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<ABSTRACT> 

The expression of tripartite motif-containing proteins  

in Behçet’s disease 

 

Suhyun Cho 

 

Department of Medicine 

The Graduate School, Yonsei University 

 

(Directed by Professor Dongsik Bang) 

 

Behçet’s disease (BD) is a chronic, multisystemic vasculitis, presenting 

various symptoms of vasculitis and/or thrombosis. Although the etiology of 

BD is still unknown, infectious agents such as herpes simplex virus (HSV) 

has been postulated as a significant triggering factor of BD. Tripartite motif-

containing (TRIM) proteins, which play diverse roles in immunity can present 

antiviral properties, mediating antiviral defense mechanisms. The purpose of 

this study was to elucidate TRIM proteins expression in BD, and to identify 

the role of TRIM 21 on inducing vasculitis in BD.  

The expression of TRIM 19, 20, 21 and 39 in peripheral blood 

mononuclear cells of BD patients was different from those from healthy 

controls (HC). It was demonstrated that TRIM 21 expression was increased in 

human dermal microvascular endothelial cells (HDMECs) when treated with 
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sera of BD patients compared to those treated with endothelial cell culture 

media (P < 0.001) and sera of HC (P < 0.05). Treatment of HDMECs with 

BD sera simultaneously with HSV increased the expression of TRIM 21 

compared to that when treated with BD sera alone. BD sera triggered higher 

levels of TRIM 21 expression in HDMECs than sera of Crohn’s disease or 

systemic lupus erythematosus patients. Knocking-down the expression of 

TRIM 21 by small interfering RNA reduced the production of tumor necrosis 

factor-α, and interleukin-6 in 24 hours, regardless of stimulation by BD sera 

and HSV (P < 0.0001, respectively). Immunocytochemical staining of 

HDMECs verified the increase of TRIM 19, 21, and 39 expression by BD sera 

and HSV. In addition, increased expression of TRIM 19, 21, and 39 were 

observed in erythema nodosum-like lesions of BD patients, and in the skin 

and intestinal lesions of BD-like mouse model. 

These results suggest that TRIM proteins are involved in the pathogenesis 

of chronic inflammation in BD, and in particular, TRIM 21 is a connecting 

link between HSV infection and the development of BD. However, further 

investigations about these proteins are required to clearly understand the roles 

of TRIM proteins in BD. 

                                                                   

Key words: Behçet’s disease, herpes simplex virus, tripartite motif-

containing proteins 
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Suhyun Cho 
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The Graduate School, Yonsei University 

 

(Directed by Professor Dongsik Bang) 

 

 

I. INTRODUCTION 

 

Behçet’s disease (BD) is a chronic, multisystemic vasculitis, presenting 

various symptoms of vasculitis and/or thrombosis. Theoretically, all sizes 

and types of blood vessels can be involved, but small blood vessels are 

mainly affected.
1,2

 Endothelial cells in blood vessels are now believed as 

the primary target in this disease.
1,2

 Although the etiology of BD is still 

unknown, many studies indicate that this disease may be triggered by 

environmental factors including infectious agents. Herpes simplex virus 

(HSV) and Streptococcus sanguinis, especially, have long been postulated 

as possible environmental triggering factors of BD.
3-5
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Since a viral etiology was first suggested in 1937,
5
 the major role of HSV 

type 1 in the immunopathogenesis of BD has been demonstrated by several 

reports. HSV has been known to induce Fc and C3 receptors on cultured 

human endothelial cells promoting immune complexes binding, 

complement activation, which can lead to vasculitis or other forms of 

chronic vascular injury.
6
 It was reported that HSV type 1 can encode two Fc 

receptors with different binding characteristics for monomeric IgG and IgG 

complexes,
7
 and also can induce cell adhesion molecules on the surface of 

cultured endothelial cells.
8
 According to previous studies, anti-HSV type 1 

antibodies are found in high titer in the sera of BD patients compared to 

healthy controls (HC), and circulating immune complexes with HSV 

antigen have been detected in BD patients.
9,10

 DNA of HSV type 1 had also 

been detected in the serum, saliva, intestinal ulcers, and genital ulcers by 

polymerase chain reaction (PCR) in patients with BD compared with 

HC.
3,11-15

 Moreover, a BD-like mouse model was developed by inoculation 

of Institution for Cancer Research (ICR) mouse earlobes with HSV and 

demonstrated HSV DNA sequences in cutaneous and gastrointestinal 

ulcerative lesions.
16 

Tripartite motif-containing (TRIM) proteins which are a family of RING 

domain-containing E3 ligases, play diverse roles in cell biology and 
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immunity.
17,18

 There are more than 70 identified distinct members of TRIM 

proteins in humans, and among them, several TRIM proteins have been 

revealed to show direct antiviral properties and these proteins can restrict 

various stages of the viral replication cycle.
17-19

 It has also been revealed 

that some TRIM proteins can regulate pattern recognition receptors-

mediated signaling pathways.
17,20,21 

As the role of TRIM proteins to 

function as viral restriction factors or to regulate the viral RNA/DNA 

sensing pathway and also to regulate the inflammasome has been elucidated, 

these proteins have recently been emerged as key molecules in antiviral 

immune response.
18,20,22

 It has been reported that TRIM proteins can 

contribute in regulating immune responses, including the production of type 

I interferons and proinflammatory cytokines such as interleukin (IL)-1β and 

nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB).
17,18

 

Its relationship with various autoimmune diseases such as systemic lupus 

erythematosus (SLE), gout, type 2 diabetes, rheumatoid arthritis and 

Crohn’s disease has been reported.
17,18,23,24

 In this manner, since TRIM 

proteins can act as regulators of pattern recognition receptor signaling and 

inflammasome activation which are related to autoimmunity and can also 

play a role in antiviral immunity, the possibility of its contribution in the 

pathogenesis of BD is recently being suggested.
25
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Although there are various TRIM proteins which possesses antiviral 

properties and has been elucidated as mediators in autoimmunity or chronic 

inflammatory reactions,
17,18

 studies focusing on the relationship of TRIM 

proteins in BD are rare. Whereas it has been reported that TRIM 39 is 

associated with BD independently of HLA B-51 and HLA A-26 by Kuatra 

R. et al.,
26,27

 not much is known about TRIM proteins in BD so far.  

TRIM 19, commonly known as promyelocytic leukaemia (PML) protein, 

is a tumor suppressor that functions to organize PML nuclear bodies.
28

 It 

has been established that the genomes of HSV type 1 and human 

cytomegalovirus (CMV) are subject to transcriptional repression during the 

initial stages of infection by mechanisms involving PML,
29

 which are a part 

of intrinsic cellular antiviral defense mechanism. 

Familial mediterranean fever, which is an autosomal recessive disorder 

characterized by periodic bouts of fever and inflammation,
30

 has clinical 

and pathogenic similarities to BD. The gene responsible for this disorder, 

MEFV, encodes TRIM 20 which is also known as pyrin. Several studies 

have shown that TRIM 20 interacts with the inflammasome adaptor 

molecule apoptotic speck protein (ASC), and when an appropriate signal is 

received, TRIM 20 induces NF-κB activity, promoting inflammasome 

activation.
31

                                



7 

 

TRIM 21 which is a cytoplasmic protein, have recently been identified to 

act as an intracellular immunoglobulin G (IgG) Fc receptor.
32,33

 TRIM 21 

plays a significant role in the detection and response to antibody-opsonized 

viruses, resulting in proinflammatory cytokine production and induction of 

an antiviral state.
32,33

 Although the exact mechanism still remains unclear, it 

is therefore suggested that TRIM 21 can mediate the linkage of innate and 

adaptive immunity against viruses.
33

  

Since these TRIM proteins have potentials to function as a potent cellular 

detection mechanism and can allow cells to stimulate broad-spectrum 

immunity,
32

 it can be candidate molecules connecting the innate immune 

system to the pathogenesis of BD. Furthermore, as a viral etiology by HSV 

has been well established in BD, antiviral functions mediated by TRIM 

proteins, by TRIM 21, for example, can participate in the development and 

progression of this disease. TRIM proteins can also contribute to the 

chronic inflammatory status in BD. Therefore, further investigations to 

reveal the role of TRIM proteins in BD might help us to discover the 

unknown disease pathogenesis.  

