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Supplementary Materials: Anti-Irritant Strategy against Retinol
Based on the Genetic Analysis of Korean Population: A Genet-
ically Guided Top—-Down Approach

Seongsu Kang, Kyunghoe Kim, Seung-Hyun Jun, Seonju Lee, Juhyun Kim, Joong-Gon Shin, Yunkwan Kim,
Mina Kim, Sun-Gyoo Park and Nae-Gyu Kang

1. Experimental procedure in 1st clinical evaluation for phenotyping

We recruited 173 Korean people for the testing of irritant property of retinol cream
for individuals. We analyzed questionnaire received after the experiment to investigate
what kind of factors are related to retinol-induced irritation. The participants were asked
to topically apply a small amount (about 0.3 g) of the provided cream on their faces. In the
first week, the lowest concentration (2,500 IU) was used for three consecutive days, and
four days were given for rest before moving on to use the second concentration, and so
on. Through the questionnaire, the participants answered questions regarding 1) general
skin sensitivity, 2) experience of quitting cosmetics due to irritation, 3) category of cos-
metic products that they are sensitive to, 4) irritation for retinol-based products in the past,
5) time point when the irritation emerged during the experiment, and 6) the type of irri-
tation they experienced during the experiment. Participants who answered their skin is
‘very sensitive’ or ‘sensitive” were regarded as having sensitive skin, and who answered
their skin is ‘somewhat sensitive’ or ‘not sensitive’ were regarded as having non-sensitive
skin, as previously described [1-3]. We divided the participants into “case group” and
control group for retinol-induced irritation. Case group consisted of the people who ex-
perienced their first irritation within two weeks, and during the use of provided retinol
cream. Control group was defined by the people who did not experience irritation at all,
or until they finished the use of the cream with the highest retinol concentration (5,000 IU).

2. In-vitro experimental procedure
2.1. Cell culture and preparation

Fibroblasts were cultured with Dulbecco’s modified Eagle’s medium (DMEM)
(Gibco, Grand Island, NY, USA) supplemented with 10% FBS (Gibco), penicillin-strepto-
mycin (Gibco) at 37 °C with 5% CO:. HaCaT were cultured with DMEM supplemented
with 10% FBS, penicillin-streptomycin (Gibco), 1 mM Sodium Pyruvate (Gibco), 2 mM L-
glutamine (Gibco), and 0.01 mM CaCl: (Sigma Aldrich, USA) at 37 °C with 5% COx.

The rat mast cell line RBL-2H3 was obtained from the American Type Culture Col-
lection (ATCC, Rockville, MD, USA). The cells were maintained in DMEM supplemented
with 10% (v/v) heat-inactivated fetal bovine serum (Gibco) and 100 units/mL penicillin-
streptomycin (Gibco) at 37 °C in a humidified 5% CO: atmosphere. Cells were detached
with trypsin-EDTA solution (Gibco), washed with phosphate buffered saline (PBS, pH
7.2), and resuspended in fresh medium for use in subsequent experiments.

TRPV1-overexpressing transgenic cell line whose base cell line is HEK293 was man-
ufactured by Creative Biogene (USA). The Relative mRNA expression level of transgene
TRPV1 was 1082.637-fold compared to normal HEK293. The cell was cultured in high glu-
cose DMEM containing 10% FBS, and puromicin which is for antibiotics and selection for
transgenic cell line. The cell was maintained under the confluence of 80%.
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2.2. RT-qPCR

