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Abstract
Background. The single-nucleotide polymorphisms (SNPs) of apurinic/apyrimidinicendonuclease 1 (APE1), 
which has been implicated in cancers and the DNA base excision repair (BER) process, have not been thor-
oughly investigated in association with the risks of oxidative stress-related vitiligo.

Objectives. The aim of this study is to investigate associations between APE1 single-nucleotide polymor-
phisms 141T >G and 1349T >G and risk and prognosis of vitiligo.

Material and methods. From June 2013 to June 2015, a total of 460 vitiligo patients were randomly 
recruited as a case group; 200 of these patients received narrow bound ultraviolet B (NB-UVB) treatment. 
Meanwhile, 460 healthy controls were included as a control group. Polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) was performed to explore the distribution frequencies of genotypes.

Results. Significant differences were detected between the case group and the control group in the frequen-
cies of the 141T >G and 1349T >G genotypes. At 141T >G, compared with patients carrying the TG + GG 
genotype, male patients carrying the TT genotype aged more than 20 years with active non-segmental 
vitiligo, without a family history of vitiligo or other autoimmune diseases, exhibited an increased risk of vitiligo. 
Binary logistic regression analysis demonstrated that the TT genotype at 141T >G and the non-TT genotype 
at 1349T >G were independent risk factors for vitiligo development. At 1349T >G, compared with patients 
carrying the TT genotype, male patients carrying the TG + GG genotype aged more than 20 years with active 
non-segmental vitiligo, without a family history of vitiligo or other autoimmune diseases, exhibited an in-
creased risk of vitiligo. Moreover, patients carrying 141TG + GG or 1349 TT genotypes had better photochromic 
effects, lower cumulative radiation doses, shorter treatment times, and earlier first photochromic times.
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Background

Vitiligo is a depigmentation skin disorder characterized 
by the destruction of melanocytes, resulting in the pres-
ence of noticeable pale milk-white areas of depigment-
ed skin.1,2 The incidence of vitiligo varies from region 
to region, and it is estimated that the global prevalence 
is less than 1% in most populations.3 Vitiligo may occur 
at any time, with the most prevalent onset of the disease 
estimated at around 24 years.4 Among all the therapies 
for vitiligo, including topical steroids, calcineurin in-
hibitors and phototherapy, narrow band ultraviolet B 
(NB-UVB) phototherapy is found to be the most effec-
tive treatment.5–7

Patients with vitiligo have a very high risk of recurrenc-
es of segmental vitiligo.8,9 Though not entirely explained, 
the pathogenesis of vitiligo is commonly believed to be 
related to autoimmune and genetic factors, and to oxida-
tive stress.10 Melanin synthesis is  induced by oxidation 
reactions and superoxide anion and hydrogen peroxide 
(H2O2) generation.11 However, over-accumulation of H2O2 
could lead to oxidative damage and therefore bring about 
white spots and finally vitiligo.12 In this context, oxida-
tive stress regulation may be a useful lever in melanin 
synthesis. As the name suggests, DNA base excision re-
pair (BER) is a process repairing base damage, includ-
ing single-strand breaks, non-bulky adducts, oxidative 
DNA damage, alkylation adducts, and damage induced 
by ionizing radiation.13 Evidence has shown that the in-
duction of oxidative damage and expression of several 
BER genes are significantly increased in melanocytes.14 
The apurinic/apyrimidinic endonuclease (APE1) gene 
is the most important gene reported in close association 
with oxidative-stress-related disorders.15,16 In addition, 
APE1 is also known as redox effector factor 1 (Ref-1), and 
participates in the regulation of reoxidation and tran-
scription.17 Taking all this into account, the authors pro-
pose the hypothesis that APE1 may be involved in the de-
velopment of vitiligo.

The aim of the current study, which included 460 pa-
tients with vitiligo and 460 healthy controls, was to in-
vestigate any association between APE1 SNPs 141T >G 
and 1349T >G and the risk of vitiligo. In addition, 200 pa-
tients who received NB-UVB treatments were followed up 
in order to observe the influence of APE1 polymorphisms 
on the prognosis in vitiligo.