As TRIM proteins might provide us some clues about the pathogenesis of 

BD, initiating the investigation of TRIM proteins in BD was thought to be 

meaningful. The aim of this study was firstly to investigate the expression 
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levels of four TRIM proteins, TRIM 19, 20, 21, and 39 in the peripheral 

blood mononuclear cells (PBMCs) of BD patients. Secondly, the effects of 

sera from BD patients and HSV type 1 on the expression of TRIM 21 in 

human dermal microvascular endothelial cells (HDMECs) were identified. 

Furthermore, expression of the four TRIM proteins in the cutaneous lesions 

of BD patients, and BD-like mouse model were also investigated by 

immunohistochemical studies.  
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II. PATIENTS AND METHODS 

 

1. Patients 

This study was approved by the Institutional Review Board of Severance 

Hospital, Yonsei University College of Medicine, Seoul, Korea (4-2012-

0434). This study included 40 BD patients who fulfilled the diagnostic 

criteria of the International Study Group for BD.
34

 Every patient had an 

active disease, meeting at least two major criteria with or without any 

number of minor criteria. The titer of IgG antibody for HSV in the sera of 

each BD patient was checked. Sera from 10 healthy volunteer donors, 5 

patients with SLE, 5 patients with Crohn’s disease were used as controls. 

Diagnoses of SLE was made according to the American College of 

Rheumatology revised criteria for SLE,
35

 and Crohn’s disease was diagnosed 

according to the basis of clinical, endoscopic, radiologic, and histopathologic 

criteria,
36 

by a rheumatologist and gastroenterologist, respectively. All serum 

samples were stored at -70˚C. 

 

2. Preparation of PBMCs 

PBMCs were isolated from heparinized whole blood after 1:1 dilution 

with Hanks' balanced saline solution (HBSS; Sigma, St. Louis, MO, USA). 
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PBMCs were frozen in 10% DMSO (American Type Culture Collection) in 

RPMI medium 1640 (GIBCO/BRL) with 1 mM Hepes buffer (Sigma 

Aldrich), 0.1% gentamicin (GIBCO/BRL), and 5% normal human serum (C-

Six Diagnostics, Germantown, WI), and were stored at -80°C until required. 

Cells harvested were washed twice in HBSS at 180×g for 8 min at 4°C and 

the pelleted cells were resuspended in RPMI 1640.  

 

3. Culture of HDMECs 

HDMECs were purchased (Lonza, Basel, Switzerland) and used as 

dermal microvascular endothelial cells. HDMECs were prepared and treated 

in a tissue incubator using endothelial basal medium (EBM)-2 (Lonza) 

containing human epidermal growth factor, hydrocortisone, vascular 

endothelial growth factor, human fibroblast growth factor-B, gentamicin, 

amphotericin B, R3-insulin like growth factor-1, ascorbic acid and 2% fetal 

bovine serum. HDMECs were subcultured serially from passage 3 to 10 at 

37°C in a CO2 incubator. 

 

4. Viral culture and cell stimulation 

   Vero cells (American Type Culture Collection, ATCC, Rockville, MD, 

USA) CCL81 were used as host cells. Vero cells were grown in minimum 
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essential media containing 10% FBS and antibiotics (100 μg ml
-1

 

streptomycin and 100 IU ml
-1

 penicillin). HSV type 1 KOS strain 

(Department of Dermatology, Faculty of Medicine, Kyushu University, 

Fukuoka, Japan) was infected and replicated until the host cells were lysed 

by the cytopathic effect. Viral numbers were identified by the plaque forming 

assay. Typical cytopathic effect was seen after 24 hours and 48 hours of the 

treatment of 10
5
 plaque forming unit (PFU) HSV type 1, but not of 10

6
 PFU 

HSV type 1.  

To evaluate the effect of HSV type 1 to the expression of TRIM 21 in 

HDMECs, HDMECs were placed in 6-well plates, and each plate contained 

2.5 X 10
5
 HDMECs. Cells were incubated for 2 hours in the absence of 

antibiotics. Next, after 4 hours of co-culturing HDMECs with 1 multiplicity 

of infection (MOI) of HSV type 1, the plates were washed three times with 

supplemented EBM-2 without antibiotics to remove extracellular 

microorganisms. Three milliliter of supplemented EBM-2 containing 

gentamicin and penicillin G was added to the plates and incubated for 3 

hours at 37°C in a 5% CO2 incubator. Then, the plates were washed three 

times with supplemented EBM-2 without antibiotics and additional 

incubation was performed. 
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Each sera of BD patient and HC, SLE and Crohn’s disease patient was 

diluted 1:50 in supplemented EBM-2 without 2% FBS to stimulate 

HDMECs for 6 hours, 12 hours, and 24 hours, respectively. HDMECs 

cultured with supplemented EBM-2 were used as control. 

 

5. RNA preparation and real-time PCR  

Cells were lysed in Trizol
®
 reagent (Gibco BRL, Life Technologies, 

Gaithersburg, MD) and total RNA was isolated according to the 

manufacturer’s recommended protocol. Complementary DNA (cDNA) was 

synthesized using Superscript II RNase H reverse transcriptase (Canadian 

Life Technologies). The cDNA was used for quantitative PCR using primers 

specific for TRIM 21. The forward primer was 5’- 

GACCATGGCTCCCTCATCTA-3’, and the reverse primer was 5’- 

AGGGTTAGAGGGGCTGTGTT-3’. Primers used for other TRIM proteins 

were, forward 5’-AAAGGCCCTTCCTATGGAGA-3’, reverse 5’-

CTCCTTCCCCTCCTCAGACT-3’ for TRIM 19, forward 5’-

GATGCGACCTAGAAGCCTTG-3’, reverse 5’-

GATTCGCAGCTGTCTTTTCC-3’ for TRIM 20, and forward 5’-

AGTTCGGAGGCTCACTCTCA-3’, reverse 5’-

CACCTCCATGGTCTTCACCT-3’ for TRIM 39. The specificity of the 
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amplification reaction was determined by performing a melting curve 

analysis. Relative quantification of the TRIM proteins signal was performed 

by normalizing its signal to that of a housekeeping gene β-actin (ACTB). 

 

6. Neutralization of interferon (IFN)-γ 

To neutralize the effect of IFN-γ existing in BD sera on TRIM 21 

expression, HDMECs were prepared and stimulated with BD sera and HSV 

type 1 as described above, together with mouse anti-human IFN-γ antibody 

(BD pharmingen
TM

,
 
San Jose, CA) and was treated for 6 hours, 12 hours and 

24 hours, respectively. TRIM 21 expression was analyzed by real-time PCR.   

 

7. Small interfering RNA (siRNA) 

siRNA for TRIM 21 was purchased from Qiagen (Valencia, CA, USA). 

HDMECs (1.0 X 10
6
) were transfected with 100 pmol of siRNA using 

Lipofectamine 2000. Cell lysates were analyzed for TRIM 21 expression and 

the suppression was confirmed by real-time PCR. To evaluate the effect of 

BD patient sera and HSV type 1 to the expression of TRIM 21 in siRNA 

transfected HDMECs, BD sera and HSV type 1 was used to stimulate 

HDMECs as described above for 6 hours and 12 hours. HDMECs treated 

with transfection reagent only were used as control. Cytokine expression 
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assays for IL-6 and tumor necrosis factor (TNF)-α was also performed by 

real-time PCR. 

