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Abstract

Objective: We investigated whether purpurin inhibits various pathways of inflammation leading to atopic dermatitis.
Introduction: 1,2,4-Trihydroxyanthraquinone, commonly called purpurin, is an anthraquinone that is a naturally oc-
curring red/yellow dye. Purpurin is a highly antioxidative anthraquinone and previous studies have reported antibacterial,
anti-tumor, and anti-oxidation activities in cells and animals. However, the skin inflammatory inhibition activity mechanism
study of purpurin has not been elucidated in vitro.
Methods: In this study, we investigated the anti-inflammatory activity of purpurin in HaCaT (human keratinocyte) cell lines
stimulated with a mixture of tumor necrosis factor-alpha (TNF-α)/Interferon-gamma (IFN-γ). The inhibitory effect of
Purpurin on cytokines (IL-6, IL-8, and IL-1β) and chemokine (TARC, MDC, and RANTES) was confirmed by ELISA and RT-
qPCR. We investigated each signaling pathway and the action of inhibitors through western blots.
Results: The expression levels of cytokines and chemokines were dose-dependently suppressed by purpurin treatment in
TNF-α/IFN-γ-induced HaCaT cells from ELISA and real-time PCR. Purpurin also inhibited protein kinase B (AKT), mitogen-
activated protein kinase (MAPKs), and nuclear factor kappa-light-chain-enhancer of activated B (NF-κB) activation in TNF-
α/IFN-γ-stimulated HaCaT cells. Additionally, there was a synergistic effect when purpurin and inhibitor were applied
together, and inflammation was dramatically reduced.
Conclusion: Therefore, these results demonstrate that purpurin exhibits anti-inflammatory and anti-atopic dermatitis
activity in HaCaT cells.

Keywords
purpurin, inflammatory, HaCaT, atopic dermatitis, cytokine, NF-κB

Date received: 13 April 2022; accepted: 14 June 2022

Introduction

Atopic dermatitis (AD) is a chronic inflammatory skin
disease characterized by atopic dermatitis lesions and se-
vere itching and is a persistent inflammatory skin disease. It
is caused by genetic factors and the environment, involving
microbial infections and environmental pollutants.1–3

Atopic dermatitis develops due to a combination of se-
vere itching, epidermal barrier, genetic predisposition, and
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an imbalanced immune response.4–6 Patients with AD are
caused by an imbalance between T-helper 2 cells (Th2) and
T-helper 1 cell (Th1). Activated by antigen penetration,
Th2 secretes many cytokines and chemokines. Chemo-
kines are complexes of small cytokines produced by
various types of cells. Chemokines are also separated into
the CX3C, CXC, CC, and C subfamilies.7 The main role of
chemokines is to adjust inflammatory cell recruitment,
involving the migration of T cells, macrophages, eosino-
phils, and dendritic cells (DCs) at the site of infection and
inflammation.8 Chemokines that lead Th2 cells to the skin
include MDC and TARC. Macrophage-derived chemo-
kines (MDCs/CCL22) are also specific ligands for C-C
chemokine receptor type 4 (CCR4). Thymus and activation
regulatory chemokines (TARC/CCL17) are CC chemo-
kines produced by constitutive expression of monocyte-
derived dendritic cells and keratinocytes. Also, regulated
on activation (RANTES/CCL5) is a member of a large
family of chemokines which are thought to play a regu-
latory role in inflammatory processes.9–11

Tumor necrosis factor (TNF) is an inflammatory cy-
tokine that has many biological correlations in various
types of tumor cells, including cell proliferation sup-
pression and cytotoxic effects, differentiation, and pro-
liferation. TNF-α has been reported to be involved in the
production of MDCs and TARCs in the nuclear tran-
scription factor (NF-κB) and mitogen-activated protein
kinase (MAPK) signaling pathways. In addition, IFN-γ
stimulates HaCaT cells and induces the expression of
various chemokines such as TARC and MDC and cyto-
kines via the JAK/STAT signaling pathway. Nuclear
transcription factor (NF-κB) by TNF-α/IFN-γ is known as
an anti-apoptotic gene that plays an important role in cell
survival.12 In addition, phosphorylation of the Janus
kinase/signal transducers and activators of transcription
(JAK/STAT) pathway by IFN-γ is known to be an im-
portant anti-inflammatory mechanism.