Material and methods

Ethical statement

The study design was reviewed and approved by the eth-
ics committee of the Affiliated Yantai Yuhuangding Hos-
pital (Yantai, China). All the subjects signed written in-
formed consent to undergo diagnostic and therapeutic 

procedures at the time of hospitalization. All the proce-
dures in this study were in compliance with the Declara-
tion of Helsinki.18

Subjects

From June 2013 to June 2015, a total of 460 patients di-
agnosed with vitiligo at the Affiliated Yantai Yuhuang-
ding Hospital were randomly recruited as the case group 
in the study; among them, 200 received NB-UVB treat-
ment. The  diagnosis of  vitiligo was confirmed based 
on three-dimensional computed tomography (CT) of the 
skin with commercially available reflectance confocal mi-
croscopy (Vivascope 1500; Lucid Inc., Rochester, USA) 
and the diagnostic criteria of vitiligo.19 In patients with 
vitiligo, as presented in the CT image, the pigment rings 
at  the  dermo-epidermal junction totally disappeared 
in the lesion areas and appeared half-ring-shaped or fan-
shaped in  the  surrounding non-lesion areas. The case 
group consisted of 231 males and 229 females with a mean 
age of 28.6 ±13.9 years. Only Han Chinese subjects were 
included in the current study to avoid genotype frequency 
variations among ethnic groups. The study’s exclusion 
criteria included melanoma, dermatoma or other disease 
that may result in hypopigmentation or depigmentation 
of  the  skin and mucosa, including amelanotic nevus, 
pityriasis simplex and acquired pigment loss. The sub-
jects’ vitiligo was classified into stable stage and active 
stage, based on whether the leukoplakia had spread within 
the previous 6 months, whether the pigment loss was wors-
ening and whether new leukoplakia was appearing. Based 
on the spreading of the leukoplakia, the vitiligo cases were 
grouped into non-segmental vitiligo and segmental vit-
iligo. Meanwhile, the healthy controls (n = 460, including 
224 females and 236 males, with a mean age of 30.6 ±15.0) 
were enrolled from among patients undergoing physical 
examinations in the outpatient department. The exclu-
sion criterion for the control group was a family history 
of vitiligo.

Data collection

For each of the 200 vitiligo patients receiving NB-UVB 
treatment, the researchers recorded the clinical classifica-
tions, pigmented skin lesions, the course of the disease, 
cumulative exposure dosage, total treatment time, the time 
of initial repigmentation, and overall repigmentation. Pig-
mented skin lesions include lesions on the patients’ faces, 
bodies, arms, legs, hands and/or feet. The course of the dis-
ease refers to the period from the initial depigmentation 
to the patient’s referral to the hospital. Cumulative ex-
posure dosages were calculated as exposure dose × ex-
posure time. The  total treatment time was recorded 
by month. The time of initial repigmentation is the time 
when repigmentation was first occurred in the skin le-
sions. Evaluation of the overall repigmentation was based 
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on the repigmentation area or the absence of  leukopla-
kia, i.e., improvement (a decrease in or disappearance 
of leukoplakia, repigmentation/skin lesions ≥50%) or no 
improvement (reappearance of or increase in leukoplakia, 
repigmentation/skin lesions <50%).20

APE1 SNP detection

Fasting venous blood (5 mL) drawn from the forearm 
of  each subject was placed in  EDTA collecting tubes. 
The  blood samples were centrifuged at  2,700 rpm for 
10 min at room temperature to collect the cellular layer, 
then stored at –80°C. DNA extraction (DNA Extraction 
Kit; Beijing Biotech Ltd. Inc., Beijing, China) and content 
measurement using an  ultraviolet spectrophotometer 
(Beckman Coulter Inc., Brea, USA) were performed. Poly-
merase chain reaction (PCR) amplification was conducted 
using synthesized primer sequences (Sangon Biotech Co. 
Ltd., Shanghai, China) (Table 1). The PCR reaction sys-
tem includes 0.1 µg of genomic DNA, 10 mmol/L of Tris-
HCl (pH = 8.0), 50 mmol/L of KCl, 2.5 mmol/L of MgCl2, 
200 µmol/L of dNTPs, 1U of TaqDNA polymerase, and 
0.4 µmol/L of oligonucleotide primer. The amplification 
was conducted under the conditions of initial denaturation 
at 94°C for 3 min, followed by 37 cycles of denaturation 
at 94°C for 30 s, annealing at 55.7°C for 40 s and exten-
sion at 72°C for 40 s. The amplification was finished with 
final extension at 72°C for 10 min. Subsequently, 8.5 µL 
of PCR product was added with 5U of BgLII, 5U of BfaI 
and 1 µL of 10 × buffer solution (total 10 µL). Then, 10 µL 
of the reaction system was subjected to water bath diges-
tion for 3 h, followed by electrophoresis with agarose gel 
containing 2% of ethidium bromide. The observation was 
performed under ultraviolet (UV) light and images were 
photographed for analysis.

