Accepted Manuscript % Food and

Chemical
Toxicology §=:=

Allergens of permanent hair dyes induces epidermal damage, skin barrier loss and
IL-1 a increase in epidermal in vitro model

Thalita Boldrin Zanoni, Tatiana Nascimento Pedrosa, Carolina Motter Catarino, -
Sander W. Spiekstra, Danielle Palma de Oliveira, Gertjan Den Hartog, Aalt Bast, Geja m-- ————
Hagemann, Susan Gibbs, Silvia Berlanga de Moraes Barros, Silvya Stuchi Maria—

Engler

PII: S0278-6915(17)30775-5
DOI: 10.1016/j.fct.2017.12.033
Reference: FCT 9478

To appearin:  Food and Chemical Toxicology

Received Date: 25 September 2017
Revised Date: 8 December 2017
Accepted Date: 17 December 2017

Please cite this article as: Zanoni, T.B., Pedrosa, T.N., Catarino, C.M., Spiekstra, S.W., de Oliveira,
D.P., Den Hartog, G., Bast, A., Hagemann, G., Gibbs, S., de Moraes Barros, S.B., Maria—Engler, S.S.,
Allergens of permanent hair dyes induces epidermal damage, skin barrier loss and IL-1 a increase in
epidermal in vitro model, Food and Chemical Toxicology (2018), doi: 10.1016/j.fct.2017.12.033.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.fct.2017.12.033

Allergens of permanent hair dyes induces epidermal damage, skin
barrier lossand IL-1 a increase in epidermal in vitro model

Thalita Boldrin Zanonf®, Tatiana Nascimento PedrdSaCarolina Motter Catarin®’, Sander W.
Spiekstrd? , Danielle Palma de Oliveifd, Gertjan Den Hartof’ , Aalt Bast® , Geja Hageman®?,
Susan Gibb&?), Silvia Berlanga de Moraes BarrdsSilvya Stuchi Maria—Eng|&

(1) Skin Biology Group, Department of Clinical Chemys& Toxicology,School of
Pharmaceutical Sciences, University of S&o Paulo,Baulo, (FCF/USP). Av. Lineu
Prestes, 580, CEP 05508-900 Sao Paulo, Brazil.

(2) Department of Dermatology, VU University Medicalr@e, O/2 building, De Boelelaan
1108, 1081 HZ Amsterdam, The Netherlands.

(3) Department of Oral Cell Biology, Academic Center fdentistry Amsterdam (ACTA),
University of Amsterdam and Vrij Universiteit, Anestiam, The Netherlands

(4) Toxicology, Research Institute NUTRIM, Maastrichtilersity, Maastricht, Netherlands.

(5) Department of Environmental Toxicology, School dfaRmaceutical Sciences, University
of S&o Paulo, Ribeirao Preto, Brazil.



1. Introduction:

Permanent hair dyes are formed by a mixture of @amg@s that after successive
reactions with a dye precursor (i.e., PPD) and @les agent (Ex: resorcinol) under oxidative
conditions results in hair coloring (Morel and Giie, 2011). However, these mixtures contain
by-products of which the sensitizing and/or irrttéoxic properties have not yet been elucidated
(SCCP/1198/08). It is known that the oxidation &Pproduces a mutagenic chemical which is
also an extreme skin sensitizer named Bandrowsise l§Brown and Corbett, 1979, Corbett,
1998 and Ghosh and Sinha, 2008). Although manyoasittiscuss that some of the by-product
formed could be the key to skin sensitization, ékact mechanism remains unclear. Therefore,
still some research results remain inconclusivalendther studies indicate that the direct use of
aromatic amines or the indirect formation of theunirg a hair dye coloring procedure could be
related to skin toxicity and may even play an int@ot role in the etiology of some human
cancers (Baan et al., 2000).

The main concern is based on the fact that permdrandye formulations are formed
by a complex mixture of skin sensitizers and aranatines, among other products, that may
result on the formation of even more toxic by-pradu(Aeby et al.,2009, SCCS/1311/10).
According to (Aeby et al., 2009, SCCS/1311/10) ¢hex a lack of information dealing with
toxicity of these mixtures as most studies inveséghazard potential of individual ingredients
and for this they need to be better investigatadaddition, considering the high statistic of
usage, evaluating the risk of exposure to theses dyemportant as it may affect a wide

population of users.



