
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

New insight in vitiligo: immunopathology

van den Wijngaard, R.M.J.G.J.

Publication date
2001

Link to publication

Citation for published version (APA):
van den Wijngaard, R. M. J. G. J. (2001). New insight in vitiligo: immunopathology. [,
Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/new-insight-in-vitiligo-immunopathology(a55ce5ee-13a6-4951-88a2-00a822a8cad5).html


chapter 5 

PRESENCE OF T CELLS AND MACROPHAGES IN 

INFLAMMATORY VITILIGO SKIN PARALLELS MELANOCYTE 

DISAPPEARANCE 

Caroline Le Poole, René van den Wijngaard, Wiete Westerhof, Pranab Das 

Departments of Dermatology and Pathology, Academic Medical Center I 

Amsterdam University, Amsterdam, The Netherlands 

Am J Pathol 1996; 148:1219-1228 



chapter 5 

Abstract 

Evidence for the involvement of cellular immunity in the etiopathogenesis of the 

hypopigmentary disorder vitiligo is provided by rare cases of inflammatory vitiligo. Nonlesional. 

perilesional and lesional skin biopsies from three inflammatory vitiligo patients were 

immunohistochemically analysed. The composition of inflammatory infiltrates present in 

perilesional skin was analysed by antibodies to T cells (CD2, CD3, CD4 and CD8), Langerhans 

cells (CDla) and macrophages (CD36 and CD68). The presence of activation markers on 

inflammatory cells was evaluated by analysis of HLA-DR, 11-2 receptor and HECA-452 

expression. The presence or absence of melanocytes was determined by antibody NKI-beteb. 

Moreover, the abundance of matrix molecule tenascin was semi-quantified using T2H5. Results 

indicate that within perilesional skin, epidermis infiltrating T cells exhibit an increased CD8/CD-I 

ratio and increased CLA and 11-2 receptor expression. These cells are frequently juxtapositionally 

apposed to remaining melanocytes. In perilesional dermis, CD68+OKM5" macrophages were 

more numerous than in (non)lesional skin. Keratinocytes as well as melanocytes consistently 

express MHC class-II antigens along stretches of (supra)basal layers in perilesional epidermis. 

Moreover, inflammation is accompanied by increased tenascin content. Although these 

observations do not permit differentiation between the immune infiltrates being a result as 

opposed to the cause of the disease process, results presented in this study are very suggestive of 

involvement of local immune reactivity in melanocyte destruction. 

Introduction 

Loss of melanocytes in the pigmentary disorder vitiligo1 affects approximately l%ofthe 

world population". Melanocytes are the main if not the sole cell type affected. Biochemical', 

neurological' and immunological4 factors appear to be involved in melanocyte disappearance to 

an extent varying per clinically distinguishable subset of vitiligo patients. This hypothesis has 

been summarized as the convergence theory". 

Possibly due to the absence of overt infiltrates in most vitiligo patients, a possible role for 

cell mediated immunity in skin depigmentation has long been neglected. Absence of overt 

infiltrates however, may be merely a consequence of dispersion of the target cells throughout the 

basal layers of the epidermis. 
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The present report concerns the role of immune mechanisms by investigating the 

composition of infiltrates in perilesional skin of rare patients with inflammatory vitiligo. In such 

patients, perilesional skin exhibits redness and is frequently itchy. As inflammation at all times 

proceeds in the direction of skin still containing melanocytes, a causal relationship may exist 

between the presence of the inflammatory infiltrate and melanocyte disappearance. This 

prompted us to further investigate the composition of the inflammatory infiltrate. Possibly due to 

the exclusivity of this form of the disease, only a number of case reports have appeared 

describing patients with inflammatory vitiligo6"8. Occurence rates of this form of vitiligo can be 

estimated at 2% of all vitiligo cases (personal observation). 

Description of inflammatory cells (and their activation state) present in perilesional skin 

by immunohistochemical analysis contributes to an understanding of immunological mechanisms 

involved in melanocyte destruction per se. Therefore melanocytes, Langerhans cells, tissue 

macrophages and T-lymphocytes were quantified and their location, subtype and activation state 

were evaluated immunohistologically by single and double immunostaining procedures in 

biopsies obtained from 3 patients with inflammatory vitiligo. 

