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Abstract: UVB is a causative factor for severe skin damage, such as cell aging, death, and inflam-
mation. UVB easily permeates into the epidermis layer of human skin, which is mainly composed
of keratinocyte cells. In previous results, we found that purple corn silk (PCS) extract showed the
potential to inhibit keratinocyte damages of UVB-treated cells. Thus, in this study, we aimed to
evaluate the preventive effects of PCS extract against the inflammation of UVB-induced keratinocyte
cells using the HaCaT cell line. HaCaT cells were treated with PCS extract at various concentra-
tions for 1 h, then exposed to 25 mJ/cm? UVB before subsequent experiments. Fragmented DNA
was observed using flow cytometry. The inflammatory response was investigated through NF-«B
activity by immunofluorescence staining and related protein expression by Western blotting. The
results demonstrated that PCS extract decreased the sub-G1 DNA content. Interestingly, PCS ex-
tract attenuated NF-kB activity via suppressed NF-«kB nuclear translocation and protein expression.
Moreover, PCS extract remarkably decreased c-Jun phosphorylation and decreased proinflammatory
cytokines, along with iNOS and COX-2 levels in UVB-treated cells compared to the UVB-control
group. This finding exhibited that PCS extract minimized inflammation in keratinocyte cells induced
by UVB radiation.
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1. Introduction

Solar ultraviolet (UV) light is composed of UVA (320-400 nm), UVB (280-320 nm),
and UVC (200-280 nm). UVC is completely blocked by the ozone layer, while only 90-95%
of UVA and 5-10% of UVB reach the Earth and affect human skin. While the level of
UVB reaching the ground is lower, UVB energy is more harmful than UVA. Most of the
UVB radiation can permeate into the epidermis layer, which is composed of at least 80%
keratinocyte cells. Numerous studies reported that UVB exposure to the skin can stimulate
intracellular reactive oxygen species (ROS) overproduction, mediated oxidative damage,
and enhanced risk of skin carcinogenesis [1-4].

ROS play an important role in the initiation and induction of an inflammatory response.
ROS induce oxidative damage by oxidizing and modifying various cellular molecules such
as lipids, DNA, and proteins [1,4—6]. During skin exposure to UVB, the intracellular ROS
is increased and mediates activation of transcription factors, including nuclear factor-
kappa B (NF-«B). In latent stages, NF-«B associated with an inhibitor of kB (IkBs) is in an
inactive form. The excessive intracellular ROS molecules can drive modification of IkBs
proteins, which leads to their degradation through ubiquitination. This event activates
NF-«B translocation from the cytosol into the nucleus, followed by up-regulating the gene
expression of inflammatory mediators such as interleukins (ILs), cyclooxygenase-2 (COX-
2), and inducible nitric oxide synthase (iNOS) [5,7-10]. Likewise, UVB and intracellular
ROS mediate the induction of mitogen-activated protein kinases (MAPKSs), especially p38
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MAPKSs and c-Jun NH2-terminal kinase (JNK). JNK mostly activates c-Jun phosphorylation
at a positive regulatory domain, thereby activating the transcription of various genes.
Previous studies suggested that p38 MAPKSs and JNK are primarily responsible for oxidative
stress as well as UV radiation. p38 MAPKs and c-Jun promote the AP-1 complex, which
can turn on gene expression to enhance skin inflammation [11-16].

Therefore, in this study, we demonstrated that UVB and intracellular ROS are associ-
ated with skin inflammation. In a previous publication, we found that the purple corn silk
(PCS) extract showed antioxidant power through scavenging free radicals and decreased
intracellular ROS in UVB-treated HaCaT cells [17]. Corn silk, part of a kind of female
corn, is an important source of polyphenols. Some reports indicated that purple corn silk
extract is rich in anthocyanin as a major component [18-24]. However, information about
the role of PCS extract against UVB-induced inflammation in keratinocyte cells is not yet
investigated. Hence, in this study, we described the potential of PCS extract against the
UVB-induced inflammatory response in keratinocyte HaCaT cells.