Fibroblasts and HaCaT were seeding in 6-well plates and incubated for 24 h at 37 °C.
In the case of HaCaT, retinol was treated for an additional 24 h in serum-free fresh me-
dium before substances treatment. After incubation, the substances at various concentra-
tions were introduced in serum-free fresh medium. Following incubation for 24 h at 37 °C,
RNA was extracted from Fibroblast and HaCaT using RNeasy mini kit (Qiagen, Ger-
many). Total RNA (1 ug) was reverse-transcribed into cDNA using cDNA synthesis kit
(Philekorea, Korea) following manufacturer’s protocol through Veriti 96 Well Thermal
Cycler (Applied Biosystems, USA). The following temperature protocol was used for re-
verse transcription: 42 °C for 30 min and 72 °C for 10 min. Amplification of cDNA was
performed using the StepOnePlusTM RT-PCR system (Applied biosystems) using Tag-
Man™ Universal PCR Master Mix (Applied Biosystems) according to protocol by manu-
facturer. The following thermocycling conditions were used for gPCR: 30 cycles at 95 °C
for 45 sec, 60 °C for 1 min and 72 °C for 45 sec. qPCR was performed using the following
commercial Taqman primers: COL4A1 (Hs00266237_m1); COL6A1 (Hs01095585_m1l);
AQP3 (Hs01105469_g1); FLG (Hs00856927_g1) Experimental results were calculated by 2-
AACt formula and presented as relative values for housekeeping gene, GAPDH.

For the expression of mast cell, the RBL-2H3 cells (6 x 105 cells/well) were seeded into
6-well plates and incubated overnight. The cells were washed twice with serum-free me-
dium and were preincubated for 4 h with test agents in serum-free medium at the indi-
cated concentrations. They were then treated with 10 uM Retinol or 60 ug/ml C48/80
(Sigma-Aldrich, St. Louis, MO, USA), and incubated for 24 h at 37 °C with 5% CO2. Total
RNA was prepared using Qiagen RNeasy kit according to the manufacturer’s instructions
as described above. The total RNA (1 pg) was used as the template for cDONA synthesis
and PCR using the Power SYBR® Green PCR Master mix (Applied Biosystems, foster City,
CA, USA). The following primers were used: GAPDH sense 5- ACCACAG-
TCCATGCCATCAC -3'; GAPDH antisense 5-TCCACCACCCTGTTGCTGTA-3"; IL-4
sense 5- ACCTTGCTGTCACCCTGTTC-3’; IL-4 antisense 5-TTGTGAGCGTG-
GACTCATTC-3’; IL-4R alpha sense 5 ~ATCTGCGTGCTTGCTGGTTCT-3’; IL-4R alpha
antisense 5-CTGGTATCTGTCTGATTGGACCG-3'.

2.3.B-. hexosaminidase release assay

The inhibitory activity of test agents against the release of -hexosaminidase from
RBL-2H3 cells was evaluated according to Yi Zheng et al. with slight modifications.[4]
RBL-2H3 cells in 24-well plates were incubated overnight at 37 °C with 5% CO2. The cells
were washed twice with serum-free medium and were preincubated for 4 h with test
agents in serum-free medium at the indicated concentrations. They were then treated with
retinol or 60 pg/ml C48/80 for 30 min to evoke pseudo-allergic reactions, not IgE-mediated
allergic response. The reaction was stopped by cooling in an ice bath for 10 min. The 24-
well plate was centrifuged at 200 g for 5 min at 4 °C, and then 50 uL aliquots of the super-
natant were transferred to 96-well plates. To determine the total 3-hexosaminidase con-
tent, the cells were lysed with 0.1% Triton X-100 in Siraganian buffer (119 mM NaCl, 5mM
KCl, 5.6mM Glucose, ImM CaClz, 0.1% BSA, 0.4mM MgCl, 25 mM PIPES, pH. 7.2). The
[B-hexosaminidase released into the supernatants and in the cell lysates was mixed with
an equal volume (50 pL) of substrate solution (p-nitrophenyl-N-acetyl-f3-D-glycosamide
in 0.1 M citric acid/sodium citrate buffer, pH 4.5) for 90 min at 37 °C. The reaction was
stopped by the addition of stop buffer (0.1 M sodium carbonate/sodium bicarbonate, pH
10.5). The percentage of 3-hexosaminidase release was assessed by measuring the absorp-
tion of the samples at 405 nm with a microplate spectrophotometer, and was calculated as
follows: absorbance of culture supernatant at 405 nm x 100/absorbance of total lysate su-
pernatant at 405 nm. C48/80 (30 pg/mL) was used as a positive control.
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2.4. Calcium influx assay

