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VVitiligo is a common skin depigmenting 
disorder resulting from a selective progressive 
loss of functional epidermal melanocytes.1

Its prevalence in the general population 
worldwide ranges from 0.06 to 2.28 percent.2

The pathogenesis of the disease is not fully 
elucidated. It is a multifactorial disorder, and 
both genetic and nongenetic factors seem to 
play a role in its pathogenesis. Autoimmune 
processes, de� ciency of melanocyte 
growth factor, enzymatic self-destruction 
mechanisms, and abnormal neurogenic 
stimulus leading to dermatomal melanocyte 
destruction have all been postulated as 
possible pathogenetic factors.3

Zinc is an essential trace element that is 
necessary for growth and development at all 
stages of life.4 The main dietary sources of 
zinc include oysters, red meat, poultry, and 
beans. The current recommended dietary 
allowance (RDA) varies according to age and 
sex: 11mg/day and 8mg/day for healthy adult 
men and women, respectively.5 Zinc plays a 
key role in the immune system, reproductive 
health, and sensory functioning, as well as 
neurobehavioral development.6 It is also 
an important coenzyme in the reactions of 
melanin synthesis.7

It has been suggested that zinc supplements 
are a bene� cial adjuvant therapy for patients 
with vitiligo. This theory is based on zinc's 
proposed ability to protect melanocytes via 
antiapoptotic and antioxidant properties. 

Zinc can also regulate the melanin production 
by its role in α-melanocyte stimulating 
hormone release and by precipitating zinc-α2-
glycoprotein (ZAG) in the tissue; moreover, zinc 
is one of the nonspeci� c elements that help 
regulate cell-mediated immunity.8

All these roles played by zinc makes it a 
promising adjuvant in managing vitiligo. 
However, its relation to the cytokines involved 
in vitiligo pathogenesis has not been well-
studied. Interleukin (IL)-4, IL-69, and IL-1710

have been shown to be signi� cantly elevated 
in patients with vitiligo. These cytokines 
are also involved in controlling melanocytic 
proliferation and di� erentiation and inhibiting 
melanogenesis.11 An association between zinc 
serum levels and IL-4, IL-6, and IL-17 has also 
been observed.12,13

In this study, we investigated the 
relationship between serum levels of zinc and 
serum levels of IL-4, IL-6, and IL-17 in patients 
with vitiligo.

METHODS
Inclusion/exclusion criteria. This case 

control study was approved by the Research 
Ethical Committee of Benha Faculty of 
Medicine in Benha, Egypt. An informed 
consent was obtained from each participant 
before the collection of blood samples. The 
study included 50 adult patients (>18 years 
of age) with active vitiligo and 100 age-, sex-, 
and body mass index (BMI)-matched healthy 
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volunteers as a control group. Participants 
were recruited from the outpatient clinic of 
Dermatology and Andrology Department of 
Benha University Hospitals from February to 
December in 2019.  Participants who were not 
using any systemic therapy or phototherapy 
for vitiligo for at least two months or any 
topical therapy for at least two weeks prior to 
enrollment in the study were included in our 
investigation. Patients were excluded from the 
study with any of the following characteristics: 
ongoing treatment for vitiligo or treatment 
with any drugs or topical preparations that 
could a� ect the outcome of the study (e.g., 
zinc supplements, systemic steroids, hepatic 
enzyme inducers); pregnancy or lactation; 
and/or severe systemic diseases (e.g., hepatic, 
renal, or cardiac dysfunction; autoimmune 
disorders; infectious or in� ammatory 
cutaneous disorders; malignant tumors).

Patient history and examination. A 
complete history was taken from each patient 
in the study, and all participants underwent 
complete general and dermatological 
examinations to assess vitiligo severity 
according to the Vitiligo Area Severity Index 
(VASI).14

Sampling. Five milliliters of venous blood 

were collected, for serum separation, in a plain 
sterile tube (without anticoagulant) from each 
participant under complete aseptic conditions 
via clean venipuncture using a disposable 
plastic syringe. The tube was left at room 
temperature for 30 minutes until coagulation. 
It was then centrifuged for 10 minutes at 
3000rpm. The resultant serum was stored at 
-20°C until analysis.  

Laboratory investigations. Serum zinc 
levels were measured by colorimetric method 
using zinc � uid monoreagent  (Centronic 
GmbH Company , Wartenberg, Germany.)  The 
sensitivity was 2µg/dL and linearity up to 
400µg/dL.