Statistical analysis

Continuous data was presented as mean ±  standard 
deviation (SD), while categorical data was expressed 
as percentages. Genotype frequencies between the case 
group and the control group were compared using the χ2 
test. The χ2 goodness-of-fit test was employed to identify 
whether the genotype distributions fulfilled the Hardy–
Weinberg equilibrium. The relative risk was presented 
as odds ratios (OR) with 95% confidence intervals (95% CI). 
Logistic regression analysis was conducted to screen out 

the risk factors for vitiligo development. P-values <0.05 
were considered statistically significant. The data analysis 
was conducting using SPSS v. 21.0 software (IBM Corp., 
Armonk, USA).

Results

Clinico-pathological data

The demographic and clinical data between the case 
group and the control group are presented in Table 2. 
The  χ2 test found no significant differences in  terms 
of age, sex or smoking history between the case and con-
trol groups (all p > 0.05). Among the 460 vitiligo patients, 
374 (81.3%) were diagnosed as being in the active stage and 
the remaining 86 patients (18.7%) were in the stable stage; 
36 patients (7.8%) had segmental vitiligo, while 424 (92.2%) 
had vitiligo vulgaris; 72 patients (15.7%) had a family his-
tory of vitiligo and 388 patients (84.3%) did not; 10 patients 
(2.2%) also had an autoimmune disease, while 450 patients 
(97.8%) had no autoimmune disease.

APE1 genotype analysis

APE1 was located in chromosome14q11.2. APE1 1349T >G  
(rs1130409) was a mutation of T >G in the 5th exon, contain-
ing the 1349T >G TT genotype (238bp, 403bp), 1349T >G TG  
genotype (165bp, 238bp, 403bp) and 1349T >G GG gen-
otype (165bp, 403bp), while 141T  >G (rs1760944) was 

Table 1. The primer sequences used for polymerase chain reaction 
amplification

Position Sequence

141T > G
Forward: 5’-CTAACTGCCAGGGACGCGA-3’

Reverse: 5’-ACCACTGACTTAAGATTCTAACTA-3’

1349T > G
Forward: 5’- ACGGCATAGGTGAGACCCTA-3’

Reverse: 5’-GCTGTTACCAGCACAAACGA-3’

Table 2. Comparisons of the clinical baseline information of the case 
group and control group

Baseline 
characteristics 

Case group 
(n = 460)

Control group 
(n = 460) p-value

n % n %

Age [years]
≤20
>20

150
310

32.6
67.4

164
296

35.7
64.3

0.37*

Sex
female
male

229
231

49.8
50.2

224
236

48.7
51.3

0.32*

Smoking history
yes
no

256
204

55.7
44.3

260
200

56.5
43.5

0.84*

Disease stage 
active stage
stable stage

374
  86

81.3
18.7

Clinical phenotype
segmental
non-segmental

  36
424

  7.8
92.2

Family history of vitiligo
yes
no

  72
388

15.7
84.3

Autoimmune diseases
yes
no

  10
450

  2.2
97.8

* two-sided χ2 test.
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a mutation of T >G in  the promoter region, including 
the TT genotype (116bp 443bp), GG genotype (327bp, 
443bp) and TG genotype (116bp, 327bp, 443bp) (Fig. 1).

