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Rosacea is a chronic inflammatory skin disease characterised by transient or persistent ery-
thema, telangiectasia, papules, and pustules that predominantly involve central regions of the
face. Recent studies have shown a possible clinical association between rosacea and cardiovas-
cular diseases (CVDs). Rosacea and atherosclerosis are both known to have alterations in the in-
nate immune system, enhanced oxidative and endoplasmic reticulum stress. The aim of this
review is to delve deep into the pathogenesis of rosacea and atherosclerosis to uncover possible
pathogenic overlaps between these chronic inflammatory diseases.
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INTRODUCTION

Rosacea is a chronic inflammatory skin disease with a
prevalence that ranges from 0.9-22% in Europe. Northern
countries tend to have higher rosacea prevalence (Spoendlin
et al., 2012). Characteristic features of rosacea include tran-
sient or persistent erythema and telangiectasia that involve
facial convexities. Inflammatory papules and pustules are
also not uncommon. Certain patients develop an ocular dis-
ease or fibrotic changes of the nasal skin known as rhino-
phyma (Two et al., 2015). Patients can be divided into four
clinical subtypes: erythematotelangiectatic (ET), papulopus-
tular (PP), phymatous, and ocular (Wilkin ez al., 2002; Two
et al., 2015). The symptoms are exacerbated by trigger fac-
tors, such as ultraviolet (UV) radiation, temperature ex-
tremes, alcohol consumption, emotional stress, spicy food,
and hot beverages (Steinhoff et al., 2016).

Recent studies have shown a possible association between
rosacea and cardiovascular diseases (CVDs). According to
the World Health Organization, CVDs cause 31% of all
deaths, thus being the leading cause of deaths worldwide
and in Latvia (Mendis et al., 2015). Atherosclerosis is an in-
flammatory disease of the coronary, cerebral, and peripheral
arteries that causes progressive obstruction of these vessels
due to the accumulation of lipids and extracellular matrix
remodelling with a possible eventual thrombosis. It is the
principal cause of the CVDs (Hansson and Libby, 2006).

Patients with rosacea tend to have high levels of total cho-
lesterol, low density lipoproteins (LDL) and C reactive pro-
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tein (CRP), as well as a positive history of smoking, alcohol
consumption, and premature CVDs in a first-grade relative
(Duman et al., 2014). Coronary artery disease and hyperten-
sion have also been associated with rosacea in a Taiwanese
nation-wide study (Hua et al., 2015). Cardiovascular risk
factors such as alcohol abuse, diabetes, arterial hyperten-
sion, and smoking were also associated with rosacea in a
Danish-register based study. However, the same study
pointed out that the adverse cardiovascular outcomes, such
as myocardial infarction, ischemic stroke, haemorrhagic
stroke, major adverse cardiovascular events and all-cause
mortality, were not seen more frequently in patients with ro-
sacea (Egeberg et al., 2016). Authors acknowledge that only
patients who have been diagnosed with rosacea in a hospi-
tal-based setting have been enrolled, and no division was
made between different rosacea subtypes. This information
could be crucial for the interpretation of the results, because
a recent article noted that patients with PP subtype have a
significantly higher cardiovascular risk according to the
SCORE method, in comparison to the ET subtype (Akin
Belli and Altun, 2017).

The aim of this review is to delve deep into the pathogene-
sis of rosacea and atherosclerosis to uncover possible patho-
genic overlaps between these chronic inflammatory dis-
eases. Both diseases are known to have alterations in the
innate immune system, oxidative and endoplasmic reticu-
lum stress. First, the authors of this review will present a
brief overview of the pathogenesis of rosacea and athero-
sclerosis. Afterwards, the role of these pathogenetic mecha-
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nisms in each of the diseases will be elaborated, and finally,
the common components of these diseases will be de-
scribed. The data is summarised in Table 1 (Li and Forster-
mann, 2014; Pateras et al., 2014; Two et al., 2015; Stein-
hoff et al., 2016).

