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Psoriasis, which affects approximately 1–3% of the population worldwide, is a chronic inflammatory skin disorder characterized
by epidermal keratinocytes hyperproliferation, abnormal differentiation, and inflammatory infiltration. Decrease in keratinocyte
apoptosis is a specific pathogenic phenomenon in psoriasis. Chinese herbs have been used for the treatment of psoriasis in China
showing promising effect in clinical trials. A traditional Chinese medicine has relatively fewer side effects with longer remission
time and lower recurrence rate. The extract of Rubia cordifolia L. (EA) was previously found by us to induce HaCaT keratinocytes
apoptosis. In this study we identified one of the components in Rubia cordifolia L., the anthraquinone precursor 1,4-dihydroxy-2-
naphthoic acid (DHNA), induces HaCaT keratinocytes apoptosis through G0/G1 cell cycle arrest. We have also demonstrated that
DHNA acts through both caspase-dependent and caspase-independent pathways. Besides, cytotoxicity and IL-1𝛼 release assays
indicate that DHNA causes less irritation problems than dithranol, which is commonly employed to treat psoriasis in many
countries. Since DHNA possesses similar apoptotic effects on keratinocytes as dithranol but causes less irritation, DHNA therefore
constitutes a promising alternative agent for treating psoriasis. Our studies also provide an insight on the potential of using EA and
DHNA, alternatively, as a safe and effective treatment modality for psoriasis.

1. Introduction

Psoriasis, affecting 1–3% of the population worldwide [1], is a
common chronic immune disorder characterized by thick-
ened red plaques with an overlying silver-white scale. The
most common type of psoriasis is psoriasis vulgaris which
accounts for 90% of the cases [2]. Affecting both sexes equally
and people of all ages; psoriasis causes significant impacts on
the quality of life [3]. Conventional treatments of psoriasis
such as topical, phototherapy, and systemic treatment are
based on severity of disease. Since an estimated 75% of
psoriatic patients have mild-to-moderate disease, topical
treatments remain the most widely used [1]. The costs for
treating patientswith psoriasis are substantial, estimated to be
US $1.6–3.2 billion/year and $1,130 to 6,650 per patient/year
[4, 5]. With recent introduction of biological agents, the

estimated cost can range from US $13000 to 30000/patient
annually [6].

Psoriasis has three principal histological features, includ-
ing epidermal hyperplasia or abnormal differentiation,
dilated blood vessels in dermis, and predominantly infiltra-
tion of leucocytes into dermis causing inflammation. It is
considered a T-helper 1 (Th1) disease based on the increase
in cytokines of the Th1 pathway such as interferon gamma,
interleukin (IL) 2 and 12, as found in psoriatic plaques [2,
3]. However, a strong evidence also indicated keratinocytes
contributed to the disease [7] and keratinocytes is viewed as
another major player of this chronic inflammatory disease
[8]. For instance, decrease in skin cells apoptosis is suggested
as a specific pathogenic phenomenon in psoriasis [9, 10].
Acanthosis in psoriatic skin is resulted from diminished
epidermal apoptosis [11], while induction of apoptosis is
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involved in the regression of psoriatic hyperplasia [9, 10].
Therapies based on the regulation of keratinocyte prolifera-
tion are potentially useful in treatment of psoriasis because
the restored homeostatic control of keratinocyte growth and
differentiation is crucial for recovery frompsoriatic to normal
epidermis [12]. For example, established therapies like dithra-
nol, vitamin-D

3
analogs, and low-dose methotrexate induce

apoptosis [11].
Chinese herbs have been used for the treatment of

psoriasis in China, and clinical trials have also been carrying
out [13, 14] with promising evidence of effectiveness [15, 16].
In traditional Chinese medicine (TCM) theories, psoriasis
is classified into three categories: blood heat, blood dryness,
and blood stasis [13]. The rationale for using TCM is related
to their actions on clearing internal heat, activating blood
to remove stasis, and strengthening any deficiencies. The
literature review also describes the mechanism of the TCM
treatment in psoriasis is through inhibition of keratinocyte
proliferation and induction of apoptosis [17]. Besides, ther-
apeutic actions of these herbs include anti-inflammatory,
modulation of cytokine production, or inhibition of angio-
genesis which are relevant in reducing the severity of psoriasis
[13, 17]. Although Western medicine is practiced primarily
for the treatment of psoriasis, patients’ dissatisfaction with
conventional treatment or adverse effects after application
were the most common reasons for switching to alternative
therapies like herbal remedies. Besides, reviews also reported
that TCM has relatively fewer side effects, a longer remission
time, and a lower recurrence rate than theWestern therapeu-
tic agents [18]. Consistent with this finding, one study showed
that the recurrence rate of psoriasis in TCMtreated groupwas
significantly lower thanDaivonex (calcipotriol) treated group
while the clinical efficacy was similar [19].

In our previous studies it was demonstrated that the
extract of Rubia cordifolia L. could induce keratinocyte apop-
tosis in a psoriasis-relevant HaCaT cell models [12, 20, 21].
In this study one of the components in Rubia cordifolia L.,
the anthraquinone precursor DHNA (Figure 1), was found to
induce HaCaT keratinocytes apoptosis through G0/G1 cell-
cycle arrest, activation of caspases as well as in a caspase
independentmanner.Moreover, results fromcytotoxicity and
IL-1𝛼 release assay suggest DHNA causes less irritation prob-
lems than dithranol, which its use has declined because of its
substantial skin irritation problems, but is still a popular and
important topical treatment for psoriasis among European
countries. Since DHNA possesses similar apoptotic effects
on keratinocytes as dithranol but causes less irritation, these
results suggest DHNAmay be developed into a less-irritating
topical agent alternative to dithranol for the treatment of
psoriasis. In addition, the ethyl acetate extract of the root
of Rubia cordifolia L. and DHNA may be used together in
a sequential therapy as a safe and effective therapeutic alter-
native for the treatment of psoriasis.

2. Materials and Methods

2.1. Reagents. Antibodies for Bcl-2, Bcl-xL, p21, p27, Cyclin
D1, Cdk2, 𝛽-actin were purchased from Santa Cruz Biotech-
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Figure 1:The structure of 1,4-dihydroxy-2-naphthoic acid (DHNA).

nology (Santa Cruz, CA, USA); antibodies for caspase-3/7/
8/9, PARP, Bid, Fas, FADD, Cyclin A/D3, Cdk4/6, AIF and
endoG were from Cell Signaling Technologies (Beverly, MA,
USA). All other reagents were from Sigma-Aldrich (St.
Louis, MO, USA). DMEM, RPMI 1640 medium and fetal
bovine serum (FBS)were purchased fromGibco Laboratories
(NY, USA). Medium 254 with Human Melanocyte Growth
Supplement-2 was purchased from Cascade Biologics/Invit-
rogen (Portland, OR, USA).

