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Abstract
Systemic Lupus Erythematosus (SLE) is a multifactorial systemic autoimmune disorder that can produce numerous abnormalities in cellular and humoral immune 
responses, including abnormal autoantigen and autoantibody production by dysregulated B cells. There are many known ligands of the AhR (aryl hydrocarbon 
receptor) in air pollutants, such as 6-formylindolo[3,2-b] Carbazole (FICZ) and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD). This study investigated the effect of 
FICZ/TCDD on the autoantigen/autoantibody and inflammatory cytokine production of B cells in Dp-allergic SLE. Dp2-induced autoantigen/autoantibody from 
B cell lines and PBMC derived from Dp-allergic SLE were used to evaluate the effects of FICZ/TCDD. Autoantigen/autoantibody and inflammatory cytokines 
were measured after cells were stimulated with FICZ/TCDD in conjuction with Dp2. The results showed that both FICZ/TCDD can activate AhR expression 
and induce the mRNA expression of IL-8. There were no effects on the production of IFN-α, IL-6, or autoantigen/autoantibody, except enolase-1. In the presence 
of Dp2 there were no augmentation effects of FICZ/TCDD on the expression of AhR or any of the autoantigens/autoantibodies from B cell lines. Although Dp2 
could induce IL-8 production from PBMC derived from Dp-allergic SLE and non-SLE patients, there were no differences between the two groups and FICZ also 
showed no augmentation effects on IL-8 production.  In conclusion, although FICZ/TCDD can induce AhR expression and IL-8 production from B cells derived 
from Dp-allergic SLE. There were no augmentation effects on Dp2-induced autoantigen/autoantibody or inflammatory cytokine production by FICZ/TCDD. In the 
presence of Dp2, FICZ had no augmentation effect on IL-8 production from PBMC derived from patients with Dp-allergic SLE.

Introduction
Systemic Lupus Erythematosus (SLE) is a multifactorial systemic 

autoimmune disorder which affects multiple organs including the 
skin, lung, joints, kidneys, and heart [1]. The cause of SLE is unknown; 
however, many abnormalities in cellular and humoral immune 
responses including autoantibody production by dysregulated B cells, 
aberrant immune cell activation due to abnormal function of antigen 
presenting cells (APC), and autoantigen production have been reported 
in SLE patients [2,3]. Autoantigens can break self-tolerance and trigger 
autoimmune B and T cell responses. Disruption of the immunological 
tolerance to autoantigens leads to activation of autoreactive B cells and 
can cause increased production of autoantibodies. It has been reported 
that photosensitivity after sunlight exposure is a clinical feature of SLE 
[2], and exposure to inhaled pollutants may increase the risk of disease 
activity in children with juvenile-onset SLE in a large urban center [4]. 

The risk of developing allergy is directly related to the acquisition 
of immediate hypersensitivity to environmental allergens [5]. The 
group 2 antigen of Dermatophagoides pteronyssinus (Dp2) is one of 
the major Dp allergens, which has been reported to cause IgE immune 
responses in the majority of allergic patients. Dp2 can induce bystander 
activation of B cells to generate autoantigens and stimulate production 
of autoanitbodies in Dp-sensitive SLE patients [6]. 

Aryl hydrocarbon receptor, a ligand-activated transcription 
factor, is a sensor of exogenous and endogeneous chemicals which 
trigger cellular responses by regulating target genes [7]. Activation of 
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the AhR leads to hepatocellular damage, thymic involution, cancer, 
and immunosuppression [8]. There are many known ligands of the 
AhR including 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) [9,10] 
and 6-formylindolo[3,2-b] carbazole (FICZ) (11). FICZ is formed 
by exposure of tryptophan (Trp) to UVB light [11,12]. Intracellular 
formation of FICZ can interact with AhR resulting in translocation 
of AhR into the nucleus and induction of gene expression, as well as 
exacerbation of inflammation [13]. TCDD has been associated with 
numerous toxic outcomes in humans at high doses, including severe 
chloracne, neurotoxicity, and tumorigenesis [14]. UVB is a potential 
lupus activation factor and FICZ is a chemical compound formed by 
UVB-irradiation from tryptophan. Our previous study showed Dp2-
induced autoantigen/autoantibody production in patients with SLE 
is done through inflammasome activation [15]. It would be useful to 
know whether FICZ can induce autoantigen/autoantibody production 
and inflammatory cytokine release from B cells derived from patients 
with SLE. In this study we aimed to investigate the effects of FICZ on 
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AhR expression and autoantigen/antibody production in B cells derived 
from patients with Dp-sensitive SLE.