 

8. Western blot analysis  

   HDMECs total protein was extracted with a total cell protein extraction 

kit (Millipore, Billerica, MA, USA). After centrifugation at 13,000 rpm for 

10 minutes at 4°C, the supernatant was collected and mixed with the same 

amount of sample buffer. Samples were then loaded into the wells of a 12% 

polyacrylamide gel. The separated gel was transferred to a nitrocellulose 

membrane, and was blocked for 1 hour in 5% nonfat dried milk in 

TBST/0.1% Tween-20, and incubated overnight at 4 °C with first antibody, 

washed with 0.05% PBST. Horseradish peroxidase conjugated anti-rabbit 

IgG (Santa Cruz Biotechnology, Santa Cruz, CA, USA) was used to detect 

target proteins. Mouse monoclonal anti-β-actin antibody (Sigma, St. Louis, 

MO, USA) was used as an internal control. Immunoreactive bands of 

western blots were quantified by densitometric quantification of 

autoradiographs using ImageJ (National Institutes of Health) and expressed 

as relative target antigens normalized by β-actin.  
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9. Animal study 

   BD symptoms were induced in ICR mice. The earlobes of ICR mice were 

scratched with a needle, then inoculated with 1.0 X 10
6
 plaque-forming units 

mL
-1

 of HSV type 1 (F strain) as previous reports.
16 

Ten days later, a second 

inoculation was performed using the same method, followed by 16 weeks of 

observation. Mice were kept in a room with conventional temperature and 

light control (20-22°C, 12h light cycle starting at 08:00 A.M.). The mice had 

free access to food and water. During the experimental period, the animals 

were closely observed and photographed. Animals were handled in 

accordance with a protocol approved by the institutional animal care 

committee of Yonsei University.  

 

10. Immunocytochemistry 

For the assessment of the intracellular distribution and expression of 

TRIM 19, 20, 21, and 39, HDMECs were incubated with HSV type 1, and the 

sera of BD patients, and healthy controls for 6, 12, or 24 hours, as described 

above, and then processed for immnuocytochemistry. In a Lab-Tek chamber, 

2.0 X 10
4
 cells from each group were cultured, fixed with paraformaldehyde, 

followed by 1 hour incubation at room temperature with 1:500 diluted rabbit 

anti-human TRIM 19 (Santa Cruz Biotechnology, Santa Cruz, CA, USA), 
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TRIM 20 (Abcam, Cambridge, UK), TRIM 21 (Proteintech, Chicago, IL, 

USA), and TRIM 39 (Bioss Inc., Woburn, MA, USA) antibodies, respectively. 

PBS solution was used for three times washing, and thereafter, a secondary 

antibody (Real
TM

 Envision
TM

 HRP Rabbit/Mouse, DAKO, Carpinteria, CA, 

USA) was added with a 30-min incubation at room temperature. Cells were 

counterstained with hematoxylin for 1 min, and after mounting, the expression 

of TRIM proteins were examined in each group. 

 

11. Immunohistochemistry 

Paraffin-embedded sections of skin biopsies from BD patients, healthy 

controls were used to examine the immunohistochemical staining with rabbit 

anti-human TRIM 19 (Santa Cruz Biotechnology, Santa Cruz, CA, USA), 

TRIM 20 (Abcam, Cambridge, UK), TRIM 21 (Proteintech, Chicago, IL, 

USA), and TRIM 39 (Bioss Inc., Woburn, MA, USA) antibodies to evaluate 

the expression of TRIM proteins in BD-related skin lesions. Biopsy samples 

from the ulcerative cutaneous lesions and intestinal lesions of BD-like mouse 

models were also used to examine the immunohistochemical staining with 

rabbit anti-mouse TRIM 19 (Santa Cruz Biotechnology, Santa Cruz, CA, 

USA), TRIM 20 (Abcam, Cambridge, UK), TRIM 21 (Proteintech, Chicago, 

IL, USA), and TRIM 39 (Bioss Inc., Woburn, MA, USA) antibodies to 
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evaluate the expression of TRIM proteins in BD-like mouse models. 

 

12. Statistical analysis 

The significance of differences in the levels of TRIM 21 between groups 

was determined by one-way analyses of variance (ANOVA) with 

Bonferroni’s post hoc test and Mann-Whitney U tests. All analyses were 

performed using the Statistical Package for the Social Sciences version 18.0 

(SPSS Inc., Chicago, IL, USA). Differences were considered statistically 

significant when the P value was less than 0.05.
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III. RESULTS 

1. Identification of TRIM proteins from PBMCs   

PBMCs were prepared from ten BD patients and four healthy donors and 

quantitative PCR was performed to identify the expression of TRIM proteins 

in these cells (Figure 1). PBMCs from BD patients showed higher expression 

levels of TRIM 19, TRIM 20 and TRIM 21 than those in HC, however, only 

the expression of TRIM 20 was higher in BD significantly (P = 0.04). The 

level of TRIM 39, on the other hand, was lower in BD patients compared to 

HC (P > 0.05). It was confirmed that TRIM proteins are expressed in PBMCs 

of BD patients, and although without statistical significance, it was shown that 

TRIM proteins can show different expression levels in these patients 

compared to HC group.  

Western blot analysis to compare the expression of TRIM 21 in PBMCs of 

BD patients and HC was also performed, and increased expression of TRIM 

21 was confirmed in PBMCs of BD patients compared to HC (P = 0.029) 

(Figure 2).  
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Figure 1. Expression of TRIM 19, 20, 21 and 39 in PBMCs. (a) TRIM 19 

expression was higher in BD PBMCs compared to HC (P > 0.05). (b) TRIM 

20 expression was significantly higher in BD PBMCs than in HC (P = 0.04). 

(c) TRIM 21 expression was higher in BD PBMCs than in HC (P > 0.05). (d) 

TRIM 39 expression was lower in BD PBMCs than in HC (P > 0.05).   

* P < 0.05. Data are means±SEM. 
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Figure 2. Western blot analysis of TRIM 21 in PBMCs from BD patients and 

HC. (a) Western blot analysis using selected PBMC samples of ten BD 

patients resulted in increased expression of TRIM 21 presenting a band of 52 

kD sized TRIM 21. (b) Densitometry analysis showed increased expression of 

TRIM 21 in PBMCs from BD patients compared to HC (P = 0.029). * P < 

0.05. Data are means±SD. 
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2. Effects of HSV type 1 and the sera of BD patients on the expression of 

TRIM 21 in HDMECs 

 

In HDMECs incubated with HSV, gradual decrease of TRIM 21 mRNA 

expression was noticed at 6 hours, 12 hours, and 24 hours compared with 

HDMECs incubated with endothelial cell culture media (control group) 

without statistical significance (P > 0.05, respectively) (Figure 3(a)).  

TRIM 21 was significantly increased in HDMECs incubated with sera of 

BD patients at 6 hours, 12 hours and 24 hours (P < 0.001 at 6 hours, 12 hours 

and 24 hours, respectively) and the sera of HC at 24 hours (P < 0.01) 

compared with HDMECs incubated with endothelial cell culture media. The 

characteristics of the treated BD sera represented by the disease activity and 

HSV IgG titer of each patient are shown in Table 1. Titer of HSV IgG in the 

sera of BD patients ranged from 1:1200 to 1:63000 which were relatively high 

compared to the reference data <1:230 in healthy controls.  

TRIM 21 expression was higher in HDMECs incubated with sera of BD 

patients at 6 hours, 12 hours and 24 hours compared with HDMECs incubated 

with sera of HC (P = 0.005 at 6 hours, P = 0.002 at 12 hours, and P = 0.012 at 

24 hours). There were no significant differences among the control group and 

HC sera group at 6 hours (P > 0.05) and 12 hours (P > 0.05) (Figure 3(b)). 
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When HDMECs were incubated together with sera of BD patients or HC 

and HSV type 1, TRIM 21 was significantly increased in HDMECs incubated 

with sera of BD patients and HSV at 12 hours and 24 hours (P < 0.001 at 12 

hours and 24 hours, respectively) and the sera of HC at 24 hours (P < 0.001) 

compared with HDMECs incubated with endothelial cell culture media. 

TRIM 21 expression was higher in HDMECs incubated with sera of BD 

patients and HSV at 12 hours and 24 hours than in HDMECs incubated with 

sera of HC and HSV (P = 0.021 at 12 hours, P = 0.002 at 24 hours). No 

significant difference in TRIM 21 expression was observed between all 

experimental groups at 6 hours after treatment (P > 0.05, respectively) (Figure 

3(c)). 
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Table 1. Characteristics of the 40 Behçet’s disease patients. 

