arterial thrombosis, recurrent fetal
loss and thrombocytopenia [90]. The prevalence of aPL in SSc varies up to 41% [91, 92].
Although the role of aPL antibodies in the pathogenesis and long-term outcomes of SSc is still
unclear, the presence of aPL seems to be correlated with higher involvement of the skin and
visceral organs [93,94]. Wielosz etal. [95] suggestarelationship between kidney involvement
and the presence of aPL antibodies in patients with SSc. Positivity for IgG aCL and IgG a-B2GPI
in patients with SSc without secondary aPL syndrome seems to be connected with decreased
glomerular filtration [95].

High Intrarenal Arterial Stiffness

Intrarenal vascular stiffness is measured via the renal vascular resistive index; using this
method, a surge in arterial stiffness has been documented in SSc patients [96]. Dopplerindices
of intrarenal stiffness were previously also utilized as markers for prediction of new digital
ulcer occurrence in SSc [97]. Additionally, it has been suggested that renal vascular stiffness
parameters are increased in SSc patients with the presence of anti-RNAP Il antibodies, which
are a known risk factor for SRC development [98]. To date, little has been studied on the
significance of the observed increase in intrarenal arterial stiffness in terms of patients’
outcomes in long-term observation. Rosato et al. [99] observed renal function in SSc patients
in a well-designed prospective trial with a mean follow-up of 4 years using several organ
function assessment measures. In accordance with previous studies [96-99], the authors
demonstrated increased intrarenal stiffness parameters in Doppler ultrasonography within
the study group. During follow-up, all of the patients, except for 6 individuals in whom SRC
occurred, had preserved normal renal function despite increased intrarenal stiffness. An
important observation was that no significant differences in renal Doppler and serological
parameters were observed between patients with renal complications (in whom SRC
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Table 5. Summary of key points

- SRC is the most frequent renal complication of SSc

- SRC is associated with a high risk of fatal outcome

- The key management of SRC is early detection and treatment with ACE-I

- The use of ACE-I at SSc diagnosis is associated with an increased risk of SRC

- High blood pressure is a common presenting feature of SRC

- Patients with SRC may be normotensive at presentation; this group has a poorer prognosis and higher
mortality than the group of patients with hypertensive SRC

- Anti-topoisomerase I and anti-RNA polymerase Il antibodies are associated with an increased risk of
developing SRC

- ANCA-associated vasculitis in SSc does not respond to ACE-I but is responsive to steroids; histopathology
is often required to exclude SRC

- Mild chronic renal insufficiency in SSc may result from vasculopathy and is probably underrecognized

SRC, scleroderma renal crisis; SSc, systemic sclerosis; ACE-I, angiotensin-converting enzyme inhibitors.

occurred) and those without renal complications. Doppler indices of intrarenal stiffness were
significantly elevated in patients with digital ulcers. The study concluded that asymptomatic
renal vasculopathy was present in SSc patients, but it did not seem to be associated with accel-
erated deterioration of renal function during follow-up [99].

Proteinuria in SSc

Increased excretion of urinary total proteinis a classic marker of renal disease. Proteinuria
and albuminuria are useful markers of vasculopathy and are known to be independent
predictors of cardiovascular morbidity and mortality in patients with other vasculopathic
diseases, such as diabetes and hypertension [100, 101]. Vascular kidney damage can be
detected at an early stage by increased permeability of proteins passing the glomerular
filtration barrier.

Seiberlich et al. [102] analyzed urine albumin, urine total protein and urine electropho-
resis to assess protein excretion in 80 SSc patients and 18 healthy age- and gender-matched
controls, all with normal GFRs. Increased total protein excretion was detected in 17.5% of SSc
patients, and albuminuria was identified in 25%. Albuminuria correlated with disease
duration >4 years and elevation of systolic blood pressure, suggesting it may be reflective of
chronic vascular injury [102].

Proteinuria >1 g/day in SSc is uncommon and suggests an underlying glomerular
disorder. In the context of serological features of lupus, significant proteinuria should be
verified by renal biopsy [55].

In regard to SSc, epidemiological studies have identified proteinuria as a risk factor for
increased mortality [102-104]. In patients with SSc and proteinuria, initiation of ACE-I
therapy resulted in a significant decrease in urine protein excretion [105].

Conclusions
Renal involvement in patients with SSc may have a variable clinicopathological course

(Table 4). The spectrum of kidney involvement includes the following: asymptomatic
reduction of the GFR, ANCA-associated vasculitis, an isolated reduced GFR in scleroderma,
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aPL-associated nephropathy, high intrarenal arterial stiffness and proteinuria. SRC is the
most specific and life-threatening renal presentation of SSc; however, in recent years,
declining frequencies have been observed.

In patients with established SRC, it is mandatory to control blood pressure early with
increasing doses of ACE-I, along with other antihypertensive drugs if necessary. The lack of
specific diagnostic criteria for SRC is an ongoing problem. A consensus of experts evaluated
a broad list of potential diagnostic items in order to identify the key aspects of SRC.

Autoimmune serology - anti-RNAP 1l antibodies and anti-Topo I - can be used to identify
patients with a higher risk of SRC. sTIM3 was also found to be frequently elevated in patients
with a history of SRC. NT-proBNP has been proposed as a potentially useful biomarker in risk
stratification of renal outcome in SRC, identifying patients in whom renal replacement therapy
is more likely to be required. Recently, adipokines have attracted much attention as potential
new biomarkers due to their contribution to the various pathological processes in SSc. There
is a strong association between renal involvement and patients’ outcomes in SSc. Conse-
quently, it seems mandatory to find markers that may be used to identify patients with an
especially high risk of SRC. The key points are summarized in Table 5.
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Abstract: Raynaud’s phenomenon is a painful vascular condition in which abnormal vasoconstriction
of the digital arteries causes blanching of the skin. The treatment approach can vary depending on
the underlying cause of disease. Raynaud’s phenomenon can present as a primary symptom, in
which there is no evidence of underlying disease, or secondary to a range of medical conditions or
therapies. Systemic sclerosis is one of the most frequent causes of secondary Raynaud’s phenomenon;
its appearance may occur long before other signs and symptoms. Timely, accurate identification of
secondary Raynaud’s phenomenon may accelerate a final diagnosis and positively alter prognosis.
Capillaroscopy is fundamental in the diagnosis and differentiation of primary and secondary Ray-
naud’s phenomenon. It is helpful in the very early stages of systemic sclerosis, along with its role
in disease monitoring. An extensive range of pharmacotherapies with various routes of administra-
tion are available for Raynaud’s phenomenon but a standardized therapeutic plan is still lacking.
This review provides insight into recent advances in the understanding of Raynaud’s phenomenon
pathophysiology, diagnostic methods, and treatment approaches.

Keywords: Raynaud’s phenomenon; microcirculation; systemic sclerosis; vasculopathy; capillaroscopy;
iloprost; alprostadyl; sulodexide

1. Introduction

Raynaud’s phenomenon (RP) is defined as intermittent, excessive vasoconstriction
of the microvasculature, triggered by cold exposure or emotional stress [1]. The classic
clinical picture involves changes in skin colour from white (ischemia), to blue (cyanosis),
and red (reperfusion). These changes are associated with a significant burden of pain and
hand-related disability [2]. Raynaud’s phenomenon most often occurs in the fingers/toes.
Less commonly, the nose, tongue, nipples, and pinnae of the ears may be involved [3].

Raynaud’s phenomenon can be subdivided into primary (idiopathic) and secondary
forms [Table 1]. Primary Raynaud’s phenomenon (PRP) has an estimated prevalence of
5% in the general population, and most often occurs in young women [3]. Both forms of
Raynaud’s phenomenon are more common in cold climates [4].

Patients with PRP have a younger age of onset (usually between the age of 15 and 30)
than those with secondary Raynaud’s phenomenon (SRP), and the thumb is usually not
involved [5]. The latest diagnostic criteria for PRP are: history of episodic, acral, bi-
or triphasic colour change; normal nailfold capillaries; antinuclear antibodies (ANAs)
titer < 1:40 (i.e., negative); no association with underlying systemic disease; and no history
of collagen vascular disease [6].

A large population-based cohort study revealed that low body weight and previous
involuntary weight loss are significantly associated with an increased risk of RP in both
men and women [7].
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Symptoms of SRP depend on the frequency, severity, and duration of blood vessel
spasm. Episodes usually last minutes but may last several hours, potentially causing digital
ulceration, irreversible ischemia, necrosis, and secondary infection. Consequently, timely
and accurate recognition of SRP is crucial as it alters patient management and prognosis [4].

Table 1. Differences between primary and secondary Raynaud’s phenomenon [3,5,6,8,9]; ANA—
antinuclear antibodies.

Raynaud’s Phenomenon Primary Secondary
Age at Onset usually between 15 and 30 years over the age of 40
ANA negative or low titre often positive
Change of Microcirculation functional vascular abnormalities functional and structural microvascular changes
Pain or Paresthesia rare often
Capillaroscopy normal capillaroscopic pattern abnormal capillaroscopic pattern
Course complete reversibility of episodic digital can result in digital ulceration, irreversible
ischemia ischemia and necrosis
Peripheral Pulses strong and symmetrical dependent

Swollen (“puffy”) fingers no yes

Digital Ulcers no common

Secondary causes of RP (Figure 1) include various autoimmune connective tissue
disorders—systemic sclerosis (SSc), systemic lupus erythematosus (SLE), Sjogren’s syn-
drome, idiopathic inflammatory myopathies, antisynthetase syndrome (ASyS), thoracic
outlet syndrome; cervical rib, embolic or thrombotic events; vibration-induced trauma; and
multiple different medications [2,10,11]—the most relevant being 3-adrenoceptor blockers,
vinyl chloride, interferons, and chemotherapy [12,13]. Raynaud’s phenomenon frequently
represents the initial manifestation in patients who have mixed connective tissue disease
(MCTD). It is the cutaneous symptom of a systemic vasculopathy that is characterized by
intimal fibrosis and blood vessel obliteration that frequently leads to visceral involvement.
Raynaud’s phenomenon appears in 18-46% of patients with systemic lupus erythemato-
sus [14,15]. Looking for signs of arthritis or vasculitis, as well as a number of laboratory
tests (Table 2), may separate them. Complete blood count may reveal a normocytic anaemia,
suggesting chronic disease or kidney failure. Blood tests for urea and electrolytes may
reveal kidney impairment. Tests for rheumatoid factor, erythrocyte sedimentation rate,
C-reactive protein, and autoantibody screening may reveal specific causative illnesses or
an inflammatory process. Thyroid function tests may reveal hypothyroidism [16,17].

Systemic sclerosis is an autoimmune disorder characterized by inflammation, fibrosis,
and microvasculopathy. It results in potentially widespread fibrosis and vascular abnor-
malities, which can affect the skin, lungs, heart, gastrointestinal tract and kidneys. The
uncontrolled fibrosis of the skin and internal organs in systemic sclerosis leads to severe
and sometimes life-threatening complications.

The underlying mechanisms are complex and remain largely unknown [18,19]. Defini-
tive diagnosis is made with fulfilment of the 2013 European League Against Rheumatism
(EULAR) and American College of Rheumatology (ACR) classification criteria [20]. Over
the past 15 years, efforts have been made towards early diagnosis [21]. Almost all individu-
als with SSc have detectable circulating antibodies against nuclear proteins and different
SSc phenotypes are strongly associated with the different antibody types [22]. Several
forms of the disease have been esteemed. Diffuse cutaneous systemic sclerosis (dcSSc) is
characterized by the quickest course, with internal organ involvement already at early
disease stage, and poor prognosis [23]. Skin thickening confined to sites above the elbows
or knees is classified as limited cutaneous SSc (1s5Sc). Around 20% of patients with 1cSSc
may present with features of SSc as a component of the overlap syndrome [24,25].
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systemic sclerosis ]

paraneoplastic dermatomyositis

embolic or thrombotic
phenomena

Sjogren's syndrome ]

[ vibration-induced trauma Raynaud's

Phenomenon systemic lupus erythematosus ]

[ carpal tunel syndrome

undifferentiated connective
tissue disease

[ thoracic outlet syndrome

cervical rib

Figure 1. Secondary causes of Raynaud’s phenomenon. Blue dashed line—connective tissue diseases;
ASyS—antisynthetase syndrome.

Table 2. Raynaud’s phenomenon—proposed laboratory tests [16,17]. TPO—thyroid peroxidase;
TG—thyroglobulin; ANA—antinuclear antibody.

Raynaud’s Phenomenon—Proposed Laboratory Tests

Complete blood count
Erythrocyte sedimentation rate
Thyroid function tests:

Thyroid-stimulating hormone (TSH)
Thyroxine (T4)

TPO antibodies

TG antibodies

Anti-HCV
Rheumatoid factor
C-reactive protein
Cryoglobulins
Creatinine

Urea

ANA test

Protein electrophoresis
Urinalysis

Almost all SSc patients suffer from RP, typically the initial manifestation of disease
and may precede the involvement of other organs by many years, especially in 1cSSc [26].
There are many areas in which RP initiates considerable disease-related morbidity in SSc
patients, including impaired hand function, pain, reduced social engagement, diminished
body image, increased dependence on others, and reduced quality of life [27]. Though rare,
several paraneoplastic causes of RP have been identified secondary to malignancies of the
lung, breast, uterus, and ovaries [28,29].

RP has additionally been reported as a side effect of biological agents—for example
interferon, radiotherapy, and chemotherapeutic agents—particularly bleomycin (alone or
combined with vinca alkaloids or cisplatin) and cisplatin (combined with other chemother-
apy agents); beta-adrenergic blocking agents may also provoke paroxysmal vasospasm of
small vessels [6].



J. Clin. Med. 2022, 11, 2490

4 0f 20

Kim et al. reported a case of RP in a 70-year-old woman, with no history of connective
tissue disease, secondary to pembrolizumab therapy for gallbladder cancer [30]. A further
case report on the development of IL-17A antagonist (secukinumab)-related RP in a 35-year-
old female patient with ankylosing spondylitis has also been described [31]. Additionally,
Bouaziz et al. described a patient with proven COVID-19 infection presenting with RP and
chilblain appearance of the hands [32].

2. Pathophysiology

The pathophysiological mechanisms behind RP are not entirely understood; generally,
it is characterized by excessive vasoconstriction of the digital arteries, precapillary arterioles,
and cutaneous arteriovenous anastomoses [33].

In PRP, vasospasm of the digital and cutaneous vessels is believed to occur as a conse-
quence of an increased alphay.-adrenergic response, and does not result in vascular pathol-
ogy [34]. Ascherman et al. put forward an autoimmune etiology, proposing cytokeratin 10
(K10) as a potential autoantigen. Their study on mice showed that anti-K10 antibodies can
mediate ischemia, similar to that seen in primary Raynaud’s Phenomenon [35].

In SRP, affected endothelial cells exhibit amplified exocytosis of endothelin-1 and
ultra-large von Willebrand factor (ULVWEF), which contribute, respectively, to increased
vasospasm and capillary thrombosis. In addition, it is believed that increased transforming
growth factor § (TGFf), endothelin-1, cytokines, and angiotensin II drive the process of
myofibroblast proliferation, vascular fibrosis and dropout in SSc patients [34]. Nitric oxide
(NO) has a complex role in the disease process [36]. A decrease in endothelial formation of
NO results in diminished vascular relaxation and extended vasoconstriction. Conversely,
overproduction of NO leads to increased generation of reactive oxygen species and plays a
pathogenic role in fibrosis.

Gualtierotti et al. found that markers of endothelial damage are regularly elevated
in patients with PRP at their first assessment, even when there are no capillaroscopic
abnormalities or autoantibodies detectable. They are particularly increased in patients with
very early SSc. The plasma concentration of tissue-type plasminogen activator (t-PA) and
von Willebrand factor (vWF)—two markers of endothelial damage, as well as interleukin-6
(IL-6)—a pro-inflammatory cytokine, were evaluated. After a 36-month follow-up, those
with higher basal concentrations of markers of endothelial damage had developed con-
nective tissue disease. Von Willebrand factor analysis showed clear differences between
primary and secondary RP patients. These findings suggest that markers of endothelial
damage are elevated in RP patients who go on to develop SSc or other connective tissue
diseases, even in the absence of capillaroscopic abnormalities [37].

A recent study by Taher et al. demonstrated use of a non-invasive NO-dependent
method to identify peripheral microvascular endothelial dysfunction in patients with
SRP. The association between SRP and microvascular peripheral endothelial dysfunction
was also significant after adjusting for confounding variables, including conventional
risk factors for cardiovascular disease, and vasoactive medications. This also remained
significant in women after stratifying only by sex. It was emphasized that detection of
microvascular peripheral endothelial dysfunction at an early stage could help to identify
individuals with SRP who are at risk of developing connective tissue disease, as well as
cardiovascular disease. Early detection could additionally indicate who may benefit from
frequent screening, prompt initiation of preventative treatments, and modification of risk
factors [38].

3. Genetics

A genetic predisposition for RP has been demonstrated in two studies demonstrating
greater concordance amongst monozygotic than dizygotic twins. Heritability for RP is
reported to be 55-64% [39,40].

