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Background: Atopic dermatitis (AD) is a chronic and recurrent inflammatory skin disease that can be triggered by various 
precipitating factors, including colonization by Staphylococcus aureus (S. aureus). The toll-like receptor (TLR), which belongs to 
the family of pattern recognition receptors (PRR), can recognize components of S. aureus, such as staphylococcal enterotoxin 
B (SEB). This receptor is known to be expressed on monocytes. However, the understanding of the role of SEB in the pathogenesis 
of AD through the TLR pathway, especially TLR2 and TLR6, is not widely known.
Purpose: To investigate the expression of TLR2 and TLR6 on peripheral blood monocytes induced by SEB during AD 
exacerbations. 
Patients and Methods: Twenty AD patients and 20 healthy subjects as a control group were selected. A 5 mL blood sample from 
each subject was taken for monocyte culture, which was induced by SEB for three days, and the outcomes were assessed by flow 
cytometry to evaluate TLR2 and TLR6 expression.
Results: The expression of TLR2 on peripheral blood monocytes in AD patients was increased compared to healthy controls (p = 
0.000), but not for the expression of TLR6 (p = 0.304). In the AD group, TLR2 and TLR6 expression on peripheral blood monocytes 
after being induced by SEB was significantly increased compared to before induction (p = 0.025 and p = 0.023, respectively), but not 
in the control group (p = 0.737 and p = 0.100, respectively).
Conclusion: There is significantly increased expression of TLR2 and TLR6 on peripheral blood monocytes induced by SEB during 
exacerbation in AD patients.
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Introduction
Atopic dermatitis (AD) is a common, chronic, and relapsing inflammatory skin disease with an increasing incidence 
during the past few decades, especially in developing countries.1,2 The etiology and pathogenesis of AD are influenced 
by numerous factors, both intrinsic and extrinsic, as well as the interaction of these two factors. Intrinsic factors include 
genetics, impaired skin barrier function, and dysregulation of immune factors, while extrinsic factors come from the 
environment, namely inhaled and food allergens, infections, irritants, and pollutants.3,4 Impaired barrier function will 
increase the chance of exposure to contactants (irritants and allergens) and facilitate the colonization and infection of 
pathogenic bacteria, particularly Staphylococcus aureus (S. aureus).5,6

S. aureus produces enterotoxins with superantigenic character, such as staphylococcal enterotoxin B (SEB). SEB plays 
a major role in the exacerbation and severity of AD.7 This is due to the binding of toll-like receptors (TLRs) on the dendritic 
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cell membrane with the SEB pathogen, which will activate the innate immune response through the activation of nuclear factor 
kappa B (NF-kB), the main regulator of the inflammatory response, which produces various cytokines and chemokines.8,9

Human TLRs are transmembrane glycoproteins composed of extracellular leucine-rich repeats (LRRs), 
a transmembrane domain, and a cytoplasmic tail containing a Toll/IL-1 receptor (TIR) domain. Each TLR can recognize 
a distinct set of pathogen-associated molecular patterns (PAMPs) either through direct or indirect interaction.10 TLR is 
essential for both initiating innate immune responses and regulating adaptive immunity. Regulation of TLR expression 
may be important in the pathogenesis of inflammatory skin diseases such as psoriasis and AD.11 TLR2 is functionally 
active as a heterodimer in cooperation with TLR1 or TLR6 to achieve specificity and discriminate subtle differences in 
the repertoire of bacterial lipoproteins. TLR2 has emerged as a principle of receptor in combating Gram-positive bacteria, 
especially S. aureus.12 TLR2 forms heterodimers with TLR1 and TLR6 to interact with a rather broad spectrum of 
ligands. TLR2 can bind ligands of lipoproteins/lipopeptides, peptidoglycans, lipopolysaccharides, and lipoarabinoman-
nan that are components of Gram-positive bacteria.13

