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Abstract: Background and Objectives: Vitiligo is a chronic autoimmune and depigmentation disorder
in humans that manifests as whitening lesions. Reactive oxygen species (ROS) are involved in cell
damage. Catalase (CAT) is a well-known oxidative stress regulator and is primarily responsible for the
catalytic decomposition of hydrogen peroxide into water and oxygen. Based on previous case-control
and meta-analysis studies, we assessed the prevalence of three single-nucleotide polymorphisms
(SNPs) of the CAT genes A-89T (rs7943316), C389T (rs769217) and C419T (rs11032709) in participants
with vitiligo and healthy controls in the Saudi population. Materials and Methods: We recruited
152 participants with vitiligo and 159 healthy controls for A-89T, C389T, and C419T SNP genotyping
studies using PCR and RFLP analysis. Additionally, we performed linkage disequilibrium and
haplotype analyses between vitiligo cases and controls. Results: The rs7943316 and rs11032709 SNPs
of the CAT genes showed a positive association with vitiligo for both heterozygous genotypes and
dominant genetic models (TT + AT vs. AA in A-89T and TT + CT vs. CC in C389T), in the CAT gene.
Linkage disequilibrium analysis revealed a moderate linkage between rs7943316 and rs11032709
SNPs in vitiligo cases and controls. Haplotype frequency estimation revealed a significant association
(p = 0.003) among the three SNP alleles. Conclusions: The rs7943316 and rs11032709 SNPs of the CAT
genes were strongly associated with susceptibility to vitiligo.
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1. Introduction

The puzzling disease known as vitiligo (MIM193200) is the most common skin pig-
mentation disorder characterized by the chronic and progressive loss of melanocytes.
The pathophysiology of vitiligo is increasingly being investigated and understood, and
novel therapeutic approaches are being developed. The global prevalence of vitiligo is
0.5–2.0% [1,2]. Vitiligo can be acquired or hereditary, and can develop at any age. The
clinical features of vitiligo are symmetrical, sometimes single-sided, and often dermatomal
milky white spots of varying sizes with variable localization [3]. Age, sex, and ethnicity are
not associated with vitiligo; however, some dietary deficiencies are associated with risk
factors for the disease [4]. However, the exact cause of the vitiligo remains unclear. Au-
toimmunity, genetics, keratinocyte death, reduced melanocyte proliferation, neurological
dysfunction, and oxidative stress are the hypothesized explanations for its development [5].

Vitiligo, characterized by white macules and patches on the skin and hair, may be
segmental, affecting only a small part of the body, or more widespread, affecting all parts
of the body. Its stability depends on whether new discolorations appear [6]. In terms of
prevalence, vitiligo is not discriminated based on race or sex, making it the leading cause
of depigmentation worldwide [7]. There is growing evidence that fibroblasts play a role in
inflammatory skin disorders, as they are a common dermal cell type. Although their role in
controlling epidermal pigmentation is well-known, their involvement in the communication
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between immune cells and stromal signals has only been vaguely described [8]. Most
patients with vitiligo report feelings of depression and isolation. Several factors have been
implicated in the development of vitiligo, including intrinsic and extrinsic melanocyte
shortage, oxidative stress, innate immunological inflammation, T-cell-mediated melanocyte
destruction, and loss of melanocyte adhesion [9]. However, the mechanisms underlying
vitiligo remain largely unclear.

Vitiligo affects people of any age, but usually appears before the age of 20 [10,11]. The
consequences of vitiligo on the quality of life of the sufferer are severe. Low self-esteem is a
common symptom of vitiligo that has a dominant effect on patients’ social lives and can
lead to depression [11]. Differentiating vitiligo subtypes helps to determine the best course
of treatment [12]. Vitiligo may be caused by a combination of variables, including genetics,
nervous system dysregulation, oxidative stress, biochemicals, minerals, and the immune
system [13]. The association between vitiligo and other autoimmune conditions, such
as rheumatoid arthritis, multiple sclerosis, primary Sjögren’s syndrome, systemic lupus
erythematosus, and inflammatory bowel disease, suggests its autoimmune background.
The development of vitiligo involves both cellular and humoral immune responses. There
is also evidence that melanocytes have difficulty adjusting to stress, which may lead to their
death due to the triggering of the immune system [14]. Several loci encoding non-major
histocompatibility complex-regulating immunoproteins have been shown to be associated
with generalized vitiligo, suggesting that vitiligo may have a genetic basis [15].

