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Abstract

Cosmetics are primarily applied to the skin; therefore, the association of cosmetic dyes with skin diseases or inflammation is
a topic of great interest. Thymic stromal lymphopoietin (TSLP) is an interleukin 7-like cytokine that activates dendritic cells to
promote Th2 inflammatory immune responses. TSLP is highly expressed in keratinocytes under inflammatory conditions, which
suggests that it may play a critical role in the development of skin diseases, such as atopic dermatitis. Therefore, we investigated
whether cosmetic dyes influenced the production of TSLP by keratinocytes. Phloxine O, also known as D&C Red No.27, is one of
the most common red synthetic pigments and is widely used in colored cosmetics. Our results showed that Phloxine O downregu-
lated phorbol 12-myristate 13-acetate-induced production of TSLP in a murine keratinocyte cell line (PAM212). Phloxine O also
suppressed TSLP expression in KCMH-1 cells, which are mouse keratinocytes that constitutively produce high levels of TSLP.
To investigate the in vivo effects of Phloxine O, we induced TSLP expression in mouse ear skin by topically applying MC903, a
vitamin D3 analogue that is a well-known inducer of atopic dermatitis-like symptoms. Topical application of Phloxine O prevented
MC903-induced TSLP production in mouse ear skin, attenuated the acute dermatitis-like symptoms and decreased serum IgE and
histamine levels in mice. Suppression of TSLP expression by Phloxine O correlated with reduced expression of OX40 ligand and
Th2 cytokines in mouse ear skin. Our results showed that Phloxine O may be beneficial to prevent dermatitis by suppressing the
expression of TSLP and Th2 cytokines in skin.
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INTRODUCTION disorders and epidermal barrier defects, leading to increased
susceptibility of suffering from allergic reactions and skin in-
Atopic eczema, also known as eczema, is an itchy inflam- fections (Nutten, 2015). AD is known to be a multifactorial and
matory skin condition associated with significant morbidity (Jo- heterogeneous disease characterized by a variety of clinical
hansson et al., 2004). Atopic eczema is a diagnostic term that forms that result from the interaction of susceptibility genes,
is synonymous with atopic dermatitis (AD). AD is a chronic environmental factors, skin barrier integrity disorders and im-
skin disease that affects a large portion of the world’s popula- munomodulatory disorders. Although both barrier damage
tion. AD does not specifically affect a particular age group; and immunomodulatory disorders play important roles in its
rather, it can occur in people of all ages. Recent studies have pathogenesis, the underlying sequence of events is still un-
shown that the prevalence of AD has increased steadily, af- clear (Leung, 2016).
fecting 15%-30% of urban children and 1%-3% of adults Thymic stromal lymphopoietin (TSLP) is produced by vari-
(Bieber, 2008; Brown et al., 2008; Odhiambo et al., 2009). AD ous cells, such as fibroblasts, stromal cells and epithelial cells,
is characterized by intense pruritus and chronic and recur- and mediates the development and progression of skin inflam-
rent skin irritation. AD is closely linked to immunomodulatory mation. TSLP interconnects the innate and adaptive immune
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responses (Kashyap et al., 2011). In AD, TSLP is primar-
ily produced by keratinocytes upon stimulation with an aller-
gen. OX40 ligand (OX40L), which is preferentially expressed
by dendritic cells stimulated with TSLP, transforms dendritic
cells into promoters of atopic inflammation, stimulating a posi-
tive feedback loop that amplifies chronic Th2 inflammatory
responses (Pulendran et al., 2010; Cianferoni and Spergel,
2014). TSLP promotes the interaction of dendritic cells and
T cells, which is an essential step to induce the activation of
inflammatory Th2 cells and ultimately cause allergic diseases
(Murakami-Satsutani et al., 2014). Therefore, the TSLP path-
way is a promising target for immunotherapy in AD (Wang et
al., 2013).

Many dye products contain ingredients called “coal tar
dyes” that are widely used in cosmetic products. Since cos-
metics are applied primarily to the skin, the effects of cosmetic
dyes on dermatitis are of great interest. However, the effects
of cosmetic dyes on TSLP expression by the skin have not
been clarified. Therefore, we investigated whether certain cos-
metic dyes modulated the expression of TSLP in keratinocytes
and mouse skin. In this study, we show that Phloxine O, also
known as D&C Red No. 27, downregulates TSLP production
by keratinocytes, thereby reducing skin inflammatory respons-
es in mice.

