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Introduction

Vitiligo is a common dermatological disorder, characterised
by the appearance of white macules on the skin, mucosa or
hair,! The pathobiology of vitiligo has been disputed and has
been a magnet for endless speculation, with different
schools of thought ranging from the concept that vitiligo
essentially is a free-radical disorder to that of vitiligo being a
primary autoimmune disease.?

Type 1 diabetes mellitus (T1D) is a well-established
autoimmune disease characterised by the targeted
destruction of the insulin-secreting p-cells within the
pancreatic islet.3 The aetiology of vitiligo and T1D remains
obscure; however, there is a general consensus that vitiligo
and T1D are T-cell-mediated disorders that result from
immune dysfunction, with subsequent loss of melanocytes
in vitiligo.®* In T1D the patient’s immune dysfunction
causes subsequent loss of tolerance to p-cell antigens and
destructive lymphocytic infiltration of the islets. This, in
turn, leads to hyperglycaemia.®

The clinical association between vitiligo and various
organ-specific autoimmune diseases including T1D strongly
suggests that vitiligo also has an autoimmune aetiology.5”
Similarly, the increased prevalence of autoantibodies in
subjects with vitiligo supports the hypothesis of an
autoimmune aetiology.®® The occurrence of vitiligo in T1D
may be as a result of a basic autoimmune disturbance in the
same patient affecting two organ systems, or an injury to
melanocytes may be caused, resulting in the release of an
antigenic substance, anti-melanocyte antibody formation,
inhibition of melanogenesis and occurrence of vitiligo.!’

It is well established that vitiligo and T1D are associated
with a common autoimmune aetiology.>>”8 Autoimmunity
and also familial hereditary tendencies occur in both
diseases, suggesting that both diseases are genetic linked.!0!
In addition, vitiligo and TID are also associated with
neuropathic complications and numerous multiple
pathogenetic mechanisms including vascular and non-vascular
pathogenetic actions, the products of oxidative stress, free
radical generation and release of various growth factors.!>14
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ABSTRACT

Vitiligo is a pigmentation disorder of unknown aetiology,
but it has been reported in association with other
autoimmune diseases including type 1 diabetes mellitus
(T1D). Vitiligo and T1D share a common theory of
autoimmunity, but still an inflammatory link between
them remains to be investigated. This study investigates
the status and contribution of the inflammatory markers
tumour necrosis factor-o (TNFa), interleukin (IL)-6 and
IL-1 in patients with vitiligo, TID and vitiligo-associated
T1D (Vt-T1D). The data showed that sera from Vt-T1D
patients (2#=21) had higher levels of TNFa, IL-6 and IL-1p
compared with vitiligo patients (n=39), T1D patients
(n=37) or controls (n1=42). Interestingly, serum levels of
IL-6 were found to be significantly higher in Vt-T1D
patients compared with the levels of TNFa and IL-1f.
These data also showed that IL-6 was high in Vt patients as
compared to the levels of TNFa and IL-1f, whereas in T1D
patients, IL-6 and TNFo were almost the same but were
higher than IL-1p. In conclusion, this is the first study to
show an inflammatory link between vitiligo and T1D. The
data conclude that IL-6 plays an important role in the
pathogenesis of Vt-T'1D patients and is likely to gain favour
as a therapeutic target in these patients.
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Inflammation is an essential physiological response to
diverse pathological events, such as pathogen invasion,
tissue injury and other irritants. The successful resolution of
such insults requires rapid infiltration of cells of the innate
and adaptive immune system to the site of inflammation,
and their subsequent activation.’® The infiltrating cells, in
dialogue with the affected tissue, produce various
inflammatory mediators (e.g., cytokines) that regulate the
multicellular inflammatory immune response in a highly
coordinated manner.

