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ARTICLE INFO ABSTRACT

Keywords: Manuka honey (MH) is a complex nutritional material with antimicrobial, antioxidant and anti-inflammatory
Aryl hydrocarbon receptor (AHR) activity. We have previously shown that MH down regulates IL-4-induced CCL26 expression in immortalized
C_CL%‘ keratinocytes. As MH contains potential ligands of the Aryl Hydrocarbon Receptor (AHR), a key regulator of skin
f]ﬂzggrm homeostasis, we hypothesize that this effect is mediated via AHR activation. Here, we treated HaCaT cell lines,

either stable transfected with an empty vector (EV-HaCaT) or in which AHR had been stable silenced (AHR-
silenced HaCaT); or primary normal human epithelial keratinocytes (NHEK) with 2% MH for 24 h. This induced a
15.4-fold upregulation of CYP1AI in EV-HaCaTs, which was significantly reduced in AHR-silenced cells. Pre-
treatment with the AHR antagonist CH223191 completely abrogated this effect. Similar findings were
observed in NHEK. In vivo treatment of the CyplalCre x R26R®Y*? reporter mice strain’s skin with pure MH
significantly induced CYP1A1 expression compared with Vaseline. Treatment of HaCaT with 2% MH significantly
decreased baseline CYP1 enzymatic activity at 3 and 6 h but increased it after 12 h, suggesting that MH may
activate the AHR both through direct and indirect means. Importantly, MH downregulation of IL-4-induced
CCL26 mRNA and protein was abrogated in AHR-silenced HaCaTs and by pre-treatment with CH223191.
Finally, MH significantly upregulated FLG expression in NHEK in an AHR-dependent manner. In conclusion, MH
activates AHR, both in vitro and in vivo, thereby providing a mechanism of its IL4-induced CCL26 downregulation
and upregulation of FLG expression. These results have potential clinical implications for atopic diseases and
beyond.

Manuka honey

1. Introduction

Honey is a complex nutritional material known for its therapeutic
potentials since ancient times. Manuka honey (MH), a monofloral dark
honey produced by honey bees feeding on Leptospermum scoparium
growing as shrub in New Zealand and eastern Australia, is antimicrobial,
antioxidant and anti-inflammatory and is approved in Europe, USA, and
other countries for the treatment of traumatic and surgical wounds, first
and second degree partial-thickness burns, as well as diabetic, pressure

and venous stasis ulcers [1-3]. Recently, MH has been shown to
downregulate IL-4-induced production of the potent eosinophil che-
moattract CCL26 in HaCaT keratinocytes, and to ameliorate erythema,
edema and excoriation in a proof-of-principle clinical study involving 14
atopic dermatitis patients [4]. Thus, there is an emerging interest in MH
as a potential therapeutic beyond wound care [5,6].

Despite the clear clinical benefit, the molecular mechanisms under-
pinning the beneficial effects of MH are poorly understood, possibly due
to its complex composition. Honey consists of carbohydrates, minerals,
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proteins, fatty acids, and other biologically active substances [7].
Among them, flavonoids, polyphenolic hydrocarbons, and indoles can
activate the aryl hydrocarbon receptor (AHR) [8,9]. AHR is a tran-
scription factor widely expressed in the body, including the immune
system and epithelial cells of barrier organs, such as keratinocytes in the
skin. In homeostatic conditions, AHR is located in the cytosol; upon
ligand binding it translocates into the nucleus where it binds to response
elements on the DNA regulating expression of multiple genes including
the detoxifying enzyme cytochrome P4501A1 (CYPI1IA1) which
-metabolises physiological AHR ligands such as the tryptophan deriva-
tive 6-formylindolo[3,2-b]carbazole (FICZ), thereby providing a nega-
tive feedback mechanism [10]. Activation of AHR signaling has been
shown to be beneficial in both autoimmune and allergic skin inflam-
mation, damping the production of pro-inflammatory cytokines and
chemokines and enhancing skin barrier integrity [11,12], as well as in
other experimental models of inflammation [13,14]. In particular, AHR
activation by coal tar also downregulated IL-4-induced CCL26 [15].
Therefore, we aimed to investigate whether MH exerted its
anti-inflammatory effects in the context of allergic skin inflammation,
via activation of the AHR pathway.