MATERIALS AND METHODS

Animals

BALB/c mice were obtained from Orient Bio (Seoul, Korea).
The mice were housed under specific pathogen-free condi-
tions in a room where the optimal temperature (23 + 3°C)
and relative humidity (40-60%) were controlled. Mice were
acclimated in the animal facility for at least one week before
the experiments. Animal care and the experimental protocols
were performed in accordance with the guidelines of the In-
stitutional Animal Care and Use Committee (IACUC) of the
Catholic University of Korea (permission #2016-006) and the
ARRIVE guidelines. Mice in the different experimental groups
were of similar age and weight and were randomly allocated
to each group. Investigators were blinded to the treatment of
mice in all experiments.

Cells

The murine keratinocyte cell line PAM212, which was de-
rived from BALB/c mouse skin, was generously provided
by Dr. Stuart H. Yuspa from the National Cancer Institute
(Bethesda, MD, USA) (Yuspa et al., 1980). KCMH-1, a mouse
keratinocyte-derived squamous cell carcinoma cell line de-
rived from CBA/j mouse skin, was generously provided by
Dr. Noriyasu Hirasawa at Tohoku University (Segawa et al.,
2014). PAM212 and KCMH-1 cells were cultured in RPMI
1640 medium (Invitrogen, Carlsbad, CA) containing 10% (v/v)
fetal bovine serum, 10,000 units/ml of penicillin, and 10,000
ung/ml of streptomycin. The cells were plated in 48-well plates
at a density of 5x10* cells/well and were incubated overnight
before the treatments.

Reagents

Phorbol 12-myristate 13-acetate (PMA)and MC903 (calcipot-
riol) were purchased from Sigma-Aldrich (St. Louis, MO, USA).
Phloxine O (CAS, 13473-26-2; IUPAC name, 2’4’5’7 -tetra-
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bromo-4,5,6,7-tetrachloro-3’,6’-dihydroxyspiro[2-benzofuran-
3,9'-xanthene]-1-one; molecular formula, C,H,Br,Cl,O,) was
obtained from LG Household and Health Care Co (Daejeon,

Korea).

Acute dermatitis mouse model

BALB/c mice were randomly divided into five groups (7-8
animals/group): vehicle, Phloxine O (1% in a 3:1 mixture of
acetone:olive oil), MC903 (5 nmole in ethanol), MC903 (5
nmole)+Phloxine O (1%),and MC903 (5 nmole)+dexamethasone
(0.1% in a 3:1 mixture of acetone:olive oil). Acute dermatitis was
induced by repeated topical application of MC903 according
to a published protocol with slight modification (Li et al., 2006).
Briefly, 25 ul of Phloxine O, vehicle (3:1 mixture of acetone:olive
oil), or dexamethasone was topically applied to mouse ear
skin. After 4 hours, 25 pl of MC903 was topically applied to the
ear skin. The application of Phloxine O, dexamethasone, and
MC903 was repeated once per day for 5 days. Ear thickness
was recorded every day. On day 6, mice were sacrificed to ob-
tain ear skin tissues and blood. Serum was collected after cen-
trifugation of blood at 8,000 g for 30 min. Samples were stored
at -80°C pending further analysis.

Enzyme-linked immunosorbent assays

Enzyme-linked immunosorbent assays (ELISA) were per-
formed as previously described (Lee et al., 2017). TSLP levels
were determined using a DuoSet enzyme-linked immunosor-
bent assay (ELISA) kit (R&D systems, Minneapolis, MN, USA)
following the manufacturer’s instructions. The serum levels
of IgE and histamine were measured using ELISA kits (IgE,
eBioscience, San Diego, CA, USA; histamine, Enzo life sci-
ence, Farmingdale, NY, USA) according to the manufacturer’s
protocols.