2.2. Cell Culture. The spontaneously immortalized human
epidermal keratinocyte HaCaT cells were purchased from
China Centre for Type Culture Collection, Wuhan, China.
The human foreskin fibroblast Hs-68 cells were purchased
from the American Type Culture Collection (Manassas, VA,
USA). The human undifferentiated keratinocyte NCTC 2544
cells were provided by Interlab Cell Line Collection (Genoa,
Italy) and the immortalized human epidermal melanocyte
PIG1 cells were a gift from Dr Caroline Le Poole (Loyola
University Chicago, Maywood, IL, USA). HaCaT and Hs-
68 cells were maintained in DMEM, NCTC 2544 in RPMI
1640 and PIG1 cells in Medium 254 with HumanMelanocyte
Growth Supplement-2, respectively. All cells were cultured in
complete medium containing 10% FBS, 100 𝜇g/mL of strep-
tomycin, and 100U/mL of penicillin (Gibco Laboratories) at
37∘C in a humidified atmosphere of 5% CO

2
. Cell culture

experiments were carried out at 60–80% confluent.

2.3. Proliferation Assay. The ethyl acetate extract (EA) of
Rubia cordifolia L. was isolated as described [21]. 1,4-
dihydroxy-2-naphthoic acid (98%), dithranol (≥90%), and
EA were dissolved in DMSO as stock. All cells were seeded
and treated with various concentrations of DHNA, dithranol
or EA. After treatment, cells were fixed with cold 50%
trichloroacetic acid and incubated 1 h at 4∘C. Cell was then
washed with deionized water, air-dried, and stained with
0.4% (w/v) sulphorhodamine B for 30min at room tem-
perature. Unincorporated dye was removed with 1% acetic
acid wash and the cell was again air-dried. Incorporated dye
was then solubilized in 10mM Tris base and absorbance was
measured at 565/690 nm using a Sunrise microplate spec-
trophotometer (Tecan, Switzerland). IC

50
were determined

using GraphPad Prism 5.0 (GraphPad Software, San Diego,
CA, USA).
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2.4. Fluorescent Staining for Morphological Evaluation. After
DHNA treatment, HaCaT cells were fixed in 4% parafor-
maldehyde for 30min, washed with phosphate-buffered
saline (PBS) and then stained with 2 𝜇g/mL Hoechst 33342
(Molecular Probes, Eugene, OR, USA) for 15min at room
temperature in the dark. Morphology was evaluated using an
Axiophot fluorescence microscope (Carl Zeiss, Oberkochen,
Germany).

2.5. Annexin V/Propidium Iodide Staining. After DHNA
treatment, HaCaT cells were resuspended in annexin V bind-
ing buffer (10mMHEPES, 140mMNaCl, and 2.5mMCaCl

2
,

pH 7.4) and then incubated with FITC-conjugated annexin
V (Biosource International, Inc., USA), and 0.5𝜇g/mL pro-
pidium iodide (PI) for 15min at room temperature in the
dark. Cells were analyzed on a FACSCanto flow cytometer
(BD Biosciences, San Jose, CA, USA) immediately and then
analyzed using WinMDI 2.9 (developed by Dr. J. Trotter,
Scripps Institute, La Jolla, CA, USA). The total number of
early (FITC+/PI−) and late (FITC+/PI+) apoptotic cells was
assessed. In another experiment, HaCaT cells were preincu-
bated with 40 𝜇M pan-caspase inhibitor Z-VAD-FMK (BD
Pharmingen, San Diego, CA, USA) for 1 h before exposure to
DHNA.

2.6. JC-1 Staining. After DHNA treatment, HaCaT cells were
harvested and washed with PBS. Cells were then incu-
bated in 1.5 𝜇MJC-1 (5,5󸀠,6,6󸀠-tetrachloro-1,1󸀠,3,3󸀠-tetraethyl-
benzimidazolylcarbocyanine iodide, Molecular Probes) in
PBS at 37∘C for 15min in the dark. Thereafter cells were
washed, resuspended in PBS and then immediately ana-
lyzed on the FACSCanto flow cytometer. If mitochondrial
membrane potential (MMP) depolarizes, JC-1 becomes a
monomer and emits green fluorescence; when MMP polar-
izes, JC-1 becomes a polymer and emits red fluorescence. It
indicates mitochondria depolarization by a decrease in red/
green fluorescence intensity ratio.

2.7. Cell Cycle Analysis. HaCaT cells were treatedwithDHNA
for 24 h, fixed with 75% ice-cold ethanol at 4∘C for 1 h and
stained with PI/RNase solution (BD Pharmingen) for 15min
at room temperature in the dark. Stained cells were analyzed
using the FACSCanto flow cytometer immediately. Cell cycle
distribution was calculated with ModFit LT 3.1 (Verity Soft-
ware House, Topsham, ME, USA).

2.8. Detection of DNA Fragmentation. After incubation of
HaCaT cells with DHNA, subsequent experimental steps
were following the protocol of the Cell Death Detec-
tion ELISAplus (Roche Applied Science, Basel, Switzerland).
Absorbance was measured at 405/490 nm by the Sun-
rise microplate spectrophotometer. Enrichment of mono-
and oligonucleosomes (cytoplasmic histone-associated DNA
fragments) into the cytoplasm was calculated as absorbance
of treatment cells/absorbance of control (enrichment factor)
which was used as a parameter of apoptosis.

2.9. Terminal Deoxynucleotidyltransferase-Mediated dUTP
Nick End Labeling (TUNEL) Assay. After DHNA treatment,
HaCaT cells were collected and washed and subsequent steps
were following the protocol of In Situ Cell Death Detection
kit, Fluorescein (RocheApplied Science). Fluorescein-labeled
DNA strand breaks were detected by flow cytometry.The per-
centage of hypodiploid (fragmented) nuclei reflecting relative
proportion of apoptotic cells was analyzed by WinMDI 2.9.

2.10. Western Blot Analysis. After DHNA treatment HaCaT
cells were collected and lysed in CelLytic M Mammalian
Cell Lysis/Extraction Reagent with freshly added Protease
Inhibitor Cocktail for 30min at 4∘C. Cell lysate was cen-
trifuged at 15000 g for 15min at 4∘C and supernatant was
collected as whole cell lysate. Protein concentration was
determined by Bio-Rad protein assay dye reagent concentrate
(Bio-Rad Laboratories, Hercules, CA, USA) following the
manufacturer’s instructions. Whole cell lysate was denatured
by boiling for 5min in 6X SDS loading buffer (0.375M Tris
[pH 6.8], 30% glycerol, 12% SDS, 0.2% bromophenol blue
and 12% 𝛽-mercaptoethanol). Equal amount of protein (10–
20𝜇g) was then separated by 12–15% SDS-PAGE and later
proteins were transferred to polyvinylidene difluoride mem-
brane (Millipore, Billerica, MA, USA) using Trans-Blot SD
semidry transfer cell (Bio-Rad Laboratories). After that,
membranes were blocked with 2–5% (w/v) bovine serum
albumin or nonfat dry milk in Tris-buffered Saline-Tween
(TBS-T; 0.05% v/v Tween-20, 10mM Tris [pH 7.4], 150mM
NaCl) for 1 h and subsequently incubated overnight at 4∘C
with different primary antibodies in TBS-T. Membrane was
then washed using TBS-T and followed by incubation with
corresponding horseradish peroxidase labeled second anti-
bodies (Santa Cruz Biotechnology) in TBS-T for 1 h. After
washing of membrane with TBS-T, protein bands were visu-
alized using Immobilon Western Chemiluminescent HRP
Substrate (Millipore) and autoradiography with Lumi-Film
Chemiluminescent Detection Film (Roche Applied Science).
Equal protein loading was monitored by 𝛽-actin antibody on
the same membrane.