Patient No. Sex Age Disease activity Type of disease HSV IgG titer 

1 F 43 Active Incomplete 1:8600 

2 F 45 Active Incomplete 1:12000 

3 F 25 Active Complete 1:23000 

4 M 39 Active Incomplete 1:17000 

5 F 37 Active Incomplete 1:20000 

6 F 52 Active Complete 1:1200 

7 M 61 Active Complete 1:11000 

8 F 53 Active Complete 1:19000 

9 M 44 Active Incomplete 1:2300 

10 F 51 Active Incomplete 1:29000 

11 F 60 Active Complete 1:2500 

12 F 52 Active Complete 1:31000 

13 M 52 Active Complete 1:32000 

14 F 44 Active Complete 1:22000 

15 F 58 Active Complete 1:22000 

16 F 70 Active Complete 1:1500 

17 F 50 Active Incomplete 1:12000 

18 F 58 Active Complete 1:17000 

19 F 53 Active Complete 1:41000 

20 M 50 Active Incomplete 1:63000 

21 M 44 Active Incomplete 1:15000 

22 M 43 Active Complete 1:1700 

23 M 23 Active Complete 1:21000 

24 M 58 Active Incomplete 1:2100 

25 M 45 Active Complete 1:32000 

26 F 59 Active Incomplete 1:1300 

27 M 36 Active Complete 1:25000 
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28 M 49 Active Complete 1:16000 

29 M 52 Active Complete 1:31000 

30 F 63 Active Complete 1:44000 

31 F 55 Active Incomplete 1:34000 

32 F 53 Active Incomplete 1:31000 

33 M 56 Active Complete 1:22000 

34 M 63 Active Complete 1:3000 

35 M 54 Active Complete 1:13000 

36 M 68 Active Complete 1:11000 

37 M 46 Active Complete 1:1600 

38 F 38 Active Complete 1:17000 

39 M 53 Active Complete 1:1300 

40 F 46 Active Complete 1:2600 
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Figure 3. Effects of HSV type 1 and the sera of BD patients on the expression 

of TRIM 21 in HDMECs. (a) TRIM 21 expression showed no significant 

change in endothelial cells incubated with HSV at 6 hours, 12 hours, and 24 

hours compared with the control group. (b) TRIM 21 significantly increased 

in endothelial cells incubated with sera of BD patients at 6 hours, 12 hours 

and 24 hours and the sera of HC at 24 hours compared with the control group. 

(c) TRIM 21 significantly increased in endothelial cells incubated with sera of 

BD patients and HSV at 12 hours and 24 and the sera of HC at 24 hours 

compared with the control group. * P < 0.05; ** P < 0.01. Data are 

means±SD. 
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3. Effects of IFN-γ neutralization by antibody against IFN-γ on the 

expression of TRIM 21 in HDMECs 

 

TRIM 21 expression was significantly increased in HDMECs incubated 

together with the sera of BD patients and HSV at 12 hours (P = 0.0337) and 

24 hours (P > 0.05) compared to HDMECs incubated only with the sera of 

BD patients. There were no significant differences of TRIM 21 expression 

levels between BD sera treated group and BD sera plus HSV treated group at 

6 hours (P > 0.05). 

As IFN-γ is known to be increased in the serum of BD patients
37

 and can 

affect the expression of TRIM 21,
17

 anti-IFN-γ antibody was treated to 

neutralize the effect of IFN-γ existing in the serum of BD patients on TRIM 

21 expression. When anti-IFN-γ antibody was treated, there were no 

significant differences of TRIM 21 levels between the BD sera only treated 

group and anti-IFN-γ antibody treated group, and also between the BD sera 

plus HSV treated group and anti-IFN-γ antibody treated group at 6 hours, 12 

hours and 24 hours (P > 0.05, respectively). Significant decrease of TRIM 21 

expression was not observed at 6 hours, 12 hours and 24 hours despite the 

effect of IFN-γ in the serum of BD patients was neutralized (Figure 4).   
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Figure 4. TRIM 21 expression in HDMECs incubated with the sera of BD 

patients and HSV with IFN-γ neutralization. (a) No significant differences of 

TRIM 21 expression were noticed in BD sera treated group, BD sera plus 

HSV treated group and anti-IFN-γ antibody treated group at 6 hours (P > 



29 

 

0.05). (b) TRIM 21 significantly increased in endothelial cells incubated with 

BD sera and HSV compared to endothelial cells incubated with BD sera only 

at 12 hours (P = 0.0337). There were no significant changes in TRIM 21 

expression when anti-IFN-γ antibody was treated (P > 0.05). (c) No 

significant differences of TRIM 21 expression were noticed in BD sera treated 

group, BD sera plus HSV treated group and anti-IFN-γ antibody treated 

groups at 24 hours (P > 0.05). * P < 0.05. Data are means±SD.  
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4. Effects of the sera of Crohn’s disease and SLE patients compared to 

the sera of BD patients on the expression of TRIM 21 in HDMECs 

 

At 6 hours, HDMECs treated with the sera of BD patients showed 

increased expression of TRIM 21 compared to HDMECs treated with sera of 

HC (P = 0.0304), Crohn’s disease patients (P = 0.0076), SLE patients (P = 

0.0115), and EBM-2 with 2% FBS (P = 0.0082), respectively (Figure 5(a)).  

At 12 hours, HDMECs treated with the sera of BD patients also expressed 

high level of TRIM 21 compared to HDMECs treated with sera of HC, 

Crohn’s disease patients, SLE patients, and FBS, but was not statistically 

significant (P > 0.05, respectively) (Figure 5(b)).  

However, at 24 hours, BD sera treated HDMECs significantly showed the 

highest relative expression fold of TRIM 21, compared to HDMECs 

incubated with sera of HC (P = 0.0084), Crohn’s disease patients (P = 0.0089), 

SLE patients (P = 0.0091), and FBS (P = 0.0089) (Figure 5(c)).  
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Figure 5. TRIM 21 expression in HDMECs incubated with sera of Crohn’s 

disease, SLE, and BD patients. (a) Endothelial cells incubated with BD sera 

showed relatively high expression of TRIM 21 at 6 hours compared to cells 

incubated with sera of HC (P = 0.0304), Crohn’s disease patients (P = 0.0076), 

SLE patients (P = 0.0115), and endothelial cell culture media including 2% 

FBS (P = 0.0082). (b) Endothelial cells incubated with the sera of BD patients 

expressed relatively high levels of TRIM 21 at 12 hours compared to sera of 

HC, Crohn’s disease patients, SLE patients, and FBS (P > 0.05). (c) 

Endothelial cells incubated with the sera of BD patients also showed higher 

expression of TRIM 21 at 24 hours compared to HC (P = 0.0084), Crohn’s 

disease patients (P = 0.0089), SLE patients (P = 0.0091), and FBS (P = 

0.0089). * P < 0.05; ** P < 0.01. Data are means±SD. 
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5. Suppression of TRIM 21 and its influence to the expression of 

inflammatory cytokines, TNF-α and IL-6, in HDMECs 

 

TRIM 21 expression was significantly suppressed in HDMECs by siRNA 

transfection (S1-4) at 12 hours (P < 0.0001, respectively) and at 24 hours (P < 

0.0001, respectively) compared to the control group when HDMECs were 

incubated with endothelial cell culture media (Figure 6(a)). TRIM 21 

suppression was also confirmed through western blot analysis of TRIM 21 in 

siRNA transfected HDMECs (Figure 7).  

In support of the function of TRIM 21 is known to activate the expression 

of inflammatory cytokines, suppression of TRIM 21 by siRNA significantly 

decreased TNF-α release in HDMECs at 24 hours (S1-4; P < 0.0001, 

respectively) compared to the control group (Figure 6(b)). TNF-α expression 

did not show significant changes at 12 hours compared to control (P > 0.05). 

In case of IL-6, each TRIM 21 siRNA transfection relatively increased the 

expression of IL-6 at 12 hours and 24 hours, but was not statistically 

significant (P > 0.05) (Figure 6(c)). 

When HDMECs were incubated together with the sera of BD patients and 

HSV, TRIM 21 suppression by siRNA (S1-3) was still significant at 12 hours 

(S1; P = 0.004, S2; P = 0.001, S3; P = 0.048) and at 24 hours (S1 and S2; P = 
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0.001, respectively) compared to control. TRIM 21 suppression by S3 was not 

significant compared to control at 24 hours (P > 0.05), and TRIM 21 

expression was significantly lower when suppressed by S1 and S2 compared 

to S3 at 24 hours (P = 0.025, P = 0.008, respectively) (Figure 6(d)). 

