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<ABST RAC T> 

 

Analysis of Serum Cytokine Profile in Pemphigus 

 
 

Sang Hee Lee 
 

 
Department of Medicine 

The Graduate School, Yonsei University  

 
 

(Directed by Professor Soo-Chan Kim) 
 
 

Background: Pemphigus is a group of autoimmune blistering diseases 

affecting skin and mucous membranes. While pemphigus is an autoantibody 

mediated disease, the role of T cells and cytokines in the pathogenesis of 

pemphigus is being increasingly recognized. However, contrasting data are 

available regarding the serum cytokine levels, and its comprehensive role in 

pemphigus is not fully understood yet.     

Objective: The purpose of this study was to observe alterations in the serum 

cytokine levels of patients with pemphigus vularis (PV), pemphigus 

foliaceous (PF), paraneoplastic pemphigus (PNP) and compare with bullous 

pemphigoid (BP) and healthy subjects. 

Methods: A total of 75 subjects (28 PV, 13 PF, 7 PNP, 7 BP and 20 healthy 

controls) who visited the Dermatology Clinic of Gangnam Severance Hospital 

between 2006 and 2013 were included in this study. Serum levels of IFN-γ, 
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IL-4, IL-6, IL-17A, IL-10, TNF-α, and IL-8 were measured in the five groups 

by ELISA. 

Results: The median concentration of IFN-γ was lower in PV and BP patients 

compared to the control group (0.765, 0.34 and 1.63 pg/ml, respectively). IL-6 

and IL-10 was significantly higher in PNP patients compared to the control 

group (4.92 and 0.24 pg/ml for IL-6, 0.86 and <0.12 pg/ml for IL-10, 

respectively). IL-8 was increased significantly in PV and PNP patients 

compared with the control group (11.85, 31.5 and 8.31 pg/ml, respectively). 

For IL-4, IL-17A and TNF-α, no significant difference was observed between 

the five groups. 

Conclusions: The decreased level of IFN-γ in PV may imply a suppressed 

Th1 response in the active disease stage. A Th2 predominant response is 

suggested in the active stage of PNP, with elevated serum level of IL-6 and 

IL-10. Increased level of IL-8 is observed in the sera of PV and PNP patients. 

 

 

 

 

 

 

 

 

------------------------------------------------------------------------------------------------------- 

Key words : pemphigus vulgaris, pemphigus foliaceus, paraneoplastic 

pemphigus, autoimmunity, cytokines 
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I. INTRODUCT ION 

 

 Pemphigus is a group of chronic autoimmune blistering diseases of skin 

and mucous membranes characterized by autoantibodies against 

desmogleins.
1
 The pathophysiology of pemphigus is that autoantibodies 

inhibit the adhesive function of desmoglein and lead to loss of cell-cell 

adhesion of keratinocytes with resultant blister formation. Pemphigus can be 

divided into four major subtypes; pemphigus vulgaris (PV), pemphigus 

foliaceus (PF), paraneoplastic pemphigus (PNP) and IgA pemphigus.
2
 Each 

subtype can be distinguished by the target of the specific autoantibodies or by 

the location of blister formation. Pemphigus vulgaris is associated with 

autoantibodies against desmoglein (Dsg)1 and 3, while PF has autoantibodies 

directed to Dsg1. Paraneoplastic pemphigus, almost always associated with an 

underlying neoplasm, is characterized by the autoantibodies against plakin 

proteins such as desmoplakin, envoplakin, and periplakin, as well as Dsg1 and 
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Dsg3.
3
   

The typical histological features of pemphigus are intra-epidermal blisters 

and acantholysis. Although the specific pathophysiological mechanism of 

acantholysis is not yet clearly understood, recent advances in basic research 

have provided additional insights into the process of acantholysis.
4-6

 In brief, 

the pathogenesis of acantholysis can be explained by two different 

mechanisms: first, in which the pathophysiological explanation of the loss of 

keratinocyte intercellular adhesion is the direct inhibition of desmoglein 

adhesive functions by steric hindrance;
7

 second, in which the disruption of 

cell-cell contacts is due to more complex intracellular events following from 

interaction between pemphigus autoantibodies and Dsg.
8-10

 Such intracellular 

signalings include protein kinase C (PKC) activation,
11-13

 heatshock protein 27 

and p38 MAPK phosphorylation.
14

  

While the production of pathogenic antibodies is a key to the development of 

pemphigus, many immunological steps are required prior to autoantibody 

induction. Both T and B cells with autoreactivity towards desmoglein are 

necessary,
15

 and the role of T cell subsets and their secreted cytokines is being 

increasingly recognized. It is known that the T helper (Th) cells are classified 

into different subsets, which include Th1, Th2, Th17 and regulatory T cell 

(Treg), according to the cytokine production pattern. Th1 cells arise in the 

presence of IL-12 and IFN-γ and secrete IL-2, IL-12, IFN-γ and TNF-α. This 

subset plays an important role in cell-mediated immunity, cytotoxicity, and 
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delayed type hypersensitivity reactions. Th2 cells arise in the presence of IL-4 

and are responsible for the development of B cell mediated humoral immunity, 

IgE production, and activation of eosinophils. Th2 cells secrete IL-4, IL-5, IL-

6, IL-10 and IL-13. Another subset Th17, arises in the presence of IL-1β, IL-6 

and TGF-β, and is expanded by IL-23.
16

 These cells secrete several 

proinflammatory cytokines including IL-17A, IL-17F, TNF-α, IL-21, IL-22 

and IL-26.
17

 This subset is crucial in host defence against extracellular 

bacteria, parasites and fungi, and also drives inflammatory responses. Th17 

cells have been implicated in the initiation and progression of many 

inflammatory and autoimmune pathologies including psoriasis, multiple 

sclerosis, inflammatory blowel disease and rheumatoid arthritis.
18-20

 Lastly, 

Treg subset arises in the presence of IL-2 and TGF-β and plays a crucial role 

in modulating peripheral tolerance.
21

 These cells secrete IL-10 and TGF-β, 

which help to suppress activation and cytokine secretion by the other subsets, 

thereby downregulating the immune response.  