Polymorphisms in various genes encoding ion channels or vasoactive agents have
been hypothesized to result in the RP phenotype. It is suggested that genetic variation
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in temperature-responsive or vasospastic genes may underlie RP manifestation. Several
studies have investigated candidate genes that could potentially regulate vascular reactiv-
ity [41,42]. Munir et al. aimed to evaluate the association between RP and single nucleotide
polymorphisms (SNPs). Temperature-sensing receptor channels called thermo-sensitive
transient receptor potential (TRP) ion channels include TRPA1 and TRPMS. These are
cold-sensing and have been proposed to mediate cold-induced vascular responses in skin
in vivo. This is linked, at least in part, to the expression of these channels on perivascular
sensory nerves [41]. Calcitonin-related polypeptides, alpha and beta (CALCA, CALCB),
encode the peptide hormones calcitonin, calcitonin gene-related peptide, and katacalcin by
tissue-specific alternative RNA splicing of gene transcripts and cleavage of inactive pre-
cursor proteins. Calcitonin is involved in the regulation of calcium levels and phosphorus
metabolism. Calcitonin gene-related peptide functions as a vasodilator [43]. NO derived
from neuronal nitric oxide synthase (nNOS) facilitates the restorative vasodilator response
after cold exposure; thus, the gene encoding nNOS (NOS1) has also been investigated [41].
Munir et al. found that one polymorphic variant within the NOS1 gene was significantly
associated with RP in the general population [42].

4. Diagnosis

A detailed medical history, laboratory tests, and nailfold capillaroscopy form the
basis of RP diagnosis [17]. Follow-up nailfold capillaroscopy should be performed every
12 months in patients with significant nailfold videocapillaroscopy disturbances present at
baseline [44]. Laboratory investigations should comprise a full blood count, inflammatory
markers, thyroid function, and ANA testing by indirect immunofluorescence (accompanied
by ELISA or solid-phase immunoassays to determine antigen specificities where possible).
A negative ANA with cytoplasmic stain could indicate anti-synthetase antibodies, such as
anti-Jo-1, or rarer SSc-specific autoantibodies such as anti-eukaryotic initiation factor 2B
autoantibodies (anti-EIF2B) [45].

5. Capillaroscopy

Nailfold capillaroscopy is a simple, non-invasive technique that allows both qualita-
tive and quantitative evaluation of the microcirculation, thus enabling early detection of
abnormalities. At the nailfold, capillaries are positioned parallel to the surface of the skin,
allowing full morphological assessment [46,47]. Among the most important indications for
capillaroscopy are the differential diagnosis of primary and secondary RP.

Capillaroscopy is included in the 2013 American College of Rheumatology (ACR)/Eur
opean League Against Rheumatism (EULAR) recommendations [20]. It is considered a
key investigation in both the very early phases of the disease, and in monitoring disease
progression (Figure 2). Cutolo et al. proposed three progressive capillaroscopic patterns in
SSc—'early’, ‘active’, and ‘late’. The ‘early’ pattern is defined as the presence of a few giant
capillaries, single microhemorrhages, and preservation of capillary architecture without
capillary loss. “Active’ presents as numerous giant capillaries and microhemorrhages, mild
disturbance of the capillary architecture and moderate capillary loss. The ‘late’ pattern is
characterized by severe capillary loss with extensive avascular areas, disorganization of the
capillary architecture and ramified /bushy capillaries [48].

A clinical expert-based, fast track decision algorithm was developed to facilitate differ-
entiation of a “non-scleroderma pattern” from a “scleroderma pattern” on capillaroscopic
images. The algorithm demonstrated excellent reliability when used by capillaroscopists
with varied expertise levels compared to principal experts, and corroborated with external
validation [49,50].
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Figure 2. Nailfold videocapillaroscopic (x200) patterns of microangiopathy: (a)—normal; capil-
laroscopic characteristics: density—normal, 8 capillaries in 1 linear mm; dimension: within normal
limits; morphology: normal shapes of capillaries; haemorrhages: absent (b)—early; capillaroscopic
characteristics: density—7 capillaries in 1 linear mm; dimension: presence of giants (homogeneous en-
largement of all three limbs of the capillary with the diameter >50 pum); morphology: hairpin shaped
capillaries; haemorrhages: absent (c)—active; capillaroscopic characteristics: density—lowered, 4 cap-
illaries in 1 linear mm; dimension: presence of giants (homogeneous enlargement of all three limbs
of the capillary with the diameter >50 um); morphology: presence of abnormally shaped capillary;
haemorrhages: present (d)—late capillaroscopic characteristics: density—lowered, 2 capillaries in
1 linear mm; dimension: not measured because of presence of abnormal shape; morphology: presence
of abnormally shaped capillary; haemorrhages: absent.

In addition capillaroscopic changes have been observed in dermatomyositis, polymyosi-
tis, antiphospholipid syndrome, Sjogren’s syndrome, and systemic lupus erythemato-
sus [51]. Dermatomyositis pattern, often associated with aspects of the SSc pattern, in-
cludes the presence of two or more of the following findings in at least two nail folds:
enlargement of capillary loops, loss of capillaries, disorganization of the normal distribu-
tion of capillaries, ‘budding’ (‘bushy’) capillaries, twisted enlarged capillaries, and capillary
haemorrhages (extravasates) [51,52]. Characteristic systemic lupus erythematosus pattern
includes morphological alterations of capillary loops, venular visibility and sludging of
blood with variability in capillary loop length [53]. Capillaroscopic abnormalities in SS
ranged from non-specific findings (crossed capillaries) to more specific findings (confluent
haemorrhages and pericapillary haemorrhages) or SSc-type findings [54,55]. Multiple
hemorrhages from normal-shaped capillaries, which appear parallel/linear and arranged
perpendicularly to the nailfold bed, are called “comb-like” hemorrhages and are suggestive
of antiphospholipid syndrome [56].
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It has been shown that the ability to detect capillary abnormalities increases as the
number of fingers examined increases. Sensitivities ranged from 31.7% to 46.6% for only
one finger (right middle and left ring finger, respectively), 59.8% for both ring fingers, 66.7%
for a four-finger combination (both ring and middle fingers) and 74.6% for the eight-finger
standard. In order to achieve the most accurate assessment during routine capillaroscopic
examination, all eight nailbeds should be examined omitting the thumbs, where it is more
difficult to visualize and classify capillaries [57,58]. It should be noted that in a time
pressured scenario, the best two-finger combination to detect capillary abnormalities is
both ring fingers [58].

Nailfold videocapillaroscopy is the standard, although a handheld dermatoscope or an
ophthalmoscope may also be used as screening tools [50]. The nailfold videocapillaroscopy
technique with 200 x magnification, capturing at least two adjacent fields of 1 mm in the
middle of the nailfold finger, is the standard capillaroscopic technique to perform nailfold
capillaroscopy [50].

Ideally all dermatology specialists should have access to videocapillaroscopy; a prag-
matic solution for practitioners may be to have a low-cost capillaroscopy system. Tech-
nologies using a smartphone camera could help to improve availability to nailfold cap-
illaroscopy whilst still providing accurate results [59]. Research regarding automated
measurement of capillaroscopic characteristics is currently under way and holds promise
as an objective clinical outcome measure [50]. Interestingly, a consensus-based assess-
ment of dermatoscopy versus nailfold videocapillaroscopy by a European League against
Rheumatism study group revealed tenuous promise for dermatoscopy as a tool for the
initial screening of nailfold capillaries in RP. However, as perhaps expected, dermatoscopy
is less sensitive, but more specific, in regard to detecting abnormalities, compared with
videocapillaroscopy [60].

Qualitative analysis is subjective, and quantitative analysis is time-consuming when
done manually. A study performed by Cutolo et al. accomplished validation of fully auto-
mated AUTOCAPI software for measuring the absolute capillary number over 1 linear/mm
in NVC images. The software was subsequently optimized to assess capillary number in
the shortest possible time and with the lowest possible error, in both healthy subjects, and
those with SSc [61].

6. Laser Doppler Flowmetry

Laser Doppler flowmetry (LDF) is a semi-quantitative imaging technique useful
for studying the nitric oxide endothelial-dependent vascular response and axon reflex-
mediated vasodilation. Impaired regulation of NO vascular tone has been described
in patients with SSc-associated RP when compared to those with PRP and healthy con-
trols [62,63]. Laser Doppler flowmetry has been proposed as a method for evaluating blood
perfusion of the skin. This is a functional assessment of the vessels of the skin, involving
the deeper dermal vessels in addition to the capillaries [64].

Melsen et al. completed a systematic review evaluating the use of LDF, describing the
results of quality reports on assessment of the skin’s microcirculatory flow at the level of
the fingertip in SSc patients, and investigating the validation status of LDF as an outcome
measure. The systematic review highlights the very preliminary validation status of LDF
in the assessment of the microcirculatory flow in SSc [65].

In a study performed by Gregorczyk-Maga et al., LDF was used to investigate oral
capillary flow in PRP patients who habitually have dysfunction in the microcirculation of
the oral mucosa and who often have lesions in the oral cavity [66].

Time to postocclusive peak blood flow measured by LDF is an extremely accurate test
for distinguishing patients with PRP from healthy controls [67].

An additional study performed by Waszczykowska et al. presented the suitability of
LDF for assessment of the degree of microangiopathy present in SSc patients. Assessment
of the skin perfusion value in SSc patients should on the basis of parameters obtained
during microcirculation challenge tests [68].
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7. Thermography

Thermal imaging is an indirect method that makes use of a thermal camera to image
skin temperature and demonstrate underlying blood flow [69]. Thermal imaging has been
used to evaluate RP in several studies; the response to lower temperatures was able to
differentiate between PRP and RP secondary to SSc [70].

Patients with SSc-related RP have been found to have structural changes in the digital
arteries and microcirculation with a decrease in baseline blood flow. This typically does not
return to normal after a cold challenge with rewarming, in direct contrast to primary RP, in
which the fingers classically rewarm [71].

Measurements made by mobile phone thermography compared favorably with those
made by standard thermography, paving the way for ambulatory monitoring in non-
controlled environments; this will enable further assessments to increase the understanding
of RP episodes [69]. Infrared thermography may additionally be a method of verification
in Raynaud’s Phenomenon [72].

8. Laser Speckle Contrast Analysis (LASCA)

Laser speckle contrast analysis (LASCA) is a tool used to investigate variations in pe-
ripheral blood perfusion during long-term follow-up and can safely monitor the evolution
of digital ulcers in SSc patients [73].

LASCA can quantify blood flow over a defined area and is based on the concept that
when laser light illuminates a tissue it forms a speckle pattern. Variations in this pattern
are analyzed by dedicated software—static areas demonstrate a stationary speckle pattern,
in contrast with mobile objects—such as red blood cells—that cause the speckle pattern
to fluctuate and appear blurred. The amount of blurring (contrast) is analyzed and thus
interpreted as blood perfusion [74].

The pilot study completed by Ruaro et al. determined that the hand blood perfusion,
as evaluated by LASCA, was lower in PRP than in SSc patients with the “early” nailfold
videocapillaroscopy microangiopathy pattern [75].

9. Treatment

Lifestyle modifications are essential in all patients with RP [8]. Patients” education is
an important aspect of disease management and patients’ support organizations provide
them with valuable education on the topic [76]. The first line of the treatment is based
on avoiding triggering factors such as: exposure to cold, sudden changes of temperature,
stress, cigarette smoke, and infections [34]. Patients should dress warmly (including warm
gloves and socks). A number of different types of gloves have been proposed for patients
with RP to reduce the risk of attacks, including battery-heated and specifically ceramic-
impregnated gloves [77]. During the vasospasm, it is advised that one should place one’s
hands under warm running water or to rub one hand against the other to intensify blood
flow [78]. Because stress may trigger an attack, learning to recognize and avoid stressful
situations may help control the number of attacks. Exercise can improve circulation, among
other health benefits. Avoidance of repeated trauma to the fingertips by all patients with
RP and avoidance of vibrating tools utilization by patients with vibration-induced RP has
to be underlined [79]. Patients should be counselled regarding the critical importance of
smoking cessation as nicotine enhances vasoconstriction [80]. Certain medications such as
beta-blockers, ergotamine, or sumatriptan, and some types of chemotherapy, specifically,
cisplatin and bleomycin, were most likely to induce the Raynaud’s phenomenon. If possible,
alternative therapies that do not alter peripheral blood flow should be considered [12]. In
most cases of primary Raynaud’s phenomenon, lifestyle modifications may be sufficient to
control the symptoms [17,81].

Pharmacological treatment is required when adaptive measures to avoid cold ex-
posure are ineffective. RP reflects excessive vasoconstriction; thus, vasodilator therapy—
particularly targeted to the cutaneous circulation—is a major focus. Patients with connective
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tissue disease-associated RP, SSc in particular, may progress to tissue injury; hence, drug
treatment often needs to be more ‘aggressive’ to prevent/minimize tissue loss [Table 3].

Table 3. Pharmacotherapy options in management of Raynaud’s phenomenon. A-level recommen-
dation is based on consistent and good-quality patient-oriented evidence; B-level recommendation
is based on inconsistent or limited-quality patient-oriented evidence; C-level recommendation is
based on consensus, usual practice, opinion, disease-oriented evidence, or case series for studies of
diagnosis, treatment, prevention, or screening.

Group of Drugs Medication Dose Recit;:;rrll%;}ld(a)fion
nifedipine 10-20 mg 3 x daily or
Calcium Channel Antagonists P extended-release tablets A
nifedypine SR 30-120 mg daily
50-100 mg 2x daily (the suggested
Phosphod1e.st.erase Type 5 sildenafil stfirtlng dose is 12.5 mg/day, Fo be A
Inhibitors increased gradually depending
on tolerability)
alprostadil (i.v. infusions) pulses of 20-60 mg every 4-6 weeks A
Prostaglandin Analogs 0.5-3 ng/kg/min (i.v.) for
. . . 3-5 consecutive days every
iloprost (i.v. infusions/p.o0.) 6-8 weeks or 50-150 g 2x daily A
(p-0.)
.. . 2 ng/kg/min in intermittent
epoprostenol (i-0. infusions) infusions of 5 to 6 hours” duration A
First-in-class Guanylate Cyclase .. .
Stimulator riociguat 2 mg single oral dose C
Selective Serotonin Reuptake .
Inhibitors (SSRIS) fluoxetine 20 mg/day C
125 mg twice a day
Endothelin Receptor Antagonists bosentan following initial dosage of C
62.5 mg twice a day
. . 25 mg once daily
Angiotensin II receptor blockers losartan 0 100 mg once daily C
Mixture of glycosaminoglycans 3—4 day cycle of intravenous
composed of dermatan sulfate sulodexide sulodexide, at 600 LSU twice a day C
and fast moving heparin every 4-6 weeks
3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) atorvastatin 40 mg/day C
reductase inhibitors
. . Dose dependent vasodilation with
Botulinum toxin type A 10-100 units injections C
Nifedipine 10% nifedipine cream
Topical vasodilators Nitroglycerin 10% nitroglycerin gel C
sildenafil 5% sildenafil cream
Surgical treatment sympathectomy(artenal C
reconstruction

10. Calcium Channel Blockers

Calcium channel blockers (CCBs) are generally considered to be the first-line phar-
macotherapeutic treatment of PRP, and are the group of drugs which have been most
extensively researched. According to the 2017 update of the European League against
Rheumatism (EULAR) recommendations for the treatment of SSc, oral therapies with CCBs
are strongly recommended (strength of recommendation A) [16,82]. CCBs are currently
the most frequently prescribed drug for PRP. Nifedipine and amlodipine are considered to
be the most effective agents, blocking calcium channels located in the cell membranes of
vascular smooth muscle and cardiac muscle. Consequently, calcium ion entry into cells is
inhibited, resulting in blood vessel relaxation and improved blood supply to tissues [83].



J. Clin. Med. 2022, 11, 2490

10 of 20

Doses should be adjusted depending on individual tolerance, with particular caution
advised in patients with low arterial blood pressure [84].

A meta-analysis of randomized clinical trials concluded that CCBs are only somewhat
effective at reducing the frequency of Raynaud’s attacks in PRP [42,85]. Whereas other
studies suggest that CCBs may be effective at decreasing the severity of attacks, pain and
disability associated with RP [83].

11. Phosphodiesterase-5 (PDE-5) Inhibitors

Phosphodiesterase-5 (PDE-5) inhibitors are commonly used as a second-line systemic
agent to manage RP resistant to CCBs. Inhibition of PDE-5 activity allows accumulation of
c¢GMP within endothelial cells, which alters the cellular response to prostacyclin or nitric
oxide, and in turn dilates blood vessels [86].

A 2013 meta-analysis of six randomized controlled trials including 296 SRP patients
revealed a significant, moderate effect on the clinical severity, duration, and frequency
of attacks [87]. Additionally, a significant decrease in the number of digital ulcers in SSc
patients with RP was found in a randomized, placebo-controlled study in patients receiving
sildenafil compared to a placebo [88].

Adverse effects of these PDE-5 inhibitors include flushing, headaches, and dizziness.
Less common side effects include hypotension, arrhythmias, cerebral vascular accidents,
and vision changes [89].

