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Purpose: To investigate the expression of Plasmacytoid Dendritic Cells (pDCs) and TLR7/9-MyD88-IRAKs pathway in chronic 
eczema lesions.
Patients and Methods: Lesional tissues and the surrounding healthy tissues were collected from 25 individuals with chronic 
eczema, and immunohistochemistry was used to detect and comparatively analyze the expression profile of CD123, CD2AP, toll-like 
receptor 7 (TLR7), toll-like receptor 9 (TLR9) along with interleukin-1 receptor-associated kinase 1 (IRAK1) and interferon regulatory 
factor 7 (IRF7) in signaling pathways.
Results: The positive rates of CD2AP + pDC and CD123 + pDC in lesional tissues were significantly elevated compared to the 
surrounding healthy tissues (P < 0.05). They were distributed in both the epidermal and dermal layers of the lesional tissue, but the 
majority were in the dermal layer. The TLR7, TLR9, IRAK1 and IRF7 were more expressed in dermal layers of the lesional tissue 
with higher positive rates of expression compared to the surrounding healthy tissues (P < 0.05). IRAK1 and IRF7 were expressed in 
a small amount in the epidermal layer with higher positive rates of expression than in the surrounding healthy tissues (P < 0.05), while 
the positive rates of TLR7 and TLR9 expression in the epidermal layer were not statistically different from those in the surrounding 
healthy tissues (P > 0.05).
Conclusion: PDC and TLR7/9-MyD88-IRAKs pathways are actively expressed in chronic eczema lesions and may be involved in 
pathogenesis and disease progression.
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Introduction
As a group of inflammatory skin diseases with exudative tendencies caused by a variety of internal and external factors, 
eczema has a high recurrence rate in clinical practices, and long-term use of glucocorticoid for the treatment of the 
disease has great side effects, seriously reducing the quality of life of patients. Although there has been much clinical 
research on eczema (including specific types of eczema such as atopic dermatitis, hand and foot eczema, etc.) nationally 
as well as internationally along with a focus on its treatment, however, its pathogenesis has not yet been clarified. 
Recently, research on related traditional Chinese medicine in the treatment of eczema has been increasing compared to 
before. However, due to individual differences and the complexity of eczema, no clear therapeutic regimen has been 
formed. Therefore, the pathogenesis associated with chronic eczema and its treatment needs to be figured out urgently. 
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This research studied plasmacytoid dendritic cells and TLR7/9-MyD88-IRAKs signal pathways and explored the 
relationship between CD2AP, CD123, toll-like receptor 7 (TLR7), toll-like receptor 9 (TLR9), interleukin-1 receptor- 
associated kinase 1 (IRAK1), type-I interferon regulatory factor 7 (IRF7) expression along with the pathogenesis of 
chronic eczema by immunohistochemistry, providing relevant research support for understanding the pathogenesis of 
chronic eczema.

Materials and Methods
Lesional Tissues
The lesional tissues and the surrounding healthy tissues for this study were collected from 25 individuals with chronic 
eczema between January 1, 2012, and December 30, 2021, at the Department of Dermatology, Zhejiang Provincial 
People’s Hospital, and all the included subjects met the diagnostic criteria for clinical chronic eczema. Individuals having 
diseases like viral hepatitis, autoimmune diseases, tuberculosis, or diabetes were all excluded from this study. The 
medical ethics committee of the hospital approved this research (QT2022282).

The Main Reagents
Rabbit anti-human CD2AP monoclonal antibody and mouse anti-human CD123 monoclonal antibody were bought from 
Abcam, USA, and rabbit anti-human IRAK1 monoclonal antibody, rabbit anti-human IRF7 monoclonal antibody, mouse 
anti-human TLR7 monoclonal antibody, and rabbit anti-human TLR9 monoclonal antibody were bought from CST, USA. 
Hydrogen peroxide, antigen retrieval solution, HRP-conjugated secondary antibody, and DAB chromogenic solution for 
immunohistochemistry were purchased from Beijing Solarbio Life Sciences.

