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Abstract

Narrowband UVB is used by dermatologists to treat atopic dermatitis and psoriasis. Although multimodal in its mechanism of action, the photo-oxidation of 
L-tryptophan to 6-formylindolo [3,2-b] carbazole, a potent Aryl Hydrocarbon Receptor (AHR) agonist, is proposed to play a role. This study aimed to assess AHR induction 
in patients treated with Narrowband UVB (NBUVB). 10 patients undergoing NBUVB therapy for psoriasis and atopic dermatitis had biopsies taken from a treatment site, 
with photo-protected buttock skin used as the control. Fitzpatrick skin types were one to three. Ages ranged from 29 to 82, with a median age of 63. The sex ratio was 4:6 
(M: F). NBUVB was introduced at a commencing dose of 100 mJ with 20% increments three times weekly. Following 36 sessions of therapy, 4 mm punch biopsies were 
taken. Cytochrome P450 1A2 (CYP1A2) immunohistochemistry was used as a marker for AHR activity. Analysis was via Aperio Imagescope using Positive Pixel Count 
v9. Values for total intensity/mm2 were used to assess enzyme activity. A value of 45395360 was obtained at the control site and 5060956 at the treatment site with a p 
value of 0.12, which, although a positive result, fails to reach statistical signifi cance. The interpretation of these results is complicated by the fact that FICZ is active at 
femtomolar concentrations, and a demonstration of a statistically signifi cant effect on AHR induction via immunohistochemistry may be diffi  cult.

Research Article

Aryl Hydrocarbon Receptor 
Activity in Patients Receiving 
Narrowband UVB Therapy
Rowland Noakes*
Queensland Institute of Dermatology, 10 Browning St, South Brisbane 4101, Australia

Received: 02 May, 2025
Accepted: 12 May, 2025
Published: 13 May, 2025

*Corresponding author: Dr Rowland Noakes, 
Queensland Institute of Dermatology, 10 Browning St, 
South Brisbane 4101, Australia, 
E-mail: ky_n_urenine@hotmail.com

Copyright License: © 2025 Noakes R. This is an 
open-access article distributed under the terms of the 
Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are 
credited.

https://www.clinsurggroup.us

Introduction

Psoriasis and atopic dermatitis are chronic infl ammatory 
skin conditions affecting three to ten percent of the population, 
respectively. Phototherapy, most commonly NBUVB, is used 
in the management of both conditions. The mechanisms 
of action of NBUVB are multimodal [1], including pro-
apoptotic and immunomodulatory effects, pro-pigmentary 
effects, antipruritic effects, and antifi brotic effects  [2]. It 
has been proposed that the photo-oxidation of L-tryptophan 
to 6-formylindolo [3,2-b] carbazole (FICZ) [3], a potent 
Aryl Hydrocarbon Receptor (AHR) agonist, plays a role in 
mediating these effects. In atopic dermatitis, a disorder 
characterized by both impaired barrier function and a TH2-
weighted immune response, the AHR has been shown to 
upregulate Filaggrin (FLG), Involucrin (IVL), and loricrin (LOR) 
production, promoting epidermal differentiation [4] and Treg 
differentiation, restoring Th1/TH2 homeostasis [5].

In psoriasis, physiological activation of the AHR can dampen 
psoriasiform activity [6] however, the AHR has been reported 
to display pleiotropic effects with lower concentrations of 

agonists favouring TH17 proliferation and thereby disease 
progression, with higher doses promoting Treg differentiation 
[7] and disease control. This fact may account for the reported 
worsening of unstable variants of psoriasis, such as pustular 
psoriasis, with NBUVB.

Methods and materials

Ten patients undergoing NBUVB therapy for psoriasis (N4), 
atopic dermatitis (N6) had biopsies taken from a treatment 
site, with photo-protected buttock skin used as the control. 
Fitzpatrick skin types were one to three. Ages ranged from 29 
to 82, with a median age of 63. The sex ratio was 4:6 (M: F).

NBUVB was introduced at 100 mJ with 20% increments 
three times weekly. Following 36 sessions of therapy, 4 mm 
punch biopsies were taken. CYP1A2 immunohistochemistry 
(CYP1A2 Polyclonal Antibody, Biotin Conjugated) was used as a 
marker for AHR activity. 

Xylene (one 3-minute cycle followed by two 1-minute 
cycles) and ethanol (two 1-minute cycles using 100% ethanol, 
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one 1-minute cycle using 90% ethanol, and one 1-minute cycle 
using 70% ethanol) were used to dewax the slides before being 
washed under running water for 3 minutes.

The slides were incubated with 3% hydrogen peroxide for 
5 minutes to block endogenous peroxide activity, followed by a 
2-minute wash in running water.