With the advancement of molecular techniques to identify cytokine profiles 

in pemphigus, several studies have been conducted trying to identify the 

presence of such mediators in serum, perilesional skin, and blister fluid.
22

 In 

the majority of previous studies, upregulation in the Th2 pathway has been 

suggested, with increased serum level of IL-4, IL-6 and IL-10.
23

 Th1 pathway 

on the other hand, has shown contradictory results. There are both respectable 

number of studies showing increased and decreased level of IFN-γ and IL-2, 
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as well as no significant differences in the Th1 cytokines compared to control 

group.
22

 Only a limited number of studies are available regarding the Th17 

pathway in pemphigus, and Th17 cells were increased in the skin lesions of 

PV in one study.
24

 Studies regarding Treg cells in pemphigus are also 

controversial, but primarily demonstrate no significant difference between the 

hallmark regulatory cytokine, TGF-β, in patients versus control group.
22

 

Proinflammatory cytokines were also studied, which in majority of results 

showed elevated level of TNF-α and IL-6,
25,26

 several results of elevated IL-

1
27,28

 and two reports of elevated IL-8 in the PV blister fluid and serum, 

respectively.
29,30

 

In summary, results of cytokine studies in pemphigus have varied, further 

complicating our understanding of disease processes. Therefore, this study 

was conducted to assess the levels of cytokines in the serum from patients 

affected with PV, PF, PNP and compare with bullous pemphigoid (BP) and 

healthy subjects. In order to investigate the involvement of different helper T 

cell subsets, we evaluated IFN-γ, IL-4, IL-6, IL-17A, IL-10 as well as the 

proinflammatory cytokines, IL-8 and TNF-α. 
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II. MATER IALS AND METHODS 

 

1. Study design 

 

To evaluate the different T cell subsets involved in the pathogenesis of 

pemphigus, Th1 cytokine IFN-γ, Th2 cytokine IL-4 and IL-6, Th17 cytokine 

IL-17A, regulatory T cell cytokine IL-10 and proinflammatory cytokines 

TNF- α and IL-8 were measured. Serum levels of cytokines were measured in 

the individuals of five groups; PV, PF, PNP, BP and healthy individuals. 

 

2. Patients 

 

The sample collection for this study was conducted on patients who visited 

the Department of Dermatology at Gangnam Severance Hospital, Seoul, 

Korea between 2006 and 2013. Serum samples were obtained from 28 PV 

patients, 13 PF patients, 7 PNP patients, 7 BP patients, and 20 healthy 

subjects. All the patients enrolled in the study had clinically active stage of the 

disease. Active stage was defined as the de novo development of 

blisters/erosions on previously unaffected or healed up sites of 

mucocutaneous surfaces. Serum was collected on the patient’s first visit or at 

the time of acute flare in the disease course. The clinical diagnosis of PV, PF 

and BP was confirmed by histopathologic findings, direct 

immunofluorescence (DIF) examination and/or the detection of serum 

autoantibodies by indirect immunofluorescence (IIF) examination. 



8 

 

Paraneoplastic pemphigus patients were diagnosed using the following 

criteria
31

: (i) clinical features, including the presence of severe mucosal 

involvement or polymorphous cutaneous eruption; (ii) characteristic 

histological features of the skin or mucosal eruption (interface dermatitis, 

acantholysis and apoptotic keratinocytes); (iii) the presence of autoantibodies 

detected in DIF or IIF studies; (iv) detection of anti-plakin or anti-Dsg 

autoantibodies in immunoblotting or immunoprecipitation; and (v) the 

presence of associated neoplasm. Diagnosis of PNP required four of five 

criteria, including criteria (i) and (ii). 

 

2. ELISA 

 

Cytokines were analyzed using a commercial assay system of immunoassay 

kits and panels (Millipore MILLIPLEX Human Cytokine Human Cytokine 

Panel I Premixed 7 P lex [HCYTOMAG60K07]) using a magnetic bead-based 

immunoassay kit (Luminex 200; Luminex Corp., Austin, TX, USA). Serum 

samples were incubated with antibody-coated capture beads overnight at 4°C. 

Washed beads were further incubated with biotin-labeled anti-human cytokine 

antibodies, followed by streptavidin–phycoerythrin incubation. Samples were 

read on a Luminex 200 reader with xPOTENT software. The standard curves 

of known concentrations of recombinant human cytokines were used to 

convert fluorescence units to concentrations (pg/mL). To calculate the 

cytokine concentrations in the serum samples, we analyzed the median 
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fluorescent intensity data using a 5-parameter logistic or spline curve-fitting 

method. 

 

2. Statistical analyses 

 

Owing to the limited number of subjects, the results of cytokines are 

expressed by employing median values and 25-75% ranges as reported by 

D’Auria et al.
32

 Statistical analyses were performed using commercial 

software (SAS version 9.2). Levels of all parameters done were compared 

between groups using analysis of variance, the Kruskal–Wallis test. Multiple 

comparison tests were additionally performed in the parameters which 

showed significant difference (IFN-γ, IL-6, IL-10 and IL-8) in the Kruskal–

Wallis test. Differences were defined as statistically significant at p-value < 

0.05. 
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III. RESULTS 

 

1. Baseline character istics of study population 

 

 A total of 75 subjects (28 PV, 13 PF, 7 PNP, 7 BP and 20 healthy controls) 

were studied. The mean ± standard deviation of age was 55.28 ± 14.10 years 

(range, 24 – 83 years) in PV patients, 51.57 ± 18.97 (range, 15 – 81 years) in 

PF patients, 45 ± 2.19 (range, 43 – 47 years) in PNP patients, 69.71 ± 14.55 

(range, 49 – 85 years) in BP patients and 24.15 ± 3.62 (range, 17 – 29 years) 

in the healthy controls, respectively, as shown in Table 1.  

