Pathogenesis of Rosacea
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Rosacea is a chronic, common skin disorder whose pathogenesis is incompletely understood. An inter-

play of multiple factors, including genetic predisposition and environmental, neurogenic, and microbial

factors, may be involved in the disease process. Rosacea subtypes, identified in the recently published

standard classification system by the National Rosacea Society Expert Committee on the Classification

and Staging of Rosacea, may in fact represent different disease processes, and identifying subtypes may

allow investigators to pursue more precisely focused studies. New developments in molecular biology

and genetics hold promise for elucidating the interplay of the multiple factors involved in the pathogen-

esis of rosacea, as well as providing the bases for potential new therapies.

osacea is a common, chronic skinrdisorder

primarily affecting the central and con-

vex areas of the face' The nase, cheeks,

chin, forehead, and glabella are the most

frequently affected sites. Less commonly
affected sites include the infraorbital, submental, and.ret-
roauricular areas, the V-shaped area of the chest, and the
neck, the back, and the 'scalp.

The disease has a variety of clinical manifestations,
including flushing, persistent erythema, telangiecta-
sias, papules, pustules, and tissue and sebaceous gland
hyperplasia. Diagnosis of rosacea is based on clini-
cally recognizable morphologic characteristics. However,
establishing precise, comprehensive diagnostic criteria is
difficult given the variety of clinical manifestations and
the lack of laboratory testing.

The National Rosacea Society Expert Committee on the
Classification and Staging of Rosacea defines and clas-
sifies rosacea into the following clinical subtypes based
primarily on morphologic characteristics: erythematotel-
angiectatic rosacea (ETR), papulopustular rosacea (PPR),
phymatous rosacea, and ocular rosacea.

The National Rosacea Society Expert Committee on the
Classification and Staging of Rosacea identifies primary
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and secondarysfeatures needed for the clinical diagnosis
of rosacea: Primary features include flushing (transient
erythema), persistent erythema, papules and pustules,
and telangiectasias. Secondary features include burn-
ing and stinging, skin dryness, plaque formation, dry
appeatance; edema, ocular.symptoms, extrafacial mani-
festations, and phymatous changes. One or more of the
primary features’is needed for diagnosis.!

Several authors have theorized that rosacea progresses
from one stage to another.”* However, recent data,
including data on therapeutic modalities of various sub-
types, do not support this notion.” A possible exception
is PPR, which may progress to the phymatous form.
The National Rosacea Society Expert Committee on the
Classification and Staging of Rosacea does not qualify the
rosacea subtypes as a spectrum from ETR to phymatous.
Rosacea subtype designation is of pivotal importance
because the therapeutic implications are different for
various subtypes, and individual subtypes may in fact
represent pathologically distinct disease processes.

To confirm diagnosis of rosacea, several diseases with
similar cutaneous manifestations must be excluded.
These include polycythemia vera, connective tissue
diseases (lupus erythematosus, dermatomyositis, and
mixed connective tissue disease), carcinoid syndrome,
mastocytosis, photosensitivity, and allergic or irritant
contact dermatitis.

The pathogenesis of rosacea is complex and a subject of
literature controversy. One hindering factor is that much
of the data on rosacea were acquired before the National
Rosacea Society Expert Committee on the Classification
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Figure Not Available Online

Figure 1. Patient with erythematotelangiectatic rosacea displaying
persistent erythema and telangiectasias. Photograph courtesy of the
National Rosacea Society.

and Staging of Rosacea established [strict diagnestic cri-
teria. Moreover, various clinical stibtypes/of fosacea that
may or may not represent the same clinicopathologic
process were studied simultaneously, possibly masking
true insights into rosacea.