This inflammatory process depends on massive changes
in gene expression and protein secretion.!®® As a
consequence, invading pathogens and defective cells are
eliminated in a concerted action, thereby limiting tissue
damage and enabling tissue regeneration. However, the
requirement for a fast and strong reaction on threats makes
the inflammatory response sensitive to aberrant activation
by additional cellular stress events that can result in an
increase in tissue damage or even cause chronic
inflammation or autoimmunity."”

Our understanding of the pathogenesis of vitiligo and
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Fig. 1. Levels of tumour necrosis factor-a. in vitiligo, type 1 diabetes and vitiligo associated type 1 diabetes patients. a) TNFa levels in serum
samples of patients with vitiligo (Vt-Ps) and healthy controls. Vt-Ps versus controls, P>0.05. b) TNFa levels in serum samples of patients with
type 1 diabetes (T1D-Ps) and controls, "P<0.01 versus T1D-Ps. ¢) TNFa levels in serum samples of vitiligo patients associated with type 1
diabetes (Vt-T1D-Ps) and controls, fP<0.01 versus Vt-T1D-Ps. d) TNFa levels in serum samples of the Vt-T1D-Ps, Vt-Ps and T1D-Ps,

#P<0.0001 versus Vt-T1D-Ps, $P<0.05 versus Vt-T1D-Ps.

T1D has profited from the analysis of altered CD4-positive
T-cell function in both diseases,'®! but the major cytokines
produced by this populations of cells have not been
completely studied in vitiligo as well as in T1D. Previous
studies of serum cytokine concentrations in vitiligo and T1D
are few and results are contradictory.?>2! Furthermore, no
information is available to show the inflammatory link in
these patients.

The present study aims to investigate the role of Th1 cells
in producing the most potent pro-inflammatory cytokines in
vitiligo patients associated with T1D. Sera are assayed for
TNFa, IL-1p and IL-6 in these patients and the levels of these
biomarkers cytokines are compared in patients with vitiligo
or T1D in order to find out whether or not these
inflammatory mediators play a role in the pathogenesis of
these disorders.

Materials and methods

The present study was carried out in accordance with the
Code of Ethics of the World Medical Association (Declaration
of Helsinki) for human samples and approved by the local
ethical committee. Study subjects were recruited through
the dermatology and diabetes out-patient clinics of Qassim
University, Buraidah, KSA, and informed consent was
obtained from each subject.
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The study group included 39 patients with non-segmental
vitiligo (14 female, 25 male; age range: 9-58 years [mean:
29.2+18.8 years]). The study group included 37 patients with
type 1 diabetes mellitus (19 female, 18 male; age range: 20—
45 years [mean: 33.1+16.2 years]). The study group also
included 21 patients with vitiligo and a history of type 1
diabetes (nine female, 12 male; age range: 13-23 years
[mean: 26.2+16.9 years]).

The control group comprised 42 healthy subjects (27 male,
15 female; age range: 18—48 years [mean: 4317 years]). The
racial/ethnic and gender compositions of the patient groups
were comparable with those of the control group. Venous
blood samples from the control subjects and vitiligo patients
were collected and stored in small aliquots at —80°C until
analysed.

Over-production of TNFa, IL-6 or IL-1f in the serum
samples of studied groups were quantified by specific
sandwich enzyme-linked immunosorbent assay (ELISA),
performed using the serum samples of studied groups
according to the instructions of the manufacturer (GenWay
Biotech, San Diego, USA). Plates were read at 450 nm using
an automatic microplate reader (Anthos Zenyth 3100
Multimode Detectors, Salzburg, Austria).

