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Abstract There is a growing evidence that cytokines are
important in the depigmentation process of vitiligo, how-
ever, the exact mechanism is not fully understood. The aim of
this work was to study the possible role of the tumor necrosis
factor-o (TNF-o) cytokine in the depigmentation process of
the disease. Twenty patients with generalized vitiligo were
exposed to narrow-band ultraviolet B (NB-UVB) therapy
thrice weekly for a total of 60 sessions. Immunohistochem-
ical examination was done, to assess the TNF-o expression in
lesional and perilesional skin as compared to normal control
skin, before and after therapy. At baseline, positive lesional
TNF-o expression was detected in 60 % of patients which
was significantly higher as compared to perilesional skin
(20 %) and negative expression in healthy control skin. Post-
treatment, a statistically significant increase in TNF-«
expression was detected in both lesional (90 %) and perile-
sional skin (70 %) as compared to baseline (P < 0.05). The
significant increase of TNF-« in vitiligo lesions compared
with perilesional and healthy skin suggests a possible
involvement of this cytokine in the depigmentation of vitiligo.
The increase in TNF-a expression after NB-UVB photo-
therapy suggests another role in repigmentation.
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Introduction

Vitiligo is an idiopathic, acquired depigmenting disorder
characterized by loss of functional melanocytes from the
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epidermis. Several types of vitiligo are distinguished
according to the distribution of achromic lesions. The
generalized type is characterized by multiple scattered
lesions in a more or less symmetrical distribution pattern
[29]. The course of the disease is unpredictable, but is often
progressive with phases of stabilized depigmentation [6].

There is a growing evidence that keratinocyte-derived
cytokines such as TNF-o are important in the depigmentation
process of vitiligo, however, the exact mechanism is not fully
understood [12, 19]. Keratinocytes secrete tumor necrosis
factor-a (TNF-a), interleukin-1o (IL-Io) and transforming
growth factor-f (TGF-f), which are potent inhibitors of
melanocyte proliferation and melanogenesis, and also
secrete granulocyte macrophage colony-stimulating factor
(GM-CSF), endothelins and basic fibroblast growth factor
(b-FGF) which are mitogens for melanocytes [2].

The mechanism of action of narrow-band ultraviolet B
(NB-UVB) phototherapy in vitiligo is not completely
understood. It probably involves release of cytokines and
inflammatory mediators in the skin that stimulate melano-
cyte migration and proliferation [22]. UVB radiation has
been shown to be a potent inducer of TNF-« gene expression
which mediates signaling by human keratinocytes [11].

The aim of this work was to study the possible role of
the TNF-« cytokine in the pathogenesis of vitiligo.

Patients and methods

Twenty patients with generalized symmetric vitiligo were
included in this study: 14 females and six males ranging in
age from 12 and 52 years with a mean of 25.3 years.
Criteria for exclusion included pregnancy, lactation, pho-
totherapy within past 6 months, history of cutaneous pho-
tosensitivity, eye cataract or skin cancer and patients on
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immunosuppressive therapy. The research protocol was
approved by the local ethics committee and all subjects
provided written informed consent.

All patients were subjected to complete dermatological
examination with evaluation of extent of involvement
using the “hand palm rule” (size of physician’s hand palm
equals 1 % of the total body area) [10].

Affected segments of the patients were exposed to NB-
UVB therapy thrice weekly on non-consecutive days for a
total of 60 sessions using the phototherapy unit GH-8ST
(Cosmedico Medizintechnik, Schwenningen, Germany)
with a spectrum of 305-315 nm and a maximum wave-
length of 311 nm providing an irradiance of 6-8 mW/cm?.
The starting dose was chosen according to skin phototype
using ready calibrated table supplied by the manufacturer:
0.411 J/em? for patients with skin type III, 0.574 J/cm? for
patients with skin type IV, and 0.707 J/cm? for patients
with skin type V.