Materials and methods
Selection of patients

HDM-sensitive SLE patients (mite-specific IgE positive serum 
as measured by the Pharmacia CAP System, Uppsala, Sweden) were 
selected from the clinic of the Division of Allergy, Immunology and 
Rheumatology of Taichung Veterans General Hospital. Diagnosis of 
SLE was made according to the 1997 America College of Rheumatology 
revised classification criteria for SLE. This study was supported 
by Taichung Veterans General Hospital (TCVGH-1063804C and 
CE16110B). 

Cell cultures

For cell separation and culture, 16-mL blood samples were 
collected, and the PBMCs were separated by density centrifugation 
using the Ficoll-Paque Plus density gradient (Pharmacia Biotech, 
Freiburg, Germany). Purified B cells from the PBMCs were prepared as 
previously described. B cell preparations were 95% positive for the CD19 
marker as determined by FACS analysis. The cells were maintained in 
a RPMI-1640 medium containing 10% heat inactivated FBS and 1% 
streptomycin/penicillin in a humidified 5% CO2 atmosphere. 

Dp2 preparation

Purified recombinant protein Dp2 (RP-DP2C-1) was purchased 
from Indoor Biotechnologies (Charlottesville, Virginia, USA). 

Chemicals

FICZ (≥ 95%) was obtained from Enzo Life Sciences (Farmingdale, 
NY, USA) and TCDD was purchased from Sigma-Aldrich (Stockholm, 
Sweden). 

Reverse-transcription polymerase chain reaction (RT-PCR) 
analysis

Total RNA extraction was performed using a TRIZOL reagent 
protocol. The concentration and purity of RNA were determined 
by measuring the absorbance at a wavelength of 260/280 nm in a 
NanoDrop ND-1000 spectrophotometer (Thermo Fisher Scientific, 
Inc., Wilmington, DE). First-strand cDNA was synthesized by reverse 
transcription using a SuperScript III first-strand cDNA synthesis kit 
according to the manufacturer’s instructions. All PCR assays were 
performed using PCR master mix. Primers used for PCR analyses were 
designed and synthesized by Clontech Laboratories (Palo Alto, CA). A 
suitable temperature cycle profile for each PCR reaction was determined 
using an MJ Mini Personal Thermal Cycler (Bio-Rad, Foster, CA). 
GAPDH was used as the internal control. The PCR products were loaded 
onto a 2% agarose gel and separated by electrophoresis. After ethidium 
bromide staining, DNA bands were visualized and photographed under 
UV-light. The intensities of the DNA bands in the agarose gel were 
quantified using Gel-Pro Analyzer (Media Cybernetics, Inc., MD). 

Enzyme-linked Immunosorbent Assay (ELISA) 

ELISA was used to determine autoantibody levels in the cell culture 
supernatants. The cell supernatants were collected after Dp2, FICZ, 
or TCDD treatment during the indicated times, and the levels of IL-
8, anti-PGK-1, and anti-TRIM-21 were quantified by ELISA. Plates 
were read on a SpectraMax M2 microplate reader (Molecular Devices, 
CA, USA), and analyzed with SOFTmax analysis software (Molecular 

Devices, CA, USA). The means of triplicate ELISA values for each of 
the dose relationships among these protein expressions were calculated 
by linear regression. 

Western blotting

Whole cell lysates were prepared as previously described [4]. After 
blocking, the blots were incubated with antibodies for anti-human 
PGK-1, TRIM-21, Enolase-1, and β-actin, (Santa Cruz Biotechnology; 
Millipore, Massachusetts, USA) in TBS overnight at 4°C using 0.1% 
Tween 20, followed by three 10-minute washes in TBS with 0.1% Tween 
20. The membranes were then incubated with horseradish peroxidase-
conjugated, secondary antibodies (Millipore, Massachusetts, USA) 
for one hour. Detection was performed with ECL (Millipore, 
Massachusetts, USA), and chemiluminescence was detected by LAS 
3000. Band intensity was analyzed by Multi Gauge software V 3.0.

Statistical analysis

Statistical analyses were performed using GraphPad Prism 5 
(GraphPad Software, San Diego, CA, USA). Data are presented as mean 
±Standard Error of the Mean (SEM). P-values ≤ 0.05 were considered 
statistically significant. The pair Student’s t test was used to determine 
the statistical differences between groups.

Results
Effect of Dp2, FICZ, and Dp2 in conjunction with FICZ 
(Dp2+FICZ) on the mRNA expression in B cell lines

B cell lines derived from Dp-allergic SLE (n=4) were cultured with 
Dp2, FICZ, Dp2+FICZ for 6 hrs. Cell pellets were collected for AhR, 
IFN-α, IL6, and IL-8 measurement. The results showed AhR expression 
was increased by both Dp2 and FICZ (Figure 1A). When the cytokines 
were measured, there was significantly increased IL-8 production by 
both Dp2 (1.5μg/mL) and FICZ (100nM and 500nM) (Figure 1A). 
There were no effects of FICZ on the production of IFN-α and IL-
6, although IFN-α was elevated by Dp2 (Figure 1A). There were no 
synergistic effects of Dp2 and FICZ on the expression of AhR, IFN-α, 
IL6, or IL-8 (Figure 1B). 