 

 

 

Table 1. Age and sex of study subjects 

 

Cases 
Number 
(Total 
N=75) 

Male  Female Age (Mean ± SD), Range 

PV 28 13 15 55.28 ± 14.10 (24-83) 

PF 13 7 6 51.57 ± 18.97 (15-81) 

PNP 7 4 3 45 ± 2.19 (43-47) 

BP 7 5 2 69.71 ± 14.55 (49-85) 

Control 20 9 11 24.15 ± 3.62 (17-29) 
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2. Cytokine analysis 

 

A. IFN-γ  

 

 The median concentration of the Th1 cytokine, IFN-γ, was significantly 

decreased in PV and BP when compared to normal control (0.765 pg/ml in PV, 

0.34 pg/ml in BP and 1.63 pg/ml in control; p=0.0054 and p=0.035, 

respectively), as shown in Table 2. Out of 28 subjects of PV, 19 samples 

showed concentration which were lower than 1.065, the 25% range of normal 

control value. Five out of seven samples showed lower value than 1.065 in the 

BP group. When comparing PV with BP, serum concentration of IFN-γ was 

not significantly different between the two groups (p=0.4302). 
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Table 2. IFN-γ levels detected in the serum of PV, PF, PNP, BP patients and normal controls 

Patient No.  PV PF PNP BP Control 

1 7.55 1.02 1.63 0.34 1.89 

2 0.51 1.2 9.15 0.34 9.33 

3 0.09 2.07 12.2 0.01 59.03 

4 0.68 4 0.34 6.48 1.54 

5 0.34 1.89 1.72 0.17 5.24 

6 2.24 1.37 0.85 0.51 6.48 

7 1.02 1.37 13.82 5.77 1.02 

8 0.51 0.34 
  

3.65 

9 0.01 0.34 
  

9.33 

10 0.85 0.17 
  

1.2 

11 5.24 0.17 
  

1.02 

12 2.77 11.12 
  

1.2 

13 0.51 0.68 
  

1.54 

14 0.17 
   

3.47 

15 0.01 
   

1.02 

16 0.01 
   

6.3 

17 0.01 
   

1.2 

18 2.59 
   

0.17 

19 11.12 
   

0.85 

20 4.17 
   

1.72 

21 1.02 
    

22 2.77 
    

23 0.01 
    

24 0.85 
    

25 1.02 
    

26 1.54 
    

27 0.34 
    

28 0.17         

25-75% 

Range  
0.170–2.502 0.34-1.98 0.85-12.2 0.17-5.77 1.065-6.035 

Median 0.765 1.2 1.72 0.34 1.63 

Ratio 28/28 13/13 7/7 7/7 20/20 

P1 0.0054 0.1228 0.519 0.038 
 

P2 0.4302         

Ratio = ratio detectable/total samples; p1 = comparison between patient serum and control serum;  
p2 = comparison between patient serum and BP serum. 

All cytokine levels are expressed as picograms per milliliter. 
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Figure 1. Serum IFN-γ levels shown in a dot plot 
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B. IL-6 

  

 The median concentration of IL-6 was significantly higher in PNP (4.92 

pg/ml in PNP, 0.24 pg/ml in control; p=0.0194), compared to healthy control 

(Table 3). IL-6 was detectable in 5 out of 7 PNP sera, which all showed 

higher concentration than the 75% value of normal control serum. 
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Table 3. IL-6 levels detected in the serum of PV, PF, PNP, BP patients and normal controls 

Patient No.  PV PF PNP BP Control 

1 UDL UDL 18.88 UDL UDL 

2 4.28 1.14 UDL UDL 2.99 

3 1.82 UDL 4.92 UDL UDL 

4 UDL UDL 13.68 UDL UDL 

5 UDL UDL UDL 5.79 10.51 

6 UDL UDL 0.61 1.82 2.82 

7 UDL 6.66 25.15 UDL UDL 

8 UDL UDL 
  

UDL 

9 UDL UDL 
  

UDL 

10 UDL UDL 
  

UDL 

11 22.54 UDL 
  

UDL 

12 7.9 UDL 
  

UDL 

13 UDL UDL 
  

UDL 

14 UDL 
   

UDL 

15 UDL 
   

UDL 

16 UDL 
   

UDL 

17 UDL 
   

UDL 

18 UDL 
   

UDL 

19 UDL 
   

UDL 

20 UDL 
   

UDL 

21 UDL 
    

22 8.03 
    

23 UDL 
    

24 UDL 
    

25 UDL 
    

26 UDL 
    

27 UDL 
    

28 UDL         

25-75% 

Range  
0.24-0.24 0.24-0.24 0.24-18.88 0.24-1.82 0.24-0.24 

Median 0.24 0.24 4.92 0.24 0.24 

Ratio 5/28 2/13 5/7 2/7 3/20 

P1 0.805 0.987 0.0194 0.638 
 

UDL = under the detection limit (<0.24 pg/ml); Ratio = ratio detectable/total samples; p1 = comparison 

between patient serum and control serum; All cytokine levels are expressed as picograms per milliliter. 
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Figure 2. Serum IL-6 levels shown in a dot plot 
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C. IL-10 

 

Higher concentrations of IL-10 were observed in PNP (0.86 pg/ml) when 

compared to normal control, which was statistically significant (p=0.0046). In 

six out of the seven PNP sera, values higher than 0.5125 pg/ml were detected, 

which is the 75% value of the normal control. The median concentration of 

IL-10 did not show statistically significant difference between normal control 

and PV, PF, or BP (<0.12 pg/ml in PV, PF, BP and control, Table 4). 
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Table 4. IL-10 levels detected in the serum of PV, PF, PNP, BP patients and normal controls 

Patient No.  PV PF PNP BP Control 

1 UDL UDL 183.15 UDL UDL 

2 UDL 6.27 127.43 UDL UDL 

3 122.22 4.04 0.55 UDL 0.55 

4 UDL UDL 0.4 8.76 UDL 

5 0.4 UDL 0.86 UDL 20.01 

6 0.7 UDL 0.86 8.76 10.65 

7 UDL UDL 41.99 UDL UDL 

8 UDL 1.01 
  

1.17 

9 UDL UDL 
  

1.17 

10 UDL 1.98 
  

UDL 

11 22.02 3.17 
  

UDL 

12 0.4 UDL 
  

UDL 

13 3.86 7.83 
  

0.4 

14 UDL 
   

UDL 

15 UDL 
   

UDL 

16 70.16 
   

UDL 

17 0.26 
   

UDL 

18 UDL 
   

UDL 

19 17.04 
   

UDL 

20 UDL 
   

UDL 

21 UDL 
    

22 5.64 
    

23 UDL 
    

24 UDL 
    

25 UDL 
    

26 1.98 
    

27 UDL 
    

28 0.12         

25-75% 

Range  
0.12–1.66 0.12-3.605 0.55-127.43 0.12-8.76 0.12-0.5125 

Median 0.12 0.12 0.86 0.12 0.12 

Ratio 12/28 6/13 7/7 2/7 6/20 

P1 0.535 0.499 0.0046 0.7436 
 

UDL = under the detection limit (<0.12 pg/ml); Ratio = ratio detectable/total samples; p1 = comparison 

between patient serum and control serum; All cytokine levels are expressed as picograms per milliliter. 
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Figure 3. Serum IL-10 levels shown in a dot plot 
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D. IL-8 

