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Vitiligo is a rare skin condition caused by an immune reaction. Vitiligo can occur anywhere on the body.
This proposed explanation of vitiligo makes it clear that vitiligo is not linked to any other autoimmune
diseases. The polymorphisms of some genes present in the immune system play a major function in sus-
ceptibility of vitiligo. Meta-analysis studies have shown that the Angiotensin converting enzyme (ACE)
gene insertion and deletion polymorphism is closely associated with vitiligo in many ethnicities. The con-
nection between ACE gene and vitiligo is connected through the auto immune diseases and there are no
genetic polymorphism studies have been carried out with ACE gene with vitiligo in the Saudi population.
Previous studies show that vitiligo patients are more likely to also have an autoimmune disorder. The
current study aims to investigate the I/D polymorphism in the ACE gene with diagnosed patients with
vitiligo subjects. This is a case-control study carried out in the Saudi population with 100 vitiligo cases
and 100 healthy controls. Genotyping was performed through polymerase chain reaction followed by
3% agarose gel electrophoresis. Genotype and allele frequencies were carried out with genetic mode of
inheritances. Statistical analysis was performed considering p < 0.05 as significant association. There
was a substantial difference in allele frequency distribution between vitiligo patients and healthy con-
trols (OR-1.70 (95%CI: 1.14–2.53); p = 0.008). Additionally, DD genotype (OR-4.71 (95%CI: 1.42–15.61);
p = 0.008) and recessive model (OR-2.66 (95%CI: 1.41–5.02); p = 0.002) was strongly associated. Both
dominant and co-dominant showed the negative association (p > 0.05) when compared between the viti-
ligo cases and controls. The correlation between age and genotyping was performed with Anova analysis
and current study results confirmed the substantial link between 11 and 20 years (p = 0.01) and 31–
40 years (p = 0.04) with the defined age groups. In conclusion, in Saudi populations, the ACE gene I/D
polymorphism was identified as being correlated with vitiligo. This is the first study in Saudi Arabia to
report the risk factors of vitiligo with the ACE gene polymorphism.
� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction cytes in the skin, hair or both (Ahmed et al., 2020). Vitiligo is a sev-
Vitiligo is a widespread chronic depigmentation of the skin,
caused by the selective disruption of the functioning of melano-
ere, acquired, idiopathic and progressive skin disease characterized
by the loss of functional melanocytes and melanin from hair folli-
cles and skin (Almohideb, 2020). The disease vitiligo exists in a
small fraction (0.5–10%) of the world population. Most people
develop vitiligo before they have reached the age of 40. The causes
of vitiligo are still unclear (Cheng et al., 2020). The loss of melano-
cytes and dark pigment development of melanin is the result of
medical conditions linked to the immune system and our environ-
ment (Rajendiran et al., 2020). The precise cause of vitiligo has yet
to be determined (Yan et al., 2020). Vitiligo is largely dependent on
genetics and is a multifactorial disorder, meaning it has many
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Table 1
Anthropometric characteristics between Vitiligo cases and controls.

Vitiligo
patients
(n = 100)

Control
(n = 100)

p-value

Gender
Male
Female

45 (45%)
55 (55%)

45 (45%)
55 (55%)

1.00
1.00

Age (years) (27.1 ± 13.22) (41.04 ± 17.06) 0.88
Disease Duration (years) 5.0 ± 2.1 NA NA
Generalized Clinical type of

Disease
100 (100%) NA NA

Family history 31 (31%) NA NA
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genetic causes. Vitiligo is a polygenic disorder and many genes
related to autoimmunity are associated with its pathogenesis
(Huraib et al., 2020).