OVERVIEW OF THE PATHOGENESIS OF ROSACEA
AND ATHEROSCLEROSIS

Overview of the rosacea pathogenesis. Rosacea is charac-
terised by an inflammation of the facial skin that is aggra-
vated by the aforementioned environmental and endogenous
triggers. Innate immunity is the first line of defence against
microorganisms. It is also responsible for an appropriate re-
sponse to environmental stimuli, including microorganisms,
UV radiation, and other physical or chemical damage. In
comparison to the adaptive immunity, innate immune re-
sponse is relatively less specific, more rapid, when encoun-
tering unknown threats, and is considered phylogenetically
more ancient (Litman et al., 2005). Dysregulation of innate
immunity is currently viewed as an important aspect of the
pathogenesis of rosacea. It is thought that activation of
the innate immune system, through Toll-like receptor 2
(TLR2), by the rosacea triggers leads to controlled release
of cytokines and certain antimicrobial peptides (AMPs)

(Yamasaki and Gallo, 2009). Toll-like receptor 2 (TLR2),
cathelicidin antimicrobial peptide (CAMP), and serine pro-
tease kallikrein 5 (KLKS) are all part of the innate immu-
nity, and the baseline levels of all of these molecules are in-
creased in the facial skin of rosacea patients. TLR2 is
known to enhance expression of KLKS5. This serine protease
splits CAMP into active peptides that have antimicrobial,
pro-inflammatory, and angiogenetic features (Yamasaki et
al., 2007; Steinhoff et al., 2013; Two et al., 2015). Matrix
metalloproteinases (MMPs), particularly MMP-2 and
MMP-9, also contribute by activating KLKS5 and remodel-
ling extracellular matrix (ECM) (Two et al., 2015).

Transient receptor potential (TRP) vanilloid and ankyrin
channels are upregulated in rosacea and can be activated by
emotional stress, heat and spicy food, resulting in transient
erythema (flushing) and stinging sensation (Two et al.,
2015).

All this leads to non-specific histological features. Vaso-
dilation in the papillary dermis and low-grade perivascular
lymphohistiocytic infiltration is the hallmark of ET rosacea.
PP rosacea additionally demonstrates significant peri-
vascular and perifollicular infiltrate in the dermis that con-
sists of lymphocytes, plasma cells, and neutrophils (Lee et
al., 2016).

Table 1

Overlapping feature Pathogenetic role

Rosacea

Atherosclerosis

Raised LDL levels and OxLDL

-LDL overload promotes ER stress
-LDL induce angiogenesis via TLR2 stimulation — oXLDL induce secretion of MMPs and ECM remodelling

- scavenging of OxLDL activates NF-kB pathway and
expression of MCP-1 and VCAM-1, which attracts
monocytes, and leads to their transformation into foam
cells

Increased expression of TLR2

- activate the pro-inflammatory NF-kB pathway
- stimulates production of ROS by NADPH oxidase

active peptides

- increases KLKS activity, which cleaves CAMP into

- in vivo promotes development of an atheroma
- promotes ER stress and apoptosis of endothelial cells
in the presence of neutrophils

Increased expression of CAMP/LL-37

LL-37 is capable of inducing angiogenesis, liberation of chemokines and cytokines

ment of rosacea-like dermatitis

- in vivo injection of CAMP fragments causes develop- |- LL-37 is thought to promote atheroma expansion by

inducing growth of vasa vasorum

Ocxidative stress - promotes ER stress

- ROS activate TLR2

- ROS promote transient erythema by activating TRPs

- promotes endothelial dysfunction
- produces oxLDL

Endoplasmic reticulum stress
- promotes oxidative stress

- indirectly activates NF-kB pro-inflammatory pathway

- enhances expression of TLR2 and activates it
- induces expression of the CAMP gene

- induces expression of apoptosis-related genes and the
expansion of the necrotic core of the atheroma