ROSACEA SUBTYPES
Erythematotelangiectatic Rosacea

The predominant sign of ETR is centrofacial flushing last-
ing more than 10 minutes, accompanied by a burning or
stinging sensation with or without persistent erythema
(Figure 1). The erythema usually spares the periocular
and submental skin but may involve the ears, neck, or
upper part of the chest. Typically, patients with ETR will
possess skin with a fine texture without oiliness or the
prominence of sebaceous glands. The erythematous areas
of the face may appear rough with scales likely from
chronic, low-grade inflammation. Telangiectasias are
common but not essential for diagnosis.®

Papulopustular Rosacea

PPR is characterized by persistent central erythema with
inflammatory papules or pustules in a centrofacial dis-
tribution (Figure 2). This subtype may involve perioral
and perinasal areas. Prolonged periods of facial erythema
or flushing may lead to soft tissue edema lasting up to
several days. Reports of patients developing solid, hard,
nonpitting edema of the forehead, glabella, upper eye-
lids, nose, and cheeks (Morbihan disease) have been
described in the literature. A history of flushing may also

Figure Not Available Online

Figure 2. Patient with papulopustular rosacea displaying persis-
tent central erythema with inflammatory papules and pustules in
a centrofacial distribution. Photograph courtesy of the National
Rosacea Society.

be reported. [ Telangiectasias may be present but difficult
to distinguish from the erythematous background. Irrita-
tion from external stimuli is not a constant feature; thus,
scaling and'roughness are often absent.

Phymatous Rosacea

Phymatous rosacea is characterized by marked skin thick-
ening and edema with irregular surface nodularities of the
nose, chin, forehead, ears, or eyelids (Figure 3). The skin
surface is often pitted with prominent sebaceous glands
and enlarged follicular openings. The clinical changes
result from extensive chronic inflammatory infiltration,
connective tissue hypertrophy with fibrosis, and marked
sebaceous gland hyperplasia.”

Four distinct histologic variants may occur with rhi-
nophyma (nasal phymatous rosacea): glandular, fibrous,
fibroangiomatous, and actinic. In addition to the nose,
other commonly affected areas include the chin (gnatho-
phyma), forehead (metophyma), ears (otophyma), and
eyelids (blepharophyma).

Ocular Rosacea
The prevalence of ocular rosacea is the subject of debate,
with incidence rates of 3% to 58% reported in the litera-
ture.® Ocular manifestations may precede the cutaneous
signs of rosacea in approximately 20% of patients or they
may develop concurrently with skin manifestations.’
Ocular manifestations include blepharitis, conjunctivi-
tis, inflammation of the eyelids and meibomian glands,
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Figure Not Available Online

Figure 3. Patient with phymatous rosacea displaying marked skin
thickening and edema with irregular surface nodularities of the nose
(rhinophyma). Photograph courtesy of the National Rosacea Society.

Figure Not Available Online

Figure 4. Patient with ocular rosacea displaying eyelid and
conjunctival involvement. Photograph courtesy of the National
Rosacea Society.

interpalpebral conjunctival hyperemia, cornealinfiltrates,
ulcers, and vascularization (Figure 4).>-19 InTone series,
conjunctival telangiectasias and irregularity of eyelid mar-
gins were noted in 81% of patients with ocular rosacea.'!
Meibomian gland dysfunctionioccurs in 78%. of patients
with ocular rosacea, leading first |to decreased| lipid
secretion and then to inflammation and “foreign bedy
sensation.'! Patients with rosacea frequently describe
eye stinging or burning, dryness, irritation from light, or
foreign body sensation. A potentially vision-threatening
complication of ocular rosacea is Staphylococcus aureus
keratitis that may lead to corneal opacity, scarring, and
vision loss."?

Ocular rosacea frequently occurs in association with
other rosacea subtypes, although there is no direct corre-
lation between the severity of ocular and facial rosacea.'?

EPIDEMIOLOGY OF ROSACEA

Rosacea is a common skin condition affecting approxi-
mately 14 million Americans. Rosacea is most common
in fair-skinned individuals, especially those of northern
and eastern European ancestry, and within certain ethnic
groups, such as Celts.!*

Most patients affected by rosacea are 30 to 60 years
of age.® Nonetheless, the disorder is occasionally
seen in younger adults, although rarely in the pedia-
tric population.

