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Purpose: Rosacea might be related to an increased

activity of reactive oxygen species (ROS) and deficient

function of the antioxidant system. Glutathione S-

transferases (GSTs) play a primer role in cellular

defense against electrophilic chemical species and

radical oxygen species. We hypothesized that in-

creased ROS activity or decreased antioxidant poten-

tial, possibly induced by GST gene polymorphism,

might have a pathogenic role in rosacea.

Methods: The study group consisted of 45 patients

with rosacea and 100 control subjects. DNA samples

were isolated from blood samples using high pure

polymerase chain reaction (PCR) Template prepa-

ration Kit. The GSTM1, GSTT1, and P1 poly-

morphisms were detected using a real-time PCR

and fluorescence resonance energy transfer with a

Light-Cycler Instrument. Associations between speci-

fic genotypes and the development of rosacea were

examined using logistic regression analyses to calcu-

late odds ratios (OR) and 95% confidence intervals

(CI).

Results: GSTM1 and GSTT1 null genotypes were

found to be statistically different from control

(P5 0.005, P5 0.009, respectively), and associated

with an increased risk of rosacea (OR [95% CI]:

2.84 [1.37–5.89]; OR [95% CI]: 2.68 [1.27–5.67],

respectively). There was a statistically significant

relationship between both null combination of the

GSTM1 and GSTT1 genotype polymorphisms and

rosacea (P5 0.003, OR [95% CI]: 4.18 [1.57–

11.13]). There were no statistically significant differ-

ences between patient and control groups for the

GSTP1 Ile/Ile, Ile/Val, and Val/Val genotypes

(P40.05).

Conclusion: We demonstrated a significant associa-

tion between the GSTT1 and/or GSTM1 null geno-

types and rosacea. However, the potential role of

GSTs as markers of susceptibility to rosacea needs

further studies in larger patient groups.

Key words: genetic polymorphism; glutathione S-trans-

ferase; rosacea.

Rosacea is a common chronic inflammatory dis-

ease that predominantly affects the convexities

of the central face. The precise etiopathogenesis of

rosacea is still unknown. Sunlight, heat, and genetic

predisposition are important factors in the pathogen-

esis of disease. Recently, the role of oxidative stress

and antioxidative system disorders in the etiopatho-

genesis of rosacea has been shown (1).

Glutathione-S-transferases (GST) are a family of

proteins that are known to utilize toxic products

produced by UV-induced oxidative stress, mostly by

conjugation of glutathione to electrophiles, but also

by other specific mechanisms (2, 3). The cytosolic

GST enzymes are encoded by at least six gene

families termed alpha (GSTA), mu (GSTM), pi

(GSTP), theta (GSTT), sigma, and zeta (GSTZ) (3,

4). Hereditary deficiencies in enzyme activity caused

by homozygous gene deletion that lead to an

absence of enzymatic activity have been elucidated

for GSTM1 (GSTM1n 0/0, GSTM1 null genotype)

and more recently for GSTT1 (GSTT1n 0/0, GSTT1

null genotype) (4). The GSTP1 contains various

polymorphisms, including GSTP1nIle105Val and

GSTP1nAla114Val, which produce enzymes with

different thermal stabilities and substrate affinities

(3). It was suggested that carriers of GSTM1 0/0 and

GSTT1 0/0 might be particularly susceptible to oxi-

dative or chemical stress, and consequently they

should develop more intense inflammatory reactions

after UV irradiation (4).

We hypothesized that increased oxidative stress or

decreased antioxidant potential, possibly induced by
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GST gene polymorphism, might have a pathogenic

role in rosacea.

Methods
Forty-five patients (31 women and 14 men) with

rosacea and 100 age, sex, and ethnically matched

healthy control subjects (53 women and 47 men)

were enrolled in the study. The mean ( � SD) age

was 50.02 � 9.89 years in the patients, and 49.39

� 6.57 years in the control subjects. Cases and con-

trols were unrelated. The controls were selected from

healthy individuals who visited Mersin University

Hospital for an annual checkup and hospital staff.

Patients and controls with any history of topical or

systemic drug therapy for at least 1 month before

blood collection, smoking and alcohol habits, cardio-

vascular disorders, diabetes mellitus, hypertension,

cancer, chronic degenerative neurological disease,

chronic obstructive pulmonary disease, hepatitis,

atopy, and autoimmune diseases were excluded.

Rosacea was diagnosed by clinical findings (1). The

study was approved by the Ethics Committee of the

School of Medicine, Mersin University.

Venous blood was collected in EDTA-containing

tubes, and DNA was extracted from the leucocytes

using a high pure template preparation kit (Roche

Diagnostics, GmbH, Mannheim, Germany). The gen-

otyping of polymorphisms of GSTT1, GSTM1, and

GSTP1 was performed using a real-time polymerase

chain reaction (PCR) with a Light Cycler instrument

using hybridization probes in combination with a

Light Cycler DNA Master Hybridization Probes Kit

(Roche Diagnostics). Both the PCR primers and

hybridisation probes were synthesized by Tib Molbiol

(Berlin, Germany). The PCR conditions used were

essentially those described by Ko et al. (5).