Purpurin, 1,2,4-trihydroxy anthraquinone, is an alizarin-
based anthraquinone with particularly high antioxidant
activity.13–15 Anthraquinone alizarin for purpurin is present
as a glycoside in the roots of mother plant, which is the
common name for Rubia tinctorum L. and Rubia cordifolia.
This anthraquinone is an ancient natural pigment derived
from the mother plant that is used to dye fabrics and colored
paints. Rubia cordifolia mainly includes purpurin glyco-
sides, while Rubia tinctorum L. mainly contains alizarin
glycosides.16 Although not eaten for nutrition, the radiant
roots are used as food coloring and have been used in
traditional medicine to treat various ailments.17 Purpurin
appears to exhibit antiangiogenic activity, anti-fungal,
anti-inflammatory, anti-tumor, anti-oxidation, and anti-
bacterial activity. Also purpurin’s high anti-inflammatory
ability can affect many bioactivities [19]. However,

whether purpurin could repress skin cell inflammatory
remains unclear.

The purpose of this study was to clarify the anti-
inflammatory effect and mechanism of purpurin on
TNF-α/IFN-γ-induced inhibition of HaCaT cells. We
specifically investigated the effect of purpurin on gene
expression and protein production suppression of IL-6, IL-
8, IL-1β, TARC, MDC, and RANTES. In addition, the
inhibitory properties of purpurin on the major molecular
signaling pathways associated with NF-κB and MAPK
were confirmed. This study has specific anti-inflammatory
effects through the ability of purpurin to inhibit NF-κB and
STAT activation and proliferative signaling pathways, and
may be a good candidate as an alternative treatment for
atopic dermatitis.

Results

Treatment with purpurin inhibits TNF-α/IFN-
γ-induced cytokine and chemokine expression in
HaCaT cells as determined by qPCR and ELISA

We confirmed the cell viability associated with purpurin via
HaCaT cell and MTT assays. It was experimentally con-
firmed that purpurin did not show toxicity when HaCaT
cells were treated with 40 μM purpurin. This is shown in
Figure S1. Pro-inflammatory cytokines promote allergic
reactions and are responsible for the biological effects of
the immune system.18 Purpurin inhibits the expression of
TNF-α/IFN-γ-induced cytokines (IL-1β, IL-8, and IL-6)
and chemokines (MDC, TARC, and RANTES) in HaCaT
cells. Therefore, we used ELISA and RT-qPCR analysis to
investigate the inhibitory effect of purpurin on the pro-
duction of cytokines and chemokines from TNF-α/IFN-
γ-stimulated HaCaT cells. ELISA results showed that
treatment with purpurin suppressed the levels of cytokines
such as IL-1β, IL-6. and IL-8 compared to those in cells
treated with TNF-α/IFN-γ alone (Figure 1). Chemokines
are also important mediators of inflammation and the
immune response. When keratinocytes are exposed to
TNF-α/IFN-γ, chemokine expression increases, and leu-
kocytes penetrate inflammatory lesions of the skin. Pur-
purin also suppressed the levels of chemokines such as
MDC, TARC, and RANTES (Figure 1). Treatment with
TNF-α/IFN-γ increased the mRNA expression levels of
cytokines (IL-1β, IL-8, and IL-6) and chemokines (MDC,
TARC, and RANTES) in HaCaT cells (Figure 2). Purpurin
treatment was found to suppress increased expression of
IL-1β, IL-8, and IL-6 mRNA. RT-qPCR results confirmed
that cytokine and chemokine mRNA levels were signifi-
cantly increased in TNF-α/IFN-γ-treated cells compared to
the untreated group. Similarly, when TNF-α/IFN-γ was
added after purpurin was applied to HaCaT cells, the
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mRNA expression levels of cytokines and chemokines
decreased compared to the treatment group with only TNF-
α/IFN-γ. (The decrease was found to be concentration-
dependent) (Figure 2). As a result, purpurin was shown to
suppress the expression of cytokines and chemokines in
TNF-α/IFN-γ-induced HaCaT cells via ELISA and qPCR.

Purpurin suppresses the activation of nuclear factor
kappa-light-chain-enhancer of activated B cells in
HaCaT cells

NF-κB is known to regulate the expression of allergies,
inflammation, and immune-related genes by generating

Figure 1. Purpurin affects the expression of cytokines and chemokines in HaCaT cells.
HaCaT keratinogenic cells were pre-treated with purpurin (5, 10, 20, or 40 μM) and stimulated with TNF-α (10 ng/mL) and IFN-γ (10 ng/mL) for 18 h (a)
MDC, (b) TARC, (c) RNATES, (d) IL-6, (e) IL-1β, and (f) IL-8 levels were measured using culture supernatants of cells treated with purpurin and TNF-
α/IFN-γ for 18 h. The data are displayed as the mean ± standard error of the mean of the two samples. #p < .01 vs. the negative control; * p < .05, ** p < .01
vs. TNF-α/IFN-γ stimulated cells.