The clinical response to therapy was visually scored as
the percentage of repigmentation of depigmented lesions at
the end of therapy [8] and recorded as excellent response
(>75 %), good response (51-75 %), moderate response
(26-50 %), poor response (<25 %) and no response (0)
depending on the extent of repigmentation for any specific
lesion. Color photographs were performed as a baseline
and after 20 sessions and at the end of therapy (60 ses-
sions). Treated areas were evaluated at each subsequent
visit for side effects of therapy such as erythema, pruritus
and burning sensation.

Five-millimeter punch biopsy specimens were obtained
both before and after therapy from the lesional and per-
ilesional unexposed skin of each patient and from the
exposed skin of the face of two patients. The control skin
biopsies were obtained from uninvolved remote areas of
each patient and from ten healthy normal volunteers
(matched for age and sex). The specimens were divided
into two groups, the first group was fixed in 10 % for-
malin solution and embedded in paraffin to form paraffin
blocks. Serial sections of 4 p thickness were obtained
from each block and subjected to hematoxylin and eosin
stain for histologic diagnosis. Identification of melano-
cytes was performed by streptavidin—biotin method using
primary antibodies against gp100 (HMB45, DAKO) [28].
Cytoplasmic staining alone was considered positive for
HMBA45.

Immunohistochemical staining using streptavidin—biotin
immuno-peroxidase technique (Strept A-B staining
method) was performed for the detection of TNF-o
expression, using an anti-human TNF-o/TNFSF1A anti-
body (R&D systems, Inc. USA) [28]. TNF-o was expressed
in the form of brown cytoplasmic precipitate. The per-
centage of positive cells was calculated in 100 cells
counted in 4 high power fields.
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Criteria for grading stained sections were:

Negative (—): if <5 % of cells stained.

Weakly positive (+): if 5-25 % of cells stained.
Moderately positive (4+): if 2650 % of cells stained.
Strongly positive (4++4+): if >50 % of cells stained.

The second group of the biopsy specimens were frozen
in liquid nitrogen (—196 °C) and preserved at —70 °C.
Levels of TNF-o were measured with specific ELISA kits
(Biosource International, Camarillo, CA, USA) according
to the manufacturer’s instructions. TNF-o was measured as
described by Lowry et al. [17]. Level of the cytokine was
expressed as pmol/mg protein.

Statistical analysis

The data were tabulated and statistically analyzed using
Epi-info 2005 and SPSS version 10 software package. The
qualitative data were evaluated using chi-squared (y?) and
Mc Nemar’s test for paired analysis when appropriate. The
significance level was considered at P value <0.05.

Results

Evaluation of the clinical response of patients to NB-UVB
therapy showed that three patients (15 %) had excellent
response, five (25 %) had good response, six (30 %) had
moderate response and six (30 %) had poor response with
a total cumulative dose of 218.3 + 9.5 J/cm® (range
198.375-226.721 J/cm?) at the end of therapy. The best
results were recorded in facial lesions while hands and
feet lesions were less responsive to therapy.

Excellent response was detected in 30 % of facial
lesions, 14.3 % of lower extremities lesions, 11.8 % of
upper extremities lesions and 7.7 % of trunk lesions with
no statistically significant difference between response
in these sites (P > 0.05) (Figs. 1, 2).

The side effects observed during therapy were mild and
well tolerated. They were reported in five patients (25 %);
three of them reported mild erythema and two patients
complained of pruritus.

Histopathological examination of vitiligo lesions before
treatment revealed that there was acanthosis in 40 % of
cases. The most important finding was the complete dis-
appearance of melanocytes in 80 % of cases while very
few melanocytes with pigmentation in basal cell layer were
still detected in the remaining 20 % of cases. The dermis
was infiltrated with mononuclear inflammatory cells.

