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Introduction

Psoriasis is a chronic, systemic, inflammatory, and 
hyperproliferative skin disease observed at 2%–3% incidence. 
The most commonly observed clinical type is plaque-type 
psoriasis (psoriasis vulgaris), and lesions are localized to the 
scalp, extensor surfaces of the extremities, and sacrogluteal 
regions, characterized by erythematous squamous plaques 
with definite margins. Although the etiopathogenesis is still 
uncertain, it is accepted that cytokines such as interleukin 
(IL)-17, IL-23, and tumor necrosis factor-alpha (TNF-α) play 
important roles in the development of psoriasis. The IL-23 
and TNF-α produced by inflammatory dendritic cells in the 
skin induce IL-17 production from Th17 or γδT cells in the 
skin, and IL-17 is thought to basically affect keratinocytes 
beginning dermatitis.[1]

Zinc is an important trace element. Severe zinc deficiency is 
associated with skin diseases and lack of regular operation of 
the immune system. Most zinc stores in the body are found 
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linked to metalloproteins within cells. Zinc homeostasis is 
tightly controlled by zinc transporters. Of zinc transporters, 
ZIP2 is especially associated with keratinocyte differentiation, 
whereas ZIP3 is associated with T-lymphocyte maturation.[2,3]

In psoriasis patients, studies assessing serum zinc levels have 
obtained contradictory results. No amelioration is observed 
in lesions even with zinc supplementation administered to 
psoriasis patients with low serum zinc levels.[4-6] This situation 
leads to the consideration that psoriasis pathogenesis may be 
related not to systemic zinc deficiency but to deficiency at 
cellular level related to erroneous cutaneous zinc input. The 
aim of our study, based on literature data, is to assess the levels 
of zinc transporters providing zinc input into cells, which 
we consider to have an important role in etiopathogenesis in 
psoriasis patients and to research the correlation with psoriasis 
development.
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Subjects and Methods

Study design and patients
Our study was permitted by Çanakkale Onsekiz Mart University 
(ÇOMÜ) Rectorate Clinical Research Ethics Committee on July 
11, 2018, number 13-08. It was supported by ÇOMÜ Scientific 
Research Commission with an independent research project 
coded THD-2018-2669. Our study group comprised patients 
attending our clinic from September 2018 to October 2019. The 
study included 60 psoriasis vulgaris patients aged 18 years and 
older monitored for at least 2–3-month periods and a control 
group of 60 healthy adults aged 18 years and older. The control 
group had no psoriasis lesions on dermatologic examination, had 
no other systemic disease and/or no systemic medication use, 
and comprised randomly chosen healthy adults. Before the study, 
each participant was informed about the aim of the study and 
written consent was obtained. Blood was centrifuged, and then, 
serum samples were stored until analysis at −80°C in a freezer.

Laboratory parameters
ZIP2 (SLC39A2) and ZIP3 (SLC39A3) zinc transporter 
levels were determined with the ELISA method using suitable 
commercial kits (ZIP2-MBS9331175 and ZIP3-MBS927886; 
MyBioSource, San Diego, CA, USA). After collecting data, 
statistical analyses were completed and significance analysis 
was performed for the control and study groups.

The ZIP2 and ZIP3 analyses were completed with the 
quantitative sandwich ELISA method. Microplate, standards, 
and samples were brought to room temperature (18°C–25°C). 
The blind well had no chemical added. After standards and 
samples were pipetted into the wells, horseradish peroxidase-
conjugated reagent was added and was incubated at 37°C for 
60 min. All wells were washed four times. Then, each well 
had chromogen A and B solutions added and was incubated at 
37°C for 15 min, and then, the reaction was stopped with stop 
solution. Optical intensity was measured at 450 nm within 15 
min of adding the stop solution. Based on the graphs obtained 
from standards, concentrations of samples were determined.

Statistical analysis
Statistical analysis of ZIP2 and ZIP3 levels in the psoriasis and 
control groups was completed using the IBM SPSS statistics 21.0 
program (Chicago, IL, USA). Statistical significance was accepted 
as P < 0.05. Differences between groups were determined 
with the Kolmogorov-Smirnov (P < 0.05) and nonparametric 
Mann–Whitney U-test for ZIP2 (P = 0.000). For ZIP3, groups 
had normal distribution according to the Kolmogorov-Smirnov 
test (P > 0.05), so the independent t-test was applied (P < 0.05). 
Correlations between demographic data and ZIP2 and ZIP3 values 
were determined with the Pearson and Spearman correlation tests. 
Results are expressed as mean ± standard deviation.

Results

When the ZIP2 levels are compared in controls and psoriasis 
patients, they appear to increase by significant levels compared 
to controls (P < 0.05) [Figure 1 and Table 1]. At the same time, 

the ZIP3 levels were increased in psoriasis, similar to ZIP2 
[Figure 1 and Table 1]. When assessed compared to the control 
group, the results are statistically significant (P < 0.05).