Genotype frequencies of APE1 141T >G 
and 1349T >G

The distributions of APE1 141T >G and 1349T > G geno-
type frequency in both the vitiligo patients and the healthy 
controls fulfilled the Hardy–Weinberg equilibrium (all 
p > 0.05). Taking the TT genotype of 141T >G as a refer-
ence, the subjects with the GG genotype and TG + GG 

genotype had a decreased risk of vitiligo (both p < 0.05). 
When the TT genotype of 1349T >G was taken as a ref-
erence, the subjects with the GG genotype and the com-
bined TG + GG genotype had an elevated risk of vitiligo 
(both p < 0.05) (Table 3).

Associations between APE1 SNPs and 
vitiligo phenotypes

Using the TT genotype as reference, the 141T >G, TG + 
GG genotype was associated with a decreased risk of vit-
iligo in the subgroups male (p = 0.035), more than 20 years 

Fig. 1. The genotypes for apurinic/
apyrimidinic endonuclease 1 
(APE1)1349T >G and 141T >G 
(A – the agarose electrophoresis results for 
1349T > G; B – the agarose electrophoresis 
results for 141T > G)

Table 3. Distribution of genotypes at 141 T > G and 1349T >G in the case group and control group

Genotypes
Case group (n = 460) Control group (n = 460)

p-value Adjusted OR (95% CI)
n % n %

APE1 141 T >G

TT 176 38.3 144 31.3 1.00 (reference)

TG 214 46.5 218 47.4 0.140 0.80 (0.60–1.07)

GG   70 15.2   98 21.3 0.006 0.58 (0.40–0.85)

TG + GG 284 61.7 316 68.7 0.032 0.74 (0.56–0.97)

Allele

T 566 61.5 506 55 1.00 (reference)

G 354 38.5 414 45 0.005 0.76 (0.34–0.92)

APE1 1349 T >G

TT 127 27.6 158 34.3 1.00 (reference)

TG 228 49.6 232 50.4 0.200 1.22 (0.91–1.65)

GG 105 22.8   70 15.3 0.002 1.87 (1.27–2.74)

TG + GG 333 72.4 302 65.7 0.032 1.37 (1.04–1.82)

Allele

T 482 52.4 548 59.6 1.00 (reference)

G 438 47.6 372 40.4 0.002 1.34 (1.12–1.61)

OR – odds ratios; 95% CI – 95% confidence intervals.
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old (p = 0.019), non-segmental vitiligo (p = 0.008), active 
vitiligo (p < 0.001), no family history of vitiligo (p = 0.017), 
and no other autoimmune diseases (p = 0.049). When 
the 1349T >GTT genotype was used as  the  reference, 
an elevated risk of vitiligo associated with the combined 
1349T >GTG + GG genotype was more obvious in the sub-
groups more than 20 years old (p = 0.045), male (p = 0.022), 
non-segmental vitiligo (p = 0.031), active stage (p < 0.001), 
and no family history of vitiligo (p = 0.031) (Table 4).

Risk factors for vitiligo detected >G  
in the logistic regression analysis

With presence of vitiligo as the dependent variable and 
age, sex, smoking history, the TT genotype at 141T >G, 
a  non-TT genotype at  141T  >G, the  TT genotype 
at 1349T >G, and a non-TT genotype at 1349T >G as in-
dependent variables, a binary logistic regression analysis 
was performed. As shown in Table 5, the TT genotype 
at 141T >G and a non-TT genotype at 1349T >G were 

independent risk factors for vitiligo development (both 
p < 0.05), while age, sex and smoking history had no sig-
nificant association with vitiligo development (all p > 0.05).

Associations between APE1 SNPs 
and the prognosis of vitiligo patients 
receiving NB-UVB treatment

A total of 200 vitiligo patients received NB-UVB treat-
ment, among whom 127 patients (63.5%) had depigmen-
tation on  their faces, 110 (55.0%) had depigmentation 
on their bodies, 82 patients (41.0%) had depigmentation 
on their arms and legs (apart from the hands and feet), 
and 77 patients (38.5%) had depigmentation on their hands 
and feet. Compared with subjects with the TT genotype 
of APE1 141T >G, patients with the TG + GG genotype 
had better repigmentation (χ2 = 6.453, p = 0.012), lower 
cumulative exposure dosages (χ2 = 7.227, p = 0.011), lower 
total treatment times (χ2 = 6.315, p = 0.015), and earlier 
initial repigmentation (χ2 = 10.250, p = 0.002). Compared 