According to Aeby et al., 2004; 2009, the oxidat@inPPD releases intermediates that may
form protein adducts such as PPD-benzoquinone &fd-benzoquinonediimine. Seo et al.,
2012, showed that the mixture of some of these HOg& ingredients are responsible for
increasing the risk of developing contact dernmmtiind has also been associated to increase of
hair loss. Another source that can contribute io skergy after exposure of these dyes is the
generation of reactive oxygen species (ROS) (K&0f)3, Bickers, 2006). Topical exposure to
irritants and sensitizers are known to increaseltewof ROS that can disrupt the epidermal
barrier and activate several cellular pathwaysuiticlg the increase of cytokines involved in
allergic reactions (Byamba et al., 2010., Kim et 2D12., Corsini et al., 2013., Larbi et al.,
2007., Matrtin, 2005., Rinnerthaler et al., 2015).

Following the trend to replace animal testing ifovitro alternatives (Jung et al., 2014;
Lemper et al., 2014) there are currently four comumaé kits; Epiderm @ (MaTek corporation),
EPSKIN ™ (SkinEthic laboratories), (modified EpiDerm TM.TStest method, SkinEthic TM
RhE test method, recommended by Ewgopean center for validation of alternative mdtho
(ECVAM) that allowin vitro evaluation of skin irritants (ECVAM) (ESAC Peer\iRaw Panel

for the skin irritation Validation Study-Consengeport, www.ecvamjri.it). To contribute to this

issue, the Organization for Economic Co-operatind Bevelopment (OECD) has described a
complete protocol guideline that allows validatiohnew RhE models for skin irritation as
described in TG 439 (OECD, 2015b). Skin irritatisnnduced when a compound penetrates the
stratum corneum reaching and damaging living lagétbe epidermis, consequently, there is an
increase of pro-inflammatory cytokines, such asldlLthat trigger a skin immune reaction
contributing to skin irritation (Fartasch et al99b, Wood et al.,, 1996, Wood et al., 1997,

Spiekstra et al., 2005, Spiekstra et al., 2007)owing the TG439 OECD guideline, our group



has recently established a RhE that allows ideatifon of in vitro skin irritation (Pedrosa et al.,
2017). Furthermore, we have also shown that renmtst skin models are efficient tools to
screen toxicity of hair dyesllowing us to observe early symptoms of skinatrdn as damaging
of living epidermal compartment (Zanoni et al.,2DTeherefore, the knowledge that these RhE
are appropriated methods to determine irritant nppoyteof chemical compounds (Teunis et al.,
2014; Spiekstra et al., 2009; Dos Santos, 2011) anshique platform to evaluate hair dye
toxicity using similar methodology to human exp@&swithout animal experimentation. The aim
of this study was to: (l) assess free radical fdimmaof a mixture of PPD, Resorcinol (RES) and
H.0; (Il) evaluate skin irritation using RhE (IIl) ewedte filaggrin expression and morphological

epidermal changes.



2. Results

2.1Reaction between permanent hair dye ingredients: HP, Resorcinol and HO; leads

to hydroxyl radical formation (OH -)

As reference sensitizers used in permanent has,d¢PD (p-phenylenediamine) and
Resorcinol (RES) were used,® was used as oxidizer. The concentration used Wadoiver
than that recommended by SCCPN, and selected aegax our previous data (Zanoni et al.,
2015).

The ability of the mixture of the three ingredegbmmonly used in permanent hair dye
formulations (PPD, RES and,84) to induce Reactive Oxygen Species (ROS) was iigated
Fig. 1. To determine the specific free radical fednwe used 280 mM 5,5- dimethyl-I-pyrroline-
N-oxide (DMPO) as a spin trapping agent to obtaistable Electro Spin Resonance (ESR)
signal. As seen on in Fig.1: (A) indicates that Riid Resorcinol alone are not able to form free
radicals, although when B, was added as shown on (B) an unstable signalderedd that
reassembles a free radical. Aiming to stabilize #ignal of the specific free radical formed (C)
was tested on same conditions as (B) although théhaddition of 280mM of DMPO. The ESR
analysis confirmed the release of hydroxyl radiq@$i’) with the characteristic 1:2:2:1 peak
intensity and %=14.9 G, 8=14.9 G in line with our previous observations mfteidation of PPD
with H,0, (Zanoni et al., 2015). These results suggest thialatbon of PPD in the presence of