- stimulates TRP channels causing transient erythema in
response to heat

Raised low-density lipoproteins (LDL) and their oxidised forms (OxLDL), increased Toll-like receptor 2 (TLR2) and cathelicidin antimicrobial peptide ex-
pression, oxidative and endoplasmic reticulum (ER) stress are all overlapping features of rosacea and atherosclerosis pathogenesis. On the right side of the ta-
ble their impact on the development of both diseases is demonstrated. Abbreviations: Nuclear factor kappa B (NF-kB), matrix metalloproteinases (MMPs),
monocyte chemotactic protein-1 (MCP-1), vascular cell adhesion molecule (VCAM-1), reactive oxygen species (ROS), kallikrein serine protease 5 (KLKS).
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Overview of the atherosclerosis pathogenesis. His-
torically, atherosclerosis was seen as a mere obstruction of
the arteries due to the accumulation of lipids in the arterial
wall. Nowadays, atherosclerosis is known to be a chronic
inflammatory disease. It involves highly specific inter-
cellular interactions. Genetic predisposition, as well as the
presence of traditional risk factors — diabetes mellitus, hy-
pertension, dyslipidemia and smoking — is crucial for the
development of the atherosclerotic plaque (Pant et al., 2014;
Forstermann et al., 2017). Under these circumstances, acti-
vation of the endothelial cells and the subsequent attraction
of monocytes and T lymphocytes takes place. Monocyte-
derived macrophages migrate to the sub-endothelial space
and ingest oxidised low-density lipoproteins (oxLDL), thus
turning into foam cells. OXLDL are also taken up by endo-
thelial and vascular smooth muscle cells (VSMCs) where
they induce secretion of pro-inflammatory cytokines.
VSMCs proliferate and produce extracellular matrix (ECM)
components forming an atheroma. The atheroma enlarges
and may obstruct the arterial blood flow leading to ischemia
or even a myocardial infarction (Li and Forstermann, 2014;
Pateras et al., 2014). Atheromatous tissue necrosis, minor
damages to the endothelial cells and the endothelial dys-
function promote contact of the coagulation factors in the
blood stream with the thrombogenic lipid core of the
atheroma. Endothelial dysfunction is a broad term that de-
scribes a state, in which damaged endothelium promotes in-
flammation, coagulation, attraction of platelets, and vaso-
constriction (Pant et al., 2014; Forstermann et al., 2017).
Activated platelets play a role in the formation of a throm-
bus by aggregating and by secreting vasoactive chemokines
(e.g. thrombospondin, platelet-activating factor) (Badimon
et al., 2012).

CATHELICIDIN ANTIMICROBIAL PEPTIDE (CAMP)

CAMP is a pro-peptide normally produced in response to
certain microbial triggers. Serine proteases, such as KLK5
cleave CAMP into smaller peptide fragments. These pep-
tides are functionally active forms of CAMP. LL-37 is the
most recognised of them. It has a direct antimicrobial func-
tion (Reinholz et al., 2012).

Cathelicidin antimicrobial peptide and rosacea. In case
of rosacea, baseline CAMP levels are constantly elevated
(Yamasaki and Gallo, 2009). Upon activation LL-37 is ca-
pable of inducing angiogenesis, liberation of chemokines
and cytokines. LL-37 possesses chemotactic capabilities
(Yamasaki et al., 2007, Yamasaki and Gallo, 2009;
Steinhoff et al., 2013). Injection of cleaved peptide frag-
ments of the CAMP cause development of rosacea-like der-
matitis in mouse skin (Yamasaki et al., 2007).

Not only that the expression of KLKS5 is enhanced in
rosacea skin, but its functions are also altered. In case of
rosacea KLKS5 cleaves CAMP into smaller fragments than
in healthy individuals, thus their functions may also differ
(Yamasaki et al., 2007; Two et al., 2015).
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Cathelicidin antimicrobial peptide and atherosclerosis.
Interestingly, enhanced baseline levels of LL-37 anti-
microbial peptide have been found not only in the facial
skin of rosacea patients, but also in the atherosclerotic arter-
ies (Edfeldt et al., 2006). Elevated LL-37 plasma levels
have been associated with cardiovascular risk factors such
as increased systolic blood pressure, triglycerides, and fast-
ing glucose levels (Benachour et al., 2009). LL-37 promotes
atherosclerosis by its angiogenetic function. Vasa vasorum
is a network of smaller blood vessels that supply walls of
the large arteries and veins. Their ingrowth into the
atheroma could promote its growth (Jaipersad et al., 2013;
Salvado et al., 2013;).