Figure 2. The effect of purpurin on the expression of cytokines and chemokines in HaCaT cells.
HaCaT cells pre-treated with purpurin (5, 10, 20, and 40 μM) were induced with TNF-α (10 ng/mL) and IFN-γ (10 ng/mL) for 24 h (a) MDC, (b) TARC,
(c) RNATES, (d) IL-6, (e) IL-1β, and (f) mRNA expression in HaCaT cells. The bar group represents the average of two independent experiments. The data
are displayed as themean ± standard error of the mean of the two samples. #p < .01 vs. the negative control; *p < .05, **p < .01 vs. TNF-α/IFN-γ stimulated
cells.
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cytokines and chemokines.19 This proved that purpurin
specifically suppresses NF-κB. Purpurin suppresses the
phosphorylation of NF-κB p65 in HaCaTcells. The nuclear
factor NF-κB signaling pathway is considered to be a
circular pre-inflammatory pathway primarily due to the role
of NF-κB in the expression of pre-inflammatory genes such
as adhesion molecules, chemokines, and cytokines.
Therefore, in this study, we analyzed NF-κB p65 phos-
phorylation in TNF-α/IFN-γ-treated HaCaT cells (Figure
3). Western blotting results showed that phosphorylation of
IκBα and NF-κB p65 was increased by TNF-α/IFN-γ
treatment, whereas pre-treatment with purpurin reduced
IκBα and NF-κB p65 induced by TNF-α/IFN-γ. When IκBα
is phosphorylated and degraded in the IκBα complex, NF-
κB is translocated from the cytoplasm into the nucleus. It
was determined whether NF-κB translocation could be in-
hibited by treatment with purpurin. Proteins extracted from
HaCaT cells were fractionated into the cytoplasm and nu-
cleus, and western blotting was performed. The cytoplasm
decreased in the group treated with TNF-α/IFN-γ alone but
increased in a concentration-dependent manner when pur-
purin was administered. Nuclei increased in the group
treated with TNF-α/IFN-γ alone but decreased in a
concentration-dependent manner when treated with purpurin
(Figure 3). From this, it was confirmed that NF-κB inhibits
translocation from the cytoplasm to the nucleus.

Treatment with purpurin suppressed the activation
of mitogen-activated protein kinases in HaCaT cells

Mitogen-activated protein kinases is a specific protein
kinase that regulates multiple cellular processes in response
to various external stresses. Therefore, MAPK is activated
by TNF-α/IFN-γ stimulation.20 Purpurin suppresses the
activation of mitogen-activated protein kinases (MAPKs)
in HaCaT cells. TNF-α/IFN-γ treatment activates the
expression of p38, JNK, and ERK. Therefore, the effect
of purpurin on p38, JNK, and ERK protein expression in
HaCaT cells was confirmed via western blot. Similarly,
HaCaT cells pre-treated with TNF-α/IFN-γ and purpurin
for 1 h were exposed to TNF-α/IFN-γ for 1 h. We con-
firmed changes in the phosphorylation of p38, JNK, and
ERK, which are MAPK factors known to be important in
atopic dermatitis (Figure 4). The results showed that the
phosphorylation of p38, JNK, and ERK was increased in
HaCaT cells stimulated with TNF-α/IFN-γ for 1 h
compared with untreated HaCaT cells. When purpurin
was pre-treated in HaCaT cells, phosphorylation of p38,
JNK, and ERK was dramatically suppressed compared
with the TNF-α/IFN-γ single treatment group (Figure 4).
These results indicate that purpurin suppresses the ex-
pression of p-p38, p-JNK, and p-ERK after TNF-α/IFN-γ
stimulation.

Figure 3. Effect of purpurin on TNF-α/IFN-γ-induced NF-κB activation in HaCaT cells. (a) Phosphorylation of p65 and IκBα was
analyzed by western blot. (b) In TNF-α/IFN-γ-induced HaCaT cells, protein was fractionated into the nucleus and cytosol, and
translocation was confirmed. It was confirmed that purpurin suppresses the translocation of p65 through western blot. #p < .01 vs.
negative control group; *p < .05, and **p < .01 vs. TNF-α/IFN-γ stimulated cells.
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Purpurin suppresses the activation of the AKT,
STAT1 and STAT3 signaling pathways in
HaCaT cells