Table 4. APE1 SNPs associated with clinical phenotypes of vitiligo

Clinical phenotype
141 T >G

Adjusted OR (95% CI)
1349 T >G 

Adjusted OR (95% CI)
TT/TG + GG TT/TG + GG

Age [years]
≤20
>20

176/284
69/81

107/203

0.62 (0.42–0.92) 127/333
32/118
95/215

1.63 (1.03–2.58)

Sex
female
male

99/130
77/154

0.66 (0.45–0.96)
52/177
75/156

1.64 (1.08–2.48)

Smoking history
yes
no

83/173
93/111

63/193
64/140

Disease stage 
active stage
stable stage

160/214
16/70

0.37 (0.25–0.54)
65/309
62/24

12.28 (7.14–21.11)

Clinical phenotype
segmental
non-segmental

22/14
154/270

0.39 (0.19–0.78)
4/32

123/301

3.27 (1.13–9.44)

Family history of vitiligo
yes
no

37/35
139/249

0.53 (0.32–0.88)
12/60

115/273

2.11 (1.09–4.06)

Autoimmune diseases
yes
no

7/3
169/281

0.26 (0.07–1.01)
1/9

126/324

3.50 (0.44–27.91)

SNP – single-nucleotide polymorphism; OR – odds ratio; 95% CI: 95% confidence interval.

Table 5. Risk factors for vitiligo development screened out using logistic regression analysis

Variables B S.E. Wald Sig. Exp (B) 95% CI for EXP(B)

141T >G –0.35 0.14 6.16 0.013 1.42 1.08–1.87

1349T >G   0.36 0.15 6.17 0.013 0.70 0.53–0.93

Age –0.22 0.15 2.09 0.148 0.80 0.59–1.08

Sex   0.06 0.14 0.20 0.654 1.07 0.81–1.41

Smoking history   0.08 0.14 0.36 0.549 1.09 0.83–1.43

B – regression coefficient; SE – standard error of regression coefficient; Wald – test statistics; Sig. – significance; Exp (B) – index of the regression coefficients; 
CI – confidence interval.
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with subjects with the  combined TG + GG genotype 
of APE1 1349T >G, subjects with the 1349T >G TT geno-
type had better repigmentation (χ2 = 9.924, p = 0.002), 
lower cumulative exposure dosages (χ2 = 5.138, p = 0.033), 
reduced treatment times (χ2 = 8.348, p = 0.004) and earlier 
initial repigmentation (χ2 = 5.335, p = 0.027) (Table 6).

Discussion

This study investigated associations of the SNPs 141T >G 
and 1349T >G in the APE1 gene with the risk of vitiligo 
and its prognosis. The results showed that a mutation 
of the SNPs at141T >G was associated with a decreased 
risk of vitiligo, while a mutation of 1349T >G confers 
a highly increased risk of vitiligo. Moreover, the results 
also showed that the combined 141TG + GG and TT geno-
types at 1349T >G were associated with a better prognosis 
in vitiligo patients.

Vitiligo is  a  depigmentation disease usually treated 
by NB-UVB and characterized by irregular white spots 
on the face, body and/or extremities.21 It has been sug-
gested that the loss of melanocytes from lesional skin may 
be a cause of the white spots, and research has shown 
an increase in DNA damage in the leucocytes of patients 
with vitiligo compared with healthy controls.22 The epi-
dermis of vitiligo patients presents multiple signs of oxida-
tive stress, including allantoin, a well-known indicator for 
reactive oxygen species (ROS)-induced stress.23 The APE1 
gene, along with 8-oxoguanine glycosylase-1 (OGG1) and 
X-ray repair cross-complementing-1 (XRCC1), which are 
significantly implicated in the BER pathway, mediates 
the removal of oxidatively damaged DNA and is involved 
in eukaryotic transcriptional regulation of gene expres-
sion.23,24 APE1 is a master regulator of ROS production 
and contributes greatly to the maintenance of genome 
stability.26 Therefore, it was reasonable to speculate that 
SNPs of APE1 are implicated in the occurrence and de-
velopment of vitiligo by  removing ROS-induced DNA 