TLR6 is known to be specific for diacilated lipopeptides such as lipoteichoic acid that can be found on the cell wall of 
Gram-positive bacteria. After ligand recognition, the TLR6 receptor dimerizes with TLR2. Ligand-mediated dimerization 
is crucial for recruiting the adaptor proteins, which are necessary for transmitting the signal inside the cell.14 The TLR2/6 
heterodimer, just as most of the TLRs, generally induces the myeloid differentiation protein 88 (MyD88)-dependent 
intracellular signaling pathway, which leads to nuclear translocation of NF-kB, resulting in the production of pro- 
inflammatory cytokines, and MyD88 also activates mitogen-activated protein kinases (MAPKs).10

TLR distribution can be found on various immune cells, such as the expression of TLR2 and TLR6, which can be 
detected on monocytes that recognize S. aureus secreted toxins and contribute to the priming of naive T cells into Th2 
cells through activation and overexpression of TLR2.9 TLRs induce the expression of antimicrobial effector molecules 
and the release of various proinflammatory and immunomodulatory cytokines, which lead to the activation of adaptive 
immune responses.13 This study aimed to determine the expression of TLR2 and TLR6 on peripheral blood monocytes 
induced by SEB during the exacerbation of AD patients.

Materials and Methods
Study Population and Inclusion Criteria
The study was approved by the Institutional Review Board of the Health Research Ethics Committee in Universitas 
Padjadjaran, Bandung, West Java, Indonesia number 241/UN6.KEP/EC/2020 and conducted in accordance with the latest 
version of the Declaration of Helsinki. Each subject gave written informed consent prior to enrollment, and for 
participants under 18 years of age, informed consent was obtained from the parents or guardian at the time of data 
collection.

Twenty AD patients with an exacerbation and twenty healthy individuals were chosen as subjects. The AD patients 
were clinically diagnosed by dermatologists, then evaluated the severity of their condition using the Scoring Atopic 
Dermatitis (SCORAD) index.14 The inclusion criteria were AD patients older than two years old, and the exclusion 
criteria were subjects who had the other skin diseases and had received a topical or oral corticosteroids, immunosup-
pressants, or antibiotics within the previous 14 days. For healthy individuals, exclusion criteria were having previous skin 
diseases, including AD, allergies or significant underlying diseases, and a history of taking medications, including 
corticosteroids, immunosuppressants, and antibiotics.

Monocyte Isolation from PBMC Culture
About 5 mL of blood was collected in a tube with heparin as an anticoagulant. Monocytes were separated from the other 
blood components using the Ficoll-Hypaque density gradient method. The blood was diluted in 5 mL of Hank’s solution 
(Sigma-Aldrich, Missouri, USA) in a 1:1 proportion and mixed well. About 5 mL of Ficoll-Hypaque (Sigma-Aldrich, 
Missouri, USA) was carefully added to the bottom of the tube, such that the blood remained on top and was not mixed. 
The tubes were centrifuged for 30 minutes at 400 g. The upper solutions were discarded, leaving approximately 1.5 cm 
above the white ring of monocytes. Next, the monocytes were harvested and transferred to another tube. Then, a wash 
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was performed by adding Hank’s solution to a final volume of 15 mL. After that, the tubes were centrifuged for 15 
minutes at 500 g and the supernatants were discarded. This washing procedure was repeated twice. The pellet was 
resuspended in 1 mL of RPMI medium (Sigma-Aldrich, Missouri, USA) containing 15% human serum. The monocytes 
were cultured with medium and 15% human serum. The monocytes were either left unstimulated or were stimulated with 
SEB (R&D Systems, Minneapolis, USA) 1 μg/mL and incubated at 37 °C in a 5% CO2 incubator for three days.

Flow Cytometry
Take 100 mL of PBMCs that have been separated from the supernatant, then homogenized and incubated with 10 mL of 
TLR2/CD282 or TLR6/CD286 and CD14 antibodies (to separate monocytes from other mononuclear cells) for 15 
minutes in the refrigerator (dark at 40 °C). Next, wash with 1% PBS or BSA twice. Then, centrifuge at 1500 rpm for 5 
minutes without braking and discard the supernatant by pouring. After that, each tube was resuspended in 1% PBS or 
BSA. Finally, read using a flow cytometer with a reading duration of 10.000 events.