The JAK1/STAT pathway is important for atopic derma-
titis. Purpurin suppresses the activation of JAK1/STAT in
HaCaT cells. Western blots and immunocytochemistry
were utilized to investigate whether purpurin suppresses
TNF-α/IFN-γ-mediated JAK1/STAT phosphorylation in
HaCaT cells. HaCaT cells were pre-treated with purpurin
for 1 h, and TNF-α/IFN-γwas applied for 1 h. TNF-α/IFN-γ
increased JAK1/STAT phosphorylation after treatment for
1 h. At this time, it was confirmed that the phosphorylation
of JAK1/STAT was inhibited in a dose-dependent manner
by treatment with purpurin. As a result, purpurin suppressed
JAK1/STAT1/STAT3 phosphorylation in HaCaT cells
stimulated with TNF-α/IFN-γ (Figure 5). In addition,
phosphorylation of p85 and JAK1, which are important
factors in JAK1/STAT signaling, was confirmed via
western blot. The phosphorylation of JAK1 increased by
TNF-α/IFN-γ and was suppressed by purpurin. This was
found to suppress purpurin via the upstream factors p85
and JAK1 in JAK1/STAT signaling. Immunocyto-
chemistry experiments were performed to confirm that
purpurin suppresses the translocation of STAT1 and
STAT3. Immunocytochemistry confirmed that purpurin
treatment reduced the translocation of STAT1 and
STAT3 in HaCaT cells (Figure 5). These results indicate
that purpurin suppresses JAK1/STAT activation in Ha-
CaT cells. When stimulated with TNF-α/IFN-γ in HaCaT
cells, PI3K is activated intracellularly. PI3K exists in the
form of a complex of p85 and p110. Active PI3K
phosphorylates AKT. Phosphorylated AKT produces
cytokines and chemokines that translocate to the nucleus
and induce inflammation. We confirmed that TNF-α/IFN-

γ-stimulated HaCaT cells increased the phosphorylation of
p85 and AKT via western blotting. Purpurin suppressed the
increased phosphorylation of p85 and AKT. We found that
purpurin suppresses inflammation via the AKT signaling
pathway.

Purpurin and inhibitors suppress the expression of
cytokines and chemokines in TNF-α/IFN-γ-induced
HaCaT cells

Purpurin and inhibitors suppress the expression of che-
mokines and cytokines in TNF-α/IFN-γ-induced HaCaT
cells. The translocation of NF-κB was suppressed in
purpurin-treated HaCaT cells. Purpurin inhibited p85 and
JAK1 in the AKT/STAT signaling pathway. MAPK may
be activated by TNF-α/IFN-γ, a key stimulant of the skin
inflammatory response of keratinocytes. Purpurin re-
duced the expression levels of p-p38, p-JNK, and p-ERK
in TNF-α/IFN-γ-stimulated HaCaT cells compared to
untreated cells (Figure 6). These data indicate that
purpurin suppresses the inflammatory response through
partial regulation of the NF-κB, AKT, STAT, and MAPK
signaling pathways. To confirm the function of NF-κB,
STAT1, STAT3, and MAPKs in the development of
TNF-α/IFN-γ-induced inflammation, the effects of se-
lective NF-κB, STAT, and MAPK inhibitors on che-
mokines and cytokines induced by TNF-α/IFN-γ were
investigated (Figure 6). ELISA analysis showed that
Bay11-7082 (p65 inhibitor) SP600125 (JNK inhibitor),
PD98059 (ERK inhibitor), and SB203580 (p38 inhibi-
tor) inhibited MDC, TARC, IL-8, and IL-6 expression.
Treatment with purpurin and inhibitors has also been
shown to significantly suppress TNF-α/IFN-γ-induced
expression of MDC, TARC, IL-8, and IL-6 (Figure 6).
These results suggested that purpurin disabled NF-κB

Figure 4. Effect of purpurin treatment on TNF-α/IFN-γ-induced MAPK in HaCaT cells.
Cells were pre-treated with 5, 10, 20, and 40 μMpurpurin for 1 h, followed by exposure to TNF-α and IFN-γ (10 ng/mL each) for 1 h. Cell extracts were
prepared, andMAPK activation was analyzed byWestern blotting using specific antibodies. #p < .01 vs. the negative control; *p < .05 and **p < .01 vs. TNF-
α/IFN-γ stimulated cells. #p < .01 vs. the negative control; *p < .05, **p < .01 vs. TNF-α/IFN-γ stimulated cells.
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p65, p85, JAK, JNK, ERK, and p38 MAPK, thereby
suppressing.