Reverse transcription and quantitative real-time poly-
merase chain reaction (qRT-PCR) analysis

Total RNA was extracted from cells or mouse ear tissues
using WelPrep reagent (Welgene, Korea). Reverse transcrip-
tion and gRT-PCR analysis was performed as described
previously (Lee et al., 2016). Primers used were as follows:
Tslp, 5'-GGACCACTG GTGTTTATTCT-3' and 5-CAGGGTT-
TAG ATGCTGTCAT-3'; Tslpr, 5-TTCGCAGGGTGAAA-
GATG-3 and 5-CTTAGCCTTGGTGTGGATG-3; 0Ox40l,
5-GTCGAAGGATTGTCTTCACT-3 and 5-TGGAATTCA-
CAGTGGTACT-3’; /-4, 5-AGATGGATGTGCCAAACGTCCT-
CA-3° and 5-AATATGCGAAGCACCTTGGAAGCC-3’; II-5,
5-CAAAAAGAGA AGTGTGGCGA GG-3' and 5-TAGATAG-
GAG CAGGAAGCCC-3'; II-13, 5-GCAACGGCAG CATG-
GTATGG A-3' and 5-TGGTATAGGG GAGGCTGGAG AC-
3'; Actin, 5-TCATGAAGTGTGACGTTGACATCCGT-3' and
5-TTGCGGTGCACGATGGAGGGGCCGGA-3'. Specificity of
the amplified PCR products was assessed by melting curve
analysis. Fold change was calculated using 2722 relative to
the internal reference gene (actin) levels (Kim et al., 2017).

Histological analysis

Ear tissue specimens were fixed in 10% buffered formalin,
embedded in paraffin, cut at a thickness of 5-um and stained
with hematoxylin and eosin for histological examination, as
described previously (Yang et al., 2016a).
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Fig. 1. Phloxine O inhibits TSLP production in keratinocytes. (A) Chemical structure of phloxine O. (B) PAM212 cells were treated with
phorbol 12-myristate 13-acetate (PMA, 30 nM) or vehicle (0.2% ethanol) in the presence or absence of Phloxine O (PO) for 16 hours. (C)
KCMH-1 cells were treated with Phloxine O (PO) or vehicle (0.2% ethanol) for 16 hours. TSLP protein levels in culture media were deter-
mined by ELISA. For (B) and (C), data are shown as the mean + SEM (n=3). *Significantly different from vehicle alone, p<0.05. *Signifi-
cantly different from PMA alone, p<0.05. (D) PAM212 cells were treated with Phloxine O for 24 hours, and the cytotoxicity was determined
by LDH release assay. The LDH release of vehicle group was set up as 100%. Data are shown as the mean + SEM (n=6).

Statistical analysis

Statistical analysis was performed using the GraphPad
Prism 5 software (GraphPad Software, San Diego, CA,
USA). All data were analyzed by one-way ANOVA followed by
Tukey’s multiple comparison test and were expressed as the
means + SEM. Values of p<0.05 were considered to be sig-
nificant. Graphs or figures are representative of at least two or
three independent experiments.

RESULTS

To investigate whether Phloxine O affected the produc-
tion of TSLP by keratinocytes (Fig. 1A), murine keratinocytes
(PAM212) were treated with Phloxine O and stimulated with
phorbol 12-myristate 13-acetate (PMA) to induce TSLP ex-
pression. Phloxine O treatment inhibited the production of
TSLP by PAM212 cells in a dose-dependent manner (Fig.
1B). To confirm the inhibitory effects of Phloxine O on TSLP
expression, KCMH-1 cells, which are mouse keratinocytes
that constitutively produce high levels of TSLP (Segawa et al.,
2014), were treated with Phloxine O. Phloxine O treatment de-
creased the production of TSLP by KCMH-1 cells (Fig. 1C). To
determine whether Phloxine O affected cell viability, PAM212
cells were treated with Phloxine O for 24 hours, and an LDH
release assay was performed. Up to 50 uM of Phloxine O did
not induce cytotoxicity in PAM212 cells (Fig. 1D).