One day before calcium influx assay, cell was detached using trypsin from the culture
flask, and seeded 96-well black well plates with clear bottom (8,000 ~ 10,000 cells per well),
cultured in medium supplemented with DEME supplemented with FBS and puromicin.
On the day of calcium influx assay, cell was washed using DPBS and incubated with an-
tagonists for 10 min, and followed by incubation with calcium binding dye under the
manufacturer’s protocol. (Fluo-4, Thermofisher, USA) The agonist (retinol) was added to
the cells and observed under fluorescent microscopy in real-time. The video data was col-
lected, and the fluorescence of 50~100 cells was analyzed by analytical software.

2.5. Self-evaluation index

In the previous numerous studies, irritated skin conditions has been graded accord-
ing to the criteria proposed by Frosh and Kligman [5] and CTFA guidelines which classi-
fies the irritation (specifically erythema) in to 5 grades: 0 = no reaction, 1 =slight erythema,
spotty or diffuse, 2 = moderate uniform erythema, 3 = intense erythema with edema, 4 =
intense erythema with edema and vesicles. However, retinoid-induced irritation triggers
extremely wide range of irritation-types and severity depending on race, ethnicity, sex,
and even each individual, which traditional irritation-measuring guideline does not effec-
tively qualify or quantify these irritations. By that reason, we re-design the self-evaluation
guideline for skin irritation as shown in table S1. This self-evaluation was performed in
the small pilot study and 2nd large-scale clinical evaluation.

Table S1. Self-evaluation index for retinol-induced irritation. To investigate the diverse type of retinol-induced irritation,
the new scoring index was developed.

1 2 3
MILD MODERATE INTENSE

Desquamation

Pruritus

Burning

Dryness

Stinging *

A ly exfoliati -
Slightly exfoliated, while pparently exfoliation ob Curled corneous tissue ob-
served. Spontaneous exfo-

nize liation

Feeling slight pruritus, but Intense pruritus. Uncon-

Feeling intermittently . .
. sciously scratch an itchy

. moderate pruritus

concentration spot

Very slight burning sensa-
tion, but cannot perceive
without concentration

cannot perceive without

Burning sensation such
like a first —degree burn or
touching hot material
Very slight dryness, but  During facial expression, Intense dryness, such as no

cannot perceive without  feeling kinds of “tight-  use of moisturizer after

Burning sensation as
touching warm water

concentration ness” on the applied area washing the face.
Recognize the stinging-like
More sensitively recognize irritations under relaxa-
Slightly recognize stinging, the irritations than usual. tion.
but cannot perceive with- (Threshold of irritation |). When any cosmetics are
out concentration. Not sig- When touching the ROI,  applied on the RO, or

nificant difference when feels the “stinging irrita-  clothes and fingers are
toughing the ROL tions”, or “chafing-like” ir- touched on the ROI, recog-
ritation. nizes the intense irrita-
tions.

*including pricking, sore, and any non-specific irritation.
ROI: region of interest.
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Table S2. List of candidate genes used in the genetic analysis and known functions related to skin sensitivity.

Gene

Function
(related to skin sensitivity)

Reference

CD&86
EGFR

CD36

CD44

MMPI0

MMPI3

IL18

IL4R

BCL?

COL6A2

RARB
RARG

RXRB
cCcL2

Treating toxic chemical compounds upregulated CD86 expression.
EGFR inhibitor induced cutaneous toxicity.

Patch testing with SLS increased expression of CD36 in the stratum granulosum.
CD36 is a mediator of inflammation in allergic contact dermatitis and irritant contact dermati-
tis.

CD44 is highly expressed in irritant and allergic contact dermatitis and is required for epider-
mal permeability barrier homeostasis and keratinocyte differentiation.