2. Methods
2.1. Human subjects

Discarded healthy skin for isolation of primary keratinocytes was
obtained from donors undergoing plastic surgery procedures at Guy’s
and St. Thomas’ Hospital, London (UK). Full demographics can be found
in Supplementary Table 1. Our study was conducted in accordance with
the Helsinki Declaration, with written informed consent obtained from
each volunteer, and approved by the institutional review board of Guy’s
and St. Thomas’ Hospital (06/Q0704/18).

2.2. Mice

Cyplal®™® x R26R*Y?, reporting the expression of CYP1A1, were
previously described [16,17]. Mice were bred in the Francis Crick
Institute animal facility under specified pathogen free conditions and
transferred to King’s College London’s animal facility for the experi-
ments. All animal procedures were conducted under Project Licences
granted by the UK Home Office.

2.3. Cell culture and exposure

HacCaT cells, either stably transfected with an empty vector (EV) or in
which AHR had been stably silenced by 70% (AHR-KO)[18], were
routinely cultured in Dulbecco’s Modified Eagle Medium (DMEM) sup-
plemented with fetal bovine serum (Thermofisher) to a final concen-
tration of 10%, 100 IU penicillin and 0.1 mg/ml streptomycin mix (1%
v/v), and 2 mM glutamine (1% v/v). Serum free DMEM was used in all
experiments.

Normal human epithelial keratinocytes (NHEK) were isolated from
discarded healthy skin as previously described [19] and routinely
cultured in KGM medium (KBM medium, supplemented with
KGM-bullet kit, both form Lonza). KBM medium was used in all exper-
iments. Cells were used between passages 3-6.

Cells were treated with manuka honey (MH) UMF 10 + (Comvita,
Maidenhead, UK) 0.02-2% wt/v in DMEM, filtered through a 0.22 pm
syringe filter (Durapore), with/without addition of up to 100 nM FICZ
(Enzo life sciences or Syntastic) in DMSO. Maximum concentration MH
of 2% was selected based on viability assay in keratinocytes as previ-
ously described [4]. For these experiments, medium only or medium
containing 0.1% DMSO was used as negative control. In some experi-
ments, cells were treated with 2% English borage (Wilkin and Sons Ltd.,
Tiptree, UK), Organic Forest (Wainwright, Aberystwyth, UK), Rowse
acacia and Rowse organic (Wallingford, UK). Human IL-4 (Milteny
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Biotech) was used at final concentration of 50 ng/ml 2 h post MH
treatment. CH-223191 (Sigma-Aldrich) was used as AHR-selective
antagonist 2 h prior to MH/FICZ treatment at a final concentration of
3 pM in DMSO. Cell supernatant was collected in specific experiments
and stored at — 80 until further use. Adherent cells were washed with
PBS, detached with trypsin, washed with ice cold PBS and the dry cell
pellet was collected and stored at — 80 until further use.

To investigate AHR nuclear translocation, HaCaT cells were seeded
at a density of 7 x 10° cells per well in Nunc Lab Tek II 8-well Chamber
Slides (Thermofisher) until 70% confluency. Cells were either pre-
treated with 3 uM CH or left untreated for 2 h, and then were treated
with FICZ, increasing concentrations of MH (0.02%, 0.2%, 2%), or
0.02% DMSO as vehicle control for 30 min. The cassette was then
removed, and the slides were subjected to immunofluorescence staining.

2.4. RNA extraction and RT-qPCR

RNA was extracted using RNeasy plus mini kit (Qiagen), as per
manufacturer’s instructions, quantified by NanoDrop (Thermofisher),
and 250 ng were converted into cDNA using high-capacity cDNA reverse
transcription kit (Thermofisher, UK). qPCR was performed using Taq-
Man gene expression master mix (Thermofisher) and Tagman primers
and hydrolysis probes for CYP1Al (Hs01054974.ml), CCL26
(Hs00171146_m1), FLG (Hs00856927_g1), and RPLPO as reference gene
(Hs99999902 m1). Results were expressed as either relative mRNA
expression calculated using the ACq method or as fold change to the
negative control used as calibrator (medium only for MH or 0.1% DMSO
for FICZ and FICZ+MH), using the AACq method.