Several genetic factors were identified that control the role of
the immune system. One essential gene is Angiotensin converting
enzyme (ACE), which controls the vasculature and also participate
in the immune system. The D allele of the ACE gene insertion/dele-
tion (I/D) polymorphism was found to be linked to vitiligo
(Patwardhan et al., 2013, Rashed et al., 2015). Angiotensin II is con-
sidered an essential regulator of the renin-angiotensin system
(RAS) and kallikrein-kininogen systems. ACE has a major function
in the body’s inflammation phase and it has been studied in con-
junction with several autoimmune diseases (Rashed et al., 2015).
The ACE gene contains an intron of an intron of 287-bp DNA
(ALU sequence) absorbent polymorphism dependent on presence
(I-insertion) and absence (D- removal), resulting in three geno-
types (homozygous II and DD, and ID heterozygotes). ACE, the
renin-angiotensin system, is an essential enzyme encoded with
the ACE gene on chromosome 17q23 consisting of 26 exons and
25 introns (Alharbi et al., 2013a, Alharbi et al., 2013b). The D allele
was shown to be dose-dependently correlated with higher circula-
tory ACE enzyme (Poornima et al., 2015).

Several studies have explored the connection between these
polymorphisms and autoimmune disorders (Hassan et al., 2019,
Van Belle et al., 2011). Numerous studies have shown the relation-
ship between ACE gene I/D polymorphism and vitiligo. Many
genetic findings on the interaction of ACE I/D polymorphism with
and without vitiligo are inconclusive (Almohideb, 2020,
Patwardhan et al., 2013, Rashed et al., 2015). The current study
aims to explain the relation between of ACE gene I/D polymor-
phism with vitiligo.
2. Materials and methods

2.1. IRB approval

The initial step for this study was approving the ethical grant
from Institutional Review Board at King Saud University (KSU).
The patients have signed the informed form before enrolling in this
study based on inclusion and exclusion criteria of vitiligo cases and
control subjects
2.2. Patient recruitment

This is a prospective case-control study carried on in KSU pre-
mises. The vitiligo patients were recruited from outpatient clinic
at Dermatology department in KSU, Riyadh and Saudi Arabia. In
this case-control study, we have recruited 100 vitiligo patients
and 100 controls without age matching and gender was col-
lected equally. The inclusion criteria of the vitiligo cases were
adopted from based on Vitiligo European Task Force (Taïeb
et al., 2007). The exclusion criteria of the vitiligo cases are based
on other skin diseases such as eczema (Bogari et al., 2020) apart
from vitiligo. The inclusion criteria of the control subjects are
patients confirmed without any skin and other diseases. The
exclusion criteria of the controls were diagnosed with any health
issues or diseases.
2.3. Anthropometric details

In this study, we have recorded the anthropometric details such
as age, gender, family history and specialized category of the viti-
ligo disease which were tabulated in Table 1.
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2.4. Blood and genetic analysis

In this study, 2 ml of whole blood was collected in an EDTA
vacutainer and DNA was extracted using the genomic DNA isola-
tion kit (Qiagen, USA). NanoDrop spectrophotometer was used to
measure the DNA quantity. Samples were stored at freezer for fur-
ther usage.

Genotyping was performed by direct polymerase chain reaction
(PCR) technique to study the Alu287bp sequence of insertion and
deletion polymorphism in the ACE gene using Thermo Scientific
DreamTaq Green PCR master mix (Ig BioSystems, Saudi Arabia).
The PCR was performed with 50 ll reaction which consists of
25 ll of master mix which consists of 10X buffer, MgCl2, dNTPs
and Taq DNA polymerase. Apart from this we have added 10 ll
of double distilled, 2 ll of forward and reverse primers of 10p-
moles. Genomic DNA of 5 ll was added separately into each tube.
The primer sequences were grabbed from (Khan et al., 2014,
Alshammary and Khan, 2021) studies of forward sequence and
reverse sequence as follows