Vitamin D enhances CAMP expression. It is not fully un-
derstood, what exactly causes the enhanced expression of
CAMP. However, it is thought that the activation of vitamin
D pathway by the UV light is one of the possible mecha-
nisms in rosacea. UV is known to exacerbate rosacea and it
usually involves sun exposed facial areas (Park et al., 2011;
Steinhoff er al., 2013). Vitamin D3 predominantly sup-
presses adaptive immunity, whereas innate immunity mech-
anisms such as cathelicidin expression in wounds and infec-
tions are activated. Vitamin D3 response element (VDRE)
is located in the promoter region of the cathelicidin gene in
keratinocytes. Therefore, induction of CAMP gene expres-
sion by UV may be due to the increased production of vita-
min D (Dombrowski et al., 2010). Plasma levels of LL-37
directly correlate with the vitamin D3 plasma levels (Honda
et al., 2014), as well as individuals with rosacea have rela-
tively high levels of vitamin D3 (Ekiz er al., 2013) On the
other hand, there is a vast amount of evidence that low vita-
min D3 levels promote atherosclerosis (Kassi et al., 2013).
Paradoxically, rosacea is most prevalent in individuals with
fair skin of European descent, in which vitamin D defi-
ciency is common due to their geographical location. That
is why an alternative vitamin D-independent mechanism to
promote CAMP expression has been proposed (Melnik,
2014; Melnik, 2016). LL-37 is an important factor in bat-
tling infectious agents, including M. tuberculosis; therefore
it is possible that these individuals through evolution have
developed an alternative vitamin D-independent pathway
that activates the CAMP gene promoter. This pathway is the
activated by endoplasmic reticulum (ER) stress (Steinhoff ef
al., 2013; Park et al., 2011; Melnik, 2016).

ENDOPLASMIC RETICULUM STRESS

ER is a major organelle that is involved in lipid membrane
biosynthesis, post-translational protein processing and qual-
ity control. It is also an intracellular calcium storage facility.
Oxidative stress, as well as unprocessed protein or lipid
overload of the ER is followed by an accumulation of
misfolded or unfolded proteins. This condition is called ER
stress. In order to downplay the misfolded protein load an
adaptive mechanism known as the unfolded protein re-
sponse (UPR) is initiated. As a result, production of GRP78
and GRP94 chaperones occurs and mRNA translation de-
clines. However, it is crucial to mention that translation of

Proc. Latvian Acad. Sci., Section B, Vol. 72 (2018), No. 3.



selected mRNAs, such as activating transcription factor 4
(ATF4) mRNA, is enhanced. All together these are the so
called pro-survival mechanisms of UPR. If these mecha-
nisms are not sufficient to combat ER stress, cells switch to
autophagy and apoptosis (Sozen and Ozer, 2017). The in-
terplay between ER stress and oxidative stress is compli-
cated. Oxidative stress is more frequently considered as a
consequence and mediator of ER stress, rather than the
cause (Zeeshan, 2016).

ER stress and rosacea. Majority of rosacea triggers and as-
sociated findings can be seen as ER stressors. UV radiation,
heat, alcohol consumption, elevated LDL levels, and micro-
organisms have all been implicated to cause ER stress
(Melnik, 2016; Zeeshan et al., 2016; Sozen and Ozer,
2017).

In a recent review a working model of ER stress-centred
rosacea pathogenesis has been proposed. ER stress causes
increase in sphingosine-1-phosphate (S1P) and ATF4.
TLR2 is thought to be upregulated by ATF4. Both SIP and
TLR2 activate the pro-inflammatory nuclear factor —
kappa B (NF-xB) pathway. Both TLR2 and NF-«B pathway
activate the p38 mitogen-activated protein kinase (p38
MAPK). This causes phosphorylation of a transcription fac-
tor known as CCAAT/enhancer-binding protein alpha
(C/EBPa). Phosphorylated C/EBPa binds to a correspond-
ing CAMP promoter region and upregulates the expression
of the CAMP gene (Melnik, 2014; 2016). ER stress, in re-
sponse to heat, can also stimulate TRP channels through
SIP signaling, thus potentially causing transient erythema
(Mair et al., 2011).

ER stress and atherosclerosis. Several studies have dem-
onstrated upregulation of the UPR mechanisms and there-
fore signs of ER stress in tissue samples of patients with
atherosclerosis. Myoishi et al. performed an interesting
study, in which they obtained 70 coronary artery autopsy
specimens and 40 atherectomy specimens. VSMCs and
macrophages demonstrated increased levels of chaperone
expression in specimens with a thin-fibrous-cap atheroma,
thus indicating ER stress. The ER stress was induced by
7-ketocholosterol in cultured VSMCs and inhibited by anti-
oxidants, once again pointing out the role of the oxidative
stress in atherosclerosis. The authors also described induc-
tion of apoptosis as a consequence of ER stress in unstable
atherosclerotic plaques (Myoishi et al., 2007). Yet another
study acknowledged enhanced ER stress pathways and ex-
pression of apoptosis-related genes in the tissue around the
necrotic core of the atheroma. This is one of the mecha-
nisms that promotes expansion of the necrotic core (Garbin,
2014).