Purpurin and each other inhibitors suppress the
expression of transcription factor in TNF-α/IFN-
γ-induced HaCaT cells

We have shown above that activation of each other in-
hibitor in HaCaT cells can be targeted through co-treat of
purpurin. However, the efficacy of inhibitors may not be
activated in transcription factors when co-treated with
purpurin in HaCaT cells. Therefore, when purpurin and
inhibitor were co-treated, it was confirmed by western blot
whether phosphorylation of each target could be inhibited.
Each other inhibitor in combination with purpurin had no
significant effect on cell survival as compared to drug alone
(data not shown). Interestingly, combining purpurin with
dual JAK1/JAK2 inhibitor (Ruxolitinib) and p85 inhibitor
(Wortmannin) had weak inhibited effect (Figures 7(d) and

(f)). Contrastively, combined treatment of ERK (PD98059),
p38 (SB203580), JNK (SP600125), and p65 (Bay11-7082)
inhibitor further enhanced anti-inflammatory efficacy of
purpurin in HaCaT cells (Figure 7(a)–(e)). Collectively, the
combination of each other inhibitor with purpurin led to a
marked decrease in transcription factor expression as
compared to control or treatment with either drug alone
(Figure 7).

Discussion

Atopic dermatitis is a common chronic inflammatory skin
disease. Many studies have found that AD contributes to
skin barrier dysfunction and immunomodulatory disorders
and the pathophysiology of atopic dermatitis.21,22 Various
methods have been used to regulate skin inflammation in AD
patients and the barrier function of the skin.23 Traditionally,
folk remedies for plants and herbs open up new possibilities
for alternative therapies by controlling inflammation and

Figure 5. The effect of purpurin on TNF-α/IFN-γ-induced STAT1 activation in HaCaT cells. (a) Phosphorylation of JAK1 and STAT1 was
analyzed usingWestern blotting. (b) Cell localization of STAT1 was determined by immunocytochemistry. Nuclei were visualized using
DAPI (blue) and observed at ×400 magnification. (c) Cell localization of STAT3 was determined by immunocytochemistry. Nuclei were
visualized using DAPI (blue) and observed at ×400 magnification. The data are displayed as the mean ± standard error of the mean of the
two samples. #p < .01 vs. negative control group; *p < .05, and **p < .01 vs. TNF-α/IFN-γ stimulated cells.
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minimizing side effects. Other known medicinal plants and
their active compounds have been identified with potential
mechanisms of action and are claimed to have anti-
inflammatory effects. Purpurin is known to have anti-
inflammatory properties. However, the anti-atopic effect of
purpurin on TNF-α/IFN-γ-induced HaCaT cells in other
embodiments, especially inhibition of NF-κB and STAT
activation, is not available. In this study, we investigated the
anti-inflammatory and anti-atopic effects of purpurin on
HaCaT cells. As a result, it was shown that purpurin sup-
presses the inflammatory response of keratinocyte cells in a
dose-dependent manner. Atopic dermatitis occurs when an
externally invading antigen causes an imbalance between
Th1 and Th2, and activated Th2 cells migrate to skin tissue to
induce many cytokines and chemokines. Therefore, in-
hibiting the production of cytokines and chemokines in
keratinocyte may be advantageous for atopy treatment. We
demonstrated that purpurin inhibits cytokines and chemokine
in HaCaT cells.

The pathophysiology of Atopic dermatitis acts through
signaling pathways and transcriptional regulation in the
regulation of T-helper 2 differentiation and includes major
cytokines including IL-6, IL-8, andIL-1β. As hormone
transmitters, cytokines are responsible for the biological

effects of the immune system, such as allergies and immune
responses.18 The cytokines can be further subdivided into
Th1 and Th2. Th1 cytokines sustain an autoimmune re-
sponse and produce a pre-inflammatory response that kills
intracellular parasites. IFN-γ is the main Th1 cytokine. Th2
cytokines include IL-6, IL-8, and IL-1β, which produce
more anti-inflammatory responses.24 In this study, we show
that purpurin inhibits IL-6, IL-8, and IL-1β gene expression
in TNF-α/IFN-γ-activated HaCaT cells. In addition, the
chemokines produced by Th2 cells are typically TARC,
MDC, and RANTES.25 In this study, it confirmed that
purpurin suppresses chemokines and cytokines increased
by TNF-α/IFN-γ treatment at the protein level through
ELISA. We also confirmed again via qPCR that purpurin
suppresses cytokines and chemokines at the mRNA level.
We confirmed that purpurin had a significant effect on AD
by demonstrating that it suppressed the final product that
induces inflammation.

It is well known that NF-κB plays an important role in
the production of pro-inflammatory cytokines such as IL-6,
IL-8, and IL-1β, and chemokine including MDC and
TARC.26 TNF-α is known to degrade IκBα, phosphorylate
p65, and translocate to the nucleus. Degradation and
phosphorylation of IκB occur in response to cell stimulation.

