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Is vitiligo associated with systemic aquaporin-3 deficiency?
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Abstract

Introduction: Recent studies on pathomechanisms of vitiligo have focused on the abnormality of keratinocytes
that affect the melanocytes. Aquaporin-3 (AQP3) was implicated as a mechanism for keratinocyte apoptosis owing
to the relationship between the PI3K/AKT pathway and the E-cadherin-catenin complex.

Aim: Based on this evidence, we undertook a cross-sectional study to assess the skin and blood AQP-3 levels in
patients with non-segmental vitiligo in comparison to controls and to correlate these levels with malondialdehyde
(MDA) levels and total antioxidant status (TAS) in the skin and blood of patients with non-segmental vitiligo and
also with their disease activity.

Material and methods: Thirty-six patients with non-segmental vitiligo and 36 controls were included in this study.
AQP3, TAS and MDA levels were assayed both in skin as well as in circulation.

Results: We observed that skin and plasma aquaporin and TAS were lowered and MDA levels were increased in
patients with non-segmental vitiligo as compared to controls. There was a significant negative correlation of skin
and plasma aquaporin levels with disease activity. We also observed the local and systemic AQP3 deficiency to
correlate with the local and systemic oxidative stress in vitiligo.

Conclusions: Our results demonstrate a systemic and local AQP3 deficiency in vitiligo correlating with the disease

severity and oxidative stress which might have therapeutic implications.
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Introduction

Aquaporin-3 (AQP3), a member of the subfamily
of aquaglyceroporins is expressed and localized in the
basal and spinous layers of the epidermis regulating
the epidermal structure and function. Recent studies on
pathomechanisms of vitiligo have focused on the abnor-
mality of keratinocytes that affect the melanocytes. Stud-
ies have shown that keratinocytes in the depigmented
epidermis in patients with vitiligo were more vulnerable
to apoptosis due to impaired phosphatidylinositol 3-ki-
nase (PI3K)/serine/threonine protein kinase (Akt) acti-
vation resulting in reduced nuclear factor-kB activation
under increased tumour necrosis factor-a levels [1]. AQP3
was implicated as a mechanism for keratinocyte apop-
tosis owing to the relationship between the PI3K/AKT
pathway and the E-cadherin-catenin complex. Reduced
AQP3 levels associated with reductions in the levels of

E-cadherin, B- and y-catenins and PI3K were observed
in keratinocytes from the depigmented epidermis of vit-
iligo [2]. In addition, delayed barrier recovery has been
observed in vitiligo and is associated with a deficiency
of AQP3 [3].It has also been reported that AQP3 and
unorthodox AQP8 mediate H,O, uptake through mam-
malian cell membranes which can amplify or diminish
downstream signalling cascades by acting as a physi-
ological messenger, thereby implicating AQP3 deficiency
in the systemic and local oxidative stress in vitiligo [4].

Aim

Based on this evidence, we undertook a cross-sec-
tional study to assess the skin and blood AQP3 levels
in patients with non-segmental vitiligo in comparison to

controls and to correlate these levels with malondialde-
hyde (MDA) levels and total antioxidant status (TAS) in
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the skin and blood of patients with non-segmental vit-
iligo and also with their disease activity.

Material and methods

Thirty-six patients with non-segmental vitiligo and
36 age- and gender-matched healthy controls were in-
cluded in this hospital-based, cross-sectional study, af-
ter obtaining clearance from the Institute Ethics Com-
mittee (Human Studies) (Approved as project no. JIP/
IEC/2013/1/111 dated 16 February 2013). The study proto-
col conformed to the ethical guidelines of the Declaration
of Helsinki. Written informed consent was obtained from
all study subjects, prior to participation in the study. Cas-
es included patients with non-segmental vitiligo, attend-
ing the dermatology outpatient department of our insti-
tute. Controls were age- and gender-matched healthy
volunteers. Cases and controls were excluded based on
the following criteria: cases currently on therapy (local
and systemic), inflammatory skin diseases, pregnancy,
renal impairment and corneal inflammation. Five milli-
litres of venous blood was drawn from the antecubital
vein of all study subjects and the plasma was separated
and stored at —=80°C until analysis. Plasma was utilized
for estimation of AQP3, MDA and TAS levels in circulation.

All patients with vitiligo were evaluated by a detailed
history and clinical examination. The disease activity was
assessed using the vitiligo disease activity index (VIDA)
scoring [5]. Six mm punch biopsies were taken from le-
sional and non-lesional skin in 12 patients with non-seg-
mental vitiligo. Control skin samples were taken from the
skin of 12 patients undergoing split skin grafting, pinch
grafts and punch grafts for management of various ul-
cers. Tissue homogenate was utilized for estimation of
AQP3, MDA and TAS levels in the skin.

Plasma and tissue AQP3 levels were measured by an
enzyme immunoassay (Cusabio Biotech Ltd., Wuhan, Chi-
na) according to the manufacturer’s instructions. Plasma
and tissue TAS levels were assayed using a commercially
available kit (Cayman Chemical Company, Ann Arbor, M,

USA) according to the manufacturer’s instructions. MDA
levels in the skin and plasma were assayed by the method
of Agarwal and Chase, using high-performance liquid chro-
matography (SPD-20A HPLC system, Shimadzu, Japan) [6].
All the assays were done in duplicate and the mean was
taken to increase the reliability of the measurements.