2. Results
2.1. UV-Absorbing Properties of PCS Extract

Generally, the epidermal layer acts as the first line of defense against solar UV through
UV absorb. The PCS extract can minimize the effects of UV on skin cells, as shown in
Figure 1; 1 mg/mL of PCS extract can absorb mainly the UVB. These data indicate that
PCS extract acted as physical UVB protection, preventing UVB energy from entering skin
keratinocyte cells.
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Figure 1. A spectrum of UV absorbance of PCS extract. The gray line shows UV absorbance of DMSO
used as a negative control. The black line shows UV absorbance of PCS extract at 1 mg/mL (in
DMSO). The UV absorbance was measured every 1 nm covering a range of 280—400 nm UVA and
UVB wavelengths using a spectrophotometer.

2.2. PCS Extract Attenuated UVB-Induced Cell Death in HaCaT Cells

In a previous study, we demonstrated that PCS extract at concentrations of 0.3, 0.5,
and 1 mg/mL prevented cell death in UVB-treated cells [17]. Therefore, in this study,
flow cytometry was conducted to examine the sub-G1 population, indicating fragmented
DNA in dead cells. These results were used to confirm the anti-cell-death activity of PCS
extract before subsequent experiments. The result showed that the UVB-control group
significantly increased sub-G1 content at level p < 0.001 compared to the non-UVB group,
whereas PCS extract reduced cell death higher than the UVB-control group (Figure 2). This
result confirms that PCS extract inhibits cell death induction in UVB-treated HaCaT cells.
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Figure 2. Effect of PCS extract on UVB-induced cell death in HaCaT cells. Cells were pre-treated
with PCS extract for 1 h and exposed to 25 mJ/cm? UVB followed by incubation in fresh medium
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for 24 h. Then, DNA contents of the cells were determined using flow cytometry analysis. Cellular
DNA was fixed and stained with Guava cell cycle® reagent. (a) Histogram of cell cycle distribution.
(b) Sub-G1 content. Results are the average values & SD (n = 3). *** p < 0.001; vs. the non-UVB group
and ### p < 0.001 vs. the UVB control group.

2.3. PCS Extract Decreases NF-xB Activity in UV B-Treated HaCaT Cells

The increased NF-kB function relates to cellular inflammation. Immunofluorescence
staining was used to determine NF-«kB activity via monitoring the translocation of NF-kB
from the cytosol into the nucleus. The results demonstrated that UVB increased NF-
kB nuclear translocation compared to the non-UVB group. In contrast, cells pre-treated
with PCS extract showed a strong attenuation of this event compared to the UVB-control
group in a dose-dependent manner, as shown in Figure 3a. Furthermore, we found that
UVB significantly increased NF-«B protein expression, which was inhibited by PCS extract
(Figure 3b). These results indicated that PCS extract suppressed NF-kB nuclear translocation
and protein expression in UVB-induced HaCaT cells.
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Figure 3. Protective effect of PCS extract on UVB-induced NF-«B activity in HaCaT cells. After
pre-treating cells with PCS extract for 1 h, cells were exposed to UVB, followed by incubation in
fresh medium for 1 h. Then, cells were analyzed by immunofluorescence staining and Western
blotting. (a) Images represent translocation of NF-kB, AlexaFloure-546 (red color) indicates NF-«B
localization, and counterstain using Hoechst33342 (blue color) indicated nuclei. (b) The histogram
presents the relative band intensity of NF-«B protein expression after normalization with the internal
control (B-actin). Results were the average values £ SD (n = 3). *** p < 0.001 vs. non-UVB group
and ## p < 0.01; ### p < 0.001 vs. the UVB control group.

2.4. PCS Extract Reduced Proinflammatory Cytokine Expression in UVB-Treated HaCaT Cells

In a subsequent experiment, we investigated the expression of proinflammatory
cytokines regulated by NF-kB activities, including iNOS and COX-2. In unstimulated
keratinocyte cells, these proteins were at a low level. In contrast, upon the stimulation of
HaCaT cells by UVB irradiation, both iNOS and COX-2 levels were significantly increased
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(p < 0.001) compared to the non-UVB group, whereas 0.3, 0.5, and 1 mg/mL of PCS extract
significantly decreased iNOS and COX-2 levels when compared to the UVB-control group,
as shown in Figure 4. These findings prove that PCS extract was an effective inhibitor in
the inflammation process in UVB-exposed human keratinocyte cells.
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Figure 4. Inhibitory effect of PCS extract on UVB-induced proinflammatory cytokines in HaCaT cells.
Cells were pre-treated with PCS extract for 1 h before UVB irradiation. After 24 h, cells lysates were
analyzed by Western blot analysis. The histogram presents the relative band intensity of iNOS and
COX-2 protein expression after normalization with the internal control (3-actin). Results are the mean
average £ SD (n = 3). *** p < 0.001 vs. the non-UVB group and # p < 0.05; ## p < 0.01; ### p < 0.001 vs.
the UVB control group.