12. Prostaglandin Analogs

While oral prostaglandins have not shown any benefit in RP, prostacyclin analogs ad-
ministered intravenously exhibit a strong vasodilative effect which considerably improves
the clinical condition, particularly among patients with ulcers and erosions [90].

lloprost is a synthetic analogue of prostacyclin (PGI2), with vasodilatory and an-
tiplatelet effects; however, it is more stable than PGI2, has a longer half-life (20 to 30 min)
and better solubility [91]. Iloprost activates PGI2 receptors, thus stimulating adenylate
cyclase to generate cyclic adenosine monophosphate (CAMP). PGI2 receptors inhibit vas-
cular smooth muscle constriction and platelet aggregation. They are also expressed on
endothelial cells, where they initiate multiple protective effects, including amplification
of endothelial adherens junctions and decreased monolayer permeability [92]. Iloprost
infusions are frequently recommended as second-line treatment after CCBs and are the first-
line therapeutic choice for digital ulcerations and critical ischemia [21,93]. A meta-analysis
determined that the use of iloprost in critical limb ischemia was effective in improving ulcer
healing, relieving pain, and reducing the need for amputations [94]. In cases of pre-existing
digital ulcerations, iloprost promotes healing and reduces the incidence of new ulcera-
tions [16]. Three further studies described an improvement in nailfold microvascularization
following iloprost treatment [95].

In 2017, the EUSTAR recommendations allocated intravenous iloprost a Grade A
recommendation for management of severe SSc-related RP attacks and for digital ulcer
treatment [16]. However, in the recommendations, the dosing and therapeutic regimen
was not specified. The absence of an accepted regimen is a major impediment to the
administration of iloprost in SSc. According to the Delphi concensus, intravenous iloprost
can be useful in RP that is severe or refractory to CCB and PDE-5i. To control symptom:s,
it is recommended that iloprost be administered 1-3 days every month. Dosing should
be determined according to the tolerance, starting from 0.5 up to 3.0 ng/kg/min. To
achieve a lasting effect, infusions must be repeated regularly [16,96,97]. Interestingly, the
pharmacological actions may persist longer than suggested by the pharmacokinetic profile
(i.e., weeks to months) [98].

Currently, intravenous iloprost is available in several countries only for RP secondary
to SSc for a duration of 3-5 days. For RP and digital ulcer healing, expert consensus
proposes a regimen of 1-3 days per month, with 1 day per month for DU prevention.
These recommendations allow clinicians some scope on how to personalize intravenous
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iloprost therapy according to patients” needs [93]. However, although these suggestions are
supported by an expert group for use in a clinical setting, it would be necessary to formally
validate the recommendations in future clinical trials.

As iloprost is not available in some countries, alprostadil (a combination of prostaglandin
E1 with a-cyclodextrin in a 1:1) has been found to be an effective alternative for SRP [99].
Alprostadil is primarily used to maintain patency of the ductus arteriosus, and also has mild
pulmonary vasodilatory effects. It reportedly inhibits macrophage activation, neutrophil
chemotaxis, and release of oxygen radicals and lysosomal enzymes. It influences coagu-
lation by inhibiting platelet aggregation and potentially by inhibiting factor X activation.
Alprostadil may promote fibrinolysis by stimulating production of tissue plasminogen acti-
vator. The overall benefits of iloprost and alprostadil are comparable, without significant
differences in clinical efficacy or circulating markers of endothelial damage [100].

Epoprostenol, the first prostacyclin agent approved by the US Food and Drug Admin-
istration (FDA), in 1995, requires continuous intravenous infusion via a dedicated central
venous catheter with infusion pump. Epoprostenol stimulates vasodilation of pulmonary
and systemic arterial vascular beds and impedes platelet aggregation [11,101]. Based on
published evidence, the initial dose of intravenous epoprostenol for treatment of refractory
RP, with or without ischemic ulcers, should not exceed 2 ng/kg/min. A conservative
titration schedule, based on those used in previous studies, should allow for rate increases
of 1 ng/kg/min every 15 min as tolerated, adjusted as per the onset of treatment-emergent
adverse effects. It should be noted that more aggressive uptitrations of 2 to 2.5 ng/kg/min
were used in some studies. However, as a consequence of the lack of standardized efficacy
outcomes in the available literature, it is not possible to assess if such regimens hold any
advantages other than reaching the maximum dose more quickly. Intermittent infusions of
5 to 6 hours’ duration should be initially considered to limit drug exposure and potential
toxicities. However, it is reportedly reasonable to use continuous infusions for up to 72 h in
patients unresponsive to intermittent therapy [101].

Epoprostenol is contraindicated in patients with congestive heart failure due to left
ventricular dysfunction, and in those with known history of hypersensitivity reactions to
the drug. Other adverse effects that should be monitored for include pulmonary edema,
hemodynamic instability, line infections, and bleeding [101].

13. Endothelin Receptor Antagonists

Bosentan is an endothelin receptor antagonist (ERA) primarily used to manage severe
pulmonary hypertension. A starting dose of 62.5 mg twice a day for four weeks, followed
by 125 mg twice a day for 12 or 20 weeks, has shown some effectiveness in preventing
formation of new digital ulcers, but did not influence healing of pre-existing ulcers [102,103].
Potential adverse effects include headaches, dizziness, and hypotension [16]. Adverse drug
reactions are relatively mild, but during the treatment monthly liver function and 3-monthly
full blood count is required [104,105].

14. Angiotensin II Receptor Blockers

Angiotensin II receptor blockers (ARBs) are reserved as a third-line treatment for mild
Raynaud’s phenomenon. There has been only one trial including 52 patients (25 patients
with primary RP and 27 with SSc-related RP); this was an open-label, unblinded, controlled
trial, during which a 12-week treatment with losartan 50 mg/day resulted in reduced
frequency and severity of RP attacks in comparison to nifedipine 40 mg/day. The benefit
was more noticeable in the subgroup of patients with primary RP. Losartan is widely
available, accessible, and has an acceptable side effect profile [82,106,107].

15. Sulodexide

Sulodexide is a safe rheological drug used successfully as a supportive way of treating
RP [84]. It consists of a purified mixture of glycosaminoglycans acquired from bovine
intestinal mucosa, comprising a heparin of a rapidly moving field of electrophoresis (80%)
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and dermatan sulfate (20%). It functions as an anticoagulant, is pro-fibrinolytic and anti-
inflammatory, disrupts the process of fibrosis, and has a protective influence on vascular
endothelial cells. Due to its pleiotropic activity and high safety profile, the benefits from
sulodexide may be applied to many dermatological diseases [108].

SSc patients with secondary microcirculatory disorders who are intolerant to prostanoids,
where there are contraindications, may be treated with sulodexide, 600 lipasemic units
(LSU) intravenously twice a day. This dosing regimen has previously produced good
therapeutic results. Other than sporadically observed dizziness and hypotension, no
significant side effects were noted. In patients’ pre-existing digital erosions and ulcers, a
3—4 day cycle of intravenous sulodexide, at 600 LSU twice a day every 4-6 weeks, has been
shown to improve lesion healing [109].

Results of a recent pilot study suggest that the use of sulodexide treatment in RP
results in a long-term improvement of capillary flow, a decrease in episode recurrence, and
a reduction in pain intensity [110].

During parenteral treatment with sulodexide, it is imperative to discontinue any use
of heparin or oral anticoagulants to reduce the bleeding risk [109].

16. Statins

Statins, 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors,
are extensively used to reduce serum cholesterol levels in the primary and secondary
prevention of cardiovascular disease. Statins also have direct, vasculoprotective effects,
which are independent of their ability to lower circulating LDL levels. Statins may be
beneficial in RP patients, including those with SSc. Statins increase endothelial nitric oxide
synthase expression and thus nitric oxide production, decrease oxidative stress, reduce
endothelin-1 expression, impede endothelial apoptosis, increase endothelial progenitor
cell mobilization, and promote microvascular growth [111,112]. Statins additionally inhibit
endothelial-mesenchymal transition, which may contribute to vasculopathy and tissue
fibrosis in SSc [113]. In a study of SSc patients, treatment with a statin was found to
reduce the severity of RP vasospastic episodes and improved endothelial function. This
was associated with increased levels of nitric oxide, reduced oxidative and inflammatory
stress, increased quantity of endothelial progenitor cells, and amelioration of circulating
concentrations of von Willebrand factor [114]. Data from a study performed by Abou-
Raya et al. suggest that atorvastatin may exert beneficial effects in SSc by protecting the
endothelium and improving its functional activity [115].

17. Topical Vasodilators

Topical vasodilators may be used as adjuvant therapy for RP patients. 10% nifedipine
cream and 10% nitroglycerin gel have both been accepted as efficient therapeutic options
with side-effects comparable to placebo usage. Local topical nitrates display significant
efficacy in treatment of both primary and secondary RP [116]. Topical nitrates have been
reported to increase perfusion at both distal digital ulcer and extensor digital ulcer cores in
SSc patients, when compared to a placebo and evaluating with laser doppler imaging [117].
Wortsman et al. found that 5% sildenafil cream significantly improved blood flow in
digital arteries (an increase of 9.2 mm/s, p < 0.0083). A trend toward improvement was
also observed for vessel diameter in patients with SRP (p = 0.0695), suggesting local
vasodilatation. Adverse effects to topical vasodilators include headaches and dizziness—
no serious adverse effects were detected [118]. A study by Bentea et al. assessed the effects
of nitroglycerin patch application to the dorsum of the hand. Results showed an increase
in blood flow and hand temperature in patients with SSc after a cold challenge using laser
doppler imaging [119].

18. Sympathectomy

Surgical treatment options involving sympathectomy or arterial reconstruction may be
required in patients who suffer from incapacitating pain and ulcers with torpid evolution.
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However, these techniques carry the risk of comorbidities and may not always provide
satisfactory results.

Cautious selection of RP patients is necessary, and endoscopic thoracic sympathectomy
should be reserved as an ultimate choice only for patients who have severe symptoms that
are treatment-resistant with serious complications and impaired quality of life. The limiting
factor with sympathectomy is a high recurrence rate. Symptoms and examination findings
reported the quantity and dosage of medications used returned to preoperative levels in
66.6% of patients at month 6, and in all patients except one at the end of the 1st year [120].

Digital periarterial sympathectomy may be considered in patients suffering from
critical digital ischemia or persistent ulceration despite aggressive vasodilatory therapy.
A long-term retrospective study assessed 35 patients with primary or secondary RP who
underwent thoracoscopic sympathectomy: 77% of participants had a positive response.
However, symptoms recurred in 60% at a median follow-up of 5 months [121].

Single-port thoracoscopic sympathicotomy (SPTS) is a novel minimally invasive tech-
nique compared to conventional sympathectomy [122]. A recent study showed that the
single-port procedure is effective in improving hand perfusion in patients with treatment-
resistant RP. One month after unilateral single-port thoracoscopic sympathicotomy, the
number of RP attacks was reduced and perfusion of the treated hand increased. However,
the long-term efficacy and safety profile of this treatment need to be established [123].

19. Botulinum Toxin Type A

Botulinum toxin type A (BTX-A) is a polypeptide produced by the bacteria Clostridium
botulinum. It is an acetylcholine release inhibitor in the peripheral nerve endings of the
motor plate and sweat glands. It is well established that BTX-A inhibits acetylcholine
release, leading to inhibition of neurotransmitter-induced vasoconstriction and relief of
other symptoms, such as pain [124,125].

Botulinum toxins inhibit macromolecular SNARE complexes, which are involved in
vesicle fusion with the plasma membrane, thus preventing neuronal exocytosis [126].

A study performed by Medina et al. established botulinum toxin as a safe, accessible,
and effective therapeutic alternative for patients with severe RP, allowing those who
do not respond to conventional treatments to sustain a good quality of life via annual
infiltrations [127].

BTX-A is a promising non-surgical treatment modality and/or adjunct for patients
who have contraindications to CCBs, PDE-5 inhibitors, and nitrates. It also provides a
non-operative therapeutic alternative for patients experiencing chemotherapy-induced RP
where mainstay therapies may be contraindicated, thus reducing pain, improving patient
quality of life, and slowing disease progression [128].

In a study by Nagarajan et al. several patients derived long-term benefits from a single
treatment, however in patients with SSc, repeat treatments were required and administered
after an average of 6 months [129].

20. Riociguat

Riociguat is a first-in-class guanylate cyclase stimulator and may be a promising new
treatment for RP. It works by direct stimulation of guanylate cyclase, independent from
NO, and additionally via sensitization of guanylate cyclase to endogenous nitric oxide
by stabilizing NO—guanylate cyclase binding. As a result, riociguat efficiently stimulates
the nitric oxide—soluble guanylate cyclase—cyclic guanosine monophosphate pathway and
leads to increased intracellular levels of cyclic guanosine monophosphate. In contrast
to PDE-5 inhibitors, the action of riociguat does not depend on endogenous nitric oxide
levels [130]. In the pilot study performed by Huntgeburth et al., a single oral dose of
riociguat 2 mg was well tolerated in patients with RP and resulted in improved digital
blood flow in some patient subsets, with high inter-individual variability [131].



J. Clin. Med. 2022, 11, 2490

14 of 20

21. SSRIs

An improvement in RP symptoms has been reported in patients treated with selec-
tive serotonin reuptake inhibitors (SSRIs). A study of 27 patients with SSc revealed that
fluoxetine at a dose of 20mg/day was significantly superior to nifedipine in reducing
the frequency and severity of RP attacks in patients with SSc [132]. Of note however,
exacerbations of RP have also been reported with the use of serotonin reuptake inhibitors
treatment [133].

22. Treat to Target (T2T) Strategy

At present, the decision to commence treatment and to evaluate response in RP—
including the need for dose escalation—is principally based upon clinician—patient dis-
cussions regarding symptom severity, perceived effectiveness of the existing/planned
interventions, and drug tolerability.

Hughes et al. proposed a five-stage roadmap that may support the development of
a treat to target (T2T) strategy for SSc-RP. Significant initial steps are to define the study
population and the goals of developing a T2T strategy (stage 1) and to review and shortlist
candidate target items (stages 2 and 3, respectively). If agreement regarding feasible targets
is not reached at this point, then the goals and purpose need to be refined. Subsequently, a
consensus-building exercise among relevant stakeholders would allow the ‘target’ to be
defined (stage 4). Ultimately, well-designed studies (stage 5) will be required to investigate
the feasibility and treatment benefit of a T2T strategy in patients with SSc-RP. Much can be
learned from primary studies of T2T for rheumatoid arthritis, including randomized trials
comparing T2T with routine care, and those comparing different treatment approaches
(e.g., monotherapy vs. combination therapy) to reach a defined target. Crucial features of
these studies were the frequent review of patients, and the clear guidance that existed on
how to intensify treatment of patients who had not reached the target [134,135].

23. Conclusions

An increased understanding of the pathogenesis of Raynaud’s phenomenon is guiding
new approaches to treatment. Assessment of peripheral endothelial dysfunction may
aid identification of individuals with secondary Raynaud’s phenomenon who are at risk
of developing connective tissue diseases, and who may therefore benefit from repeated
screening, early initiation of preventative treatments, and risk factor modification.

Capillaroscopy is of crucial value for the diagnosis and differentiation of primary and
secondary Raynaud’s phenomenon.

The presence of digital ulcers implies that intervention with vasodilator therapy is
necessary. Early intervention is vital to the treatment of critical ischemia, and calcium
channel blockers remain the first line of therapy. Alternatives for severe disease include
phosphodiesterase-5 inhibitors and intravenous prostaglandin analogues. The overall
benefits of iloprost and alprostadil are comparable without significant differences; however,
ease of handling and the lower cost profile favours alprostadil. Sulodexide is a safe
rheological drug successfully used as a supportive treatment in RP, resulting in a long-term
improvement of capillary flow and a reduction in the frequency of Raynaud’s syndrome
relapse. Topical vasodilators, for example 10% nifedipine cream, 10% nitroglycerine gel,
and 5% sildenafil cream, may act as adjuvant therapy. Riociguat may be a promising
new treatment for Raynaud’s phenomenon; however, this warrants further evaluation. A
variety of alternative modalities have also been reported to be effective in the management
of RP including botulinum toxin A, and sympathectomy, or single-port thoracoscopic
sympathectomy.

Treat to target strategies may optimize treatment approaches for Raynaud’s phe-
nomenon and herald the emergence of disease-modifying vasodilator therapies for systemic
sclerosis-related digital vasculopathy.
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Background: Systemic sclerosis is a connective tissue disease characterized by vasculopathy and progressive fibrosis, leading to
multiorgan dysfunction. Given the complex and not fully elucidated pathogenesis, biomarkers of rapid disease progression and
therapeutic response are lacking. Copeptin, which reflects vasopressin activity in serum, is used in diagnosing or prognosing different
cardiometabolic conditions.

Objective: The aim of study was to investigate the concentration of copeptin in patients with systemic sclerosis and correlate it with
specific clinical symptoms.

Patients and Methods: Serum copeptin was measured in patients with systemic sclerosis (34 women and 3 men; mean age 57.6
years) and in healthy individuals (n=30) using commercially available ELISA kits. According to the criteria of LeRoy our systemic
sclerosis cohort consisted of 17 patients with limited cutaneous systemic sclerosis (45.9%) and 20 diffuse cutaneous systemic sclerosis
patients (54.1%). According to the criteria of LeRoy our systemic sclerosis cohort consisted of 17 patients with limited cutaneous
systemic sclerosis (45.9%) and 20 diffuse cutaneous systemic sclerosis patients (54.1%). The median duration of the disease was 10
[4-14] years.