Women are more often affected than men, but
generally experience a less severe disease course.
Men progress to the advanced stages with tissue and
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sebaceous:gland-hyperplasia and rhinophyma more often
than women.'*"

Recent data from a large epidemiologic study of the
Irish population, conducted with strict diagnostic cri-
teria and using.precise.clinical_definitions, showed no
significant difference/ in the'prevalence of PPR between
males and females and no significant association between
rosacea and UVR exposure and cutaneous solar damage.'®
The study also revealed no correlation between family
history of PPR and later development of PPR.

PATHOGENESIS OF ROSACEA

Despite decades of study, the etiology of rosacea remains
unknown. The pathogenesis of rosacea is likely to be
multifactorial, resulting from the interplay of genetic and
environmental factors.

GENETIC CONTRIBUTION TO ROSACEA
There is a strong genetic predisposition to flushing, the
earliest cutaneous manifestation of facial rosacea. Facial
rosacea typically occurs in fair-skinned individuals. Facial
rosacea is less common in dark-skinned individuals, who
are also less susceptible to flushing or actinic damage.
Yazici et al'’ demonstrated a significant association
between the glutathione S-transferases (GSTs) GSTTI
and GSTMI null genotypes and rosacea. GSTs act as a
cellular defense mechanism against free reactive oxygen
species (ROS). Increased ROS activity or decreased anti-
oxidant potential, possibly induced by GST gene poly-
morphism, may play a pathogenic role in rosacea.
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Several factors, including vasculature, weather and
climate, matrix degeneration, chemicals and ingested
agents, pilosebaceous unit abnormalities, and microbes,
likely play a role in rosacea development. Furthermore,
the distinct subtype of rosacea may be determined by a
patient’s unique sensitivity to various triggers.

ENVIRONMENTAL FACTORS

Various environmental factors have been shown to trig-
ger flushing in susceptible individuals (Table). Extreme
temperatures or exposure to UV radiation (UVR) or high
winds may initiate a flushing episode. Consuming spicy
foods, hot foods or drinks, or alcoholic beverages, as well
as experiencing emotional stress, may also trigger flush-
ing. Although not pathogenic, chronic exposure to any
of these triggers may lead to the permanent vasodilation
typical of ETR rosacea or the inflammatory lesions of PPR.

UVR AND ROSACEA
A clinical correlation between UVR exposure and rosacea
has been widely endorsed in dermatologie literature. The
pivotal role of UVR is supported by the distribution of
erythema and telangiectasias)on' the \convexities: of the
facial skin. Supraorbital, infraorbital, submental, and
other sun-protected areas are typically spared. Rosacea
may also be triggered bylacute UVR.exposure or sunburn.
Furthermore, UVR expg@sure/ may precipitate acute epi-
sodes of flushing in patients with ETR >1819

Nonetheless, studies on acute UVR-related rosacea
have not shown increased skin sensitivity or worsening
of rosacea. Moreover, Marks'® and Nunzi et al* indepen-
dently showed that only 17% and 31% of patients with
rosacea report aggravation of their symptoms after direct
UVR exposure. The aforementioned large epidemiologic
study of the Irish population showed no significant asso-
ciation between PPR and UVR exposure or cutaneous
solar damage.'®

The detrimental effects of UVR exposure involve both
cutaneous blood vessels and dermal connective tissue. !

Marks and Harcourt-Webster?? studied the extent of
actinic damage and solar elastosis in 39 patients with rosa-
cea and 39 control subjects. The authors noted a marked
increase in the incidence of solar elastosis and more severe
elastosis in patients with rosacea compared with the con-
trol group. The authors hypothesized that the loss of
upper dermal connective tissue leads to vascular and lym-
phatic dilatation with clinically visible telangiectasias and
tissue edema.