2.5. Ethoxyresorufin-O-Deethylase (EROD) Assay

CYP1A1 activity was measured using the EROD assay as previously
described [10]. Briefly, HaCaTs were seeded in quintuplicates in 96-well
transparent plates at 5 x 10* cells/well. Overconfluent cells (one day
after reaching 100% confluence) were washed with PBS and treated
with either MH, FICZ, MH-+FICZ or DMSO in serum free DMEM for 3, 6,
12, 24 or 48 hours. Exposures were terminated at the indicated time
points by removing the medium and rinsing the cells with PBS and the
EROD reaction was initiated by adding 100 pl ethoxyresorufin (2 uM,
Sigma-Aldrich) in sodium phosphate buffer (50 mM, PH 8.0) to each
well. The cells were incubated at 37° C for 20 min and the reaction was
stopped by adding 75 pl fluorescamine in acetonitrile (150 ug/ml,
Sigma-Aldrich) per well. Resorufin formation was measured against a
standard curve with excitation/emission wavelengths 544/590
(FLUOstar Omega, Labtech). CYP1A1l enzymatic activity was normal-
ized for the cellular protein content determined by fluorescamine fluo-
rescence of a standard curve of bovine serum albumin at
excitation/emission wavelengths 390/480.

2.6. CYP1 enzyme inhibition assay

Effects of MH on CYP1Al activity was determined using human re-
combinant CYP1Al (2.5 nM, Sigma Aldrich). First, the enzyme was pre-
incubated with respective concentration of MH for 5 min in Tris-HCIL
(0.1 M, pH 7.4) with EDTA (1 mM) at 37 °C, followed by addition of
the CYP1 substrate ethoxyresorufin (0.1 puM). The suspension was
transferred in triplicates to a white 96-well plate and the reaction was
initiated by adding NADPH (1 mM, Sigma Aldrich). Formation of
resorufin was monitored every 2 s using a multiwell plate reader
(infinite F200 PRO, Tecan) with the excitation/emission wavelengths of
535/590 nm. CYP1ALl activity was determined by the rate of resorufin
formation during the first 90 s of the reaction, and percentage of inhi-
bition was calculated relative to the enzymatic activity observed without
addition of MH. Percentage of MH causing 50% inhibition of activity
(IC50) was calculated by nonlinear regression modelling (variable slope,
four parameters, GraphPad Prism Software).
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2.7. ELISA

CCL26 protein was measured in cell supernatants using Quantikine
ELISA system (R&D Systems, Cat# DY346) as per manufacturer’s
instructions.

2.8. In vivo treatment with MH and CYP1A1 evaluation

Cyplal®® x R26RY* reporter mice (8-10 weeks old, males and
females) were shaved and topically treated on the back with vaseline as
negative control (150 mg/mouse, Unilever), or MH (150 mg), or FICZ as
positive control (5 pg in 50pl corn oil) [17] daily for 5 consecutive days.
On day 6, skin was excised and cryopreserved in OCT (VWR). Skin
sections were prepared and fixed with 4% paraformaldehyde, per-
meabilized with 0.1% Triton X in PBS, and non-specific binding was
blocked with 30% rabbit serum. Slides were stained with, Alexa
Fluor-594 anti-GFP (ThermoFisher Scientific) for 45 min at room tem-
perature and subsequently counterstained with DAPI (ThermoFisher
Scientific). Slides were imaged using a Nikon Eclipse Ti-2 Inverted Mi-
croscope. Images were processed using Fiji ImageJ, applying the same
processing methodology to all images. Intensity of YFP expression in the
epidermis was measured in three regions of interest (ROI) per slide and
expressed as arbitrary fluorescence unit.

2.9. AHR immunofluorescence staining

HaCaT cells were fixed with 4% paraformaldehyde, permeabilised
with 0.1% Triton X in PBS, and non-specific binding was blocked with
10% normal goat serum. Cells were stained overnight with a polyclonal
sheep IgG anti-human AHR antibody (15 pg/ml; R&D Systems) at 4 °C.
Next, cells were incubated with anti-sheep Dylight 488 (1:50 dilution;
Vector) for 45 min at room temperature. Cells were then counterstained
with DAPI (1 ug/ml) for 2 min at room temperature. Slides were then
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imaged using a Nikon Eclipse Ti-2 inverted microscope, with 5 fields of
view (FOW) taken for each well at 10x magnification. Images were
processed using Fiji ImageJ.