Methods
CD2AP, CD123, IRAK1, IRF7, TLR7, and TLR9 were obtained from lesional tissues and surrounding healthy tissues of 
25 individuals with chronic eczema for immunohistochemical staining, and paraffin sections were made after fixation in 
4% paraformaldehyde, and serial sections of 4 μm were performed. The immunohistochemical procedure was as follows: 
firstly, the tissue samples were baked in an oven at 60 ° C for half an hour to melt the wax, followed by xylene-gradient 
ethanol-water dewaxing and immersion. Subsequently, to remove endogenous peroxidase hydrogen peroxide was added; 
then the antigen was retrieved using antigen retrieval solution (EDTA Antigen Retrieval solution), and after membrane 
penetration and blocking, diluted primary antibodies (rabbit anti-human CD2AP monoclonal antibody 1:100 dilution, 
mouse anti-human CD123 monoclonal antibody 1:100 dilution, rabbit anti-human IRAK1 monoclonal antibody 1:50 
dilution, rabbit anti-human IRF7 monoclonal antibody 1:200 dilution, mouse anti-human TLR7 monoclonal antibody 
1:50 dilution, and rabbit anti-human TLR9 monoclonal antibody 1:100 dilution) were added followed by overnight 
incubation. The primary antibody was washed off after removal the next day followed by incubation at room temperature 
with HRP secondary antibody. Afterward, DAB was used for color rendering, hematoxylin was used to stain the nucleus, 
and the slides were mounted to observe and record the results.

Figure 1 Expressions of CD2AP in chronic eczema lesions and the perilesional normal skin at the edge (SP *400). (a) Epidermic of skin lesion. (b) Dermis of skin lesion. (c) 
Perilesional normal skin. (a) More CD2AP+ monocyte-like cells with brown cytoplasm were observed in the epidermal of chronic eczema lesions. (b) More CD2AP+ 
monocyte-like cells with brown cytoplasm were observed in the dermal papillary layer of chronic eczema lesion. (c) Almost no of CD2AP+ monocyte-like cells with brown 
cytoplasm were observed in both epidermal and papillary layer of perilesional normal skin of the lesion.
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Interpretation of Immunohistochemical Staining Results
Cells presenting brownish-yellow or yellow-brown granules in the cell membrane and/or cytoplasm under optical 
microscopy were positive cells. Positive rate = the number of cases containing positive cells/total number of cases * 
100%. The expression intensity was scored semi-quantitatively according to the percentage of positive cells and staining 
intensity: five lesional skin tissues dominated by the epidermis and five lesional tissues dominated by the superficial 
dermis were randomly selected from each section under a 400-magnification optical microscope, and the expression 
intensity of each field was counted. Intensity score (A): 0 points represented unstained cells; 1 point represented 
yellowish color; 2 points represented brownish-yellow; 3 points represented dark brown. Positive cell rate score (B): 
positive cell rate < 33% counted as 1 point; 33% ~ 66% counted as 2 points; > 66% counted as 3 points. The expression 
intensity of a single field was equal to that of A*B. Expression intensity, in this case, = expression intensity in 5 random 
fields/5. Normal skin around the lesion was counted in the same manner as the lesion.

Statistical Processing Was Performed Using SPSS 25.0 Statistical Software
Non-normally distributed measurement data were represented as M (P25, P75), and the Mann–Whitney U-test was used 
to compare the two groups. Enumeration data were shown as frequency and constituent ratio, and the x2 test was used to 
compare the two groups. P < 0.05 indicated a statistically significant value.