TNF-α release was still significantly higher when HDMECs were 

incubated together with the sera of BD patients and HSV although TRIM 21 

was suppressed compared to control at 12 hours (S1; P < 0.0001, S2; P < 

0.0001, S3; P = 0.016). However, with the same condition at 24 hours, TNF-α 

expression significantly decreased by TRIM 21 suppression compared to 

control (S1-3; P < 0.0001, respectively). TNF-α release significantly 

decreased when TRIM 21 expression was inhibited by S1 (P < 0.0001) and S2 

(P < 0.0001) compared to S3, and was also significantly lower when TRIM 21 

was suppressed by S1 compared to S2 (P = 0.003), and S2 compared to S3 (P 

= 0.012) (Figure 6(e)).  

When HDMECs were incubated together with the sera of BD patients and 

HSV, although TRIM 21 was suppressed by siRNA, IL-6 expression increased 

at 12 hours compared to control (S1; P = 0.014, S2; P > 0.05, S3; P > 0.05). 

At 24 hours, with the same condition, IL-6 expression significantly decreased 

when TRIM 21 expression was inhibited by TRIM 21 suppression compared 

to control (S1-3; P < 0.0001, respectively), showing a similar pattern of 
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cytokine release suppression to TNF-α (Figure 6(f)). IL-6 was significantly 

lower when TRIM 21 was suppressed by S1 compared to S2 and S3 (P < 

0.0001, respectively). 
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Figure 6. TRIM 21 suppression by siRNA and its influence to TNF-α and IL-

6 release in HDMECs. When HDMECs were incubated with endothelial cell 

culture media, (a) TRIM 21 expression was significantly suppressed by 

siRNA at 12 hours (S1-4; P < 0.0001, respectively) and 24 hours (S1-4; P < 

0.0001, respectively) compared to control. (b) TNF-α release was significantly 

lower in HDMECs at 24 hours (S1-4; P < 0.0001, respectively) compared to 

control. (c) The level of IL-6 did not significantly change after TRIM 21 

siRNA transfection at 12 hours and 24 hours (P > 0.05, respectively). When 

HDMECs were incubated together with BD sera and HSV, (d) TRIM 21 
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suppression was significant at 12 hours (S1; P = 0.004, S2; P = 0.001, S3; P = 

0.048) and at 24 hours (S1 and S2; P = 0.001, respectively) compared to 

control. (e) TNF-α release was significantly higher at 12 hours of TRIM 21 

suppression (S1; P < 0.0001, S2; P < 0.0001, S3; P = 0.016), but decreased at 

24 hours compared to control (S1-3; P < 0.0001, respectively). (f) IL-6 

expression increased at 12 hours compared to control (S1; P = 0.014, S2; P > 

0.05, S3; P > 0.05), but at 24 hours, significantly decreased when TRIM 21 

expression was inhibited by siRNA suppression compared to control (S1-3; P 

< 0.0001, respectively). * P < 0.05; ** P < 0.01. Data are means±SD. 
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Figure 7. Western blot analysis of TRIM 21 in siRNA transfected HDMECs. 

TRIM 21 suppression by siRNA transfection was confirmed by western blot 

analysis of TRIM 21 using HDMECs total proteins at (a) 6 hours, (b) 12 hours, 

and (c) 24 hours.  
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6. Immunocytochemical staining of TRIM proteins in HDMECs treated 

with sera of BD patients and HSV type 1 

 

HDMECs were incubated with BD sera, HC sera, HSV type 1 (1 MOI), 

and supplemented EBM-2 for 24 hours, and then were processed for 

immunocytochemistry to determine the cellular expression of TRIM 19, 20, 

21, and 39.  

Compared with the HDMECs incubated with supplemented EBM-2 

(Figures 8(a-c)) and HC sera (Figures 8(d-f)), intense cytoplasmic 

immunostaining of TRIM 19 was detected in HDMECs treated with BD sera 

(Figures 8(g-i)) and HSV (Figures 8(j-l)). BD sera induced marked 

immunostaining of nuclear TRIM 19 at 6 hours, and diffuse cytoplasmic 

staining was observed at 12 and 24 hours. HDMECs incubated with HC sera 

and HSV (Figures 8(m-o)) also showed increased immunostaining of 

cytoplasmic TRIM 19, but was less compared to HDMECs treated with BD 

sera or HSV alone. HDMECs incubated with BD sera and HSV (Figures 8(p-

r)) also induced increased immunostaining of nuclear TRIM 19 at 6 hours, 

and diffuse cytoplasmic staining was observed at 12 and 24 hours.  
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Figure 8. Immunostaining of TRIM 19 in HDMECs stimulated with BD 

patients’ sera and HSV. HDMECs were incubated with (a-c) supplemented 

endothelial cell medium, the sera samples of (d-f) healthy controls and (g-i) 

BD patients, (j-l) HSV, and the sera samples of healthy controls (m-o) and BD 

patients (p-r) together with HSV for 6 hours, 12 hours, and 24 hours. 

Compared with HDMECs incubated with supplemented endothelial cell 

medium, markedly increased expression of cytoplasmic and nuclear TRIM 19 

was detected in HDMECs stimulated with BD sera, HSV, and HC or BD sera 

simultaneously with HSV. 
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Compared with the HDMECs incubated with supplemented EBM-2 

(Figures 9(a-c)) and HC sera (Figures 9(d-f)), only slight nuclear 

immunostaining of TRIM 20 was detected in HDMECs treated with BD sera 

(Figures 9(g-i)) at 6 hours. HDMECs incubated with HSV (Figures 9(j-l)) 

showed increased cytoplasmic staining of TRIM 20 at 12 and 24 hours, and 

also increased nuclear staining of TRIM 20 at 24 hours. HDMECs incubated 

with HC sera and HSV (Figures 9(m-o)) or with BD sera and HSV (Figures 

9(p-r)) did not show increased immunostaining of cytoplasmic or nuclear 

TRIM 20. 
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Figure 9. Immunostaining of TRIM 20 in HDMECs stimulated with BD 

patients’ sera and HSV. HDMECs were incubated with (a-c) supplemented 

endothelial cell medium, the sera samples of (d-f) healthy controls and (g-i) 

BD patients, (j-l) HSV, and the sera samples of healthy controls (m-o) and BD 

patients (p-r) together with HSV for 6 hours, 12 hours, and 24 hours. 

Compared with HDMECs incubated with supplemented endothelial cell 

medium, slightly increased immunostaining of TRIM 20 was observed in 

HDMECs stimulated with BD sera at 6 hours, and in HDMECs treated with 

HSV at 12 and 24 hours. 
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Compared with the HDMECs incubated with supplemented EBM-2 

(Figures 10(a-c)) and HC sera (Figures 10(d-f)), marked cytoplasmic 

immunostaining of TRIM 21 was detected in HDMECs treated with BD sera 

(Figures 10(g-i)) and HSV (Figures 10(j-l)). BD sera induced marked 

immunostaining of cytoplasmic and nuclear TRIM 21 especially at 24 hours. 

HDMECs incubated with HC sera and HSV (Figures 10(m-o)) did not show 

increased immunostaining of cytoplasmic or nuclear TRIM 21, but HDMECs 

incubated with BD sera and HSV (Figures 10(p-r)) induced increased 

immunostaining of cytoplasmic and nuclear TRIM 21, especially at 24 hours. 

Changes of immunostaining in the HSV only treated HDMECs were not as 

significant compared to the results by HDMECs treated with BD sera, and BD 

sera simultaneously with HSV. 
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Figure 10. Immunostaining of TRIM 21 in HDMECs stimulated with BD 

patients’ sera and HSV. HDMECs were incubated with (a-c) supplemented 

endothelial cell medium, the sera samples of (d-f) healthy controls and (g-i) 

BD patients, (j-l) HSV, and the sera samples of healthy controls (m-o) and BD 

patients (p-r) together with HSV for 6 hours, 12 hours, and 24 hours. 

