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Abstract:

Background: Systemic sclerosis (SSc) belongs to the group of systemic diseases of the connective tissue, which are characterized

by a chronic autoimmune inflammatory process. The studies on etiopathogenesis of autoimmune diseases focus on the impact the

genetically conditioned impairment of xenobiotic metabolism may exert. The genetically polymorphic CYP2D6 is one of the most

important phase I drug metabolizing enzymes. The knowledge of oxidation polymorphism in the course of SSc may be helpful in

choosing more efficient and safer therapy, particularly in the case of a disease involving various organs and treated with drugs be-

longing to diverse therapeutic groups. The aim of the study was to evaluate the CYP2D6 polymorphism in the SSc patients and to in-

vestigate a possible correlation with disease susceptibility.

Methods: The study was carried out in 77 patients with SSc and 129 healthy volunteers. The CYP2D6 genotypes were analyzed by

polymerase chain reaction fragment length polymorphism (PCR-RFLP) method.

Results: Risk of SSc development for particular genotype carriers expressed by the odds ratio (OR) was statistically significantly

higher for subjects with CYP2D6*1/CYP2D6*4 (OR = 3.2; p = 0.001). A statistically significant correlation between the CYP2D6*4

allele prevalence and the risk for developing SSc was found (OR = 1.6; p = 0.029).

Conclusions: The obtained results may suggest the influence of CYP2D6*4 gene mutated alleles on increased incidence of systemic

sclerosis.
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Introduction

Systemic sclerosis (SSc) belongs to the group of sys-

temic diseases of the connective tissue, which are

characterized by a chronic autoimmune inflammatory

process. It is characterized by generalized skin and in-

ternal organs fibrosis, which mainly results from col-

lagen excessive synthesis and maturation [32, 33].

Based on the current state of knowledge concern-

ing the pathogenesis of autoimmune diseases, a vari-

ety of factors that influence the development of the

disease have been discussed. The role of genetic and

environmental factors has also been suggested [7].

The associations between sex and occurrence of the

disease, reports on family cases, frequent coexistence

of autoimmune or immune diseases in SSc families,

increased prevalence of the disease in some ethnical

groups suggest the important role of genetic factors in

the etiopathogenesis of SSc [3, 6]. In recent years, re-

search on the relationships of the incidence of SSc

with the polymorphism of numerous genes has been

conducted. Among others, polymorphism of the genes

that code cytokines the histocompatibility antigens,
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signaling molecules have been investigated [1, 16].

The role of genetically conditioned xenobiotic me-

tabolism disorders has also been emphasized [2, 24].

Among the numerous enzymes, that take part in the

metabolism of xenobiotics, the enzymatic system of

the liver microsomal fraction i.e., the monooxygenase

system (mixed function oxidase – MFO), which con-

sists mainly of P-450 family cytochromes, is respon-

sible for the oxidation processes, which determine

phase I of drug metabolism. Currently, the role of cy-

tochrome P-450 and its isoenzymes have been consid-

ered significant both in regulating drug metabolism

and determining other functions of the organism, such

as inducing the immunological response or the pro-

cesses, which are responsible for activation of toxic

substances [26].

One of the best-known and clinically relevant

isoenzymes of P-450 cytochrome with genetic vari-

ability is CYP2D6 – debrisoquine hydroxylase. The

gene responsible for expression of CYP2D6 enzyme

is located on 22q13.1 chromosome [13, 14]. About

100 alleles of CYP2D6 have been recognized, 20 of

which significantly alter the metabolism of drugs that

are substrates for this enzyme [20, 35, 37].

Genetically determined oxidative polymorphism

can affect not only drug efficacy but may also be

a factor predisposing to disease development.

The present report shows the analysis of geneti-

cally determined polymorphism of CYP2D6 in pa-

tients suffering from systemic sclerosis. The useful-

ness of CYP2D6 genotype examinations and the

prevalence of CYP2D6 gene mutations in assessing

susceptibility to SSc were determined.

Materials and Methods

A total of 206 individuals of Caucasian origin from

central Poland were analyzed. Seventy seven SSc pa-

tients, who were treated in the Department of Immu-

nodermatology, Department of Dermatology and

Venerology, Medical University of Lodz, were quali-

fied for the study. The group consisted of 68 women

and 9 men whose age ranged from 30 to 76 years

(mean age 54.9 years). All patients met ARA criteria

for diagnosis of systemic sclerosis and consented in

writing to their participation in the study.

At the beginning of the study, all subjects under-

went a detailed history and physical examination.