Statistical analysis
All measurements were performed in duplicate or triplicate
using test and control sera. Statistical comparisons were
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Fig. 2. Interleukin-6 in vitiligo, type 1 diabetes and vitiligo associated type 1 diabetes patients. a) IL-6 levels in serum samples of patients with
vitiligo (Vt-Ps) and healthy controls, *P<0.001 versus Vt-Ps. b) IL-6 levels in serum samples of patients with type 1 diabetes (T1D-Ps) and

controls, TP<0.05 versus T1D-Ps. ¢) IL-6 levels in serum samples of vitiligo patients associated with type 1 diabetes (Vt-T1D-Ps) and controls,
#P<0.0001 versus Vt-T1D-Ps. d) IL-6 levels in serum samples of Vt-T1D-Ps, Vt-Ps and T1D-Ps, SP<0.01 versus Vt-T1D-Ps, #P<0.001 versus

Vt-T1D-Ps.

performed using Graph Pad Prism-5 (San Diego, USA) and
one paired two-tailed t-test with one-way ANOVA analysis
followed by Tukey’s/Mann-Whitney post-hoc analysis or
two-way ANOVA followed by Bonferroni post-hoc tests.
P<0.05 was considered significant. Values shown are
mean=*SEM unless stated otherwise.

Results

TNFa in patients with vitiligo and history of type 1 diabetes
Tumour necrosis factor-a is a major pro-inflammatory
cytokine and generally serves as a biomarker of
inflammation.?? In an attempt to understand the role of
inflammation in the pathogenesis of vitiligo patients
associated with type 1 diabetes mellitus, serum levels of
TNFa were measured in patients with vitiligo (Vt), type 1
diabetes (T1D) and in those vitiligo patients who were
associated with T1D (Vt-T1D), and levels were compared
with their respective healthy controls. As shown in Figure
1la, the serum levels of TNFo were slightly higher in Vit
patients in comparison with healthy controls (P>0.05). The
average (£SD) TNFa levels in Vt patients and controls were
6.5+3.25 pg/mL and 6.43% 3.50 pg/mL, respectively. Serum
TNFa was significantly increased in T1D patients (P<0.05)
compared with controls. The average (+SD) serum TNFa in
T1D patients and healthy controls were 11.1+5.40 pg/mL

and 6.43+3.50 pg/mL, respectively (Fig. 1b). The average
(=SD) serum TNFa in Vt-T1D patients and controls were
19.3+8.93 pg/mL and 6.43+3.50 pg/mL, respectively (Fig. 1c).
Interestingly, the increases were significantly greater in
patients with Vt-T1D compared with Vt or T1D patients
(Fig. 1d). The raised serum TNF in Vt-T1D patient suggests
that inflammation is increased in these patients and points
to an inflammatory link between vitiligo and T1D.

Interleukin-6 in patients with vitiligo associated with type 1
diabetes

Interleukin-6 is another important pro-inflammatory
mediator and a most effective therapeutic target in various
autoimmune diseases;? therefore, for confirmation of an
inflammatory link between vitiligo and type 1 diabetes,
serum levels of IL-6 were determined. Serum IL-6 was found
to be significantly higher in Vt patients compared with
healthy controls (P<0.001). The average (+SD) IL-6 levels in
Vt patients and controls were 18.2%+7.33 pg/mL and
6.64+4.25 pg/mL, respectively (Fig. 2a). Serum IL-6 was also
higher in T1D patients compared with controls. The average
(=SD) serum IL-6 levels in T1D patients and healthy
controls were 12.4x5.08 pg/mL and 6.64+4.25 pg/mL,
respectively (Fig. 2b). Levels were also significantly higher in
Vt-T1D patients compared to controls. The average (+SD)
serum IL-6 levels in Vt-T1D patients and healthy controls
were 29.4+15.24 pg/mL and 6.64+4.25 pg/mL, respectively
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Fig. 3. Interleukin-1 in vitiligo, type 1 diabetes and vitiligo associated type 1 diabetes patients. a) IL-1f levels in serum samples of patients
with vitiligo (Vt-Ps) and healthy controls, Vt-Ps versus controls P>0.05. b) IL-1p levels in serum samples of patients with type 1 diabetes (T1D-
Ps) and controls, *P<0.05 versus T1D-Ps. ¢) IL-1p levels in serum samples of vitiligo patients associated with type 1 diabetes (Vt-T1D-Ps) and
controls, TP<0.001 versus Vt-T1D-Ps. d) IL-1p levels in serum samples of Vt-TAD-Ps, Vt-Ps and T1D-Ps, *P<0.001 versus Vt-T1D-Ps, Vt-T1D-

Ps versus T1D-Ps P<0.01.