Compared with HDMECs incubated with supplemented endothelial cell 

medium, markedly increased expression of cytoplasmic and nuclear TRIM 21 

was detected in HDMECs stimulated with BD sera and BD sera 

simultaneously with HSV. 
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Compared with the HDMECs incubated with supplemented EBM-2 

(Figures 11(a-c)) and HC sera (Figures 11(d-f)), marked nuclear and 

cytoplasmic immunostaining of TRIM 39 was detected in HDMECs treated 

with HSV (Figures 11(j-l)), especially at 6 and 12 hours. HDMECs treated 

with BD sera (Figures 11(g-i)) only showed slight immunostaining of TRIM 

39 at 6 hours. HDMECs incubated with HC sera and HSV (Figures 11(m-o)) 

did not show increased immunostaining of cytoplasmic or nuclear TRIM 39, 

but HDMECs incubated with BD sera and HSV (Figures 11(p-r)) induced 

increased immunostaining of cytoplasmic and nuclear TRIM 39, especially at 

6 hours.  
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Figure 11. Immunostaining of TRIM 39 in HDMECs stimulated with BD 

patients’ sera and HSV. HDMECs were incubated with (a-c) supplemented 

endothelial cell medium, the sera samples of (d-f) healthy controls and (g-i) 

BD patients, (j-l) HSV, and the sera samples of healthy controls (m-o) and BD 

patients (p-r) together with HSV for 6 hours, 12 hours, and 24 hours. 

Compared with HDMECs incubated with supplemented endothelial cell 

medium, markedly increased expression of cytoplasmic and nuclear TRIM 39 

was detected in HDMECs stimulated with HSV and BD sera together with 

HSV. 
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7. Immunostaining of TRIM proteins in erythema nodosum (EN)-like 

lesions of BD  

 

Paraffin-embedded sections of skin biopsies from BD patients and healthy 

controls were used to examine the immunohistochemical staining of TRIM 19, 

20, 21, and 39.  

Epidermal cells in EN-like lesions from BD patients showed a uniformly 

intensive cytoplasmic staining pattern of TRIM 19 (Figure 12(a)). In the 

perivascular area in the septal lesion, staining with TRIM 19 resulted in a 

more homogenous and diffuse pattern (Figure 12(b-c)). However, in the 

specimens obtained from healthy controls, no epidermal, perivascular, and 

interstitial staining of TRIM 19 was noticed (Figure 12(d-f)).  

On the other hand, epidermal cells in EN-like lesions from BD patients 

did not show definite staining of TRIM 20 (Figure 13(a)). In the perivascular 

area in the septal lesion, staining with TRIM 20 showed a slight but diffuse 

staining pattern (Figure 13(b-c)). However, in the specimens obtained from 

healthy controls, no epidermal, perivascular, and interstitial staining of TRIM 

20 was noticed (Figure 13(d-f)).  

Epidermal cells in EN-like lesions from BD patients also showed a 

uniformly intensive cytoplasmic staining pattern of TRIM 21 (Figure 14(a)). 



52 

 

In the perivascular area and endothelial cells in the septal lesion, staining with 

TRIM 21 resulted in a more homogenous and diffuse pattern (Figure 14(b-c)). 

However, in the specimens obtained from healthy controls, no epidermal, 

perivascular, and interstitial staining of TRIM 21 was noticed (Figure 14(d-f)).  

Diffusely uniform and intensive epidermal cytoplasmic staining pattern of 

TRIM 39 was shown in EN-like lesions from BD patients (Figure 15(a)). In 

the perivascular area and endothelial cells in the septal lesions, staining with 

TRIM 39 resulted in a more homogenous and diffuse pattern (Figure 15(b-c)). 

In the specimens obtained from healthy controls, slightly diffuse epidermal, 

perivascular, and interstitial staining of TRIM 39 was noticed (Figure 15(d-f)).  
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Figure 12. Immunohistochemistry with anti-human TRIM 19 antibody in 

biopsy sections from (a-c) EN-like lesion in BD, and (d-f) normal control. 

Uniformly intensive staining pattern of TRIM 19 in the (a) epidermis, (b-c) 

perivascular area in the septal lesion was observed in EN-like lesions. 
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Figure 13. Immunohistochemistry with anti-human TRIM 20 antibody in 

biopsy sections from (a-c) EN-like lesion in BD, and (d-f) normal control. 

Only slight but diffuse staining pattern of TRIM 20 was observed in the (b) 

perivascular area of the septal lesion in EN-like lesions.  
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Figure 14. Immunohistochemistry with anti-human TRIM 21 antibody in 

biopsy sections from (a-c) EN-like lesion in BD, and (d-f) normal control. 

Uniformly intensive staining pattern of TRIM 21 in the (a) epidermis, (b-c) 

perivascular area and endothelial cells in the septal lesion was observed in 

EN-like lesions. 
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Figure 15. Immunohistochemistry with anti-human TRIM 39 antibody in 

biopsy sections from (a-c) EN-like lesion in BD, and (d-f) normal control. 

Uniformly intensive staining pattern of TRIM 39 in the (a) epidermis, (b-c) 

perivascular area and endothelial cells in the septal lesion was observed in 

EN-like lesions. Slightly diffuse (d) epidermal, (e-f) perivascular and 

interstitial staining pattern and of TRIM 39 was also observed.  
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8. Immunostaining of TRIM proteins in BD-related skin lesions and 

intestinal lesions in a BD-like mouse model 

 

Biopsy specimens of BD-related ulcerative skin lesions and intestinal 

lesions in a BD-like mouse model were obtained for immunostaining of 

TRIM 19, 20, 21, and 39.  

Specimens from BD-related inflammatory, ulcerative skin lesions showed 

only slight immunostaining of TRIM 19 in the epidermal cells (Figure 16(a)). 

However, diffuse cytoplasmic staining of TRIM 19 was observed in the 

dermal inflammatory infiltrates (Figure 16(b)), and also in the lower dermis 

and subcutaneous fat (Figure 16(c)). In specimens from BD asymptomatic 

mice (BDN; HSV-inoculated but no symptoms were observed), 

immunostaining of TRIM 19 in epidermal cells or in the dermis were not 

observed (Figure 16(d-f)).        

In biopsy samples from the intestine of BD-like mouse model, TRIM 19 

staining was diffusely intense in epithelial cells, cytoplasm of the 

inflammatory infiltrates (Figure 16(g-i)). However, TRIM 19 immunostaining 

was not observed in intestinal samples of BDN mice (Figure 16(j-l)).     
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Figure 16. Immunohistochemistry with anti-mouse TRIM 19 antibody in 

biopsy sections from (a-c) ulcerative skin lesions of BD-like mouse model, (d-

f) normal looking skin from BD-asymptomatic mice, intestine of (g-i) BD-like 

mouse model, and (j-l) BD-asymptomatic mice. (a-c) Dermal inflammatory 

infiltrates and subcutaneous area of skin lesions showed increased staining of 

TRIM 19, and also in the (g-i) intestinal epithelium of BD-like mouse model.  
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For TRIM 20, specimens from BD-related inflammatory, ulcerative skin 

lesions did not show marked immunostaining in the epidermal cells (Figure 

17(a)). Only slight immunostaining of TRIM 20 was observed in the 

perivascular area in the dermis (Figure 17(b)), and there were no noticeable 

changes in the lower dermis to subcutaneous fat area (Figure 17(c)). In 

specimens from BDN mice, immunostaining of TRIM 20 in epidermal cells, 

interstitial cells, and in skin appendages were not observed (Figure 17(d-f)).        

In biopsy samples from the intestine of BD-like mouse model, TRIM 20 

staining was not noticeable epithelial cells, inflammatory infiltrates, and 

perivascular lesions (Figure 17(g-i)). TRIM 20 immunostaining was also not 

observed in intestinal samples of BDN mice (Figure 17(j-l)).     
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Figure 17. Immunohistochemistry with anti-mouse TRIM 20 antibody in 

biopsy sections from (a-c) ulcerative skin lesions of BD-like mouse model, (d-

f) normal looking skin from BD-asymptomatic mice, intestine of (g-i) BD-like 

mouse model, and (j-l) BD-asymptomatic mice. Only slight immunostaining 

of TRIM 20 was observed in the (b) perivascular area in the dermis of 

ulcerative skin lesions of BD-like mouse model.  
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Specimens from BD-related inflammatory, ulcerative skin lesions showed 

marked immunostaining of TRIM 21 in the epidermal cells, sebaceous glands, 

and hair follicles (Figure 18(a)). Diffuse cytoplasmic staining of TRIM 21 

was also observed in the inflammatory infiltrates of ulcer lesions (Figure 

18(b)), and also in endothelial cells and inflammatory cells in the lower 

dermis (Figure 18(c)). In specimens from BDN mice, immunostaining of 

TRIM 21 in epidermal cells, interstitial cells were not observed (Figure 18(d-

f)).        