Next, we investigated whether Phloxine O suppressed the
production of TSLP in vivo. MC903 (calcipotriol) was used as
an in vivo inducer of TSLP expression in mouse skin, which
results in the development of an atopic dermatitis-like syn-
drome (Li et al., 2006). To examine whether Phloxine O inhib-
ited MC903-induced TSLP expression, Phloxine O (1%) was
topically applied to mouse ear skin. After 4 hours, MC903 was
topically applied to the same area of ear skin. The application
of Phloxine O and MC903 was repeated for 5 days. Topical
treatment with Phloxine O reduced the levels of TSLP pro-
tein, induced by MC903 in mouse ear skin tissues (Fig. 2A).
Increased levels of TSLP mRNA following MC903 application
in mouse ear skin were also reduced by Phloxine O (Fig. 2B).
In addition, Phloxine O decreased TSLP receptor (TSLPR)
mRNA levels, also increased as a result of the topical applica-
tion of MC903 to mouse ear skin (Fig. 2C). Dexamethasone,
which we used as a positive control, was effective in reducing
TSLP and TSLPR mRNA levels, but it did not reduce TSLP
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Fig. 2. Topical application of Phloxine O suppresses TSLP pro-
duction induced by MC903 in mouse ear skin. Twenty-five ul of
vehicle (3:1 mixture of acetone/olive oil), Phloxine O (PO, 1%), or
dexamethasone (DEX, 0.1%) was topically applied to mouse ear
skin. After 4 hours, 25 ul of MC903 (5 nmole in ethanol) or vehicle
was treated. The application of Phloxine O, DEX and MC903 was
repeated for 5 days (n=7-8 animals/group). (A) TSLP protein levels
in ear tissue homogenates were determined by ELISA. (B, C) The
mRNA levels of TSLP or TSLPR in ear tissue homogenates were
determined by RT-real time quantitative-PCR analysis. The mRNA
levels for each gene were normalized with B-actin mRNA levels.
Data are shown as the mean + SEM (n=7-8). *Significantly differ-
ent from vehicle alone, p<0.05. *Significantly different from MC903
alone, p<0.05. Veh, vehicle.

protein levels (Fig. 2). These results demonstrate that Phlox-
ine O inhibits the expression of TSLP in keratinocytes and in
skin tissue.

To investigate whether the in vivo inhibition of TSLP produc-
tion by Phloxine O resulted in an attenuation of TSLP-mediated
dermatitis symptoms, we analyzed the inflammatory respons-
es in mouse ear skin tissues. Topical application of MC903 on
mouse ear skin once per day for 5 days led to the develop-
ment of dermatitis symptoms, such as epidermal hyperplasia,
edema, and accumulation of inflammatory cells in the dermis/
epidermis layer, as shown by histological assessment of ear

www.biomolther.org
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Fig. 3. Topical application of Phloxine O suppresses atopic dermatitis-like allergic inflammatory responses in mouse ear skin stimulated
with MC903. (A-D) Samples were obtained from animals in Fig. 2. (A) Representative pictures of the histopathological features of ear skin
tissues (200x, scale bar: 100 um). (B) The thickness of ear skin was measured every day before MC903 treatment. (C, D) The serum levels
of IgE and histamine were determined by ELISA. Data are shown as the mean + SEM (n=7-8). *Significantly different from vehicle alone,
p<0.05. *Significantly different from MC903 alone, p<0.05. Veh, vehicle; DEX, dexamethasone; Phloxine O, PO.

skin tissues (Fig. 3A). In contrast, pretreatment with Phloxine
O suppressed MC903-induced dermatitis symptoms, with an
efficacy comparable to that of dexamethasone (Fig. 3A). The
increase in ear skin thickness induced by MC903 was reduced
by Phloxine O treatment (Fig. 3B). The atopic dermatitis (AD)-
like skin inflammation is accompanied by an increase in serum
IgE and histamine levels (Gao et al., 2004). While topical ap-
plication of MC903 increased the levels of IgE and histamine
in serum, treatment with Phloxine O significantly reduced
these levels (Fig. 3C, 3D). Interestingly, dexamethasone treat-
ment did not reduce the levels of IgE (Fig. 3C), although it did
reduce histamine levels (Fig. 3D). These results indicate that
dermal application of Phloxine O reduced the AD-like skin al-
lergic inflammatory responses, most likely due to inhibition of
TSLP production by keratinocytes.