Figure 6. Effects of MAPK, NF-κB, and STAT inhibitors on the expression of pre-inflammatory cytokines and chemokines.
HaCaT cells were pre-treated with 40 μM purpurin, 20 μM Bay11-7082, SP600235, SB203580, PD98059 wortmannin, and ruxolitinib for 2 h before
culturing with 10 ng/mL TNF-α/IFN-γ. (a) TARC, (b) MDC, (c) IL-6, and (d) IL-8 levels were measured by ELISA. The data are displayed as the mean ±
standard error of the mean (n = 2). #p < .01 vs. normal control group, *p < .05, and **p < .01 vs. TNF-α/IFN-γ stimulated cells.
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Active NF-κB releases heterogeneous dimers.27 As a result,
factors such as p65 are phosphorylated and translocate to the
nucleus. Since we observed that purpurin reduced the ex-
pression of NF-κB downstream pro-inflammatory genes, we
can hypothesize that purpurin may interfere with the acti-
vation of NF-κB signaling. Therefore, we confirmed through
experiments that purpurin reduces NF-κB levels, which
shows the anti-allergic effect of purpurin. Also, the protein
was separated into the cytosol and nucleus, and the trans-
location of p65 and IκBα was confirmed via western blot.
Purpurin suppressed p65 and IκBα nuclear translocation
from the cytosol. These results suggest that purpurin sup-
presses the mechanism of NF-κB transcriptional activity
through its anti-inflammatory effect. We further identified
specific inflammatory signaling pathways that purpurin may
interfere with. MAPK is a serine/threonine-specific protein
kinase that responds to various external stresses. TheMAPK
signaling pathway adjusts several cellular processes, in-
cluding gene expression, cell proliferation, cell death, and
survival.28 TNF-α/IFN-γ treatment activates major MAPK
factors, such as p38, JNK, and ERK, in HaCaT cells.29

Inhibition of MAPK is known to reduce intracellular sig-
naling pathway synthesis and inflammatory cytokines.30 We
confirmed that TNF-α/IFN-γ increased the phosphorylation
of p38, JNK, and ERK. Additionally, TNF-α/IFN-γ increased
the phosphorylation of p65 and IκBα in HaCaT cells. Pur-
purin suppressed increased MAPK (ps38, JNK, and ERK)

and NF-κB p65 and IκBα phosphorylation. This shows
that purpurin exerts anti-inflammatory and anti-allergic
effects.

We also confirmed the JAK/STAT signaling pathway is
induced by IFN-γ. The STAT protein is the main signaling
pathway for various factors and cytokines.31 The STAT
family has seven members, of which STAT1 and STAT3 are
responsible for the distribution of IFN-γ via JAK1.32 In
particular, IFN-γ signaling is an important vector of in-
flammation and the immune response. In HaCaT cells,
STAT1 and STAT3 are known to mediate the production of
chemokines such as TARC and MDC by TNF-α/IFN-γ
stimulation.33 Based on these findings, the JAK/STAT
pathway indicates that in human development, it is one
of multiple case-expressive cascades that transform signals.
Therefore, we considered the JAK/STAT mechanism to be
one of the leading targets for AD, and we used purpurin to
suppress it. Western blot analysis confirmed that TNF-
α/IFN-γ-induced phosphorylation of STAT1, STAT3, and
JAK1 was increased, and purpurin suppressed this in-
crease. We also confirmed the translocation of STAT1 and
STAT3 via immunocytochemistry. STAT1 and STAT3 were
translocated to the nucleus in the TNF-α/IFN-γ-treated
group, and it was suppressed when purpurin was admin-
istered. The results of this study indicate that purpurin can
have an effect on AD based on a decrease in phosphory-
lated JAK/STAT.

Figure 7. Mechanism of the anti-inflammatory effect of purpurin in TNF-α/IFN-γ-stimulated HaCaT cells.
HaCaT cells were pre-treated with purpurin (40 μM), Bay11-7082 (NF-κB inhibitor), SP600235 (JNK inhibitor), SB203580 (p38 inhibitor), PD98059
(ERK inhibitor), wortmannin (PI3K inhibitor), and ruxolitinib (JAK1/2 inhibitor) for 1 h before culturing with 10 ng/mL TNF-α/IFN-γ. (a) p-ERK, (b) p-p65,
(c) p-p38, and (d) p-p85, (e) p-JNK, and (f) p-JAK1/2 levels were measured by western blot.
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Additionally, we proceeded with the experiment using
purpurin and inhibitor together. An inhibitor that prevents
activation of the primary target was used in HaCaT cells
because a specific inhibitor structure that reduces the level
of each gene has not been identified. The NF-κB-specific
inhibitor Bay11-7082 was found to suppress NF-κB acti-
vation. Inhibitors SP600125, PD98059, and SB203580
were found to suppress specific genes in the MAPK sig-
naling pathway. Wortmannin and ruxolitinib were also
used to identify specific structures in the AKT/STAT
pathway. Phosphorylation and activation of each gene
were more significantly suppressed when the inhibitor and
purpurin were treated in parallel. This shows that a
synergistic effect appears when the inhibitor and purpurin
are applied in parallel rather than when they are applied
individually.