2.11. Immunofluorescence Staining. HaCaT cells were first
seeded on cover-slipped 6well plates. AfterDHNA treatment,
cells were washed three times with PBS and fixed in 1 : 1
acetone/methanol at −20∘C for 10min. Thereafter, cells were
washed with PBS three times and then blocked for 15min
in blocking solution (1% BSA in PBS) at room temperature.
After that, cells were incubated with either one of the follow-
ing antibodies in blocking solution overnight at 4∘C: apop-
tosis inducing factor, AIF or endonuclease G, and endoG.
Cells were then washed with PBS three times and incubated
with corresponding secondary antibody conjugated to Alexa
Fluor 488 (Molecular Probes) in blocking solution in dark
at room temperature for 1 h. After further washing with PBS
for three times, the cover slips were then mounted on glass
slides using the Vectashield mounting medium with DAPI
(Vector Laboratories, Burlingame, CA). Stained cells were
then visualized under the Nikon Ti-E inverted microscope
(Nikon, Tokyo, Japan).
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2.12. IL-1𝛼 Release Assay. NCTC 2544 cells were seeded and
treated with various concentrations of DHNA or dithranol
for 72 h. After incubation, themicroplate was centrifuged and
conditionedmediumwas collected to determine the extracel-
lular IL-1𝛼 (IL-1𝛼 release) using an IL-1𝛼 ELISA kit (Diaclone
Research, France). All other steps were then according to the
manufacturer’s protocol. Results were expressed in pg/mL.

2.13. Statistical Analysis. Data were expressed as mean ±
SEM. Statistical comparisons between DHNA treatment and
control were carried out using one-way analysis of variance
(ANOVA), followed by post hoc Dunnett’s test using Graph-
Pad Prism 5.0 (GraphPad Software, San Diego, CA, USA).
Differences were considered significant at 𝑃 < 0.05.

3. Results

3.1. DHNA Inhibits Proliferation of Human Epidermal HaCaT
Keratinocyte. DHNA, dithranol and EA inhibited pro-
liferation of partially differentiated and undifferentiated
human keratinocyte (HaCaT and NCTC 2544) in time
and concentration-dependent manners (Table 1). Compared
with dithranol and, EA, DHNA exhibited weaker growth
inhibition on both keratinocyte at 48 and 72 h. On the other
hand, DHNA exerted lower cytotoxic effect on Hs-68 fibrob-
last (226.3𝜇M or 46.21 𝜇g/mL) and is comparable with EA
(43.95 𝜇g/mL), while dithranol had a more potent cytotoxic
effect (27.42𝜇Mor 6.20𝜇g/mL). PIG1 melanocyte is the most
sensitive towards DHNA or dithranol; still DHNA (23.98 𝜇M
or 4.90 𝜇g/mL) is less cytotoxic than dithranol (2.34 𝜇M or
0.53𝜇g/mL).

3.2. Alteration of Cellular Morphology. Vehicle (≤0.24%
DMSO) and medium incubated cells showed blue-fluo-
rescent nuclei of normal nuclear morphology (Figures 2(a)
and 2(b)). After exposure to 30 and 60 𝜇M (6.13 and
12.25 𝜇g/mL) DHNA for 72 h, a number of HaCaT cells
increased in nuclear fluorescence from dark blue (control)
to light blue/white, indicating chromatin condensation (Fig-
ures 2(c) and 2(e)). At 120𝜇M (24.5 𝜇g/mL) DHNA, light
blue/white fluorescence was emitted from the nuclei of all
cells (Figure 2(g)). Besides, typical apoptotic phenomenon in
termof nuclear fragmentationwas also observed in allDHNA
treated HaCaT cells (Figures 2(d), 2(f), and 2(h)).

3.3. DHNA Increases Phosphatidylserine Externalization in
HaCaT Cells. To observe the events of apoptosis, the effects
of DHNA on HaCaT cells regarding the exposure of phos-
phatidylserine at the cell surfacewere observed at 9 h (Figures
3(a) and 3(c)) and 24 h (Figures 3(b) and 3(d)). Results
were analyzed and presented as density plots (Figures 3(a)
and 3(b)) and bar charts (Figures 3(c) and 3(d)). The
distribution of viable, early apoptotic, and late apoptotic
cells between vehicle and medium incubated HaCaT cell
is similar (Figures 3(a)–3(d)). Compared with viable cells
(FITC−/PI−) in the vehicle control (89.3% at 9 h, 87.4% at
24 h), the number of viable HaCaT cells after DHNA treat-
ment decreased dramatically from 88.9% (30𝜇M/6.13 𝜇g/mL;

Table 1: Comparison of IC50 of DHNA, dithranol, and EA on the
growth of HaCaT, NCTC 2544, Hs-68, and PIG1 cell lines.

Cell line Incubation
time (h)

IC50 in 𝜇M (𝜇g/mL)1

DHNA2 Dithranol EA3

HaCaT 48 111.4 (22.75) 24.77 (5.60) (2.21)
72 38.94 (7.95) 9.39 (2.12) (1.49)

NCTC 2544 48 81.37 (16.61) 6.21 (1.41) (4.51)
72 46.80 (9.56) 3.81 (0.86) (2.50)

Hs-68 72 226.3 (46.21) 27.42 (6.20) (43.95)
PIG1 72 23.98 (4.90) 2.34 (0.53) (4.80)
1At least five different concentrations of compound/extract were used for the
calculation of each value. Three independent experiments done in triplicate
were performed with similar results.
21,4-dihydroxy-2-naphthoic acid.
3Ethyl acetate extract of the root of Rubia cordifolia L.

9 h) to 44.3% (240 𝜇M/49.01 𝜇g/mL; 9 h) and from 85.0%
(30 𝜇M/6.13 𝜇g/mL; 24 h) to 8.8% (240𝜇M/49.01 𝜇g/mL;
24 h) (Figures 3(a) and 3(b)). At the same time, the per-
centages of total apoptotic fraction (early [FITC+/PI−] plus
late [FITC+/PI+] apoptotic cells) after DHNA treatment
also significantly increased from 10.4% (30𝜇M/6.13 𝜇g/mL;
9 h) to 45.5% (240𝜇M/49.01 𝜇g/mL; 9 h) and from 13.7%
(30 𝜇M/6.13 𝜇g/mL; 24 h) to 89.7% (240𝜇M/49.01 𝜇g/mL;
24 h) compared with vehicle control (8.1% at 9 h, 12.3% at
24 h) (Figures 3(a) and 3(b)). These findings indicated that
DHNA induced apoptosis in HaCaT cells in time and dose
dependent manners. In caspase inhibition assay, pretreat-
ment of HaCaT cells with 40 𝜇M pan-caspase inhibitor
Z-VAD-FMK partially blocked DHNA-induced apoptosis
(Figure 3(e)).