Several factors have been estimated to contribute to the development of vitiligo.
Approximately 23% of monozygotic twins share a common case of widespread vitiligo. Rel-
atives of people with vitiligo have a 6–18-fold increased risk of developing this condition. In
addition, an epidemiological study linked the development of vitiligo to single-nucleotide
polymorphisms (SNPs) in several genes associated with this condition. Therefore, ge-
netic predisposition seems to be an important endogenous element in the development
of vitiligo [16]. Catalase (CAT; EC 1.11.1.6) is an enzyme that catalyzes the breakdown of
hydrogen peroxide (H2O2) into water and oxygen, neutralizing the extremely reactive free
radicals produced in the process and protecting cells from damage. Patients with vitiligo
show decreased catalase activity and increased deposition of excess H2O2 throughout the
epidermis; hence, CAT gene mutations have been implicated in vitiligo [17]. More than
40 susceptibility loci, including MC1R, TYR, IFIH1, CD44, CD80, GZMB, HLA-A, XBP1,
CAT, and MTHFR, have been elucidated to be linked to vitiligo through large genome-wide
association studies in the past decade [18,19]. The loss of melanocytes involves the inter-
action of several genes and immunological and environmental events. Of these, only a
limited number of candidate genes have been associated with autoimmunity, while others
may be connected to environmental events such as oxidative stress. CAT is located on
chromosome 11p13 and consists of 13 exons and 12 introns [20]. Several mutations in
CAT have been associated with vitiligo symptoms [21]. The SNP A-89T (rs7943316) in the
promoter region of CAT can influence transcription rates, resulting in lower CAT expression.
C389T (rs769217) is present in exon 9, while C489T (rs11032709) is present in exon 10 and is
also a silent substitution that has been found to be associated with vitiligo [22]. Few studies
have investigated the association between vitiligo susceptibility and SNPs in the CAT gene,
and in the Saudi population, it has not been investigated so far.

Therefore, the current study aimed to evaluate the prevalence of SNPs in the CAT gene
and vitiligo in Saudi patients.

2. Materials and Methods
2.1. Ethical Issues

Ethical issues were resolved by obtaining an ethics grant from the Institutional Review
Board of King Saud University (E-20-4773; 04/10/2020). A total of 311 patients signed
informed consent forms prior to participating in the study. This study was carried out as
per the Declaration of Helsinki.
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2.2. Study Participants

This study was designed after calculating the minimum sample size. It included
311 participants, of whom 152 had vitiligo and 159 were healthy controls. This study was
conducted throughout 2015 (12 months). The participants were unrelated in terms of age or
sex. This study was retrospective, and 152 vitiligo patients and 159 healthy controls were
selected based on our previous study [23]. Vitiligo patients were included if diagnosed by
two dermatologists based on the diagnostic criteria of the Vitiligo European Task Force with
a 100% diagnostic agreement [23]. Pregnant women and participants with any unclassified
vitiligo, those under any medication, or those affected by other autoimmune diseases were
excluded from this study [23]. Healthy controls without any other diseases, specifically
autoimmune diseases, were included in this study. The exclusion criteria for the controls
were a diagnosis of any human disease or a family history of vitiligo. Participants willing
to provide only oral consent were excluded. Only participants (both cases and controls)
that provided written informed consent were included in the study.

Age, sex, and family history data from all 311 participants were recorded [23], and
2 mL of EDTA blood was collected from each participant.

2.3. Analysis of Nucleic Acid

Genomic DNA from the 311 EDTA peripheral blood samples was extracted using a Qia-
gen DNA isolation kit according to the manufacturer’s protocol (Cat#51104, Lot#157037757;
40,724 Hilden, Germany), and the extracted genomic DNA was measured using a Nan-
oDrop spectrophotometer for assessing DNA quality (Thermoscientific, NANODROP
ONEC, S. No-AZY1707157; Thermo Fischer Scientific, Madison, WI, USA). DNA was stored
at −80◦C until polymerase chain reaction (PCR) for the genotyping of the CAT gene. SNPs
in the CAT gene are associated with oxidative stress and reactive oxygen species (ROS)
scavenging, and based on previous studies and bioinformatic analyses, the prevalence of
three SNPs, namely, A89T (rs7943316), C389T (rs769217), and C419T (rs11032709), was
investigated in patients with vitiligo. The complete details of the SNPs, primers, and precise
restriction enzymes are shown in Table 1.

Table 1. List of SNPs, primers, and restriction enzymes involved in this study.

SNPs rsID
Number Forward Primer Reverse Primer PCR Restriction

Enzyme Band Sizes

A-89T rs7943316 5′-AATCAGAAGG
CAGTCCTCCC-3′

3′-TCGGGGAGCACA
GAGTGTAC-5′ 249 bp Hinf I A-175/74 bp;

T-249 bp

C389T rs769217 5′-CCTTTTTGCCTA
TCCTGACACTCAC-3′

3′-AGGGGGAG
CCCAACGTCTTTAG-5′ 190 bp BSTX1 C-160 bp;

T-104/56 bp

C419T rs11032709 5′-CCTAAGTGCATCT
GGGTGGT-3′

3′-TACATCAGACA
GTTGGGGCA-5′ 264 bp BstN1 C-172/92 bp;