After treatment, histopathological examination revealed
normal thickness of the epidermis in 30 % of cases, thinning
of the epidermis was reported in 20 % of cases, while the
remaining of cases showed acanthosis. There was an increased
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Fig. 1 a Vitiligo lesion on the back before therapy. b After 60
sessions of NB-UVB therapy showing excellent response

density of melanin pigmentation and reappearance of mela-
nocytes. The dermis contained a perivascular lymphocytic
inflammatory infiltrate as well as scattered melanophages.
Immunostaining with HMB45 of the control group skin
biopsies showed strongly staining melanocytes in the basal
layer of the epidermis, while no positively staining mela-
nocytes were detected in any lesional skin before therapy.
After treatment, the appearance of melanocytes in the
epidermis of biopsies of vitiliginous skin was demonstrated
by positive staining for HMB45, though with different
staining intensity from the control biopsies.
Immunohistochemical examination of the control group
skin biopsies revealed lack of expression of TNF-« in all
specimens (Fig. 3). In contrast, vitiliginous skin revealed
positive expression in 60 % of patients and that TNF-o
staining was diffuse in the specimens and extended
throughout all epidermal layers. Most of the dermal cell
infiltrate was TNF-o positive. Other structures within the
dermis like endothelial cells, eccrine glands, hair follicles
and even the erector pilli muscles revealed different
degrees of positivity to TNF-a. In these structures, TNF-a
expression was detected in all cells after treatment com-
pared to <50 % of the cells before treatment (Figs. 4, 5).
Immunohistochemical examination before therapy showed
a statistically significant difference in TNF-o expression
between lesional and perilesional skin (P < 0.05). Positive
TNF-o expression was detected in 60 % of patients in lesional
skin compared to 20 % in perilesional skin. A statistically

Fig. 2 a Vitiligo lesions in both forearms before therapy. b After 60
sessions of NB-UVB therapy, showing excellent response

Fig. 3 Immunohistochemical staining of normal control skin show-
ing absence of TNF-a expression (DAB x200)

significant difference was also detected between the staining
grade of TNF-« in lesional skin as compared to perilesional
skin (P < 0.05). In lesional skin, the positive staining was
equally distributed among weak, moderate and strong inten-
sities (12 patients total), whereas only weak staining was seen
in perilesional skin (Tables 1, 2).
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Fig. 4 a Immunohistochemical picture of exposed skin lesion before
NB-UVB phototherapy showing mild positive staining reaction of the
epidermis for TNF-« (DAB x200). b Immunohistochemical picture
of the same skin lesion after NB-UVB phototherapy showing strong
positive staining reaction of the epidermis for TNF-a with scattered
positive inflammatory cells, eccrine glands and hair follicles (DAB
x 100)

Immunohistochemical examination of vitiligo lesions
after treatment revealed diffuse TNF-a expression in
lesional skin (90 % of cells stained) compared to 70 % in
perilesional skin, however, the difference was statistically
insignificant (P > 0.05). Comparison of TNF-a expression
in the lesional skin before and after NB-UVB therapy
showed a statistically significant increased expression from
60 % before treatment to 90 % post-treatment (P < 0.05).
A significant increase in the TNF-o expression in perile-
sional skin was also noted from 20 % before treatment to
70 % after therapy (P < 0.05) (Tables 1, 2).

No statistically significant association was detected
between the staining intensity and the excellent, good and
moderate lesional clinical response of the unexposed and the
exposed skin (P > 0.05). A highly statistically significant
association was detected between negative staining reaction
and no response of lesions to therapy (P = 0.0001). On the
other hand, in lesions with poor response (5 lesions), 60 % (3
lesions) showed weakly positive staining reaction and 40 %
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Fig. 5 a Immunohistochemical picture of the unexposed skin lesion
before NB-UVB therapy showing moderate cytoplasmic (arrow)
staining (++) for TNF-o throughout all epidermal layers (DAB
%x400). b Immunohistochemical pictures of the same lesion after NB-
UVB therapy showing strong cytoplasmic (arrow) staining (4+++)
for TNF-o throughout all epidermal layers (DAB x400)

(2 lesions) showed moderate positivity which was statisti-
cally significant (P < 0.05) (Table 3).

Using ELISA technique, the level of TNF-a was
significantly higher in lesional skin compared with the
perilesional skin before and after NB-UVB therapy
(P < 0.001) (Table 4).