In biopsy samples from the intestine of BD-like mouse model, TRIM 21 

staining was diffusely intense in epithelial cells, cytoplasm of the 

inflammatory infiltrates, and endothelial cells (Figure 18(g-i)). However, 

TRIM 21 immunostaining was not observed in intestinal samples of BDN 

mice (Figure 18(j-l)).     
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Figure 18. Immunohistochemistry with anti-mouse TRIM 21 antibody in 

biopsy sections from (a-c) ulcerative skin lesions of BD-like mouse model, (d-

f) normal looking skin from BD-asymptomatic mice, intestine of (g-i) BD-like 

mouse model, and (j-l) BD-asymptomatic mice. Increased immunostaining of 

TRIM 21 was observed in the (a-c) epidermis, dermal infiltrates, appendages 

of skin lesions, and in the (g-i) intestinal epithelium of BD-like mouse model.  
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For TRIM 39, specimens from BD-related inflammatory skin lesions 

showed marked immunostaining of TRIM 39 in the epidermal cells, 

sebaceous glands, hair follicles, and dermal infiltrates (Figure 19(a-b)). 

Diffuse cytoplasmic staining of TRIM 39 was also observed in the 

inflammatory infiltrates of the lower dermis and also in the subcutaneous fat 

area (Figure 19(c)). In specimens from BDN-mice, slight immunostaining of 

TRIM 39 was observed in epidermal cells, interstitial cells and hair follicles 

throughout the dermis (Figure 19(d-f)).        

In biopsy samples from the intestine of BD-like mouse model, TRIM 39 

staining was diffusely intense in epithelial cells, cytoplasm of the 

inflammatory infiltrates, and endothelial cells (Figure 19(g-i)). TRIM 39 

immunostaining was also observed in intestinal samples of BDN mice (Figure 

19(j-l)).     
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Figure 19. Immunohistochemistry with anti-mouse TRIM 39 antibody in 

biopsy sections from (a-c) ulcerative skin lesions of BD-like mouse model, (d-

f) normal looking skin from BD-asymptomatic mice, intestine of (g-i) BD-like 

mouse model, and (j-l) BD-asymptomatic mice. Increased immunostaining of 

TRIM 39 was observed in not only (a-c) skin and (g-i) intestinal lesions of 

BD-like mouse model, but also in BD-asymptomatic mice.   
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IV. DISCUSSION 

 

Among the immune response which is composed of innate and adaptive 

immunity, innate immunity covers the immediate and first line of defense 

against invading pathogens and is critical in the early stages of defense.
33,38

 

Recently, members of the TRIM protein family have been introduced as 

regulators of the innate immune response,
20

 and ongoing studies are revealing 

that increasing number of TRIM proteins can manifest antiviral activities.
17-19

 

TRIM proteins share three conserved N-terminal domains called the 

RBCC domain, which consists of a Really Interesting New Gene (RING) 

domain, one or two B-Boxes, and a coiled-coil (CC) domain.
17,39

 TRIM 

proteins not only have immune related functions but also are involved in 

various molecular and cellular events such as post-translational modification, 

apoptosis, differentiation, and oncogenesis.
40

 Many members of TRIM 

proteins are known to play diverse roles in more than one cellular process, 

implicating that they can be multifunctional.
33

 Furthermore, because most 

TRIM proteins have alternately spliced mRNAs making various protein 

isoforms,
19

 these proteins can play many different roles in different 

circumstances making complexity in understanding its functions.  
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Although some TRIM proteins are known to be involved in various 

autoimmune and autoinflammatory disorders, its contribution in BD has been 

rarely discussed. However, as BD is a chronic disease with accelerated 

inflammatory response and as HSV infection is one of the significant 

triggering factors in its development,
4
 TRIM proteins such as TRIM 19, 20, 

21 and 39 which mediates cellular antiviral defense mechanism or which are 

involved in inflammatory signaling,
26-32

 can be candidates to be associated in 

the enigmatic pathophysiology of BD.  

TRIM 21, especially, which is a ubiquitously expressed cytoplasmic 

antibody receptor, mediates not only antibody dependent intracellular 

neutralization (ADIN), but also innate immune activation.
32,41

 When an 

antibody bound pathogen, particularly reported as a double stranded DNA 

virus,
42,43

 is carried into the cell via opsonization or processes such as 

macropinocytosis, TRIM 21 induces rapid destruction of the infected virus 

and also forms free K63 ubiquitin chains through its RING domain activating 

NF-κB, activator protein (AP)-1, and IFN regulatory transcription factor 

signaling pathways leading to proinflammatory cytokines production.
32

 

Therefore, as HSV is a double stranded DNA virus and as HSV infection is a 

well known triggering factor of BD inflammation, we hypothesized that 

TRIM 21 can be a connecting link between HSV infection and the chronic, 
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exaggerated inflammation in BD, and focused on the expression of TRIM 21 

in BD above all.        

In this study, it was demonstrated that TRIM expression in PBMCs 

differed among BD patients and healthy controls. TRIM 19, 20, and 21 

expression was higher in PBMCs of BD patients than normal controls 

whereas TRIM 39 expression was lower in BD patients. Although statistical 

significance was only shown for TRIM 20, the difference of TRIM expression 

between BD patients and healthy controls suggests that the high expression 

level of some TRIM proteins can contribute in the exaggerated inflammatory 

process in BD, or on the opposite, these TRIM proteins can be reactively 

highly expressed by the inflammatory status in BD. Defects in the function or 

expression of other TRIM proteins such as TRIM 39 can also be related in the 

uncontrolled inflammation in BD. Further studies with a larger sample group 

are required to confirm the difference of TRIM expression among the two 

groups, however. 

Incubation of HDMECs with the sera of BD patients resulted in increased 

expression of TRIM 21. It can be hypothesized that some form of HSV 

particles and IgG antibody against HSV presenting the sera of BD patients 

which had entered the cell in a bound form was detected by TRIM 21 and 

induced its expression. HDMECs incubated with the sera of BD patients 
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together with HSV also induced increased expression of TRIM 21, but in this 

case, TRIM 21 expression was sometimes relatively less than when HDMECs 

were incubated only with the sera of BD patients. These results may have 

been caused by the toxic effect of treated HSV.  

When IFN-γ neutralizing antibody was treated to exclude the effect of 

existing IFN-γ in BD patients’ sera, it was observed that HDMECs treated 

with the sera of BD simultaneously with IFN-γ neutralizing antibody still 

showed increased expression of TRIM 21 compared to controls, suggesting 

that the induced expression of TRIM 21 is not only caused by the effect of 

IFN-γ. When siRNA was used to suppress TRIM 21 expression, TNF-α and 

IL-6 levels initially increased but significantly diminished at 24 hours 

regardless an inflammatory stimulus was given by the sera of BD patients and 

HSV. It can be postulated that the signaling pathway including TRIM 21 is 

involved it the long-term expression of these inflammatory cytokines.  

Although TRIM 19, 20, 21 and 39 each showed different staining patterns 

in immunocytochemistry, all three TRIM proteins except TRIM 20 showed 

increased, intensive staining in HDMECs after treatment with BD sera, HSV, 

and BD sera together with HSV. TRIM 19 and 39 first showed increased 

staining patterns in the nucleus at 6 hours, and diffuse cytoplasmic staining 

was observed at 12 hours and 24 hours. In the case of TRIM 21, diffuse and 
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intense cytoplasmic staining was previously observed at 6 hours and 12 hours, 

and then strong nuclear staining was seen at 24 hours. The different staining 

patterns may have resulted from the different cellular locations of each TRIM 

protein, of which TRIM 19 and 39 is generally known as a nuclear protein, 

whereas TRIM 21 is known as a cytoplasmic and nuclear protein.
17,44

 It has 

also been previously reported that TRIM 21 can translocate from the 

cytoplasm into the nucleus after IFN stimulation.
45,46

  

In the skin lesions of BD patients and the skin or intestinal lesions of BD-

like mouse model, TRIM 19, 21, and 39 staining was prominent and intense in 

the cytoplasm of epithelial cells, dermal infiltrate and perivascular lesions. 