Effect of Dp2, TCDD, and Dp2 in conjunction with FICZ 
(Dp2+TCDD) on mRNA expression in B cells lines

B cell lines derived from Dp-allergic SLE (n=4) were cultured with 
Dp2, TCDD, Dp2+TCDD for 6 hrs. Cell pellets were collected for AhR, 
IFN-a, IL6, and IL-8 measurement. The results showed AhR expression 
was increased by both Dp2 and TCDD. When the cytokines were 
measured there was significantly increased IL-8 production by both 
Dp2 (1.5μg/mL) and TCDD (20 nM) (Figure 2A). There were no effects 
of TCDD on the production of IFN-α and IL-6, although IFN-α was 
elevated by Dp2 (Figure 2A). There was no synergistic effect of Dp2 
and TCDD on the expression of AhR, IFN-α, IL6, or IL-8 (Figure 2B). 

Effect of Dp2, FICZ, or TCDD on autoantigen production in 
B cell lines 

B cells derived from patients with Dp-allergic SLE (n=4) were 
cultured with Dp2, FICZ, or TCDD for 5 days. Cell pellets were 
collected for the measurement of autoantigen. Dp2 induced autoantigen 
production of PGK-1, TRIM-21, and Enolase-1 in B cells (Figure 3A). 
There was significantly increased Enolase production by Dp2, FICZ, 
and TCDD (Figure 3A). There were no synergistic effects of Dp2, FICZ, 
or TCDD on the expression of PGK-1, TRIM-21, and Enolase-1 (Figure 
3B). 
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Figure 1. Effect of Dp2, FICZ and Dp2 in conjunction with FICZ (Dp2+FICZ) on the mRNA expression from B cell lines: B cells derived from patients with Dp-allergic SLE (n=4) were 
incubated with Dp2 for 6 hours in a CO2 incubator. Cell pellets were collected for the AhR, IFN-α, IL-6, and IL-8 measurements. *p<0.05 in comparison with buffer control (A). *p<0.05 
in comparison with Dp2 (B)
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Figure 2. Effect of Dp2, TCDD, and Dp2 in conjunction with TCDD (Dp2+TCDD) on the mRNA expression in B cell lines: B cells derived from patients with Dp-allergic SLE (n=4) were 
incubated with Dp2 for 6 hours in a CO2 incubator. Cell pellets were collected for AhR, IFN-α, IL-6, and IL-8 measurements. *p<0.05 in comparison with buffer control (A). *p<0.05 in 
comparison with Dp2 (B)
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Figure 3. Effect of Dp2, FICZ, or TCDD on autoantigen production in B cell lines: B cells (n=4) derived from patients with Dp-allergic SLE were treated with Dp2, FICZ, or TCDD for 5 
days in a CO2 incubator. Cell pellets were collected for the measurement of autoantigens. *p<0.05 in comparison with buffer control (A). *p<0.05 in comparison with Dp2 (B)

Effect of Dp2, FICZ, or TCDD on autoantibody production 
in B cell lines 

B cells derived from patients with Dp-allergic SLE were incubated 
with Dp2 for 5 days. Cell cultured supernatant was collected for 
the measurement of autoantibodies. The results showed FICZ and 
TCDD had no effects on anti-PGK-1 and anti-TRIM-21 production, 
although the production of anti-PGK-1 and anti-TRIM21 could be 
upregulated by Dp2 and LPS (Figure 4). There were no synergistic 
effects of Dp2, FICZ, or TCDD on the expression of anti-PGK-1 and 
anti-TRIM21 (Figure 4). 

Effect of Dp2 and Dp2 in conjunction with FICZ (Dp2+FICZ) 
on IL-8 secretion by PBMCs 

PBMCs derived from Dp-allergic SLE and Dp-allergic non-
SLE were cultured with Dp2 and Dp2+FICZ for 3 days. Cell culture 
supernatant was collected for the measurement of IL-8. Results showed 

Dp2 could enhance IL-8 production in both groups of patients. These 
were no significant difference between these two groups. In the cell 
supernatant of Dp2+FICZ the secretion of IL-8 was not enhanced in 
either group of patients (Figure 5A). When the production of IL-8 was 
compared between Dp-allergic SLE and Dp-allergic non-SLE, there 
were also no significant differences between the Dp2 and Dp2+FICZ 
groups (Figure 5B). 