Topical retinyl retinoate increased CD44 expression.

Matrix metalloproteinase (MMP2, MMP3, MMP8, MMP10, and MMP13) were up-regulated
by UV exposure.

MMP10 transcripts were significantly elevated in the rIL-31-treated skin as compared to saline
treatment.

MMP13 transcript abundance was lower in allergic contact dermatitis and in irritant contact
dermatitis
MMP13 is regarded as a general inflammatory marker
IL18 seems to be implicated in allergic response.

Cytokine-producing genes including IL18 have been postulated to influence immunologic
functions that are important in the development of atopy.

IL18 may play a more central role in the cutaneous immune response. IL18 is constitutively
expressed by human keratinocytes.

IL18 was used as sensitization marker in a previous study.

Dermatitis is often associated with a markedly increased concentration of serum IgE and IL18.
ILA4R is upregulated in allergy disease patients.

In RA-treated melanocytes and keratinocyte-melanocyte cocultures, S100B expression levels
increased more than twofold, and S100B knock-down significantly increased activation of
caspase-3, but decreased expression of Bcl-2.

Dysregulation of T-cell apoptosis, as a consequence of bcl2 overexpression, was also postu-
lated to contribute to chronicity of inflammation in various cutaneous diseases
BCL2 is overexpressed in the lymphocytes of psoriatic skin.

Three alpha chains of type VI collagen found in connective tissue
Regulates dermal matrix assembly, fibroblast motility, tissue remodeling and wound healing
Defect results in keloid formation and abnormal skin phenotypes
Retinoic acid receptor located in the nucleus that act as a transcription factor
Retinoic acid receptor located in the nucleus that act as a transcription factor
Retinoic acid receptor gamma mediates topical retinoid irritation in animal models
Retinoic acid receptor located in the nucleus that act as a transcription factor
CCL2 expression is increased upon retinol treatment

[6,7]
[6,8]

[6,9,10]

[6,11-13]

[6,14,15]

[6,16,17]

[6,18-20]

[6,21,22]

[6,23-25]

[6,26-29]

[30,31]
[30-32]

[30,31]
[33]
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Figure S1. In-vitro experiment to screen anti-irritants which could modulate irritation-associated molecular pathogenesis.
a) Investigation for skin barrier disruption-associated molecular pathogenesis. Relative mRNA expression of FLG.
Keratinocyte HaCat was experimented. Retinol 4ppm was treated. b) Investigation for inflammation (mast cell driven)-
associated molecular pathogenesis. relative mRNA expression of IL-4 when RBL-2H3 was treated with 10uM retinol and
various candidates. c) Neurogenic inflammation mediated with TRPV1 induced by retinol and d, e) antagonistic effect by
4-t-butylcyclohexanol(BC) and omega-9(OA). * p < 0.05; n.s, not significant.
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Figure S2. Pressure pain threshold (PPT) measured algometer whose probe has the diameter of 1mm. Control refers to
retinol-treated area without AF. Negative control refers to non-treated area. * p <0.05.

1st clinical evaluation (n=173) 2nd clinical evaluation (n=91)
50- Low Middle High 201 Low Middle High
45
40+
35 154
?.,. 25 ?'; 10+
L 201 s
15+
10- >
5.
0- 50 60 70 80 20 100 110 120 0- 50 60 70 80 90 100 110 120
Risk score Risk score

Figure S3. Histogram for risk score on test individuals. 1st clinical evaluation with the aim to investigate to disclose the
genetic marker which is regarded to retinol-induced irritation. The 173 people were tested and analyzed. Retinol cream
without AF were given. (Left panel) 2nd clinical evaluation with the aim to validate the prediction model for retinol-
induced irritation. Retinol cream with AF were given. The test subjects were divided into three groups with following
criteria; Low (< 65), Middle (65~75), High (75<) (Right panel).
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Figure S4. Patterns of irritation in each risk score group. Each type of irritation was averaged.
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