(Fig. 2c). Interestingly, IL-6 levels were also significantly
higher in patients with Vt-T1D compared with Vt or T1D
patients (Fig. 2d). The raised serum levels of IL-6 in Vt-T1D
patients suggests that inflammation is increased in these
patients and indicates an inflammatory link between vitiligo
and T1D.

Interleukin-1 in vitiligo patients with history of type 1
diabetes

Interleukin-1p is another major pro-inflammatory cytokine
that serves as a biomarker of inflammation in numerous
diseases.?* Therefore, serum IL-1p levels were determined in

vitiligo patients associated with type 1 diabetes mellitus.
Levels in Vt patients were found to be similar to healthy
controls (P>0.05). The average (+SD) IL-1f level in Vt
patients and controls were 0.37+0.29 pg/mL and
0.36%0.27 pg/mL, respectively (Fig. 3a). Serum IL-1f was
significantly increased in T1D patients (P<0.05) compared
with controls. The average (+SD) serum IL-1§ in T1D
patients and healthy controls were 1.58+0.52 pg/mL and
0.36%0.27 pg/ml, respectively (Fig. 3b). IL-1p levels were also
found to be significantly higher in Vt-T1D compared to
healthy controls (Fig. 3c). IL-1p levels were found to be
significantly higher in patients with Vt-T1D compared to Vt

Table 1. Levels of inflammatory cytokines (pg/mL) in sera from patients with vitiligo, type 1 diabetes

and vitiligo patients associated with type 1 diabetes.

Cytokine Vt patients (n=39) T1D patients (n=37) Vt-T1D patients (n=21) Controls (n=42)
TNFo 6.5+3.25 11.1+5.40 19.3+8.93 6.43+3.50
IL-6 18.2+7.33 12.4+5.08 29.4+15.24 6.64+4.25
1B 0.37+0.29 1.58+0.52 1.93+1.17 0.36+0.27

Vt: vitiligo; TAD: type 1 diabetes; Vt-T1D: vitiligo patients associated with type 1 diabetes.

TNF-a.: Vt versus control P>0.05; T1D versus control P<0.01; Vt-T1D versus control P<0.001; Vt-T1D versus Vt or T1D P<0.05.
IL-6: Vt versus control P<0.001; T1D versus control P<0.05; Vt-T1D versus control P<0.0001; Vt-T1D versus Vt or TAD P<0.01.
IL-1p: Vt versus control P>0.05; T1D versus control P<0.05; Vt-T1D versus control P<0.001; Vt-T1D versus Vt or T1D P<0.05.
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Fig. 4. Levels of TNFa, interleukin-6 and interleukin-1p in a) vitiligo
patients with a history of type 1 diabetes (Vt-T1D-Ps), b) vitiligo
patients (Vt-Ps) and ¢) type 1 diabetes patients (T1D-Ps). In Vt-TAD
patients, "P<0.01 versus IL-6, TP<0.0001 versus IL-6. In Vt
patients, ¥P<0.001 versus IL-6, $P<0.0001 versus IL-6. In T1D
patients, #P<0.001 versus IL-6.

or T1D patients. The average (+SD) IL-1p levels in patients
with Vt-T1D, Vt and T1D were 1.93+1.17 pg/mL, 0.37+0.29
pg/mL and 1.58+0.52 pg/mL, respectively (Fig. 3d).