Materials and methods 

Skin biopsies 

From 2 patients presenting with inflammatory vitiligo at the Academic Medical Center in 

Amsterdam, the Netherlands 3mm 0 biopsies were obtained from nonlesional and lesional 

vitiligo skin and from the inflammatory rim. From another patient, 2 marked perilesional skin 

biopsies were obtained from the perilesional skin spanning either the lesional or the non-lesional 

border. Patients included in this investigation are further described in table 1. Control adult breast 

and abdominal skin sections were obtained from plastic surgery specimen. The mean age of 

control skin donors was 31 years. 

Immunostaining procedures 

Single and double immunostaining procedures were performed as previously described 

and briefly recapitulated below. 6 urn Frozen sections were air-dried, fixed in cold acetone for 10 

minutes and stored at -20 °C until use. After thawing, skin sections were treated with 10% 

normal goat serum (Dakopatts, Glostrup, Denmark) for 15' to block aspecific binding of primary 

antibodies. All antisera were optimally diluted in 10% normal human serum in Tris-buffered 

saline (TBS). 
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Primary antibodies applied in double and in single staining procedures are described i 

table 2. 

Table 1. Demographic data of patients 

Patient 1 Patient 2 Patient 3 

Sex Male Female female 

Age (years) 57 45 55 

Biopsies from Leg Leg Back 

Duration of vitiligo 2 years 10 years 1 year 

% Depigmentation 10 3 
' -•••i 

20 
Medication Thiazide, Hydralazine 

HCl, Nifedipine 

Thyrax, 

Cafergot 

Ibuprofen 

Figure 1. Leg of patient 1 exhibiting inflammation of the perilesional 

skin (x45). Biopsy allocations are marked by N, P and L for 

nonlesional. perilesional and lesional skin respectively. 

Single stainings 

Skin sections were incubated for 1 hr at room temperature with primary antibodie at 

relevant dilutions in TBS. In the second step, mouse monoclonal antibodies were recognized by 

biotin labeled F(ab)2 rabbit anti-mouse antiserum (Dakopatts) used 1:200. To improve antigen 
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detection, peroxidase labeled biotin and streptavidin were mixed according to the manufacturers' 

protocol of a Dakopatts streptABC detection kit. Finally, aminoethylcarbazole (AEC) (Sigma) 

dissolved in acetate buffer pH 4.9 was used to reveal the presence of the antigen under study. 

Tabl< 2. Antibodies employed 

N Marker for Dilution 

(source) 

Dilution 
*FITC 
(source) 

NKI Beteb Melanocytes 1:40(1) 

a I Langerhans cells 1:50(2) 

CD68 Macrophages (pan) 1:50(3) 

CD36 Macrophages (subset) 1:50(2) 

HI \-DR MHC class II 1:100(4) 1:50(4) 

CD19 B cells (pan) 1:50(4) 

CD3 T cells (pan) 1:20(4) 1:200(4) 

CD2 T cells (pan) 1:100(4) 

CD4 Helper T cell subset 1:20(4) 1:50(4) 

CI Cytotoxic T cell subset 1:50(4) 1:100(3) 

CD25 T cell activation 1:100(5) 

( la Lymphocyte homing (LFAI alpha) 1:500(6) 

H! CA-452 Lymphocyte skin homing 1:50(7) 

ICAM-1 Inflammation. T eel interaction 1:100(8) 

T2H5 Inflammation, diminished ECM adhesion 1:100(9) 

( 11 Sanbio BV, Uden, The Netherlands: (2) Ortho, Raritan, New Jersey; (3) Dakopatts, Glostrupp, 
Denmark (4) Becton & Dickinson. Mountain View, California; (5) Biotest, Dreieich, Germany; (6) 
American Type Culture Collection. Manassas. Virginia: (7) Dr A.M. Duijvestijn. Free University, 
Amsterdam, The Netherlands; (8) British Biotechnology, Great Britain; (9) Dr R. van Straten, Free 
University, Amsterdam, The Netherlands. 

