
446

From the Departments of Dermatologya and Pathology,b University
of São Paulo School of Medicine.

Supported by financial grants from Fundação de Amparo à Pesquisa
do Estado de São Paulo—FAPESP (1995/3324-1) and Capes.

Accepted for publication Aug 30, 2000.
Reprint requests: Mírian N. Sotto, MD, Av Dr Arnaldo, 455 sala 1118,

Departamento de Patologia, 01246-903, São Paulo - SP Brasil.
Copyright © 2001 by the American Academy of Dermatology, Inc.
0190-9622/2001/$35.00 + 0 16/1/112344
doi:10.1067/mjd.2001.112344

F ogo selvagem (FS) is an organospecific auto-

immune disorder characterized by the onset

of subcorneal acantholytic vesicles and by the

presence of IgG autoantibodies that react with com-

ponents of the desmosomal core, that is, desmoglein

1. FS is endemic in certain regions of Brazil, where

there are more than 15,000 registered cases. The dis-

ease occurs in endemic fashion within the states of

Goiás, Mato Grosso do Sul, Paraná, São Paulo, and

Minas Gerais. It appears that the disease is spreading

toward the northwest and west of the country. The

epidemiologic findings show that the disease

appears in wild areas being colonized and disappears

as the area becomes urbanized. The majority of the

patients are young peasants or children who live in

close proximity to rivers with lots of insects, in par-

ticular the black fly Simulium nigrimanum. The

involvement of environmental factors and infectious

agents has been the subject of intensive studies.

FS differs from classical pemphigus foliaceus

(Cazenave) by the age of those affected, by geo-

graphic distribution, and by the presence of familial

cases in genetically related persons. However, the

clinical manifestations, the histologic findings, and

the immunopathologic features are similar in these

forms of pemphigus foliaceus.1

The autoantibodies occurring in FS are specific and

pathogenic. The predominant disease autoantibodies,

present in all patients, are of the IgG4 subclass.2 These

autoantibodies are directed against the desmosomal

cadherin desmoglein 1, a 160-kd glycoprotein.3

Few studies are available in the literature about

the involvement of cell-mediated immunity in bul-

lous disease and especially in FS. In pemphigus vul-

garis as well as in bullous pemphigoid, lymphocytes

are the predominant mononuclear cells in the
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dermal dendritic cells predominated in lesional skin. Keratinocyte expression of ICAM-1 and HLA-DR was

negative in both lesional and perilesional skin.

Conclusion: The overall results suggest the participation of the cell-mediated immunity in endemic

pemphigus foliaceus (fogo selvagem). The lack of keratinocyte ICAM-1 expression may be related to the

pattern of cytokines secreted by the CD4+ T cells of the tissue reaction in fogo selvagem. (J Am Acad
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of B lymphocytes, and major histocompatibility com-

plex (MHC) molecules class II (HLA-DR). All mono-

clonal antibodies were obtained from Dakopatts,

except for the last one, which was a donation from

the Transplant Immunology Laboratory of the Heart

Institute of the University of São Paulo. The reaction

was developed with the chromogen diaminobenzi-

dine plus nickel chloride (Sigma) and counter-

stained with methyl green. A specimen of lichen

planus was used as positive control for the reaction.

The negative control was obtained by omitting the

primary antibodies.

The population of cells immunostained in the

dermis was semiquantitatively analyzed as previous-

ly described and was scored as follows by two

independent investigators10: 0, negative immunola-

beling; 1, up to one third of positive stained

mononuclear cells in the dermal cell infiltrate; 2,

more than one third up to two thirds of positive

stained mononuclear cells in the dermal cell infil-

trate; 3, more than two thirds of positive stained

mononuclear cells in the dermal infiltrate.

A different scale was used to quantify immunola-

beling of the epidermis11: 0, negative immunolabel-

ing; 1, small number of positive stained dendritic

cells with their cellular body well demarcated and

with rare dendritic processes; 2, regular number of

positive stained dendritic cells with defined and con-

fluent dendritic processes; 3, large number of posi-

tive stained dendritic cells with confluence of the

dendritic processes giving a uniform staining aspect

to the epidermis.

In case of discordance between the two indepen-

dent investigators an independent third investigator

provided consensus about the final score.

The results of the lesional and perilesional skin as

well as of the generalized and localized clinical forms

of the disease were compared by the nonparametric

statistical method of Mann-Whitney. The subpopula-

tions of CD4+ and CD8+ T lymphocytes were also

compared in all biopsy specimens, in lesional and

perilesional skin, and in both clinical forms of FS, by

Spearman’s rank correlation.12 The level of signifi-

cance was set at P = .05.

