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Abstract
· AIM: To investigate the expression and the possible
implication of CD40/CD40L costimulatory molecules in
erythema nodosum of patients with Beh覶et's disease.

·METHODS: Sampling was done from erythema nodosum of
5 patients with Beh覶et's disease and normal skin of 2 healthy
individuals. Immunohistochemical staining was performed to
examine the expression of CD4, CD8, CD19, CD68, HLA-DR,
CD40 and CD40L molecules in the obtained tissues.

· RESULTS: Approximately 90% of epidermic cells in

erythema nodosum expressed CD40 molecule. In the dermis
and subcutaneous tissue, a significantly increased number of
CD4+Tcells, CD8+Tcells, CD19+cells, CD68+cells, HLA-DR+cells,
CD40L+cells, and CD40+cells were observed in the erythema
nodosum as compared with that in normal skin. Double
staining showed that CD40L molecules were expressed on
45% of CD4+ T cells. CD40 molecules were expressed on
100% CD68+ cells and 59.2% of HLA-DR+cells respectively.

· CONCLUSION: A number of CD40/CD40L costimulatory

molecules are upregulated in the erythema nodosum of
patients with Beh覶et's disease.
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INTRODUCTION

B eh覶et's disease is common in areas of the world that
line the ancient Silk Road, stretching from the

Mediterranean basin to the Far East [1]. In China, Beh覶et's
disease is one of common entities [2]. The major
manifestations are ocular inflammation, oral aphtha, skin
lesions such as erythema nodosum, and genital ulcers [1]. The
ocular inflammation associated with Beh覶et's disease may
have devastating effects on the patient's vision, and therefore
has attracted a great deal of attention. The etiology and
pathogenesis of this disease is still unknown, although
intensive studies have been carried out during the last
decades. Studies have revealed that autoimmune reaction [3-5],
infection [6] and immunogenetic factors [7] are responsible for
the development of Beh覶et's disease. Recent studies have
shown that autoimmune reaction is particularly important
and the activation of T cells plays a pivotal role in the
pathogenesis of Beh覶et's disease[8].
Evidences have shown that the activation of T cells requires
two distinct signals. The first one is antigen-specific and
mediated through the T-cell receptor (TCR) recognizing an
antigenic peptide bound to self MHC on the antigen
presenting cell (APC). The other one is non-antigen specific
signal delivered by costimulatory molecules expressed on
APC. There are several costimulatory molecular pairs, such
as CD40/CD40L, B7:CD28/CTLA-4, ICAM-1/LFA-1, CD2/
LFA-3 and CD24/CD24L. Of these costimulatory molecules,
the interaction of B7-CD28/CTLA-4 and CD40- CD40L plays
a much more important role in the immune response[9-12].
A recent study by Bagenstose [13] revealed that the
costimulatory molecules CD40 and CD40L play an
important role in experimental autoimmune uveoretinitis in
mice. However, their role in the pathogenesis of patients
with Beh覶et's disease is not yet demonstrated. Beh覶et's
disease is a multiple system disorder and erythema nodosum
is a common lesion in this disease. Study on the expression
of CD40/CD40L costimulatory molecules in erythema
nodosum may provide insight into the mechanisms involved
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in the pathogenesis of Beh覶et's disease. Our present study
showed an increased expression of a number of CD40/
CD40L costimulatory molecules in the erythema nodosum
of the patients with Beh覶et's disease.
MATERIALS AND METHODS
Patients and Biopsies Five patients aged 19-48 years with
active Beh覶et's disease referred to Zhongshan ophthalmic
center were enrolled in this study. The procedure of
sampling on these five patients and two normal controls，and
histological examination have been described in detail in our
recent paper[14].
Immunohistochemistry Single and double immuno-
histochemistry was performed through using a panel of
primary antibodies (Dako, Denmark and Santa Cruz, USA)
to investigate the expression of CD40/CD40L costimulatory
molecules. Working dilutions of all primary Abs used in this
study were 1 颐100. For single staining, the sections were
incubated with primary Abs subsequently with alkaline
phosphatase conjugated goat anti-mouse IgGs（Dako,
Glostrup, Denmark）at 1 颐200, and finally visualized with 5-
bromo-4-chloro-3-indolyl phosphate/nitro blue tetrazolium
(BCIP/NBT). Immunohistochemistry was also performed by
using biotinylated goat anti-rabbit IgGs (Southern
Biotechnology, Birmingham, USA) at 1 颐200, streptavidin:
bionylated horseradish peroxidase (Strept ABComplexs)
(Dako, Glostrup, Denmark) and 3-Amino-9-ethyl carbazole
(AEC). Tissues were incubated with primary Abs for 1 hour,
with secondary Abs and StreptABComplexes for 30 minutes
at room temperature, followed by washing in
phosphate-buffered saline (pH 7.4) for three times. All
sections were blocked with H2O2 and normal goat serum.
Stained sections were mounted by using aqueous mounting
medium and coverslips.
Double staining was used to identify cells coexpressing
molecules. The procedures were briefly described as
follows. Specimens were incubated with mouse anti-human
primary Abs, subsequently with rabbit anti-human primary
Abs and StreptABComplexes. The labeled cells were
visualized with AEC and BCIP/NBT. Double staining using
CD4 and CD40L, CD8 and CD40L, CD19 and CD40, CD68
and CD40, HLA-DR and CD40, CD1a and CD40 was
carried out in this study. Frozen sections of lymphoid tissue
were used as the positive controls. Tissue sections incubated
with PBS were used as negative controls.
Microscopy and Photography All microscopy was
performed on a compound microscope (Olympus BX50,
Olympus optical, Japan) and micrographs were obtained
with a camera (Olympus PM-C35, Olympus optical, Japan).
The positive cells were counted in three representative high
power fields (伊20) from each of the specimen within a
0.5mm 伊0.5mm grid under a microscope. A 0.1mm 伊1mm
grid was used for cell counting.
S贼葬贼蚤泽贼蚤糟葬造 Analysis Data analysis was performed using
SPSS10.0 for windows software. Cell counts in normal sub-
jects and in patients with erythema nodosum were compared