Discussion

Zinc is categorized as a trace element comprising <0.005% of 
total body weight. In circulation, it is found at concentrations of 
70–120 mcg/dL, with 60% linked to albumin and 30% linked 
to macroglobulin. Primary zinc stores are the liver and kidneys. 
However, body zinc stores are found linked to metalloproteins 
in most cells. It is a natural metal compound or activating 
cofactor for more than 70 important enzyme systems, led 
by alkaline phosphatase. It plays a role in regulation of 
nucleoproteins and inflammatory cell activation.[7]

Zinc is very important for the immune system. Phagocytic 
function disorder resulting from zinc deficiency is associated 
with lymphocyte reduction, reduced immunoglobulin 
production, reduced T4/T8 ratio, and reduced IL-2 production.[8] 
The interaction between T-lymphocytes and IL-2 is important 
for both tolerance and immune response. When literature data 
are investigated, increases in IL-2 appear to be associated with 
a reduction in psoriasis severity and an increase in quality of 
life.[9,10] The role of IL-2 in psoriasis is to ensure differentiation 
of regulatory T-cells from immature T-cells and to ease 
differentiation of infector and memory cells in T-cells exposed 
to antigens. In addition, it is debatable whether the reduction in 
IL-2 levels is associated with psoriasis development or not.[11,12]

ZIP2 is a zinc transporter found in cell membranes and plays a 
role in zinc intake into cells. It is found at higher levels in the 
epidermis than the dermis. In psoriasis, epidermal turnover is 
shorter by eight times compared to normal and keratinocyte 
differentiation remains insufficient. ZIP2 is required for both 
proliferation and terminal differentiation of keratinocytes 
in epidermal turnover, and a study showed ZIP2 levels 
increased in parallel with differentiation.[2,13] Keratinocytes 
increase ZIP 2 expression when extracellular zinc levels are 
reduced, thereby maintaining homeostasis and preserving the 
ability to differentiate. A similar phenomenon was observed 
in a study using monocytic cells.[14] Another study observed 
vesiculobullous lesions formed on the skin during early 
embryogenesis in ZIP2 knockout mice,[15] and although the 
underlying mechanism is not fully known, this situation is 
probably due to abnormal differentiation of keratinocytes.

ZIP3 is expressed at high rates by CD34+ human hematopoietic 
stem cells, and a study of mice showed a correlation between ZIP3 

Table 1: Comparison of ZIP2 and ZIP3 levels in the 
psoriasis and control groups

ZIP2 ZIP3
Control 1.69±1.42* 109.61±70.88*
Psoriasis 8.39±5.51b 965.06±698.54b

Results shown with bare seen to be statistically significant when compared 
with those marked *P<0.05
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and T-cell maturation.[3] Psoriasis is a T-lymphocyte-mediated 
disease and is thought to occur as a result of complex mechanisms 
between T-lymphocytes with dendritic cells, macrophages, mast 
cells, neutrophils, and keratinocytes.

Cutaneous changes are frequently observed in patients 
with zinc deficiency. Acrodermatitis enteropathica is a rare 
disease forming as a result of a hereditary partial defect in 
intestinal zinc absorption with recessive transition. The disease 
was identified to cause mutation in the gene for the zinc 
transporter protein ZIP4 (SLC39A4).[16] In affected infants, 
as a result of zinc deficiency, there is skin involvement with 
appearance of erythematous and vesiculobullous lesions and 
alopecia with clinical findings affecting other systems such as 
growth development retardation, delayed sexual maturation, 
neuropsychiatric symptoms, and frequent infections. The 
syndrome responds to oral zinc supplementation.

When studies about the serum zinc levels in psoriasis patients 
are investigated, there are contradictory results reported. Some 
researchers have found low serum zinc levels in psoriasis 
patients compared to the control group,[17,18] whereas some 
have not found such a difference.[19,20] In psoriasis patients, 
a study comparing epidermal and serum zinc levels found 
that epidermal and serum zinc levels were not correlated; 
however, epidermal zinc values were lower in psoriasis 
patients.[21] This result shows that patients with reduced 
epidermal zinc concentrations may have zinc deficiency even 
if they have normal serum zinc values. In addition, in psoriasis 
patients, even with low serum zinc concentrations, oral zinc 
supplements remain as effective as placebo.[5] As a result, in 
relation to psoriasis development, it may be considered a defect 
of subcellular zinc metabolism caused by erroneous zinc input 
into the skin rather than systemic zinc deficiency. In our study, 
we found that ZIP2 and ZIP3 levels were higher in our psoriasis 
patients independent of disease severity. This situation leads us 
to consider it may form as a result of complicated correlations 
between disrupted zinc homeostasis, increased keratinocyte 
proliferation, and chronic inflammatory cell infiltration.

Conclusions

For immune-mediated diseases such as psoriasis, there is still 
no treatment method providing full cure or no laboratory test 
assessing disease severity or treatment efficacy.[22] In addition, 

the effect of the most effective treatments sometimes reduces 
due to changes in cytokine profile and may even become 
ineffective. In conclusion, the increase in ZIP2 and ZIP3 
levels obtained in our psoriasis patients may be a marker of 
a zinc deficiency at cellular level in accordance with roles 
in pathogenesis. Zinc deficiency at cellular level affects the 
cytokine profile, and we think that zinc deficiency at the cellular 
level affects the cytokine profile. This may be important in 
the pathogenesis of psoriasis lesions. It may even explain 
why psoriasis patients have different treatment responses to 
similar treatments.

The importance of the zinc carrier family is emphasized by 
the numerous functions of these proteins in many disease 
states. Irregularity of zinc transporters causes dissociation in 
intracellular zinc levels. this situation have profound effects 
on metabolic homeostasis, which affects multiple signaling 
pathways associated with normal development, growth, 
differentiation, and death. Zinc carriers are essential for the 
control of intracellular zinc. Mechanisms that disrupt this 
process may contribute to the development of psoriasis, 
one of the inflammatory and chronic inflammatory diseases. 
Targeting these zinc carriers in psoriasis therapy can lead to 
the development of new treatment options.[23]

In light of our data, we think that zinc transporters may be 
assessed as a part of treatment of psoriasis patients, perhaps 
to optimize treatments.
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Figure 1: ZIP2 (SLC39A2) and ZIP3 (SLC39A3) zinc transporter levels in psoriasis patients
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