3.4. DHNA Decreases MMP. Apoptosis accompanies with
the loss of MMP and it was measured by JC-1 staining in
HaCaT cells after DHNA treatment. Compared with vehi-
cle control, MMP in HaCaT cells decreased dramatically
from 103.3% (30 𝜇M/6.13 𝜇g/mL; 24 h) to 35.4% (240𝜇M/
49.01 𝜇g/mL; 24 h) and from 95.5% (30 𝜇M/6.13 𝜇g/mL; 48 h)
to 29.2% (240𝜇M/49.01 𝜇g/mL; 48 h) after DHNA treatment,
and the effect is time and dose-dependent (Figure 4).

3.5. DHNA Causes G0/G1 Cell Cycle Arrest in HaCaT Cells.
The distribution of sub-G0/G1, G0/G1, S and G2/M phase
cells between vehicle and medium treated HaCaT cell does
not differ significantly (Figure 5). In HaCaT cells incubated
with vehicle control, the percent distribution of sub-G0/G1,
G0/G1, S, and G2/M phase cells are 2.2, 29.9, 49.8, and
20.3%, respectively, (Figure 5(a)). Treatment of DHNA dose-
dependently inducedG0/G1 cell cycle arrest in HaCaT cells at
24 h (Figure 5(a)). At 60𝜇M (12.25 𝜇g/mL) DHNA, increase
in G0/G1 cell population (39.3%) was accompanied by a
reduction in G2/M phase cell (12.4%). Increasing DHNA
to 120𝜇M (24.5 𝜇g/mL) increased G0/G1 cell population
substantially (51.0%) with a concomitant decrease in both S
(39.6%) and G2/M phase cells (9.4%). Moreover, induction
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(a) Vehicle control (b) Medium control (c) DHNA 30𝜇M (6.13𝜇g/mL)

(d) DHNA 30𝜇M (6.13𝜇g/mL) (e) DHNA 60𝜇M (12.25𝜇g/mL) (f) DHNA 60𝜇M (12.25𝜇g/mL)

(g) DHNA 120𝜇M (24.5𝜇g/mL) (h) DHNA 120𝜇M (24.5𝜇g/mL)

Figure 2: Action of DHNAonHaCaT cells morphology. (a) Vehicle (0.24%DMSO) and (b)medium only treatedHaCaT cells. (c to h) HaCaT
cells treated with 30𝜇M (6.126 𝜇g/mL; (c, d)), 60𝜇M (12.25 𝜇g/mL; (e, f)) and 120𝜇M (24.5𝜇g/mL; (g, h)) DHNA for 72 h. After staining with
Hoechst 33342, morphological examinations were carried out using fluorescent microscope. Cells with chromatin condensation (c, e) and
nuclear fragmentation (d, f, h) are indicated by arrows. In (g), all cells undergo chromatin condensation. Three independent experiments
were performed with similar results. Scale bar 50 𝜇m.

of apoptosis was demonstrated by the presence of sub-G0/G1
population (19.7%) (Figure 5(a)).

3.6. DHNA Increases DNA Fragmentation. After exposure to
DHNA, DNA fragmentation in HaCaT cells was analyzed
by the Cell Death Detection ELISAplus Kit (Roche Applied
Science). As shown in Figure 6, DNA fragmentation was
increased in dose-dependent manner. Following treatment
of 240𝜇M (49.01𝜇g/mL) DHNA, DNA fragmentation in
HaCaT cells increased approximately 3.4 and 5.2 folds at 24
and 48 h, respectively, compared with vehicle control.

3.7. DHNA Increases TUNEL Positive Cells in HaCaTCells. In
vehicle andmedium control-fewTUNEL positive (apoptotic)

cells presence (1.2 and 1.3%; Figures 7(a) and 7(b)). At all con-
centration tested (30 to 240𝜇M/6.13 to 49.01𝜇g/mL), DHNA
dose dependently increased TUNEL positive cells in HaCaT
cells from 15.8 to 92.7% (Figures 7(a) and 7(b)). As TUNEL
assay is a sensitivemethodwhich detects single-strand breaks
in high molecular weight DNA, it was able to show that
30 𝜇M (6.13 𝜇g/mL) DHNA treatment induced apoptosis in
HaCaT cells as early as 24 h while other apoptotic markers
are still not available or detectable (e.g., externalization of PS,
morphology).

3.8. Western Blot Analysis. In cell cycle related proteins
(Figure 8), treatment of HaCaT cells with DHNA for 12 h
resulted in a dose-dependent increase in the expression of
cyclin dependent kinase inhibitor (Cki) p21. At 240 𝜇M
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Figure 3: Continued.
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Figure 3: Phosphatidylserine externalization is increased in DHNA-treated HaCaT cells. (a, b) Density plots and (c, d) bar chart showing
effects of the DHNA on distribution of viable (lower left) and early/late apoptotic (lower/upper right) HaCaT cells. HaCaT cells were treated
with vehicle (0.24% DMSO), medium only or various concentration of DHNA for 9 (a, c) and 24 h (b, d) and then analyzed by Annexin V/PI
and flow cytometry. (e) DHNA-induced apoptosis in HaCaT cells was reduced by pan-caspase inhibitor. HaCaT cells were pretreated with
40𝜇Mpan-caspase inhibitor Z-VAD-FMK for 1 h followed byDHNA treatment for 24 h.Three independent experiments with triplicates each
time were performed with similar results. Data are expressed as mean ± SEM from one representative experiment and significant difference
at ∗𝑃 < 0.05, ∗∗∗𝑃 < 0.001 when versus vehicle control (c, d) or between DHNA treatment (e).

(49.01 𝜇g/mL) DHNA, level of Cyclin A/D1/D3 and Cdk4
which are required for entry into S phase were decreasing.
These data further indicated that DHNA arrested HaCaT
cells at G0/G1 phase (Figure 5). At the same time, inactive
form of Cdk2 (Thr14 and Tyr15 phosphorylated, 34 kDa) was
increased while there are no visible change in active form
of Cdk2 (Thr160 phosphorylated, 33 kDa). The expression
level of p27 and Cdk6 remains unchanged. For apoptosis
related proteins (Figure 9), HaCaT cells treated with 240𝜇M
(49.01 𝜇g/mL) DHNA for 12 h decreased procaspase-8 level,
upregulated Fas receptor and the active form of caspase-3/7/8
as well as induced PARP cleavage. These findings suggested

that DHNA induced HaCaT cells apoptosis through Fas
receptor dependent pathway. On the other hands, no active
form of caspase-9 was found and Bid was not cleaved. There
were also no significant changes in expression levels of Bcl-2,
Bcl-xL, Bid, and FADD (Figure 9(a)). When treatment time
was increased to 24 h, activated caspase-9 and cleaved Bid
could then be detected (Figure 9(b)).