Results: We found significantly higher copeptin concentration in patients with systemic sclerosis (4.21 pmol/L [3.04-5.42]) in
comparison to control group (3.40 pmol/L [2.38-3.76], p<0.01). Copeptin significantly correlated with Raynaud’s condition score
(r=0.801, p<0.05). Patients with “late” capillaroscopic patterns had higher copeptin concentrations (5.37 pmol/L [4.29-8.06]) than
patients with “early” (2.43 pmol/L [2.25-3.20], p<0.05) and “active” patterns (3.93 pmol/L [2.92-5.16], p<0.05]). Copeptin was found
to be significantly higher in SSc patients with DUs (5.71 pmol/L [IQR 4.85-8.06]) when compared to SSc patients without DUs (3.31
pmol/L, [2.28-4.30], p<0.05). Additionally, copeptin concentration had good diagnostic accuracy in discriminating between patients
with and without digital ulcers (AUC=0.863). Alprostadil decreased copeptin concentration from 4.96 [4.02-6.01] to 3.86 pmol/L
[3.17-4.63] (p<0.01) after 4-6 cycles of administration.

Conclusion: Our findings suggest that copeptin may be a promising biomarker of microcirculation alterations in systemic sclerosis.
Keywords: serum biomarkers, vasculopathy, endothelial dysfunction, digital ulcers, systemic sclerosis

Introduction

Systemic sclerosis (SSc) is an autoimmune connective tissue disease associated with progressive fibrosis of the skin and
internal organs, widespread peripheral vasculopathy, and immune dysfunction." Although tissue fibrosis is the hallmark
of SSc, vascular damage plays an important role in the early stages of disease pathogenesis and may precede fibrosis by
months or years.” SSc-associated microvasculopathy clinically manifests as Raynaud’s phenomenon, refractory ischemic
digital ulcers (DUs), scleroderma renal crisis (SRC), or pulmonary arterial hypertension (PAH).* Digital ulcers occur in
up to 50% of all SSc patients.® These disabling and painful lesions are recurrent, refractory to treatment and may lead to
auto-amputation, infection, impaired hand function, and decreased quality of life.”®
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Vascular alteration in SSc involves vasculopathy, thrombosis and deregulation of vascular tone control.” Blood vessel
resistance is regulated by a complex interplay between sympathetic modulation, local and systemic vasoactive mediators,
such as angiotensin II, endothelin-1 and vasopressin.'® Angiotensin II (Ang II) is a highly active octapeptide involved in
the regulation of blood pressure. Angiotensin II has two major receptor subtypes, type 1 (AT;R) and type 2 (AT,R),
members of the seven transmembranes spanning the G protein-coupled receptor superfamily.'' Although classically
known for its role in the maintenance of circulatory system homeostasis, Ang II is now recognized as a mediator of
inflammation and fibrosis through stimulation of AT,R.'*'? Pathophysiological significance of the disturbances in the
angiotensin I/angiotensin Il/angiotensin-(1-7) axis has been confirmed in SSc.'* Endothelin-1 (ET-1) is another potent
endogenous vasoconstrictor. Moreover, ET-1 causes fibrosis of the vascular cells, stimulates production of reactive
oxygen species and proinflammatory cytokines.'>'® Agonistic autoantibodies targeted against AT, and ET-1 type
A receptors in patients with SSc predict mortality and are associated with more severe organ involvement.'”

Vasopressin (AVP) is a vasoactive peptide that, like Ang II and ET-1, may be involved in vasoconstriction,
inflammation, and fibrosis.'® So far, AVP has been intensively studied in various pathologies of the cardiovascular
system.'” To the best of our knowledge, there were no studies of vasopressinergic system in SSc. However, the
measurements of serum vasopressin concentrations are limited in clinical practice due to the short half-life time, low
molecular stability and binding to platelets, which leads to a decrease in the actual peptide concentration.”® Copeptin is
the C-terminal part of pro-vasopressin, which is released together with AVP in equimolar amounts, making the copeptin
an increasingly studied molecule to determine the vasopressinergic system activity. The role of copeptin as a biomarker
has been examined in a variety of cardiovascular, kidney and metabolic disorders.>'

Despite recent advances in SSc treatment, it is still challenging to identify patients at risk of rapid disease progression
and development of severe organ complications. There is an urgent need to identify potential biomarkers of incipient
vasculopathy before tissue damage becomes clinically apparent and irreversible.>* The primary aim of this study was to
assess copeptin concentration in patients with SSc in the context of its use as a biomarker reflecting the severity of SSc-
related peripheral microvasculopathy.

Materials and Methods
Study Design
The study was cross-sectional and prospective in design. A cohort of consecutive outpatients and inpatients diagnosed

with SSc from the tertiary referral dermatological and rheumatological centers in Warsaw were enrolled in this study
from September 2019 to May 2022.

Patients
The study population consisted of adults with SSc, fulfilling the American College of Rheumatology/European League
Against Rheumatism (ACR/EULAR) 2013 classification criteria®> and age- and sex-matched healthy volunteers.

The exclusion criteria for patients and control group were as follows: heart failure (NYHA class III and IV or
decompensated), unstable ischemic heart disease, history of acute cardiovascular disease event in the last 6 months,
hypotension, uncontrolled arterial hypertension or diabetes mellitus, pulmonary hypertension, hepatic or renal failure,
active malignancies or neoplastic disease whose treatment has been completed in the last 5 years (except for basal cell
carcinoma), active or chronic infection, pregnancy and breastfeeding. Patients with SSc and overlapped autoimmune,
rheumatic or connective tissue diseases were not enrolled in this study. Primary Raynaud’s phenomenon was considered
as an additional exclusion criterion for the control group.

Demographic, clinical, laboratory and immunological data were assessed according to polish and international expert

recommendations.?®?’

Clinical Assessment
All SSc patients underwent a thorough clinical examination with assessment of the following features: gender, age, body
mass index (BMI), SSc subsets according to LeRoy et al*® time of disease since the onset of Raynaud’s phenomenon,
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time of disease since the first non-Raynaud symptom, presence of digital ulcers, synovitis, joint contractures, muscle
involvement, esophageal and gastrointestinal symptoms, dyspnea, arrhythmia, impaired exercise tolerance, comorbid-
ities, smoking history, current and previous treatment.

The extent of skin involvement was evaluated by the modified Rodnan Skin Score (mRSS).?° The skin involvement
was assessed by only one assessor (M.S.) certified with Scleroderma Clinical Trials Consortium training.

Lung involvement was assessed via high-resolution computed tomography (HRCT) scan of the chest and pulmonary
function tests (PFT), including forced vital capacity (FVC) and diffusing capacity for carbon monoxide (DLCO).
Interstitial lung disease (ILD) was defined as the presence of pulmonary fibrosis on an HRCT (the study did not include
a quantitative assessment of the lesions). Doppler echocardiography was used to screen for PAH. Gastrointestinal tract
involvement was assessed with barium contrast X-ray of the esophagus and the stomach. These specialist diagnostic
procedures were carried out in all patients with SSc as a part of regular follow-ups.

Laboratory Procedures
Laboratory parameters: whole blood count, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP) concentra-
tion, lipid profile, liver and kidney function tests, N-terminal pro-B-type natriuretic peptide (NT-proBNP) were quantified
from peripheral blood during clinical routines. Antinuclear antibodies were evaluated by indirect immunofluorescence
pattern on HEp-2 cells and detected by immunoblot analysis. Data on laboratory and immunological parameters were
extracted from patients’ medical records.

All blood samples were collected from the peripheral vein, between 6 a.m. and 7 a.m. (after at least 8h fasting period).
Serum aliquots obtained by centrifugation (3000 rpm for 10 min at 4°C) were stored at —80°C until further analysis.

Serum copeptin concentrations were determined at baseline and after 4—6 cycles of alprostadil administration. Thirty-
two patients received intravenous alprostadil (Prostavasin®, UCB Pharma GmbH, Monheim, Germany) for 3 consecutive
days at a daily dose of 60 ng diluted in 50 mL of 0.9% sodium chloride administered as a 5-h infusion. Alprostadil was
administered every 4-6 weeks for Raynaud phenomenon as well as for the prevention and treatment of digital ulcers.
Copeptin was assessed using a commercial ELISA kit (Human Copeptin ELISA Kit, Bioassay Technology Laboratory,
Shanghai, China), according to the manufacturer’s instructions. All samples were tested in duplicate and performed in the
same laboratory with the same instruments. The analytical sensitivity was 0.059 pmol/L. The coefficient of intra- and
inter-assay repeatability was <8% and <10%, respectively.

Microvascular Assessment

The severity of Raynaud’s phenomenon was assessed with the validated Raynaud’s condition score (RCS).*° It is
completed every day by patients as an 11-point Likert scale and average scores are taken over a 1-week period. We
analyzed mean nailfold video-capillaroscopy (NVC) was performed by the same investigator (MM) with USB digital
microscope Dino-Lite CapillaryScope 200 MEDL4HMA (AnMo Electronics Corporation, Taiwan) in all SSc patients.

Microvascular abnormalities were classified into early, active or late scleroderma pattern according to Cutolo et al.*'

Ethical Approval

All patients participating in the study gave their written informed consent before entering the study. The study was
conducted in accordance with the principles of the Helsinki Declaration and the protocol approved by the local ethical
committee (KB/90/2018; Bioethics Committee at the Medical University of Warsaw, Warsaw, Poland).

Statistical Analysis

Statistical analysis was conducted with Statistica software v.13.3 (TIBCO, Palo Alto, CA, USA). Data were tested for
normal distribution using the Shapiro—Wilk test. Descriptive statistics for continuous variables were reported as the mean
and standard deviation (SD) or median and interquartile range (IQR), as appropriate. Categorical variables were
expressed as a number and percentage. Due to non-normal data distribution, non-parametric tests were used as follows:
Mann—Whitney U for two independent samples, Kruskal-Wallis test with post hoc Dunn analysis for multiple indepen-
dent comparisons, Wilcoxon rank test for two paired samples. Correlations between continuous variables were evaluated
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using the Spearman’s rank-sum coefficient. Receiver operating characteristic (ROC) analysis was performed to define
cut-off values. The p-values of <0.05 were statistically significant.

Results

Patients’ Characteristics

Thirty-seven SSc patients (34 women and 3 men; mean age 57.6 years) and 30 age- and sex-matched control individuals
(28 women, 2 men; mean age 53.7 years) were enrolled in this study. According to the criteria of LeRoy our SSc cohort
consisted of 17 patients with limited cutaneous SSc (IcSSc; 45.9%) and 20 diffuse cutaneous SSc patients (dcSSc;
54.1%). The median duration of the disease was 10 years (IQR 4-14 years). Patients were treated with following
vasoactive therapy: alprostadil (86.5%), calcium channel antagonists (21.6%), phosphodiesterase 5 inhibitors (51.3%),
and sulodexide (67.6%). A summary of the main demographic, clinical, laboratory and serological characteristics of
patients with SSc is shown in Table 1.

Table | The Characteristics of Patients with SSc and Control Group

SSc Patients (n=37) 1cSSc (n=17) dcSSc (n=20) Control Group (n=30)
Age, years 57.6x11.6 63.618.2 524£11.8 53.7+12.1
Sex, n (%)
Men 3(8.1%) 1 (5.9%) 2 (10%) 2 (6.7%)
Women 34 (91.9%) 16 (94.1%) 18 (90%) 28 (93.3%)
BMI, kg/m? 23.45 [21.89-26.78] 25 [22.89-29.07] 22.59 [21.09-25.27] 23.45 [21.89-26.78]
Modified Rodnan skin score 5[3-9] 4 [2-6] 8 [5-15]
Disease duration, years 10 [4-14] 9 [4-14] 11.5 [5.5-15.5]
Autoantibody positivity, n (%)
Antinuclear (ANA) 37 (100%) 17 (100%) 20 (100%)
Anticentromere (ACA) 16 (43.2%) 16 (94.1%) 0 (0)
Antitopoisomerase | (ATA) 17 (46.0%) 1 (5.9%) 16 (80%)
Anti-RNA polymerase Il 4 (10.8%) 0 (0) 4 (20%)
Interstitial lung disease, n (%) 26 (70.3%) 9 (52.9%) 17 (85%)
Esophageal dysmotility, n (%) 24 (64.9%) 10 (58.8%) 14 (70%)
Raynaud’s phenomenon, n (%) 37 (100%) 17 (100%) 20 (100%)
Digital ulcers, n (%) 15 (40.5%) 5 (29.4%) 10 (50%)
Nailfold capillaroscopy pattern, n (%)
Early 6 (16.2%) 2 (11.8%) 4 (20%)
Active 16 (43.2%) 9 (52.9%) 7 (35%)
Late 15 (40.6%) 6 (35.3%) 9 (45%)
Immunosuppressive therapy, n (%)
Corticosteroids 0 0 0
Cyclophosphamide 0 0 0
Methotrexate 6 (16.2%) 2 (11.8%) 4 (20%)
Mycophenolate mofetil 14 (37.8%) 6 (35.3%) 8 (40%)
Vasoactive therapy, n (%)
Alprostadil 32 (86.5%) 14 (82.3%) 18 (90%)
Bosentan 0 0 0
Calcium channel antagonist 8 (21.6%) 3 (17.6%) 5 (25%)
Phosphodiesterase 5 inhibitors 19 (51.3%) 9 (52.9%) 10 (50%)
Sulodexide 25 (67.6%) 15 (88.2%) 10 (50%)

Abbreviations: SSc, systemic sclerosis; BMI, body mass index.

1354  hues Clinical, Cosmetic and Investigational Dermatology 2023:16
Dove!



Dove Maciejewska et al

Copeptin in Systemic Sclerosis
In patients with SSc serum copeptin concentration was 4.21 pmol/L (IQR 3.04-5.42) and it was significantly higher than
in control group (median 3.40 pmol/L, IQR 2.38-3.76, p<0.01, Figure 1).

Further, we examined the possible association of copeptin with different SSc clinical phenotypes. When SSc
cutaneous subsets are concerned, patients with dcSSc (median 5.06 pmol/L, IQR 3.15-5.60) had higher serum copeptin
concentration compared with IcSSc (median 4.02 pmol/L, IQR 2.96-4.71, p<0.05) and control group (p<0.01, Figure 1).
There was no significant difference between 1cSSc and control group. No significant correlation was found between
copeptin concentration and age, BMI and disease duration.

Sixteen (43.2%) SSc patients had anticentromere (ACA) antibodies, 17 (46.0%) were positive for antitopoisomerase
I (ATA) antibodies and 4 (10.8%) patients had anti-RNA polymerase III antibodies (anti-RNAP III). When patients were
stratified according to autoantibodies, there was significant difference between anti-RNAP-patients (median 10.09 pmol/
L, IQR 7.90-13.04) and other antibody types: ACA-patients (median 3.56 pmol/L, IQR 2.27-4.46, p<0.05) or ATA-
patients (median 4.85 pmol/L, IQR 3.25-5.42, p<0.05, Figure 2).
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Figure | Serum concentration of copeptin in control group, patients with systemic sclerosis (SSc), diffuse cutaneous SSc (deSSc) and limited cutaneous SSc (IcSSc), *p<0.05,
**p<0.01.
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Figure 2 Serum concentration of copeptin in systemic sclerosis patients with anticentromere antibodies (ACA), antitopoisomerase antibodies (ATA) and anti-RNA
polymerase Il antibodies (RNAP [ll). ¥p<0.05.
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When analyzing copeptin concentration in SSc patients according to the different organ manifestations, no differences
were found regarding the extent of skin fibrosis measured by mRSS, prevalence of interstitial lung disease (ILD) as well
as patients with esophageal dysmotility.

Copeptin and Microvascular Impairment in SSc
All patients reported the presence of Raynaud’s phenomenon. We found a significant correlation between serum copeptin
concentration and Raynaud’s condition score (rho = 0.801, p<0.05, Figure 3).

The NVC pattern was found “early” in 6 (16.2%), “active” in 16 (43.2%) and “late” in 15 (40.6%) patients. When
comparing copeptin concentration in SSc patients with different NVC patterns, the values of copeptin were significantly
higher in the “late” pattern (median 5.37 pmol/L, IQR 4.29-8.06) in comparison to “early” (median 2.43 pmol/L, IQR
2.25-3.20, p<0.05) and “active” patterns (median 3.93 pmol/L, IQR 2.92-5.16, p<0.05, Figure 4).

In patients receiving alprostadil, serum concentration of copeptin significantly decreased from 4.96 pmol/L (IQR
4.02-6.01) to 3.86 pmol/L (IQR 3.17-4.63, p<0.01) after 4-6 cycles of drug administration (Figure 5).

As far as digital ulcers are concerned, copeptin was found to be significantly higher in SSc patients with DUs (median
5.71 pmol/L, IQR 4.85-8.06) when compared to SSc patients without DUs (median 3.31 pmol/L, IQR 2.28-4.30,
p<0.05) and control group (p<0.05, Figure 6).
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Figure 3 Correlation of copeptin with Raynaud’s condition score (RCS; r=0.801, p<0.05).
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Figure 4 Serum concentration of copeptin in systemic sclerosis patients with “early”, “active” and “late” nailfold video-capillaroscopy (NVC) patterns, *p<0.05.
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Figure 5 Serum concentration of copeptin in systemic sclerosis patients before and after 4-6 cycles of intravenous alprostadil administration. **p<0.01.
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Figure 6 Serum concentration of copeptin in control group, patients with systemic sclerosis without and with digital ulcers (DUs). *p<0.05.