Measurement of IL 4, IL-6, and IL-17 were 
measured using human interleukin 17 ELISA 
kit Cat. No. E0142Hu, human interleukin 
4 ELISA kit Cat. No.  E3762Hu, and human 
interleukin 6 ELISA Kit Cat. No. E0090Hu 
(Bioassay Technology Laboratory [BT Lab], 
Shanghai Korain Biotech Co Ltd, Shanghai, 
China). The analytical sensitivity was 2.49ng/L 
and assay range 5 to 1500ng/L for IL-4; the 
analytical sensitivity was 1.03ng/L and assay 
range 2 to 600ng/L for IL-6; and the analytical 
sensitivity was 1.06ng/L and assay range 
2 to 600ng/L for IL-17. All methods were 

performed according to the manufacturer's 
instructions.

Statistical analysis. Data were 
statistically described in terms of mean ± 
standard deviation (± SD), median and 
range, or frequencies (number of cases), and 
percentages when appropriated. Comparison 
of numerical variables between the study 
groups was done using Student t test (t-test) 
for independent samples in comparing 
two groups when normally distributed. For 
comparing categorical data, Chi square (χ2

test) test was performed. Comparison of 
numerical variables between more than two 
groups of normally distributed data was done 
using one-way analysis of variance (ANOVA) 
test with post-hoc multiple two-group 
comparisons. Fisher's exact test (F-test) was 
used to determine if the proportions for one 
variable were di� erent among values of the 
other variable.

Pearson’s correlation coe�  cient (r-test) was 
used to measure the statistical relationship, 
or association, between two continuous 
variables. P values less than 0.05 were 
considered statistically signi� cant. Receiver 
operating characteristic (ROC) curve was used 
to show the connection/trade-o�  between 

FIGURE 1. Correlations between the studied markers.
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clinical sensitivity and speci� city for every 
possible cut-o�  for a test or a combination 
of tests. All statistical calculations were 
performed using SPSS (Statistical Package for 
the Social Science; SPSS Inc. Chicago, Illinois) 
Version 15 for Microsoft Windows.

RESULTS
There was insigni� cant di� erence between 

the patients and control groups regarding age 
(35.360±11.412 years, 36.167± 9.61 years, 
respectively; p=0.747) and sex (50% of both 
groups are male patients). 

The mean disease duration was 12.3±9.654 
years, while the mean VASI score was 
13.142±10.7. Seventeen (34%) patients had 
a positive family history of vitiligo. The most 
common type of vitiligo among the studied 
patients was vitiligo vulgaris (n=24, 48%), 
followed by focal vitiligo (n=16, 32%), and 
acrofacial vitiligo (n=10, 20%).

Laboratory investigations. The mean 
serum level of zinc was signi� cantly lower 
(P<0.001) and the serum levels of IL-4, 

IL-6, and IL-17 were signi� cantly higher in 
the vitiligo group compared to the controls 
(P<0.001) (Table 1).

Serum markers and the study 
variables. The serum zinc levels showed 
signi� cant negative correlation with serum IL-
4, IL-6, and IL-17 levels (P< 0.05). Serum IL-6 
levels showed signi� cant positive correlation 
with serum IL-4 and IL-17 levels (P< 0.001). 
Moreover, there was a signi� cant positive 
correlation between serum IL-4 and IL-17 
levels (P< 0.001) (Figure 1).

Diagnostic performance of the studied 
serum markers. ROC curve for the studied 
markers showed that the most sensitive serum 
levels for diagnosis was zinc (82%), while 
serum levels of IL-17 and IL-6 were the most 
speci� c (90%) (Table 2 and Figure 2).

DISCUSSION
Zinc and other nutrients play vital roles in 

melanin synthesis, speci� cally by catalyzing 
the terminal stages of eumelanin formation; 

thus, zinc dysregulation might contribute to 
the pathogenesis of vitiligo.15 In this study, 
zinc serum levels were signi� cantly lower 
in patients than in controls. These results 
were consistent with the results reported by 
Shameer et al,7 Mogaddam et al,16 and Salem 
et al.17Arora et al18 also reported lower zinc 
levels in patients with vitiligo; however, the 
di� erence was insigni� cant, which might 
be related to their small sample size (N=15 
patients).  