T-264 bp

Genotyping of the three SNPs was performed using PCR (Applied Biosystems, Model #
9902, Serial # 2990210130, Singapore), and the purified products were digested with suitable
restriction enzymes (New England Biolabs, Ipswich, UK). PCR was conducted using 10 ng
of genomic DNA with 10 pmol of both forward and reverse primers, Qiagen master mix
(Qiagen Taq PCR master mix; CAT# 201445; 40,724 Hilden, Germany), and double-distilled
water for a final volume of 50 µL in 0.2 mL PCR tubes. The cycling conditions were as
follows: initial denaturation at 95 ◦C for 5 min, followed by denaturation at 95 ◦C for 30 s,
annealing at 60 ◦C for A-89T, 62 ◦C for C389T, 64 ◦C for C419T, and extension at 72 ◦C
for 30 s, followed by a final extension at 72 ◦C for 5 min. PCR (35 cycles) was performed
using an Applied Biosystems thermal cycler (Applied Biosystems, Model # 9902, Serial #
2990210130, Singapore) for approximately 86 min. Primers were purchased from Macrogen
(Macrogen, Inc., Korea). The PCR products were analyzed on 2% agarose gel stained with
ethidium bromide (Lonza, SeaKem® LE Agarose, CAT # 50004, Rockland, NY, USA). PCR
products were then digested with specific restriction enzymes (from New England Biolabs,
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UK) at 37 ◦C for 16 h and separated on a 3% ethidium bromide-stained agarose gel. The
PCR and RFLP bands for all three SNPs are shown in Figure 1.
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Figure 1. Digested and undigested PCR products of CAT gene genotypes separated on a 2.5% agarose.

2.4. Statistical Analysis

Continuous data were represented as the mean ± standard deviation (m ± SD), and
discrete data were expressed as percentages (Table 1). The chi-square test was used to assess
deviation from Hardy–Weinberg equilibrium (HWE) in the controls for the three SNPs.
HWE analysis was performed using Microsoft Excel [24]. SNPstat was used to calculate
the genotypes, alleles, and various modes of inheritance using odds ratios, 95% confidence
intervals (CIs), and haplotype analysis between the vitiligo cases and the controls [23].
The pairwise linkage disequilibrium (LD) coefficient (D’) between the three SNPs was
calculated using HaploView (version 4.2). p ≤ 0.05 was considered statistically significant.

3. Results
3.1. Characteristics of Vitiligo Patients

A total of 152 patients with generalized vitiligo (26.01 ± 13.2) and 159 older healthy
controls (43.6 ± 17.8) were recruited. The vitiligo cases and healthy controls showed non-
significant associations (p = 0.62). The male and female participants were 42.1% and 57.9%,
respectively. Approximately 31% of patients with vitiligo had documented self- and family
histories, whereas 20.4% were confirmed for consanguineous parents. Table 2 describes the
ages, sexes, and family histories of the patients with vitiligo.
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Table 2. Comparison of clinical characteristics between vitiligo cases and controls.

Vitiligo Patients
(n = 152)

Control
(n = 159) p-Value

Gender
Male 64 (42.1) 67 (42.1) 0.80

Female 88 (57.9) 92 (57.9) 0.77

Age (years) 26.01 ± 13.2 43.6 ± 17.8 0.62

Disease duration (years) 4.1 ±2.6 NA NA

Generalized clinical type of disease 152 (100%) NA NA

Family history 47 (30.9%) NA NA

Consanguinity 31 (20.4%) NA NA
NA = Not applicable/no analysis.

3.2. HWE and Genotyping Analysis for CAT Gene SNPs

Three SNPs were successfully selected and genotyped in the cases and controls, with
a success rate of over 99%. Table 3 shows the allelic genotype distributions of vitiligo cases
and controls. Genotypic frequencies for the A-89T, C389T, and C419T polymorphisms
in the two groups were found to be consistent with HWE analysis—A-89T in vitiligo
cases (X2 = 23.32; p = 0.0001) and controls (X2 = 1.20; p = 0.2701), C389T in vitiligo cases
(X2 = 23.42; p = 0.0001) and controls (X2 = 5.66; p = 0.99), and C419T in vitiligo cases
(X2 = 0.001; p = 0.9612) and controls (X2 = 0.16; p = 0.6804).

Table 3. Comparison of genotypic and allele frequencies between vitiligo cases and controls.

Vitiligo (n = 152) Controls (n = 159) X2 Value OR 95% CI p-Value

A-89T
(rs7943316)

AA 17 (11.2%) 31 (19.5%) Reference Reference Reference Reference

AT 105 (69.1%) 86 (54.1%) 5.87 2.26 1.15–4.29 0.0153

TT 30 (19.7%) 42 (26.4%) 3.70 1.31 0.61–2.77 0.4920

AA vs. AT + TT 135 (88.8%) 128 (80.5%) 4.11 1.92 1.01–3.64 0.0425

AA + TT vs. AT 47 (30.9%) 73 (45.9%) 7.37 0.52 0.33–0.83 0.0066

AA + AT vs. TT 122 (80.3%) 117 (73.6%) 1.94 1.46 0.85–2.48 0.1629

A 139 (0.46%) 148 (0.46%) Reference Reference Reference Reference

T 165 (0.54%) 170 (0.54%) 0.04 1.03 0.75–1.41 0.8381

HWE 0.54 0.53

X2 23.32 1.20

p-value 0.0001 0.2701

C389T
(rs769217)

CC 14 (9.2%) 34 (21.4%) Reference Reference Reference Reference

CT 104 (68.4%) 79 (49.7%) 11.65 3.19 1.60–6.34 0.0006

TT 34 (22.4%) 46 (28.9%) 4.58 1.79 0.83–3.85 0.1315

CC vs. CT + TT 138 (90.8%) 125 (78.6%) 8.82 2.68 1.37–5.22 0.0029

CC + TT vs. CT 48 (31.6%) 80 (50.3%) 11.26 0.45 0.28–0.72 0.0007

CC + CT vs. TT 118 (78.6%) 113 (71.1%) 1.75 1.41 0.84–2.35 0.1859
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Table 3. Cont.