 

The level of IL-8 was significantly higher in the PV and PNP patient’s sera 

than in normal control (Table 5, 11.85 pg/ml in PV, 31.5 pg/ml in PNP, 8.31 

pg/ml in control; p=0.0227 and p=0.0322, respectively). In PV group, 18 out 

of 28 samples showed value higher than 75% range of normal control and 6 

out of 28 samples showed lower value than 25% range of normal control. In 

PNP group, 5 out of 7 samples showed higher value of IL-8 than the 75% 

value of normal control.  
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Table 5. IL-8 levels detected in the serum of PV, PF, PNP, BP patients and normal controls 

Patient No.  PV PF PNP BP Control 

1 7.89 5.93 118.88 3.89 89 

2 8.73 21.62 31.5 4.94 24.18 

3 13.88 4.76 7.2 4.72 10.92 

4 14.74 4.26 94.11 7.55 6.5 

5 8.71 1.71 10.59 14.13 5.75 

6 18.23 7.24 11.71 73.15 15.19 

7 11.67 9.43 65.97 5.89 7.85 

8 11.69 3.7 
  

10.15 

9 22.02 2.79 
  

4.85 

10 5.86 3.56 
  

8.79 

11 33.95 6.15 
  

5.26 

12 23.49 2.89 
  

8.34 

13 11.69 8.79 
  

3.7 

14 20.43 
   

7.03 

15 9.72 
   

16.58 

16 12.02 
   

5.84 

17 10.86 
   

10.54 

18 9.87 
   

8.28 

19 9.83 
   

7.85 

20 20.41 
   

9.3 

21 20.43 
    

22 138.43 
    

23 8.68 
    

24 8.39 
    

25 164.06 
    

26 7.63 
    

27 12.18 
    

28 18.96         

25-75% 

Range  
8.97-20.42 3.22-8.01 10.59-94.11 4.72-14.13 5.84-10.92 

Median 11.85 4.76 31.5 5.8 8.28 

Ratio 28/28 13/13 7/7 7/7 20/20 

P1 0.0227 0.809 0.0322 0.0859 
 

Ratio = ratio detectable/total samples; p1 = comparison between patient serum and control serum;  

All cytokine levels are expressed as picograms per milliliter. 
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Figure 4. Serum IL-8 levels shown in a dot plot 
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E. IL-4, IL-17A and TNF-α 

 

The level of Th2 cytokine IL-4 in the serum of patients and the control was 

below the detection limits (<1.86 pg/ml) except in four samples, which was in 

one BP patient and three healthy controls. There was no significant difference 

in IL-17A, the Th17 cytokine, comparing the five groups. TNF-α did not 

differ statistically between the five groups.  

When comparing PV with PF, none of the cytokines showed significant 

difference (data not shown).  
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Figure 5. Serum IL-4 levels shown in a dot plot 
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Figure 6. Serum IL-17A levels shown in a dot plot 
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Figure 7. Serum TNF-α levels shown in a dot plot 
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IV. DISCUSSION 

 

 Although a number of studies have examined T cell and cytokine profiles in 

pemphigus, variable results have been reported so far and the role of the 

cytokines in the disease process remains to be clarified. The present study of 

serum cytokine analysis in pemphigus showed a decrease of IFN-γ in PV and 

BP, an increase of IL-6 and IL-10 in PNP, and an increase of IL-8 in PV and 

PNP compared to healthy control. 

There have been studies reporting an imbalance of Th1/Th2 response in 

pemphigus, which ultimately can result in complex and severe impairment of 

immune function.
23

 Once a naïve T cell differentiate to Th2 cell, specific 

transcription factors such as GATA-3 and c-maf are activated, which in turn 

activate the Th2 cytokines while down-regulating factors necessary to 

generate Th1 response.
33,34

 In majority of previous studies, involvement of 

Th2 pathway has been demonstrated in the pathogenesis of pemphigus, and as 

a consequence, down-regulation of Th1 pathway is to be anticipated in 

disease.
22

 However, there are both respectable number of studies showing 

increased and decreased level of IFN-γ, as well as studies showing no 

significant difference compared to the control group.
22

 The reason for the 

variation might potentially be due to small number of samples included in 

some of the studies,
35

 and the time of serum collection in the disease course 

was varied.
36

 Our result of IFN-γ was significantly decreased in PV compared 

to control. In a previous study by Veldman et al., they showed that peripheral 
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Dsg3-reactive Th1 cells varied according to the clinical activity of PV.
36

 

Among the patients with acute-onset, chronic active, and remittent PV, Dsg3-

reactive Th1 cells were detected at a significantly higher frequency in chronic 

active PV. Sera in our study was collected in the active stage of disease, both 

acute and chronic, and it may be possible to assume that Th1 pathway is 

suppressed in the active stage of PV consistent with some of the previous 

findings.
23,37

 In comparison of the PV sera with BP sera, which also showed 

decreased level of IFN-γ compared to control, there was no significant 

difference. In contrast to our finding, several studies reported increased level 

of IFN-γ in the serum and blister fluid of BP.
38-40

 Giomii et al.
41

 speculated 

that an early stage of BP can be characterized by an initial Th0/Th2-like 

response (IL-4, IL-5, low levels of IFN-γ), and a chronic Th1-skewed phase 

would follow. Studies in the intermediate phase would be presented by a 

mixed Th1/Th2 expression, this also highlighting the different cytokine 

profile according to the disease phases. Our result of decreased IFN-γ in BP 

might represent a suppressed Th1 pathway in the active disease stage. 

However our result of IL-4, the hallmark cytokine of Th2 pathway, did not 

increase in either PV or BP group, so our presumption needs careful 

confirmation with further studies.  

Even though there are some good evidence that PV is a Th2 mediated 

disease and several studies have demonstrated an increase in the Th2 

cytokines,
23,40,42

 our result of IL-4 did not show any significant difference in 
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the patient groups compared to healthy control. However, limitation in the 

interpretation of our result exist, because most samples were under the 

detection limit for IL-4; 74 out of 78 sera were below the detection limit 

(<1.86 pg/ml), 3 samples and one sample were elevated in normal and BP 

group each.  