Results
Expression and Distribution of CD2AP in Chronic Eczema
CD2AP was expressed in the dermis and epidermal layers of skin tissue, mainly in the basal layer of the epidermis and 
papillary dermis (Figure 1). The positive rate of CD2AP + pDC in the epidermal layer of lesional tissues was notably higher 
than in the epidermal layer of surrounding healthy tissues (P < 0.05), while the expression intensity of CD2AP was 
substantially elevated compared to surrounding healthy tissues (P < 0.05). Similarly, the positive rate of CD2AP + pDC in 
the dermal layer of lesional tissues was significantly higher than in the surrounding healthy skin tissues (P < 0.05), and the 
expression intensity of CD2AP was substantially elevated compared to the surrounding healthy tissues (P < 0.05) (Table 1).

Table 1 The Positive Rate and Intensity of CD2AP Expression in 25 Cases of Chronic Eczema and 18 
Cases of Normal Skin Around Eczema

Groups n Epidermic Epidermic

Positive Rate [n(%)] Expression Positive Rate [n(%)] Expression

Skin lesion 25 25 (100%) 2.8 (2.0, 3.7) 25 (100%) 4.3 (3.5, 5.1)

Perilesional normal skin 18 13 (72.2%) 0.9 (0.4, 1.3) 6(33.3%) 0.5 (0.0, 1.1)

P <0.05 <0.05 <0.05 <0.05

Figure 2 Expressions of CD123 in chronic eczema lesions and the perilesional normal skin at the edge (SP *400). (a) Epidermic of skin lesion. (b) Dermis of skin lesion. (c) 
Perilesional normal skin. (a) A few CD123+ monocyte-like cells with brown cytoplasm were observed in the epidermal of chronic eczema lesions. (b) More CD123+ 
monocyte-like cells with brown cytoplasm were observed in the dermal papillary layer of chronic eczema lesion. (c) Almost no of CD123+ monocyte-like cells with brown 
cytoplasm were observed in both epidermal and papillary layer of perilesional normal skin of the lesion.
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Expression and Distribution of CD123 in Chronic Eczema
CD123 is mainly expressed in the dermis with a small amount in the epidermal layer, mainly in the basal layer 
(Figure 2). The positive rate of CD123 + pDC in the epidermal layer of lesional tissues was notably higher than in 
the epidermal layer of surrounding healthy tissues (P < 0.05), while the expression intensity of CD123 was 
considerably elevated compared to the surrounding healthy tissues (P < 0.05). Similarly, the positive rate of 
CD123 + pDC in the dermal layer of lesional tissues was much higher compared to the surrounding healthy skin 
tissues (P < 0.05), and the expression intensity of CD123 was remarkably increased compared to the surrounding 
healthy tissues (P < 0.05) (Table 2).

Expression and Distribution of TLR7 in Chronic Eczema
TLR7 was mostly expressed in the cell cytoplasm, mainly in the papillary dermis of chronic eczematous lesions (Figure 3). 
The positive rate of TLR7 expression in the epidermis was increased compared to the surrounding healthy tissues (P < 0.05). 
However, the expression intensity was not significantly different from that in the surrounding healthy tissues (P > 0.05). The 
positive rate and expression intensity of TLR7 expression in the dermis were much higher than in the surrounding healthy 
tissues (P < 0.05) with almost no expression of related factors in the surrounding healthy tissues (Table 3).

Expression and Distribution of TLR9 in Chronic Eczema
TLR9 was expressed in the epidermis of chronic eczema lesions and tissues around the lesions, and the positive rate and 
there was no notable variation in the positive rate and expression intensity compared to those of the surrounding healthy 
tissues (P > 0.05), mainly in the basal layer of the epidermis and the cytoplasm of cells. The positive rate and intensity of 
TLR9 expression in the dermis were significantly higher than in the surrounding healthy tissues (P < 0.05), and were 
expressed in the nucleus and cytoplasm of the dermis (Figure 4) (Table 4).