Discussion

Treatment of vitiligo is still a challenge for dermatologists.
Despite different therapeutic approaches, vitiligo remains a
difficult disease to treat without a definite cure [1]. NB-
UVB has recently emerged as a promising mode of therapy
for generalized vitiligo. The detailed mechanism of action
of NB-UVB is not yet fully understood but involves a
combination of effects in cell cycle kinetics, alterations in
cytokine expression, effect on melanocytes and immuno-
modulation [26].
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,?;ll):li lin’ll“il:i;tle:lllnaizadmg for No. of patients Lesional Perilesional
perilesional skin before and Before After Before After
after NB-UVB treatment

1 — — — —

2 - + - +

3 + ++ - ++

4 ++ +++ - -

5 + ++ - ++

6 ++ +++ - +++

7 — — — —

8 + ++ - ++

9 ++ +++ - +++

10 - + - -

11 +++ +++ + +++

12 - + - -

13 +++ +++ + +

14 - + - -

15 - + - +

16 + ++ - +

17 +++ +++ + +++
—, negative staining; +, weakly 18 - ++ - +
positive staining; ++-, 19 44+ 4t + 4+
modrily e g o+ - :
Table 2 The relation of staining grading of TNF-o in lesional and perilesional skin before and after NB-UVB treatment
Staining grade Lesional Perilesional P1 P2

Before After Before After
N % N % N % N %

- 8 0 2 10 16 80 6 30 <0.05 (S) <0.05 (S)
+ 4 20 5 25 4 20 6 30 >0.05 (NS) >0.05 (NS)
++ 4 20 5 25 0 0.0 4 20 >0.05 (NS) >0.05 (NS)
+++ 4 20 8 40 0 0.0 4 20 >0.05 (NS) >0.05 (NS)
P <0.05 (S) <0.05 (S)

P1, the difference of each staining grade in lesional skin before and after treatment; P2, the difference of each staining grade in perilesional skin
before and after treatment; P, the difference of staining grading in lesional and perilesional skin before and after treatment

A two-part process has been proposed as an explanation of
the mechanism of NB-UVB induced repigmentation, where
both processes may occur simultaneously. It involves the
stabilization of the depigmentation process and the stimu-
lation of residual follicular melanocytes [7]. In particular,
NB-UVB radiation probably stimulates the upregulation of
the melanogenesis and melanocyte migration [14].

The best clinical results on face and neck were
explained that NB-UVB stimulates the melanocytic res-
ervoirs in the hair sheaths as repigmentation occurred in
a perifollicular pattern and was not observed in lesions
with white amelanotic hair [20]. Brazzelli et al. [3]

added that the face, in particular, is a body site with a
great number of pilosebaceous units which are activated
by NB-UVB. The amelanotic melanocytes in the outer
hair root sheaths proliferate and migrate resulting in
perifollicular repigmentation. The lower repigmentation
rates of acral regions may be attributed to lack of hair
follicles in acral areas. The histopathological examina-
tion corresponds to the clinical response, while no
statistically significant association was detected between
the staining intensity and the excellent, good and mod-
erate lesional clinical response of the unexposed and the
exposed skin.
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Table 3 Association between lesional clinical response and staining grade of TNF-o after NB-UVB therapy

Staining grade Lesional clinical response

Excellent Good Moderate Poor No response

N % N % N % N % N %
- 0 0.0 0 0.0 0.0 0.0 0 0.0 2 100
+ 0 0.0 1 20 1 20 3 60 0 0.0
++ 0 0.0 1 20 2 40 2 40 0 0.0
+++ 2 25 4 50 2 25 0 0.0 0 0.0
X? 3.33 2.86 1.6 9.6 20
P 0.34 (NS) 0.41 (NS) 0.65 (NS) 0.02 (S) 0.0001 (HS)

A highly statistically significant association was detected between negative staining reaction (100 %) and no response of lesions to therapy
(P = 0.0001). A statistically significant association was detected between weak and moderately positive staining reaction and the poor lesional
response (P < 0.05). No statistically significant association was detected between staining grade and the excellent, good and moderate lesional

response (P > 0.05)