The ROC curve analysis revealed copeptin cut-off value of 4.86 pmol/L in discriminating between SSc patients with

and without DUs (sensitivity 80.0%, specificity 81.0%, area under the curve [AUC] = 0.863, Youden’s index 0.61,
Figure 7).

Copeptin and Immunosuppression

Twenty patients with SSc (54.1%) received immunosuppressive therapy, while 17 (45.9%) were without immunosup-
pression. Among patients treated with immunosuppressive agents, 12 (60%) have dcSSc, 8 (40%) ACA, 8 (40%) ATA, 4
(20%) anti-RNAP III antibodies, 3 (15%) early, 8 (40%) active and 9 (45%) late NVC pattern. Respectively, in patients
without immunosuppression, 8 (47.1%) have dcSSc, 9 (52.9%) ACA, 8 (47.1%) ATA, 0 anti-RNAP III antibodies, 3
(17.6%) early, 8 (47.1%) active and 6 (35.3%) late NVC pattern. There were no changes in copeptin concentration
between patients currently treated with immunosuppressive drugs (median 4.25 pmol/L, IQR 3.56-5.40) and patients
without immunosuppressive treatment (median 3.25 pmol/L, IQR 2.58-5.71, p=0.437).
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Figure 7 ROC curve analysis of copeptin in SSc patients without digital ulcers (DUs) vs SSc patients with DUs.

Discussion
The key finding of this study is that increased copeptin concentration in patients with SSc is significantly associated with
microcirculation dysfunction which presents as Raynaud’s phenomenon severity, nailfold capillary abnormalities and the
presence of digital ulcers. Determination of serum copeptin concentration reflects changes in the activity of vasopressi-
nergic system.’> Vasopressin is known to play an essential role in microcirculation regulation through activation of three
receptor subtypes (Vla, V1b and V2). Vla receptors are expressed on the vascular smooth muscle cells and promote
vasoconstriction. Activation of V1b receptors is part of the adaptive response to stress leading to stimulation of the
hypothalamic-pituitary-adrenal axis. V2 receptors are associated with water reabsorption in the kidneys and release of
coagulation factors from endothelial cells, such as von Willebrand factor and coagulation factor VIIT.>**

We found a significant correlation between serum copeptin concentration and Raynaud’s condition score, which is
a validated outcome measure. Raynaud’s phenomenon (RP) is caused by an imbalance between endogenous vasocon-
strictive agents (endothelin-1, angiotensin II) and endothelium-derived vasodilators (nitric oxide, prostacyclin).>®
Vasopressin is another potent vasoconstrictor that is hypothesized to contribute to excessive vasoconstriction in RP.*”

Moreover, relcovaptan (SR-49059), selective Vla receptor antagonist, has shown initial positive results in the
treatment of Raynaud’s disease.’” Our study is the first evaluating the copeptin/vasopressin system in SSc-related
microcirculation alterations. However, the diagnostic and prognostic value of copeptin has been reported also in other
systemic diseases characterized by microangiopathy. Several studies indicated that AVP contributes to the development
and progression of diabetic microangiopathy and serum copeptin may serve as an independent marker of renal, heart or
retinal microcirculation involvement in type 2 diabetes patients.*®

In our SSc group, higher concentrations of serum copeptin were observed in patients presenting “late” NVC pattern,
which is characterized by irregular enlargement of the capillaries, few or absent giant capillaries and haemorrhages,
ramified and bushy capillaries and progressive capillary loss (50-70%) with formation of extensive avascular areas
(vascular desertification). These alterations, namely abnormal vessel morphology, changes in capillary number and
disorganization of microcirculation architecture observed in the “late” NVC pattern stem from insufficient angio- and
vasculogenesis.**** Inadequate processes of new blood vessels formation do not allow the regeneration of functional
microcirculation and are related to imbalance between pro-angiogenic and angiostatic factors.*! Increased concentration
of copeptin in SSc patients presenting “late” NVC pattern suggests that AVP might contribute to insufficient angiogenic
response. This hypothesis is in accordance with the results from preclinical breast and colorectal cancer models showing
that desmopressin, vasopressin peptide analog and a strong agonist of V2 receptor, reduces tumor-induced angiogenesis
by production of endogenous angiostatic molecules (angiostatin) and reduction of the expression of different promoters
of endothelial growth.**** Impaired neovascularization in SSc contributes to the development of DUs.** In our cohort of
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SSc patients increased copeptin concentration was related to the presence of ischemic DUs. This finding confirms the
importance of vasopressin in peripheral microcirculation disorders in the course of SSc and suggests that monitoring of
copeptin concentrations may help to predict the prognosis of microangiopathy. While copeptin has not been studied in
SSc so far, its properties as a biomarker of microcirculation abnormalities were studied in diabetic angiopathy.*® Baseline
serum copeptin is associated with cumulative incidence of lower-extremity amputations in cohorts of patients with type 1
and type 2 diabetes and may help to identify high-risk individuals.*> Further studies are needed to confirm prospectively
that copeptin may serve as a diagnostic tool for discriminating increased risk of DUs development. Noteworthy, we
document that in SSc patients receiving alprostadil (prostaglandin E1 analog), serum concentration of copeptin sig-
nificantly decreased after 4-6 cycles of drug administration. Intravenous prostaglandin analogs, such as alprostadil and
iloprost (prostaglandin 12 analog) have been reported to be effective in RP secondary to SSc as well as improve DUs
healing and prevent DUs in patients with history of DUs.***” The known effects of alprostadil include inhibition of
vasoconstrictive effects of noradrenaline, Ang II, ET-1 and vasopressin.*® Additionally, PGE may modulate vasopressin
release and antagonizes AVP at intracellular signaling pathway level.**-°

To the best of our knowledge, this is the first study evaluating the serum concentration of copeptin in patients with
systemic sclerosis. We observed increased copeptin concentration in dcSSc when compared to the 1cSSc and control
group. Diffuse cutaneous SSc is the subtype characterized by rapid progression and a high prevalence of early internal-
organ involvement with interstitial lung disease and cardiac involvement (including pulmonary arterial hypertension)
being the main causes of SSc-associated mortality.! No differences between the control and 1cSSc, despite the fact that
microcirculation disorders are an important component of this subtype, may result from the applied rheological treatment
or the small study group. Autoantibody profiles in SSc are predictive of disease course and organ involvement.”’ When
patients were stratified according to autoantibodies there was a significant increase in copeptin concentration in anti-
RNAP IlI-positive patients. This is in accordance with several observations showing that SSc patients with positive anti-
RNAP III antibodies had more frequently rapidly progressive diffuse skin thickening and higher frequency of vascular
involvement, such as scleroderma renal crisis, pulmonary hypertension and ischemic damage associated with RP.>*> We
did not find significant differences in copeptin concentration in SSc patients regarding the age, BMI, extent of skin
fibrosis, prevalence of ILD and esophageal dysmotility. The possible reason for this could be that the number of
participants was small. However, strict entry criteria limiting the number of study participants with severe organ damage
which, independently of SSc, are associated with elevated copeptin concentration were obligatory to reduce possible
factors that might influence baseline copeptin.

Based on our analysis, it may be suggested that evaluation of serum copeptin is useful for identifying SSc patients
who are at risk of vascular complications. Thus, it may be hypothesized that determining the copeptin level may help
individualize the management of SSc by intensification of rheological treatment in patients with high-risk of certain
complications such as progression of NVC abnormalities or the DU development. There may be some possible
limitations such as cross-sectional and single-center type of study as well as a relatively small sample size. However,
these data may pave the way for subsequent prospective investigations which clarify copeptin significance as a biomarker
in SSec.

Conclusions

Vascular involvement plays an essential role in SSc pathogenesis. The unmet need in translational investigations is to
obtain biomarkers which will be useful in disease prevention, prognosis and treatment. We demonstrate that increased
copeptin concentration in SSc is associated with more severe peripheral microcirculation impairment, such as Raynaud’s
phenomenon, NVC changes and digital ulcers. Copeptin may represent a promising potential biomarker in SSc, which
allows for personalized therapy. Further prospective studies on larger cohorts of patients with evaluation of how different
vascular therapies impact copeptin concentration are needed before its measurements may be used in clinical practice.
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ABSTRACT

Introduction: Systemic sclerosis is an autoim-
mune disease characterized by tissue fibrosis
and microangiopathy. Vascular changes such as
a decrease in capillary density diminish blood
flow and impair tissue oxygenation. Reliable
ways to monitor disease activity and predict
disease progression are desired in the process of
patient selection for clinical trials and to opti-
mize individual patient outcomes. Hypoxia-in-
ducible factor-1 (HIF-1) is a dimeric protein
complex that plays an integral role in the body’s
response to hypoxia. Our study aimed to
investigate the potential abnormalities of HIF-
la plasma concentration and its possible asso-
ciation with disease activity and vascular

M. Maciejewska
Department of Dermatology, Doctoral School of
Medical University of Warsaw, Warsaw, Poland

M. Sikora
National Institute of Geriatrics, Rheumatology and
Rehabilitation, Warsaw, Poland

M. Maciejewska (<) - A. Stec - M. Zaremba -

K. Pawlik - L. Rudnicka

Department of Dermatology, Medical University of
Warsaw, Koszykowa 82a, 02-008 Warsaw, Poland
e-mail: magdalena.maciejewska@wum.edu.pl

C. Maciejewski
1St Chair and Department of Cardiology, Medical
University of Warsaw, Warsaw, Poland

abnormalities
sclerosis.
Methods: Blood plasma levels of HIF-1o were
measured in patients with systemic sclerosis
(n=150) and in healthy individuals (n = 30)
using commercially available ELISA test kits.
Results: The results showed a marked increase
in HIF-1a levels in patients with systemic scle-
rosis (3.042 ng/ml [2.295-7.749]) compared to
the control group (1.969 ng/ml [1.531-2.903]
p < 0.01). Patients with diffuse cutaneous SSc
(2.803 ng/ml, IQR 2.221-8.799) and limited
cutaneous SSc (3.231 ng/ml, IQR 2.566-5.502)
exhibited elevated serum HIF-1o levels com-
pared to the control group (p < 0.01). We found
a notable increase in HIF-1a plasma concentra-
tion in patients with an “active” pattern
(6.625 ng/ml, IQR 2.488-11.480) compared to
those with either an “early” pattern (2.739, IQR
2.165-3.282, p <0.05) or a “late” pattern
(2.983 ng/ml, IQR 2.229-3.386, p < 0.05).
Patients with no history of digital ulcers had
significantly higher levels of HIF-1a (4.367 ng/
ml, IQR 2.488-9.462) compared to patients with
either active digital ulcers (2.832ng/ml, IQR
2.630-3.094, p < 0.05) or healed digital ulcers
(2.668 ng/ml, IQR 2.074-2.983, p < 0.05).
Conclusions: Our results indicate that HIF-1a
may serve as a biomarker in assessing microcir-
culatory changes in individuals with systemic
sclerosis.

in patients with systemic
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Key Summary Points

Why carry out this study?

The study investigated the potential use of
hypoxia-inducible factor-1a (HIF-1a) as a
biomarker in assessing microcirculatory
changes in individuals with systemic
sclerosis (8Sc). There is an unmet need to
identify reliable ways to monitor disease
activity and predict disease progression to
optimize individual patient outcomes and
to select patients for clinical trials

The study explored the association
between HIF-1a plasma concentration and
disease activity and vascular abnormalities
in patients with SSc

What was learned from the study?

HIF-10 plasma concentration was
significantly increased in patients with SSc
compared to healthy individuals,
irrespective of disease subtype

The study suggests a potential role of HIF-
1o as a valuable biomarker for assessing
microcirculatory changes

INTRODUCTION

Systemic sclerosis (8S¢) is an autoimmune dis-
ease defined by vascular and immune dysfunc-
tion, manifesting primarily as fibrosis of the
skin and internal organs [1]. Two main subsets
of SSc are described according to the extent of
skin involvement: limited cutaneous SSc (1cSSc)
and diffuse cutaneous SSc (dcSSc) [2]. Microan-
giopathy and Raynaud’s phenomenon are the
clinical hallmarks and can be found in almost
all patients from the earliest stages of the disease
[3, 4]. The gradual reduction in the quantity
and diameter of vessels afflicted by SSc leads to

chronic hypoxia in both the skin and organs of
affected individuals [5]. The wvascular aberra-
tions observed in SSc are marked by capillary
loss and structural alterations. Alterations in the
capillary network can be seen early in the course
of SSc using nailfold capillaroscopy (NFC) [6].
Proximal nailfold capillary abnormalities have
been associated with the development of digital
ulcers (DU) [7]. Ulcers on the fingertips pose a
significant clinical obstacle because of the
accompanying pain, risk of infection, and
eventual necrosis [8, 9].

During the last 15 years, attempts have been
directed toward identifying SSc at an early stage.
Previously suggested criteria, known as
VEDOSS, aim to detect early signs and symp-
toms of SSc in patients with Raynaud’s phe-
nomenon [10]. Patients with all signs or
symptoms of the VEDOSS criteria already fulfill
the 2013 American College of Rheumatol-
ogy-European League Against Rheumatism
(ACR-EULAR) classification criteria for SSc [11].
Patients who satisfy the criteria for early diag-
nosis of SSc often already exhibit digital ulcers
[10].

Inflammation and microvascular dysfunc-
tion appear to be the primary events that pro-
gressively trigger the fibrotic process [12, 13].
The precise etiology of fibrotic changes remains
only partially understood but may include
impaired communication between endothelial
cells, epithelial cells, and fibroblasts, as well as
lymphocyte activation, autoantibody produc-
tion, inflammation, and tissue fibrosis [14].
Angiogenesis, the formation of newly formed
capillaries from preexisting vessels via a well-
programmed cascade of events, is dysregulated
in SSc and cannot ensure an efficient vascular
recovery. Vascular injury induces hypoxia and
tissual ischemia which are the primary triggers
for angiogenesis [15].

Markers of endogenous hypoxia as well as
molecular responses to hypoxia have been
thoroughly detailed over the past two decades.

A growing body of evidence indicates that
hypoxia-inducible factor-la0 (HIF-1a), a key
transcriptional factor involved in the response
to chronic hypoxia, may be implicated in the
pathogenesis of fibrotic diseases such as SSc
[16]. HIF-1 is a transcription factor that
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responds to changes in oxygen levels and
enables organisms to adapt to low-oxygen
environments. HIF-1 is composed of two dif-
ferent subunits: one a-subunit that is regulated
by oxygen levels, and one B-subunit that is
expressed continuously regardless of oxygen
levels [17]. Each subunit of HIF-1 contains basic
helix-loop-helix-PAS (bHLH-PAS) domains that
facilitate the binding of the two subunits toge-
ther and to DNA hypoxia response elements
(HREs) [18, 19]. Since there excess HIF-1f is
present in vivo, the transcriptional activity of
HIF-1 is mainly determined by the levels of the
HIF-1a subunit [20]. In addition to HIF-1, there
are two other isotypes in the hypoxia-inducible
factor family, known as HIF-2 and HIF-3, that
also play a role in transcriptional responses to
hypoxia, immunity, neovascularization, and
other stimulators [21, 22]. However, HIF-1 is
considered one of the most important hypoxia-
inducible factors involved in cellular metabo-
lism, tissue repair, and inflammation [22, 23].
The suspected functions of HIF-1 include stim-
ulation of excessive extracellular matrix, vas-
cular remodeling, and futile angiogenesis with
further exacerbation of chronic hypoxia [22].
HIF-1o signaling is associated with cardiovas-
cular, inflammatory, infectious, and metabolic
diseases [24, 25]. The rs12434438 polymor-
phism of the HIF-1 gene has been linked with a
predisposition to developing SSc [26].

Takagi et al. [27] demonstrated that the
HIF1A gene is a risk factor for developing pul-
monary arterial hypertension (PAH) in patients
with SSc. The authors found that the AA geno-
type at rs12434438 was associated with a subset
of patients with SSc and severe PAH, suggesting
that the rs12434438 single nucleotide poly-
morphism (SNP) may contribute to the devel-
opment of PAH with SSc [27].

Results of the study conducted by Mao et al.
[28] suggest that the HIF-1a/vascular endothe-
lial growth factor (VEGF) signaling pathway
may have a critical role in mediating the
hypoxia-induced endothelial to mesenchymal
transition (EndMT) seen in the cutaneous
microcirculation of patients with SSc [28]. It has
been suggested that endothelial cell damage is a
key event that triggers vascular remodeling,
intimal arteriole growth, capillary collapse, and

ultimately blood vessel occlusion [29]. The
importance of EndMT in the pathophysiology
of tissue fibrosis and fibroproliferative vascu-
lopathy, observed in various fibrotic diseases,
has been firmly established [30]. Thus, the role
endothelial cells (ECs) play in the vascular
alterations associated with SSc, as well as the
identification of associated biomarkers, are
common subjects of ongoing research [31, 32].

A remarkable breakthrough regarding early
diagnosis of the disease was made a few years
prior with the introduction of the new guideli-
nes enabling the diagnosis of SSc before the
onset of overt fibrotic symptoms [11]. Appro-
priate early augmentation of treatment can
prevent pathological vascular remodeling and
therefore abate the process of fibrosis [33, 34].
With the advent of advanced immunodiagnos-
tic techniques, many autoantibodies specific to
SSc have been described. Many of these
autoantibodies help predict clinical manifesta-
tions such as internal organ dysfunction and
the extent of skin involvement [35]. However,
identifying patients who are at risk of develop-
ing digital ulcers and determining which
patients are responding to vasoactive therapy
remains a challenge. For these reasons, the aim
of our study was to investigate the differences
between plasma concentration of HIF-1a, dis-
ease activity, and vascular abnormalities in
patients with SSc [36, 37].