Vitiligo (n = 152) Controls (n = 159) X2 Value OR 95% CI p-Value

C 132 (0.43%) 147 (0.46%) Reference Reference Reference Reference

T 172 (0.57%) 171 (0.54%) 0.49 1.12 0.81–1.53 0.4819

HWE 0.57 0.54

X2 23.42 5.66

p-value 0.0001 0.99

C419T(rs11032709)

CC 151 (99.3%) 149 (93.7%) Reference Reference Reference Reference

CT 01 (0.7%) 10 (6.3%) 7.22 0.09 0.01–0.78 0.0071

TT 00 (0%) 00 (0%) 7.16* 0.98 0.01–50.04 0.9947 *

CC vs. CT + TT 01 (0.7%) 10 (6.3%) 7.22 0.09 0.01–0.78 0.0071

CC + TT vs. CT 151 (99.3%) 149 (93.7%) 5.66 * 0.09 0.01–0.78 0.0071 *

TT vs. CC + CT 152 (100%) 159 (100%) 0.95 1.05 0.02–53.38 0.9821 *

C 303 (99.7%) 308 (96.8%) Reference Reference Reference Reference

T 01 (0.3%) 10 (3.2%) 7.09 0.10 0.01–0.79 0.0077

HWE 0.00 0.03

X2 0.001 0.16

p-value 0.9612 0.6804

* indicates Yates correction.

The genotypic frequencies among the A-89T polymorphisms as AA, AT, and TT geno-
types were 11.2%, 69.1%, and 19.7% in vitiligo cases and 19.5%, 54.1%, and 26.4% in controls,
respectively. A total of 19.7% of vitiligo patients had TT genotypes, which was a lower propor-
tion than in the controls (26.4%). Homozygous TT vs. AA (X2 = 3.70, OR-1.31; 95%CI:0.61–2.77;
p = 0.4920) and heterozygous (X2 = 5.87,OR-2.26; 95%CI:1.15–4.29; p = 0.0153) and dominant
models (AA vs. AT + TT; X2 = 4.11, OR-1.92; 95%CI:1.01–3.64; p = 0.0425) showed a positive
association, while homozygous TT (X2 = 3.70;OR-1.31; 95%CI:0.61–2.77; p = 0.4920) and other
genetic models (AA + AT vs. TT; OR-0.52; 95%CI:0.33–0.83; p = 0.006 and AA + AT vs. TT;
X2 = 7.37, OR-0.52; 95%CI:0.33–0.83; p = 0.0066) showed a negative association. In both the
vitiligo cases and the controls, similar allelic frequencies (T = 0.54 and A = 0.46) indicated
non-significant association (T vs. A; X2 = 0.04,OR-1.03; 95%CI:0.75–1.41; p = 0.8381).

In the C389T polymorphism, the CC and TT genotypic frequencies were significantly
higher in the controls (21.4% and 28.9%, respectively) than in the vitiligo cases (9.2% and
22.4%, respectively), whereas the CT genotypic frequency was higher in the vitiligo cases
(68.4%) than in the controls (49.7%). The risk and protective alleles were 0.57 and 0.43,
respectively, in vitiligo cases, and 0.54 and 0.46, respectively, in controls. When vitiligo cases
and controls were assessed, there was a non-significant association with allele frequency (T
vs. C; X2 =0.49, OR-1.12; 95%CI:0.81–1.53; p = 0.4819). Only the dominant model showed a
positive association between the vitiligo cases and the control subjects (CC vs. CT + TT;
X2 = 8.82, OR 8.82; 95%CI: 1.37–5.22; p = 0.0029).

Yates’ correction was applied to the C419T polymorphism because of the absence of
TT genotypes in both the vitiligo cases and controls. CT genotypes were higher in the
controls (6.3%) than in the vitiligo cases (0.7%). CC genotypes were found in 99.3% of
patients with vitiligo and 93.7% of the controls. The results of the association analysis
revealed that C419T polymorphism was a protective factor against vitiligo. When vitiligo
cases were compared with healthy controls, the risk of vitiligo decreased. None of the
genotypes (CT vs. CC; X2 = 7.22, OR-0.09; 95%CI:0.01–0.78; p = 0.0071; TT vs. CC; X2 = 7.16,
OR-0.98; 95%CI:0.01–50.04; p = 0.9947 *), genetic models (CC vs. CT + TT and CC + TT vs.
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CT; X2 = 7.22, OR-0.09; 95%CI:0.01–0.78; p = 0.0071 (*) and CC + CT vs. TT; OR- X2 = 0.95,
1.05; 95%CI:0.02–53.38; p = 0.9821 *), or allele frequencies (T vs. C; X2 = 7.09, OR-0.10;
95%CI:0.01–0.79; p = 0.0077) were positively associated with the vitiligo cases nor with
the controls.

3.3. Linkage Disequilibrium Analysis

Tables 4 and 5 describe the LD analysis for both the vitiligo cases and controls. The
delta coefficient (D’) was calculated for both vitiligo patients and controls for three SNPs,
namely, rs7943316, rs769217, and rs11032709, in the CAT gene. The results confirmed a
significant association (p < 0.0001) between the three alleles segregated together, as they
played a strong role in patients with vitiligo, as well as among the controls from the
Saudi population.