Th17 is a relatively new helper T-cell subset which is generated upon IL-23 

stimulation of naıve T cells, and it is characterized by the secretion of IL-17, a 

proinflammatory cytokine.
43

 Th17 cells have been implicated in the initiation 

and progression of many inflammatory and autoimmune diseases such as 

autoimmune encephalitis, inflammatory bowel disease and psoriasis.
44

 In 

pemphigus, on the other hand, there is only a limited number of data 

examining its role. Arakawa et al.
24

 found Th17 cells in skin lesions of 

patients with PV, but did not find a significant correlation between the Th17 

cells and disease activity or anti-Dsg3 antibody titers. Giordano et al.
22

 

mentioned their unpublished data of cytokine analysis in PV serum which 

showed an increase in the IL-17A level compared to controls. However, in our 

study, we could not find any significant difference of IL-17A level between 

the control group and any of the patient group. Regarding the fact that Th17 

cells in lesional skin neither correlated with autoantibody level nor with the 

clinical severity of PV, and the fact that our study showed no significant 

difference in serum IL-17A level, the role of Th17 cells in pemphigus still 

remain questionable and needs further investigation.  
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Regulatory T cells play a crucial role in modulating peripheral tolerance and 

preventing autoimmunity. In autoimmune diseases, a relative decrease in Treg 

function may be involved in the pathogenesis. Data reported on Treg cells and 

their cytokines, TGF-β and IL-10, are quite varied in pemphigus. Cytokine 

studies published so far has demonstrated a lack of significant variation in 

TGF-β between PV and control.
32,45

 As for IL-10, majority of published 

studies reported an increase in the serum of PV patients.
22

 IL-10 does play a 

significant role in the Treg pathway, but it is also associated with the Th2 

pathway, and some authors assumed this increase represents an activated Th2 

pathway.
22

 However in our study, serum IL-10 value in PV, PF, and BP did 

not differ from control. In PNP, on the other hand, IL-10 was elevated 

compared to control group. IL-10 is an anti-inflammatory cytokine with a role 

in preventing inflammatory and autoimmune pathologies, but it is also a 

potent B cell stimulator that enhances activation, proliferation, and 

differentiation of B cells.
46

 For instance, in systemic lupus erythematosus 

(SLE) which is characterized by high autoantibody production and decreased 

cellular immune responses, levels of IL-10 in SLE patients are significantly 

higher and there is a correlation between IL-10 levels and clinical 

manifestation.
47,48

 Moreover, depletion of IL-10 by anti-IL-10 antibody in 

vitro treatment of SLE patient–derived PBMC significantly decreased 

autoantibody production.
46

 In PNP, no data regarding IL-10 has been 

published, but our result of increased IL-10 might also reflect the involvement 
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of humoral immunity in the disease pathogenesis.  

IL-6 was also significantly increased in PNP compared to healthy control, 

consistent with the previous finding. There is evidence that dysregulated 

cytokine production by tumor cells drives the development of autoimmunity. 

IL-6 is known to promote differentiation and maturation of B cells, and drive 

immunoglobulins production. Markedly elevated serum IL-6 levels have been 

demonstrated in a majority of PNP patients.
49

 Furthermore, in a subset of 

tumors associated with PNP, such as NHL, CLL and Castleman’s disease, it 

has been observed that the tumor cells secrete large amounts of IL-6 in vitro.
50

 

Collectively, with our result further supporting the hypothesis, IL-6 seems to 

contribute to the induction of autoantibodies, taking up an important part of 

the autoimmune pathology in PNP.  

It may be possible to speculate that Th2 pathway is upregulated in PNP, with 

both IL-6 and IL-10 increased in the sera of PNP patients. IL-6 and IL-10 are 

also the cytokines of Th2 pathway, as well as the classic Th2 cytokine IL-4, 

and it is known that the Th2 cells are involved in the development of humoral 

immunity. As extremely limited number of cytokine studies are available in 

PNP, a comprehensive set of cytokines including IL-5, IL-13 needs to be 

further examined to clarify our result. 

 The level of IL-8 was significantly higher in the PV and PNP serum 

compared to control serum. IL-8 induces chemotaxis in target cells, primarily 

neutrophils, and it is a product of keratinocytes and of dermal cells such as 



32 

 

fibroblasts, endothelial cells or macrophages. In a study by O’Tool et al.,
51

 

intensive expression of IL-8 shown by immunohistochemistry co-localized 

with in vivo bound IgG in the upper epidermis where the acantholysis took 

place. Baroni et al.
29

 also demonstrated a high IL-8 value in the blister fluid of 

pemphigus patients, and Keskin et al.
30

 showed increased serum level of IL-8 

compared to control. Although controversial result does exist,
32

 our result 

further support the possibility of IL-8 involvement in the pathogenesis in 

pemphigus. In PNP, IL-8 has not been studied before, but increased serum 

level of IL-8 might also have a role in recruitment of polymorphonuclear 

leukocytes to the skin lesion of PNP. However, neutrophil infiltration is not a 

prominent feature in PNP, and also, the small sample size of PNP sera 

included in our study precludes a definitive conclusion. Another possible 

explanation for increased IL-8 in PV and PNP is that it may not be a cause but 

a result of the disease, i.e., an inflammation response following the damaged 

epithelial barrier. It has been shown that disruptions to skin such as trauma, 

irritation and UVB radiation induce IL-8 in the lesional skin.
52-54

 Our study 

was conducted with sera collected in the active stage, and multiple blisters 

and erosions may trigger the release of various inflammatory cytokines 

including IL-8. However, it should be noted that IL-8 was not increased in PF 

or BP, and further detailed studies will be needed to identify the precise role 

of IL-8 in the different pemphigus groups. 

TNF-α has been widely studied in pemphigus, with majority of studies 
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showing an increase in the serum and in the blister fluid.
22

 It has been shown 

in a previous study that serum levels of TNF-α correlate with disease severity 

in PV.
32

 There were also reports of anti-TNF-α drugs with certain efficacy in 

PV.
55

 On the contrary, a case report of spontaneous development of PV in a 

psoriatic patient upon infliximab was noted.
56

 Also, a recently published pilot 

study comparing etanercept versus placebo in 8 patients with PV failed to find 

significant therapeutic efficacy in the etanercept group.
57

 In our study, TNF-α 

level in the pemphigus serum failed to show any significant difference from 

the control serum. While a strong increase of TNF-α was observed in the most 

of the previous studies, heterogeneous response of anti-TNF-α drugs in 

pemphigus patients imply a complex mechanism of this cytokine in the 

disease pathogenesis.  

When comparing PV with PF, none of the cytokines we evaluated were 

significantly different between the two groups. Although PF and PV differ in 

their antigens and thus represent distinct clinical entities, concerning the 

pathogenic role of cytokines no major differences appear to exist between the 

two diseases. 