RES is determinant to contribute to the relead®ydfoxyl radical (OH).
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Figure 1: Mixture of 2000 pg/mL PPD and 2000 pg/mL Resorcinain 2% of H,0, results

on the formation of (OH") radical. (A) PPD and RES in absence of DMPO, (B) PPD aB& R
in 2 % HO, in absence of DMPO indicates a signal withoutrdedin of the type of free radical
formed, (C) PPD and RES in 2 %®} in presence of DMPO indicates a defined signah of

hydroxyl radical (OH) formation.

2.2in vitro evaluation of skin irritation potential of a mixture of contact allergens used

in permanent hair dyes

To investigate the irritant potential of the midunsed in permanent hair dyes and to
compare the mixture with the ingredients alone,applied the OECD TG 439 MTT method to

the RhE as previously adapted by (Pedrosa et @L7)2 Sodium dodecyl sulfate (SDS) (5%)



used as positive control was applied topically t&ERor 1 hour followed by further incubation
of + 18 hours. The RhE exposed to SDS showed 78%edse in viability (Fig. 2). In contrast,
hair dye ingredients applied individually or as itore failed to be classed as irritants because
viability was higher than 50%, cut-off recommendayl the OECD TG 439 to consider a
chemical as skin irritant. Despite these findinged as PPD and Resorcinol are labeled as
sensitizers we furthermore investigated their gbttb enhance other parameters related to skin

irritation as described by ECVAM (Pedrosa et 8172).
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Figure 2: Epidermal Equivalent (RhE) viability after exposure to PPD, HO,, RES and the
following mixtures PPD/RES, PPD/HO, and PPD/H,O,/RES. A substance was classified as
an irritant if viability after 1 h exposure was el 50% compared to the non-treated control.
Sodium dodecyl sulfate (SDS) (5%) positive contvak correctly classified as irritant. PPD and
Resorcinol were incubated at 2000 pg/mL alone ancbmbination, while D, was tested at

2%, Mean of three independent experiments n = grev{t**) p<0.0001.



2.3 Mixtures of permanent hair dye compounds and bD, decrease RhE viability
andincrease IL-1a release
To further investigate the irritant potential okthair dye mixture, the chemicals were next

topically applied individually or as a mixture fa@d hours (instead of 1 h) using RhE following
the principle ofin vitro irritation assays as recommended by ECVAM. As shaw Fig. 3,
topical exposure for 24h to the mixtures PPD/RESHaNd PPD/HO, greatlydecreased RhE
viability to less than 20% which coincided with screase of IL-& release. The results show
that, the individual ingredients did not resultaimlecrease in cell viability and only a significant
increase in IL-& release for bD,. These results indicate that the mixture of ingmet$ under
the tested conditions increases parameters refatekin irritation, whereas isolated ingredients

did not.
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Figure 3: (A) RhE viability (MTT assay) after exposire to PPD, H202, Resorcinol and the
following mixtures PPD/RES, PPD/H and PPD/H/RES a#ir 24 hours topical exposure. (B)
Evaluation of IL-1 a (ELISA) using the same test conditionsRhE were treated on the
following conditions, with NT (Non-treated), PPDO@pug/mL), RES (2000pug/mL) and 2%

H,0, alone and combined for 24 hours. Results are sgpdeas mean +/- SD, n=3.



2.4 Permanent hair dye mixtures but not individual ingredients induce

morphological changes in the epidermis

Next the extent of morphological changes induceRhik after topic exposure to the hair
dye ingredients and their mixtures was determidter 12 days of culturing RhE at an air-
liquid interface a fully differentiated epidermisag/obtained. (Figure 4). Histological analysis of
hematoxylin-eosin stained RhE sections exposedPtd/R.O, (and PPD/RES/HD, revealed the
presence of significant epidermal damage when cosdpi® the non-treated RhE. Exposure to
the mixtures resulted on stratum corneum looseaimyupper epidermal layer detachment, both
typical signs of cytotoxicity. Furthermore, topigp@sure to PPD/pD, mixture altered granular
layer cell formation with an increased number ob@ptic cells becoming visible. Exposure to
PPD/H0,/RES resulted on an apparent dilation of the egthalar spaces at the lower basal
living keratinocytes layer. Moreover, basal lay@rdtinocytes presented hyperchromatic cell
nuclei. These results suggest that the extentideapal damage caused by the three ingredients
mixture extends to the basal layer, while exposar@PD/HO, reaches only the upper living
cells of epidermis as shown by TUNEL assay, whiciiwates apoptosis caused by DNA strand
breaks. Furthermore, the percentage of epidermaNHIUpositive cells after PPD- 48,
exposure rate was higher on the upper living epidétayer compared with PPD-H-RES in the
basal layer, suggesting deeper cellular damage iaftebation of three ingredients (Fig. 4). No
morphologic difference or apoptosis induction wassesved on the topical exposure of