3.9. DHNA Induced Caspase Independent Apoptosis in HaCaT
Cells. In vehicle and medium control cells, immunofluores-
cence staining revealed the localization of AIF in mitochon-
dria and its absence in nucleus (Figures 10(a) and 10(b)),
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Figure 4: DHNA decreases MMP in HaCaT cells. HaCaT cells were
treated with vehicle (0.24% DMSO), medium only, or various con-
centration of DHNA for 24 and 48 h. After staining with JC-1,
HaCaT cells were analyzed by flow cytometry and the red/green
fluorescence ratio in each sample was calculated.Three independent
experiments with triplicates each time were performed with similar
results. Data are expressed as mean ± SEM from one representative
experiment and significant difference at ∗∗𝑃 < 0.01, ∗∗∗𝑃 < 0.001
when versus vehicle control.

whereas endoG is present in mitochondria as well as in the
nucleus (Figures 11(a) and 11(b)). When HaCaT cells were
treated with 240𝜇M (49.01 𝜇g/mL) DHNA for 24 h, both AIF
and endoG were translocated to the nucleus (Figures 10(d)
and 11(d)). These results suggest DHNA can mediate apop-
tosis in HaCaT cells in a caspase independent way through
the action of AIF and endoG.

3.10. IL-1𝛼 Release Assay. In vehicle and medium control, no
IL-1𝛼 release fromNCTC 2544 cells was detected (Figure 12).
DHNA significantly induced the release of this cytokine
at a much higher concentration than dithranol (60𝜇M
or 12.25 𝜇g/mL for DHNA versus 2𝜇M or 0.45 𝜇g/mL for
dithranol; ∼30 times) (Figure 12). Compared with vehicle
control, a significant induction of IL-1𝛼 release could only
be observed at higher concentrations of DHNA tested (60 to
100 𝜇M or 12.25 to 20.42𝜇g/mL) (Figure 12(a)). In contrast,
dithranol induced significant release of this cytokine at all
concentrations tested (Figure 12(b)). Hence, at IC

50
ofDHNA

on NCTC 2544 keratinocytes (46.80 𝜇M or 9.56𝜇g/mL;
Table 1), no significant IL-1𝛼 was released, while dithranol
readily induced the release of this cytokine at concentrations
(2 to 3 𝜇M or 0.45 to 0.68𝜇g/mL) below its IC

50
(3.81 𝜇M or

0.86𝜇g/mL; Table 1).

4. Discussion

Psoriasis is recognized as an organ specific autoimmune
disease triggered by an activated cellular immune system [22].
As the exact aetiology and pathogenesis remain unknown, it

has been argued for many years whether psoriasis is a disor-
der of the immune system or disorder of the skin. Evidence
indicates keratinocytes contributed to the disease [7]. Based
on several lines of evidence, we believe that keratinocytes
may play a major and important role in the pathogenesis and
development of psoriasis. It would be interesting to note that
the presence of T cells in skin lesions does notmean it initiates
the disease. Although psoriasis is thought to be aTh1 induced
disorder, psoriasis develops in patients infected by the human
immunodeficiency virus with the same frequency as in the
general population [23]. In psoriasis, the expression levels of
many gene products are altered, compared with unaffected
skin. Among these altered gene products, the expression
levels of messenger RNAs transcribed by keratinocytes are
much higher than T cells due to the overwhelming number
of keratinocytes in lesions [24]. Next, keratinocytes can
synthesize many cytokines and chemokines which could
induce chemotaxis that attracts and activates leukocytes
found in epidermis of psoriatic lesions such as ICAM-1,
CD40 andHLA-DR [24, 25]. Increased levels ofCXCL9/MIG,
CXCL10/IP-10, CXCL11/I-TAC [24], andRANTES/CCL5 [26]
synthesized by keratinocytes in psoriasis lesions as well as
the BRAK/CXCL14 that are upregulated in nonlesional skin
of psoriasis patients [24], may also activate and initiate the
migration of mononuclear leukocytes/T cells/monocytes to
the psoriatic lesions. Besides, keratinocytes not only produce
but also respond to the growth factors and cytokines pro-
duced themselves [27]. For example the production of trans-
forming growth factor 𝛼 (TGF𝛼) by epidermal keratinocytes
is greatly elevated in psoriasis [27]. This results in increased
transcription of hyperproliferating keratin K6/16 genes and
the activation of keratinocytes, which produce and respond
to immunological signals like interleukins 1/6 and growth
factors like TGF𝛼/𝛽 and epidermal growth factor (EGF).
Subsequently, a series of signal cascades is activated that
contributes to the development and persistence of psoriatic
lesion. Moreover, the response of psoriatic keratinocytes to T
cell cytokine in vitro is different from normal keratinocytes.
For example, the basal keratinocytes of psoriatic uninvolved
skin are susceptible to the growth stimulatory effect of
T cell cytokine IFN-𝛾, while this is not in normal skin
[28]. Therefore, keratinocytes from a psoriatic environment
exist in a preactivated state that is highly responsive to
signaling. The special conditions or changes which result in
predisposition of activation in those keratinocytes may be
the reason for later development to psoriatic plaque under
the influence of immunologic stimulation. In this regard,
there are genetically engineered mice models that target
epidermal keratinocytes and are sufficient to initiate psoriasis
like phenotype [29, 30] such as the IKK2 knockout mice
[29, 30] and the JunB/c-Jun double knockout mouse [23],
and both of them resemble many features of psoriasis that
are T cell independent. Taken together, keratinocytes par-
ticipate in maintaining a chronically perpetuating immune
response that sustains psoriasis, and changes in keratinocytes
may even trigger this disease in the skin of predisposed
individuals.Therefore, it is believed that epidermal alterations
may account for the initiation of skin lesions in psoriasis
and thus restoring hyperproliferative keratinocytes to normal
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Figure 5: Effect of theDHNAon cell cycle distribution inHaCaT cells. (a) Bar chart and (b) graphical analysis showing the effect of theDHNA
on cell cycle distribution of sub-G0/G1, G0/G1, S, and G2/M phase in HaCaT cells. HaCaT cells were treated with vehicle (0.24% DMSO),
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similar results. Data are expressed as mean ± SEM from one representative experiment and significant difference at ∗𝑃 < 0.05, ∗∗𝑃 < 0.01,
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𝑃 < 0.001 when versus vehicle control.
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Figure 6: DHNA induces DNA fragmentation in HaCaT cells.
HaCaT cells were treated with vehicle (0.24% DMSO), medium
only or various concentration of DHNA for 24 and 48 h. Cells were
then assayed for DNA fragmentation by the Cell Death Detection
ELISAplus Kit. Three independent experiments with triplicates each
time were performed with similar results. Data are expressed as
mean ± SEM from one representative experiment and significant
different at ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, ∗∗∗𝑃 < 0.001 when versus
vehicle control.

would be beneficial in this disease. Particularly, inhibition
of keratinocytes proliferation and induction of keratinocyte
apoptosis have long been considered as targets of antipsori-
atic strategies [31], and the discovery of new antiproliferative
and keratinocyte differentiation-modulating agents remains
a worthy aspect in psoriasis research nowadays.