2.10. Statistical analysis

All in vitro experiments were performed at least in triplicate and data
presented are means + SE. Means were compared using one-way or two-
way ANOVA as appropriate, followed by Sidak’s or Tukey’s multiple
comparisons test, respectively. For evaluation of CYP1A1l expression in
vivo, fluorescence values are expressed as the mean + SEM of the
number of ROI measured and statistically analysed with one-way
ANOVA and Dunnet’s test for multiple comparisons. The images
shown are representative of at least 5 individual mice per group. Sta-
tistical analyses were performed with GraphPad Prism version 9. p value
< 0.05 was considered significant.

3. Results

To evaluate if MH can activate the AHR pathway we used HaCaT
keratinocytes, stably transfected with an empty vector (EV), or in which
AHR had been stable silenced by 70% (AHR-KO HaCaT) [12,18].
Treatment of EV-HaCaT cells with 2% MH for 24 h induced a 15.4-fold
up-regulation of CYPIAI mRNA expression over control medium
(Fig. 1A). As expected, the prototypical AHR agonist FICZ also upregu-
lated CYPIAI mRNA expression, while CYP1IAI mRNA induction by
either FICZ or MH was significantly less prominent (p < 0.001) in
AHR-KO HaCaT cells (Fig. la). MH induction of CYP1Al was
concentration-dependent, maintained over time, and completely abro-
gated by pre-treatment with the AHR antagonist CH223191 (p <
0.0001) (Fig. 1b). Similarly, 2% MH induced statistically significant
expression (p < 0.0001) of CYP1A1l in primary NHEK, which was
completely abrogated (p < 0.0001) by pretreatment with CH223191
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Fig. 1. a) CYPIAI mRNA fold change in empty vector (EV) HaCaTs and AHR silenced HaCaTs. b) CYPIAI mRNA fold change in EV HaCaTs. c¢) Representative
images showing AHR nuclear staining following 30 min treatment. Scale bar is 50 um. d) CYP1A1 relative mRNA expression in NHEK. e) Comparison of CYPIAI
mRNA expression mean fold change in empty vector (EV) HaCaTs treated with manuka honey (MH) and some other commercial honeys (all as 2% w/v). O. Forest:
Organic Forest, E. Borage: English Borage, R. Acacia: Row Acacia, R. Organic: Row Organic. Two-way ANOVA with Sidak’s (a,b,d) or one-way ANOVA with Tukey’s
(c) multiple comparisons test. MH: Manuka honey, D: DMSO, * ** p < 0.001, * ** * p < 0.0001.
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(Fig. 1c). Interestingly, while honeys from different plant sources,
including, 2% English borage, Organic Forest, Rowse acacia and Rowse
organic, induced CYP1A1 expression in EV-HaCaT, MH was significantly
superior (2-3 times) in activating the AHR pathway (Fig. 1d).

To confirm the ability of MH to modulate the AHR pathway in vivo,
we made use of the Cyp1a1®™ x R26R*"" reporter mice strain [16,17].
Pure MH or FICZ were applied topically for 5 days on the back of the
mice and CYP1A1 expression was evaluated on day 6. Minimal CYP1A1
reporter activity, mostly in the hair follicles, was observed in control
mice treated with Vaseline (Fig. 2a); as expected [17] topical treatment
with FICZ significantly (p < 0.0001) induced CYP1A1 expression in the
epidermis and dermis (Fig. 2b). Importantly, MH also significantly
(p < 0.0001) induced CYP1A1 expression in the skin of Cyplal®® x
R26R*Y*P reporter mice (Fig. 2b).