Table 4. Analysis of linkage disequilibrium between vitiligo patients and the three SNPs.

L1 L2 D’ LOD r2

rs7943316 rs769217 0.518 2.17 0.202

rs7943316 rs11032709 0.0 0.0 0.0

rs769217 rs11032709 0.0 0.0 0.0
0.0 indicates < 0.0001.

Table 5. Analysis of linkage disequilibrium between the three SNPs and controls.

L1 L2 D’ LOD r2

rs7943316 rs769217 0.044 0.03 0.001

rs7943316 rs11032709 0.619 0.45 0.014

rs769217 rs11032709 0.123 0.01 0.0
0.0 indicates < 0.0001.

LD analysis revealed a moderate linkage between rs7943316 and rs11032709 in the
controls, but a moderate linkage between rs7943316 and rs769217 in vitiligo cases. Moderate
linkage disequilibrium was observed between rs7943316, rs769217, and rs11032709 SNPs
(Figure 2).
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3.4. Haplotype Analysis

In Table 6, The analysis of the haplotype frequency estimation revealed a significant as-
sociation (p = 0.003). However, there was a negative association with haplotype association
in response to any of the alleles in Table 7.

Table 6. Haplotype analysis of frequency estimation.

S. No A-89T C389T C419T Total Group 0 Group 1 Cumulative Frequency

1 T T C 0.3016 0.2714 0.38 0.3016

2 T A C 0.2467 0.2605 0.1858 0.5478

3 C T C 0.2226 0.2376 0.1628 0.7708

4 C A C 0.2115 0.1991 0.2681 0.9823

5 C T T 0.0145 0.0256 0 0.9968

6 T A T 0.0032 0.0059 NA 1

7 C A T 0 0 0.0033 1

Table 7. Haplotype association with response (n = 311, crude analysis).

S. No A-89T C389T C419T Frequency OR (95% CI) p-Value

1 T T C 0.3108 1.00 -

2 T A C 0.2377 0.79 (0.42–1.48) 0.46

3 C A C 0.2207 0.90 (0.54–1.50) 0.68

4 C T C 0.2131 0.74 (0.39–1.39) 0.34

5 C T T 0.0147 0.11 (0.01–0.90) 0.041

rare * * * 0.0029 0.00 (Inf-Inf) 1

* indicates rare; Global haplotype association (p = 0.095).

4. Discussion

Based on previous studies, we chose three SNPs (A-89T (rs7943316), C389T (rs769217),
and C419T (rs11032709)) to investigate their associated risk of vitiligo in the Saudi popula-
tion [22]. Moreover, the A89T and C319T SNPs were associated. Linkage disequilibrium
analysis revealed a moderate linkage between the rs7943316 and rs11032709 SNPs in both
the vitiligo cases and the controls (Figure 2). The analysis of haplotype frequency estimation
revealed the significant association (p = 0.003; Table 6) and no association between the
haplotype and response to the other alleles (Table 7).

The SNPs A-89T (rs7943316), C389T (rs769217), and C489T (rs11032709) in the global popu-
lation with vitiligo were found to have both positive and negative associations [20–22,25–36].
The heterozygous genotype was substantially related to the A-89T (rs7943316) and C389T
(rs769217) SNPs in our study, and similar results have been reported previously [22,25,29,33].
In our study, among A-89T (rs7943316) and C389T (rs769217), the TT genotype was found
to be more prevalent in controls and to confer protection against vitiligo [21,27,31,34]. The
C419T (rs11032709) SNP was not associated with vitiligo in the Saudi population, which
is in line with the results of previous studies [22,25,27,29,34]. In this study, an investiga-
tion of the A-89T (rs7943316) SNP revealed that the AT genotype was associated with
an increase in the risk of developing vitiligo by 2.26 times in the Saudi population. This
risk was documented to be 1.92 and 1.03 times higher in the dominant model and allele
frequencies, respectively. The C389T (rs769217) SNP with the CT genotype was associated
with an increase in the risk of developing vitiligo by 3.19 times, and by 2.68 times in the
dominant model.

A slower proliferation of melanocytes was observed in patients with vitiligo than in
controls, and a dysregulated redox balance was associated with decreased expression of
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catalase. In particular, melanocytes generate substantial amounts of ROS as a byproduct of
melanin formation, and catalase shields cells from this damage by breaking down hydrogen
peroxide into oxygen and water (H2O2 = O2 and H2O). Hence, growth factors and catalase,
as well as other compensating media, are needed to culture melanocytes from patients
with vitiligo [37]. Because vitiligo patients have been found to have decreased catalase
enzyme activity throughout their epidermis, CAT is a candidate gene in vitiligo, and was
selected for our study. Many allelic variants of CAT have been documented, with the first
described form of acatalasemia tracing back to a splicing mutation prevalent in the Japanese
population. Whole cDNA sequencing of CAT revealed a 1581 bp coding region. While
vitiligo-like depigmentation has not been reported as a phenotypic feature of acatalasemia
or hypocatalasemia, reports of low epidermal catalase activity in both lesioned and non-
lesioned skin of patients with vitiligo with concomitant increases in epidermal H2O2 levels
have suggested a possible role of catalase in vitiligo susceptibility. Catalase deficiency in the
skin of patients with vitiligo may be caused by tissue-specific changes in gene expression
or enzyme structure/function in melanocytes and/or keratinocytes. Catalase mRNA levels
in cultured melanocytes from the lesional or non-lesional epidermis showed no significant
changes in either the patients with vitiligo or the healthy controls. Preliminary data from
case–control and family studies have revealed a genetic link between CAT and vitiligo
susceptibility, suggesting that reduced catalase enzyme activity is caused by mutations in
the CAT gene [25].