Table 4 Mean (£SD) values of

TNF-o (umol/mg) in lesional ;?;:nil ;llgm, Ele;;fsiog% skin, P value
and perilesional skin in vitiligo
patients Before NB-UVB 87 + 16.37 41.36 £ 9.59 <0.001 (HS)
phototherapy
After NB-UVB phototherapy 110.8 £+ 68 75.8 £ 35.8 <0.001 (HS)
P value <0.001 (HS) <0.001 (HS)

In our study, pigmentation was observed more within
the infundibula of hair follicles. This observation concurs
with a previous report by Cui et al. [5].

Melanocytic mitogenesis, melanogenesis, and migration
have been shown to be induced by various cytokines and
inflammatory mediators, including IL-1, TNF-a and leu-
kotriene 4 [21]. IL-1o stimulates the synthesis of endo-
thelin-1, a potent vasoconstrictive peptide that has
mitogenic and melanogenic properties [23]. UVB radiation
has been shown to be a potent inducer of TNF-o gene
expression which mediates signaling by human keratino-
cytes. It is suggested that NB-UVB alters the production of
cytokines and chemokines as a combined result of its direct
and indirect TNF-a-mediated effects [11].

On the other hand, susceptibility to UVB-induced
immunosuppression is partly controlled by the TNF locus-
o which is involved in Langerhans cell migration from the
skin; induction of this cytokine could lead to altered,
or diminished antigen presentation via Langerhans cell
depletion [24].

Immunohistochemical examination of vitiligo lesions
and perilesional skin before therapy showed a statistically
significant difference in TNF-o expression. Positive
expression was detected in 60 % of patients in lesional
skin compared to 20 % in perilesional skin.

Our results were in agreement with those of Moretti
et al. [19] and Birol et al. [2], concerning the higher TNF-«
expression in vitiligo lesional skin compared to perilesional
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skin, non-lesional skin and healthy skin. These findings
were explained by the possibility of the in situ inhibition of
melanogenesis induced by TNF-a throughout an inhibitor
loop on tyrosinase and TRP-1 [19].

An increase in TNF-o expression was detected in viti-
ligo lesions after NB-UVB therapy. We did not expect this
result, and so we tried to find an explanation to that
increase after therapy. To the best of our knowledge, this is
the first immunohistochemical study to evaluate TNF-«
expression after NB-UVB treatment.

In contrast, Grimes et al. [9] using quantitative PCR
technique reported reduced expression of TNF-o after
topical tacrolimus therapy, suggesting a possible role of
TNF-o in the depigmentation process. This difference in
results could be due to the different techniques used or due
to the different modes of therapy and their actions in
inducing repigmentation such as the immunomodulatory
effects on T cells and other immunocompetent cells and the
production of cytokines and chemokines.

On the other hand, other studies have detected an increase
in TNF-o expression after UVB treatment [4, 15, 16]. They
reported that UVB irradiation appeared to be a significant
inducer of TNF-o transcription in epidermal cells in vitro
and in vivo. Skov et al. [27] found that irradiating human
skin with three MED of UVB led to rapid increase in
TNF-« protein in suction blister fluid, which was maximal
at 6 h following exposure. Similarly, Hino et al. [11]
investigated the effect of NB-UVB on the production of
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chemokines and proinflammatory cytokines by keratino-
cytes in comparison with BB-UVB. They found that TNF-«
m RNA levels were immediately up regulated after expo-
sure of the spontaneously transformed human epidermal
cell line HaCaT to UVB radiation and confirmed the results
of increased production of TNF-o after UVB irradiation.

The mechanism of how TNF affects pigmentation is not
fully understood. It was suggested that cytokines such as
TNF-a, TNF-f, INF-y, IL-Io, and IL-6 can induce cell
surface ICAM-1 on melanocytes which is necessary for
leukocyte-melanocyte attachment. ICAM-1 may also
induce B-cell activation, increasing autoantibody produc-
tion and may cause melanocyte damage in vitiligo [18].
TNF-« and IL-Ix also have the capacity to induce apoptosis
in many cell types [2].