Table 2 The Positive Rate and Intensity of CD123 Expression in 22 Cases of Eczema and 18 Cases of 
Normal Skin Around Eczema

Groups n Epidermic Epidermic

Positive Rate [n(%)] Expression Positive Rate [n(%)] Expression

Skin lesion 22 17 (77.3%) 0.8 (0.5, 1.2) 22 (100%) 2.5 (1.7, 3.4)

Perilesional normal skin 18 7 (29.2%) 0.3 (0.0, 0.5) 9 (50%) 0.8 (0.2, 1.4)

P <0.05 <0.05 <0.05 <0.05

Figure 3 Expressions of TLR7 in chronic eczema lesions and the perilesional normal skin at the edge (SP *400). (a) Epidermic of skin lesion. (b) Dermis of skin lesion. (c) 
Perilesional normal skin. (a) A few TLR7+ cells with brown cytoplasm were observed in the epidermal of chronic eczema lesions. (b) A few TLR7+ cells with brown 
cytoplasm were observed in the dermal papillary layer of chronic eczema lesion. (c) Few TLR7+ cells with brown cytoplasm were observed in both epidermal and papillary 
layer of perilesional normal skin of the lesion.
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Expression and Distribution of IRAK1 in Chronic Eczema
IRAK1 was mainly expressed in the superficial dermis of chronic eczema lesions, with a small amount in the 
epidermal layer, mainly in the basal layer and spinous layer and the expressing cells were monocytes (in their 
cytoplasm and nucleus) (Figure 5). The positive rate and intensity of IRAK1 expression in the epidermis of chronic 
eczema lesions were elevated compared to the surrounding healthy tissues (P < 0.05). The positive rate and 
expression intensity of IRAK1 in the dermis of chronic eczema lesions was increased compared to the adjacent 
tissues of the lesions (P < 0.05) (Table 5).

Expression and Distribution of IRF7 in Chronic Eczema
IRF7 is mainly expressed in the dermis with a small amount in the epidermal layer, mainly in the basal layer 
(Figure 6). The positive rate and expression intensity of IRF7 in the epidermal layer of lesional tissues was notably 
higher than in the epidermal layer of surrounding healthy tissues (P < 0.05). Similarly, the positive rate and 
expression intensity of IRF7 in the dermal layer of lesional tissues was much higher compared to the surrounding 
healthy tissues (P < 0.05) (Table 6).

Discussion
“Eczema”or“atopic dermatitis (AD)”is commonly described by intense itching, erythematous patches, blisters, scabs.1 

Related surveys demonstrate eczema as the disease with the highest rate of dermatology-related outpatient visits in 
China, including its highest rate of initial and subsequent visits.2 Meanwhile, foreign statistical studies on eczema 
showed that the overall prevalence of eczema was 9.9%,3 indicating that one in ten citizens was afflicted with chronic 
eczema. In addition, a multi-center study found that higher urbanization and traffic-related exposures may be risk factors 
for eczema in adults.4 With the development of urbanization, eczema might increasingly become a critical skin disease 
affecting people’s daily life. However, the pathogenesis of eczema has not yet been clarified, and it is generally known to 
be closely related to Th1/Th2 immune dysfunction.5 As an important type of eczema, atopic dermatitis has attracted 
increasing attention from relevant researchers and the public in recent years. Nakashima et al6 found that the main 

Table 3 The Positive Rate and Intensity of TLR7 Expression in 17 Cases of Chronic Eczema and 13 Cases 
of Normal Skin Around Eczema

Groups n Epidermic Epidermic

Positive Rate [n(%)] Expression Positive Rate [n(%)] Expression

Skin lesion 17 15 (88.2%) 1.4 (0.8, 2.1) 15 (88.2%) 1.4 (0.9, 1.9)

Perilesional normal skin 13 7 (53.8%) 0.7 (0.2, 1.1) 4 (30.8%) 0.2 (0.0, 0.4)