Earlier we identified the extract of the root of Rubia cordi-
folia L. induces apoptosis in a psoriasis-relevant HaCaT ker-
atinocyte [12, 20, 21]. In particular, hydroxyanthraquinones
are the major bioactive compounds in R. cordifolia roots [32,
33]. In this study, we attempt to identify the compoundwhich
presents in Rubia cordifolia L. that may be responsible for the
observed effects of the herb extract on HaCaT cells. During
screening the anthraquinone precursor, DHNA was found
to time and dose dependently inhibit keratinocytes prolif-
eration. Compared with dithranol, DHNA was less potent
in inhibiting keratinocytes growth (∼4 times on HaCaT; ∼12
times on NCTC 2544). However, DHNA exhibited much
less cytotoxicity on fibroblasts (∼8 times on Hs-68) and
melanocytes (∼10 times on PIG1) while was comparable
to EA extract of Rubia cordifolia L. (Table 1). It is worth
noting dithranol is safe, effective and has been a mainstay
treatment of psoriasis for over 80 years; however, its use
has declined because it causes substantial skin irritation as
well as staining of skin, clothing, and furniture [34–36]. For
topical treatment of psoriasis, skin irritation is a common side
effect [1, 4, 35]. Skin irritation is a local arising, reversible,
and nonimmunological inflammatory reaction that is caused
by contact and stimulation with irritants [37, 38]. Irritants
can cause epidermal damage and initiate the release of IL-
1𝛼 from keratinocytes as a primary event in skin defense

[39]. Subsequently, secondary mediators (such as release
of chemokines) and morphological alterations (vasodilation
and infiltration of immune cells) are induced with finally the
onset of typical symptoms such as oedema, erythema, itching
as well as pain [37, 40]. Despite its substantial skin irritation
problem, dithranol is still popular among European countries
as an important (second choice) therapy [35, 41].With respect
to the underlying mechanisms of action of dithranol in
psoriasis, dithranol can inhibit the growth of mouse and
human keratinocytes as well as psoriatic keratinocytes in
vivo; it was also demonstrated that it induces apoptosis in
keratinocytes via the mitochondrial pathway [42]. In this
regard, identification of new treatment which can achieve
similar apoptotic effects of dithranol while with less irritation
side effect would be of great interest.

Traditionally skin irritation assay is conducted in animals
using Draize animal test [43] which has been introduced for
more than 60 years as a standard for the evaluation of skin
irritating properties of chemicals [44]. However for ethical
reasons, the Cosmetics Directive (Directive 76/768/EEC) and
European Directive 2003/15/EEC impose a permanent ban of
animal testing for cosmetic products and ingredients from
2009 in Europe. As the ethical issues and regulatory context
are similar around the world [45], hence, there is a great effort
aiming to reduce and replace animal studies. The develop-
ment and use of alternative in vitro methods is encouraged
[40, 45, 46]. In vitro skin irritation studies have been used to
predict the skin irritation potential of different chemicals [47,
48]. The most commonly used parameter to assess irritant
responses is the in vitromeasurement of cell viability [37]. It is
a suitable endpoint to evaluate the irritation potential of any
given substances, as cytotoxicity is known to trigger irritation
processes [38]. One in vitro skin irritation model, the “single
cell assay”, involves a single-cell type cultured in plastic dishes
under conventional culture condition [40]. Previous studies
suggested that cultured human keratinocytes can be used to
predict irritation caused by various surfactants [49] and there
is a good correlation between in vitro cytotoxicity and in vivo
skin irritation potential in human [50, 51]. Therefore, single
cell assay and cytotoxicity assay have been employed in many
studies to predict the skin irritation potential of chemicals.
For example, human keratinocyte (HaCaT, NCTC 2544)
monolayer cultures have been used as an in vitro model to
predict potential skin irritationwith cytotoxicity as endpoints
[39, 52–54]. Therefore in our study, we also used single
cell assay with cytotoxicity to evaluate the skin irritation
potential of DHNA and dithranol. For better prediction
of irritation potential, apart from cell viability, additional
biomarkers should also be incorporated in the study. As
mentioned, IL-1𝛼 is an important mediator which initiates
inflammation in the skin. Only followed cell injury, IL-1𝛼 is
exclusively released from leaky keratinocytes while in intact
epidermis, IL-1𝛼 is naturally eliminated by desquamation
[37]. In both in vitro and in vivo systems the release of
IL-1𝛼 is accepted as an early marker of irritation [39, 54].
Therefore, together with cell viability test, measuring the
distribution of cytokines (release of IL-1𝛼) is an effective
and promising approach to predict chemicals as potential
irritants [39].Theuse of keratinocytes with these endpoints as
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Figure 7: Induction of apoptosis by DHNA in HaCaT cells measured by TUNEL staining. (a) Bar chart and (b) flow cytometric analysis
of the effect of DHNA on TUNEL staining in HaCaT cells. HaCaT cells were treated with vehicle (0.24% DMSO), medium only or various
concentration of DHNA for 24 h. The cell was analyzed for apoptosis by the In Situ Cell Death Detection kit (Fluorescein). In (b), HaCaT
cells showing increased fluorescence (TUNEL staining) above that of control population (open graph) are considered apoptotic and their
percentage populations are shown. Three independent experiments with triplicates each time were performed with similar results. Data are
expressed as mean ± SEM from one representative experiment and significant difference at ∗∗∗𝑃 < 0.001 when versus vehicle control.

in vitro skin irritation model has already been justified [55].
Because of its epidermal location and its ability to synthesize
different inflammatory mediators, and there is a good cor-
relation between in vitro response of keratinocytes cultures

and in vivo skin irritation data [53], human keratinocytes
become a relevant biological target and, hence, represents an
excellent cell model in assessing skin irritants [53]. In EU,
the Cosmetics Directive (76/768/EEC) imposes that cosmetic
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Figure 8: Effects of DHNA on the expression of cell-cycle-related
proteins in HaCaT cells. HaCaT cells were treated with vehicle
(0.24% DMSO), medium only or various concentrations of DHNA
for 12 h and then cells were harvested. Equal amount of cell
extracts (10–20𝜇g) were loaded onto and separated by 12% to 15%
SDS-PAGE and analyzed for the expression of cell cycle related
proteins byWestern blot. Equal protein loading for each sample was
monitored by 𝛽-actin. Data are representative of three reproducible
independent experiments.

products put on the market within the Community must
not cause damage to human health when they are applied
under normal of use. Before new cosmetic products are
launched andmarketed, the potential of its ingredients or the
final product in causing skin irritation needs to be evaluated
as part of the safety assessment [56]. As mentioned, this
directive also bans animal testing on cosmetic products. To
replace animal testing the cosmetic and toiletry industry in
Europe represented by the European, Cosmetic Toiletry and
Perfumery Association (COLIPA), has adopted the use of
in vitro test systems to predict potential irritants [37]. Since
undifferentiated keratinocytes may synthesize higher level of
IL-1𝛼 and its production is decreased as keratinocytes are
gradually differentiated [57], therefore the undifferentiated
human keratinocytes (NCTC 2544 cells) are used to evaluate
the release of this inflammatory cytokine upon treatments
withDHNAor dithranol. Our results demonstratedDHNA is
predicted to be less irritating than dithranol. First, IC

50
values

from cell viability assay revealed DHNA was less cytotoxic
than dithranol (Table 1). On the other hand, both compounds
induced the release of proinflammatory cytokine IL-1𝛼 from
keratinocytes; however, DHNA induced the release of this
cytokine at a much higher concentration than dithranol
(∼30 times, Figure 12). Besides, at IC