Neumann and Frithz?® postulated that UVR expo-
sure directly leads to the development of erythema and
telangiectasias by stimulating de novo angiogenesis via a

PATHOGENESIS OF ROSACEA

Potential Rosacea Triggers

Climate and weather
Extreme temperatures: hot or cold
UV radiation
Humidity
High winds

Emotional influences
Stress
Anxiety
Anger

Temperature-related activities
Hot baths

Physical exertion

Beverages
Alcohol
Hot beverages

Foods
Hot foods
Spicy foods
Dairy products
Chocolate
Soyssauce, vinegar
Fruits (eg,avecados, bananas raisins, figs, citrus,
red plums)

Medications

Topical fluorinated corticosteroids

Vasodilators (eg, nicotinic acid)

Angiotensin-converting enzyme inhibitors, calcium
channel blockers

Statins

Topical agents (eg, cosmetics, astringents)
containing alcohol, witch hazel extract, acetone,
or fragrance

transforming growth factor (TGF) B—mediated pathway.

It is likely that the combination of mechanical factors
and angiogenic chemokines results in clinically visible
telangiectasias.

Both UVA and UVB radiation disrupt the extracellular
matrix. Dermal changes in the deep reticular dermis
suggest that UVA radiation plays a key role, since only a
small percentage of UVB penetrates into the superficial
papillary dermis.***

The mechanism of UVR-mediated dermal damage
includes decreased procollagen I and III synthesis and
increased collagen degradation by activator protein A.
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Activator protein A induces matrix metalloprotein-
ases, infiltration of inflammatory cells (predominately
neutrophils) into the dermis, and release of ROS
from neutrophils.

VASCULAR DYSFUNCTION

AND ROSACEA

Numerous studies have implicated inherent abnormali-
ties of the cutaneous vascular homeostasis in the patho-
genesis of rosacea.

Transient erythema, or flushing of rosacea, is medi-
ated by both neuronal and humoral factors.®> Studies
have shown that the cutaneous vessels of patients with
rosacea exhibit adequate response to both local and sys-
temic vasoactive mediators.****” Wilkin®® demonstrated
a proportional increase in cutaneous blood flow in both
the forearm and the face after neural (oral thermal chal-
lenge) and humoral (nicotinic acid) activation. Differ-
ential clinical response to local and systemic vasoactive
mediators of the face may be explained by increased
facial blood flow at baseline, increased red blood cell
capacitance of facial vasculaturey(eg,darger, more, tortus
ous vessels), and location of the facial vesselsieloser to
the skin surface.

Several lines of evidence support the role of pathogenic
vasodilation in the development of rosacea. First, vasodi-
lators used for treating cardiae disease and hypertension
have been linked to rosacea outbreaks. Second, Berg and
Liden® showed increased prevalenee of migraine head-
aches in the rosacea group compared with an age- and
sex-matched cohort of 27% versus 13%, respectively.
Third, patients with conditions associated with paroxys-
mal cutaneous flushing, such as carcinoid syndrome or
mastocytosis, may develop rapidly progressive rosacea.
Fourth, hormonal imbalance may lead to vasomotor
instability and subsequent intense flushing episodes
comparable with those seen in patients with early rosa-
cea. Perimenstrual aggravations of rosacea are frequently
noted in young women.?*°

Studies suggest that dysregulation of thermal mecha-
nisms may play a role in the vasodilation seen in rosa-
cea.’¥ When challenged with thermal stimuli, patients
with rosacea flush more easily and in a more pronounced
fashion than control subjects.?#73? Normally, countercur-
rent heat exchange occurs between the internal jugular
vein and the carotid artery. The increased carotid artery
temperature and subsequent increased cranial blood flow
are sensed by the hypothalamus, which then causes vaso-
dilation (flushing reaction) to dissipate unnecessary heat.
In patients with rosacea, venous blood flow from the face
to the brain is decreased, suggesting an abnormal carotid
hypothalamic cooling response.*
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Many small neuropeptides and neurotransmitters, such
as substance P, vasoactive intestinal peptide, gastrin,
serotonin, histamine, and prostaglandins, have been
implicated in the vasodilation seen in rosacea. How-
ever, comprehensive studies of these mediators are still
pending.®** Our group demonstrated that the adenosine
triphosphate (ATP) analog, ATP-yS, enhanced the pro-
duction of inflammatory mediators such as interleukin 6,
interleukin 8, monocyte chemoattractant protein 1, and
growth-related oncogene-a in a human dermal endothe-
lial cell line. The ATP-yS—mediated mechanism occurs
via purinergic receptor signaling. The study supports the
notion that purinergic nucleotides may mediate acute
physiologic and possibly pathophysiologic inflamma-
tion in the skin.>* As ATP is a sympathetic cotransmitter,
release of ATP by sympathetic nerves when activated by
stress may play a role in stress-induced flares of rosacea.