F-50CTGGAGACCACTCCCATCCTTTCT30.
R-50GATGTGGCCATCACATTCGTCAGAT30

PCR was performed by initial denaturation at 95C for 10 min
followed with denaturation at 95C for 30 s. Annealing is the most
important and second step which is carried out 58C for 30 s and in
the final step of extension was carried out at 72C for 45 s. The final
denaturation was 72C for 10 min. The overall cycle was carried out
at 35 rounds and holds finally at 4C. Agarose gel of 3% was pre-
pared with 3 g of agarose in 100 ml of 1X TBE buffer and mixed
with 10 ll of ethidium bromide. The PCR products was run to anal-
yse the ACE I/D polymorphisms on agarose gel and visualized
under UV transilluminator. The band sizes for II genotype was
490 bp and DD was 190 bp. The heterozygous ID was 490/190 bp
respectively (Fig. 1).

2.5. DNA validation

In this study, we have selected randomly 15% of samples from
cases and controls to validate the obtained results in our study.
The complete Sanger sequencing was performed as per the
described methodology (Alharbi et al., 2021).

2.6. Statistical analysis

In this study, SPSS software version 25.0 was used to perform
the statistics between the vitiligo cases and controls. Mean and
standard deviation was represented as continuous variables and
the qualitative was represented in frequencies and percentages
(Table 1). Hardy Weinberg equilibrium (HWE) was performed with
one-degree of freedom (Table 2). Statistical analysis between the
vitiligo cases and controls using genotyping data with odds ratios
and 95% confidence intervals was performed with both genotype
and allele frequencies including dominant, co-dominant and



Fig. 1. Ethidium bromide stained 3% agarose gel electrophoresis for ACE gene.

Table 2
Hardy Weinberg Equilibrium in ACE gene Insertion and Deletion polymorphism studies.

Gene Sequence Control genotypes(II/ID/DD) v2 P value

ACE Alu deletion 287 bp 10/80/80 36 p < 0.00001

Table 3
Genotype and allele frequencies between Vitiligo cases and non-vitiligo subject.

Various mode of inheritances Vitiligo (n = 100) Controls (n = 100) ORs 95% CI p Value

II (Insertion) 07 (7%) 10 (10%) Reference Reference Reference
ID (Insertion/Deletion) 60 (60%) 80 (80%) 1.07 0.38–2.97 0.89
DD (Deletion) 33 (33%) 10 (10%) 4.71 1.42–15.61 0.008
Dominant Model 93 (93%) 90 (90%) 1.47 0.53–4.04 0.44
Co-dominant Model 60 (60%) 80 (80%) 0.37 0.19–0.70 0.002
Recessive Model 40 (40%) 20 (20%) 2.66 1.41–5.02 0.002
I allele 74 (0.37) 100 (0.50) Reference Reference Reference
D allele 126 (0.63) 100 (0.50) 1.70 1.14–2.53 0.008

Table 4
Correlation between age and genotype frequencies.

n (%) Age range II (n = 7) ID (n = 60) DD (n = 33) P value

n = 03 1–10 01 (14.3%) 01 (1.7%) 01 (3%) 1.00
n = 36 11–20 03 (42.8%) 21 (35%) 12 (36.4%) 0.01
n = 27 21–30 01 (14.3%) 15 (25%) 11 (33.3%) 0.06
n = 20 31–40 02 (28.6%) 13 (21.7%) 05 (15.2%) 0.04
n = 09 41–50 00 (0%) 06 (10%) 03 (9.1%) 0.08
n = 03 51–60 00 (0%) 02 (3.3%) 01 (3%) 0.68
n = 02 61–70 00 (0%) 02 (3.3%) 00 (0%) 0.06
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recessive mode of inheritances (Table 3). One-way Anova analysis
was performed between the correlation of age and genotypes. All
the Pvalues were considered as < 0.05 as significant (See Table 4).