ingredients tested alone at concentration of 2afén (data not shown).
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Figure 4. (A) H.E staining and (B) Apoptosis (TUNNE assay) induction in RhE after
topical exposure to hair dye mixtures. Non-treated (NT) (A), PPD +i8, (B) and
PPD+Resorcinol +pD, (C). Bar 100 uM (II) Immunofluorescence in reconsted epidermis
after topical exposure to hair dye mixtures. DABtedtion normal healthy cells marked in blue

and Fragmented DNA apoptosis keratinocytes are edarkgreen. Bar 100 pM.
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2.5 Mixtures of permanent hair dye ingredients resli in filaggrin depletion in RhE

To determine whether the tested mixtures resuitedilaggrin depletion, we next
evaluated filaggrin expression using immunofluceese analysis of RhE tissue sections (Fig.
5). The results show that non-treated RhE showadasiexpression to normal human skin with
filaggrin (green fluorescence) being expressedéngranular layer and stratum corneum. When

RhE is exposed to of the hair dye mixtures, filaggxpression decreased.

PPD+H202 PPD +RES+H202

Filaggrin

Figure 5. Filaggrin expression in RhE after topicalexposure to hair dye mixtures Non-
treated (NT) (A), PPD +0, (B) and PPD+Resorcinol+8, (C). DAPI detection cell nuclei

(blue) and filaggrin expression (green). Bar 100. uM
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3. Discussion

It is apparent that ingredients used for permahaittdyes may be considerable allergens
to some users as their etiology vary from weakltriong skin sensitizers (Schuttelaar and Vogel,
2016; Pongpairoj et al., 2016). Hazard toxic po&ntirawbacks from mixture of these
ingredients have recently been identified (Aebwlet2004). Emerging evidence indicates that
by-products can, in some circumstances, be relateéte development of skin allergy as they
may form stronger skin sensitizers (Kawakubo et 2000, Krasteva et al., 1993, Meyer and
Fischer, 2015) and p-benzoquinone diamine (BQDHjgaly protein reactive oxidation product
of PPD (Meyer and Fischer, 2015). Other by-proddotsned during mixture of hair dye
ingredients do not have their toxic/ allergic pdi@nevaluated. Therefore, the real danger
etiology from these mixtures are unknown and isasi@n of investigation in this study.

Previous studies have shown that reactive oxygeniap (ROS) are generated in human
skin by contact allergens (Corsini, Galbiati andtitévic et al., 2013). Regarding permanent hair
dyes, exposure to PPD, a strong skin sensitizex,blean frequently involved in skin toxicity
(Schnuch et al., 1997; Lee et al., 2008). Recently,group has found that the oxidation of PPD
by H,0, results in the release of hydroxyl radicals (Othgt may be associated with oxidative
stress in human keratinocytes (Zanoni et al., 20ABhough this is an important finding, in a
real hair dye formulation the presence of a coulédundamental to form the hair dye that will
permanently change the color of the hair fiberthis article, we show that the reaction among
PPD and RES in the presence of 2¢©OFalso induces (OH-) formation. The release of these
free radicals could be a possible reason for enhgnskin toxicity resulting in epidermal

disruption that could eventually increase skin rghfe or irritation induction after topical

12



exposure. Although it is frequently observed tlanhs consumers may develop allergic contact
dermatitis and other allergic reaction due to thtume of skin sensitizing ingredients in
permanent hair dye formulations, there is yet remarclanswer on the toxic potential of these
mixtures to human skin (SCCS/1311/10). Hence, waothesize that (OH-) formation could
contribute to enhance skin toxicity upon exposarthese dyes.