P <0.05 >0.05 <0.05 <0.05

Figure 4 Expressions of TLR9 in chronic eczema lesions and the perilesional normal skin at the edge (SP *400). (a) Epidermic of skin lesion. (b) Dermis of skin lesion. (c) 
Perilesional normal skin. (a) A few TLR9+ cells with brown cytoplasm were observed in the epidermal of chronic eczema lesions. (b) A few TLR9+ cells with brown 
cytoplasm were observed in the dermal papillary layer of chronic eczema lesion. (c) Few TLR9+ cells with brown cytoplasm were observed in both epidermal and papillary 
layer of perilesional normal skin of the lesion.
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cytokines in the pathogenesis of AD are Th2 cytokines, but Th1 and Th17 immune responses might also be involved in 
the pathogenesis of some AD subtypes and chronic AD lesions. More studies have found that atopic dermatitis is not 
limited to Th1 and Th2 immune dysfunction but is caused by Th1/Th2/Th17/Treg multiple cell subsets. At present, the 
clinical use of Anti-Interleukin-4/Interleukin-13 (Anti-IL-4/IL-13) monoclonal antibody-targeted biological agents, Janus 
kinase 1 (JAK1) inhibitors and topical glucocorticoids and other treatment methods can effectively relieve clinical 
symptoms.7–9 However, the condition is still easy to recur, and long-term medication has side effects and causes 
economic pressure. Therefore, there is no effective way to cure AD. Specific monoclonal antibodies against Th1 and 
Th17 pathways have been found to be more prone to major side effects compared with Th2 in clinical trials.10 The 
pathogenesis and progression of atopic dermatitis and eczema need to be further explored. The cases selected in this 
study were mainly chronic eczematous lesional tissues, and the possibility of their further diagnosis of atopic dermatitis 
could not be ruled out.

PDCs: a recently discovered subtype of characteristic dendritic cells (DCs) derived from lymphoid precursor 
DCs with plasmacytoid morphology, and CD2AP and CD123 are specific surface marker molecules for pDCs.11–13 

Previous studies have found a significant increase in pDCs and partially activated TLR signaling pathways (TLR7/ 
9, IRAK1, IRF7) in psoriasis vulgaris lesions;14 an increase in pDCs but inactivated TLR signaling pathways in 
verruca vulgaris (VV) lesions.15 Lin et al16 found that epidermal sensitizer protein allergen (EC) is the most 
essential sensitization pathway in atopic dermatitis. PDCs mediate the regulation of dermal dendritic cells (dDCs) 
via IFN-γ and reduces Th2 responses resulting from EC sensitization. PDC is capable of generating large amounts 
of type I interferons.17 This function plays a critical role in effective antiviral defense. Factors such as impaired 
epidermal barrier function, chronic inflammation, and disturbed skin flora all contribute to increased viral 
susceptibility in AD patients.18–20 Chronic eczematous lesions also present similar problems. This study found 
that CD2AP and CD123 specifically expressed in pDC were higher in chronic eczema lesions than in normal 
lesions, suggesting that pDCs accumulate in chronic eczema lesions, mainly in the superficial dermis and basal 
layer of the epidermis.

Table 4 The Positive Rate and Intensity of TLR9 Expression in 16 Cases of Chronic Eczema and 14 Cases 
of Normal Skin Around Eczema

Groups n Epidermic Epidermic

Positive Rate [n(%)] Expression Positive Rate [n(%)] Expression

Skin lesion 16 16 (100%) 1.7 (1.3, 2.1) 15 (93.8%) 2.5 (1.5, 3.5)

Perilesional normal skin 14 12 (85.7%) 1.1 (0.7, 1.4) 8 (57.1%) 0.5 (0.2, 0.9)

P >0.05 >0.05 <0.05 <0.05

Figure 5 Expressions of IRAK1 in chronic eczema lesions and the perilesional normal skin at the edge (SP *400). (a) Epidermic of skin lesion. (b) Dermis of skin lesion. (c) 
Perilesional normal skin. (a) More IRAK1+ cells with brown cytoplasm were observed in the epidermal of chronic eczema lesions. (b) More IRAK1+ cells with brown 
cytoplasm were observed in the dermal papillary layer of chronic eczema lesion. (c) Almost no of IRAK1+ cells with brown cytoplasm were observed in both epidermal and 
papillary layer of perilesional normal skin of the lesion.
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PDCs can highly express TLR7 and TLR8 as well as TLR9.21 TLR-mediated signaling plays an important role 
in initiating adaptive immunity. Vijay Kumar22 have revealed that TLR-mediated signaling can directly regulate 
effector T cells and Treg cells. Activation of TLR8 signaling plays a significant role in the pathogenesis of AD.23 