The proapoptotic potential of TNF-o has been dem-
onstrated for various cell types, whereas nuclear factor-
kappaB (NF-kappaB) is known to support the transcription
of prosurvival genes. In a previous study, investigation of
normal human melanocytes revealed induction of apoptosis
after TNF-o treatment (100 U/ml) in only 3 out of 11
cultures analyzed, whereas 8 cultures remained largely
resistant. In sensitive cultures, NF-kappaB binding activity
was found increased after TNF-o treatment; apoptosis-
resistant cells were characterized by relatively high basic
NF-kappaB binding activities and did not show NF-kappaB
activation after TNF-o treatment. Inhibition of NF-kappaB
by a specific inhibitor, Bay-11, either induced apoptosis
itself or resistant melanocyte cultures became sensitive to
TNF-o treatment. No correlation was found between
apoptosis sensitivity and the expression of TNF receptor-1
or the expression of Bax, Bcl-2 and Bcel-X (L). A strong
correlation, however, was found regarding the pigmenta-
tion degree, as high pigmentation correlated with apoptosis
resistance and sensitive melanocyte cultures were weakly
pigmented. These data may indicate that in cultured mel-
anocytes, high levels of melanogenesis lead to an increase
in oxidative stress which itself causes NF-kappaB activa-
tion. NF-kappaB mediates the transcription of antiapoptotic
factors which may block TNF-a-induced apoptosis at early
steps of the signal cascade [25].

Some authors studied whether TNF-« and interleukin
IL1a, which may be implicated in the inflammatory phe-
nomena seen in acute GVHD, are implicated in the
pigmentary changes or not. The expression of TNF-o
increased in the hyperpigmented skin relative to normal
and hypopigmented skin and TNF-o was variably distrib-
uted in proportion to different degrees of pigmentation.
This observation may indicate that the production of
TNF-« by epidermal microenvironment may be involved in
postinflammatory pigmentary changes [13].

It was surprising to find an increase in TNF-o expression
in vitiligo lesions after NB-UVB therapy which was

confirmed using the quantitative ELISA technique. We
tried to find an explanation for this observation as this is the
first immunohistochemical study for the detection of
TNF-a expression in vitiligo lesions after NB-UVB ther-
apy. The increase in TNF-o expression in the treated
lesions (pigmented) in comparison to lesional skin (hypo-
pigmented) and normal skin predicts that the role of TNF-o
in pigmentation may be dose-dependent. So, further studies
are needed to detect to which level there is inhibition of
pigmentation and another for repigmentation.

Clinically, IL-1oc and TNF-o induce cutaneous inflam-
mation. The production of TNF-a by epidermal microen-
vironment may be also involved in post-inflammatory
pigmentary changes.

Susceptibility to UVB-induced immunosuppression is
partly controlled by the TNF locus-o involved in Langer-
hans cell migration from the skin, and induction of this
cytokine could lead to altered, or diminished, antigen
presentation, via Langerhans cell depletion [24], which
may decrease antibodies production, preventing melano-
cyte damage in vitiligo.

The role of TNF-o in repigmentation may be also
explained by a previous study [25], which reported that an
increase in oxidative stress secondary to the high levels of
NB-UVB-induced melanogenesis may itself cause NF-
kappaB activation which block TNF-a-induced apoptosis at
early steps of the signal cascade, so melanocytes resist
apoptosis.

In conclusion, this study demonstrated a significant
increase of TNF-a in vitiligo lesions, compared with
perilesional and healthy skin, thus suggesting a possible
involvement of this cytokine in the pathogenesis of vitiligo.
After NB-UVB therapy, the increase of TNF-« in vitiligo
lesions suggests another role for repigmentation in vitiligo.
Further studies using different methods of investigations and
different remedies of therapy are needed to elucidate the
possible role of the TNF-o cytokine and other cytokines in
the depigmentation and repigmentation processes in vitiligo.

Conflict of interest None declared.
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