TOLL-LIKE RECEPTOR 2

TLR2 is a pathogen pattern recognition receptor that recog-
nises pathogen-associated molecular patterns (PAMPs) and
damage-associated molecular patterns (DAMPs). PAMPs
are common molecular patterns found on different microor-
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ganisms that are foreign to our body, such as lipopoly-
saccharides (LPS) and chitin. DAMPs, on the other hand,
are endogenous molecules that are found intracellularly. In
case of an injury or cellular stress these molecules can be
released, thus activating the innate immunity (Ito, 2014),
macrophages and even keratinocytes. Activation of TLR2
can induce pro-inflammatory pathways (De Nardo, 2015).
Ethanol — a trigger of rosacea and cardiovascular risk fac-
tor when abused — induces inflammation via TLR2 stimu-
lation. TLR2 is expressed by a variety of cells such as endo-
thelial cells, neutrophils (Fernandez-Lizarbe et al., 2013).
End products of lipid oxidation have been shown to pro-
mote VEGF-independent angiogenesis via stimulation of
TLR2. This is an important link between oxidative stress,
innate immunity, rosacea, and atherosclerosis (West et al.,
2010). TLR2 are also crucial for the activation of MAPK
and NF-«xB signalling pathways, leading to increased ex-
pression of CAMP (Park et al., 2011; Ji et al., 2014).

Toll-like receptor 2 and rosacea. It has already been men-
tioned that expression of TLR2 is increased by keratino-
cytes of rosacea skin. Upon stimulation of TLR2 up-
regulation of serine protease KLKS activity is noted in these
patients (Yamasaki et al., 2011). Besides end products of
lipid oxidation, a possible trigger of the TLR2 is chitin that
could be released from Demodex folliculorum mites. These
mites are commensal organisms that live in the sebaceous
glands, however their density is somewhat increased in pa-
tients with rosacea. Besides the chitin that could potentially
stimulate TLR2, a bacterium called Bacillus oleronius has
been isolated from Demodex mites. Antigenic structure of
B. oleronius contains heat-shock proteins and lipoproteins
that could also stimulate TLR2 (O’Reilly et al., 2012). It is
known that abuse of topical glucocorticoids on the facial
skin can lead to a development of rosacea-like dermatitis.
Interestingly, topical glucocorticoids also cause enhanced
production of TLR2 in keratinocytes. This is an additional
indicator of the possible role of TLR2 in rosacea patho-
genesis (Shibata et al., 2009; Yamasaki et al., 2011). The
role of Helicobacter pylori in the pathogenesis of rosacea is
controversial. However, some studies state that H. pylori in-
fection is more common among rosacea patients, and that
certain virulent strains (caA/vacA slml genotypes) are as-
sociated with PP rosacea. Eradication of H. pylori has been
reported to improve the clinical state of rosacea in some
studies (Tiiziin et al., 2010; Yamasaki et al., 2011;
El-Khalawany et al., 2012). It is possible that the treatment
improved rosacea symptoms by other mechanisms besides
antibacterial. H. pylori infection is associated with increased
production of ROS and oxidative stress (Tiiziin et al., 2010;
Yamasaki et al., 2011; Soundaravally et al., 2013; Two et
al., 2015). However, markers of oxidative stress such as in-
creased plasma malondialdehyde (MDA) levels and de-
creased antioxidant potential (AOP) level, is present rosacea
patients independently from H. pylori infection (Baz et al.,
2014).