TNFa, IL-6 and IL-1B in patients with vitiligo associated
with type 1 diabetes

As shown in Figure 4a, serum IL-6 level was found to be
significantly higher in Vt-T1D patients compared with levels
of TNFa (P<0.01) and IL-1 (P<0.0001). These data also
show that IL-6 was higher in Vt patients compared to the
levels of TNFa and IL-1f (Fig. 4b). In T1D patients, serum

IL-6 in vitiligo and type 1 diabetes

levels of IL-6 and TNFa were similar, but levels of IL-1§ were
significantly lower compared to levels of IL-6 and TNFa
(Fig. 4c). Serum levels of TNFa, IL-1f and IL-6 in Vt, T1D
and Vt-T1D patients are summarised in Table 1.

Discussion

The authors believe this study to be the first that
demonstrates an inflammatory link between vitiligo and
type 1 diabetes mellitus. Vitiligo is known as an idiopathic
acquired depigmentation disorder characterised by the loss
of functional melanocytes from the epidermis, and is
reported to develop in T1D patients.?>?” The incidence of
vitiligo in T1D is 1-7% in literature and vitiligo may precede
the onset of T1D.%

Dawber? suggested that T1D should be excluded in all
cases of late-onset vitiligo. Among 457 diabetic subjects
attending an out-patient clinic, 9% had vitiligo.?® In another
series, 10% of 100 patients withT1D had vitiligo compared
with and incidence of 1% in the general population.®
Vitiligo is a consistent finding in literature concerning skin
complications of diabetes. Recent observations support the
role of altered cellular immunity, autoimmunity and a role
for cytokines in the pathogenesis of vitiligo and T1D.*7
While it is established that both diseases share a common
theory of autoimmunity,*® an inflammatory link between
these conditions has not been addressed previously.

Cytokines are regulators of host responses to infection,
immune responses, inflaimmation and trauma. Pro-
inflammatory cytokines act to exacerbate disease, whereas
anti-inflammatory cytokines serve to reduce inflammation
and promote healing.3! Attention has focused on blocking of
pro-inflammatory cytokines, which are harmful to the host,
particularly during overwhelming infection.'”?? TNFa, IL-1B
and IL-6 are pro-inflammatory cytokines that produce fever,
inflammation, tissue destruction and, in some cases, shock
and death.?%* Reducing the biological activity of TNFo, IL-1
and IL-6 is accomplished by several different, highly-specific
strategies that involve neutralising antibodies, soluble
receptors, receptor antagonist, and inhibitors of proteases that
convert inactive precursors to active, mature molecules.

Blocking TNFa, IL-18 or IL-6 has been highly successful
various autoimmune and chronic inflammatory disorders.3*
There is growing evidence that cytokines are important in
the onset of autoimmunity and may play a role in skin
depigmentation,® and also play a role in the destruction
of insulin-producing B-cells.3¢ The investigation by Swope
et al.¥’ revealed that inflammatory cytokines (TNFa, IL-1f
and IL-6) inhibited melanocyte proliferation. However
studies concerning cytokine expression and production in
patients with vitiligo have been limited and the results
contradictory.®>3 In T1D patients, cells mediating innate as
well as adaptive immunity infiltrate pancreatic islets,
thereby generating an aberrant inflammatory process
termed insulitis characterised by pathological autoantibody
production and autoreactive T cells.?® In cooperation with
infiltrating innate immune cells, which secrete high levels of
pro-inflammatory cytokines (IL-1p and TNFa), effectors
T-cells trigger the destruction process of $-cells.3

All these studies clearly indicate that inflammation plays
an important role in the pathogenesis of both vitiligo and
T1D. Despite the power of modern inflammatory approaches
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and persistent investigative efforts, an inflammatory link
between vitiligo and TID remains an enigma and the
inflammatory mediator (or mediators) triggering these
autoimmune disorders remain to be identified.