Secondary pulmonary hypertension, interstinal lung

disease (ILD), muscosceletal dysfunction (muscle

weakness, arthralgia and flexion contractures), eso-

phageal dismotility, cardiac disease (conduction dis-

turbances, arrhythmias and echocardiografic abnor-

malities) and renal disease (elevated serum creatinine,

proteinuria and abnormal urinalysis) were noted in

30, 34, 50, 34, 2 patients, respectively. The number of

involved organs in patients ranged from 0 (n = 10) to

4 (n = 10). Twenty patients presented fingertip ulcers,

ten patients were seen to experience healed fingertips

ulcers. Selt to ACA, U3 RNP, ANA-non specific and

RNA autoantibodies were detected in examinated pa-

tients. All patients were not exposed to any chemicals.

The research plan was issued a positive opinion by

the University Bioethics Committee for Research on

Human Subjects. The control group consisted of 129

healthy volunteers, 80 women and 49 men aged be-

tween 18 and 73 years (mean age 41.3 years). Iden-

tification of the CYP2D6 gene alleles (CYP2D6*1,

CYP2D6*3, CYP2D6*4) was performed using the

PCR-RFLP method according to the procedure de-

scribed by Smith et al. [28]. Genomic DNA isolated

from leukocytes from the peripheral blood according

to the procedure by Gustincich et al. [9] were amplifi-

cated using PCR method with a pair of synthetic

oligonucleotides, separately for CYP2D6*3 and

CYP2D6*4 mutations. To detect presence/absence of

mutations in position G1934A (CYP2D6*4 mutation)

or deletion in position A2637 (CYP2D6*3 mutation)

the obtained product was subjected to digestion by re-

strictive enzymes BstN1 (New England BioLabs,

USA) (CYP2D6*4 mutation) and Hpa II (Invitrogen,

USA) (CYP2D6*3 mutation). Separation of obtained

digestion products was performed in polyacrylamide

gel 8%. The received stripes reflecting the particular

fragments of DNA were visualized in UV light after

ethidium bromide staining.

Statistical significance of the results was checked

using c
2 test. Odds ratio (OR) with 95% confidence

interval (95% CI) was calculated using Statistica 6.0

software.

Results

It was determined as a result of the conducted re-

search that the frequency distribution of poor and ex-

tensive metabolizers in the group of the SSc patients
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and the control group was 6.5% vs. 9.3% and 93.5%

vs. 90.7%, respectively; the differences were not sta-

tistically significant (Tab. 1).

Comparison of particular CYP2D6 genotypes in the

SSc patients and the control group is presented in Ta-

ble 2. In the group of SSc patients the CYP2D6*1/

CYP2D6*4 genotype was most common (55.8%),

whereas the prevalence of this genotype was 30.2% in

the control group; the differences were statistically

significant (p = 0.001). The percentage of homozy-

gous dominant CYP2D6*1/ CYP2D6*1 in the group

of the SSc patients was 33.8% while in the control

group – 57.4% and the difference was statistically

significant (p = 0.001). The percentage of carriers of

the mutated homozygous genotype CYP2D6*4/

CYP2D6*4 was slightly lower in the group of the SSc

patients (6.5%) compared with the control group

(9.3%) (no statistical significance). Odds ratio (OR)

of SSc, was three-fold higher for persons with

CYP2D6*1/CYP2D6*4 genotype (OR = 3.2; statisti-

cally significant difference, p = 0.001).

Based on the results of genotyping, the prevalence

of the particular alleles of CYP2D6 gene was assessed

in the SSc patients and in the healthy subjects (Tab.

3). In the SSc patients, the wild-type CYP2D6*1 al-

lele was most common (63.6%), as in the control

group (74%). The mutated CYP2D6*3 allele ac-

counted for 1.9% in the SSc group and 1.6% in the

control group. The mutated CYP2D6*4 allele ac-

counted for 34.5% in the SSc group and 24.4% in the

control group. Odds ratio of SSc was nearly 2 times

higher for subjects with CYP2D6*4 allele (OR =

1.62) and the dependence was statistically significant

(p = 0.029). In the case of other alleles of CYP2D6

gene no such dependence was observed.

The observed genotype frequency distribution did

not show a significant deviation from the Hardy-

Weinberg equilibrium both in the control and the SSc

group. Accordance with the Hardy-Weinberg equilib-

rium confirms the fact that the studied groups are rep-

resentatives of respective populations (healthy volun-

teers and individuals suffering from SSc).
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Tab. 1.Distribution of genotypes determining poor and extensive oxi-
dation in patients with systemic sclerosis (SSc) and in the controls

Group Number of
patients

Poor metabolizers
(PM)

Extensive
metabolizers (EM)

SSc 77 5

(6.5%)

72

(93.5%)

Control group 129 12

(9.3%)