In this study, we confirmed that purpurin suppresses the
expression of AD-related cytokines and chemokines in
TNF-α/IFN-γ-induced HaCaT cells. These effects are
considered to be associated with suppression of upstream
NF-κB, AKT, JAK/STAT, and MAPK signaling pathway
activation. The results of these experiments provide the
scientific basis for the use of purpurin in the treatment of
AD. We only performed in vitro experiments. It is nec-
essary to confirm how purpurin works in animal models.
Proceeding with in vivo experiments will reveal the direct
effects of purpurin on atopic dermatitis and will be path-
ologically identifiable. Additional experiments are cur-
rently underway in our laboratory to confirm the in vivo
effect of AD.

Materials and methods

Purpurin

Purpurin (1,2,4-trihydroxyanthraquinone; Cat. No. 229148;
C14H8O5, Dye content ≥90%; Table S2) was purchased from
Sigma Aldrich (St Louis, MO). The purpurin used in this
experiment was the key pigment present in the roots of
Indian madder (Rubia cordifolia). This pigment produces
colors with distinctive heat- and light-resistant properties. In
this study, it took 1 year to proceed with each experiment
including the sample selection period.

Cell culture

HaCaT human keratinocyte cells were purchased from the
American Type Culture Collection (CLS Cell Lines Ser-
vice). HaCaT cells were grown in DMEM (WELGENE,
Cat. No. LM 001-05) medium supplemented with 10%
fetal bovine serum (FBS, WELGENE, Cat. No. S 001-07),
100 U/ml penicillin, 100 μg/mL streptomycin, and 25 mM
HEPES at 37°C in a 5% CO2 incubator.

Enzyme-linked immunosorbent (ELISA) assay

HaCaT cells (5 × 104 cells/well) were seeded in a 96-well
plate and cultured for 6 h. Then, the cells were pre-treated
with purpurin and inhibitors at a specific concentration: NF-
kB inhibitor (Bay11-7082; Calbiochem, CAS 16561-29-8),
JNK1 inhibitor (SP600125; Calbiochem, CAS 129-56-6),
p38 inhibitor (SB203580; Calbiochem, CAS 152121-47-6),
ERK inhibitor (PD98059; Calbiochem, CAS 167869-21-8),
PI3K inhibitor (Wortmannin; Calbiochem, CAS 19545-26-
7), and JAK1/2 inhibitor (Ruxolitinib; MedChemExpress,
INCB018424). After 1 h, the cells were treated with TNF-
α/IFN-γ (10 ng/mL; TNF-α Cat. No. 300-01A, Peprotech,
IFN-γ Cat. No. 300-02, Peprotech, NJ, USA). After a 16 h
incubation, the supernatant was harvested. The reduced
production of TARC, MDC, RANTES, MCP-1, IL-8 (Cat.
No. DY364, DY339, DY278, DY279, DY208, R&D sys-
tems), IL-6, and IL-1β (Cat. No. 555220, 557953, BD
biosciences) by purpurin was measured. The analysis was
performed according to the manufacturers’ instructions.

Quantitative reverse transcription polymerase
chain reaction

Cells were plated in 12-well plates (1 × 10⁵ cells/per well),
pre-treated with purpurin (5, 10, 20, and 40 μM) for 1 h,
and subsequently administered TNF-α and IFN-γ main-
tained for 1 h at 37°C. The extraction of total RNA,
synthesis of cDNA, and relative mRNA levels of cytokines
and chemokines were determined as described previously.
As shown in Table S1, GAPDH was used as the house-
keeping gene.