50
of DHNA on NCTC

2544 keratinocytes no significant level of IL-1𝛼 was released
(Table 1, Figure 12(a)), while dithranol could readily induce
significant release of this cytokine at concentrations below its
IC
50
on NCTC 2544 keratinocytes (Table 1, Figure 12(b)).
Since DHNA has lower skin irritation potential than

dithranol, therefore if DHNA can exert similar apoptotic
effects on keratinocytes as dithranol, it could be a promising
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Figure 9: Effects of DHNA on the expression of apoptosis related
proteins in HaCaT cells. HaCaT cells were treated with vehicle
(0.24% DMSO), medium only or various concentrations of DHNA
for (a) 12 and (b) 24 h and then analyzed by Western blot. Equal
protein loading was monitored by 𝛽-actin. Data are representative
of three reproducible independent experiments.

alternative for the treatment of psoriasis. These findings
prompt us to investigate whether apoptosis is the underlying
mechanism of the antiproliferation effect of DHNA on
keratinocytes. Although DHNA is not the single compound
which represents the antiproliferation effect of the root
extract ofRubia cordifolia L. on keratinocytes, this compound
may still be one of the many components in the herb extract
that are responsible for the observed antiproliferation effects
onHaCaT cells and is worthy for further investigations. Since
HaCaT keratinocytes represent a model of outer epidermal
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Figure 10: DHNA causes nuclear translocation of AIF in HaCaT cells. HaCaT cells were treated with vehicle (0.24% DMSO; (a)), medium
only (b), 120 𝜇M (24.5 𝜇g/mL; (c)) or 240 𝜇M (49.01 𝜇g/mL; (d)) DHNA for 24 h then analyzed by immunofluorescence staining. Cell nuclei
were stained by DAPI. Data are representative of three reproducible independent experiments. Scale bar 25𝜇m.
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layers which contact more directly with topically applied
psoriasis treatment, subsequent studies were focused on this
cell model.

An early event during apoptosis is externalization of PS
which is normally confined to the internal leaflet of plasma
membrane [58].Thiswas confirmed inDHNA treatedHaCaT
cells by annexin V/PI staining (Figures 3(a)–3(d)). A later
step in apoptosis is DNA fragmentation that results from the
activation of endonucleases [59]. Apoptotic cell shrink, the
chromatin becomes pyknotic and compacted, and nucleus
breaks up (karyorrhexis). Cell appears to bud (membrane
blebbing), which later become apoptotic bodies and phago-
cytosed by macrophages [60]. Hoechst stained HaCaT cells
treated with DHNA clearly revealed chromatin condensation
(pyknotic) and nuclear fragmentation (karyorrhexis) which
are commonly observed in ongoing apoptotic cells (Figure 2).
The Cell Death Detection ELISAplus assay also demonstrated
that DHNA treatment increased DNA fragmentation in
HaCaT cells by detecting histone-associated DNA fragments
(Figure 6). Moreover, induction of apoptosis in HaCaT cells
by DHNA was further confirmed with TUNEL technique by
detecting DNA strand breaks (Figure 7). It is suggested PS
exposure precedes the nuclear changes that define apoptosis
as well as the loss of membrane integrity [58]. Our results
agreed with this observation that externalization of PS can
be detected first (e.g., 60 𝜇MDHNA at 24 h treatment), with
the decrease inmitochondrial membrane, potential andmor-
phological change thereafter. Taken together, it is confirmed
that the apoptotic induction of HaCaT cells by DHNA is time
and dose dependent.

As induction of apoptosis may be cell-cycle related [61,
62], therefore cell-cycle analysis was performed on DHNA
treated HaCaT cells. Our investigation showed that DHNA
treated HaCaT cells were arrested at G0/G1 phase of the
cell cycle with induction of sub-G0/G1 population, which
indicates apoptotic cells (Figure 5). Moreover, the resulting
G0/G1 arrest was correlated with changes in the expression of
major cell cycle proteins as analyzed by theWestern blot. The
cyclin dependent kinases (Cdk) are serine/threonine kinases
which are important in controlling cell cycle in eukaryotic
cells [63–65]. Cyclins form heterodimeric complexes with
specific Cdk at different points in cell cycle to phosphorylate
target proteins and hereby promote cell cycle progression.
In G1/S phase transition, cyclin D/Cdk4 and cyclin D/Cdk6
are the first two complexes to become active and involved
in early G1 phase, while cyclin E/Cdk2 is formed in late
G1 phase. Later, activated cyclin A/Cdk2 complexes drive
cells into S phase. DHNA treatment down-regulated the level
of Cyclin A/D1/D3 and Cdk4 which are required for entry
into S phase in HaCaT cells (Figure 8). The inactive form of
Cdk2 (Thr14 and Tyr15 phosphorylated, 34 kDa) increased
while there were no obvious change in the active form
of Cdk2 (Thr160 phosphorylated, 33 kDa). Besides, DHNA
treatment also dose-dependently increased the expression
of cyclin dependent kinase inhibitor p21, which binds and
inhibits the activity of cyclin/Cdk complexes and blocks
progression through G1/S phase in cell cycle. In psoriasis,
epidermal hyperplasia is characterized by an increase of

percentage of normally quiescent basal keratinocytes in the
proliferative phases of cell cycle [66]. In particular, cyclin
D1 is overexpressed in keratinocytes and is associated with
epithelial hyperproliferation in psoriasis [67]. Our findings
imply DHNAmay be able to alter abnormal expression of the
cell cycle proteins, favor G0/G1 arrest, and apoptosis in psori-
atic keratinocytes which demonstrated decreased apoptosis.