3. Results

3.1. Descriptive characteristics

The descriptive characteristics of vitiligo cases and controls
have been documented in Table 1. Based on the anthropometric
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data, the mean age of the vitiligo cases was found to be
27.1 ± 13.22 and 41.04 ± 17.06 was documented in the control sub-
jects. In this study, 55% of females and 45% of males were equally
selected in both the vitiligo cases and controls. The mean age of the
vitiligo disease was documented to be 5.0 ± 2.1. The family history
was documented to be 31% in the vitiligo cases. However, there
was no data in controls for any family history of vitiligo and mean
age. The t-test for age (p = 0.88) and gender (p = 1.00) was non-
significantly associated when compared between vitiligo disease
and control subjects (p > 0.05).
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3.2. HWE equilibrium

The genotype distribution between ACE gene I/D polymorphism
were not in the agreement with those predicted through the HWE
in the control group (v2 = 36 and p < 0.00001). The details were
documented in Table 2.
3.3. Genotyping analysis

The I and D alleles and the II, ID and DD genotypes at position
rs4646994 were identified in cases and controls of the ACE gene.
Allele and genotyping frequencies of ACE gene I/D polymorphism
in vitiligo cases and control subjects was shown in Table 3. The I
allele frequency was 37% and D allele frequency was 63% in vitiligo
cases and in controls both the I and D allele frequencies was doc-
umented to be 50% of each. The genotype distribution of ACE gene
I/D polymorphism II, ID and DD genotypes in cases was 7%, 60%
and 33%, whereas in controls the II, ID and DD genotypes was
10%, 80% and 10% respectively. The DD genotype (DD vs II: OR-
4.71 (95%CI: 1.42–15.61); p = 0.008), D allele (D vs I: OR-1.70
(95%CI: 1.14–2.53); p = 0.008) and recessive models (OR-2.66
(95%CI: 1.41–5.02); p = 0.002) was strongly associated when com-
Fig. 2. Representation of genotype frequencies in ACE gene.

Fig. 3. Gender based representation of ACE
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pared between the vitiligo cases and controls. Both the dominant
(OR-1.47 (95%CI: 0.53–4.04); p = 0.44) and co-dominant (OR-0.37
(95%CI: 0.19–0.70); p = 0.002) models didn’t showed any associa-
tion in this study. The Fig. 2 represents the genotype frequencies
in vitiligo cases and Fig. 3 represent the genotype frequencies in
vitiligo cases of both male and female participants.
3.4. Correlation between age and genotyping

In this study, we have categorized age into 7 categories as 0–10
(n = 03), 11–20 (n = 36), 21–30 (n = 27), 31–40 (n = 20), 41–50
(n = 09), 51–60 (n = 03) and 61–70 (n = 02) respectively. The II,
ID and DD genotypes was found to be high in the age category
between 11 and 20 years (II = 03, ID = 21 and DD = 12). The one-
way Anova analysis was found to be significantly associated with
the age categories between 11 and 20 years (p = 0.01) and 31–
40 years (p = 0.04).
4. Discussion

Vitiligo is a confounding genetic disorder that may include
genes expressed in cells of the skin (Jin et al., 2004). Another
important hypothesis for vitiligo pathogenesis, particularly for sec-
toral vitiligo, is an abnormality affecting the neural system. In the
presence of noxious stimuli such as chemical and mechanical inju-
ries, neuropeptides such as skin P substance may be released from
sensory nerves, then trigger or increase inflammatory reactions
including plasma extravasation, leukocyte activation and cytokine
development and mast cell activation. Angiotensin-converting
enzymes can inactivate bradykinin, modulate skin-neurogenic
inflammation and P- and another neuropeptide degradation
(Zhang et al., 2005). The purpose of this study was to study ACE
gene I/D polymorphism gene association in vitiligo cases. This
research is confirmed by the fact that the initial study carried out
in the Saudi population confirmed the substantial correlation with
our current findings. The findings of our study show that D allele,
DD genotype and recessive mode of heritages are associated to
the ACE gene polymorphism. Alu-287 bp can therefore be identi-
fied as a risk marker based on global study. ACE catalyze the pro-
duction of potent angiotensin II vasoconstrictor by angiotensin I.
It is an enzyme that controls body fluid volume, fluid and elec-
trolyte concentrations and regulates human blood pressure in the
renin-angiotensin-aldosterone system (RAAS). In addition, ACE
position is important for RAAS (Sabir et al., 2019).
genotype frequencies in vitiligo cases.
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There is limited evidence that ACE may require the develop-
ment of vitiligo. The SP (substance P) and other peptide mediators
can be degraded by ACE. Neuropeptides such as SP, which respond
with harmful stimuli such as chemical and mechanical injury, are
released from the sense nerves in skin. Inflammatory responses
such as plasma extravasation, activation of leucocytes, develop-
ment of cytokines and mast cell activation may be triggered or
enhanced by SP. Another potential mechanism is that melanocytes
may vary from patient to monitor for ACE gene expression.