Heat-induced epitope retrieval was performed in a BioCare 
Medical Decloaker for 5 minutes at 125C using Dako Epitope 
Retrieval buffer (pH 9.0). The slides were then allowed to cool 
for 20 minutes.

Slides were then washed three times in Tris Buffer Saline 
and 0.02% Tween 20 (TBSTW) for 2 minutes. Following this, 
Vector Biotin Blocking solutions (Streptavidin and Biotin) were 
applied for 10 minutes each, washing between applications. The 
slides were then washed three times in TBSTW for 2 minutes.

The tissue was then covered with the blocking solution, 
BioCare Medical Background Sniper + 2% BSA, for 15 min. 
The blocking solution was then aspirated, and the primary 
antibody, Bioss Rabbit anti-CYP1A2, diluted 1:300 in Da Vinci 
Green antibody diluent added to each slide and incubated for 2 
hours at room temperature. The slides were then washed three 
times in TBSTW for 2 minutes.

The tissue was then incubated with Jackson Immunoresearch 
streptavidin conjugated HRP diluted 1:600 in TBSTW for 60 
minutes before being washed three times in TBSTW for 2 
minutes.

BioCare DAB was applied for 5 minutes and the slides 
washed with water for 5 minutes, after which a coverslip was 
applied.

Digital images were generated using  Aperio Imagescope 
(Leica Biosystems) and analyzed using Positive Pixel Count 
v9. Values for total intensity/mm2 were then used to assess 
enzyme activity.

Results

The results are outlined in Figure 1 and representative images 
are displayed in Figure 2. The Shapiro-Wilk test confi rms the 
distribution as normal  with a median value of 45395360 at the 
control site and  5060956 at the treatment site. Corresponding 
average values were 46658130 at the control site and 55908039 
at the treatment site. Student’s t-test gave a value of 0.12, 
which failed to reach statistical signifi cance. These results 
suggest that either the photo-oxidation of L-tryptophan to 
the AHR agonist FICZ does not contribute signifi cantly to the 
therapeutic benefi ts of NBUVB, or alternatively, FICZ is active at 
the AHR at very low concentrations, making the demonstration 
of CYP1A2 induction via immunohistochemistry diffi cult. 

Discussion

The AHR resides within a multiprotein complex which 
includes heat shock protein 90 (HSP90), HSP23, and Hepatitis 
B virus X-associated protein 2 (XAP2). On ligand binding, 
Pp60 src, a signaling partner that binds to the epidermal growth 

factor receptor and activates mitogen-activated protein kinase 
(MAPK) signaling, is released.

After ligand binding, the AHR translocate to a nuclear 
membrane where it binds to the Aryl Hydrocarbon Receptor 
Nuclear Transporter (AHRNT) before activating genes 
containing Xenobiotic Response Elements (XRE). These include 
the P450 monooxygenases, and the phase 2 detoxifi cation 
enzymes regulated via nuclear factor erythroid 2-related factor 
2 (Nrf2), the retinoblastoma protein, the Estrogen Receptor 
(ER), the retinoic acid signaling pathway and nuclear factor 
kappa light chain enhancer of activated β cells (NF-κB). Thus, 
the AHR modifi es several cellular processes. 

Acting as the interface between an individual and the 
environment, the skin plays a crucial role. It contains elements 
of both the adaptive and innate immune system. Non-cellular 
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Figure 1: CYP1A2 induction (intensity/mm2). Blue is the control site and orange the 
treatment site. The units are dimensionless.
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Figure 2: A,B: CYP1A2 immunohistochemistry. The control site is shown in Figure 
2A and the treatment site in Figure 2B. Only a subtle increase in staining intensity 
can be appreciated in Figure 2B, predominantly within the eccrine units.
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components include Antimicrobial Peptides (AMP), Toll-like 
Receptors (TLR) and NBS-LRR proteins, Type 3 complement 
receptor, scavenger receptors, Mannose receptor, and 
other C lectins. Cellular components of the innate immune 
system include Natural Killer (NK) cells, polymorphonuclear 
granulocytes, monocytes/macrophages, platelets, and Innate 
Lymphoid Cells (ILC) [3]. Dermal dendritic cells interface the 
innate and adaptive immune systems.

In keratinocytes, the AHR up regulates FLG, IVL, and 
LOR production, promoting epidermal differentiation [4]. 
Interleukin-4 and 13 (IL-4 and IL-13), the signature cytokines 
of the TH2 response, inhibit the synthesis of FLG, IVL, and 
LOR, thereby impairing epidermal barrier function [8]. This 
response is reversed by AHR activation, thus accounting for the 
therapeutic effi cacy of AHR agonists in atopic dermatitis [9].