The statistical program SPSS 11.5 for Windows was

used. Po0.05 was considered to be significant. Stu-

dent’s t-test was used to compare the ages of the two

groups. Significance testing was carried out by combin-

ing the w2 test and the z-test, and then comparing the

two independent proportions. The association between

GSTM1, GSTT1, and GSTP1 polymorphisms and

rosacea was modelled through multivariate logistic

regression analysis. The GST assays place individuals

into distinct categories: those with present or null

genotypes for GSTM1 and GSTT1, and those with

homozygous Ile/Ile or a heterozygous or homozygous

Val/Val allele for GSTP1. Odds ratio (OR) and con-

fidence intervals (CI) were used to analyse the frequency

of occurrence of GSTM1, GSTT1, and GSTP1 geno-

types in patients with rosacea compared with the

control group. The reference group consisted of indivi-

duals with three putative low-risk genotypes (i.e., the

presence of GSTM1 [non-deleted], GSTT1 [non-de-

leted], and GSTP1 [homozygous Ile-105] functional

alleles in both subjects with rosacea and controls). Tests

for Hardy–Weinberg equilibrium were conducted by

comparing observed genotype frequencies with expected

genotype frequencies in patient and control subjects for

GSTP1 genotype frequency distributions.

Results
Both the patient and control groups were statistically

similar in sex and age ranges (P5 0.073, P5 0.697,

respectively).

A statistically significance association between

GSTM1 (P5 0.005) and GSTT1 (P5 0.009), poly-

morphisms, and rosacea risk was observed. The

occurrence of the GSTM1 null genotype was signifi-

cantly increased by 2.84-fold in rosacea patients when

compared with the controls. The GSTT1 null geno-

type was also associated with a 2.68-fold increased

risk of developing rosacea. The observed GSTP1

genotype frequencies in the patients (P5 0.639) as

well as controls (P5 0.071) were in Hardy–Weinberg

equilibrium. GSTP1 polymorphism was not a signifi-

cant contributor to increased rosacea risk. Distribu-

tion of gene polymorphisms and ORs for the null gene

polymorphisms in the patients and the controls are

shown in Table 1.

We analysed the genotypes of GSTM1 and GSTT1

in combination to evaluate whether the combination

of these genotypes was associated with the develop-

ment of rosacea. The frequencies of the combination

of the GSTM1 (null) and GSTT1 (null) genotype

polymorphisms in patients with rosacea differed

greatly from those of the control group (Po0.01).

The risk of rosacea was increased 4.18-fold in both

null GSTM1 and GSTT1 gene locus combination

(OR: 4.18, Table 2).

Discussion
The skin is a major target of oxidative stress due to

reactive oxygen species (ROS) that originate in the

environment and in the skin itself (1). UVB radiation

to skin induces ROS, which are associated with

harmful reactions such as sunburn, cutaneous photoa-

ging, and skin cancer (2, 4). Consequently, the skin is

equipped with antioxidants and enzymatic detoxifica-

tion reactions to neutralize reactive photochemical

products (4). In many light-sensitive skin diseases,
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excess production of ROS and a significant reduction

in antioxidant enzyme systems have been shown (1).

As one of the cutaneous defence mechanisms against

ROS, a photoprotective role of GST is suggested (2).

The GSTM1 and GSTT1 enzymes catalyse the detox-

ification of various UV-induced oxidative stress pro-

ducts, making them both ideal candidates for the

protection of UVR-induced damage. The GSTM1

gene has been shown to be associated with the devel-

opment of solar keratoses, although GSTT1 showed a

borderline association (3). Kerb et al. (4) found that

while the individuals lacking the GSTT1 enzyme

showed the most intense inflammatory reactions after

exposure to UVB light, the influence of the genotype

GSTM1 0/0 was less pronounced and failed to reach

statistical significance. In fact, individuals deficient in

specific GSTs might be less effective in eliminating

oxidatively damaged molecules and therefore more

susceptible to the consequences of ROS attack, such

as inflammation or even carcinogenesis (4).

In our study, while the null genotype frequencies in

GSTM1 and T1 in rosacea patients were significantly

increased, GSTP1 frequencies were not significantly

different from the control group. Also, the risk of

rosacea was increased 4.18-fold in both null GSTM1

and GSTT1 gene locus combination.

The results of this preliminary study indicate that

the GSTM1 and/or GSTT1 null genotype may play a

role as a genetic risk factor in the development of

rosacea. This condition may lead to an imbalance

between pro and antioxidant systems resulting in

excessive ROS formation. To our knowledge, this

study is the first report in the English literature

suggesting that null genotypes of GSTM1, T1, or

their combinations may be associated with a high

risk for development of rosacea.
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Table 1. Distribution of glutathione S-transferase genotype polymorphisms in the patient and control groups

Variable

n (%)

OR P 95% CIPatients (n5 45) Controls (n5 100)

GSTT1n 0.009

Present (reference genotype) 25 (56.6) 77 (77) 1 –

Null (�/�) 20 (44.4) 23 (23) 2.68 1.27–5.67

GSTM1n 0.005

Present (reference genotype) 16 (35.6) 61 (61) 1 –

Null (�/�) 29 (64.4) 39 (39) 2.84 1.37–5.89

GSTP1 0.117

Ile/Ile (reference genotype) 23 (51.1) 36 (36) 1 –

Ile/Val 15 (33.3) 34 (34) 1.45 0.65–3.23

Val/Val 7 (15.6) 30 (30) 1.66 1.02–2.69

nReference genotype (low-risk genotype): Individuals who have at least one allele for GSTM1, T1, and lle/lle genotype for GSTP1 polymorphisms

(they are compared with the (�/�) genotypes, high-risk genotypes, for GSTM1, T1 and lle/Val, and Val/Val for GSTP1 genotypes).

OR, odds ratio; CI, confidence interval, from conditional logistic regression; P, w2 test result.

Table 2. Distribution of GSTT1 and GSTM1 genotypes in combina-

tion

n (%)

Both null genotypes Others

Patients (n5 45) 12 (26.7) 33 (73.3)

Controls (n5 100) 8 (8) 92 (92)

OR (95% CI) 4.18 (1.57–11.13)

OR, odds ratio; CI, confidence interval.
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