Double stainings 
The following combinations of antibodies were used in double immunostaining 

procedures: NKI-beteb/CD3, NKI-beteb/HLA-DR, CDla/HECA452, CD3/HECA452, 

CD68/OKT6, CD3/CD8, CD3/CD4 and CD68/HECA452. 

After pretreatment of sections with normal goat serum as in single stainings, a non-

labeled primary antibody was added serially followed by incubation with alkaline phosphatase 

labelled goat anti-mouse antiserum ( 1:20, Dakopatts) for 60', and normal mouse serum (1:5) for 

15' to block reactive anti-mouse sites. Subsequently, sections were incubated with the FITC 

labeled mouse primary antibody for 1 hr at room temperature followed by rabbit anti-FITC 

antiserum 1: 1000 (Dakopatts) for 15' and finally peroxidase labelled swine anti rabbit antiserum 

1:100 (Dakopatts). Alternatively, in CD68/HECA452 double staining procedures a mixture of 

primary antibodies was followed by alkaline phosphatase labelled goat anti-mouse IgGl/ 
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peroxidase labelled goat anti-mouse IgM (Southern Biotechnology, 1:20 each). Alkaline 

phosphatase was localised employing Fast Blue BB (Sigma), followed by revealing peroxidase 

reactivity with AEC as described for single stainings. 

Evaluation of Immuno staining 

Two investigators independently evaluated the density of stained cells and/or the level of 

antigen expression when judging the extent of immunoinfiltration and/or the activation state of 

infiltrating cells, respectively. Abundance of tenascin was evaluated both by measuring the 

percentage of the basal membrane containing tenascin and by measuring average thickness of the 

T2H5-stained layer. Staining patterns observed in the total epidermis and in the basal layer alone, 

in the papillary dermis, the reticular dermis and the deep dermis were separately evaluated. 

Results 

Melanocytes 

Estimations of melanocyte densities in the basal layer of control and vitiligo skin are 

depicted in figure 2. Based on results obtained here, melanocyte densities in control skin were 

estimated as approximately 2.5 times the number of melanocytes per mm detected in pigmented, 

nonlesional vitiligo skin. Moreover, in perilesional skin from patients 1 and 2 melanocyte 

numbers were markedly decreased as compared to nonlesional skin from the same patients. 

However, the perilesional biopsy spanning the nonlesional border of patient 3 still contained 

significant amounts of melanocytes. 

patient 1 
patient 2 
patient 3 

Figure 2. Quantification of melanocyte dei 

in absolute number/mm epidermal length in 

inflammatory vitiligo and control skin sections. C; 

control skin, N; nonlesional vitiligo skin. 0; 

perilesional skin spanning the nonlesional I 

border. P; perilesional skin from the middle of the 

inflammatory border, I: perilesional skin spanning 

the lesional (inner) border and 1; lesional \ 

skin. 

N O 
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T cells 

Anti-CD3 and anti-CD2 revealed large numbers of T cells in perilesional skin (illustrated 

in figures 3 and 4). The number of T cells revealed by anti CD2 antiserum was slightly lower 

than that revealed by anti CD3. T cell numbers evaluated by anti-CD3 staining are represented in 

figure 3. In patient number 2 with relatively rapidly expanding vitiligo, T cells remained present 

in elevated amounts in lesional as compared to non-lesional epidermis. In the dermal 

compartment of these lesional biopsies T cell numbers were reduced when compared to values 

detected in control skin. Representative stainings of nonlesional, perilesional and lesional vitiligo 

skin are shown in figure 4 a-d. Marked T cell infiltrates can be observed exclusively in 

perilesional skin (figure 4b). Moreover, along stretches of perilesional skin, T cells appear to 

embrace cells present in the basal layer of the epidermis (figure 4c). CD4/CD8 ratios for patients 

1,2 and 3 are calculated from CD3/CD8 double stainings. CD4+ cells are counted by subtracting 

the number of double stained, thus CD8+ cells from the total amount of CD3+ cells. Average 

ratios in dermis and epidermis were 1.1 and 0.6, respectively (overall mean 0.86). 