117

(90.7%)

c2= 0.05, p = 0.823, c2 � test comparing two groups, p � statistical sig-
nificance of the difference (statistically significant differences p < 0.05)

Tab. 2. The frequency distribution of particular CYP2D6 genotypes in SSc patients and in the controls

CYP2D6 genotype SSc patients
n = 77

Control group
n = 129

p OR
CI

No. % No. %

Extensive metabolizers (EM) Homozygotes:

CYP2D6*1/CYP2D6*1 26 33.8 74 57.4 0.001 0.38
(0.211–0.684)

Heterozygotes:

CYP2D6*1/CYP2D6*3

CYP2D6*1/CYP2D6*4

3

43

3.9

55.8

4

39

3.1

30.2

0.258

0.001

1.27
(0.277–5.833)

3.20
(1.767–5.795)

Total: 72 93.5 117 90.7 0.823 1.48
(0.502–4.371)

Poor metabolizers (PM) CYP2D6*4/CYP2D6*4 5 6.5 12 9.3 0.823 0.68
(0.23–2.008)

Total: 5 6.5 12 9.3 0.823 0.68
(0.23–2.008)

p � statistical significance of the difference (statistically significant differences p < 0.05), Cl � 95% confidence intervals, OR � odds ratio



Discussion

The human organism is constantly exposed to harmful

exogenous factors (xenobiotics), including drugs and

carcinogens, which can induce development of many

diseases. The enzymes, which metabolize xenobiotics

are present in the human organism and act as one of

the first lines of defense against environmental fac-

tors. The processes of biotransformation, to which

different compounds are subjected in the organism,

run in multidirectional way and xenobiotics can be

transformed into active or inactive metabolites. They

can be transformed into harmful compounds and be-

come potentially pathogenic [11].

Differences among individuals in responses to drugs

caused by mutations in CYP2D6 gene, which is in-

volved in the metabolism of many xenobiotics, were

discovered as early as the 70-ties in the 20th century.

The result of the mutation is individual variability of

metabolic activity of isoenzymes, which is manifested

as a total absence, reduction or increase in the enzyme

activity [15, 22]. The wild-type CYP2D6*1 allele of

CYP2D6 gene that determines the appropriate enzyme

activity and the extensive oxidation phenotype (EM)

is most common among the Caucasians. Its incidence

is 33–36.4%. Among the alleles associated with the

enzymatic defect of CYP2D6 and the phenotype of

poor oxidation (PM), CYP2D6*3 and CYP2D6*4 al-

leles are most relevant clinically. The most commonly

occurring mutated allele in the Caucasian population

is CYP2D6*4 (12–21%), in which guanine is changed

to adenine in position 1934 (G1934A) in the place

where intron 3 and exon 4 are linked. The CYP2D6*3

mutation is caused by a single base pair deletion in

exon 5 (A2637 deletion). The prevalence of CYP2D6*3

in the Caucasian population is estimated to be about

2–3% [10, 13, 14].

The role of oxidative polymorphism in predispos-

ing to the development of neoplastic, neurological or

allergic disease has been shown in numerous reports

[4, 8, 15, 18, 29, 30, 36]. In recent years the interest of

researchers has been drawn to the role of polymor-

phisms of xenobiotic metabolizing enzymes in auto-

immune diseases such as SLE and SSc [5, 21, 27].

External environmental factors such as UVB radia-

tion, organic solvents, epoxy resins, tryptophan, in-

gredients of tobacco smoke, silicon compounds and

drugs may contribute to the development of autoim-

mune diseases. Many xenobiotics such as drugs, pes-

ticides, fungicides or substances polluting the envi-

ronment can trigger changes in chromosome struc-

tures. [5, 24].

The aim of our study was to evaluate the relation-

ship between genetically determined rate of oxidation

and the risk of systemic scleroderma. Knowledge of

such a relationship could be helpful in explaining

etiopathogenesis of the disease, which is associated

with the scientific progress aiming at determination of

more factors predisposing to SSc development.

The first report on the relation between oxidation

genotype and autoimmune diseases was published in the

90-ties of 20th century. The study was conducted among

69 patients with systemic lupus erythematosus and 514

healthy volunteers from the Caucasian population and

the results showed that the incidence of CYP2D6*4 was

significantly higher in the SLE patients compared to the

control group (28.3% and 18.6%, respectively). The dif-

ference was not statistically significant though. It was

observed that CYP2D6*4 allele occurred more fre-

quently in the SLE patients, who showed lesions in

the kidneys or hematological abnormalities [23].