In a recent publication, Hudari et al., 2014 dibsat that the oxidation of PPD and RES
by H,O, resulted on the formation of the following by-puats: PPD, RES, Bandrowski's base
(BB) and p-quinonediimine (PQD). The following coouymds PPD, RES and BB are considered
respectively strong, moderate, and extreme skinitsagrs. PQD is a nucleophilic molecule able
to directly bind to Cysteine, Lysine and other amniacids resulting on hapten complex
formations (Eilstein et al.,, 2006,2007,2008). Mm@ other formed products such as
indoaniline red and indoaniline green (Hudari et 204) do not have their toxic, allergic, or
irritant potential elucidated yet. According to tliterature there is a lack of data regarding this
subject (SCCS/1311/10) and therefore, here, westigated and compared the irritant potential
of some key ingredients and their mixtures usedpfrmanent hair dying purposes after topic
exposure to RhE as an attempt to genenatgitro data that could be related to real skin
exposure.

For a long time, PPD has been associated to teagement of skin allergy reactions in
sensitized individuals (Sosted et al., 2006, Liéeral., 2016). Despite this, it remains unclear
whether it is PPD or the autoxidation by-produbtst tactivates the skin immune system (Sieben
et al.,, 2002, Aeby et al., 2009, Coulter et al.0&0Krasteva et al., 1993). In addition, the
mechanism induced in human skin after exposure ixture of ingredients of hair dyes

containing PPD remains unclear and is a matterubjest to this work. Hence, in sensitized
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individuals some skin sensitizers also have somi&nt properties the differentiation among
them may be difficult as a mixture of both respa@ns®y also occur (Turton and Hooson, 1994).
By measuring Interleukin 1 alpha (lle)L(an early marker used for screening of skindtiin of
bothin vivo andin vitro) skin irritancy induction could be predicted (Gébét al., 2002, Coquette
et al., 2003, Spiekstra et al., 2005, 2009, dosdSagt al., 2011, Teunis et al., 2014). Regarding
this subject, here, we evaluated the irritant pidérof each ingredients tested alone and after
reaction among them using an our RhE model desdrfat skin irritation evaluation (Pedrosa
et al., 2017). Our findings show that under the tmmditions which included a 1 h topical
exposure of RhE, the ingredients and their mixtumese not classified as irritants and no
significant epidermal damage was observed (accgrirOECD TG49 guideline). Considering
recurrent complaints from exposure to permanent tiges due to allergic reactions and the
unknown toxic effect of this mixture to human sking decided to use another approach
recommended by ECVAM to evaluaite vitro skin irritants that is based on longer period of
exposure to irritant compounds. The test princguadsists on a 50 % decrease of RhE viability
followed by an increase of the inflammatory cytakii-1 o upon topical skin exposure to
irritants (ECVAM). These events stimulate furthepgiuction of pro-inflammatory cytokines
and chemokines that directly contribute to skin ume system activation as an attempt to
regulate skin disturbance (Spiekstra et al., 20@ur findings indicate that under these tested
conditions a mixture of two or three ingredientcrdased RhE viability to under 20% and
consequently resulted in a significant increase levels of IL-1 o release. Moreover,
morphological changes in keratinocytes upon topeglosure of mixtures to RhE were now
observed. This is a particularly interesting firgliand therefore indicate that in the tested

conditions the irritant potential of these mixtuoeurs after longer periods of topical exposure
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to RhE while this is not observed when ingrediemtstested alone. Thus, considering that these
combinations involve a mixture of skin sensitizarsl other compounds that have not yet had
their toxic properties elucidated, we hypothesizat the mixtures could form more toxic by-
products resulting in a possible additive or evegnesgistic effect, explaining the reason that
irritation on RhE was observed after 24h of topipasure to the mixtures. Besides these events,
skin allergy induction involves other complex fastand mechanisms that may contribute for its
development. In normal skin, the epidermis (outestiayer) forms a protective barrier against
external environment toxicants. Once this barrerdamaged several multiple skin health
impairments including increased trans epidermalewdbss, redness, and susceptibility to
infection or irritation by external factors may accTherefore, skin barrier disruption could be
another preponderant key factor that contributealezgy skin induction and even predispose to
Atopic Dermatitis or similar conditions (Bonnartat, 2010). The magnitude of these injuries is
often influenced by stratum corneum damage, chroniacute exposure, and the anatomical
location of the damage. Underlying deficienciesh@a process responsible for development of a
normal, healthy stratum corneum barrier have badted to the etiology of skin disorders
including psoriasis, eczema, and atopic dermafiistta et al., 2001; Cookson, et al., 2001;
Sator et al., 2003, Proksch et al., 2002). Alsognvthe stratum corneum is damaged, the living
epidermis is more directly exposed to externaldiactand the innate immune system can be
more easily triggered (Bendetto, Kubo and Beck,220Therefore, to understand the level of
this damage, we evaluated hair dye exposure résuitdilaggrin depletion. Filaggrin is an
essential skin protein produced by keratinocytest tiegulates epidermal permeability and
barrier function. The depletion of filaggrin leatts multiple epidermal morphological changes