Toll-like receptor 2 and atherosclerosis. Experimental
models showed that stimulation of TLR2 promotes develop-
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ment of atherosclerosis in mice. On the other hand,
TLR2-deficient mice do not develop atherosclerosis
(Mullick et al., 2005). Macrophages in the atherosclerotic
plaque overexpress pattern recognition receptors, particu-
larly TLR2 and 4 (Legein et al., 2013). Stimulation of the
vascular cells by TLR2 ligands induces expression of pro-
inflammatory cytokines, e.g., the monocyte chemotactic
protein — 1 (MCP-1), IL-1a, and IL-18, and provokes de-
velopment of an atheroma in mice (Lee et al., 2013;
Schoneveld et al., 2005). Upon stimulation of TLR2, ROS
are produced by NADPH oxidase. These ROS activate ma-
trix metalloproteinase 2 (MMP2) and cause degradation of
the extracellular matrix, which in turn induces migration of
aortic smooth muscle cells and consequent vascular remod-
elling. More in depth coverage of the role of ROS in
rosacea and atherosclerosis can be found in the text below
(Lee et al., 2013; Griendling and Fitzgerald, 2003) Stimula-
tion of TLR2 in the presence of neutrophils promotes ER
stress and apoptosis of endothelial cells, thus leading to po-
tential thrombotic complications (Quillard et al., 2015).

OXIDATIVE STRESS

Reactive oxygen species (ROS) are partly reduced metabo-
lites of oxygen (superoxide anion, hydrogen peroxide and
others) that possess high oxidation potential. ROS can be
found practically in all cells where they are products of aer-
obic metabolism and can act as signalling molecules and
mediators of inflammation (Forstermann et al., 2017). High
concentrations of ROS can also be found in phagocytic cells
of the innate immunity, such as macrophages and neutro-
phils, where they degrade pathogens in collaboration with
proteolytic enzymes (Rosales et al., 2016). ROS are primar-
ily generated by enzymes such as nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase, cyclooxy-
genases, xanthine oxidase, peroxidases and the mitochon-
drial respiratory chain (Sozen and Ozer, 2017).

Antioxidant system consists of an enzymatic component
(e.g. superoxide dismutase, catalase) and a non-enzymatic
component (e.g. ascorbic acid, alpha-tocopherol, gluta-
thione) that scavenge ROS. Overproduction of ROS and/or
impaired antioxidant system leads to the so called oxidative
stress. That is known to cause lipid peroxidation, DNA
damage and cellular toxicity overall (Goncharov et al.,
2015). Oxidative stress is implicated in the pathogenesis of
rosacea, atherosclerosis, diabetes and many other diseases.
It can also be an overlapping feature between these diseases
(Goncharov et al., 2015; Tisma et al., 2009). ROS are capa-
ble of inducing inflammation by activating TLR2 and
NF-kB pathway (Kelkka et al., 2012; Pateras et al., 2014)
ER stress is known to promote production of ROS by vari-
ous mechanisms, particularly during protein folding and
generation of disulfide bonds, however it is not usually seen
as a primary ER stressor (Zeeshan et al., 2016).

Oxidative stress and rosacea. Rosacea patients have in-
creased levels of ROS, particularly of serum peroxide levels
(Tisma et al., 2009). Medications used to treat rosacea, such
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as topical metronidazole, azelaic acid and systemic doxy-
cycline, are said to combat oxidative stress (Bakar et al.,
2007; Conde et al., 2007; Alikhan, 2010). Facial skin is ex-
posed to solar radiation and it is established that skin expo-
sure to primarily UVA (320400 nm) portion of the solar
spectrum is responsible for the generation of ROS (Wright
et al., 2014). Iron is an important component of cyto-
chromes and oxygen-binding molecules. Free iron mole-
cules can catalyse oxidative reactions, for example conver-
sion of hydrogen peroxide to free radicals, thus promoting
oxidative stress. Therefore, iron excesses are bound to
ferritin to mitigate oxidative damage to cellular membranes
and DNA. It is also known that exposure to UVA may de-
grade ferritin and release free iron. Accumulation of ferritin
is increased in the facial keratinocytes of rosacea skin
(Tisma et al., 2009). Additionally, neutrophils are part of
the inflammatory infiltrate of rosacea, specifically in the PP
subtype (Lee et al., 2016). They are also an important
source of ROS (Mittal et al., 2014).

Furthermore, it seems that in patients with rosacea antioxi-
dant system is not efficient — serum total antioxidant po-
tential levels are significantly decreased (Tisma er al.,
2009). Superoxide dismutase (SOD) activity is lower in pa-
tients with severe rosacea than in healthy controls. This, on
the other hand, inversely correlates with increased levels of
malondialdehyde (MDA) — a marker of lipid peroxidation
(Oztas et al., 2003). Glutathione S-transferases (GSTs) are
important players in the defence against ROS, particularly
by utilising toxic substances produced by UV-induced oxi-
dative stress. Patients with GST null genotypes have an in-
creased risk of rosacea, probably because of the consequent
decrease in the antioxidant potential (Yazici et al., 2006).
Serum levels of antioxidant enzyme paraoxonase-1 are also
significantly decreased in individuals with rosacea (Takci et
al., 2015).