A meta-analysis [30] showed that the C389T (rs769217) SNP was not associated with
vitiligo in Caucasians or in Asians. A case–control study demonstrated a negative associ-
ation [30]. Another meta-analysis [20] confirmed a negative association between C389T
(rs769217) in CAT and vitiligo. However, in the European population, the CT genotype
might be a risk factor, whereas the CC genotype may act as a protective factor, for vitiligo.
Lv et al. conducted the first meta-analysis analyzing four case–control studies of vitiligo
cases with the C389T SNP, and discovered a positive association [32]. Mehaney et al. found
a negative association between the C389T (rs769217) SNP and the CAT gene in Egyptian
vitiligo patients [21]. A study on a Korean population found a negative association using
the restriction enzymes Hinf I and BstXI, as well as a risk association using haplotype
analysis [35].

One of the limitations of our study was the lack of serum analysis. In our study, the
controls were older than the vitiligo patients. We excluded the fourth SNP C-262T in CAT,
which has also been linked to vitiligo, due to lower band sizes after digestion with SmaI
between the C (143/38 + 9 bp) and T (143/47 bp) genotypes.

5. Conclusions

In conclusion, this study confirmed the significant association between heterozygous
genotypes and dominant models of A-89T (rs7943316) and C389T (rs769217) SNPs in the
CAT gene. C419T (rs11032709) SNP was not found to be associated with vitiligo in the
Saudi population. However, additional statistical analysis should be performed in studies
with large sample sizes, and meta-analysis studies are recommended for the study of the
remaining SNPs and their relationship with vitiligo in the CAT gene.
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Cell-Based Therapies for Vitiligo. Int. J. Mol. Sci. 2023, 24, 3357. [CrossRef]

7. Oliveira-Caramez, M.L.d.; Veiga-Castelli, L.; Souza, A.S.; Cardili, R.N.; Courtin, D.; Flória-Santos, M.; Donadi, E.; Giuliatti, S.;
Sabbagh, A.; Castelli, E. Evidence for Epistatic Interaction between HLA-G and LILRB1 in the Pathogenesis of Nonsegmental
Vitiligo. Cells 2023, 12, 630. [CrossRef] [PubMed]

8. Jin, R.; Zhou, M.; Lin, F.; Xu, W.; Xu, A. Pathogenic Th2 Cytokine Profile Skewing by IFN-γ-Responding Vitiligo Fibroblasts via
CCL2/CCL8. Cells 2023, 12, 217. [CrossRef]

9. Yang, Y.; Wu, X.; Lu, X.; Wang, C.; Xiang, L.; Zhang, C. Identification and Validation of Autophagy-Related Genes in Vitiligo. Cells
2022, 11, 1116. [CrossRef] [PubMed]

10. Matin, R. Vitiligo in adults and children. BMJ Clin. Evid. 2011, 2011, 1717.
11. Bellei, B.; Papaccio, F.; Picardo, M. Regenerative Medicine-Based Treatment for Vitiligo: An Overview. Biomedicines 2022, 10, 2744.

[CrossRef]
12. Anbar, T.S.; Hegazy, R.A.; Picardo, M.; Taieb, A. Beyond vitiligo guidelines: Combined stratified/personalized approaches for the

vitiligo patient. Exp. Dermatol. 2014, 23, 219–223. [CrossRef] [PubMed]
13. Youssef, Y.E.; Eldegla, H.E.A.; Elmekkawy, R.S.M.; Gaballah, M.A. Evaluation of vitamin D receptor gene polymorphisms (ApaI

and TaqI) as risk factors of vitiligo and predictors of response to narrowband UVB phototherapy. Arch. Dermatol. Res. 2022, 315,
379–386. [CrossRef]

14. Ocampo-Candiani, J.; Salazar, N.A.Z.; Kubelis-López, D.E.; Salinas-Santander, M.A.; Sánchez-Domínguez, C.N.; Xolalpa-Rosales,
A.C.; Gómez-Galindo, M.E. Association of rs4711998 of IL-17A, rs2275913 of IL-17A and rs763780 IL-17F gene polymorphisms
with vitiligo in a Mexican population. Res. Sq. 2022. [CrossRef]

15. Chivu, A.M.; Bălăs, escu, E.; Pandia, L.D.; Nedelcu, R.I.; Brînzea, A.; Turcu, G.; Antohe, M.; Ion, D.A. Vitiligo—Thyroid Disease
Association: When, in Whom, and Why Should It Be Suspected? A Systematic Review. J. Pers. Med. 2022, 12, 2048. [CrossRef]
[PubMed]