and is frequently observed in skin allergy diseasesh as ichthyosis vulgaris and atopic
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dermatitis (Brown et al., 2012, Thyssen et al.,£04omura et al., 2008). Our results showed
that the mixtures PPD/H/R and PPD/H modulated epide morphology and expression of
filaggrin in stratum corneum, although results wetere pronounced after mixture of three
ingredients. Therefore, it is possible that frequexposure to this mixture could damage the
epidermal barrier increasing skin contact to bydpais that have yet not their toxicity
elucidated. Here, using H.E staining we have shtvan the mixture of the three components
increases epidermal damage when compared to mipfutee two ingredients. Furthermore,
TUNEL analysis indicates that exposure to oxidiP&D increased keratinocyte apoptosis on the
upper layer of epidermis, while exposure to theeehcomponents increased apoptosis in the
deeper basal layer of RhE. The specific moleculachmnisms that results in allergy induction
and the possible mode of action of the skin exmosarpermanent hair dyes mixture has not
been elucidated yet; however, recent findings rshavn that epidermal barrier dysfunction is
involved in many skin diseases process (Nakatsaif. 22011). Considering the data shown here,
we suggest that the key event to skin allergy itidnaelated to permanent hair dyes is possibly

related to a number of toxic by-products forme@raRPD oxidation and reaction with RES.

4. Conclusion:

Topic exposure to mixture of ingredients PPRFland PPD/HO./RES to RhE for 24 hours
increased epidermal damage, decreased viabilitreased release of cytokine of Ll
increased apoptosis and reduced filaggrin expres3ioe hazard effects were more pronounced
when RhE was exposed to PPDO4RES when compared to PPD®G$. Some of these
parameters are associated to epidermal irritagactions and appear after longer periods (24 h)

of topic exposure to RhE. At the tested conditiorssign of irritation appeared after 1 hour of
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exposure, these effects were not observed wherg ssime concentrations of the individual
ingredients, indicating the more hazard effecthaf hair dye mixture. To conclude, we suggest
that by-products formed during the reaction of itigredients together with (OHformed could

contribute to skin barrier loss which is anothempartant key event in the development of
allergic contact dermatitis. Also, we demonstrateat the use of RhE to evaluate skin irritation
after exposure to hair dyes is a useful model tother in-depth studies on the molecular

processes of permanent hair dye mixtures in induallergic responses.

5. Materials and Methods

5.1. Electron spin resonance (ESR)

Using a Bruker EMX100 ESR spectrometer ESR measmtsmwere performed.
Instruments settings were: modulation amplitude teGeiver gain, 5.0 104; time constant, 5ms;
sweep time, 84 s; microwave power 20mW with freqye®.76 GHz, and power. A mixture
between PPD, D, and Resorcinol was held at lower concentratiom tthee allowance for
commercial hair dye formulations of hair dyes (SC@83/11, 2012) to fulfill and be suitable
for in vitro conditions. To obtain a stable ESR signal 5,5-atil-I-pyrroline-N-oxide (DMPO)
was used as a spin trapping agent at the condentEt280 mM. Fenton reaction was prevented

by the addition of Chelex (1 mg/mL) to all inculmats.