IRB Approval

Approved as proposal no. JIP/IEC/2013/1/111 dated
16.02.2013 by the Institute Ethics Committee (Human
Studies), JIPMER, Puducherry, India.

Statistical analysis

Statistical analysis was performed using IBM SPSS
statistics version 20 for Windows. Baseline characteris-
tics of cases and controls were analysed using descriptive
statistics. The normality of continuous data was assessed
by Kolmogorov-Smirnov test. The normally distributed
data were described as mean + standard deviation and
compared by independent student’s t-test or paired
t-test, as appropriate. Correlation analysis was done be-
tween the severity and activity of non-segmental vitiligo
and levels of the biochemical parameters. All statistical
analysis was carried out at 5% level of significance and
p-value < 0.05 was considered as significant.

Results

We observed that skin and plasma AQP3 and TAS were
lowered and MDA levels were increased in patients with
non-segmental vitiligo, as compared to controls (Table 1).
There was also a significant difference in the tissue levels
of study parameters between lesional and non-lesional skin
of vitiligo patients (Table 2). There was a significant nega-
tive correlation of skin (r = -0.745; p = 0.005) and plasma
(r=-0.514; p = 0.001) AQP3 levels with disease activ-
ity, as assessed by VIDA scoring. Similarly, skin (r = 0.776,
p = 0.003) and plasma (r = 0.822; p < 0.0001) MDA lev-
els and skin TAS (r = —0.817; p = 0.001) and plasma TAS
(r=-0.828; p < 0.0001) correlated significantly with the

Table 1. Comparison of study parameters in plasma and skin between cases and controls

Study parameters in plasma Non-segmental vitiligo Controls P-value
(n=36) (n=36)

Plasma MDA [pumol/1] 12.28 +4.25 7.50 £1.52 < 0.0001

Plasma TAS [mmol Trolox eq./|] 2.56 +1.14 3.87 £1.45 < 0.0001

Plasma AQP-3 [ng/ml] 13.63 +4.39 16.49 +3.84 0.005

Study parameters in skin Non-segmental vitiligo Controls P-value
(n=12) (n=12)

Skin MDA [umol/g w.w.] 176.78 £30.89 134.36 £22.51 0.001

Skin TAS [mmol Trolox eq./g w.w.] 5.75 +2.09 8.94 +1.42 < 0.0001

Skin AQP-3 [ng/g w.w.] 7.08 +1.93 11.96 £3.00 < 0.0001
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Table 2. Comparison of study parameters in lesional and non-lesional skin in patients with non-segmental vitiligo

Parameter Lesional skin Non-lesional skin P-value
(n=12) (n=12)

MDA [umol/g w.w.] 176.78 £30.89 147.65 £8.00 0.005

TAS [mmol Trolox eq./g w.w.] 5.75 £2.09 7.82 +0.70 0.004

AQP-3 [ng/g w.w.] 7.08 £1.93 9.05 +0.60 0.003

disease activity. There was a significant positive correlation
between plasma and skin AQP3 levels with plasma and skin
TAS (r= 0339, p = 0.004; r = 0.695; p < 0.0001, respectively),
whilst there was a significant negative correlation between
plasma and skin AQP3 levels with plasma and skin MDA lev-
els (r=-0.439, p < 0.0001; r = —0.696, p < 0.0001, respec-
tively).

Discussion

Hodeib et al. [7] in a recent study have shown a re-
duced immunohistochemical expression of AQP3 in vit-
iligo epidermis than in controls with an inverse correla-
tion with VIDA, implicating AQP3 as a potential negative
biological marker for vitiligo activity. In our study, in ad-
dition to reduction in tissue AQP3 levels in vitiligo we ob-
served that plasma AQP3 levels were also reduced in vit-
iligo in comparison to controls and also correlating with
disease severity suggesting a systemic AQP3 deficiency
in vitiligo which has not been reported previously. Since
AQP3 is known to mediate most of the glycerol move-
ments across red cell membranes [8], RBC AQP3 could
be implicated as the source of plasma AQP3 in our study.
We also observed the local and systemic AQP3 deficiency
to correlate with the local and systemic oxidative stress
in vitiligo. Since AQP3 is involved in uptake of the physi-
ological messenger H,0, [4], its deficiency can result in
oxidative stress and subsequent keratinocyte apoptosis
thus implicating AQP3 deficiency in the pathogenesis of
vitiligo. The AQP3 deficiency in vitiligo can also explain
the lower risk of cutaneous malignancies in vitiliginous
skin as AQP3 has been reported to be an important de-
terminant in skin tumorigenesis [9].

Conclusions

The results of our study demonstrate systemic and
local AQP3 deficiency in vitiligo correlating with disease
severity and oxidative stress which might have therapeu-
tic implications. However, further studies are warranted
to identify the cause for local and systemic deficiency of
AQP3 in vitiligo.
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