ACE refers to the transfer of angiotensin into its active form,
angiotensin II. The ACE gene is located on the chromosome 17 long
arm (17q23.3). The gene consists of 26 exons and 25 introns. As of
2012, scientists have established about 160 ACE gene variants. In
the coding area, there were only 34 polymorphisms. The first to
report the polymorphism of insertion/deletion (I/D) from ACE
was Rigat and colleagues (Rigat et al., 1992). The inclusion (inser-
tion) or absence (deletion) of an AluYa5 factor in intron 16 of this
variety resulting in two genotypes (II homozygote, ID heterozygote
and DD homozygote). While, I/D polymorphism is in a non-coding
area of the ACE genome, the D allele has shown to contribute to an
increased circulating serum activity of ACE, indicating the presence
of this mutation in ACE levels. In this DD genotype the maximum
serum ACE activation was observed while in II genotype the lowest
was identified (Khan et al., 2014, Sameer et al., 2010, Poornima
et al., 2015).

Previous global studies have shown an important correlation
with ACE gene polymorphism in vitiligo studies (Pradesh, 2011,
Jin et al., 2004, Almohideb, 2020, Rashed et al., 2015, Azeem
et al., 2016, Akhtar et al., 2005, Deeba et al., 2009). However, other
global studies have shown a negative correlation with ACE gene
polymorphism in Vitiligo disease (Akhtar et al., 2005, Azeem
et al., 2016, Dwivedi et al., 2008, Pradesh, 2011). Recent meta-
analysis studies were performed with a large sample size in vitiligo
disease with ACE gene polymorphism and found a negative corre-
lation (Almohideb, 2020). However, (Patwardhan et al., 2013) case-
control study and meta-analysis was documented to be associated
significantly. Our current results have been consistent with previ-
ous associated studies in vitiligo with ACE gene polymorphism. The
DD genotype is similar in our sample with a prevalence of 33% to
the previous Rashed et al study (Rashed et al., 2015).

The ACE gene has been used for I/D polymorphism, with several
diseases in the Saudi population and both positive and negative
associations are confirmed (Al-Harbi et al., 2015, Alharbi et al.,
2013a, Alharbi et al., 2013b, Al-Saikhan et al., 2017, Settin et al.,
2009). The frequencies of the genotype differed depending on the
human diseases and their frequencies. There are some limitations
to the current study. This study is initially constrained by a single
polymorphism. ACE serum levels were lacking the secondary lim-
itation of this analysis. The final limitation was not that the expres-
sion experiments were carried out. Our study has several strengths,
including the recruitment of Saudi subjects in hospital premises,
the significant ACE genetic polymorphism in vitiligo and control
subjects, and the confirmation of the findings of the study cur-
rently validated by sanger sequencing. In conclusion, our findings
demonstrate that ACE I/D polymorphism could serve in the vitiligo
as a possible genetic modulator. In particular, our data show that
ACE, DD genotypes are vulnerable to the risk of developing vitiligo
in vitiligo patients. In other Arab countries a similar study should
be done to exclude it. Future vitiligo studies can concentrate on
multiple RAAS genetic markers of large sample size.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.
4482
Acknowledgement