RESULTS
CD4+ (Fig 1) and CD8+ T lymphocytes were

found in the dermal mononuclear infiltrate of all FS

biopsy specimens. Comparison of the subpopula-

tions of CD4+ and CD8+ T cells for all specimens as

a whole showed a predominance of CD4+ T cells (P
= .001). The CD4+ T-cell population also predomi-

nated when the specimens were analyzed separately,

both in the lesional skin (P = .001) and in the peri-

lesional skin (P = .012). Both clinical forms of the

inflammatory infiltrate of dermis. The ratio of

CD4+/CD8+ T lymphocytes is about 2:1 in both dis-

eases. B cells and natural killer cells are absent. The

dendritic cells are increased in lesional skin com-

pared with perilesional skin.4,5 The keratinocytes of

bullous pemphigoid express ICAM-1 and HLA-DR.

However, ICAM-1 and HLA-DR were not expressed

on epidermal keratinocytes of pemphigus vulgaris.6

High levels of interferon gamma (IFN-γ) were

demonstrated in the blister fluids of bullous pem-

phigoid in comparison with those obtained from

pemphigus vulgaris, second-grade dermal burn, and

friction bulla.7

Only one study was undertaken to examine the

quantification of S-100+ dendritic cells in FS. These

cells were decreased in lesional skin.8

The purpose of the present study was to investi-

gate the immunophenotype characterization of the

cellular elements of the inflammatory response as

well as expression of the adhesion molecule ICAM-1

and the antigen HLA-DR in an attempt to elucidate

the possible involvement of cellular immunity in the

pathogenesis of FS.

MATERIAL AND METHODS
Skin biopsies

Biopsy specimens of lesional (full developed blis-

ter with duration of about 24 hours) and perilesional

skin (located 1.5 cm from the lesion) were obtained

from 11 patients with the generalized form of the dis-

ease and 9 patients with the localized form of FS. The

clinical classification used in this study was that pro-

posed by the Cooperative Research Group for Study

of Fogo Selvagem.1 All patients showed high epider-

mal acantholysis and positive direct and indirect

immunofluorescence for antiepithelial antibody,

except for 2 patients for whom the indirect immuno-

fluorescence was negative. Both showed the localized

clinical form of FS. No patients were under treatment

when biopsies were performed.

Immunohistochemical staining
The specimens were snap frozen and submitted

to cryomicrotomy. Cryostat-cut sections (5 µm) were

fixed in acetone, incubated with primary mouse

monoclonal antibody and treated by avidin-biotin

method modified as previously described.9 The

mouse monoclonal antibodies used in this study

were anti-CD8 for a subpopulation of cytotoxic-sup-

pressor lymphocytes, anti-CD4 for a subpopulation

of helper lymphocytes, anti-CD25 for interleukin 2

receptor cells (IL-2R), anti-CD1a for Langerhans

cells, anti-CD54 intercellular adhesion molecule-1

(ICAM-1), anti-CD11 lymphocyte function-associated

antigen-1 (LFA-1), anti-CD19 for the subpopulation
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disease showed the same results, with the subpopu-

lations of CD4+ T lymphocytes predominating in

both the localized form (P = .002) and the general-

ized form (P = .003 ).

B lymphocytes were rarely found in FS. Only 3

biopsy specimens of lesional skin and 2 of perile-

sional skin from 4 different patients showed a few B

lymphocytes (score 1). No significant difference was

observed when the labeled cell elements present in

the tissue inflammatory reaction were compared in

the localized and generalized forms of the disease.

There were few IL-2R+ cells among the dermal

inflammatory elements. No significant difference in

CD25 expression was found between the lesional

and perilesional skin (P = .619).

Expression of HLA-DR occurred only in epidermal

cells with dendritic morphology (ie, Langerhans

cells) (Fig 2). The lesional epidermis showed more

HLA-DR+ dendritic cells than the perilesional epi-

dermis (P = .039). The keratinocytes and acan-

tholytic cells were all negative for this marker. In the

dermis, besides the lymphocytes, the endothelial

cells, other mononuclear cells, and dendritic cells

also expressed HLA-DR. This expression predomi-

nated in the lesional skin (P = .012) compared with

the perilesional skin.

The CD1a+ Langerhans cells appeared as isolated

cells or in clusters in the epidermis, with their cellu-

lar bodies well demarcated in black and with less evi-

dent dendrites (Fig 3). In a few cases the labeled

Langerhans cells gave a network appearance to the

epidermis with confluence of the dendrites between

the keratinocytes. A few CD1a+ dermal dendritic

cells were present around the dermal adnexa and

Fig 1. FS. CD4+ lymphocytes (score 3) around vessels of

superficial dermis of lesional skin. (Immunoperoxidase

ABC technique; original magnification ×200.)

Fig 2. FS. HLA-DR expression of dendritic cells within

epidermis (score 2) and mononuclear cells of papillary

and superficial reticular dermis (score 3) of lesional skin.

(Immunoperoxidase ABC technique; original magnifica-

tion ×200.)