using Wilcoxon rank sum test for nonparametric data. The
statistical significance risk rate was set at <0.05.
RESULTS
Histological Findings of the Tissues The histological
changes of the erythema nodosum have been reported
previously, mainly showing massive infiltration of
lymphocytes and macrophages[14].
Immunohistochemical Staining in Normal Skin In the
epidermis of normal skin, CD1a was expressed on a few
epidermic cells and CD40+ cells were occasionally seen. No
expression of CD40L+ costimulatory cells was observed in
the epidermis. In the dermis and subcutaneous tissue of
normal skin, there was a small amount of perivascular cells
expressing CD4, CD8, CD19, CD68, HLA-DR and CD1a,
but no CD40L and CD40 molecules. Cell subpopulations
and the expression of CD40/CD40L costimulatory molecules
in the normal skin are shown in Table1,2.
Immunohistochemical Staining in Erythema Nodosum
Nearly 90% of epidermic cells expressed CD40 molecules
(Figure 1A), but no CD40L molecules (Table 2).
Focal accumulation of CD4+T cells, scattered distribution of
CD8+T cells, CD19+B cells and CD1a+ cells, and diffuse
distribution of HLA-DR+ cells and CD68+ cells (Figure 1B)
were observed in the dermis and subcutaneous tissue. There
was significantly increased expression of CD40L (Figure 1C)
and CD40 in the dermis and subcutaneous tissue of erythema
nodosum as compared with that in normal skin ( <0.001).
CD40L+ cells were more prominent in number than CD40+

cells (Table 2). Positive cells were found around the blood
vessels with a round morphology, or scattered in the tissue with
a dendriform morphology and fusiform appearance.
As shown in Table 3, double staining of erythema nodosum

Table 1  The expression of CD40 /CD40L costimulatory 
molecules in epidermis                 (      , /mm2)  

Cell type Normal 
skin Erythema nodosum 

CD4  0 0 
CD8 0 0 
CD19 0 0 
CD68 0 0 
HLA-DR 0 0 
CD1a 200±280 270±210 
CD40L 0 0 
CD40 10±20 3020±440 
bP <0.01 vs Normal skin 
Table 2  The expression of CD40 /CD40L costimulatory 
molecules in dermis and subcutaneous tissue  (     , /mm2) 