damage. Several sequence variants have been identified 
in the APE1 gene, including an amino acid change from 
aspartic acid to glutamic acid (1349T >G), which may be 
associated with hypersensitivity to ionizing radiation.27 
A number of case-control studies have documented an as-
sociation between the APE11349T >G SNP and suscep-
tibilities to disease.15,28 1349T >G GG may have altered 
endonuclease and DNA-binding activity, and a reduced 
ability to  communicate with other BER proteins.29A 
recent study reported that APE1 expression in the epi-
dermal lesion and non-lesion patches of vitiligo patients 
is  higher than in  healthy controls, and showed that 
APE11349T >G variant genotypes confer an increased risk 
of vitiligo.23 A functional study revealed that individuals 
with the APE11349T >GGG and 1349T >GTG genotypes 
showed higher levels of damage,30 supporting the present 
study’s findings that compared to 1349T >G TT genotype, 
the combined 1349T >G TG + GG genotype was associat-
ed with an increased risk of vitiligo. In addition, the pres-
ent study also found that the combined 141T >G TG + GG 
genotype was associated with a reduced risk of vitiligo 
compared with the TT genotype. Similarly, a previous 
study showed that a variant allele G of APE1 141T >G 
was associated with an increased risk of abnormal me-
lanocyte proliferation and then cutaneous melanoma.31 
Moreover, the association was more pronounced in male 
vitiligo patients and those with active vitiligo, nonsegmen-
tal vitiligo, no family history of vitiligo, and an age of more 
than 20 years. To sum up, TT at 141 T >G and non-TT 
at 1349 T >G may be potential risk factors for vitiligo 
development, which was further confirmed by a logistic 
regression model in the present study.

This study also investigated associations between 
APE1 141T >G and 1349T >G SNPs and the prognosis for 
vitiligo, and the results showed that subjects with the com-
bined 141TG + GG or 1349T >G TT genotype showed 
a better response to NB-UVB treatment, with better re-
pigmentation, lower cumulative exposure dosages, re-
duced treatment times, and earlier initial repigmentation. 

Table 6. Association between APE1 SNPs and the prognosis of vitiligo patients receiving NB-UVB treatment

Variables 141 T  
>G TT

141 T  
>G TG + GG χ2 p-value 1349T  

>G TT
1349T  

>G TG + GG χ2 p-value

Re-pigmentation 
re-pigmentation area ≤50%
re-pigmentation area >50%

76
27

55
42

  6.453 0.012
51
43

80
26

9.924 0.002

Cumulative exposure dosage [J/cm2]
≤36
>36

42
61

58
39

  7.227 0.011
55
39

45
61

5.138 0.033

Total treatment time [months]
≤6
>6

36
67

51
46

  6.315 0.015
51
43

36
70

8.348 0.004

Initial time of re-pigmentation [months]
≤1
>1

64
39

80
17

10.250 0.002
75
19

69
37

5.335 0.027

SNP – single-nucleotide polymorphism; NB-UVB – narrow band ultraviolet B.
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It was of great importance to identify protective factors 
in these vitiligo prognoses, since the therapeutic options 
and prognoses are quite different in different individuals.6 
It has been shown that a younger age, segmental vitiligo, 
short disease duration, and lesions located on the fleshy 
regions of the body may have a better chance of recovery.32

In conclusion, the present study provided evidence that 
APE1 SNPs are associated with the risk of vitiligo. The G al-
lele at APE11349T >G combined with the 1349T >G TG + GG 
genotype may increase the risk of vitiligo, while the com-
bined TG + GG genotype may reduce the risk of vitili-
go. In addition, the study also found that 141T >G and 
1349T  >G SNPs may be significantly associated with 
the prognosis of this disease. However, as an important 
member of the BER pathway, it is possible that APE1 func-
tions with other genes in this pathway that are involved 
in the occurrence and development of vitiligo. The authors 
are undertaking a further study to focus on the interaction 
of APE1 SNPs with related molecules in vitiligo.
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