Statistical Analysis
Results were expressed as mean, standard deviation, and median. Statistically significant differences were defined as a p 
value less than 0.05. The Wilcoxon test was used to compare differences between SEB exposed and without exposure. 
The Mann–Whitney test was used to compare differences between the AD and healthy control.

Result
Demographics of Study Participants
The majority of the study participants with AD were female (75%), older than 18 years (75%), with a senior high school 
degree (30%), and were general employees (30%). While most of the healthy control group were females (65%), aged 
more than 18 years (95%), with an age range of 16–49 years old, with bachelor’s degrees (60%), and worked as general 
employees (45%), based on these comparability results (Table 1), the characteristics of age and gender in the two study 
groups showed no significant difference (p > 0.05).

Clinical characteristics of AD patients showed that the most common AD duration was more than six months (55%) 
and they had an AD exacerbation between 2 and 18 years of age (60%). Moderate AD was the most frequently found 
(70%), even though all participants in this study had a history of previous treatment (Table 2).

TLR2 Expression on Peripheral Blood Monocytes Induced by SEB During AD 
Exacerbation and Healthy Controls
The results of TLR2 expression on peripheral blood monocytes of AD patients and healthy controls before and after 
induction of SEB can be seen in Table 3. The mean expression of TLR2 on peripheral blood monocytes of AD patients 
after induction of SEB (45,489) was higher than without exposure (38,848) with p value 0.025.

The mean of TLR2 expression on peripheral blood monocytes was higher in healthy controls without exposure (26,843) 
than in SEB-induced (22,949) with p value 0.737. The comparison of TLR2 expression on peripheral blood monocytes 
of AD patients to healthy controls, without exposure or after SEB stimulation, were significant elevations (p = 0.000).

TLR6 Expression on Peripheral Blood Monocytes Induced by SEB During AD 
Exacerbation and Healthy Controls
The results of TLR6 expression on peripheral blood monocytes of AD patients and healthy controls before and after 
induction of SEB can be seen in Table 4. The mean expression of TLR6 on peripheral blood monocytes of AD patients 
after SEB induction (9.532) was higher than without exposure (7.912) with p value 0.023.

The mean of TLR6 expression on peripheral blood monocytes of healthy controls after induction of SEB (6054) was 
higher than without exposure (5387) with p value 0.100. There was no significant increase in TLR6 expression on 
peripheral blood monocytes of AD patients compared to healthy controls before induction of SEB (p = 0.304), but there 
was a significant increase after SEB induction (p = 0.011).
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Discussion
During AD exacerbations, S. aureus may act as a conventional antigen or as a superantigen to activate T cells. As 
a powerful toxin belonging to the toxin family, SEB is referred to as a superantigen.15,16 This enterotoxin is reported to 

Table 1 Demographics of Study Participants

Demographic 
Characteristics

Atopic Dermatitis 
(n=20)

Healthy Individuals 
(n=20)

P value

n (%) n (%)

Gender
Male 5 (25) 7 (35) 0.490*

Female 15 (75) 13 (65)

Age (Year)
≤ 18 5 (25) 19 (95) 0.924**

> 18 15 (75) 1 (5)

Mean (SD) 26.5 (11.35) 25.85 (9.46)
Age Range 10–47 16–49

Education
Primary school 2 (10) 0
Junior high school 2 (10) 2 (10)

Senior high school 10 (30) 6 (30)

Bachelor 6 (50) 12 (60)
Occupation

Do not have job

- Student 5 (25) 1 (5)
- College Student 4 (20) 5 (25)

- Housewife 3 (15) 3 (15)

Civil servants 2 (10) 2 (10)
General employees 6 (30) 9 (45)

Notes: *Chi-square test, **Mann–Whitney test.