Polymorphism of CYP2D6 was also the subject of

study by Kortunay et al. [12], which was conducted in

the group of 54 SLE patients and 159 healthy volun-

teers. The authors showed that the frequencies of EM
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Tab. 3. The frequency distribution of particular alleles of CYP2D6 gene in SSc patients and in the control group

Alleles CYP2D6*1 CYP2D6*3 CYP2D6*4

SSc patients (%) 98 (63.6 %) 3 (1.9%) 53 (34.5%)

Control group (%) 191 (74.0 %) 4 (1.6%) 63 (24.4%)

OR (95%CI) 0.61 (0.397 – 1.239) 1.26 (0.278 – 5.709) 1.62 (1.044 – 2.512)

p 0.026 0.764 0.029

p � statistical significance of the difference (statistically significant differences p < 0.05), Cl � 95% confidence intervals, OR � odds ratio



homo- and heterozygotes was, respectively, 68.8%

and 31.2%; no PM homozygotes were found, whereas

the frequencies of EM homozygotes and heterozy-

gotes and PM homozygotes in the control group was

72.6, 26.2 and 1.2%, respectively [12].

In own studies on the effect of polymorphism in

gene coding CYP2D6 enzyme on the occurrence of

SSc, no statistically significant differences in the

incidence of CYP2D6 genotypes that determine poor

or extensive oxidation in both groups were observed

(p = 0.823). However, statistically significant differ-

ences between occurrence of the particular CYP2D6

genotypes and the risk of SSc were found. The odds

ratio of SSc was three-fold higher in persons with

CYP2D6*1/CYP2D6*4 genotype (OR = 3.2, p = 0.001).

Increased incidence of CYP2D6*4 among SSc

patients compared to the control group was also

noticed. Odds ratio of SSc was nearly two-fold higher

in the carriers of CYP2D6*4 alleles (OR = 1.6) and

the difference was statistically significant (p = 0.029).

The obtained results may suggest the influence of

CYP2D6 gene mutation in position G1934A on

increased incidence of systemic sclerosis and confirm

the results of previously conducted preliminary tests,

which showed an increase in risk of SSc for

CYP2D6*1/CYP2D6*4 genotype (OR = 4.8 p < 0.001)

and CYP2D6*4 allele (OR = 2.6; p = 0.0002) [25].

There are reports in the literature on the effects of

polymorphism of other cytochrome P-450 enzymes

on the risk of SSc development. Povey et al. [19]

found that the occurrence of CYP2E1*3 allele, which

determines increased transcriptional activity of gene

coding isoenzyme CYP2E1, was 9 times higher in

SSc patients who had been exposed to organic

solvents, trichlorethylene and trichloroethane.

In other studies concerning phase I of xenobiotic

biotransformation a reduced ability of dapsone and

S-mephenytoin hydroxylation was observed in SSc

patients, whereas there was no difference in debrizo-

chin hydroxylase found between the group of SSc pa-

tients and the healthy controls. Odds ratio of SSc was

ten-fold higher in poor metabolizers of dapsone and

mephenytoin. The results showed that this complex

metabolic dysfunction could contribute to the disease

development or the disease itself could result in the

inhibition of selected enzymes that metabolize xeno-

biotics [17].

Relationship between CYP1A1 enzyme polymor-

phisms and risk of systemic sclerosis has also been in-

vestigated. However, no statistically significant dif-

ferences were noted between SSc patients and the

healthy ones [34].

There are scarce reports concerning relationship

between polymorphism of phase II biotransformation

enzymes and SSc risk. Tew et al. [31] reported that

polymorphism of glutathione S-transferase (GST)

could be a factor affecting the disease. They found

that GSTT1 null genotype occurred statistically more

frequently in SSc patients with coexisting arterial hy-

pertension and lung diseases compared to the group of

healthy subjects.

Results of studies that were conducted in the Polish

population did not confirm any associations between

polymorphism of N-acetyltransferase 2 and SSc de-

velopment, which was in accordance with the results

obtained by May et al. [17, 27].

Knowledge of the genetically determined differ-

ences in oxidation processes as well as determination

of the incidence of major mutations in cytochrome

P-450 izoenzyme CYP2D6 gene seems to be a rele-

vant clinical issue. Results obtained from the studies

that have been performed so far suggest that oxidative

polymorphism can be considered a risk factor for SSc

development.

Knowledge of CYP2D6 genotype in patients with

systemic sclerosis may also contribute to more effec-

tive and safe therapy, since SSc is a multi-organ dis-

ease that might require applying drugs, which are sub-

ject to oxidation. Additionally, a constantly widening

range of available pharmaceutical medications in-

creases the possibility of potential interactions when

applying drugs metabolized by cytochrome P-450

izoenzymes, including CYP2D6. Therefore, it seems

that investigating polymorphism of xenobiotic me-

tabolizing enzymes in the course of diseases with

vague etiology is fully justified.
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