A number of putative AHR ligands have been recently shown to be
instead, inhibitors of CYP1 enzymatic activity [10], thereby indirectly
activating the AHR pathway by reducing the metabolism of endogenous
ligands. Thus, to further verify our findings, we evaluated the effect of
MH on CYP1 activity over time using the EROD assay (Fig. 3a). Overall,
an initial dose dependent CYP1 inhibition by MH was observed, fol-
lowed by an activation. Treatment of HaCaT with 2% MH significantly
decreased baseline activity at 3 and 6 h but increased it after 12 h and up
to 48 h, while 0.5% MH did not exert any significant effect up to 3 h but
displayed an increased activity at 6- and 12 h, suggesting the presence of
both CYP1 inhibitors and AHR ligands. To confirm that MH is able to
both inhibit CYP1 activity and activate AHR we cultured HaCaT cells in
the presence of increasing concentrations of FICZ (5, 50, and 100 nM),
with or without 0.5-2% MH, for up to 48 h (Fig. 3b, ¢ and Supple-
mentary Figure 1). As expected, FICZ significantly increased CYP1 ac-
tivity over DMSO control at each timepoint, peaking at 6-24 h, in a
dose-dependent manner. 2% MH significantly reduced the enzymatic
activity induced by 50 nM and 100 nM FICZ at all timepoints (Fig. 3b
and Supplementary Figure 1), further indicating the presence of in-
hibitors of CYP1 activity. When a 20-fold lower concentration of FICZ
was used (5 nM, Fig. 3c), 2% MH only inhibited the effect of FICZ at the
3 hand 6 h time points, while significantly potentiating CYP1 activity at
12 and 24 h treatment. This appearance, with an initial inhibition fol-
lowed by potentiated EROD activity is in line with previous data on the
impact of CYP1 inhibitors on AHR signaling [10], suggesting that MH
may activate the AHR both through direct- and indirect means. As
cellular EROD inhibition may stem from either reduced expression of the
CYP1A1 protein or inhibition of its activity, we next used recombinant
CYP1A1 enzymes to confirm the inhibitory effects of MH on the activity
specifically. As can be seen in Fig. 3d, MH did indeed inhibit the enzyme
activity, with 50% inhibition observed with 0.19% MH.

Having convincingly shown that MH is able to activate the AHR
pathway either directly or indirectly, we evaluated whether AHR was
involved in MH ability to downregulate IL-4-mediated CCL26 induction.
As previously shown [4], treatment of EV-HaCaT cells with IL-4 for 24 h
significantly upregulated the release of CCL26 in the supernatant

Control
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(Fig. 4a) and pre-treatment with MH significantly downregulated
(p <0.0001) IL-4-driven CCL26 release in a concentration-response
fashion (Fig. 4a). Importantly, the ability of 2% MH to down-regulate
IL-4-induced CCL26 secretion was abrogated in AHR-KO HaCaT, in
keeping with the expression pattern of CYP1A1 in the same conditions
(Fig. 4a). Similar results were also obtained for CCL26 mRNA (data not
shown). Pre-treatment with AHR antagonist CH223191 abolished the
MH effect on IL-4-induced CCL26 secretion (p < 0.01), again in keeping
with the expression pattern of CYPIA1 in the same conditions (Fig. 4b),
and on CCL26 mRNA expression (p < 0.0001) (Fig. 4c). Consistently,
2% MH significantly decreased IL-4-induced CCL26 expression
(p < 0.01) in NHEK and this effect was abrogated by pre-treatment with
CH223191 (p < 0.0001) (Fig. 4d).

Genetically and molecularly driven impairment of the skin barrier is
a key feature of AD and activation of the AHR pathway has been shown
to be beneficial in restoring barrier integrity [15]. Thus, we investigated
the effect of MH on the structural epidermal protein filaggrin in NHEK.
MH significantly upregulated FLG mRNA expression (p < 0.001) in an
AHR-dependent manner, as this upregulation was almost completely
abrogated by CH223191 (p < 0.001) (Fig. 5a). Type 2 cytokines abun-
dant in AD such as IL-4 are known to downregulate FLG [20]. MH
significantly upregulated FLG expression in IL-4-treated NHEK
(p <0.001) and CH223191 significantly (p < 0.001) abrogated this ef-
fect (Fig. 5b) confirming the involvement of the AHR pathway.

4. Discussion

Here we provide evidence that MH exerts its anti-inflammatory ef-
fect in the context of type 2 skin inflammation, at least partly, by acti-
vating the AHR pathway. We show that MH significantly upregulates the
expression of the AHR target gene CYP1A1 in vitro and in vivo. Moreover,
this effect is abrogated in vitro by a specific AHR antagonist or reduced in
cells partially silenced for AHR. By evaluating CYP1 enzymatic activity
over time, we show that MH activate the AHR through both direct and
indirect means, possibly due to the presence of both CYP1 inhibitors and
AHR ligands. Importantly, MH significantly down-regulated IL-4-
induced CCL26 and upregulated FLG expression through AHR activa-
tion, thus providing a mechanistic rationale to its anecdotical use for
skin atopy [5].

