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Abstract
Behcet's disease (BD) has a heterogeneous spectrum of disease manifestations featuring the involvement of different organs and could be characterized with 
different symptoms depending on the Clinical Department in charge. We retrospectively reviewed BD patients seen at our hospital and investigated the 
presence of neutrophils producing neutrophil extracellular traps (NETs) in those patients. Immunolabeling of myeloperoxidase and histone citrullination proteins 
was performed on skin biopsies from three BD patients who had skin biopsy-proven superficial vein thrombophlebitis in their erythema nodosum-like lesions. We 
observed a higher proportion of female patients and a higher incidence of acne-like eruptions among BD patients seen at our Dermatology Department, while 
there was a higher incidence of ocular and gastrointestinal involvement among BD patients treated in other Departments. We suggest that sex statistical trends 
could lead to the co-development of different manifestations and may help clinicians choose the best therapeutic approaches, tailoring them to the specific 
phenotype of the patient rather than one based on single disease manifestations. NETs were found in neutrophils of panniculitis concurrent with superficial vein 
thrombophlebitis. We suggest that the pathogenesis of BD-related thrombosis could be associated with neutrophil activation and NETs are released in the 
panniculitis of affected skin lesions, erythema nodosum-like lesions.

INTRODUCTION
Behcet's disease (BD) is an inflammatory multi-system disorder that causes recurrent oral and genital ulcers, skin lesions including acne-like eruptions and erythema nodosum-like lesions, and uveitis in addition to 
neurological and gastrointestinal manifestations. BD is also a systemic vasculitis, clinically characterized by the involvement of different organs and often complicated by thrombosis, which occurs in vessels of all sizes. 
The frequency of vascular lesions in patients with BD ranges from 7% to 29%1. Superficial vein thrombophlebitis is reportedly the most common vascular symptom followed by deep vein thrombosis.2
BD is considered by some clinicians to be a neutrophilic dermatosis, not only due to its mucocutaneous aspects, but more broadly due to the presence of an intense neutrophilic infiltrate at the histological level.3 
Neutrophils are major players at sites of tissue inflammation and they use different mechanisms to fight against bacterial infections and/or alter the inflammatory milieu. Neutrophils can cause tissue damage, including 
cutaneous panniculitis, by releasing neutrophil extracellular traps (NETs).4 NETs are extracellular web-like structures formed by DNA strings studded with histones and neutrophil granule proteins, such as 
myeloperoxidase (MPO). We retrospectively reviewed BD patients seen at our hospital and investigated the presence of NETs in BD patients with superficial vein thrombophlebitis.

METHODS
Patients 
We recruited patients with BD (n = 12) from our Dermatology Department who visited between October 2018 and September 2021. Patients with BD who met the Japanese BD diagnostic criteria5 and the 1990 
International Study Group BD criteria6 or the new International Criteria for BD7 were enrolled. For comparison, we reviewed the records of patients with BD (n=35) from other Departments at our hospital outside of 
our Dermatology Department during the same period (October 2018 to September 2021).
Immunohistochemical staining
Formalin-fixed paraffin-embedded (FFPE) biopsies of skin lesions from BD patients with superficial vein thrombophlebitis were examined for neutrophil infiltration and the presence of NETs. As histone citrullination
(His-3-Cit) represents an inevitable step in the formation of NETs, double immunolabeling was performed on the FFPE specimens using antibodies against MPO (1:100 dilution; R&D Systems, Minneapolis, MN, 
USA) and His-3-Cit (1:50 dilution; Abcam, Cambridge, MA, USA).

Findings from physical examination and histopathological analysis including NETs for Patient 4. 
Lower extremities showing erythema nodosum-like lesions (left). Lesional skin biopsy specimen of the 
erythematous macules on the right leg of the patient shows typical superficial vein thrombophlebitis in the 
subcutaneous fat (hematoxylin-eosin, original magnification ×200) (upper middle). We detected NETs using 
double immunofluorescence of MPO (green) and His-3-Cit (red) merged with DAPI (blue). NETs were found in 
only one cell in the superficial vein thrombophlebitis. White arrows indicate NETs (upper right). Microscopic 
examination reveals panniculitis concurrent with the superficial vein thrombophlebitis (hematoxylin-eosin, 
original magnification ×200) (lower middle). White arrows indicate NETs (lower right).

TABLE 1. Clinical characteristics of BD patients seen at our Dermatology Department. 

The 12 BD patients consisted of 2 (16.6%) males and 10 females (83.3%) with a median age of 35.3 years. Oral ulcers were the most common manifestation (91.7%), followed by 
erythema nodosum-like lesions (83.3%), acne-like eruptions (83.3%), arthritis (66.7%), genital ulcers (66.7%) and ocular involvement (16.7%). Gastrointestinal and neurological 
involvement were not found in these patients. +: presence, -: absence

TABLE 2. Comparison between BD patients seen at our Dermatology Department and those seen at other Departments. 
35 BD patients were seen in other Departments, consisting of 15 (42.9%) males and 20 females (57.1%) with a median age of 57.0 years. Oral ulcers were the most common manifestation (77.1%), followed by genital ulcers (60.0%), erythema nodosum-like lesions (57.1%), arthritis (45.7%), acne-like eruptions 
(37.1%), ocular involvement (34.3%), gastrointestinal involvement (25.7%) and neurological involvement (17.1%). There was a significantly higher ratio of female patients and a higher incidence of acne-like eruptions among patients seen at our Dermatology Department (p<0.1). In contrast, the frequency of ocular 
involvement and gastrointestinal involvement was significantly higher among patients treated in other Departments (p<0.1).