The authors extend their appreciation to the Deanship of Scien-
tific Research at ImamMohammad Ibn Saudi Islamic University for
funding this work through Research Group no. RG-21-09-90.
References

Ahmed, R., Sharif, D., Jaf, M., Amin, D.M., 2020. Effect of TNF-a� 308G/A
(rs1800629) Promoter Polymorphism on the Serum Level of TNF-a Among
Iraqi Patients with Generalized Vitiligo. Clin., Cosmetic Investigational
Dermatol. 13, 825.

Akhtar, S., Gavalas, N.G., Gawkrodger, D.J., Watson, P.F., Weetman, A.P., Kemp, E.H.,
2005. An insertion/deletion polymorphism in the gene encoding angiotensin
converting enzyme is not associated with generalised vitiligo in an English
population. Arch. Dermatol. Res. 297, 94–98.

Al-Harbi, K.M., Almuzaini, I.S., Morsy, M.M., Abdelaziz, N.A., Al-Balawi, A.M.,
Abdallah, A.M., 2015. Angiotensin-converting enzyme gene insertion/deletion
polymorphism in Saudi patients with rheumatic heart disease. Saudi Med. J. 36,
176.

Al-Saikhan, F.I., Abd-Elaziz, M.A., Ashour, R.H., 2017. Association between risk of
type 2 diabetes mellitus and angiotensin-converting enzyme insertion/
deletion gene polymorphisms in a Saudi Arabian population. Biomed. Rep. 7,
56–60.

Alharbi, K.K., Abudawood, M., Khan, I.A., 2021. Amino-acid amendment of arginine-
325-tryptophan in rs13266634 genetic polymorphism studies of the SLC30A8
gene with type 2 diabetes-mellitus patients featuring a positive family history
in the Saudi population. J. King Saud Univ.-Sci. 33, 101258.

Alharbi, K.K., Kashour, T.S., Al-Hussaini, W., Al-Nbaheen, M.S., Mohamed, S.,
Hasanato, R.M., Tamimi, W., Al-Naami, M.Y., Khan, I.A., 2013a. Association of
angiotensin converting enzyme gene insertion/deletion polymorphism and
familial hypercholesterolemia in the Saudi population. Lipids Health Dis. 12,
177.

Alharbi, K.K., Khan, I.A., Abed, A.S.A., Syed, R., 2013b. Insertion/Deletion
polymorphisms do play any role in G6PD deficiency individuals in the
Kingdom of the Saudi Arabia. Bioinformation 9, 49.

Almohideb, M., 2020. Associations of Angiotensin-Converting Enzyme Gene
Insertion/Deletion (ACE Gene I/D) Polymorphism With Vitiligo. An Updated
Systematic Review and Meta-Analysis. Cureus 12.

Alshammary, A.F., Khan, I.A., 2021. Screening of Obese Offspring of First-Cousin
Consanguineous Subjects for the Angiotensin-Converting Enzyme Gene with a
287-bp Alu Sequence. J. Obes. Metab. Syndrome 30, 63.

Azeem, N.E.A., Attallah, D.A., Hussein, A.A., Alzzubidi, N.A., 2016. The angiotensin-
converting enzyme insertion/deletion polymorphism of vitiligo in a population
in upper Egypt: a hospital-based study. J. Egypt. Women’s Dermatol. Soc. 13,
129–132.

Bogari, N.M., Amin, A.A., Rayes, H.H., Abdelmotelb, A., Al-Allaf, F.A., Dannoun, A., Al-
Amodi, H.S., Sedayo, A.A., Almalk, H., Moulana, A., 2020. Whole exome
sequencing detects novel variants in Saudi children diagnosed with eczema. J.
Infect. Publ. Health 13, 27–33.