MICROBIAL FACTORS

Cathelicidin Antimicrobial Peptides

Cathelicidins are widely expressed innate immunity-
responsesproteins;thachavesbeen shown to protect against
bacteriasand some viruses.” =’

In addition to directly mediating antimicrobial activity,
cathelicidins may trigger immune host tissue response.
They may promote leukocyte chemotaxis, angiogenesis, and
expression of components.of the extracellular matrix.*

Patients wyith rosacea express higher levels of cathe-
licidin “peptides™in the™affected facial skin compared
with similar anatomic regions of unaffected control
subjects. Moreover, a posttranscriptionally modified,
proteolytically processed cathelicidin proprotein, an
18-kDa cationic antimicrobial protein, in rosacea is dif-
ferent from that of control subjects. The 37—amino acid
peptide LL-37 is a main cathelicidin peptide identified in
rosacea patients. It is significantly less abundant in skin
not affected by rosacea.

Abnormal cathelicidin processing is associated with
increased epidermal stratum granulosum and stratum
corneum tryptic enzyme (SCTE), a serine protease of the
kallikrein family.

In mouse models, injection of cathelicidins equivalent
to those found in the facial skin of patients with rosacea
(eg, LL-37 and others), the addition of SCTE, and the
increased protease activity by targeted deletion of the
serine protease inhibitor gene Spink5 have been shown to
independently increase skin inflammation.*

The role of cathelicidins as SCTE-inflammation media-
tors was further verified in mice with targeted deletion of
Camp, the gene encoding cathelicidins. After application
of irritant contactant, Camp—/— mice showed consider-
ably less inflammation than wild-type control subjects.*
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In a recent small pilot study of 10 patients with rosacea
treated with either intense pulsed light (IPL) or a pulsed
dye laser (PDL), 5 of the patients (3 following IPL treat-
ment and 2 following PDL treatment) had lower levels of
cathelicidin.* Although the results did not reach statisti-
cal significance, the study raised an interesting mecha-
nism of clinical improvement of rosacea symptoms after
IPL or PDL treatment.*

Helicobacter pylori Infection

The role of Helicobacter pylori infection in the pathogen-
esis of rosacea is controversial. The worldwide prevalence
of H pylori infection is up to 50%.*'** The infection is usu-
ally acquired in childhood and early adulthood. Patients
with rosacea are reported to have increased levels of
anti-H pylori antibodies.*"*# Several studies reported an
association between the eradication of H pylori infection
and the clinical improvement of rosacea symptoms,***
although other studies failed to support H pylori as a
causative factor.

A recent study using gastroscopic biopsy found the
prevalence of H pylori infection towbe, thessame in
50 patients with rosacea and 39 control subjects.® A
double-blind, placebo-contrelled study showed that
treating and eradicating H pylori in patients with both
H pylori infection and rosacea did not result in clinical
improvement of facial rosacea.

Demodex Mites

The role of the hair follicle mites Demodex folliculorum
and Demodex brevis in rosacea has remained a controver-
sial topic in worldwide dermatology literature for over
60 years.®** Infestation of humans with Demodex mites
increases with age and reaches 100% in healthy, older
adults.* Several studies using various sampling methods
(adhesive bands, skin scrapings, comedone extractions,
skin impressions, and skin biopsies) showed increased
prevalence and number of organisms in patients with
rosacea. Using standardized skin surface biopsy, a mark-
edly higher density of D folliculorum mites has been
found in patients with rosacea than in age-matched
control subjects.”