16. Chen, J.; Li, S.; Li, C. Mechanisms of melanocyte death in vitiligo. Med. Res. Rev. 2021, 41, 1138–1166. [CrossRef] [PubMed]
17. Bulut, H.; Pehlivan, M.; Alper, S.; Tomatır, A.G.; Onay, H.; Yüksel, S.; Özkinay, F. Lack of association between catalase gene

polymorphism (T/C exon 9) and susceptibility to vitiligo in a Turkish population. Genet. Mol. Res. 2011, 10, 4126–4132. [CrossRef]
18. Jin, Y.; Birlea, S.A.; Fain, P.R.; Ferrara, T.M.; Ben, S.; Riccardi, S.L.; Cole, J.B.; Gowan, K.; Holland, P.J.; Bennett, D.C. Genome-wide

association analyses identify 13 new susceptibility loci for generalized vitiligo. Nat. Genet. 2012, 44, 676–680. [CrossRef] [PubMed]
19. Jin, Y.; Andersen, G.; Yorgov, D.; Ferrara, T.M.; Ben, S.; Brownson, K.M.; Holland, P.J.; Birlea, S.A.; Siebert, J.; Hartmann, A.

Genome-wide association studies of autoimmune vitiligo identify 23 new risk loci and highlight key pathways and regulatory
variants. Nat. Genet. 2016, 48, 1418–1424. [CrossRef] [PubMed]

20. Lu, L.; Liu, L.; Ji, Y.; Jin, H.; He, L. Association of the 389 C/T polymorphism of the catalase gene with susceptibility to vitiligo: A
meta-analysis. Clin. Exp. Dermatol. 2014, 39, 454–460. [CrossRef]

21. Mehaney, D.A.; Darwish, H.A.; Hegazy, R.A.; Nooh, M.M.; Tawdy, A.M.; Gawdat, H.I.; El-Sawalhi, M.M. Analysis of oxidative
stress status, catalase and catechol-O-methyltransferase polymorphisms in Egyptian vitiligo patients. PLoS ONE 2014, 9, e99286.
[CrossRef]

22. Liu, L.; Li, C.; Gao, J.; Li, K.; Zhang, R.; Wang, G.; Li, C.; Gao, T. Promoter variant in the catalase gene is associated with vitiligo in
Chinese people. J. Investig. Dermatol. 2010, 130, 2647–2653. [CrossRef]

23. Saif, G.B.; Khan, I.A. Association of genetic variants of the vitamin D receptor gene with vitiligo in a tertiary care center in a
Saudi population: A case-control study. Ann. Saudi Med. 2022, 42, 96–106. [CrossRef]

http://doi.org/10.3389/fimmu.2021.613056
http://doi.org/10.1038/s41598-020-79705-0
http://doi.org/10.1159/000506103
http://doi.org/10.1111/iji.12476
http://doi.org/10.3390/ijms24043357
http://doi.org/10.3390/cells12040630
http://www.ncbi.nlm.nih.gov/pubmed/36831297
http://doi.org/10.3390/cells12020217
http://doi.org/10.3390/cells11071116
http://www.ncbi.nlm.nih.gov/pubmed/35406685
http://doi.org/10.3390/biomedicines10112744
http://doi.org/10.1111/exd.12344
http://www.ncbi.nlm.nih.gov/pubmed/24521008
http://doi.org/10.1007/s00403-022-02348-w
http://doi.org/10.21203/rs.3.rs-1498881/v1
http://doi.org/10.3390/jpm12122048
http://www.ncbi.nlm.nih.gov/pubmed/36556267
http://doi.org/10.1002/med.21754
http://www.ncbi.nlm.nih.gov/pubmed/33200838
http://doi.org/10.4238/2011.October.31.12
http://doi.org/10.1038/ng.2272
http://www.ncbi.nlm.nih.gov/pubmed/22561518
http://doi.org/10.1038/ng.3680
http://www.ncbi.nlm.nih.gov/pubmed/27723757
http://doi.org/10.1111/ced.12340
http://doi.org/10.1371/journal.pone.0099286
http://doi.org/10.1038/jid.2010.192
http://doi.org/10.5144/0256-4947.2022.96


Medicina 2023, 59, 708 11 of 11

24. Chahil, J.K.; Munretnam, K.; Samsudin, N.; Lye, S.H.; Hashim, N.A.N.; Ramzi, N.H.; Velapasamy, S.; Wee, L.L.; Alex, L. Genetic
polymorphisms associated with breast cancer in Malaysian cohort. Indian J. Clin. Biochem. 2015, 30, 134–139. [CrossRef] [PubMed]

25. Casp, C.B.; She, J.X.; Mccormack, W.T. Genetic association of the catalase gene (CAT) with vitiligo susceptibility. Pigment Cell Res.
2002, 15, 62–66. [CrossRef] [PubMed]

26. Akbas, H.; Dertlioglu, S.; Dilmec, F.; Balkan, M. No association between catalase (CAT) gene polymorphisms and susceptibility to
vitiligo in a Turkish population. Clin. Ter. 2013, 164, e173–e177.