 The reasons why cytokine studies show such variable results may be multiple. 

The cytokine system is extremely complex, and they can induce or suppress 

their release and synergize or antagonize each other. In addition, cytokines 

exhibit multiple effects and it is yet not possible to block only certain 

activities. The different expression patterns along the disease phases also 
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complicate the interpretation of the results. Although the direct therapeutic 

implications of anti-cytokine therapy may be limited, studying the role of 

cytokines in diseases still remains important since it will ultimately increase 

our understanding of the pathogenic mechanisms and thereby indirectly 

facilitate the development of new therapeutic approaches. The strength of our 

study is that we included a relatively large number of patients (n=75) from a 

single center, and also we analyzed the serum cytokine levels of PNP, which 

has not been studied much possibly due to its lower incidence compared to 

other pemphigus subtypes. In addition, studies regarding Th17 response in 

pemphigus are extremely limited, and our data provides additional 

information in understanding the Th17 pathway in pemphigus.  
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V. CONCLUSION 

 

 In conclusion, our results show decreased level of IFN-γ in PV, which may 

imply a suppressed Th1 response in the active disease stage. A Th2 

predominant response is suggested in the active stage of PNP, with elevated 

serum level of IL-6 and IL-10. Increased level of IL-8 is observed in the sera 

of PV and PNP patients. Serum IL-17A levels were not statistically different 

between the five groups, and in our opinion, the pathogenic role of Th17 

pathway in pemphigus seems unlikely. We think our study will be of a 

valuable reference data for the future studies of T cells and cytokines in 

pemphigus.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



36 

 

REFERENCES 

 

1 Hertl M, Veldman C. Pemphigus--paradigm of autoantibody-

mediated autoimmunity. Skin Pharmacol Appl Skin Physiol 2001; 

14: 408-418. 

2 Robinson ND, Hashimoto T, Amagai M, Chan LS. The new 

pemphigus variants. J Am Acad Dermatol 1999; 40: 649-671; 

quiz 672-643. 

3 Anhalt GJ, Kim SC, Stanley JR et al. Paraneoplastic pemphigus. 

An autoimmune mucocutaneous disease associated with 

neoplasia. N Engl J Med 1990; 323: 1729-1735. 

4 Zuccolotto I, Roselino AM, Ramalho LN, Zucoloto S. Apoptosis 

and p63 expression in the pathogenesis of bullous lesions of 

endemic pemphigus foliaceus. Arch Dermatol Res 2003; 295: 

284-286. 

5 Chiossi MP, Costa RS, Roselino AM. Dermal dendritic cell 

number correlates with serum autoantibody titers in Brazilian 

pemphigus foliaceus patients. Braz J Med Biol Res 2004; 37: 

337-341. 

6 Rosatelli TB, Roselino AM, Dellalibera-Joviliano R, Reis ML, 

Donadi EA. Increased activity of p lasma and tissue kallikreins, 

plasma kininase II and salivary kallikrein in pemphigus foliaceus 

(fogo selvagem). Br J Dermatol 2005; 152: 650-657. 

7 Amagai M. Autoimmunity against desmosomal cadherins in 

pemphigus. J Dermatol Sci 1999; 20: 92-102. 

8 Kitajima Y. Mechanisms of desmosome assembly and 

disassembly. Clin Exp Dermatol 2002; 27: 684-690. 

9 Seishima M, Satoh S, Nojiri M, Osada K, Kitajima Y. Pemphigus 

IgG induces expression of urokinase plasminogen activator 

receptor on the cell surface of cultured keratinocytes. J Invest 
Dermatol 1997; 109: 650-655. 

10 Caldelari R, de Bruin A, Baumann D et al. A central role for the 

armadillo protein plakoglobin in the autoimmune disease 

pemphigus vulgaris. J Cell Biol 2001; 153: 823-834. 

11 Seishima M, Iwasaki-Bessho Y, Itoh Y, Nozawa Y, Amagai M, 

Kitajima Y. Phosphatidylcholine-specific phospholipase C, but 

not phospholipase D, is involved in pemphigus IgG-induced 

signal transduction. Arch Dermatol Res 1999; 291: 606-613. 

12 Osada K, Seishima M, Kitajima Y. Pemphigus IgG activates and 

translocates protein kinase C from the cytosol to the 

particulate/cytoskeleton fractions in human keratinocytes. J 

Invest Dermatol 1997; 108: 482-487. 



37 

 

13 Kitajima Y, Aoyama Y, Seishima M. Transmembrane signaling 

for adhesive regulation of desmosomes and hemidesmosomes, 

and for cell-cell datachment induced by pemphigus IgG in 

cultured keratinocytes: involvement of protein kinase C. J 
Investig Dermatol Symp Proc 1999; 4: 137-144. 

14 Berkowitz P, Hu P, Liu Z et al. Desmosome signaling. Inhibition 

of p38MAPK prevents pemphigus vulgaris IgG -induced 

cytoskeleton reorganization. J Biol Chem 2005; 280: 23778-

23784. 

15 Tsunoda K, Ota T, Suzuki H et al.  Pathogenic autoantibody 

production requires loss of tolerance against desmoglein 3 in 

both T and B cells in experimental pemphigus vulgaris. Eur J 

Immunol 2002; 32: 627-633. 

16 Langrish CL, Chen Y, Blumenschein WM et al. IL-23 drives a 

pathogenic T cell population that induces autoimmune 

inflammation. J Exp Med 2005; 201: 233-240. 

17 Bettelli E, Carrier Y, Gao W et al. Reciprocal developmental 

pathways for the generation of pathogenic effector TH17 and 

regulatory T cells. Nature 2006; 441: 235-238. 

18 Komiyama Y, Nakae S, Matsuki T et al.  IL-17 plays an 

important role in the development of experimental autoimmune 

encephalomyelitis. J Immunol 2006; 177: 566-573. 

19 Duerr RH, Taylor KD, Brant SR et al. A genome-wide 

association study identifies IL23R as an inflammatory bowel 

disease gene. Science 2006; 314: 1461-1463. 

20 Singh R, Aggarwal A, Misra R. Th1/Th17 cytokine profiles in 

patients with reactive arthritis/undifferentiated 

spondyloarthropathy. J Rheumatol 2007; 34: 2285-2290. 