Bonnar et al’! showed significantly higher Demodex
mite counts in patients with rosacea compared with a
control group. However, the study showed no associa-
tion between clinical improvements of rosacea after one
month of tetracycline therapy and decreased Demodex
mite counts.

In a study of 92 patients with pustular rosacea,
Georgala et al*? found D folliculorum mites in 90.2% of the
patients with rosacea and only 11.9% of the age-matched
control subjects. In addition, a significant correlation

PATHOGENESIS OF ROSACEA

between the presence of D folliculorum mites and perifol-
licular inflammation was found in 75% of the patients
with rosacea.

Several studies demonstrated Demodex mite—directed
immune responses in patients with rosacea.?*>*> Grosshans
et al’* reported Demodex-species—specific antibodies in the
serum of 7 of 31 patients with rosacea. Rufli and Biichner*’
detected predominately helper CD4+ T cell infiltrate in the
dermal granulomatous infiltrates surrounding Demodex
mite parts. Forton” demonstrated a statistically significant
relationship between the presence of Demodex mites and
perifollicular, lymphohistiocytic inflammation in 69 biopsy
specimens from patients with rosacea.

It should be noted, however, that other studies have
failed to establish a relationship between Demodex mite
infestation and rosacea.”*>* Ramelet and Perroulaz*® stud-
ied 53 patients with granulomatous rosacea and found
Demodex mites to be present in only 9 biopsy specimens.

Whether Demodex mites play a direct role in the patho-
genesis of rosacea is yet to be verified. It is possible that
an increased density of the mites may be a consequence
rathersthan ageause ofwrosacea. It is also possible that the
densitysof:the mites or their extrafollicular location rather
than |simple presence may be of greater importance in
assessing pathogenesis.”®>1>" Demodex mites may trig-
ger a delayed hypersensitivity reaction, contributing
to the' formation. of papules, and pustules. Mite infesta-
tion into the (deeper dermisimay lead to granulomatous
Rost response.”®

A complicating factor in assessing the role of Demodex
mites is that their role in pathogenesis may vary in differ-
ent rosacea subtypes.

Using sensitive cyanoacrylate surface biopsies, Forton
and Seys®® and Erbagci and Ozgoztasi® independently
showed that the density of Demodex mites was signifi-
cantly higher in patients with PPR compared with the
age-matched control subjects. However, both studies
failed to demonstrate statistically significantly increased
mite counts in patients with ETR.

Rosacea treatment with oral tetracycline®! and topical
3% sulfur ointment® led to marked clinical improve-
ment of rosacea without affecting Demodex mite preva-
lence. Some authors have postulated that benefits
seen with metronidazole treatment may be related to
its anti-Demodex activity.®%? Demodex mites, however,
have been shown to survive in vitro in high metronida-
zole concentrations.®

Clinical overlap between rosacea and rosacealike demo-
dicidosis seen in patients with AIDS again supports the
role of Demodex mites.””*+% Recent studies point to the
development of rosacealike demodicidosis after treatment
of facial dermatitis with topical calcineurin inhibitors.®®
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One can hypothesize that calcineurin inhibitor-mediated
downregulation of T cells may lead to the proliferation of
Demodex mites from the inhibition of local immune and
inflammatory processes. This hypothesis, however, still
needs to be tested.

Reactive Oxygen Species

Compared with other organs, skin is especially suscepti-
ble to ROS-induced damage because of constant exposure
to environmental oxygen and UVR.

ROS have been implicated in dermatosis, physiologic
aging, UV-induced immunosuppression, and photoaging.
Patients with rosacea possess skin with increased levels of
ROS as compared with healthy control subjects.

Oztas et al® found lower amounts of superox-
ide dismutase, an enzyme involved in the oxygen
radical-quenching enzyme, and higher levels of lipid per-
oxidation products in patients with PPR compared with
healthy control subjects.