= 

control 1 ^ ^ ™ patient 1 
control 2 patient 2 
control 3 (——' patient 3 

] f 

C N O P I 

3. (A) epidermal and (B) dermal T cell infiltrates displayed by anti-CD3 immunostaining quantified as 

led in Figure 2 for melanocyte densities and expressed per mm of epidermal length. 
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.J* 

• 'T' ••". 

¥ •'..• 

Figure 4. Anti-CD3 immunoenzymatic staining of (A) non-lesional: (B. C) 

perilesional. and (D) lesional skin of patient 2. Magnification xlOO 

HECA-452 stainings revealing the number of cells expressing the cutaneous lymphocyte 

antigen (CLA) are represented in figure 5. A comparison of results obtained within the 

inflammatory border (represented by O, P and I in the figure) reveals that in the epidermis the 

amount of HECA452 bearing cells approximately equals the amount of T cells, whereas in the 

dermis the number of HECA452 bearing cells amounts to a maximum of 50% of the absolute 

number of T cells. 

LFA1-alpha bearing cells were detected in small amounts within or in proximity of the 

epidermis. In all, the number of stained cells was somewhat elevated in vitiligo skin as compared 

to control skin (results not shown). CD25 staining in control and vitiligo skin is represented in 

figure 6. The number of CD25 expressing cells was elevated in perilesional skin, amounti to 

approximately 1/3 of T cells present. 

B cells 

No B cells were detected in any patient or control specimen. 
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control 1 ^ ^ * patient 1 
control 2 — patient 2 
control 3 1 ' patient 3 

N O N O 

Figure 5. Immunostaining by HECA-452 antibody to the cutaneous lymphocyte antigen (CLA) in (A) epidermal and 

ia! skin. Quantification as in figure 2 for melanocyte densities, expressed per mm epidermal length. 

control 1 
control 2 
control 3 

M ^ M patient 1 
^ patient 2 

1 ! patient 3 

r 
n 

f l . 

H 20 

. 1 1 
C N O N O 

Figure 6.11-2 receptor bearing cells in (A) epidermal and (B) dermal skin quantified by anti-CD25. Measurements 

od and symbols used as for melanocytes in figure 2. 
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Macrophages 

The CD36-expressing subset of macrophages was more numerous in control skin than in 

vitiligo skin, as shown in figure 7. With respect to the dermis, this does not hold true for pan-

macrophage marker CD68. Epidermal CD68 expression was not quantified as at the dilution 

used, keratinocytes exhibit the antigen as well. Moreover, in lesional skin epidermal 

macrophages cannot be distinguished from Langerhans cells as derived from CD68/CD1 a double 

staining (results not shown). However, there is a consistent downregulation of CD68 expre ion 

in the epidermis of perilesional skin when compared to non-lesional and control skin. A further 

downregulation of epidermal CD68 expression is noted in lesional skin. Such sequential 

downregulation is depicted in figure 8. 

patient 1 
patient 2 
patient 3 

. r 

i I 1 1 
C N O N O 

Figure 7. Quantification of CD36+ macrophages in (A) epidermis and (B) dermis as mentioned in figure 2 for 

melanocytes. Numbers are expressed per mm of epidermal length. 
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•;•• Wi . 
«nay j 

^S>.33wl#Jaftï 
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Figure S. CD68 pan-macrophage marker used for immunostaining of (A) 

nonlesional; (B) perilesional and (C) lesional vitiligo skin. Magnification 200x 

Langerhans cells 

A large donor-to-donor variation in the number of Langerhans cells present is seen by 

comparing CD1 a expression among skin sections from separate control skin specimen. However, 

an increase in Langerhans cells can be observed in perilesional vitiligo skin within patients 

compared to expression in nonlesional and lesional skin. Moreover, CD la expressing cells are 

slightly more numerous in the dermal component in patients when compared to controls (results 

not shown). 

Keratinocytes 

Focal expression of HLA-DR in basal and suprabasal keratinocytes was apparent in 

perilesional skin from all patients tested (exemplified in figure 9). Moreover, HLA-DR 

expression in the dermis was most prominent directly below such HLA-DR expressing 

keratinocytes. Epidermal ICAM-1 expression was not detected in controls or in patients. 