TSLP induces the expression of OX40L in dendritic cells
which, in turn, stimulates the differentiation of naive CD4* T
cells into Th2 cells, thereby promoting Th2-type allergic im-
mune responses (Leyva-Castillo et al., 2013). Therefore, we
investigated whether Phloxine O treatment would affect the
expression of OX40L and Th2 cytokines in mouse ear skin
tissues exposed to MC903. Topical application of Phloxine
O inhibited OX40L expression induced by MC903 in mouse
ear skin tissues, a similar outcome to that seen with dexa-
methasone treatment (Fig. 4A). Consistently, Phloxine O sig-
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nificantly reduced the expression of Th2 cytokines, such as
IL-4, IL-5, and IL-13, in mouse ear skin stimulated with MC903
(Fig. 4B-4D). These results show that Phloxine O inhibits the
activation of dendritic cells, thereby blocking the activation of
Th2 immune responses, possibly as a result of the inhibition of
TSLP production by skin keratinocytes.

Collectively, our results show that Phloxine O downregu-
lates the expression of TSLP and Th2 cytokines in skin, result-
ing in the attenuation of acute dermatitis symptoms.

DISCUSSION

Although persons are frequently exposed to cosmetic dyes
on a daily basis, there are few studies investigating the ef-
fects of cosmetic dyes on TSLP expression. To the best of our
knowledge, this study is the first to show inhibitory effects of
a cosmetic dye on TSLP production by the skin. Our results
showed that Phloxine O suppressed TSLP expression both
in vitro using murine keratinocyte cell lines and in vivo in a
murine acute dermatitis model. TSLP expression correlated
well with the acute dermatitis symptoms, since application of
MC903, an in vivo inducer of TSLP, to mouse skin, resulted in
an inflammatory response. In contrast, Phloxine O alleviated
the acute dermatitis symptoms induced by MC903 in mice by
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Fig. 4. Topical application of Phloxine O decreases the expression
of OX40L and Th2 cytokines in mouse ear skin stimulated with
MC903. (A-D) Mouse ear skin tissues in Fig. 2 were used for the
analysis. The mRNA levels of OX40L, IL-4, IL-5, and IL-13 in ear
tissue homogenates were determined by RT-real time quantitative-
PCR analysis. The mRNA levels of each gene were normalized
with B-actin mRNA levels. Data are shown as the mean + SEM
(n=7-8). *Significantly different from vehicle alone, p<0.05. *Sig-
nificantly different from MC903 alone, p<0.05. Veh, vehicle; DEX,
dexamethasone; Phloxine O, PO.

reducing TSLP production.

Phloxine O is one of the commonest synthetic red pigments
and is widely used in colored cosmetics. Phloxine O is ap-
proved by the FDA as an ingredient in pharmaceuticals and
cosmetics and is primarily used to manufacture lipsticks and
blushers. Lakes containing Phloxine O are used in lipsticks,
blushers, makeup preparations, hair dyes and colors, rouges,
face powders, bath oils, tablets and salts (Qi et al., 2012).
An evaluation of its dermal toxicity has been reported (FDA,
2001). In these dermal toxicity studies, Phloxine O (0.1%, 1%)
was topically applied daily to the intact or abraded skin of rab-
bits for 28 days or 91 days. Body weight and the healing time
for abraded skin were not affected by Phloxine O treatment.
There were no gross or histopathological changes in the in-
ternal organs after topical treatment with Phloxine O (FDA,
2001). Another study showed that 1% Phloxine O applied to
the dorsal skin of ICR mice twice weekly for 18 months had no
effect on survival and did not produce any skin lesions (FDA,
2001). These studies show that dermal application of Phloxine
O does not produce any systemic effects or local skin lesions.
However, these studies did not assess the potentially benefi-
cial effects of applying Phloxine O on the dermis. In our study,
1% Phloxine O was topically applied for 5 days to MC903-
treated mouse skin, and we observed an anti-inflammatory
effect. Our study highlights the beneficial effects that certain
cosmetic dyes can have on skin inflammation. Furthermore,
these results suggest that Phloxine O may be safely used on
compromised and inflamed skin.