METHODS

The study was cross-sectional and prospective in
design.

Patients

A total of 50 patients who were diagnosed with
SSc in accordance with the 2013 ACR/EULAR
classification criteria [11] were recruited.
Exclusion criteria included respiratory dis-
eases (PAH combined with interstitial lung dis-
ease, asthma, tuberculosis, pneumonia,
bronchial pneumonia, lung cancer, and other
pulmonary organic diseases), cardiovascular
diseases (history of heart failure or cardiomy-
opathy; coronary heart disease); chronic kidney
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disease (stage 3b-5); liver fibrosis; hemolytic
disease; active neoplastic disease or neoplastic
disease whose treatment has been completed in
the last 5 years (except for basal cell carcinoma),
pancytopenia or anemia, pregnancy, breast-
feeding, and acute infection or inflammation.

The control group consisted of individuals
matched for age, sex, and body mass index
(BMI). The presence of primary Raynaud’s phe-
nomenon was considered an additional exclu-
sion criterion in the control group.

All study participants underwent a compre-
hensive physical examination, and their
demographic data was collected via a ques-
tionnaire. A detailed medical history was
recorded, establishing the absence or presence
of pulmonary disorders such as pulmonary
hypertension and/or pulmonary fibrosis, eso-
phageal motility disorders (which were docu-
mented through imaging or endoscopic
examinations), and the duration of the disease.
In addition, medication use and cardiovascular
risk factors (such as smoking and hypertension)
were also documented.

Clinical Assessment

The clinical assessments included quantifica-
tion of various laboratory parameters such as
complete blood count, erythrocyte sedimenta-
tion rate (ESR), concentration of C-reactive
protein (CRP), lipid profile, as well as liver and
kidney function tests. Additionally, the level of
N-terminal pro-B-type natriuretic peptide (NT-
proBNP) was also measured from the peripheral
blood during routine checkups. Indirect
immunofluorescence and immunoblot analysis
were performed on HEp-2 cells to evaluate the
presence of antinuclear antibodies. Laboratory
and immunological parameters were extracted
from the patient’s medical records.

Microvasculature Assessment

The same investigator (MM) conducted a nail-
fold video-capillaroscopy (NVC) examination
on all patients with SSc using a Dino-Lite Cap-
illaryScope 200 MEDL4HMA USB digital micro-
scope (AnMo Electronics Corporation, Taiwan).

The capillaroscopic examination involved
acclimatizing the patients to room temperature
for 15-20 min (approximately 25 °C), followed
by examining eight fingers (II to V bilaterally).
To aid in imaging, a drop of paraffin oil was
applied to the nailfold area, and four images
were captured for each examined finger.

The microvascular abnormalities observed
were categorized as either early, active, or late
scleroderma patterns based on the criteria set
forth by Cutolo et al. [10].

Measurement of Serum HIF-1q
Concentration

Blood samples were collected once after an
overnight fast. The blood samples were then
centrifuged at 4000 rpm (1500xg) for 10 min
within 15 min of their collection. The plasma
was subsequently collected and frozen
at — 80 °C to be analyzed later.

HIF-1a concentration was evaluated using a
commercially available enzyme-linked
immunosorbent assay (ELISA) kit (Human HIF-
1A ELISA Kit, Bioassay Technology Laboratory,
Shanghai, China), following the manufacturer’s
instructions. Each sample was subjected to
duplicate testing using identical equipment and
procedures in a single laboratory. The analytical
sensitivity was 0.01 ng/ml. For the ELISA anal-
yses mentioned above, intra-assay coefficients
of variation were below 4.9% and inter-assay
coefficients of variation were below 10%.

Statistical Analysis

Statistical analysis was performed using Statis-
tica software v.13.3 (TIBCO, Palo Alto, CA,
USA). The normal distribution of data was
checked using the Shapiro-Wilk test. Descrip-
tive statistics for continuous variables were
presented as either mean and standard devia-
tion (SD) or median and interquartile range
(IQR), depending on the distribution of data.
Categorical variables were expressed as numbers
and percentages. Non-parametric tests were
used because of the non-normal distribution of
data. The Mann-Whitney U test was used for
two independent samples, the Kruskal-Wallis
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test with post hoc Dunn analysis was used for
multiple independent comparisons, and the
Wilcoxon rank test was used for two paired
samples. Correlations between continuous
variables were analyzed using Spearman’s rank-
sum coefficient. Statistical significance was
considered at p values less than 0.05.

Ethical Statement

All participants gave their written informed
consent before entering the study. The study
was performed in accordance with the Helsinki
Declaration and the ethics committee’s autho-
rized protocol (KB/90/2018 of 21 May 2018;
Bioethics Committee at the Medical University
of Warsaw, Warsaw, Poland).

Between September 2019 and May 2022, a
cohort of individuals who had been diagnosed
with SSc were recruited and subsequently
attended outpatient or inpatient services.

RESULTS

Patient Characteristics

Table 1 depicts the anthropometric characteris-
tics of the study population. A total of 50 Cau-
casian patients with SSc (42 women, 8 men),
with a mean age of 56.4 years, along with 30
control individuals matched in age and sex (25
women, S5 men; mean age 52.1years), were
included in the study.

HIF-1a Plasma Concentration in Systemic
Sclerosis

The HIF-lo plasma concentration in patients
with SSc¢ was 3.042 ng/ml (IQR 2.295-7.749),
which was significantly higher compared to the
control group (median 1.969 ng/ml, IQR
1.531-2.903, p < 0.01; Fig. 1).

In addition, we investigated whether there
was a difference between HIF-1a plasma con-
centration and different clinical phenotypes of
SSc. With regards to cutaneous subsets of SSc,
patients with  dcSSc  (2.803 ng/ml, IQR
2.221-8.799) and those with 1¢SSc (3.231 ng/ml,

IQR 2.566-5.502) had a higher HIF-1a plasma
concentration compared to the control group
(p < 0.01). However, there was no significant
difference in HIF-1a plasma concentration
between the 1c¢SSc and the dcSSc group (Fig. 1).

We did not observe any significant differ-
ences between HIF-lo plasma concentration
and age, BMI, Raynaud’s phenomenon, or dis-
ease duration.

When the patients were grouped according
to autoantibody production, no significant dif-
ference was observed between patients positive
for anti-RNA polymerase III (anti-RNAP) and
patients with other antibody types such as
anticentromere autoantibodies (ACA) or anti-
topoisomerase I autoantibodies (ATA). After
analyzing the HIF-1o plasma concentration in
patients with SSc, there were no observable
differences in the extent of skin fibrosis when
assessed by the modified Rodnan skin score
(mRSS) and pulmonary hypertension or eso-
phageal dysmotility. We did not observe dif-
ferences in serum HIF-1la concentration
between patients with and those without
interstitial lung disease nor did we find a cor-
relation between HIF-1a concentration and the
carbon monoxide diffusion capacity (DLCO).

Association Between HIF-1a
Concentration and Microvascular
Dysfunction in Systemic Sclerosis

After comparing HIF-1a plasma concentration
in patients with SSc and different nailfold
video-capillaroscopy patterns, we observed a
significant increase in HIF-1o plasma concen-
trations in patients with the “active” pattern of
the disease (6.625ng/ml, IQR 2.488-11.480)
compared to those with the “early” pattern
(2.739, IQR 2.165-3.282, p <0.05) and the
“late” pattern (2.983 ng/ml, IQR 2.229-3.386,
p < 0.05, Fig. 2).

Regarding digital wulcers in the last
12 months, in patients with SSc, those without
DUs had significantly higher plasma concen-
trations of HIF-la (4.367 ng/ml, IQR
2.488-9.462) compared to patients with either
active DUs (2.832ng/ml, IQR 2.630-3.094,
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Table 1 Characteristics of the individuals with systemic sclerosis and control group

Systemic sclerosis (7 = 50)

Control (z = 30) p value

General characteristics
Age, years, mean (SD)
Sex, women, 7 (%)
Body mass index, kg/ m>
Disease subset, 7 (%)
Limited cutaneous systemic sclerosis
Diffuse cutaneous systemic sclerosis
Systemic sclerosis duration since the diagnosis, years
Autoantibody positivity, 7 (%)
Antinuclear (ANA)
Anticentromere (ACA), 7 (%)
Antitopoisomerase I (Topo I), 7 (%)
Anti-RNA polymerase I1I, 7 (%)
Interstitial lung discase, 7 (%)
Esophageal dysmotility, 7 (%)
Modified Rodnan skin score
Raynaud’s phenomenon, 7 (%)
Digital ulcers, 7 (%)
Nailfold capillaroscopy pattern, 7 (%)
“Early”
“Active’
“Late”
Immunosuppressive therapy, 7 (%)
Cyclophosphamide
Methotrexate
Mycophenolate mofetil
Vasoactive therapy, 7 (%)
Alprostadil
Bosentan
Calcium channel antagonist
Phosphodiesterase 5 inhibitors
Sulodexide

564 (11.8)
42 (84.00%)
23.56 (21.31-27.44)

27 (54%)
23 (46%)
6 (4-13)

50 (100%)
23 (46%)

19 (38%)

5 (10%)

29 (58%)

27 (54%)

4 (IQR 2-9)
50 (100%)
18 (36%)

12 (24%)
24 (48%)
14 (28%)

3 (6%)
12 (24%)
14 (28%)

45 (90%)
0 (0%)

9 (18%)
27 (54%)
29 (58%)

52.1 (11.7) 0.12
25 (83.33%) 0.94
2529 (22.35-2625)  0.67

A\ Adis



Dermatol Ther (Heidelb)

*%k
*%k

N
(3]
1

k%

N
o
1

-
(3}
1

-
o
1

HIF-1a. [ng/ml]

(3]
1

LEmL

0 1 1 1 1
Control SSc IcSSc dcSSc

Fig. 1 Comparison of the hypoxia-inducible factor-la
(HIF-1a) plasma concentration [ng/ml] in control group,
all individuals with systemic sclerosis (SSc), patients with
limited cutaneous SSc (IcSSc), and patients suffering from

diffuse cutaneous SSc (dcSSc)
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Fig. 2 Comparison of the hypoxia-inducible factor-la
(HIF-1a) plasma concentration [ng/ml] in patients with
systemic sclerosis (SSc) and different nailfold capil-
laroscopy (NFC) patterns: “early’, “active”, and “late”

p <0.05) or healed DUs (2.668 ng/ml, IQR
2.074-2.983, p < 0.05) (Fig. 3).
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Fig. 3 Comparison of the hypoxia-inducible factor-1o
(HIF-1a) plasma concentration [ng/ml] in patients with
systemic sclerosis without digital ulcers (DUs), with healed
DUs, and with active DUs

DISCUSSION

We observed a significant elevation in the HIF-
la plasma concentration among patients with
SSc compared to the control group. This finding
held true for both the subset of patients with
diffuse cutaneous systemic sclerosis and limited
cutaneous systemic sclerosis.

The findings of our research are consistent
with those reported by Heger et al. [38], which
showed that patients with SSc and secondary
Raynaud’s syndrome have higher serum levels
of HIF-1a protein and messenger ribonucleic
acid (mRNA) expression in monocytes than
healthy control subjects. Heger’s study included
patients with both diffuse and limited SS sub-
types, with approximately 40% of them having
digital ulcers at the time of inclusion [38]. Mao
et al. [28] reported increased expression of HIF-
la in skin biopsies obtained from patients with
SSc compared to healthy tissue samples, which
is consistent with our findings. However, the
study was limited by its small sample size,
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including only eight healthy controls and eight
patients with diffuse cutaneous SSc [28].

The aforementioned studies lacked data
regarding the potential correlation between
HIF-1a levels and specific subtypes of SSc, as
well as the evaluation of microcirculation
abnormalities observed in capillaroscopy. Thus,
our study serves as a significant complement to
these prior investigations, enhancing knowl-
edge on associations of HIF-lo with disease
activity. We did not find a significant difference
in HIF-1a concentration between the limited
and diffuse cutaneous SSc groups. However, our
findings revealed a significant correlation
between elevated HIF-1a levels and microcircu-
latory dysfunction in patients with SSc, as evi-
denced by the abnormalities observed in
nailfold capillaroscopy. Specifically, patients
with the “active” pattern of the disease exhib-
ited significantly higher levels of HIF-1a com-
pared to those with the “early” or “late” pattern.

Vascular damage, which can be observed in
capillaroscopy, is an inherent and prominent
characteristic in the clinical presentation of SSc
[39]. The “early” pattern of SSc is defined by the
presence of a limited number of giant capillaries
and microhemorrhages, the absence of avascu-
lar regions, and a relatively well-preserved cap-
illary distribution. At this stage, loss of
capillaries, vascular architectural disorganiza-
tion, and ramified capillaries are uncommon.
The “active” pattern exhibits a significant
increase in nailfold capillary aberrations in
comparison to the “early” pattern and is char-
acterized by numerous giant capillaries and
microhemorrhages, moderate capillary loss
(20-30%), and a slightly disorganized capillary
architecture with very few branched capillaries.
In the “late” pattern a significant absence of
giant capillaries and microhemorrhages, exten-
sive avascular regions (with a 50-70% capillary
loss), a large number of branched and ramified
bushy capillaries (indicative of neoangiogene-
sis), and complete disarray of the capillary
arrangement are seen serving as a hallmark of
advanced microcirculation disease [40]. HIF-1a
might promote dysregulation of angiogenesis
and vasculogenesis, resulting in the abnormali-
ties that can be observed in nailfold capillaries
[41].

In contrast to our results, in a study by
Ioannou et al. [16], the expression of oxygen-
regulated subunit of HIF-1 and VEGF in the skin
biopsies in patients with SSc were increased, but
there were no statistically significant differences
in the expression of HIF-1a and VEGF between
patients at different stages of progression (early,
active, or late, classified according to capillaro-
scopic and clinical criteria). In our study, we
specifically analyzed blood-circulating HIF-1a
levels. The dynamics and interrelation of skin
and blood-circulating HIF-1a are still not well
defined and require further investigation.

Previous studies examining HIF-1a levels did
not analyze the relationship between HIF-1a
levels and the existence of ulcers [28, 38].
According to our results, patients with SSc
without digital ulcers had significantly higher
levels of HIF-1a compared to patients with SSc
and either active or healed digital ulcers. This
observation, coupled with the finding of ele-
vated HIF-1a levels in patients with SSc and
“active” but not “early” or “late” capillaroscopic
patterns could indicate the role of this bio-
marker in identification of patients without the
history of ulcers but during acute acceleration
in the process of ischemia. We consider this
observation to be hypothesis-generating and
believe it warrants prospective validation in
future studies. The objective would be to iden-
tify a subgroup of patients early in the disease
stage who have never experienced ulcers but
may be at a higher risk of developing them.

Biomarkers related to angiogenesis have
been thoroughly investigated in patients with
SSc and further explored as potential indicators
of organ involvement. Among these biomark-
ers, VEGF has been the most extensively
researched angiogenic mediator. It is a powerful
angiogenic factor that encourages the migra-
tion, proliferation, and survival of ECs as well as
endothelial precursor cells. Distler et al. dis-
covered higher levels of VEGF in patients with
SSc who did not have fingertip ulcers, which
further suggests a potential protective effect of
VEGF [42]. The generation of new blood vessels
is crucial in the process of repairing damaged
tissues. VEGF, a target gene of HIF-a, was con-
sidered the most potent endothelial-specific
mitogen among those that mediate the process
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of vascular remodeling [43]. However, studies
have shown that microvascular ECs isolated
from patients with SSc have impaired responses
to growth factors, including VEGF, which can
result in insufficient angiogenesis [44]. VEGF is
well known for its role in promoting angio-
genesis, and its association with HIF-1a is well
established [45]. The hypoxia-inducible factor is
a pivotal transcription factor induced under
hypoxia which transactivates target genes such
as VEGF [46]. VEGF is a major transcriptional
target for HIF-1. Signaling through VEGF
receptors has been reviewed [47, 48]. HIF-1
stimulates the production of extracellular
matrix fibers, inducing vascular remodeling
which leads to abnormal angiogenesis, ulti-
mately resulting in the exacerbation of hypoxia
[49].

The serum concentration of HIF-1a seems to
be related to the current state of microcircula-
tory damage. Heger et al. [38] investigated the
impact of different treatments on serum HIF-1a
levels in patients. The authors conducted a
randomized, single-center study to compare the
therapeutic outcomes of prostaglandin E;
(PGE;) monotherapy versus the co-administra-
tion of PGE; and an endothelin-1 blocker,
bosentan. The authors also found that patients
receiving single-drug therapy demonstrated an
increase in HIF-lo expression, while patients
undergoing combined therapy showed no sig-
nificant differences in HIF-1a expression with a
tendency toward lower expression. An increase
in HIF-1a expression in patients treated with
only a single drug may be due to disease pro-
gression and further deterioration of microcir-
culation which was prevented in the dual-
therapy group [38]. Once again, these findings
suggest the potential usefulness of HIF-1a as a
biomarker for disease diagnosis and monitoring.

