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Abstract
CREST syndrome represents a form of scleroderma where the progressive autoimmune reaction is mainly mani-
fested by the main symptoms, which make this acronym: calcinosis cutis, Raynaud phenomenon, esophageal 
dysmotility, sclerodactyly and teleangiectasia.  Among the first affected organs is the skin followed by the excessive 
fibrosis manifested by the deposition of collagen in dermis. Reactive oxygen species (ROS) theory has been un-
derlined as one of the main pathogenetic mechanisms and triggering factor in development of scleroderma. The 
present study was aimed at estimating the marker of lipid peroxidation products (MDA) in plasma of patients with 
CREST syndrome having manifested symptoms of both Raynaud syndrome and positive ANA antibodies. The li-
pid peroxidation (MDA) level was significantly higher in the patients who had CREST syndrome and Raynaud 
syndrome for less than 10 years  compared to the patients suffering from Raynoud syndrome for more than 10 
years (p<0.05). Both groups were found to have a significant MDA level increase (p<0.001) compared to the con-
trol healthy subjects. In conclusion, the relationship between lipid peroxidation (MDA level) and Raynaud syndrome 
appearance may emphasize the role of ROS produced by the ischemia-reperfusion injury as an early pathoge-
netic mechanism  in CREST scleroderma syndrome.
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Introduction
	 Scleroderma represents a progressive 
autoimmune disease, where cutaneous and 
visceral fibrosis, together with vascular dam-
age, lead to premature mortality. CREST syn-
drome represents a form of scleroderma 
where the autoimmune reaction is manifested 
by the main symptoms, which make this ac-
ronym: calcinosis cutis, Raynaud phenome-
non, esophageal dysmotility, sclerodactyly 
and teleangiectasia.  Among the first affected 
organs is skin and the excessive fibrosisis 
manifested by the deposition of collagen, fol-
lowed by the infiltration of mononuclear cells 
in dermis (1-3). Increased thickening of small 
blood vessels is accompanied with the above 

mentioned symptoms. The pathological hall-
mark is the overproduction of the extracellular 
matrix (ECM). The main cells responsible for 
the excessive ECM synthesis are fibroblasts, 
myofibroblasts and perycites, stimulated 
mainly by transforming the growth factor-be-
ta (TGF-β). Exctracellular matrix (ECM) pro-
teins accumulated in dermis are the types I, 
III, IV, and VII of collagen and fibronectin. The 
extracellular glycosaminoglycans and prote-
oglycans are also found in ECM and in the 
intima of blood vessels (4, 5).
	 Reactive oxygen species (ROS) theory 
has been underlined as one of the main 
pathogenetic mechanisms and triggering fac-
tor in the development of connective tissue 
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diseases. The free oxygen radicals are liber-
ated by activated inflammatory cells and may 
be results of ischemia reperfusion tissue dam-
age. The association between oxidative stress 
and accelerated fibrosis may be a result of 
their interrelationship, where free oxygen rad-
icals may stimulate fibroblasts migration, fi-
brous tissue synthesis and accumulation, 
while active fibroblasts may result in free oxy-
gen radicals liberation (6, 7). 	
	 Lipid peroxidation represents a ROS ac-
tion on unsaturated fatty acids, the main ele-
ments of phospholipids. Lipid peroxidation is 
finished by terminal reaction a production of 
malondyaldehyde (MDA). The polyunsatu-
rated fatty acids of cell membranes and blood 
lipoproteins are particularly affected. Dam-
aged cell membranes undergo a modification 
of their structure (altered fluidity), followed by 
the increased permeability and altered recep-
tor function (8, 9).
	 Raynaud’s phenomenon is a prominent 
symptom of CREST syndrome. It is a conse-
quence of endothelial damage, followed by 
ischemia-reperfusion injury, vasospasm and 
the intimal proliferation (10). Dysfunction of 
blood vessels flow is accompanied with the 
procoagulant state, and because of the eleva-
tion of factor VIII-von Willebrand and throm-
bocytosis was documented. The observed 
changes are adrenergic and endothelin-de-
pendent. Taken together, vasospasm, hypox-
ia and oxidative stress induce the ischemia-
reperfusion injury. A pro-coagulant state and 
the impairment of endothelium-dependent 
relaxation are the main pathogenetic hall-

marks due to the decreased bioavailability of 
nitric oxide-NO (11-13). The decreased NO 
bioavailability is the result of toxic peroxinitrite 
(ONOO) production, due to the excess of both 
NO and ROS and their rapid reaction (14).
	 The present study was aimed at estimat-
ing the marker of lipid peroxidation products 
(MDA) in plasma of patients with CREST syn-
drome having manifested symptoms of Ray-
naud syndome and anti-nuclear antibodies 
(ANA). 

Patients and Methods
	 The study included 15 female patients 
with CREST syndrome, having the symptoms 
of Raynaud syndome for less than 10 years (4 
patients) and more than 10 years (11 patients). 
Age-matched female healthy subjects (20) 
were used as control. The patients with CREST 
syndrome were diagnosed by the clinical and 
laboratory assessment according to the work-
ing classification of scleroderma (15). All pa-
tients were positive for ANA immune test. 
Raynaud phenomenon was documented by 
the recurrent spasms of small vessels, fol-
lowed by the pallor, cyanosis and the reactive 
hyperemia in fingers and toes, triggered by 
cold or the emotional stress.

Results
	 Demographic characteristics of female 
patients are given in Table 1, which shows the 
duration of the disease and the appearance of 
Raynaud phenomenon. All patients were ANA 
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Figure 1. Age of patients and years of Raynaud syndrome duration in exam-
ined groups of patients with CREST syndrome
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positive. The level of MDA (µM/L) was almost 
two times higher in the patients suffering from 
scleroderma for less than 10 years than in the 
patients suffering from it for more than 10 
years and in the control healthy subjects. 