To study the molecular mechanisms underlying DHNA
inducedHaCaT cells apoptosis, expression level of major cas-
pases and their substrates were examined using the Western
blot analysis. DHNA treatment for 12 hours increased the
expressions of Fas receptor and the active form of caspase-
3/7/8 in HaCaT cells. Besides, the DNA repair enzyme poly
(ADP-ribose) polymerase (PARP) was cleaved and inacti-
vated (Figure 9(a)). These results suggest, DHNA induces
apoptosis through the death receptor mediated pathway.
Ligation of death receptor (e.g., Fas) of the tumor necro-
sis factor receptor family with their ligands causes rapid
death inducing signaling complex (DISC) formation and
recruits Fas-associated death domain (FADD), which in turn
recruits and processes procaspase-8 into a mature form.
Activated caspase-8 then directly activates effector caspase
(e.g., caspase 3) to trigger apoptosis [68, 69]. Moreover,
mitochondrial permeabilization indicated by the decrease
in transmembrane potential was detected in DHNA-treated
HaCaT cells (Figure 4).The loss of mitochondrial transmem-
brane potential is usually associated with cytochrome 𝑐 and
other apoptotic factors released from the mitochondria. It
is suggested that opening of the mitochondrial permeability
transition pore (PTP) complex results in a decrease in MMP
and cytochrome 𝑐 release [70]. In mitochondrial apoptotic
pathway, permeabilization ofmitochondrial outermembrane
results in the release of apoptogenic factors (e.g., cytochrome
𝑐) from intermembrane space into cytoplasm. In cytoplasm,
cytochrome 𝑐 forms complex (apoptosome) with apoptotic
protease activating factor-1 (Apaf-1) and procaspase-9. The
resulting apoptosome activates caspase-9 by cleavage, and
activated caspase-9 in turn activates procaspase-3 to mediate
apoptosis. The mitochondrial permeabilization is mainly
regulated through Bcl-2 family proteins that consist of anti-
apoptotic (e.g., Bcl-2, Bcl-xL) and proapoptotic members
(e.g., Bax). By interacting with PTP complex, the Bcl-2
proteins can regulate mitochondrial permeabilization. In
addition, proapoptotic Bcl-2 proteins can also form pores in
the outer mitochondrial membrane without involving PTP
[70]. Besides, Bcl-2 proteins also provide a link between the
death receptor andmitochondrial mediated apoptosis.When
cleaved by activated caspase-8, the BH3-only proteins Bid can
also trigger cytochrome 𝑐 release by translocation to mito-
chondria. Since activated caspase-9 and cleaved Bid is only
observed after 24-hours-treatment of DHNA (Figure 9(b)),
it is postulated that DHNA acts on death receptor first then
triggers mitochondrial pathway and, hence, death receptor
signaling occurs upstream the mitochondrial events. Further
studies are required to confirm our speculation; nevertheless,
the role of caspase is confirmed in our model, since the pan-
caspase inhibitor Z-VAD-FMK attenuated DHNA-induced
HaCaT cells apoptosis (Figure 3(e)).
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Figure 11: DHNA causes nuclear translocation of endoG in HaCaT cells. HaCaT cells were treated with vehicle (0.24% DMSO; (a)), medium
only (b), 120 𝜇M (24.5 𝜇g/mL; (c)) or 240 𝜇M (49.01 𝜇g/mL; (d)) DHNA for 24 h then analyzed by immunofluorescence staining. Cell nuclei
were stained by DAPI. Data are representative of three reproducible independent experiments. Scale bar 25𝜇m.
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Figure 12: Effect of DHNA and dithranol on IL-1𝛼 releasefrom NCTC 2544 cells. NCTC 2544 cells were treated with vehicle (0.2% DMSO),
medium only or (a) 20 to 100𝜇M (4.08 to 20.42 𝜇g/mL) DHNA or (b) 2 to 8 𝜇M (0.45 to 1.81 𝜇g/mL) dithranol for 72 h and then assayed for
IL-1𝛼 release by the IL-1𝛼 ELISA Kit. Three independent experiments with duplicates each time were performed with similar results. Data
are expressed as mean ± SEM from one representative experiment and significant difference at ∗𝑃 < 0.05, ∗∗𝑃 < 0.01, ∗∗∗𝑃 < 0.001 when
versus vehicle control.

The results from caspase inhibition assay showed that
DHNA induced apoptosis in the HaCaT cells could only
be partially blocked with Z-VAD-FMK. Since the caspase
inhibitor Z-VAD-FMK used in the experiments is an irre-
versible inhibitor, therefore caspases alone were not solely
responsible for the DHNA induced apoptosis. It would be
interesting to note that DHNA treatment results in the loss
of mitochondrial transmembrane potential in HaCaT cells
(Figure 4). In this regard, the mitochondrial proteins apopto-
sis inducing factor (AIF) and endonuclease G (endoG) have
been implicated in the caspase independent apoptosis [71,
72]; AIF and endoG released from mitochondria can trigger
caspase independent apoptotic cell death [73] and contribute
to nuclear chromatin condensation and DNA fragmentation
[71]. AIF is normally confined to mitochondria. Upon apop-
tosis induction, AIF translocates from the mitochondrial
intermembrane space to the nucleus. In nucleus, AIF causes
chromatin condensation and large DNA fragmentation of
around 50 kbp [74]. EndoG is mainly present in mitochon-
drial intermembrane space but it can also be found in nucleus
[75]. It is suggested endoG is involved in mitochondrial
DNA synthesis as well as apoptosis. Similar to AIF, endoG
translocates to the nucleus during apoptosis. When released
from mitochondria, endoG cleaves DNA into nucleosomal
fragments independent of caspases [76]. Our results provide
additional evidences that DHNA also mediates caspase inde-
pendent apoptosis in HaCaT cells, as AIF and endoG were
shown to be translocated to nucleus after DHNA treatment
(Figures 10 and 11), where they directly caused chromatin
condensation, DNA fragmentation and mediated apoptosis
by a caspase independent mechanism [76, 77].

Despite the presently available treatment options, one
should bear in mind that psoriasis is a chronic disease
and no available therapies are curative in nature. Therefore,
disease inevitably recurs when therapy is discontinued [78].

Although most of the therapies in treating psoriasis have
significant side effects [79], each medication has its own
advantages and limitations. For optimal management, a
given treatment requires an initial quick clearing of symp-
toms followed by long-term maintenance therapy [80]. This
involves the sequential use of therapeutic agents which aim
at improving the overall outcome of psoriasis treatment as
well as to minimize the long-term toxicity of any particular
treatment. The strategy includes 3 steps: (i) the clearing stage
that employs short-term use of rapidly acting agents; (ii)
the transitional stage involves gradual dose decreasing of the
rapidly acting agent with the introduction of a safer main-
tenance agent; and (iii) the maintenance stage with the safer
maintenance agent to ensure long-term control withminimal
side effects. Our previous and present study suggest that, the
ethyl acetate extract of the root of Rubia cordifolia L. (EA)
and DHNA may be used together in this sequential therapy,
in which EA could be effective at producing rapid clearing of
psoriatic lesions with the fact that its potency is comparable
to dithranol and more potent than DHNA in inhibiting
keratinocytes proliferation, whereas DHNA may be better
suited for maintenance therapy for its milder irritation effect
compared with dithranol.

5. Conclusions

As the exact aetiology and pathogenesis of psoriasis is still
unknown and current available treatments havemany limita-
tions, the pursuit and development of alternative therapeutic
options remain an ongoing scientific effort. In this study we
identified DHNA, similar to the herb extract we previously
identified, induces apoptosis inHaCaT keratinocytes through
G0/G1 cell cycle arrest. DHNA also demonstrated to act
through both caspase-dependent and caspase-independent
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pathways of apoptosis. These results indicate DHNA pos-
sesses similar apoptotic effects on keratinocytes as dithranol,
and at the same time, DHNA shows far less irritating actions
as indicated by less cytotoxicity and less potent to induce the
release of proinflammatory cytokine IL-1𝛼. Since dithranol is
an important and popular therapy among European coun-
tries, DHNA therefore constitutes a promising alternative
agent for treating psoriasis. In addition, our study provides an
insight on the potential of using the ethyl acetate extract of the
root of Rubia cordifolia L. (EA) and DHNA alternatively in a
sequential therapy as a safe and effective treatment modality
for psoriasis. Future studies on EA and DHNA will further
strengthen our knowledge in the mechanisms underlying
their antipsoriatic effects and further help the development
of drugs for the treatment of psoriasis.
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