Fig 3. FS. Langerhans cells grouped in clusters with short

dendrites within epidermis of lesional skin. (Immuno-

peroxidase ABC technique [CD1a monoclonal antibody];

original magnification ×400.)

Fig 4. FS. ICAM-1 expression of endothelial and few

mononuclear cells of dermis. Note absence of ICAM-1

expression by epidermal keratinocytes of acantholytic

blister in lesional skin. (Immunoperoxidase ABC tech-

nique; original magnification ×100.)



There was no statistically significant difference

concerning all the cell elements population studied

or ICAM-1 and HLA-DR expression when we com-

pared the groups of patients with the generalized

and localized form of FS.

Figs 5 and 6 show the scattergrams of the distribu-

tion of the semiquantitative score of each immuno-

labeled cell population in lesional and perilesional

skin of FS.

DISCUSSION
CD4+ and CD8+ T lymphocytes were observed in

the inflammatory reaction of FS. The CD4+ T cells

predominated in the lesional and perilesional skin as

well as in both clinical forms of the disease (localized

and generalized). Although the mononuclear cells in

Santi and Sotto   449J AM ACAD DERMATOL

VOLUME 44, NUMBER 3

vessels. The epidermal Langerhans cells were

decreased in lesional skin when compared with per-

ilesional skin (P = .039), whereas the opposite

occurred in the dermis. CD1a+ dendritic dermal

cells predominated in the lesional dermis (P = .039).

ICAM-1 was expressed by the vascular endothe-

lial cells and by the mononuclear cells surround-

ing the dermal vessels. The keratinocytes did not

show any expression of ICAM-1 (Fig 4). The der-

mal inflammatory cells also expressed LFA-1 anti-

gen. No epidermotropic LFA-1+ T lymphocytes

were observed in the perilesional or lesional epi-

dermis. Cellular expression of ICAM-1 (P = .013)

and LFA-1 (P = .002) was increased in the dermis

of lesional skin, compared with the dermis of per-

ilesional skin.

Fig 5. Distribution of semiquantitative scores of labeled cells in dermis from patients with FS.

Closed symbols and asterisk represent lesional skin; open symbols and plus sign represent

perilesional skin. Bars represent mean of values.

Fig 6. Distribution of semiquantitative scores of labeled cells in FS skin. Closed symbols rep-

resent lesional skin; open symbols represent perilesional skin. Bars represent mean of values.



450 Santi and Sotto J AM ACAD DERMATOL

MARCH 2001

the dermis expressed HLA-DR, only a few lympho-

cytes expressed CD25 (IL-2R), always with the lowest

score. These cells may represent the resident lym-

phocytes in the skin.13

The epidermal keratinocytes did not express

ICAM-1 or HLA-DR in lesional or perilesional skin of

FS, and LFA-1+ epidermotropic lymphocytes were

also absent.

In vitro studies have demonstrated that IFN-γ-

treated keratinocytes express ICAM-1 and HLA-DR.14

The dermatoses that exhibit keratinocyte expression

of ICAM-1 and HLA-DR have in common the pro-

duction of IFN-γ by activated T lymphocytes.15

In bullous pemphigoid the keratinocytes express

ICAM-1 and HLA-DR. In pemphigus vulgaris the kera-

tinocytes are neither immunoreactive to ICAM-1 nor

to HLA-DR.6 The blister fluid of bullous pemphigoid

has high levels of IFN-γ in comparison with that

obtained from pemphigus vulgaris, second-grade

dermal burn, and friction bulla.7 Recently, however,

Rico et al16 (1999) demonstrated the predominance

of helper type 2 T cells (TH2) cytokines in bullous

pemphigoid lesions.

In general there is a good correlation between the

cytokine profile produced by T cells and the expres-

sion of adhesion molecules both in the endothelial

cells and epidermal keratinocytes. Psoriatic lesions

have a TH1 cytokine profile (ie, IL-2, IFN-γ and tumor

necrosis factor α) accompanied by expression of

ICAM-1 on epidermal keratinocytes.17

The lack of keratinocyte ICAM-1 expression in FS

may be related to the pattern of cytokines secreted

by the CD4+ T cells of the tissue reaction, as demon-

strated in Sézary syndrome by Griffiths et al15 in

1989. This observation and the evidence that in FS

the pathogenic autoantibodies are of the IgG 4 sub-

class2 would suggest that in FS, as was demonstrated

with pemphigus vulgaris,18 the T-cell population may

be of the TH2-like cytokine profile.

The function of keratinocytes in the cell-mediated

response of FS seems to be unknown. In pemphigus

vulgaris it was demonstrated that the antigenic

response to desmoglein 3–specific T cells was restrict-

ed to HLA-DR.18 Probably in FS the cell-mediated

immunity is also triggered by the Langerhans cells.

According to the results obtained, the distinct

clinical forms of FS (localized and generalized) could

not be related to differences in nature or intensity of

the tissue response of the skin lesions.
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