Cheng, L., Liang, B., Tang, X.-F., Cai, X.-Y., Cheng, H., Zheng, X.-D., Zheng, J., Wang, M.-
W., Zhu, J., Zhou, F.-S., 2020. Validation of Susceptibility Loci for Vitiligo
Identified by GWAS in the Chinese Han Population. Front. Genet. 11.

Deeba, F., Jamil, K., Rabbani, S., Waheed, M., Rao, H., 2009. Association of
angiotensin converting enzyme gene I/D polymorphism with vitiligo in South
Indian population. Int. J. Med. Med. Sci. 1, 009–012.

Dwivedi, M., Laddha, N.C., Shajil, E., Shah, B.J., Begum, R., 2008. The ACE gene I/D
polymorphism is not associated with generalized vitiligo susceptibility in
Gujarat population. Pigment Cell Melanoma Res. 21, 407–408.

Hassan, I., Bhat, Y.J., Majid, S., Sajad, P., Rasool, F., Malik, R.A., Haq, I.U., 2019.
Association of Vitamin D receptor gene polymorphisms and serum 25-Hydroxy
Vitamin D levels in vitiligo–A case-control study. Indian Dermatol. Online J. 10,
131.

Huraib, G.B., AL Harthi, F., Arfin, M., Aljamal, A., Alrawi, A.S., AL-Asmari, A., 2020.
Association of Functional Polymorphism in Protein Tyrosine Phosphatase
Nonreceptor 22 (PTPN22) Gene with Vitiligo. Biomarker Insights, 15,
1177271920903038.

Jin, S.Y., Park, H.H., Li, G.Z., Lee, H.J., Hong, M.S., Hong, S.J., Park, H.K., Chung, J.H., Lee,
M.H., 2004. Association of angiotensin converting enzyme gene I/D
polymorphism of vitiligo in Korean population. Pigment Cell Res. 17, 84–86.

Khan, I.A., Jahan, P., Hasan, Q., Rao, P., 2014. Angiotensin-converting enzyme gene
insertion/deletion polymorphism studies in Asian Indian pregnant women
biochemically identifies gestational diabetes mellitus. J. Renin-angiotensin-
aldosterone Syst. 15, 566–571.

Patwardhan, M., Pradhan, V., Taylor, L., Thakkar, V., Kharkar, V., Khopkar, U., Ghosh,
K., Gawkrodger, D., Teare, M., Weetman, A., 2013. The angiotensin-converting
enzyme gene insertion/deletion polymorphism in Indian patients with vitiligo:
a case–control study and meta-analysis. Br. J. Dermatol. 168, 1195–1204.

Poornima, S., Subramanyam, K., Khan, I.A., Hasan, Q., 2015. The insertion and
deletion (I28005D) polymorphism of the angiotensin I converting enzyme gene
is a risk factor for osteoarthritis in an Asian Indian population. J. Renin-
Angiotensin-Aldosterone Syst. 16, 1281–1287.

http://refhub.elsevier.com/S1319-562X(21)00308-9/h0005
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0005
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0005
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0005
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0005
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0010
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0010
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0010
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0010
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0015
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0015
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0015
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0015
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0020
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0020
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0020
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0020
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0025
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0025
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0025
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0025
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0030
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0030
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0030
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0030
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0030
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0035
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0035
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0035
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0040
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0040
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0040
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0045
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0045
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0045
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0050
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0050
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0050
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0050
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0055
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0055
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0055
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0055
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0060
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0060
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0060
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0065
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0065
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0065
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0070
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0070
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0070
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0075
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0075
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0075
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0075
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0085
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0085
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0085
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0090
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0090
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0090
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0090
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0095
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0095
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0095
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0095
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0100
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0100
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0100
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0100


Nosiba Suliman Basher, A. Malik, F. Aldakheel et al. Saudi Journal of Biological Sciences 28 (2021) 4478–4483
Pradesh, A., 2011. Angiotensin converting enzyme (ACE) gene polymorphism in
vitiligo: protective and predisposing effects of genotypes in disease
susceptibility and progression. Eur. J. Dermatol., 21, 173–177.