It is important to acknowledge the limita-
tions of our study and interpret the results
accordingly. The small number of participants is
due to the rarity of the disease and the strict
inclusion criteria. However, these criteria were
necessary to minimize potential biases by con-
trolling factors that could influence baseline
levels of HIF-1a. Replicating these findings in
larger patient cohorts is warranted, and further
prospective evaluation of HIF-1o in patients at

the early stages of the disease would contribute
to expanding our knowledge in this field.

CONCLUSION

Vascular abnormalities are important clinical
causes of morbidity and mortality in patients
with SSc. Our study demonstrates that HIF-1a
plasma concentration is significantly elevated
in patients with SSc and was able to differentiate
between those with “active” from “early” and
“late” patterns of vascular damage in capil-
laroscopy. These findings emphasize the
potential clinical utility of HIF-1a in evaluating
microcirculatory changes and vascular abnor-
malities in patients with SSc. This holds promise
in aiding the identification of individuals who
are still in the early stages of the disease but at
risk of disease progression.
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An Update. Kidney Blood Press Res. 2020;45(4):532-548

Celem pracy byto zapoznanie si¢ z manifestacjami klinicznymi zaburzonego
mikrokrazenia u pacjentow z twardzing uktadowa, do ktorych zaliczamy m.in. zaburzenia
czynno$ci nerek. Publikacja powstata we wspolpracy z jednym z wiodacych os$rodkow
nefrologicznych w Polsce - Klinikg Nefrologii, Dializoterapii i Chorob Wewng¢trznych
Uniwersyteckiego Centrum Klinicznego Warszawskiego Uniwersytetu Medycznego.

Zaburzenia czynno$ci nerek u pacjentéw z twardzina uktadowa moga mie¢ rézny
obraz kliniczny. Jest powaznym czynnikiem pogarszajacym rokowanie u chorych na
twardzine¢ uktadowa, a do niedawna byto gtowna przyczyng zgonu w tej chorobie. Wyrdznic
mozemy m.in.: izolowany zmniejszony wskaznik filtracji kigbuszkowej (glomerular
filtration rate - GFR), klgbuszkowe zapalenie nerek zwigzane z przeciwciatami przeciw
cytoplazmie neutrofili, przewlekla niewydolnosé nerek, obnizona funkcje nerek
przebiegajaca z biatkomoczem lub mikroalbuminurig, zwigkszong sztywnos$ci tetnic
wewnatrznerkowych.

Najbardziej specyficzng i najpowazniejsza chorobg nerek zwigzang z twardzing
uktadowa jest jednak twardzinowy przetom nerkowy (ang. scleroderma renal crisis — SRC),
ktory wystepuje u okoto 10% pacjentow. Charakteryzuje si¢ szybko postepujaca
niewydolnoscig nerek, podwyzszonym stezeniem reniny 1 naglym wystgpieniem
nadci$nienia tetniczego. Leczenie twardzinowego przetomu nerkowego zostalo
zrewolucjonizowane przez wprowadzenie inhibitorow konwertazy angiotensyny. Jednak
nadal okoto potowa chorych z twardzinowym przelomem nerkowym wymaga dializoterapii,
a Smiertelno$¢ osigga 10%. Dlatego trwaja badania nad ustaleniem markeré6w chorobowych
klinicznych, ultrasonograficznych oraz serologicznych.

Wczesne rozpoznanie i leczenie nieprawidlowosci naczyniowych w twardzinie
ukladowej ma zasadnicze znaczenie dla poprawy wynikéw leczenia pacjentow

1 zapobiegania dlugotrwatym powiktaniom.



7.2. Maciejewska M., Sikora M., Maciejewski C., Alda-Malicka R., Czuwara, J.,
Rudnicka L., Raynaud’s phenomenon with focus on systemic sclerosis. J. Clin. Med.

2022, 11,2490

W przebiegu twardziny uktadowej dochodzi do zaburzenia struktury i funkcji naczyn
krwiono$nych. Uszkodzeniu ulegaja male tetnice, tetniczki i naczynia wlosowate, co prowadzi
do wystepowania objawu Raynauda. Objaw ten jest jednym z pierwszych objawdw choroby
1 wystepuje u wigkszo$ci pacjentow z twardzing uktadowa. Manifestuje si¢ jako bladose,
zsinienie lub zaczerwienienie skory, a takze jako uczucie dretwienia lub bolu w obrebie
konczyn, zwlaszcza palcow. Moze objawia¢ si¢ réwniez na wargach, czubku nosa
1 malzowinach usznych.

Objaw Raynauda moze wystapi¢ w dwoch roznych formach: pierwotnej 1 wtorne;.
Objaw Raynauda pierwotny (ang. primary Raynaud's phenomenon) wystgpuje samoistnie i nie
jest zwigzane z innymi chorobami. Objaw Raynauda wtérny (ang. secondary Raynaud's
phenomenon) wystepuje u pacjentdéw z innymi chorobami, takimi jak twardzina uktadowa.
Ponadto, objaw Raynauda wtéorny moze prowadzi¢ do powazniejszych powiktan i wymaga
bardziej intensywnego leczenia niz objaw Raynauda pierwotny.

Nieprawidtowos$ci naczyniowe obserwowane w twardzinie ukltadowej mozna
uwidoczni¢ poprzez przeprowadzenie kapilaroskopii. Kapilary watéw paznokciowych tatwo
uwidoczni¢ podczas badania, poniewaz ich o$ dluga przebiega réwnolegle. Mikroangiopatia
typowa dla twardziny uktadowe;j to strukturalne zmiany naczyn wlosowatych, ktore wystepuja
u wigkszosci pacjentow juz we wezesnym stadium choroby. Standardem jest klasyfikowanie
zmian kapilaroskopowych wg wzoru Cutolo dzielac je na zmiany o typie wezesnym, aktywnym
oraz péoznym. W fazie wczesnej zmiany kapilaroskopowe charakteryzuja si¢ nielicznymi
poszerzonymi petlami naczyniowymi. Faza aktywna to liczne megakapilary, wybroczyny oraz
redukcja petli naczyniowych. Natomiast dla fazy pdznej typowe sa rozgatezione kapilary
1 obszary pozbawione naczyn. Zmiany naczyniowe odzwierciedlajg stopien zaawansowania
twardziny uktadowej, pozwalaja potwierdzi¢ rozpoznanie, a nast¢pnie monitorowac postep
choroby.

Badanie kapilaroskopowe wykonywatam u pacjentow z twardzing uktadowa, podczas

oceny zaburzonego mikrokrgzenia obwodowego w badaniu stanowigcym rozprawe doktorska.



7.3. Maciejewska M., Stec A., Zaremba M., Maciejewski C., Rudnicka L., Sikora M
Copeptin as a biomarker of microcirculation alterations in systemic sclerosis Clin

Cosmet Investig Dermatol. 2023;16:1351-1361

Wecigz trwaja poszukiwania biomarkeréw szybkiej progresji zmian naczyniowych, ktore
odpowiednio wcze$nie pozwolityby na intensyfikacje leczenia reologicznego.

Celem badania bylo oznaczenie stezenia kopeptyny (peptyd okreslajacy aktywno$¢
uktadu wazopresynergicznego, ktéry ma silne wlasciwosci naczynioskurczowe) u pacjentow
z twardzing uktadowa. Uszkodzenie naczyn jest nicodtagczng i czesto dominujaca cechg obrazu
klinicznego twardziny uktadowe;j. Krytyczne niedokrwienie wraz z owrzodzeniami dystalnych
czesci palcoOw stanowi najcigzsza posta¢ zaburzen mikrokrazenia, prowadzac do wystgpienia
bolu, niepelnosprawnosci oraz zmniejszenia jakosci zycia. Kopeptyna jest C-koncowa czgscig
pro-wazopresyny. Jej cechy, takie jak stabilno$¢ w osoczu, tatwos$¢ zmierzenia oraz dtuzszy
okres poOltrwania niz wazopresyny sprawiaj 3, ze jest ona coraz szerzej badang czasteczka dla
okreslenia aktywnos$ci uktadu wazopresynergicznego w organizmie. Wazopresyna jest waznym
peptydem o wiasciwosciach wazokonstrykcyjnych, ktory moze podobnie do angiotensyny 11
1 endoteliny, by¢ zaangazowanym w skurcz naczyn podczas objawu Raynauda oraz
uszkodzenie komorek srodbtonka

Do badania zakwalifikowano 34 pacjentéw z twardzing uktadowg oraz 30 ochotnikow
stanowigcych dobrang pod wzgledem wieku 1 plci grupe kontrolng. Stezenie kopeptyny
w surowicy krwi oznaczono metoda immunoenzymatyczng (ELISA).

Pacjenci z twardzing uktadowa mieli znacznie wyzsze stg¢zenie kopeptyny w osoczu
(4,21 pmol/L [3,04-5,42]) w poréwnaniu do grupy kontrolnej (3,40 pmol/L [2,38-3,76],
p<0,01). Stwierdzono dodatnig korelacje pomiedzy nasileniem objawu Raynauda
a stezeniem kopeptyny (r=0,801, p<0,05). Pacjenci ,,p6znym” wzorcem zmian
naczyniowych w kapilaroskopii (5,37 pmol/l [4,29-8,06]) charakteryzowali si¢ wyzszymi
wartosciami kopeptyny niz pacjenci o ,,wczesnym” (2,43 pmol/l [2,25-3,20], p<0,05)
i aktywnym wzorcu (3,93 pmol/l [2,92-5,16], p<0,05). Pacjenci z twardzina uktadowa,
u ktorych wystepowaty owrzodzenia paliczkéw palcow mieli istotnie statystycznie wyzsze
stezenie kopeptyny (5,71 pmol/l [IQR 4,85-8,06]) niz pacjenci bez owrzodzen na paliczkach
palcow (3,31 pmol/l, [2,28-4,30], p<0,05). Ponadto st¢zenie kopeptyny charakteryzowato
si¢ dobra doktadnoscia diagnostyczng w rozroznianiu pacjentow z owrzodzeniem palcow

1 bez (AUC=0,863). Dozylne leczenie analogami prostaglandyn (alprostadylem)



powodowato zmniejszenie stezenia kopeptyny z 4,96 [4,02-6,01] do 3,86 pmol/l1 [3,17-4,63]
(p<0,01) po 4-6 cyklach podawania.

Kopeptyna wydaje si¢ obiecujagcym biomarkerem uszkodzenia naczyniowego
w twardzinie uktadowej i odpowiedzi na leczenie poprawiajace wlasciwosci reologiczne
krwi. Dalsze badania nad kopeptyng mogg przyczyni¢ si¢ do identyfikacji pacjentow
o szybko postepujacych zmianach naczyniowych i wysokim ryzyku powstania owrzodzen
palcow. Wyniki badan moga przyczyni¢ si¢ do znalezienia biomarkeréw pozwalajacych
monitorowa¢ aktywno$¢ twardziny ukladowej, oceni¢ rokowanie pacjenta i przewidziec¢

odpowiedz na leczenie.

7.4. Maciejewska M., Sikora M., Stec A., Pawlik K., Zaremba M., Rudnicka L. Hypoxia-
inducible factor-la (HIF-la) as a biomarker for changes in microcirculation in
individuals with systemic sclerosis. Dermatol Ther (Heidelb) 2023
https://doi.org/10.1007/s13555-023-00952-w

W przebiegu twardziny uktadowej na wczesnym etapie dochodzi do uszkodzenia
srodbtonka, co sprzyja przewleklemu niedokrwieniu skoéry oraz innych narzadéw. Rosnaca
liczba badan wskazuje, ze czynnik indukowany hipoksja-1 o (Hypoxia-inducible factor-1a
(HIF-1a), kluczowy czynnik transkrypcyjny w odpowiedzi na przewlekla hipoksj¢, moze
mie¢ istotne znaczenie w patogenezie chordb przebiegajacych z nadmiernym widknieniem
Biorac pod uwage plejotropowe dzialania HIF-1o w twardzinie ukladowej, m.in. wptyw na
angiogeneze, proliferacje i akumulacje wtokien macierzy zewnatrzkomorkowej, czasteczka
moze okazac¢ si¢ dobrym biomarkerem i punktem uchwytu nowych opcji terapeutycznych.

Celem badania bylo okreSlenie zwigzku pomiedzy st¢zeniem czynnika
indukowanego hipoksja-1 a u pacjentow z twardzing ukladowg a aktywnoscig choroby
1 nasileniem zaburzen mikrokrazenia obwodowego.

Do badania zakwalifikowano 50 pacjentow z twardzing uktadowa oraz 30 zdrowych
ochotnikdéw stanowigcych dobrang pod wzgledem wieku i ptci grupe kontrolng. Stezenie
stezenie czynnika indukowanego hipoksja-la w surowicy krwi oznaczono metoda
immunoenzymatyczng (ELISA).

Oceny klinicznej zajecia naczyn krwiono$nych dokonano poprzez ocen¢ nasilenia
objawu Raynauda ocenione w skali Raynaud’s Condition Score (RCS), ocene
wystepowania czynnych i zagojonych owrzodzen paliczkéw, teleangiektazji. U kazdego

pacjenta wykonano réwniez badanie kapilaroskopowe walu paznokciowego ocenione



w skali Cutolo (wzér wczesny, aktywny lub pozny). Aktywno$¢ choroby oceniono za
pomoca wskaznika EUSTAR Revised Activity Index.

Pacjenci z twardzing uktadowg mieli istotnie statystycznie wyzsze st¢zenie czynnika
indukowanego hipoksja-la (3,042 ng/ml [2,295-7,749]) w poréwnaniu z grupa kontrolng
(1,969 ng/ml [1,531-2,903] p<0,01). Pacjenci z uogolniong postaciag twardziny uktadowej
(2,803 ng/ml, IQR 2,221-8,799) i1 forma ograniczong (3,231 ng/ml, IQR 2,566-5,502)
wykazywali zwiekszone st¢zenie czynnika indukowanego hipoksjag-la w poréwnaniu
z grupa kontrolng (p<0,01). Stwierdzono statystycznie wyzsze stezenie czynnika
indukowanego hipoksja-la u pacjentow z "aktywnym" kapilaroskopowym obrazem
twardzinowym wg klasyfikacji Cutolo (6,625 ng/ml, IQR 2,488-11,480) w poréwnaniu
z pacjentami z obrazem ,,wczesnym” (2,739, IQR 2,165-3,282, p<0,05) 1 ,,p6znym” (2,983
ng/ml, IQR 2,229-3,386, p<0,05). Jednocze$nie stwierdzono, ze pacjenci, u ktérych nie
wystepowaty owrzodzenia paliczkow palcow mieli znaczaco wyzsze stezenie czynnika
indukowanego hipoksja-la (4,367 ng/ml, IQR 2,488-9,462) niz pacjenci z aktywnymi
owrzodzeniami paliczkéw palcow (2,832 ng/ml, IQR 2,630-3,094, p< 0,05) oraz
owrzodzeniami paliczkéw palcéw w przesziosci (2,668 ng/ml, IQR - 2,074-2,983, p<0,05).

8. WNIOSKI

1. Kopeptyna i czynnik indukowany hipoksja-la (HIF-1a) moga postuzy¢ jako
potencjalne biomarkery zaburzen mikrokrazenia obwodowego u pacjentow
z twardzing uktadowg

2. Stezenie kopeptyny w surowicy wykazuje pozytywna korelacj¢ z nasileniem
objawu Raynauda i wystepowaniem owrzodzen obwodowych w przebiegu
twardziny uktadowej oraz jest czulym parametrem odpowiedzi na leczenie
reologiczne

3. Stwierdzono statystycznie wyzsze stezenie czynnika indukowanego hipoksja-
lo w surowicy u pacjentdéw z "aktywnym" kapilaroskopowym obrazem
twardzinowym wg klasyfikacji Cutolo w porownaniu z pacjentami z obrazem
»wczesnym” 1 ,,p0znym”

4. Monitorowanie stezenia kopeptyny 1 czynnika indukowanego hipoksja-la
u pacjentow z twardzing uktadowa moze pozwoli¢ na identyfikacje pacjentow
o wysokim ryzyku nasilonych zaburzen mikrokrazenia i tym samym wczesnego

rozpoczgcia intensywnego leczenia reologicznego



9. PISMIENNICTWO

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Denton, C.P. and D. Khanna, Systemic sclerosis. Lancet, 2017. 390(10103): p. 1685-1699.
Sierra-Sepulveda, A., et al., Systemic Sclerosis Pathogenesis and Emerging Therapies,
beyond the Fibroblast. Biomed Res Int, 2019. 2019: p. 4569826.

Bruni, C., et al., Vascular Leaking, a Pivotal and Early Pathogenetic Event in Systemic
Sclerosis: Should the Door Be Closed? Front Immunol, 2018. 9: p. 2045.

Stringer, T. and A.N. Femia, Raynaud's phenomenon: Current concepts. Clin Dermatol,
2018. 36(4): p. 498-507.

Melissaropoulos, K., et al., Targeting very early systemic sclerosis: a case-based review.
Rheumatol Int, 2019. 39(11): p. 1961-1970.

Szczepanska-Sadowska, E., et al., Vasopressin and Related Peptides; Potential Value in
Diagnosis, Prognosis and Treatment of Clinical Disorders. Current Drug Metabolism,
2017. 18(4): p. 306-345.

Hayoz, D, et al., Effect of SR 49059, a V1a vasopressin receptor antagonist, in Raynaud's
phenomenon. Rheumatology (Oxford), 2000. 39(10): p. 1132-8.