Table 2 Clinical Characteristics of Atopic Dermatitis 
Patients

Clinical Characteristic Atopic Dermatitis 
(n=20)

n %

AD duration
< 6 months 9 45

> 6 months 11 55

AD onset or exacerbation
Age < 2 years 3 15

Age 2–18 years 12 60

Age > 18 years 5 25
Severity (SCORAD index)

Mild (0–25) 2 10

Moderate (26–49) 14 70
Severe (≥ 50) 4 20

History of medication
Yes 10 100
No 0 0
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have a relationship with several disease events, one of which contributes to the development of numerous allergy 
disorders such as AD.17 Superantigen also induces immunoglobulin (Ig) E, which can aggravate allergic skin 
inflammation. Unlike conventional antigens, superantigens do not require processing and can bind directly to the surface 
of the major histocompatibility complex (MHC) class II molecule with T cell receptor (TCR) Vß-chain specificity, 
resulting in polyclonal T-cell stimulation. MHC class II molecules may be involved in the activation of TLR signaling.18 

Liu et al have reported that MHC class II molecules are required for full activation of TLR-triggered innate responses.19

The majority of the innate immune response depends on PRRs’ ability to identify nonself molecules. TLRs are one of the 
most important classes of PRRs, especially those that recognize bacterial pattern.10 As membrane-associated receptors, TLRs 
are expressed at the cell surface, such as on monocytes, where they can survey the extracellular environment for pathogen clues 
and then tracking intracellular stimuli. TLR2 has been identified as a crucial receptor for S. aureus identification due to its ability 
to recognize lipoproteins, which are abundantly expressed in the cell wall of Gram-positive bacteria.14 Niebuhr et al reported 
that keratinocytes from AD patients showed a diminished response to TLR2 agonists, as seen by lower production of IL-6, IL-8, 
CCL20, and matrix metalloproteinase-9 (MMP-9).20 The production of Th2 cytokines and the inhibition of TLR expression are 
significant contributors to the increased incidence of skin infections. Both the lesional skin and non-lesional skin of AD patients 
have intensive bacterial colonization, such as by S. aureus, which is known to stimulate TLR2.21 Song et al reported that 
interactions between TLR2 activation and the increase of FcεRI expression occurred through the p38 pathway. This finding in 
patients with severe extrinsic AD might provide insight into how bacterial infection can exacerbate clinical AD symptoms.22

This study showed that the expression of TLR2 in AD monocyte was significantly higher than in monocyte from 
control subjects. This result is in accordance with a study by Tsybikov et al in Russia that reported CD14+ HLA-DR+ 

Table 3 Expression of TLR2 on Peripheral Blood Monocytes by Induction of SEB in AD Patients and 
Healthy Individuals

TLR2 Expression (n=20) Without SEB-Induced 
(MFI)

With SEB-Induced 
(MFI)

P value* 
(Mean)

Atopic dermatitis
Mean 38,848 45,489 0.025
Standard deviation 12,210 16,694

Median 35,892 39,309

Healthy control
Mean 26,843 22,949 0.737

Standard deviation 13,855 4298
Median 24,412 24,852

Note: *Uji Wilcoxon. 
Abbreviation: MFI, mean fluorescence intensity.

Table 4 Expression of TLR6 on Peripheral Blood Monocytes by Induction of SEB in AD Patients and 
Healthy Individuals

TLR6 Expression (n=20) Without SEB-Induced  
(MFI)

With SEB-Induced  
(MFI)

P value*

Atopic dermatitis
Mean 7912 9532 0.023
Standard deviation 6488 5509

Median 6283 9011

Healthy control
Mean 5387 6054 0.100

Standard deviation 3017 5177
Median 4690 5021

Note: *Uji Wilcoxon. 
Abbreviation: MFI, mean fluorescence intensity.
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TLR2+ expression on peripheral blood monocytes of AD patients during exacerbations was significantly higher than 
healthy controls, and there was a strong statistical correlation between TLR2 expression on monocytes and AD clinical 
severity (measured by the objective SCORAD).23 This was considered to be an effect of increased colonization of 
S. aureus, which is found in 90% of patients with active AD. S. aureus provides potent TLR2 ligands that are involved in 
the pathogenesis and flare-ups of AD.