Extracellular matrix 

Antibody T2H5 against human tenascin revealed a consistently elevated expression of 

this extracellular matrix component in perilesional skin as compared to non-lesional and lesional 

vitiligo skin. Moreover, a relatively large percentage of the basal membrane (>90%) contains 

tenascin in all skin from vitiligo patients when compared to controls (>20%). Increased 

expression resulted in extended protrusion of tenascin into the dermis, as illustrated by average 

thickness measurements summarised in table 3. 
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Table 3. Tenascin in vitiligo and control skin (layer thickness in mm) 

N 0 P I L 

Patient # 1 0.46 ND 1.18 ND 0.66 

Patient it 2 0.2 ND 1.04 ND 0.64 

Patient # 3 ND 0.16 ND 0.26 ND 

N. nonlesional vitiligo skin; O, perilesional skin spanning the nonlesional (outer) border; P, perilesional skin from 

the middle of the inflammatory border; I, perilesional skin spanning the lesional (inner) border; L, lesional vitiligo 

skin; ND, not done. 

k > 

V 
* •v> J•••'. äteL. 

. •'. 
V ' \ 

B * ( 

I f . » - V 

D 

Figure 9. Immuno double stainings of (A) NKI-beteb (blue)/ HLA-DR (red) in 

control skin, showing absence of HLA-DR expressing melanocytes (xl 10), 

(B) same staining of outer perilesional (o) skin in patient 3 revealing several 

HLA-DR" as well as HLA-DR" melanocytes (xl 10), (C) HECA-452 (blue)/ 

CD3 (red) staining of the same patient specimen showing CLA+ T cells as well 

as non-T cells (most likely macrophages) and CLA" T cells (x200), (D) NKI-

beteb (blue)/ CD3 (red) staining of the same specimen showing frequent 

apposition of melanocytes and T cells (x225). 

Call» reproduction in last section of this thesis. 
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Discussion 

Theories regarding vitiligo as an autoimmune disease are gaining support. Evidence for 

involvement of humoral immunity in melanocyte loss has been presented by Harning et at, 

showing that the incidence of antibodies to pigment cells correlates with disease activity in 

vitiligo. Involvement of cellular immunity has occasionally been considered9, and the presence of 

a benign T cell lymphoma with restricted homing capacity was hypothesized to explain the 

symmetric appearance of lesions in most patients10. The appearance of an inflammatory rim 

coincides with melanocyte destruction in inflammatory vitiligo. 

Cellular infiltrates detected in inflammatory vitiligo skin have been only briefly described 

before modern immunohistological techniques became available6". This unique form of vitiligo 

however, provides clear insight in immune processes involved in vitiligo etiopathogenesis. The 

phenotype of cells infiltrating inflammatory vitiligo skin were therefore evaluated. Interestingly, 

inflammation leads to depigmentation in these patients, whereas in other inflammatory 

dennatoses, moderate to heavy immune infiltrates can be observed where melanocyte destruction 

is not involved eg in psoriasis", leprosy12, and other skin diseases'3. Although the distribution 

pattern of the infiltrates in nonvitiliginous skin diseases differ, the principal cellular constituents 

of the infiltrates are largely similar with a possible exception of B cells present in psoriatic 

lesional skin but absent in other skin inflammations such as inflammatory vitiligo presented 

here Presumably, the different skin conditions associated with inflammation but without 

depigmentation are likely accounted for by the different nonmelanocytic target antigens 

recognized by infiltrating T cells. Alternatively, different pathways of inflammation are involved 

in other skin diseases as opposed to that in inflammatory vitiligo. At present the exact 

mechanisms of the immune infiltrates accounting for selective destruction of melanocytes in 

inflammatory vitiligo but not in other skin inflammation cannot be concluded. However, the 

present study indicates that the immune infiltrates might play a role in subsequent melanocyte 

tion in inflammatory vitiligo. 

In this study, melanocytes in non-lesional vitiligo were less numerous than in control 

skin. Observed differences may be a consequence of skin site and/or age related variation. 