21 Taams LS, Palmer DB, Akbar AN, Robinson DS, Brown Z, 

Hawrylowicz CM. Regulatory T cells in human disease and their 

potential for therapeutic manipulation. Immunology 2006; 118: 

1-9. 

22 Giordano CN, Sinha AA. Cytokine networks in Pemphigus 

vulgaris: An integrated viewpoint. Autoimmunity 2012; 45: 427-

439. 

23 Satyam A, Khandpur S, Sharma VK, Sharma A. Involvement of 

T(H)1/T(H)2 cytokines in the pathogenesis of autoimmune skin 

disease-Pemphigus vulgaris. Immunol Invest  2009; 38: 498-509.  

24 Arakawa M, Dainichi T, Yasumoto S, Hashimoto T. Lesional 

Th17 cells in pemphigus vulgaris and pemphigus foliaceus. J 
Dermatol Sci 2009; 53: 228-231. 

25 Alecu M, Alecu S, Coman G, Galatescu E, Ursaciuc C. ICAM-1, 

ELAM-1, TNF-alpha and IL-6 in serum and blister liquid of 



38 

 

pemphigus vulgaris patients. Roum Arch Microbiol Immunol 
1999; 58: 121-130. 

26 Lopez-Robles E, Avalos-Diaz E, Vega-Memije E et al. 

TNFalpha and IL-6 are mediators in the blistering process of 

pemphigus. Int J Dermatol 2001; 40: 185-188. 

27 Feliciani C, Toto P, Amerio P. In vitro C3 mRNA expression in 

Pemphigus vulgaris: complement activation is increased by IL-

1alpha and TNF-alpha. J Cutan Med Surg 1999; 3: 140-144. 

28 Feliciani C, Toto P, Amerio P et al. In vitro and in vivo 

expression of interleukin-1alpha and tumor necrosis factor-

alpha mRNA in pemphigus vulgaris: interleukin-1alpha and 

tumor necrosis factor-alpha are involved in acantholysis. J 

Invest Dermatol 2000; 114: 71-77. 

29 Baroni A, Perfetto B, Ruocco E, Greco R, Criscuolo D, Ruocco V. 

Cytokine pattern in blister fluid and sera of patients with 

pemphigus. Dermatology 2002; 205: 116-121. 

30 Keskin DB, Stern JN, Fridkis -Hareli M, Razzaque Ahmed A. 

Cytokine profiles in pemphigus vulgaris patients treated with 

intravenous immunoglobulins as compared to conventional 

immunosuppressive therapy. Cytokine 2008; 41: 315-321. 

31 Choi Y, Nam KH, Lee JB et al. Retrospective analysis of 12 

Korean patients with paraneoplastic pemphigus. J Dermatol 
2012; 39: 973-981. 

32 D'Auria L, Bonifati C, Mussi A et al.  Cytokines in the sera of 

patients with pemphigus vulgaris: interleukin-6 and tumour 

necrosis factor-alpha levels are significantly increased as 

compared to healthy subjects and correlate with disease activity.  

Eur Cytokine Netw 1997; 8: 383-387. 

33 Nawijn MC, Dingjan GM, Ferreira R et al. Enforced expression 

of GATA-3 in transgenic mice inhibits Th1 differentiation and 

induces the formation of a T1/ST2-expressing Th2-committed 

T cell compartment in vivo. J Immunol 2001; 167: 724-732. 

34 Zheng W, Flavell RA. The transcription factor GATA-3 is 

necessary and sufficient for Th2 cytokine gene expression in 

CD4 T cells. Cell 1997; 89: 587-596. 

35 Hertl M, Amagai M, Sundaram H, Stanley J, Ishii K, Katz SI. 

Recognition of desmoglein 3 by autoreactive T cells in 

pemphigus vulgaris patients and normals. J Invest Dermatol 

1998; 110: 62-66. 

36 Veldman C, Stauber A, Wassmuth R, Uter W, Schuler G, Hertl M.  

Dichotomy of autoreactive Th1 and Th2 cell responses to 

desmoglein 3 in patients with pemphigus vulgaris (PV) and 

healthy carriers of PV-associated HLA class II alle les. J 



39 

 

Immunol 2003; 170: 635-642. 

37 Lin MS, Swartz SJ, Lopez A et al. Development and 

characterization of desmoglein-3 specific T cells from patients 

with pemphigus vulgaris. J Clin Invest 1997; 99: 31-40. 

38 Kaneko F, Minagawa T, Takiguchi Y, Suzuki M, Itoh N. Role of 

cell-mediated immune reaction in blister formation of bullous 

pemphigoid. Dermatology 1992; 184: 34-39. 

39 Wakugawa M, Nakamura K, Hino H et al. Elevated levels of 

eotaxin and interleukin-5 in blister fluid o f bullous pemphigoid: 

correlation with tissue eosinophilia. Br J Dermatol 2000; 143: 

112-116. 

40 Bhol KC, Rojas AI, Khan IU, Ahmed AR. Presence of interleukin 

10 in the serum and blister fluid of patients with pemphigus 

vulgaris and pemphigoid. Cytokine 2000; 12: 1076-1083. 

41 Giomi B, Caproni M, Calzolari A, Bianchi B, Fabbri P. Th1, Th2 

and Th3 cytokines in the pathogenesis of bullous pemphigoid. J 
Dermatol Sci 2002; 30: 116-128. 

42 Rizzo C, Fotino M, Zhang Y, Chow S, Spizuoco A, Sinha AA. 

Direct characterization of human T cells in pemphigus vulgaris 

reveals elevated autoantigen-specific Th2 activity in 

association with active disease. Clin Exp Dermatol 2005; 30: 

535-540. 

43 Korn T, Bettelli E, Oukka M, Kuchroo VK. IL-17 and Th17 Cells. 

Annu Rev Immunol 2009; 27: 485-517. 

44 Bettelli E, Oukka M, Kuchroo VK. T(H)-17 cells in the circle of 

immunity and autoimmunity. Nat Immunol 2007; 8: 345-350. 

45 Takahashi H, Amagai M, Nishikawa T, Fujii Y, Kawakami Y, 

Kuwana M. Novel system evaluating in vivo pathogenicity of 

desmoglein 3-reactive T cell clones using murine pemphigus 

vulgaris. J Immunol 2008; 181: 1526-1535. 

46 Iyer SS, Cheng G. Role of interleukin 10 transcriptional 

regulation in inflammation and autoimmune disease. Crit Rev 

Immunol 2012; 32: 23-63. 