Rajendiran, K.S., Rajappa, M., Chandrashekar, L., Thappa, D.M., Devaraju, P., 2020.
Association Analysis of Tumor Necrosis Factor Alpha Promoter Polymorphisms
and Vitiligo Susceptibility in South Indian Tamils. Dermatology, 1–11.

Rashed, L., Hay, R.A., Mahmoud, R., Hasan, N., Zahra, A., Fayez, S., 2015. Association
of Angiotensin-Converting Enzyme (ACE) gene polymorphism with
inflammation and cellular cytotoxicity in vitiligo patients. PLoS ONE 10,
e0132915.

Rigat, B., Hubert, C., Corvol, P., Soubrier, F., 1992. PCR detection of the insertion/
deletion polymorphism of the human angiotensin converting enzyme gene
(DCP1)(dipeptidyl carboxypeptidase 1). Nucleic Acids Res. 20, 1433.

Sabir, J.S., Omri, A.E., Ali Khan, I., Banaganapalli, B., Hajrah, N.H., Zrelli, H., Omar, A.
M.S., Alharbi, M.G., Alhebshi, A.M., Jansen, R.K., 2019. ACE insertion/deletion
genetic polymorphism, serum ACE levels and high dietary salt intake influence
the risk of obesity development among the Saudi adult population. J. Renin-
Angiotensin-Aldosterone Syst., 20, 1470320319870945.
4483
Sameer, A.S., Syeed, N., Tak, S.A., Bashir, S., Nissar, S., Siddiqi, M.A., 2010. ACE I/D
polymorphism in hypertensive patients of Kashmiri population. Cardiology
research 1, 1.

Settin, A.A., Algasham, A., Dowaidar, M., Ismail, H., 2009. Methylene
tetrahydrofolate reductase and angiotensin converting enzyme gene
polymorphisms related to overweight/obesity among Saudi subjects from
Qassim Region. Dis. Markers 27, 97–102.

Taïeb, A., Picardo, M., Members, O.V., 2007. The definition and assessment of
vitiligo: a consensus report of the Vitiligo European Task Force. Pigment Cell
Res. 20, 27–35.

van Belle, T.L., Gysemans, C., Mathieu, C., 2011. Vitamin D in autoimmune,
infectious and allergic diseases: a vital player?. Best Pract. Res. Clin.
Endocrinol. Metabol. 25, 617–632.

Yan, S., Shi, J., Sun, D., Lyu, L., 2020. Current insight into the roles of microRNA in
vitiligo. Mol. Biol. Rep., 1–9

Zhang, X.-J., Chen, J.-J., Liu, J.-B., 2005. The genetic concept of vitiligo. J. Dermatol.
Sci. 39, 137–146.

http://refhub.elsevier.com/S1319-562X(21)00308-9/h0110
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0110
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0110
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0115
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0115
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0115
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0120
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0120
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0120
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0130
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0130
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0130
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0135
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0135
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0135
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0135
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0140
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0140
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0140
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0145
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0145
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0145
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0150
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0150
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0155
http://refhub.elsevier.com/S1319-562X(21)00308-9/h0155

	Deleterious effect of angiotensin-converting enzyme gene polymorphism in vitiligo patients
	1 Introduction
	2 Materials and methods
	2.1 IRB approval
	2.2 Patient recruitment
	2.3 Anthropometric details
	2.4 Blood and genetic analysis
	2.5 DNA validation
	2.6 Statistical analysis

	3 Results
	3.1 Descriptive characteristics
	3.2 HWE equilibrium
	3.3 Genotyping analysis
	3.4 Correlation between age and genotyping

	4 Discussion
	Declaration of Competing Interest
	ack17
	Acknowledgement
	References