Pattanaik, D., M. Brown, and A.E. Postlethwaite, Vascular involvement in systemic
sclerosis (scleroderma). J Inflamm Res, 2011. 4: p. 105-25.

Kostov, K., The Causal Relationship between Endothelin-1 and Hypertension: Focusing on
Endothelial Dysfunction, Arterial Stiffness, Vascular Remodeling, and Blood Pressure
Regulation. Life (Basel), 2021. 11(9).

Szczepanska-Sadowska, E., K. Czarzasta, and A. Cudnoch-Jedrzejewska, Dysregulation of
the Renin-Angiotensin System and the Vasopressinergic System Interactions in
Cardiovascular Disorders. Curr Hypertens Rep, 2018. 20(3): p. 19.

Marchesi, C., P. Paradis, and E.L. Schiffrin, Role of the renin-angiotensin system in
vascular inflammation. Trends Pharmacol Sci, 2008. 29(7): p. 367-74.

Stawski, L., et al., Angiotensin Il induces skin fibrosis: a novel mouse model of dermal
fibrosis. Arthritis Res Ther, 2012. 14(4): p. R194.

Miziotek, B., et al., Significance of the angiotensin I/angiotensin Il/angiotensin-(1-7) axis
in the pathogenesis of systemic sclerosis. J Eur Acad Dermatol Venereol, 2020. 34(3): p.
558-564.

Kowalczyk, A., et al., The role of endothelin-1 and endothelin receptor antagonists in
inflammatory response and sepsis. Arch Immunol Ther Exp (Warsz), 2015. 63(1): p. 41-52.
Rodriguez-Pascual, F., O. Busnadiego, and J. Gonzalez-Santamaria, The profibrotic role of
endothelin-1: is the door still open for the treatment of fibrotic diseases? Life Sci, 2014,
118(2): p. 156-64.

Riemekasten, G., et al., Involvement of functional autoantibodies against vascular receptors
in systemic sclerosis. Ann Rheum Dis, 2011. 70(3): p. 530-6.

Szczepanska-Sadowska, E., The Heart as a Target of Vasopressin and Other
Cardiovascular Peptides in Health and Cardiovascular Diseases. Int J Mol Sci, 2022.
23(22).

loannou, M., et al., Upregulation of VEGF expression is associated with accumulation of
HIF-1o in the skin of naive scleroderma patients. Mod Rheumatol, 2013. 23(6): p. 1245-8.
Wang, G.L., et al., Hypoxia-inducible factor 1 is a basic-helix-loop-helix-PAS heterodimer
regulated by cellular O2 tension. Proc Natl Acad Sci U S A, 1995. 92(12): p. 5510-4.
Kim, J.W., et al., HIF-I-mediated expression of pyruvate dehydrogenase kinase: a
metabolic switch required for cellular adaptation to hypoxia. Cell Metab, 2006. 3(3): p.
177-85.

Deng, W., et al., Hypoxia-inducible factor 1 in autoimmune diseases. Cell Immunol, 2016.
303: p. 7-15.

Guan, S.Y., et al., Hypoxia-inducible factor-la: a promising therapeutic target for
autoimmune diseases. Expert Opin Ther Targets, 2017. 21(7): p. 715-723.

Luo, Z., et al., Hypoxia signaling in human health and diseases. implications and prospects
for therapeutics. Signal Transduct Target Ther, 2022. 7(1): p. 218.



24.

25.

26.

27.

28.

29.

Wipft, J., et al., Association of hypoxia-inducible factor 14 (HIF1A) gene polymorphisms
with systemic sclerosis in a French European Caucasian population. Scand J Rheumatol,
2009. 38(4): p. 291-4.

Takagi, K., et al., Single nucleotide polymorphisms of the HIF 14 gene are associated with
susceptibility to pulmonary arterial hypertension in systemic sclerosis and contribute to
SSc-PAH disease severity. Int ] Rheum Dis, 2020. 23(5): p. 674-680.

Mao, J., et al., Hypoxia-induced interstitial transformation of microvascular endothelial
cells by mediating HIF-1a/VEGF signaling in systemic sclerosis. PLoS One, 2022. 17(3):
p. €0263369.

Nicolosi, P.A., et al., Vascular Remodelling and Mesenchymal Transition in Systemic
Sclerosis. Stem Cells Int, 2016. 2016: p. 4636859.

Sakkas, L.1., et al., Early systemic sclerosis-opportunities for treatment. Clin Rheumatol,
2015. 34(8): p. 1327-31.

Katsiari, C.G., et al., Immunotherapy of systemic sclerosis. Hum Vaccin Immunother, 2018.
14(11): p. 2559-2567.



P LI Komisja Bmetycznz.l
9. przy Warszawskim Uniwersytecie Medycznym

fi z
— | (713 '

%
\'Cr— il
* SrsNAl

Tel.: 022/57-20-303 ul. Zwirki i Wigury nr 61
A Fax: 022/57-20-165 02-091 Warszawa
Ky < . —
'7((/ 1809 \Q,\‘ e-mail: komisja.bioetyczna@wum.edu.pl
I pusV www.komisja-bioetyczna.wum.edu.pl
KB/.22../2018

Komisja Bioetyczna przy Warszawskim Uniwersytecie Medycznym
w dniu 21 maja 2018 r. po zapoznaniu si¢ z wnioskiem:

Dr n. med. Mariusz Sikora
Katedra i Klinika Dermatologiczna
ul. Koszykowa 82a, 02-008 Warszawa

dotyczacym: wyrazenia opinii w sprawie badania pt :,, Rola czynnika indukowanego hipoksja 1
(HIF-1) w patogenezie zaburzen naczyniowych w przebiegu twardziny ukfadoweji.”

wyraza nast¢pujaca
opinig
- stwierdza, ze jest ono dopuszczalne i zgodne z zasadami naukowo-etycznymi*.

. . . . . 234
ctuvnardza e tact oRne miadonuczezalnes niazcadne—z zacadamt nankowe-etvezZiy
SEWASFGZGZCJEoT Ot aUpRoZezativ 1 HeZg0anT—77uas e RatKoywo—Ct y ezt y Tt

Uwagi Komisji — verte

Komisja dziala na podstawie art.29 ustawy z dnia 5.12.1996r. o zawodzie lekarza /Dz.U.nr 28/97
poz.152 wraz z péin.zm./, zarzqdzenia MZiOS z dn.11.05.1999r. w sprawie szczegblowych zasad
powolywania i finansowania oraz trybu dzialania komisji bioetycznych /Dz.U.nr 47 poz.480/,
Ustawy prawo farmaceutyczne z dnia 6 wrze$nia 2001r. (Dz.U.Nr 126, poz. 1381 z p6zn. zm.) Oraz
Zarzadzenie nr 56/2007 z dnia 15 pazdziernika 2007r. w sprawie dzialania Komisji Bioetycznej
przy Warszawskim Uniwersytecie Medycznym /Regulamin Komisji Bioetycznej przy
Warszawskim Uniwersytecie Medycznym/.

Komisja dziala zgodnie z zasadami GCP .

W zalaczeniu: sklad komisji oraz lista obecnosci

Przewodniczaca Komisji Bioetycznej

Werie - (LB

Dr'hab. n. med. Magdalena Kuzma-Kozakiewicz

*niepotrzebne skresli¢




P ’,‘l‘)]( °
A S omis) .

SY K - Uniwersytecie Medycznym
5 . przy Warszawskl ek | Wi
= ul. Zwirki 1 Wigury nr 61
4 EyERaEs 4 £ Tel: 022/57-20 303 02-091 Warszaw,

* \sg%\.@-&gw' .. Fax: 022/57-20-165

$OX Wy ;}f RS . .. bioetyczna@wum.edu.l)l

e-mail: komisja. m.edu.pl

www.komisja-bioetyczna.wu

KB/.25../2022

Komisja Bioetyczna przy Warszawskim Uniwersytecie Medycznym
w dniu 14 marca 2022 r. po zapoznaniu si¢ z wnioskie

Lek. Magdalena Maciejewsk a
Katedra i Klinika Dermatologii,
ul. Koszykowa 82A, 02-008 Warszawa

dotyczacym: wyrazenia opinii w sprawie badania pt. ,,Nowe biomarkery nasilenia zaburzen
mikrokrgzenia obwodowego w twardzinie uktadowej”

- Badanie moze by¢ prowadzone wylacznie w okresie obowiazywania polisy ubezpieczeniowe;j.

wyraza nast¢pujjca
opinig

e z zasadami naukowo-etycznymi*.

Uwagi Komisji — verte

Komisja dziala na podstawie art.29 ustawy z dnia 5.12.1996r. o zawodzie lekarza /Dz.U.nr 28/97
poz.152 wraz z pézn.zm./, zarzadzenia MZiOS z dn.11.05.1999r. w sprawie szczegélowych zasad
powolywania i finansowania oraz trybu dzialania komisji bioetycznych /Dz.U.nr 47 poz.480/,
Ustawy prawo farmaceutyczne z dnia 6 wrzesnia 2001r. (Dz.U.Nr 126, poz. 1381 z pézn. zm.) oraz
Zarzadzenie nr 56/2007 z dnia 15 pazdziernika 2007r. w sprawie dzialania Komisji Bioetycznej

przy Warszawskim Uniwersytecie Medycznym /Regulamin Komisji Bioetycznej przy

Warszawskim Uniwersytecie Medycznym/.

Komisja dziala zgodnie z zasadami GCP .
Przewodni %isﬁ Bioetycznej

Prof. dp/hab. n. med. Magdalena K“ima-Kozakiewicz

*nicpotrzebne skresli¢

55
ke

i | iz <



Raynaud’s phenomenon with focus on systemic sclerosis. Maciejewska, M.; Sikora, M.;

Publikacja 1

Maciejewski, C.; Alda-Malicka, R.; Czuwara, J.; Rudnicka, L. J. Clin. Med. 2022, 11, 2490.

Lp. | Autor Rodzaj wktadu Procentowy | Data, podpis
merytorycznego wklad
w procesie
publikacji
1. |lek. Magdalena e stworzenie projektu 65% 5706/ L04%
Maciejewska badania g Ao
e gromadzenie danych | a4 oo
e opracowanie rycin i
tabeli
e opracowanie artykultu
2. | dr n. med. e rewizja artykutu 10% AZ[OC/ WS
Mariusz Sikora e stworzenie projektu . ¢
badania o "Wl bo U""‘
3. | lek. Cezary e rewizja artykutu 5% feros 5:1
Maciejewski nFiegien
4. | lek. Rosanna Alda- e rewizja artykutu 5%
Malicka
5. | dr hab. n. med. e rewizja artykutu 5%
Joanna Czuwara £
6. | prof. dr hab. n. med. e stworzenie projektu 10%
Lidia Rudnicka badania
e rewizja artykuhu :

=SSN




Publikacja nr 2

Renal Involvement in Systemic Sclerosis: An Update. Kidney Blood Press Res. Chrabaszcz
M, Malyszko J, Sikora M, Alda-Malicka R, Stochmal A, Matuszkiewicz-Rowinska J,
Rudnicka L. 2020;45(4):532-548. doi: 10.1159/000507886. Epub 2020 Jun 10. PMID:

32521536.

Maciejewska

badania
e gromadzenie danych
e opracowanie rycin

i tabeli
e opracowanie artykutu

Lp. | Autor Rodzaj wkiadu Procentowy | Data, podpis
merytorycznego wktad
W procesie
| _publikacji
1. | lek. Magdalena e stworzenie projektu ﬁ)%&"s [ 15]/06/207%2

/y/y@uﬂ'
//p{/y o~

/]

/]

Lidia Rudnicka

badania
e rewizja artykulu

2. | prof. dr hab. n. med. e rewizja artykutu 10%
Jolanta Malyszko e stworzenie projektu ) w Ag;
badania
3. | dr n. med. Mariusz e rewizja artykutu 10% A oé / L
Sikora e stworzenie projektu
badania NI
4. | Rosanna Alda- e rewizja artykutu 5%
Malicka
5. | drn. med. Anna e rewizja artykulu 5% e Niemeyg-
Stochmal (gpbr)”
6. | prof. dr hab. n. med. e rewizja artykulu % )
Joanna e stworzenie projektu 5% —ﬁ(ﬂm_
Matuszkiewicz- badania &
Rowinska g P
7. | prof. dr hab. n. med. e stworzenie projektu | 9% S A




Publikacja 1

Raynaud’s phenomenon with focus on systemic sclerosis. Maciejewska, M.; Sikora, M.;
Maciejewski, C.; Alda-Malicka, R.; Czuwara, J.; Rudnicka, L. J. Clin. Med. 2022, 11, 2490.

Lp. | Autor Rodzaj wktadu Procentowy | Data, podpis
merytorycznego wktad
W procesie
publikacji
1. | lek. Magdalena e stworzenie 65%
Maciejewska projektu badania
e gromadzenie
danych
e opracowanie
rycin 1
tabeli
e opracowanie
artykutu
2. | dr n. med. e rewizja artykutu | 10%
Mariusz Sikora e stworzenie

projektu badania

3. | lek. Cezary e rewizja artykutu | 5%
Maciejewski
4. | lek. Rosanna e rewizja artykutu | 5%
Alda-Malicka : 'MM/\A‘\
12/01/2023
5. | dr hab. n. med. e rewizja artykutu | 5%
Joanna Czuwara
6. | prof. dr hab. n. e stworzenie 10%
med. projektu badania

Lidia Rudnicka e rewizja artykulu




Publikacja nr 2

Renal Involvement in Systemic Sclerosis: An Update. Kidney Blood Press Res. Chrabaszcz M,
Matyszko J, Sikora M, Alda-Malicka R, Stochmal A, Matuszkiewicz-Rowinska J, Rudnicka L.
2020;45(4):532-548. doi: 10.1159/000507886. Epub 2020 Jun 10. PMID: 32521536.

Lp. | Autor Rodzaj wktadu Procentowy | Data, podpis
merytorycznego wktad
W procesie
publikacji
1. | lek. Magdalena e stworzenie 55%
Maciejewska projektu
badania
e gromadzenie
danych
e opracowanie
rycin
1 tabeli
e opracowanie
artykutu
2. | prof. dr hab. n. e stworzenie 10%
med. Jolanta projektu
Matyszko badania
e rewizja artykutu
3. | drn. med. e stworzenie 10%
Mariusz Sikora projektu
badania
e rewizja artykutu
4. | Rosanna Alda- e rewizja artykutu | 5% M,\A,\
Malicka W
12/01/2023
5. | dr n. med. Anna e rewizja artykutu | 5%
Stochmal
6. | prof. dr hab. n. e rewizja artykutu | 10%
med. e stworzenie
Joanna projektu
Matuszkiewicz- badania
Rowinska
7. | prof. dr hab. n. e stworzenie 5%
med. projektu
Lidia Rudnicka badania
e rewizja artykutu




Publikacja nr 3

Maciejewska M., Stec A., Zaremba M., Maciejewski C., Rudnicka L., Sikora M Copeptin
as a biomarker of microcirculation alterations in systemic sclerosis Clin Cosmet Investig

Dermatol. 2023;16:1351-1361

Lp. | Autor Rodzaj wkiadu Procentowy | Data, podpis
merytorycznego wkiad
W procesie
publikac;ji
1. | lek. Magdalena stworzenie projektu | 65% 1570/ 2% 3
Maciejewska badania JpPrer—
gromadzenie danych A®Y e
opracowanie artykutu
2. | lek. Albert Stec rewizja artykutu 5% 14 .06.2073
gromadzenie danych b’suf%)ﬂ,
3. | mrg Michat gromadzenie danych | 5% /.. 2023
Zaremba cveanl~
4. | lek. Cezary rewizja artykutu 5% 72 o;/z ar
Maciejewski /rZ yem—
5. | prof. dr hab. n. stworzenie projektu | 10% P Y A G
med. badania /
Lidia Rudnicka rewizja artykutu g
6. |drn. med. stworzenie projektu | 10% :
Mariusz Sikora badania ALlYé[ 203
gromadzenie danych
analiza statystyczna ‘W’W’




Publikacja nr 4

Maciejewska M., Sikora M., Stec A., Pawlik K., Zaremba M., Rudnicka L. Hypoxia-
inducible factor-1a (HIF-1a) as a biomarker for changes in microcirculation in individuals
with systemic sclerosis. Dermatology and Therapy 2023 (przyjeta do druku)

Lp. | Autor Rodzaj wktadu Procentowy Data, podpis
merytorycznego wkiad
W procesie
publikacji
1. | lek. Magdalena stworzenie projektu | 60% 15/ 0V Ro13
Maciejewska badania )7k o
gromadzenie danych /Mw‘"
opracowanie  rycin l
i tabeli
opracowanie
artykutu
2. | drn. med. stworzenie projektu | 10%
Mariusz Sikora badania A Zla/ wis
rewizja artykutu
analiza statystyczna W/
3. | lek. Albert Stec gromadzenie danych | 5% Nh.06. 20>
rewizja artykutu W at Gle
4. | mgr Michat gromadzenie danych | 5% /2%023
Zaremba d y
/’ Cvlarb =
5. | lek. Cezary rewizja artykulu 5% fzyo8st0l3
Maciejewski /%ﬁ:;c{/- |
6. | lek. Katarzyna rewizja artykutu 5% Qoc. 2c23
Pawlik ML :
—
7. | prof. dr hab. stworzenie projektu | 10%
n. med. badania <
Lidia Rudnicka rewizja artykutu j