5.2 Cell dissociation from foreskin: keratinocyte $olation,

17



Skin cells were obtained from foreskin donateduessbtained from surgery held at the
University of Sao Paulo Hospital (HU-USP). Nexglaion of cells was described as previously
shown by our group (Sandri et al, 2016 and Brohermal.e 2011 with minor changes. Briefly,
immediately after surgery the foreskin tissue waptkin phosphate-buffered saline (PBS)
containing antibiotics penicillin—streptomycin (P8trep; Gibco, Life Technologies, Carlsbad,
CA). Next, excess fat and blood tissue were cdsef@moved from samples and fragmented
followed by incubation with 4 mg/mL dispase |l (Beg Life Sciences, Branford, CT) overnight
at 4C. The next day, using two tweezers epidernais earefully removed from dermis. Then, to
provide cell dissociation epidermis was placed .i05% trypsin-EDTA for 15 min at 37C and
dermis was incubated in 1 mg/mL collagenase (Gihie, Technologies) for 3 h in water bath
for 3 hours at 37C. Keratinocytes were culturet@M-Gold Bullet Kit medium (Lonza KGM
gold keratinocyte basal medium, without’Gavalkersville, MD), and fibroblasts were cultured
in Dulbecco’s modified Eagle’s medium (DMEM; Gibdafe Technologies) supplemented with

10% fetal serum.

5.3 Epidermal equivalents reconstruct (RhE)

Human keratinocytes isolated from foreskin werantaéned in culture using a specific
keratinocyte medium (KGM" gold and KGM single kit Lonza) supplemented witlu¥ of
isoproterenol and kept in incubator at 37 °C at%/.60,). The cells were plated at a

concentration of 2.5xf0cells in a 12 well platerans well membrane with pore 0.4 um. Cells
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were maintained for 24 hours submerged in 1:1 KBMRAFT. Then, each trans well was
transferred to a deep well plate for air-liquideirfce kept with 12mL of RAFT medium at the

bottom. This was cultured for 12 days so that epmewould differentiate.

5.4 Skin irritation

Invitro skin irritation assays correlate decrease on epideviability that is measured by

mitochondrial activity using tetrazolium dye MTT (8;5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) assay to a dir@atrease of cytokine IL«l release by
keratinocytes in presence of an irritant as a apnsece of keratinocyte damage (Bronnenberg et
al., 2007, Coquete et al., 2003, De Jongh et BD62Faller et al., 2002, Gibbs et al., 2002,
Spiekstra et al., 2005)n vitro skin irritation test was performed based on OECDH 439
guideline using the RhE model previously publistwydour group (Pedrosa et al., 2017). For
this, the following ingredients and mixtures wespitally exposed to RhE, PPD, RES(H and
the following mixtures: P/bD,/R, P/HO,, and P/R for 15 minutes at the final concentratbn
2000 pg/mL for 15 minutes exposure, then, tissue wesed with PBS and maintained in the
incubator with 5% CO2 at 37°C. Then, RhE was tramefl to 24-well plates and incubated with
300 pL of MTT (1 mg/mL) for 3 h at 37 °C and 5% £®ext, tissue was washed with PBS and
added to a plate containing 2 mL of isopropanolr@m temperature for 2 h. Extracted
isopropanol (20@L) containing formazan was then transferred to-av86 plate, and the OD of
the resulting purple dye was measured at 570 nngusi ELISA plate reader. Isopropanol was

used as a blank. The concentrations of the ingnéslieested was 10 times lower than the
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maximum commercial allowance in hair dyes formolasi according to (SCCNP). Three skin
replicates were used for each of the test chenaiodl control groups. Sodium dodecyl sulfate
(SDS) (2,5%) was used as positive chemical and pPBS.4 was used as negative chemical.
After exposure, test materials were removed byatgaerinsing with phosphate buffered saline

(PBS) and skin models were transferred to the natepfor the viability test.

5.5 RhE viability test and cytokine IL-1 a determination

The same compounds at same conditions tested befme topically exposed for 24
hours in RhE. The topic exposure of 24 hours foldvby epidermal viability and IL-& is a
standard procedure used in our laboratory to prediatro skin irritation in RhE (Gibbs et al.,
2002, Spiekstra et al., 2005, 2009). Furthermdrie,time of exposure was also chosen based on
a publication of Lademann et al., 2008, that foueihaining hair dye in human skin 24 hours
after exposure, even after washing. The RhE wemeddo 24 well plate for viability
determination, where, 300L of 3-(4, 5-dimethylthiazol-2-yl)-2.5-diphenylteizolium bromide
(MTT) solution (0.3 mg/mL) was added to each skioded followed by 24 hours of incubation
at 5% CO2 incubator. Next, epidermal equivalentseeweashed with PBS pH 7.4 and incubated
in 24 well plate containing 2mL isopropanol per Mbht was placed into a shaker for 2 hours,
so the insoluble formazan products were extractedn, 200uL of the isopropanol extract was
transferred onto a 96-well plate to measure thealptensity (OD) at 570 nm. To achieve more
information regarding the allergenic potential @cle compound and their respective mixture,