TRIM 21 staining was also noticed in the endothelial cells of the vessels. 

Among these three TRIM proteins, TRIM 19 and 21 was only intensively 

stained in BD specific lesions, but TRIM 39 also showed increased staining in 

normal lesions demonstrating less specificity.  

As far as we know, this is the first study to investigate TRIM expression in 

BD using PBMCs, cultured endothelial cells, biopsy samples of cutaneous 

lesions, and a BD-like mouse model, and therefore has its originality. We 

suggest that the changes in the expression of TRIM proteins could contribute 

in the inflammatory status in BD. Particularly in the case of TRIM 21, 

changes of its expression by the stimulation of BD sera and HSV in 
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endothelial cells might lead to the production of inflammatory cytokines and 

the modulation of cell surface molecules, causing continuous, aberrant 

inflammation, which can further lead to vasculitis and other specific organ 

symptoms in BD. As previously suggested, HSV infection could have induced 

Fc receptor expression and/or surface ligand modulation on endothelial cells
6-8

 

and circulating HSV particles and IgG antibodies against these viral particles 

could have entered endothelial cells in a bound form through the HSV-

modulated surface molecules, or a not fully understood cellular process. As 

the next step, the intracellular IgG antibody-bound HSV could have been 

detected by TRIM 21 leading to not only viral degradation but also induction 

of an inflammatory cascade primarily causing vasculitis. Therefore, we 

propose that HSV infection which can trigger an enhanced antiviral response 

in BD patients can lead to an exaggerated inflammatory response, and TRIM 

21 can be one of the key molecules connecting viral infection and the 

uncontrolled, chronic inflammation. However, studies with a larger number 

and systematically controlled groups of patients are required for further 

validation. Comparative studies of TRIM 21 expression between different 

patient groups of disease activity, for example, can give more clues about the 

role of this protein. Extended studies to actually identify the circulating HSV 

particle-IgG antibody complexes in the serum of BD patients can definitize 
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this supposition, and protein based structural studies are also required 

considering the existence of various splicing variants of TRIM 21. Further 

investigations to reveal the precise upstream and downstream signaling 

pathway of TRIM 21 is also needed.  
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V. CONCLUSION 

 

In this study, we demonstrated that levels of TRIM proteins expression 

can differ among BD patients and healthy controls. We also demonstrated that 

treatment of the sera of BD patients and HSV can induce TRIM 21 expression 

in endothelial cells. As there can be various forms of HSV antigens in the sera 

of BD patients, and as these patients have a high serum titer of HSV IgG 

antibody, antigen-antibody complex which have flown into endothelial cells 

might have induced ADIN and also production of inflammatory cytokines 

mediated by TRIM 21. In addition, we observed that TRIM 21 expression was 

not only dependent to IFN-γ, and treatment of siRNA revealed that TRIM 21 

can contribute in the long-term expression of proinflammatory cytokines such 

as TNF-α and IL-6. We also demonstrated the intense expression of TRIM 19, 

21, and 39 in HDMECs after stimulation with the sera of BD patients and 

HSV through immunocytochemistry. Furthermore, increased expression of 

TRIM 19, 21, and 39 were observed in EN-like lesions of BD patients, and in 

skin and intestinal lesions of BD-like mouse model. Albeit we cannot yet 

describe a precise pathogenetic role for TRIM 21 or other TRIM proteins in 

the development of BD, we suggest that an infectious triggering factor, HSV, 

induces the action of antiviral defense mechanism including TRIM 21, which 
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activates not only viral neutralization but also surface ligand modulation and 

the production of inflammatory cytokines, leading to consistent and amplified 

inflammation causing vasculitis. Therefore, TRIM 21 can be a connecting link 

between HSV infection and the development of BD, and also a novel target in 

BD treatment to reduce inflammatory reactions. However, further 

investigations are necessary to clarify the roles of TRIM proteins in BD.
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ABSTRACT (IN KOREAN) 

 

베체트병에서 tripartite motif 함유 단백의  

발현에 대한 분석 

 

<지도교수 방동식> 

 

연세대학교 대학원 의학과 

 

조수현 

 

  베체트병은 만성적인, 다기관을 침범하는 혈관염으로 다양한 

형태로 혈관의 염증을 나타낼 수 있는 질환이다. 비록 아직까지 

베체트병의 명확한 병인이 밝혀져 있지는 않지만, 단순 헤르페스 

바이러스 (HSV)와 같은 감염성 요인이 이 질환의 중요한 원인으로 

알려져 있다. Tripartite motif 함유 (TRIM) 단백질은 면역 반응에 

있어 다양한 기능을 수행하며, 이 단백질 중 여러 종류가 

항바이러스 기능을 가지는 것으로 밝혀져 있어 바이러스 감염에 

대한 방어 기전에 중요한 역할을 할 것으로 생각되고 있다. 이 

연구에서는 베체트병에서 TRIM 단백질의 발현을 살펴보고자 

하였으며, 특히 TRIM 21이 베체트병에서 혈관염을 일으키는데 

어떻게 관여하는지에 대하여 연구하고자 하였다.  

이를 위하여 먼저 베체트병 환자와 정상 대조군의 말초 혈액 

단핵구에서 TRIM 19, 20, 21, 39 단백의 발현량의 차이를 

분석하였다. 이후 인체 진피 미세혈관 내피세포에 베체트병 환자의 
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혈청을 처리하여 내피세포 배양액 및 정상 대조군의 혈청을 

처리했을 때와 TRIM 21 발현이 보이는 차이를 분석하였으며, 연구 

결과 인체 진피 미세혈관 내피세포에 베체트병 환자의 혈청을 

처리했을 때 뒤의 두 경우에 비해 유의하게 TRIM 21의 발현이 높은 

것을 확인할 수 있었다. 또한, 인체 진피 미세혈관 내피세포에 

베체트병 환자의 혈청과 HSV를 함께 처리했을 때도 TRIM 21의 

발현이 증가함을 확인하였으며, 베체트병 환자의 혈청을 처리했을 

때가 크론병 혹은 전신성 홍반성 루푸스 환자의 혈청을 처리했을 

때보다 TRIM 21의 발현이 많은 것도 확인할 수 있었다. Small 

interfering RNA를 사용하여 TRIM 21의 발현을 억제했을 때에는 

베체트병 환자의 혈청과 HSV에 의한 자극이 있었음에도 인체진피 

미세혈관 내피세포에서 24시간째에 tumor necrosis factor-α, 

interleukin-6와 같은 염증성 싸이토카인의 발현이 감소함을 

확인하였다.  

인체진피 미세혈관 내피세포에 베체트병 환자의 혈청 및 HSV를 

처리했을 때 세포 내에서의 TRIM 단백질의 발현 및 위치는 

어떠한지 분석하기 위해 세포 내 염색을 통해 확인하였으며, TRIM 

19, 21, 39의 경우 베체트병 환자의 혈청 및 HSV 자극에 의해 

세포질 및 핵 내 TRIM 단백질의 발현이 증가하는 것으로 나타났다. 

실제 베체트병 환자의 병변에서 TRIM 단백질의 발현을 살펴보기 

위해 베체트병 환자의 결절 홍반 유사 병변에서 조직검사를 

시행하여 TRIM 단백 염색을 시행하였고 베체트병 유사 마우스 

모델의 피부 및 장 병변에서도 조직을 채취하여 TRIM 단백 염색을 

시행하였으며, 이들 병변에서도 TRIM 19, 21, 39가 강하게 

염색되는 양상을 확인하였다.   

이 연구를 통해 TRIM 단백질이 베체트병의 만성적인 염증 반응에 

관여할 수 있다는 것을 발견하였고, 특히 TRIM 21의 경우 HSV 

감염이 어떻게 혈관염의 발생 및 베체트병의 발생으로 이어질 수 

있는지 설명해 줄 수 있는 하나의 연결 고리가 될 수 있을 것으로 

생각된다. 하지만, 베체트병에서 TRIM 단백질의 역할을 더욱 
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분명하게 규명하기 위해서는 보다 많은 수의 환자를 대상으로 하는 

연구 및 TRIM 단백의 구조 및 기능에 대한 확장된 추가적인 연구가 

필요하다.   
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