In addition to environmental sources, free ROS are gen-
erated as part of the neutrophil-mediated inflammatory
process seen in rosacea.

Although the exact role of free ROS in the pathogenesis
of rosacea remains unclear, several hypothesesiexist. First,
the ROS generated by intrafollicular neutrophils may
directly damage facial follicles in patients with rosacea.
Second, UVR-induced ROS may_activate matrix metal-
loproteinases, leading to dermal collagen breakdown by
inhibiting matrix metalloproteinases and inducing activa-
tor protein A. Third, free ROS—induced actinic damage
may contribute to rosacea symptoms via degradation of
vascular and perivascular collagen and elastic tissue and
weakening the mechanical integrity of blood vessels.>

NEUROGENIC MECHANISMS

OF ROSACEA

In a recent study, Guzman-Sanchez et al® studied the
heat pain threshold and skin blood flow of patients with
rosacea using quantitative thermal sensory testing and
laser Doppler imaging.

The authors noted that patients with either ETR or PPR
had lower heat pain thresholds in rosacea-affected skin
areas compared with unaffected areas. The mean heat
pain threshold of ETR and PPR was lower than in healthy
control subjects, although it did not reach statistical sig-
nificance in the ETR group. Clinical severity of the disease
and heat pain threshold showed a positive correlation in
the ETR group but not in the PPR group.

In both groups, mean blood flow from the rosacea-
affected areas was higher than in nonaffected areas.
The value did not reach statistical significance in the
ETR group.
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No difference in skin temperature between the groups
was noted. Overall, 15 of 16 patients reported a burning
sensation, with the sensation markedly increased in the
ETR group.

The authors concluded that abnormal quantitative
thermal testing in rosacea-affected skin suggested the
involvement of small nerve fibers and possible neuro-
genic inflammation.

In support of this hypothesis, Lonne-Rahm et al™
showed that laser treatment decreased facial skin sensi-
tivity in patients with rosacea. The possible mechanism
of action was laser-induced reduction of protein gene
product 9.5—positive fibers in the epidermis and papil-
lary dermis, as well as reduction of protein P in the
papillary dermis.

Minson et al” postulated that 2 independent mecha-
nisms may contribute to the rise in cutaneous blood
flow during local heating in patients with rosacea: a
fast-responding vasodilator system mediated by an axon
reflux and a slow-responding vasodilator system via local
production of nitric oxide.

AlsoywAT Bpreleasemfromy sympathetic nerve termi-
nals maysplay.a‘ role |in' stress-related exacerbation of
rosacea symptoms:’

ROSACEA AS AN
INFEAMMATORY_DISORDER

Inflammatory lesions (papules and pustules) are the char-
acteristic finding’of the inflammatory phase of PPR. Clini-
cally, these lesions are almost always follicular in origin,
affecting both sebaceous and hair follicles. Inflammatory
lesions of rosacea are sterile and not associated with the
bacterial disease of pilosebaceous units.

Marks and Harcourt-Webster*? found pilosebaceous
unit abnormalities on histologic analysis in approximately
20% of patients with early stages of rosacea. However,
later stages of rosacea, such as rhinophyma, have clini-
cally evident pilosebaceous apparatus dysfunction with
markedly dilated pores and sebaceous hyperplasia. Peri-
follicular inflammation and decreased pilosebaceous
units are seen histologically in severe rhinophyma.

SUMMARY

The precise mechanism of the pathogenesis of rosacea
remains to be elucidated. It is likely that interplay of mul-
tiple factors, including genetic predisposition and envi-
ronmental, neurogenic, and microbial factors, is central
to the disease process. It is possible that distinct rosacea
subtypes may in fact represent various disease processes
with different etiologies. The recent development of strict
diagnostic and classification guidelines by the National
Rosacea Society Expert Committee on the Classification
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and Staging of Rosacea allows more precise, focused
investigations and clinical trials.

New and exciting developments from the fields of

molecular biology and genetics not only elucidate the
complexity of rosacea pathogenesis, but also open the
way to new therapeutic interventions.
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