the released ILd level evaluated. For this, an immunoassay kit f#hhuman IL-bi was
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purchased from R&D Systems (Minneapolis, MN, USAIjter coating the 96-well plate with
capture antibody, 10Q(L of media obtained from treated RhE models wemeddo the wells
and incubated for 2 hours at room temperature.rAfeeshing the wells, detection antibody was
added to the wells and the plates were incubategoat temperature for 2 hours. Following the
washing steps, secondary antibody with streptadMidirse radish peroxidase was added to the
well and the plate was incubated for 20 minuteserAincubation and washing the plate,
substrate solution was added and incubated for Rutes. After incubation, stop solution
containing 2N sulfuric acid was added to the wallsl OD was measured at 450 nm using a

microplate reader. The concentration was calculaséaly a standard curve.

5.6 Histopathological analysis: Hematoxylin/EosinH.E) staining and immunofluorescence

For the histopathological examination, epidern@iealents were fixed in 10% (v/v)
neutral buffered formaldehyde at 4°C for 12 h. THepM paraffin sections of the tissues were
mounted on glass slides and stained with hematoxyld eosin for morphological analysis. For
immunofluorescence analysis, paraffin sections weagntained at 55°C for deparaffinization,
followed by washing in xylene and hydration in assing series of alcohol and PBS. Antigen
recovery was performed twice in citrate buffer pl@ tr 5 min at 95 °C. The immunolabeling
assay was carried out using the mouse monoclordlodres filaggrin rabbit (Abcam-24584)
dilution 1:1000. A commercial kit with anti-rabbihmunoglobulin secondary antibody (LSAB+
SystemHRP; Dako, Carpinteria, CA) was used in coatimn with diaminobenzidine (Sigma-

Aldrich) according to the manufacturer’s instruogo All images were obtained by optical
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microscopy and analyzed by NIS-Elements softwarigdiN Instruments, Melville, NY). For

each image, we performed 3 epidermal.

5.7 TUNEL analyses of epidermal equivalents

TUNEL assay was performed using a Flurescein-FragELDNA fragmentation
detection kit that allows the recognition of apdjgtmuclei in paraffin tissue sections. Epidermal
equivalent treated with the PPD. RES;(5i PPD/H/RES, P/H and P/R were embedded in
paraffin and placed onto glass slides ain®thick sections. The glass slides were submitbed t
deparaffinization and rehydration where they wermersed in xylene and different percentages
of ethanol. Then permeabilization of the specimeas wlone by the addition off 100 ul of
20pg/mL proteinase K followed by incubation at rommperature for 20 min. Next, glass slides
were washed with PBS and followed by the equilibraind labelling reaction were 60 ul of a
mixture of 57 pl of Fluorescein-Fra géf TdT Labelling Reaction Mix with 3 pl TdT Enzyme.
The slides were then placed onto a humid chambesefl by incubation of 1.5 h at 37 °C. Then,
glass slides were mounted using Fluorescein-FragELMounting Media what allowed cell
population to be seen using a DAPI filter for 33BBmM while labelled nuclei analysis could be
visualized using a filter, 465-495nm. Fluorescemieroscopy image acquisition was performed
using a 12-bit Hamamatsu Digital Camera C10600 ORCAHamamatsu Corporation,

Bridgewater, NJ) connected to a Nikon ECLIPSE 9Q0crbkcope (Nikon Instruments, Inc.,
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Melville, NY) on a Dell Optiplex 960 desktop computrunning Windows 7 Enterprise

(Microsoft Corporation, 2009).
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Permanent hair dye formulations are formed by a complex mixture of skin sensitizers
The specific mechanism that leads to skin allergy and irritation remains unknown
Among other hair dyes, permanent are the most produced and consumed worldwide
Recongtructed skin models are efficient tools to screen toxicity of these dyes