47 Beebe AM, Cua DJ, de Waal Malefyt R. The role of interleukin-

10 in autoimmune disease: systemic lupus erythematosus (SLE) 

and multip le sclerosis (MS). Cytokine Growth Factor Rev 2002; 

13: 403-412. 

48 Tournoy KG, Kips JC, Pauwels RA. Endogenous interleukin-10 

suppresses allergen-induced airway inflammation and 

nonspecific airway responsiveness. Clin Exp Allergy 2000; 30: 

775-783. 

49 Nousari HC, Kimyai-Asadi A, Anhalt GJ. Elevated serum levels 

of interleukin-6 in paraneoplastic pemphigus. J Invest Dermatol 



40 

 

1999; 112: 396-398. 

50 Yee C, Biondi A, Wang XH et al. A possible autocrine role for 

interleukin-6 in two lymphoma cell lines. Blood 1989; 74: 798-

804. 

51 O'Toole EA, Mak LL, Guitart J et al. Induction of keratinocyte 

IL-8 expression and secretion by IgG autoantibodies as a novel 

mechanism of epidermal neutrophil recruitment in a pemphigus 

variant. Clin Exp Immunol 2000; 119: 217-224. 

52 Sjogren F, Anderson C. Sterile trauma to normal human dermis 

invariably induces IL1beta, IL6 and IL8 in an innate response to 

"danger". Acta Derm Venereol 2009; 89: 459-465. 

53 De Jongh CM, Verberk MM, Withagen CE, Jacobs JJ, 

Rustemeyer T, Kezic S. Stratum corneum cytokines and skin 

irritation response to sodium lauryl sulfate. Contact Dermatitis 

2006; 54: 325-333. 

54 Strickland I, Rhodes LE, Flanagan BF, Friedmann PS. TNF-

alpha and IL-8 are upregulated in the epidermis of normal 

human skin after UVB exposure: correlation with neutrophil 

accumulation and E-selectin expression. J Invest Dermatol 
1997; 108: 763-768. 

55 Pardo J, Mercader P, Mahiques L, Sanchez-Carazo JL, Oliver V, 

Fortea JM. Infliximab in the management of severe pemphigus 

vulgaris. Br J Dermatol 2005; 153: 222-223. 

56 Daulat S, Detweiler JG, Pandya AG. Development of pemphigus 

vulgaris in a patient with psoriasis treated with etanercept. J 
Eur Acad Dermatol Venereol 2009; 23: 483-484. 

57 Fiorentino DF, Garcia MS, Rehmus W, Kimball AB. A pilot study 

of etanercept treatment for pemphigus vulgaris. Arch Dermatol 
2011; 147: 117-118. 

 



41 

 

< ABST RACT (IN KORE AN)> 

 

천포창 환자의 혈청 싸이토카인 발현 양상 분석 

 

< 지도교수 김수찬 > 

 

연세대학교 대학원 의학과 

 

이상희 

 

천포창은 피부와 점막에 수포를 형성하는 만성 질환으로, 각질형

성세포 표면에 존재하는 desmoglein에 대한 자가항체에 의해 발병

하는 자가면역질환으로 알려져 있다. 조직학적으로는 각질형성세포 

사이의 결합이 풀어지는 현상인 가시세포분리를 특징적으로 하며, 

수포가 형성되는 위치와 임상소견, 그리고 자가항원에 따라 크게 보

통천포창, 낙엽천포창, 종양수반천포창, 그리고 IgA 천포창 의 4가

지 아형으로 나눌 수 있다. 천포창은 자가항체의 형성이 질환의 발

생에 중요한 것으로 알려져 있으나, 자가반응 T세포가 항체의 생성

과 유지에 관여하므로 이들에서 분비되는 싸이토카인의 역할이 주

목되어 왔다. 그 동안의 천포창의 싸이토카인에 대한 연구들을 살펴

보면, 싸이토카인의 증가 혹은 감소가 단편적으로만 보고되어 왔고 

상반되는 결과들이 공존하여 전체적인 싸이토카인의 역할에 대해서 

이해가 부족한 상태이다.  

이에 본 연구에서는 천포창 환자의 혈청에서 일곱가지 다른 

싸이토카인의 발현 양상을 분석하여, 보통천포창, 낙엽천포창, 

종양수반천포창의 각 질환에서 나타나는 T세포의 종류 및 

면역반응의 성격을 확인하고, 유천포창과 정상 대조군과 비교하고자 

하였다.  

총 75명의 혈청 (보통천포창 28개, 낙엽천포창 13개, 

종양수반천포창 7개, 유천포창 7개, 정상대조군 20개)으로 분석을 

시행하였다. ELISA를 통해 Th1, Th2, Th17 및 조절 T세포에서 

분비되는 대표적 싸이토카인인 IFN-γ, IL-4과 IL-6, IL17A, IL-

10과 염증성 싸이토카인 TNF-α, IL-8 에 대해 조사하였다.  
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IFN-γ의 중앙값은 보통천포창과 유천포창 환자군에서 

정상대조군에 비해 낮게 나타났으며 (0.765, 0.34 vs. 1.63 pg/ml), 

IL-6과 IL-10은 종양수반천포창에서 정상대조군에 비해 의미있게 

높은 값을 보였다 (IL-6: 4.92 vs. 0.24 pg/ml, IL-10: 0.86 vs.  

<0.12 pg/ml). IL-8은 보통천포창과 종양수반천포창에서 의미있게 

높게 나타났다 (11.85, 31.5 vs. 8.31 pg/ml). IL-4, IL-17A, TNF-α 

는 통계학적으로 유의미한 차이를 보이는 군은 없었다.  

보통천포창에서 보인 IFN-γ의 감소는 보통천포창의 활성기에 

Th1반응이 감소된 것을 의미할 수 있을 것으로 생각된다. 

종양수반천포창에서는 IL-10과 IL-6의 증가가 관찰되었으며 Th2 

우세한 반응이 활성기에 나타나는 것으로 생각된다. 보통천포창과 

종양수반천포창에서는 IL-8의 증가가 관찰되었다. 본 연구 결과는 

천포창의 복잡한 싸이토카인 네트워크를 이해하는데 필요한 중요한 

연구 자료가 될 수 있을 것이며, 더 나아가 임상적인 측면에서는 

천포창 치료의 새로운 표적을 발견하는데 도움이 되는 이론적 

배경을 제공할 수 있을 것으로 생각된다. 
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