TLR2 and TLR6 can form a heterodimer to recognize diacyl lipopeptides such as lipoteichoic acid, which are 
present on the cell walls of Gram-positive bacteria, or macrophage-activating lipopeptide (MALP). After ligand 
recognition, the TLR6 receptor dimerizes with TLR2. Ligand-mediated dimerization is crucial for recruiting the 
adaptor proteins, which are necessary for signal transmission inside the cell.14 The TLR2/TLR6 heterodimer, 
similar to the majority of the TLRs, generally activates the MyD88-dependent intracellular signaling pathway, 
which leads to the nuclear translocation of NF-κB, causing the release of pro-inflammatory cytokines.10 Our study 
showed that there was no significant increase in TLR6 expression on peripheral blood monocytes of AD patients 
compared to healthy controls before induction of SEB. This result was also shown in a study by Yu et al, in which 
the levels of TLR6 mRNA were not altered in both groups of AD patients and healthy controls.24 It was speculated 
that the amount of TLR6 expression in monocytes is indeed small. To the authors’ knowledge, there have been no 
studies on the expression of TLR6 on peripheral blood monocytes induced by SEB in AD patients.

Staphylococcal enterotoxin B induced the maturation of monocyte-derived dendritic cells. SEB-activated dendritic cells 
were able to polarize naive T cells into the Th2 subset, as assessed by the qualitative analysis of cytokine secretion by 
T cells.25 The role of TLR2 signaling in Th1/Th2 commitment of T cells is debatable, and it might depend on the nature, 
dose, and timing of exposure to ligands on the one hand and the host’s genetic background on the other.26 This study showed 
that in the AD group, when we stimulated monocyte cultures with SEB, the expression of TLR2 and TLR6 in AD monocyte 
cultures increased significantly compared with unstimulated cultures. A study by Niebuhr et al found that SEB stimulation of 
monocytes resulted in a functional upregulation of TLR2.26 Mandron et al also investigated the analysis of TLR2 expression 
on dendritic cells responding to SEB. RT-PCR analyses revealed that TLR2 mRNA was expressed in monocyte-derived 
populations of immature dendritic cells.27 The significant increase in TLR2 and TLR6 after SEB exposure in AD patients 
may be due to TLR which is a homologous protein on the APC membrane and belonging to the PRR group, which serves as 
a functional receptor in activating leukocytes to fight pathogens.12 TLR signals cause ligands to attach the cell surface, 
causing cytoplasmic signaling molecules, specifically the MyD88 adapter protein, to react and activate IRAK and TRAF6 
molecules, stimulating cytokine production and phagocytic activity.28 The malfunction of the TLR response in AD patients 
can be associated with deficits in the signaling components. Some studies point out that alterations in the MyD88 pathway 
are needed for the development of a SEB-induced AD-like phenotype and it has been demonstrated that SEB increases the 
expression of TLR2, improving the host’s reaction to other microbial products.12,29

The pathophysiologic situation at the site of skin inflammation and the contributions of monocytes and their TLRs to 
the pathophysiology of AD are still unclear and need further investigation based on the severity of AD.

Conclusion
TLR2 and TLR6 are believed to contribute to the pathogenesis of AD. Our results suggest that significantly increased 
expression of TLR2 and TLR6 on peripheral blood monocytes induced by SEB during exacerbation in AD patients. 
Thus, based on this study, it may be possible to inhibit the colonization of S. aureus or the production of TLR2/TLR6 in 
monocytes as a management therapy for AD. However, further research is needed to delineate the pathogenesis of AD in 
the context of TLR.
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