In the present study, serum levels of TNFo, IL-1f and
IL-6 were measured in patients with vitiligo, type 1 diabetes
and vitiligo-associated T1D. The results showed a significant
increase in the production of IL-6, but diminished TNFa and
IL-1p release in patients with vitiligo. These results are fully
supported by previous studies.® All together, the data
suggest that IL-6 plays an important role in melanocytic
cytotoxicity. Moretti et al.* tested IL-6 and TNFa, which
inhibit melanocyte activity, and found increased levels of
IL-6 and TNFa in the epidermis of lesional skin. Another
study revealed increased levels of serum IL-6 in vitiligo,
supporting the hypothesis that IL-6 may play a role in the
immunological events in the pathogenesis of vitiligo,
although alterations in the serum levels of IL-13, and TNFa
could not be found.#! However, in T1D patients there is little
and somewhat conflicting information available on serum
IL-6 in the diabetic state.*?

Serum levels of IL-6 have been found to be normal® or
higher in T1D patients compared with those in control
subjects.** Moreover, some studies suggest that IL-6
participates in the initiation and acceleration of the chronic
inflammation process and could contribute to development
of secondary complications in T1D patients.*>#¢ The results
presented here are in full agreement with this view as
significantly higher levels of IL-6 were found in Vt-T1D
patients compared with controls. However, the study also
found higher levels of IL-6 in T1D patients not associated
with vitiligo compared to controls, but the levels were
significantly low when compared with Vt-T1D patients.
Thus, IL-6 may be a link between vitiligo and T1D patients.

Recent reports suggest that the pancreas participates in
TNFa production, and that the islets are predominantly
responsible for such synthesis. IL-18 and TNFa are
important cytokines in fB-cell lysis in T1D, while IL-1
receptor antagonist (IL-1ra) is considered protective by
blocking the effects of IL-18.4’ In vitro, TNFa and IL-1B
inhibit insulin release from islet B-cells. It appears that the
process of autoimmune aggression against B-cells, and its
effect on insulin release and glucose homeostasis, is a slow
and chronic process. However, the production of these
cytokines, and consequently the degree of B-cell destruction,
in a genetically susceptible subject might be enhanced by
several factors including viral infection.*8

The pro-inflammatory cytokines IL-lo. and TNFa may
play important roles alone or in combination in the
pathogenesis of T1D.# IL-1p and TNFa levels can be used as
indicators of continuing autoimmune aggression against
B-cells before the development of extensive f-cell
destruction.®® To date, results regarding levels and/or
production of TNFa and IL-1f have been inconclusive and
are reported to be increased,? decreased® or unchanged.*53
The effects of glycaemic control on cytokines are consistent in
several studies.’' In the present study, circulating TNFa,
and IL-1f were determined as markers of the inflammatory
response, and data showed that serum levels of TNFa and
IL-p were higher in T1D patients compared to controls. These
results support to the view that these cytokines play a role in
autoimmune destruction of f-cells.

To validate the central hypothesis that inflammation is an
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important link between vitiligo and T1D, the most potent
inflammatory cytokines (TNFa, IL-1f and IL-6) were
estimated in serum samples of patients with Vt-T1D, and
results were compared with vitiligo or T1D patients. The
data showed that all tested cytokines were higher in the Vt-
T1D patients compared to vitiligo or T1D patients groups,
but serum levels of IL-6 were much higher in Vt-T1D
patients when compared with the levels of TNFa and IL-1f.
This clearly indicates that IL-6 not only plays a role in the
pathogenesis of Vt-T1D patients but also shows a positive
association with vitiligo and type 1 diabetes.

In conclusions, this is the first study to show an inflammatory
link between vitiligo and type 1 diabetes, with data
demonstrating the role of TNFa, IL-6 and IL-1B in vitiligo-
associated type 1 diabetes. Furthermore, IL-6 plays an
important inflammatory role in the pathogenesis of Vt-T1D
patients, but it is not clear to what extent IL-6 mediates the pro-
inflammatory activity in vitiligo or type 1 diabetes pathogenesis
and its utility as a monotherapy in these patients. The results
presented here support the need for further studies. a

This work was funded by Qassim University Research Deanship
Grant SR-D-012-1750. The authors thank Mr. Casimero A. Victoria
(senior laboratory technologist) for help in some experimentation.
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