Discussion
	 In order to emphasize the importance of 
ROS in scleroderma development, some the-
ories have been proposed regarding the in-
creased ROS liberation (16). The main ROS 
are superoxide anion radical (O2∙−), hydrogen 
peroxide (H2O2), hydroxyl radical (OH.∙) and 
peroxynitrite (ONOO−) (17). ROS mechanism 
in the development of this disease seems to 
be the first triggering mechanism since the 
increased MDA level has been reported in the 
patients suffering from scleroderma for less 
than 10 years (Figure 1). In the period of lim-
ited blood flow intracellular protease activa-
tion is induced by prolonged ischemia, which 
may lead to interconversion of xanthine dehy-
drogenase to its ROS-producing form xan-
thine oxidase. Ischemia may induce a cell 
energy crisis followed by the accelerated deg-
radation of ATP. Upon reperfusion with oxy-
gen supply the last reaction catalyzed by 
xanthine oxidase is followed by the simultane-
ous liberation of uric acid and free radicals 
(superoxide anion radical and hydrogen per-
oxide) (18). Ischemia can also induce nitric 
oxide liberation (NO), which can react with 
superoxide anion radical, when the peroxinitre 

(ONOO) radical is formed, one of the ugliest 
ROS. In this way, the main pathogenetic 
mechanism of ROS liberation in CREST syn-
drome is the ischemia-reperfusion injury. The 
other mechanism of ROS liberation belongs 
to mitochondrial injury, where liberated super-
oxide anion radical in the mitochondrial res-
piratory chain can alter mitochondrial mem-
brane permeability (19). Moreover, a very 
important enzymatic complex responsible for 
additional ROS production would be also 
NADPH oxidase (NOX) produced by phago-
cytic cells. The additional mechanism is the 
imbalance between pro and antioxidative de-
fense with the decreased activity of the anti-
oxidative defense enzymes, especially of 
catalase and superoxide dismutase (SOD) 
(13, 14, 20, 21). Increased oxidative stress can 
stimulate fibroblasts to produce ECM (accel-
erated fibrogenesis) and to secrete inflamma-
tory cytokines. Liberated ROS can directly 
damage biomollecules, lipids, proteins and 
nucleic acids. Oxidativelly-modified unsatu-
rated fatty acids derived from phospholipids 
proceed through the well-defined steps fi-
nally producing terminal product malondyal-
dehyde (MDA). The first step is the reaction 
of ROS with fatty acids and unstable fatty-
acid radical production, peroxyl-fatty acid 
radical production and lipid peroxide. The 
process proceeds continually as a “chain re-
action mechanism”. Membrane injury may 
cause cell apoptosis with subsequent tissue 
and organ injury (8, 9).
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Figure 2. Lipid peroxidation (MDA) level in the examined groups of patients 
with CREST syndrome and the controls 
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Conclusion
	 In conclusion, the inverse relationship of 
oxidative damage (MDA level) and disease 
appearance may reflect the role of ROS as an 
early pathogenetic mechanism of disease de-
velopment and consequent ischemia-reper-
fusion injury in CREST scleroderma syn-
drome. 

Abbreviations
	 ROS – reactive oxygen species
	 MDA – malondyaldehyde
	 TGF-β – transforming growth factor beta
	 ECM – extracellular matrix
	 NO – nitric oxide
	 ONOO peroxynitrite
	 NOx – NADPH oxidase (NOX) 
	 SOD – superoxide dismutase 
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Mogući uticaj oksidativnog stresa na razvoj Rejnoovog  
fenomena kod pacijenata sa CREST Skleroderma sindromom
Sažetak

CREST sindrom predstavlja jedan oblik skleroderme gde 
se progresivna autoimuna reakcija uglavnom manifestu-
je osnovnim simptomima koji čine akronim a to su calci-

nosis cutis, Rejnoov fenomen, ezofagealni dismotilitet, 
sklerodaktili i teleangiektazija. Među najugroženijim or-
ganima je koža, zatim prekomerna fibroza koja se mani-
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Ključne reči: KREST sindrom; Sistemska skleroderma; Rejnaudova bolest; Reaktivne vrste kiseonika; Oksida-
tivni stres; Lipidna peroksidacija; Malondialdehid 
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festuje taloženjem kolagena u dermisu. Teorija o reaktiv-
nim vrstama kiseonika (ROS – reactive oxygen species) 
navodi se kao jedan od osnovnih patogenih mehanizama 
i faktor okidač u nastanku skleroderme. Cilj ovog rada je 
procena markera produkata lipidne peroksidacije (MDA) 
u plazmi pacijenata sa CREST sindromom koji su ispo-
ljili i simptome Rejnoovog sindroma  i pozitivna ANA an-
titela. Nivo lipidne peroksidacije (MDA) bio je značajno 
viši kod pacijenata koji su imali CREST sindrom i Rejno-

ov sindrom manje od 10 godina nego kod pacijenata koji 
su patili od Rejnoovog sindroma duže od 10 godina (p 
< 0,05). U obe grupe pacijenata zabeležen je značajan 
porast MDA nivoa (p < 0,001) u poređenju sa zdravom 
kontrolnom grupom. Odnos između lipidne peroksidaci-
je (MDA nivo) i pojave Rejnoovog sindroma može da 
naglasi ulogu reaktivnih vrsta kiseonika (ROS) koje stvo-
ri ishemijska reperfuziona povreda kao rani patogeni 
mehanizam CREST skleroderma sindroma.
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