Discussion
The effects of AhR agonist FICZ/TCDD on the production of 

autoantigen/autoantibody and production of inflammatory cytokines in 
patients with Dp-allergenic SLE were investigated. Our results showed 
FICZ/TCDD could induce AhR and IL-8 expression at concentrations 
of 100 and 500 µM of FICZ and 20µM of TCDD; however, their 
expression could be abolished by Dp2 in conjunction with FICZ/
TCDD. The expressions of IFN-α and IL-6 were significantly reduced 
by FICZ, but not by TCDD when co-cultured with Dp2. 
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Figure 4. Effect of Dp2, FICZ, or TCDD on autoantibody production in B cell lines: B cells (n=4) derived from Dp-allergic SLE were incubated with Dp2, FICZ, or TCDD for 5 days in a 
CO2 incubator. Cell culture supernatant was collected for the measurement of autoantibodies. *p<0.05 in comparison with buffer control

Figure 5. Effect of Dp2, FICZ, and Dp2 in conjunction with FICZ (Dp2+FICZ) on IL-8 expression from PBMCs: PBMCs derived from Dp-allergic SLE (n=5) and Dp-allergic non-SLE 
(n=4) were incubated with Dp2 and/or FICZ for 3 days in the CO2 incubator. Cell culture supernatant was collected for the measurement of IL-8. *p<0.05 in comparison with buffer control 
(A). No differences in comparison with Dp2 (B)

This discrepancy between FICZ and TCDD could be due to the 
different functions and affinity to AhR involved in the cell activation. 
It has been reported that FICZ can be efficiently degraded by the 
prototypical AhR target CYP1A1, leading to negative feedback loops and 
transient AhR activation. In contrast, TCDD can sustain AhR activation 
[16,17]. Activation of AhR by TCDD leads to the differentiation of naïve 
CD4+  T cells into FoxP3+  regulatory T cells (Tregs) [18]. Moreover, 
AhR activation via FICZ enhanced the differentiation of naïve CD4+ T 
cells into Th17 cells [19]. Activation of AhR in vivo by TCDD reduced 
the severity of disease in the experimental autoimmune encephalitis 
(EAE) model of multiple sclerosis, while treatment with FICZ increased 
the severity of disease [20]. 

FICZ and TCDD can induce enolase-1 expression; however, its 
expression can be abolished by Dp2 in conjunction with either FICZ or 
TCDD. These results suggest that the signaling of enolase-1 expression 
could be down-regulated by Dp2. Since FICZ/TCDD has no effect on 
the expression of PGK-1/TRIM 21 expression, their antibodies (anti-
PGK-1 and anti-TRIM 21) were not affected by FICZ/TCDD in the 
presence or absence of Dp2. 

In B cell lines, FICZ-induced AhR and IL-8 expression could be 
abolished by co-culture with Dp2, and Dp2-induced IL-8 production 
could be abolished by FICZ in PBMCs. These results suggest that 
FICZ-induced AhR and IL-8 production may be counteracted by 
Dp2. Our previous reports showed Dp2-induced autoantigen / 
autoantibody production in patients with SLE could be down-regulated 
by CPPecp through NLRP3 in-activation (21). It has been reported 

that FICZ-enhanced expression of AhR can negatively regulate NLRP3 
inflammasome activation by inhibiting NLRP3 transcription [22]. Thus, 
it is likely Dp2-induced inflammasome activation is downregulated by 
FICZ. 

Through AhR activation, it was possible to control B cell 
differentiation from the hematopoietic stem cell stage through to 
the pro-B cell, mature B cell, and autoantibody-secreting plasm cell 
stages [23]. In this study, FICZ/TCDD and Dp2 could activate AhR 
through different ligand-activated transcription factors and cytokine 
production. It is likely that FICZ/TCDD and Dp2 could skew the 
immune cell polarization and modulate the disease activity in Dp-
allergic SLE through different receptors and transcription factors of 
cytokines. A limitation of this study was the small number of Dp-
allergic SLE patients that were included in the analysis. Further studies 
are needed to elucidate the precise mechanism of interaction between 
FICZ/TCDD and Dp2.

Conclusion
In conclusion, we demonstrated that Dp2 could activate B cells 

to enhance expression of AhR and cytokines (IL-8/IFN-α), as well as 
production of autoantigens / autoantibodies. FICZ/TCDD could also 
activate B cells to enhance AhR and IL-8 expression. However, they 
had no augmentation effect on the production of these autoantigens/ 
autoantibodies in the presence of Dp2. Similarly, in the presence 
of Dp2, FICZ had no augmentation effect on the IL-8 production in 
PBMCs derived from patients with Dp-allergic SLE.
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