2.5. PCS Extract Decreased UVB-Induced MAPKs Phosphorylation in UV B-Treated HaCaT Cells

Further, we monitored the influence of UVB on the phosphorylation of stress-sensitive
MAPKSs family proteins by Western blot analysis. The results demonstrated that UVB
increased p38 and c-Jun phosphorylation at the levels of p < 0.05 and p < 0.001, respectively,
compared to the non-UVB group (Figure 5). In contrast, PCS extract slightly reduced
phosphorylated p38 with no statistically significant difference (p < 0.001) compared to the
UVB-control group. Remarkably, PCS extract strongly inhibited the phosphorylated c-Jun
protein level in a dose-dependent manner compared to the UVB control group at a value of
p <0.001, as shown in Figure 5. These results show that PCS extract primarily suppressed
c-Jun phosphorylation in the UVB-irradiated HaCaT cells.
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Figure 5. Protective effect of PCS extract on UVB-induced MAPKs phosphorylation in HaCaT cells.
After pretreatment of the cells with PCS extract for 1 h, cells were exposed to UVB followed by
incubation in fresh medium for 24 h. Then, cells were analyzed by Western blotting. The histogram
presents the relative band intensity of a ratio between phosphorylated-form and total-form. Results
were the average values & SD (n = 3). * p < 0.05; *** p < 0.001 vs. the non-UVB group and ###; p < 0.001
vs. the UVB control group.
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3. Discussion

The outermost layer of human skin, known as the epidermis layer, is prominently
composed of keratinocyte cells, which serve as a physical barrier against environmental
insults such as pathogens, chemicals, and harmful radiation, especially solar UVB radiation.
UVB radiation reaching the Earth accounts for only around 4-5% of total solar UV. However,
solar UVB is an important inducer of photoaging, sunburn, wrinkles, inflammation, skin
cell death, and increased risk of skin carcinogenesis in keratinocyte cells [1-4,13,25-27].

Natural plants are abundant sources of phytonutrients potent as antioxidant agents
such as polyphenols, flavonoids, anthocyanins, carotenoids, and lutein. In the case of
purple corn, the evidence reported that purple corn and purple maize pigment extract are
rich in anthocyanin [18,19,28,29]. Similarly, a section of a kind of female corn (corn silk) is
an important source of polyphenols. The ethanol and aqueous extract of purple corn silk
possesses abundant polyphenol components, especially anthocyanins. In addition, these
extracts showed antioxidant power through scavenging free radicals and enhancing antiox-
idant enzyme activities [20-24]. In our previous report, screening based on visible color
changes of anthocyanin towards different pH values showed that adding 2 N hydrochloric
acid (HCI) to PCS extract appeared as a pink-red color that turned deep green upon am-
monia addition, which predicted that PCS extract might be rich in anthocyanin content.
Moreover, the free-radical scavenging activity of PCS extract was investigated by using a
2,2-Diphenyl-1-(2,4,6-trinitrophenyl) hydrazyl (DPPH) assay. The effective concentration
(EC50) value of PCS extract was at 0.53 mg/mL [17]. However, the phytochemicals of PCS
extract need to be further confirmed.