TSLP is a well-known inducer of Th2 immune responses.
Therefore, the modulation of TSLP expression may be an ef-
fective strategy to prevent atopic dermatitis symptoms, bal-
ancing Th1 and Th2 immune responses. Our previous study

Leeetal. Suppression of TSLP and Acute Dermatitis by Phloxine O

showed that dieckol, a phlorotannin isolated from Ecklonia
cava, suppressed TSLP production in mouse skin, reduced
Th2-type immunity, and alleviated atopic dermatitis-like symp-
toms in the NC/Nga mouse model of AD (Yang et al., 2016b).
In this study topical application of Phloxine O, a cosmetic
colorant, inhibited TSLP production and downregulated Th2
cytokines, such as IL-4, IL-5 and IL-13, resulting in decreased
IgE and histamine levels. These results suggest that Phloxine
O can suppress exacerbated Th2-type responses and restore
the Th1/Th2 immune balance.

Cultrone et al. (2013). showed that treatment of polarized
epithelial cell lines with TLR agonists significantly upregulated
TSLP expression in an NF-xB-dependent manner. After in
silico analysis, the authors identified several putative binding
sites for NF-kB and AP-1 within the 4 kilobase length region of
the TSLP promoter (Cultrone et al., 2013). Similarly, our previ-
ous study showed that the suppression of TSLP production
by dieckol in keratinocytes was mediated by the NF-xB path-
way. This finding suggests that the downregulation of TSLP
production induced by Phloxine O may also be mediated by
NF-kB signaling. To the best of our knowledge, there are no
published studies investigating the anti-dermatitis effects of
Phloxine O or the underlying cellular signaling events. Our
study is the first to investigate the cytokine modulatory effects
after Phloxine O treatment of keratinocytes. Additional studies
are needed to understand how Phloxine O interacts with the
NF-«xB signaling pathway.

Dexamethasone was used as a positive anti-inflammatory
control in our MC903-induced skin inflammation experiments.
In our study, dexamethasone suppressed MC903-induced ear
swelling and thickness, as shown in Fig. 3A and 3B, demon-
strating its anti-inflammatory activity. However, it is unclear
whether the anti-inflammatory effects of dexamethasone in-
volved the regulation of TSLP production, since although
TSLP mRNA levels decreased, TSLP protein levels were
not suppressed by dexamethasone (Fig. 2A, 2B). There are
few reports addressing the regulation of TSLP production by
dexamethasone. In a 2,4,6-trinitro-1-chlorobenzene (TNCB)-
induced mouse atopic dermatitis model mediated by TNF-a,
topical application of 0.12% dexamethasone suppressed both
TSLP mRNA and protein levels in the atopic lesion (Mizuno
et al., 2015). Dexamethasone has also been reported to sup-
press TSLP mRNA expression in keratinocytes induced after
6 hours by double-stranded RNA (Le et al., 2010). In contrast,
dexamethasone alone increased the expression of the TSLP
receptor (TSLPR), and even enhanced IL-1/TNF-induced
TSLPR expression in mast cells (MCs) and CD34+ cells (Al-
lakhverdi et al., 2011). Dexamethasone reportedly increased
IL-5 and IL-13 production in MCs, while it suppressed the
production of Th2 cytokines in CD34+ cells, paradoxically
suggesting that dexamethasone stimulates Th2 responses in
MCs, promoting the cellular mechanisms that drive allergic in-
flammation (Allakhverdi et al., 2011). Our results suggest that
dexamethasone may not be able to suppress all the cellular
events induced by MC903. In our study, dexamethasone did
not attenuate IgE production after applying MC903 to mouse
ear skin (Fig. 3C), although histamine levels did decrease
(Fig. 3D). There are several reports describing the paradoxi-
cal effects of glucocorticoids on allergic inflammation. Wu et
al. (1991) showed that hydrocortisone enhanced the produc-
tion of IgE in human lymphocytes stimulated with IL-4. Another
study reported an increase of serum IgE levels in asthma pa-
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tients treated with prednisone for 7 days, although prednisone
still showed clinical efficacy against asthma (Zieg et al., 1994).
Similarly, our results showed that dexamethasone exhibited
anti-inflammatory effects against MC903-induced ear skin
inflammation, despite its inability to suppress IgE production
in vivo. Taken together, these results suggest that the in vivo
significance of dexamethasone effects on TSLP and TSLPR
expression in atopic dermatitis warrants further investigation.
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