Western blot analysis

Sodium dodecyl sulfate–polyacrylamide gel electropho-
resis (SDS–PAGE) and western blot analysis were per-
formed. HaCaT cells were washed with cold phosphate
buffered saline (PBS) and then lysed in NP-40 buffer (Cat.
No. EBA-1049, ELPIS-Biotech. Inc., Daejeon, Korea)
containing protease and phosphatase or NE-PER Nuclear
and Cytoplasmic Extraction Reagents (Cat. No, 78833,
Thermo Fisher Scientific, Inc., MA, USA). Then, the cells
were strongly vortexed on ice for 20 min. Cell lysates were
centrifuged at 4°C at 13,000 × g for 15 min, and protein
concentrations were measured using the bovine serum
albumin (BSA; Thermo, Cat. 23209) method. The sample
protein (20 μg) was analyzed with 10% SDS-PADE and
electrophoretically transferred to PVDF (polyvinylidene
difluoride) membranes. The next PVDF membrane was
blocked with 5% defatted milk powder of Tris-buffered
saline (TBS, 20 mM Tris, 0.2 M NaCl, pH 7.5). The PVDF
membrane was then blocked with 5% defatted milk powder
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dissolved in Tris-buffered saline containing 0.05% Tween-
20 (TBS/T) for 1 h at room temperature. The PVDF
membrane was incubated overnight at 4°Cwith the primary
antibody. After washing 3 times with TBS/T, the membrane
was incubated with HRP (horseradish peroxidase)-
conjugated secondary antibody diluted 1:5000 with 5%
skim milk of TBS/T at room temperature for 1 h. Mem-
branes were then visualized using SuperSignal West Pico
Chemiluminescent Substrate (Cat. No. 32106; Pierce;
Thermo Fisher Scientific, Inc.). The primary antibodies used
were as follows: anti-NF-κB p65 (cat. no. sc-8242; 1:1000),
anti-JNK (cat. no. sc-474; 1:1000), anti-extracellular signal-
regulated kinase (ERK; cat. no. sc-154; 1:1000), anti-p38
(cat. no. sc-7149; 1:1000), anti-p-p38 (cat. no. sc-7973; 1:
1000), anti-phosphorylated (p-) JAK1 (cat. no. sc-16773; 1:
1000), anti-JAK1 (cat. no. sc-376996; 1:1000), anti-p-
STAT1 (cat. no. sc-8394; 1:1000), anti-STAT1 (cat. no. sc-
464; 1:1000; all from Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA), and anti-p-ERK 1/2 (cat. no. 9101; cell
signaling, USA).

Immunocytochemistry

HaCaT cells were seeded in a NuncTM Lab-TekTM II
Chamber SlideTM System (Cat. No. 154534, Nunc,
Thermo, MA, USA) at 5 × 104 cells/well and treated with
40 μM purpurin for 1 h. After treatment with 10 ng/mL
TNF-α/IFN-γ for 1 h, the cells were fixed in 4% neutral
buffered formalin (Cat. No. BBC 0150, BBC Biochemical,
WA, USA) for 10 min at room temperature and washed 2
times with cold PBS. HaCaT cells were permeabilized with
0.2% Triton X-100 in cold PBS for 10 min at 4°C, washed 3
times with PBS, and blocked with 3% bovine serum

albumin (BSA) in PBS. Next, the cells were incubated with
primary antibodies against STAT1 (Cat. #8394, Cell Sig-
naling Technology) and STAT3 (Cat. No. #9145, Cell
signaling Technology) at 4°C, overnight. After incubation,
HaCaTcells were washed with PBS 3 times, incubated with
anti-rabbit Alexa Fluor 488-conjugated secondary anti-
body at 4°C for 1 h, and washed with PBS 3 times. Then,
the cells were incubated with Hoechst 33342 nucleic acid
stain (Cat. H3570, Thermo Fisher Scientific, Inc., MA,
USA) for 5 min, mounted with coverslips, and visualized
with an Axio Observer Z1 microscope (ZEISS, Oberko-
chen, Germany).

Statistical analysis

For the statistical analysis, the data are expressed as the
mean ± SD. Statistical significance among groups was
determined by the two-tailed Student’s t test. p < .05 was
considered to indicate a statistically significant difference.

Conclusions

In conclusion, HaCaT cells were treated with TNF-α/IFN-γ
to induce cytokines and chemokines. Using qPCR and
ELISA, purpurin was found to suppress the final products
of this inflammation, cytokines, and chemokines. We also
found that the inhibitory effect of purpurin regulates the
NF-κB, JAK/STAT, and MAPK signaling pathways
(Figure 8). Furthermore, it was confirmed that there was a
synergistic effect when purpurin and the inhibitor were
applied together. Our findings suggest that purpurin may be
a potential treatment for inflammation associated with
Atopic dermatitis.

Figure 8. Schematic inhibitory signaling pathway of purpurin on interferon TNF-α/IFN-γ-induced in HaCaT cell. Purpurin reduced the
phosphorylation of NF-κB (IκBα, p65), MAPK (p38, JNK, ERK), STAT1, and STAT3. Additionally, purpurin inhibited the nuclear
translocation of NF-κB, STAT1, and STAT3. There, purpurin has an anti-inflammatory effect.
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