Cell type Normal 
skin 

Erythema 
nodosum 

CD4  72±41 1245±558b 

CD8 67±25 102±65a 

CD19 59±44  82±46a 

CD68 94±95 328±83b 
HLA-DR 51±48 635±497b 
CD1a 51±47 95±49b 
CD40L 0 633±309b 
CD40 0 366±150b 
aP<0.05, bP<0.01 vs Normal skin 
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showed that CD40L molecules were mainly expressed on
CD4+ T cells, whereas CD40 molecules predominantly
expressed on macrophages and HLA-DR+ cells . CD40L
molecules were observed on 45% of CD4+ T cells (Figure
2A). CD40 molecules were positive on all CD68+ cells
(Figure 2B) and 59.2% of HLA-DR+ cells (Figure 2C).
DISCUSSION
In the present study, we revealed an increased expression of
CD40/CD40L costimulatory molecules in erythema
nodosum. A variety of immuocompetent cells including T
cells, macrophages, B cells, and antigen presenting cells,
were observed in the erythema nodosum. T lymphocytes and
macrophages were abundantly present in the erythema
nodosum. In one patient we found a massive infiltration of
neutrophils and ulceration. The most striking finding was
that the number of CD40 and CD40L expressing cells was
significantly increased in erythema nodosum, and that these
molecules were highly expressed on immuocompetent cells.
These results suggest that CD40/CD40L costimulatory
molecules may play an important role in the development of
this skin lesion.
CD40L is mainly expressed on activated CD4+T cells, and
occasionally on CD8+T cells [11-13]. In this study, we found
approximately 45% of CD4+ T cell express CD40L in
dermis and subcutaneous tissue of erythema nodosum,
suggesting the presence of activated CD4+T cells in the
affected tissue. CD40, the receptor for CD40L, is mainly
expressed on the surface of APC, including B cells, dendritic
cells , macrophages , endothelial cells and fibroblasts [ 11-13 ] .

Our study revealed that there was no expression of CD40 in
the normal skin, and that CD40 was mainly expressed on
CD68+ cells, CD19+cells, CD1a+cells and HLA-DR+cells in
dermis and subcutaneous tissue of erythema nodosum. We
also found that approximately 90% of keratinocytes in the
epidermis of erythema nodosum expressed CD40,
suggesting a possible non-specific antigen-presenting role in
the development of this lesion[15]. A number of CD40L+ cells
showed fusiform appearance and were distributed like
fibroblasts or histocytes. This result suggests that fibroblasts
or histocytes in the erythema nodosum may also express
costimulatory molecules，which in turn activate the
infiltrated cells. More studies are needed to confirm this
hypothesis.
As CD40-CD40L interaction has been thought to play a role
in T cell and macrophage activation and in initating
inflammation response [16,17], the upregulated expression of
CD40 and CD40L in erythema nodosum may therefore
suggest a possible role of these molecules in the
development of this skin lesion. In addition to a significantly
increased number of CD40 and CD40L cells, our study also

Table 3  Double expression of CD40 /CD40L costimulatory 
molecules in dermis and subcutaneous tissue of erythema 
nodosum  (%) 
Cell identification* Range M ean±SD 
CD4+CD40L+/ CD4+ 10->90 45.0± 29.2 
CD8+CD40L+/CD8+ 0-10 3.64± 3.27 
CD19+CD40+/CD19+ 100 100 
CD68+CD40+/CD68+ 100 100 
HLA-DR+CD40+/ HLA-DR+ 40-90 59.2± 19.7 
CD1a+CD40+/ CD1a+ 40-70 53.3± 13.0 
*The ratio of dual labeled cells to immunopositive cells 

Figure 1 CD40 , CD68 & CD40L expression in the epidermis and subcutaneous tissue of erythema nodosum (伊200) A: CD40+(red)
(AEC) in epidermis；B: CD68＋ (black) (BCIP/NBT) in subcutaneous tissue；C: CD40L (red) (AEC) in subcutaneous tissue

Figure 2 Double staining in the dermis and subcutaneous tissue of erythema nodosum (AEC and BCIP/NBT伊200) A: CD4/CD40L
( purple)；B: CD68/CD40( purple)；C: HLA-DR/CD40( purple)

CD40/CD40L costimulatory molecules
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showed that CD4+ T cells were significantly increased in
number in erythema nodosum as compared with those in the
normal skin and the ratio of CD4+ T cells to CD8+ T cells
was nearly 12 颐1. This result suggests that CD4+T cells were
predominant in erythema nodosum. All these findings imply
that ligation of CD40L by CD40 results in activation and
proliferation of CD4+T cell, which in turn contributes to the
development of the inflammation in erythema nodosum.
In conclusion, our study illustrated a markedly increased
expression of CD40L and CD40 in erythema nodosum.
CD40L molecules were mainly expressed on CD4+ T cells,
whereas CD40 mainly on macrophages, antigen-presenting
cells and keratinocytes. CD40/CD40L costimulatory
pathway may be actively involved in the formation of
erythema nodosum through activation of macrophages and T
lymphocytes. As erythema nodosum is one of major lesions
in patients with Beh覶et's disease, our study provides a clue
for investigation of other lesions including uveitis in these
patients.
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