27. Caputo, V.; Niceta, M.; Fiorella, S.; La Vecchia, M.; Bastonini, E.; Bongiorno, M.R.; Pistone, G. Vitiligo susceptibility and catalase
gene polymorphisms in Sicilian population. G. Ital. Dermatol. Venereol. 2017, 153, 619–623. [CrossRef] [PubMed]

28. Em, S.; Laddha, N.C.; Chatterjee, S.; Gani, A.R.; Malek, R.A.; Shah, B.J.; Begum, R. Association of catalase T/C exon 9 and
glutathione peroxidase codon 200 polymorphisms in relation to their activities and oxidative stress with vitiligo susceptibility in
Gujarat population. Pigment Cell Res. 2007, 20, 405–407. [CrossRef]

29. Gavalas, N.G.; Akhtar, S.; Gawkrodger, D.J.; Watson, P.F.; Weetman, A.P.; Kemp, E.H. Analysis of allelic variants in the catalase
gene in patients with the skin depigmenting disorder vitiligo. Biochem. Biophys. Res. Commun. 2006, 345, 1586–1591. [CrossRef]

30. He, J.; Li, X.; Li, Y.; Ren, B.; Sun, J.; Zhang, W.; Li, W. Lack of association between the 389 C> T polymorphism (rs769217) in the
catalase (CAT) gene and the risk of vitiligo: An update by meta-analysis. Australas. J. Dermatol. 2015, 56, 180–185. [CrossRef]

31. Kósa, Z.; Fejes, Z.; Nagy, T.; Csordás, M.; Simics, E.; Remenyik, E.; Góth, L. Catalase −262C> T polymorphisms in Hungarian
vitiligo patients and in controls: Further acatalasemia mutations in Hungary. Mol. Biol. Rep. 2012, 39, 4787–4795. [CrossRef]
[PubMed]

32. Lv, Y.; Liao, W.; Luan, Q.; Wang, H.; Wang, L.; Li, Q. The polymorphism of catalase T/C codon 389 in exon 9 and vitiligo
susceptibility: A meta-analysis. J. Eur. Acad. Dermatol. Venereol. 2011, 25, 955–958. [CrossRef] [PubMed]

33. Mansuri, M.; Jadeja, S.; Singh, M.; Laddha, N.; Dwivedi, M.; Begum, R. The catalase gene promoter and 5′-untranslated region
variants lead to altered gene expression and enzyme activity in vitiligo. Br. J. Dermatol. 2017, 177, 1590–1600. [CrossRef]

34. Ochoa-Ramírez, L.A.; Díaz-Camacho, S.P.; Becerra-Loaiza, D.S.; Verdugo-Nieto, L.; Muñoz-Estrada, V.F.; Servín-Vázquez, L.A.;
Osuna-Ramírez, I.; Rodríguez-Millán, J.; Velarde-Félix, J.S. Catalase but not vitamin D receptor gene polymorphisms are associated
with nonsegmental vitiligo in Northwestern Mexicans. Int. J. Dermatol. 2019, 58, 1264–1269. [CrossRef]

35. Park, H.H.; Ha, E.; Uhm, Y.K.; Jin, S.Y.; Kim, Y.J.; Chung, J.H.; Lee, M.H. Association study between catalase gene polymorphisms
and the susceptibility to vitiligo in Korean population. Exp. Dermatol. 2006, 15, 377–380. [CrossRef] [PubMed]

36. Younes, A.; Mohammed, E.; Tawfik, K.; Hamed, H.; Attia, S.; Elsaie, M. Lack of association between catalase gene polymorphism
and susceptibility to vitiligo in an Egyptian population. J. Pigment Disord. 2014, 1, 2–4.

37. Frisoli, M.L.; Essien, K.; Harris, J.E. Vitiligo: Mechanisms of pathogenesis and treatment. Annu. Rev. Immunol. 2020, 38, 621–648.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1007/s12291-013-0414-0
http://www.ncbi.nlm.nih.gov/pubmed/25883419
http://doi.org/10.1034/j.1600-0749.2002.00057.x
http://www.ncbi.nlm.nih.gov/pubmed/11837458
http://doi.org/10.23736/S0392-0488.17.05488-8
http://www.ncbi.nlm.nih.gov/pubmed/28206724
http://doi.org/10.1111/j.1600-0749.2007.00406.x
http://doi.org/10.1016/j.bbrc.2006.05.063
http://doi.org/10.1111/ajd.12204
http://doi.org/10.1007/s11033-011-1272-6
http://www.ncbi.nlm.nih.gov/pubmed/21947853
http://doi.org/10.1111/j.1468-3083.2010.03897.x
http://www.ncbi.nlm.nih.gov/pubmed/21054578
http://doi.org/10.1111/bjd.15681
http://doi.org/10.1111/ijd.14508
http://doi.org/10.1111/j.0906-6705.2006.00423.x
http://www.ncbi.nlm.nih.gov/pubmed/16630078
http://doi.org/10.1146/annurev-immunol-100919-023531
http://www.ncbi.nlm.nih.gov/pubmed/32017656

	Introduction 
	Materials and Methods 
	Ethical Issues 
	Study Participants 
	Analysis of Nucleic Acid 
	Statistical Analysis 

	Results 
	Characteristics of Vitiligo Patients 
	HWE and Genotyping Analysis for CAT Gene SNPs 
	Linkage Disequilibrium Analysis 
	Haplotype Analysis 

	Discussion 
	Conclusions 
	References