IL-17 is an active participant in melanocyte 
destruction. It is responsible for recruiting 
neutrophils and macrophages to the site of 
antigen, activating keratinocytes in local 
melanocyte units, and increasibng production 
of IL-1β and TNFα.19 The exact role of this 
particular cytokine and its receptors in vitiligo 
is still not fully understood; however, it 
could potentially be a target for therapeutic 
interventions.20

In the current study, the mean serum levels 
of IL-17 were signi� cantly higher in patients 
than in controls. These results were consistent 
with the results reported by Bassiouny and 
Shaker,21 Khan et al,9 Elela et al,19 Tembhre 
et al,22 and Zhou et al.23 However, Jandus et 
al24 and Esmaeili et al25 did not observe a 
signi� cant di� erence in IL-17 serum levels or 
mRNA expression in lymphocytes between 
patients with vitiligo and healthy subjects. 
This might also be attributed to their small 
sample size (patients with vitiligo n=15, 
controls n=5). Osman et al26 also did not � nd 
a signi� cant di� erence in IL-17 serum levels 
of Sudanese patients with vitiligo compared 
to control subjects. This lack of sign� cance 
can possibly be explained by the inclusion of 
patients with vitiligo under treatment, which 
could cause modulation of the serum levels of 
the in� ammatory cytokines.  

IL-4 has been shown to stimulate B-cell 
proliferation, to regulate immunoglobulin class 
switching, and to promote T-cell development. 
Alterations in IL-4 levels can disturb immune 
functioning, with subsequent development 
of several autoimmune diseases.27 IL-4 
Inhibits the melanogenesis of normal human 
melanocytes through the JAK2–STAT6 
signaling pathway, and it decreases the gene 
transcription of melanogenesis-associated 
proteins in melanocytes.28

In this study, IL-4 serum levels in patients 
were signi� cantly higher than those of the 

FIGURE 2. Diagnostic performance of the studied markers
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control subjects. These results were consistent 
with the results reported by Imran et al27 and 
Khan et al9. 

IL-6 could possibly be involved in the 
pathogenesis of vitiligo by enhancing the 
expression of intercellular adhesion molecule 
1(ICAM-1) and inducing the polyclonal 
activation of  B lymphocytes, which increases 
activation of autoantibodies and the 
subsequent destruction of active melanocytes. 
Moreover, IL-6 production is considerably 
increased by the presence of IL-17A, a leading 
interleukin related to the mechanism of 
melanocyte destruction.29

In the current study, IL-6 serum levels were 
signi� cantly higher in patients with vitiligo 
compared to control subjects. These results 
con� rm � ndings reported by Yu et al,3, Singh 
et al,10 Sushama et al,31 and Yang et al.32

A relationship between serum levels of 
in� ammatory cytokines and zinc in di� erent 
in� ammatory conditions has been reported.33

In this study, there was a signi� cant negative 
correlation between zinc serum levels and 
the serum levels of the measured cytokines 
IL-4, IL-6, and IL-17. Zinc metabolism and 
serum levels are somehow related to these 
interleukins either directly or indirectly. 

Zinc de� ciency has been reported in 
di� erent in� ammatory conditions. The 
proposed mechanism of this de� ciency 
is the in� ammatory cytokines' mediated 
increase in the expression of zinc transporters 
that internalize zinc in the cells leading 
to hypozincemia and aggravation of the 
in� ammatory process. IL-6 and IL-17 enhance 
the expression of the zinc transporters ZIP14 
and ZIP8, respectively.34,35

Th17 cell development requires activation 
of STAT3 by IL-6.  Zinc de� ciency enhances 
STAT3 phosphorylation and activation,13 with 
subsequent increase in IL-6 responses and 
IL-6 gene expression.36  Zinc supplements 
disrupt the IL-6-related signals that activate 
STAT3. This STAT3 attenuation impairs TH17 
development and proliferation.37 On the other 
hand, the relationship between zinc and IL-4 
is more complex. Zinc de� ciency attenuates 
STAT6, a molecule involved in IL-4 signaling.13

In-vitro zinc treatment of T cells in the presence 
of activated monocytes inhibited IFN-γ- and 
IL-17-producing cells, but not IL-4-producing 
cells.38

Currently, zinc is considered to be an 

adjuvant antioxidant treatment for vitiligo 
management, and it is not always prescribed 
to patients. In this study, the signi� cant 
relation between this trace element and a 
group of key players in vitiligo pathogenesis 
led us to theorize that zinc supplements could 
be an e� ective treatment for this dis� guring 
cutaneous disorder. The question remains, 
however, as to how much zinc is required per 
dose. It seems that degree to which serum 
concentrations of in� ammatory cytokines are 
e� ected by supplemental zince is related to 
the administered dosage. Daily administration 
of 45mg of zinc seems to reduce IL-6 serum 
levels, while lower doses (10mg zinc/day) 
can aggravate the in� ammatory response.33

The lack of data regarding the appropriate 
dosage required to elicit bene� cial e� ects 
may explain why some patients improve on 
zinc supplements and others do not (or even 
deteriorate). Adjusting the dose of zinc may 
allow this trace element to induce major 
e� ects.

[[[AUT please provide study limitations 
and a brief conclusion.]]]
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