TH17 lymphocytes are pivotal in the pathogenesis of 
psoriasis. IL-21 plays a central role in TH17 differentiation, 
and the AHR plays an important role in IL-21 and IL-22 
expression [10]. However, pleotropic effects have been 
reported with various AHR ligands. In general, lower doses 
favor TH17 proliferation with higher doses of ligand promoting 
Treg differentiation, likely accounting for reports of NBUVB 
worsening unstable variants of psoriasis.

The AHR plays important roles in the innate immune 
system favoring a macrophage and dermal dendritic cell-
mediated immunosuppressive milieu [11]. It is important 
in the homeostasis of Type 3 Innate Lymphoid Cells (ILC3) 
and TH22 production [12]. Furthermore, it is involved in the 
downregulation of MHC class 2, the promotion of regulatory 
T cell differentiation, including the Treg and TR1 population, 
as well as infl uencing MSH and adenosine synthesis that have 
immunoregulatory properties [13].

FICZ is a high-affi nity endogenous ligand of the 
AHR produced by the photo-oxidation of the amino acid 
L-tryptophan. Tryptophan solutions generate FICZ on 
exposure to visible, Ultraviolet A (UVA), and Ultraviolet B (UVB) 
light, although UVB is the most effi cient [14]. It is active at 
femtomolar concentrations [15] and rapidly metabolized by 
CYP1A1, CYP1A2, and CYP1B1 enzymes [16], providing a tight 
autoregulatory system.

These results are consistent with previous reports of 
variable induction of cytochrome P450 in the human skin in 
response to ultraviolet light. Katiyar SK, et al. [17] reported 
dose dependent induction of CYP1A1 and CYP1B1 in human skin 
in response to a UVB dose of one to four Minimal Erythema 
Doses (MED) with maximal induction noted at 4 MED. Karadag 
AS, et al. [18] reported an increased expression of CYP1B1 in 
psoriasis patients treated with NBUVB compared to control 
with no changes in Cytochrome P4501A1 expression. 

Analogous to Karadag AS, et al. this study involved a 
graduated sub-erythemal dose of NBUVB to allow hardening 
of the skin and the biopsy was taken at the completion of 
therapy. The results suggest that CYP1A2 is only weakly 
induced by ultraviolet light therapy, and AHR modulation 

by the photo-oxidation of L-tryptophan to FICZ may not be 
the principal mechanism of action of NBUVB. However, the 
fact that FICZ has been reported to be active at femtomolar 
concentrations [15] at the AHR complicates this interpretation, 
as only minor induction of the cytochrome P450 1 enzymes 
[19] would be required to metabolize FICZ at femtomolar 
concentrations. It may also explain paradoxical reactions (the 
clinical deterioration of unstable variants of psoriasis, such as 
pustular psoriasis, with NBUVB) as the therapeutic window 
between AHR-mediated TH17 proliferation and AHR-mediated 
Treg differentiation may be small at the concentrations of FICZ 
generated by NBUVB.

In this small study CYP1A2 induction in response to a 
standard course of NBUVB failed to reach statistical signifi cance 
suggesting that the photo-oxidation of L-tryptophan to FICZ 
and AHR induction may not be a signifi cant factor in the 
therapeutic benefi ts of NBUVB in patients with atopic dermatitis 
and psoriasis. The interpretation of this result however, is 
complicated by the extremely high affi nity of FICZ for the AHR, 
meaning that biologic effects may be mediated at concentrations 
expected to produce only minimal CYP induction that may be 
diffi cult to assess via immunohistochemistry. Nonetheless, it 
does provide insight as to why paradoxical reactions may be 
seen in response to NBUVB, as the therapeutic window between 
TH17 induction and Treg production may be quite small.

Conclusion

The fi ndings indicate that the modulation of AHR activity 
through the photooxidation of L-tryptophan to FICZ does not 
appear to be the primary mechanism behind the therapeutic 
effects of NBUVB. However, this interpretation is complicated 
by FICZ’s high affi nity for AHR, suggesting that even 
minimal concentrations of FICZ could signifi cantly impact 
AHR activity. The degradation of low levels of FICZ likely 
requires only slight induction of the CYP system, which makes 
demonstrating a statistically signifi cant change with CYP 450 
immunohistochemistry challenging. Interestingly, although 
the results weren’t statistically signifi cant, a positive outcome 
was noted in this study.

Paradoxical reactions to NBUVB are well-documented, as 
is the Janus-faced nature of AHR [20]. If only minor amounts 
of FICZ are produced by sub-erythemal doses of NBUVB, 
and FICZ has a narrow therapeutic index at the AHR, that is, 
the concentration which promotes TH17 proliferation and a 
deterioration in the clinical condition, and the concentration 
promoting Treg differentiation and clinical improvement is 
small, the results of this study could provide valuable insights 
for future research.
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