DISCUSSION
Mucocutaneous lesions are a hallmark of BD, and were the most common symptom identified in this study regardless of the 
Department they were treated at. We observed a higher proportion of female patients and a higher incidence of acne-like 
eruptions among the BD patients seen at our Dermatology Department, while there was a higher incidence of ocular and 
gastrointestinal involvement among BD patients treated in other Departments. BD has a heterogeneous spectrum of disease 
manifestations featuring the involvement of different organs and could be characterized by different symptoms in the Clinical
Department in charge. A hierarchical clustering analysis of hospital-based BD patients identified five clinically independent 
clusters: mucocutaneous, mucocutaneous with arthritis, gastrointestinal, neurological and ocular without the involvement of 
other subtypes.8 The independent classification of clustering analysis indicated that the mucocutaneous group including 
acne-like eruptions tended to manifest more frequently in females while ocular symptoms were more prevalent in males, 
which is similar to the results reported by other investigators.9 We suggest that sex statistical trends could lead to the co-
development of different manifestations and may help clinicians choose the best therapeutic approaches, tailoring them to 
the specific phenotype of the patient rather than one based on general disease manifestations.
Cutaneous biopsy materials obtained from BD patients in this study showed superficial vein thrombophlebitis in the 
subcutaneous fat in accordance with erythema nodosum-like lesions in the lower extremities. Neutrophils have emerged as 
contributors to the initiation/progression of thrombotic events, both in veins and in arteries.10 Emmi et al.11 suggested that 
neutrophils specifically contribute to thrombo-inflammation in BD patients. Perazzio et al.12 showed that circulating 
neutrophils from active BD release more NETs than those from inactive BD and from healthy controls. We investigated the 
relationship between the presence of NETs and superficial vein thrombophlebitis complications in BD. Immunolabeling of 
MPO and His-3-Cit proteins was performed on these skin biopsies and NETs were found in neutrophils of panniculitis 
concurrent with superficial vein thrombophlebitis. Neutrophils are frequently found in panniculitis, mainly at an early stage. 
We propose that neutrophil activation and NETs, linked to active inflammation at an early stage, could lead to panniculitis. 
The role of NETs in thrombosis has been established in translational animal venous thrombosis models13 and in human 
studies.14 Both in vivo thrombosis models and genetically modified mice have revealed the specific role of NETs in the 
pathogenesis of thrombosis. We suggest that the pathogenesis of BD-related thrombosis could be associated with neutrophil 
activation and that NETs are released in the panniculitis of the affected skin lesions, erythema nodosum-like lesions.
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Patient 12
A 56-year-old Japanese male patient with fever, oral aphthous
ulcers, and acneiform lesions was referred to our clinic. The patient 
complained of arthralgia of his ankles and knees, as well as 
myalgias on both his legs. Physical examination revealed painful 
erythematous macules over both of his thighs and legs. 
Microscopic examination of a specimen from his right lower 
extremity revealed superficial vein thrombophlebitis with moderate 
neutrophils and mononuclear cell infiltrations in the dermis and in 
the septa and lobules of the subcutaneous fat. Elastic-Van Gieson
staining revealed degenerated elastic fibers in the blood vessel 
walls. A similar pattern of NETs to the other BD patients was found 
in the panniculitis.

RESULTS
The review of clinical data of the 12 BD patients from our Dermatology Department are outlined in Table 1. None of those patients had gastrointestinal or 
neurological involvement. The results of clinical observations of the 35 BD patients treated in other Departments were compared with those observed in our 
Department and are summarized in Table 2. There was a significantly higher percentage of female patients, and a higher incidence of acne-like eruptions among 
BD patients treated at our Dermatology Department compared to those treated in other Departments. In contrast, the frequency of ocular involvement and 
gastrointestinal involvement among patients in other Departments was significantly higher than patients treated at our Dermatology Department. To investigate 
whether NETs were associated with superficial vein thrombophlebitis ex vivo, immunolabeling of MPO and His-3-Cit proteins was performed on skin biopsies of 
three patients with BD.

Patient 10
A 31-year-old Japanese female patient with an approximately six-
month history of aphthous ulcers of her oral mucosa, acne-like 
eruptions, uveitis and genital ulcers in her major and minor labia was 
admitted to our hospital. She reported having skin eruptions, myalgias
and arthralgias on her lower extremities for 1 week. Physical 
examination revealed multiple erythema nodosum-like lesions on her 
lower extremities. A biopsy specimen of the macules showed 
medium-sized vessel vasculitis and thrombi with mild to moderate cell 
infiltration and panniculitis in the dermis to subcutaneous fat. Elastic-
Van Gieson staining revealed local irregular elastic fibers in blood 
vessel walls. Immunohistochemical staining revealed NETs in the 
panniculitis close to the superficial vein thrombophlebitis.

Patient 4
A 34-year-old Japanese female patient presented with a two-week history 
of fever, recurrent oral aphthous ulcers, pustular lesions and acne-like 
eruptions. The patient developed skin eruptions on her lower extremities 
for 1 week. Uveitis was considered an ocular involvement. Physical 
examination revealed erythematous macules scattered over her legs 
(Figure 1). Histopathological analysis revealed a medium-sized, 
thrombosed blood vessel with moderate inflammatory cell infiltration in the 
dermis and the septa and lobules of subcutaneous adipose tissue. Elastic-
Van Gieson staining revealed local irregular internal elastic lamina in thick-
walled vessels. NETs appeared in neutrophils of inflammatory cell 
infiltrates, panniculitis and the concurrence of superficial vein 
thrombophlebitis.