TLR7, TLR8 and TLR9 are localized in intracellular compartments, such as the endoplasmic reticulum, endo-
some, lysosome, or endolysosome, which are highly homologous and may directly or indirectly affect the 
pathogenesis of AD. TLR signaling pathways are roughly divided into MyD88- and TRIF-dependent pathways 
according to specific adaptor recruitment.24 MyD88 can activates the NF-κB signaling pathway.25 NF-κB is 
another distal signaling pathway during mast-cell activation and is a pivotal transcription factor associated 
with AD.26,27 TLR7 and TLR9 recruit an adaptor MyD88 containing a Toll-IL-1 receptor (TIR) domain.28 

Through TLR7/9-MyD88-IRAKs channels, interleukin 1 receptor-binding kinase-related family IRAKs, are 
recruited to form a complex with MyD88, Myddosome. Among TLR7, TLR8, and TLR9 signaling in pDCs, 
IRF7 can bind to the Myddosome and is directly activated by IRAK1 and so on. Activation of IRF7 leads to the 
induction of Type I IFN.29 And elevated IFN-α can further up-regulate TLR7,30,31 To a certain extent, it plays 
a positive feedback effect. This research revealed that TLR7/9 expression was notably elevated in dermal tissues 
of chronic eczema lesions than in the surrounding healthy tissues. At the same time, IRAK1 and IRF7 down-
stream of the TLR7/9-MyD88-IRAKs pathway were also higher than in the surrounding healthy tissues, mainly in 
the papillary dermis. Considering that the TLR7/9-MyD88-IRAKs pathway is involved in the inflammatory 
response to chronic eczema.

Conclusion
In summary, this study investigated the active expression of plasmacytoid dendritic cells (pDCs) and TLR7/9-MyD88- 
IRAKs pathway in chronic eczema, which suggests that the abnormal increase of pDCs and the abnormal activation of 
TLR signaling may be involved in the pathogenesis and disease progression of chronic eczema. This research provides 
a theoretical basis and new directions for the mechanistic study of related subsequent chronic eczema treatment to 
a certain extent.

Table 5 The Positive Rate and Intensity of IRAK1 Expression in 23 Cases of Chronic Eczema and 20 
Cases of Normal Skin Around Eczema

Groups n Epidermic Epidermic

Positive Rate [n(%)] Expression Positive Rate [n(%)] Expression

Skin lesion 23 22 (95.7%) 1.8 (1.3, 2.3) 22 (95.7%) 3.7 (2.7, 4.6)

Perilesional normal skin 20 10 (50%) 0.8 (0.5, 1.2) 9 (45) 0.4 (0.2, 0.6)

P <0.05 <0.05 <0.05 <0.05

Figure 6 Expressions of IRF7 in chronic eczema lesions and the perilesional normal skin at the edge (SP *400). (a) Epidermic of skin lesion. (b) Dermis of skin lesion (c) 
Perilesional normal skin. (a) More IRF7+ cells with brown cytoplasm were observed in the epidermal of chronic eczema lesions. (b) More IRF7+ cells with brown cytoplasm 
were observed in the dermal papillary layer of chronic eczema lesion. (c) Almost no of IRF7+ cells with brown cytoplasm were observed in both epidermal and papillary 
layer of perilesional normal skin of the lesion.
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Abbreviations
IRF 7, interferon regulatory factor 7; IRAK1, interleukin-1 receptor-associated kinase 1; LCs, Langerhans cells; pDCs, 
plasmacytoid dendritic cells; TLR7, toll-like receptor 7; TLR9, toll-like receptor 9; VV, verruca vulgaris; DCs, dendritic 
cells.
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