Oxidative stress may promote development of rosacea in
several ways. It has been demonstrated in vitro that ROS
may upregulate the expression of TLR2 (Yoshino and
Kashiwakura, 2017). ROS promote expression of MMP-1
and MMP-9, thus causing collagen breakdown and remod-
elling of the extracellular matrix (Liebel et al., 2012). Tran-
sient potential receptors that cause flushing erythema in
rosacea can sense ROS (Graepel et al., 2011).

Oxidative stress and atherosclerosis. Vascular oxidative
stress has a prominent role in atherosclerosis. Cardiovascu-
lar risks factors, such as hypertension, diabetes mellitus,
dyslipidemia, and smoking, are known to promote produc-
tion of ROS and inhibit antioxidant systems. There are sev-
eral possible mechanisms that involve oxidative stress in
atherosclerosis (Li and Forstermann, 2014). ROS promote
endothelial dysfunction, function as chemoattractants of in-
flammatory cells, activate platelets, induce proliferation of
smooth muscle cells and oxidise atherogenic lipids (Pant ef
al., 2014).

ROS are linked to the development of the endothelial dys-
function. Nitric oxide (NO) is potent vasodilator that is pro-
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duced in the endothelial cells by the endothelial NO
synthase (eNOS). In the case of oxidative stress ROS rap-
idly scavenge NO. Furthermore, oxidative stress leads to
eNOS becoming uncoupled and instead of NO it produces
superoxide and peroxynitrite potentiating oxidative stress
further (Mittal et al., 2014).

Reactive oxygen species (ROS) and enzymes such as
myeloperoxidase (MPO) are responsible for the transforma-
tion of LDL into oxLDL. OxLDL is taken up by scavenger
receptors, specifically lectin-like oxidised LDL receptor I
(LOX-I)) on the endothelium, VSMCs and macrophages.
Scavenging of OxLDL by LOX-I causes activation of the
NF-«B pathway, as well as expression of monocyte
chemoattractant protein-1 (MCP-1) and vascular cell adhe-
sion molecule-1 (VCAM-1). This promotes attraction and
adherence of monocytes that migrate into the subendothelial
space. Uptake of the OxLDL by monocyte-derived macro-
phages results in the formation of foam cells. They are also
known to induce proliferation of VSMCs and sometimes
their apoptosis. OxLDL induce angiogenesis and secretion
of MMPs. Neo-angiogenesis is crucial to sustain growth of
the atheroma (Pirillo ef al., 2013; Badimon et al. 2012). It is
thought that ROS produced via NADPH oxidase are impor-
tant factors that promote neo-angiogenesis in the atheroma
(Kou et al., 2009).

CONCLUSIONS

It seems that it is not a mere coincidence that rosacea is as-
sociated with cardiovascular diseases and their risk factors.
Upregulation of TLR2 and CAMP are seen in rosacea and
atherosclerosis. Endoplasmic reticulum and oxidative stress
are also present in both diseases. The interplay between
these pathogenetic mechanisms is complicated and should
be studied further. This could potentially lead to a develop-
ment of new cardiovascular biomarkers and treatment op-
tions.
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ROZACIJAS UN ATEROSKLEROZES PATOGENEZES KOPIGAS IEZIMES

Rozacija ir hroniska iekaisiga adas slimiba, kas skar sejas centralos apvidus. Raksturigs pastavigs un parejoss apsartums, telangiektazes un
papulopustulozi izsitumi. Jaunakie pétijjumi norada uz saistibu starp rozaciju un sirds un asinsvadu saslim$anam (SAS). Rozacijas un
aterosklerozes pacientiem novéro iedzimtds imunitates novirzes, oksidativo un endoplazmatiska tikla stresu. Si apskata raksta merkis ir
padzilinati izpétit abu saslim8anu patogenézi un atklat iesp&jamas lidzibas starp §im hroniskam, iekaisigdm slimibam.
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