Within patients, CD3 staining of T cells was significantly increased in perilesional as 

compared with nonlesional or lesional skin. More importantly, within the epidermal 

compartment, T cells were substantially more numerous in perilesional skin than in control skin. 

Such T cells are mainly concentrated where melanocyte destruction takes place, in the basal layer 

of the epidermis. This is exemplified both in figure 3 and by representative stainings shown in 

figure 4. In figure 4c, T cells constitute a necklace of epidermis-embracing cells. T-cell-
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melanocyte interactions are most clearly identified in NKI-Beteb/CD3 double stainings. In figure 

9D, examples of such interactions are marked by arrows. It is of interest that perilesional 

epidermal T cells express both HECA452 and the II 2-receptor more frequently than dermal T 

cells do. Moreover, the inflammatory vitiligo T cell population carries a low CD4/CD8 ratio also 

observed in generalized vitiligo skin (unpublished observation). It therefore seems likely that, in 

vitiligo, melanocyte destruction is mainly brought about by CD8+ (cytotoxic) T cells destined for 

the epidermis. 

Alterations in vitiligo keratinocytes have been postulated as partaking in the etiology of 

vitiligo. This investigation provides evidence for changes in keratinocytic phenotype in 

perilesional and lesional vitiligo skin. In conjunction with ongoing immune processes, HLA-DR 

expression along streches of basal and suprabasal keratinocytes is a consistent finding and may 

contribute to local T cell reactivity, ultimately leading to melanocyte destruction. HLA-DR 

expression by perilesional melanocytes has been reported by Al Badri etalu and was postulated 

to contribute to classll restricted melanocyte killing. Keratinocytes may contibute to this process 

by presenting melanocytic antigens in a major histocompatibility comples class-II restricted 

manner after phagocytosis of melanosomes. All 3 patients included in this study showed 

perilesional HLA-DR expression. In addition, CD68 immunohistology at high antibody 

concentrations showed a reproducible keratinocyte staining pattern. At this antibody 

concentration, keratinocytes show expression of CD68 (or capture of shed CD68) in si in 

control skin as well as in nonlesional vitiligo skin. Staining intensity is reproducibly reduced in 

perilesional skin and further diminished in lesional vitiligo skin. The significance of this finding 

is not known at present. 

No consistent findings concerning Langerhans cell distribution were revealed. Therefore, 

as a conclusion from this study, no major role can be assigned to Langerhans cells in vitiligo 

etiology. 

Macrophages are present in increased numbers in perilesional skin as revealed by pan-

macrophage marker CD68. Such an increase is not confirmed by macrophage subset marker 

OKM-5. 

Interestingly, the status of patients included in this investigation reveals that intai of 

drugs related to autoimmunity/cardiovascular disease may have contributed to the eruption of 

disease. In patient 1, vitiligo arose after a change of cardiovascular/diuretic drugs hydralazine 

and chlortalidon. Hydralazine can (often) induce SLE-like reactions, and for chlorthalidon. 

increased photosensitivity has been reported'\ Patient 3 was taking Brufen with known side-

effects of itch and rash. Remarkably, another inflammatory vitiligo patient who was not further 

investigated was taking Naproxen, another propionic acid derivative with similar side effects. 
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Both arc painkilling agents. It is thus carefully postulated that inflammatory vitiligo can arise as a 

consequence of drug eruption. Interestingly, inflammation caused by drug eruption like 

corticosteroid treatment, penicillin treatment and others does not lead to depigmentation per se. 

Therefore, the cases reported here suggest that a melanocyte-specific T-cell-mediated immune 

reaction is involved. 

Following such an assumption, it is subsequently of interest to reveal the T cell epitopes 

being recognised. Renewed interest in this matter has come from melanoma research. 

Recognition of melanocyte differentiation antigens has recently been demonstrated16"21. Possibly, 

vitiligo may be regarded as the effective variant of an immune reaction which is ineffective in 

melanoma. However, the present studies pertain to only a small subset of vitiligo with 

inflammation and it should be realized that the causes of inflammatory and generalized vitiligo 

may be different. By comparing with results obtained through immunophenotyping of 

generalised vitiligo skin" ' , the recognition of inflammatory vitiligo as a separate entity can be 

further clarified. 
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