Honey has recently attracted considerable interest for the treatment
of allergic disorders. However, the molecular signalling pathways
involved in its anti-inflammatory effect are ill-identified [6]. Most
studies have focused on the inhibitory properties of specific components
such as flavonoids and phenolic acids which inhibit pro-inflammatory
pathways, such as nuclear factor-kB (NF-xB) and mitogen-activated
protein kinases (MAPKs)[6]. Here we show that MH is able to activate
the anti-inflammatory AHR pathway, which is increasingly being
recognized as a key regulator of skin homeostasis [9,21]. AHR is
implicated in the pathogenesis of AD [15,22] and psoriasis [12] and
tapinarof, a naturally derived AHR ligand, has shown promising efficacy
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Fig. 2. a) Skin section of CyplalCre x R26R*YFP reporter mice topically treated with vaseline (Control), MH or FICZ for 5 days, stained for CYP1A1 (YFP, red) and
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in phase 2 clinical trials for AD [23,24] and has been approved for
psoriasis by the FDA, following positive outcome in phase 3 clinical
trials [25]. Honey contains several putative AHR activators, including
flavonoids and indoles, such as indole-3-acetic acid (IAA) [8,9,26].
Given the very low concentration of IAA detected in 14 different Chinese
raw honey samples, it appears that MH may instead contain a sizable
amount of AHR activators [8,27]. This is consistent with the finding that
both methanol (polar) extract and hexane (nonpolar) extract of MH
down regulated IL4-induced CCL26 in HaCaTs albeit less than whole MH
[4], suggesting that this effect is likely due to multiple biologically
active molecules. Interestingly, unlike the prototypical AHR ligand FICZ,
which induced CYP1 enzymatic activity at all tested time points, 2% MH
induced CYP1 activity after 12-48 h, following an earlier inhibition at
3-6 h, although the CYP1 inhibitory effect of MH can still be observed
up to 48 h when FICZ 100 nM is added to the media. Taken together,
these data suggest that the observed modulation of CYP1 activity by MH
at different time points is the result of the dual effect of both CYP1 in-
hibition, by components contained in MH such as the flavonoid quer-
cetin [26], and direct AHR activation, by ligands in MH as well as in the
culture media [10,28].

MH upregulated FLG expression in NHEK at baseline and in IL-4
treated NHEK in an AHR dependent manner. Heterozygous loss of
function mutations in FLG are the strongest known genetic risk factor for
atopic dermatitis [29]. In NHEK, AHR activation is a major positive
regulator of FLG expression, which is in turn downregulated by IL-4
[30]. Compounds that upregulate FLG could attenuate the develop-
ment of atopic dermatitis and ameliorate its manifestations [31]. In
addition, FLG expression inhibits staphylococcal a-toxin-mediated ker-
atinocyte death [32]. Thus, activation of AHR via MH has the potential
to attenuate allergic skin inflammation and restore skin barrier integrity.
Further in vivo studies using animal models of AD are needed to fully
explore and dissect the beneficial effect of MH in atopic skin inflam-
mation. Other properties of MH such as its antioxidant [33] and
anti-staphylococcal [34] effects may also contribute to its action in AD,
independently of the AHR pathway.

Our study is limited by the lack of identification of all the specific
compounds that act as AHR ligands and those that are CYP1al inhibitors

in MH. This should be investigated as another major project. Also,
testing the effect of MH in an AD mouse model and in human subjects
should be performed as another project to further confirm our findings.
In addition, the mechanism by which AHR activation attenuates IL4-
induced CCL26 expression is yet to be defined. We have previously
shown that treatment of HaCaT cells with MH does not inhibit STAT-6
phosphorylation [4] thus suggesting that the AHR-mediated effect
may be independent of STAT®6. It is also possible that ligated AHR may
inhibits phosphorylated STAT-6 DNA binding, either directly or indi-
rectly, and this is the subject of an ongoing investigation by our group.

Activation of the AHR pathway by MH offers a novel intriguing and
at least a partial explanation of its anecdotical use in atopic dermatitis.
Beyond the anti-allergic effect, AHR signaling attenuates psoriatic skin
inflammation in vivo and ex vivo by reducing the responsiveness of
keratinocytes to inflammatory stimuli [12]. On the other hand, systemic
AHR inhibition in humans, a side effect of the protein kinase inhibitor
vemurafenib, leads to the development of generalized cutaneous mac-
ulopapular rash and a pro-inflammatory state [35]. Thus, the
AHR-activating properties of MH could potentially have broader clinical
implications in a range of skin inflammatory conditions.
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