Recently, the beneficial properties of phytonutrients in UV prevention were discovered.
Previous studies found that purple corn silk extract showed potential activity against cell
damage in human keratinocyte cells stimulated by UVB irradiation [17]. In this study, we
were interested in the specific effects of PCS extract on human keratinocyte cells through
evaluating its activity against UVB-induced skin inflammation. We found that 25 m]/cm?
of UVB increased fragmented DNA in the UVB-treated HaCaT cells, which was attenu-
ated by PCS extract. Hence, our results confirmed that the PCS extract prevented DNA
fragmentation and cell death in the UVB-treated HaCaT cells. Generally, UVB energy
induces intracellular ROS generation. Accumulated cellular ROS significantly stimulates
skin inflammation. According to previous studies, PCS extract attenuates free radicals
and the overproduction of ROS in HaCaT cells induced by UVB [17], and we hypothe-
sized that PCS extract might prevent UVB-induced inflammatory response in keratinocyte
cells, as it is well known that ROS directly related to NF-«B activation is a key mediator of
inflammation regulating gene expression, including COX-2, iNOS, TNF-«, IL-6, IL-8, and IL-
16 [8,30,31]. In keratinocyte cells, NF-kB increased the sensitivity of inflammatory response
in UVB-irradiated cells and promoted inflammatory cytokine expression [7,16,32-34]. In-
terestingly, many reports showed that phytonutrients, especially a group of phenolic and
proanthocyanidins, effectively attenuated NF-kB activities [19]. In this study, we found
that PCS extract significantly inhibited the NF-«B activation stimulated by UVB. In addi-
tion, we observed that PCS extract decreased iNOS and COX-2 levels in the UVB-treated
HaCaT cells. Likewise, previous studies suggested that UVA- and UVB-induced skin
inflammation through NF-«B activation led to increased various inflammatory cytokines,
which were attenuated by anthocyanin-rich extracts such as raspberry, black soybean, and
strawberry extract [26,35,36]. However, we suggested that the downstream of COX-2 and
iNOS involved in the inflammatory process needs to be explored to fully understand the
anti-inflammatory effects of PCS extract against UVB in human keratinocyte cells.

The activation of MAPK proteins is known as a direct intracellular response signaling
pathway that stimulates the expression of various target genes. Most evidence suggests
that UVB strongly activates stress-sensitive JNK and p38 MAPKSs to enhance skin inflam-
mation [11]. In general, UVB causing JNK and p38 MAPK phosphorylation leads to an
increase in proinflammatory cytokine expression. Papavassiliou et al. (2020) suggested
that the activation of JNK mostly activated c-Jun phosphorylation at a positive regulatory
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domain: Ser63/73 and Thr91/93 residues. Phosphorylated c-Jun was able to form c-Jun ho-
modimerization or heterodimerization with c-Fos [15]. This event consequently improved
the activities of the transcriptional factor subunit of the activator protein 1 (AP-1) complex.
The increased AP-1 activity up-regulated proinflammatory cytokines, including COX2 and
iNOS [8,11,30,37]. Moreover, Spiegelman et al. (2000) suggested that activation of JNK
resulted in the accumulation of 3-transducin repeat-containing protein (3-TrCP), which
mediated the ubiquitination of phosphorylated IkBe protein. This event indicated that JNK
plays an important role in the regulation of NF-kB activation [38]. Likewise, Chen et al.
(2002) considered the relationship between JNK and the NF-«B signaling pathway in inflam-
matory processes. The report indicated that diverse stimuli, including intra-cellular stresses
and UV light, could stimulate JNK activity, potentially linked to the IxB ubiquitination,
turning on NF-«B activities [39]. This evidence correlates with our study, where we found
that at 25 mJ/cm?, UVB induces both c-Jun and p38 activity, as shown in Figure 5. Our
results demonstrated that PCS attenuated not only NF-kB but also phosphorylated c-Jun
inhibition in HaCaT cells induced by UVB. Additionally, it is well known that JNK phos-
phorylation activates the apoptosis pathway through regulating B-cell lymphoma-2 (BCL-2)
family proteins, such as Bcl-2 suppression, and the induction of Bcl-2-associated X protein
(Bax) translocation to the mitochondria, resulting in apoptosis induction [40]. The current
study demonstrated that PCS suppressed sub-G1 content and c-Jun phosphorylation, while
previously, studies showed that PCS extract attenuated UVB-induced apoptosis through
decreased Bax and increased Bcl-2 levels in UVB-treated cells [17]. Hence, it is possible
that the anti-apoptotic activity of PCS extract is through suppressed c-Jun phosphorylation
in UVB-treated cells. Similarly, the red raspberry extract and cyanidin-3-glucoside (C3G)
inhibited skin damage in UVB-treated HaCaT cells through attenuated p-p38 and p-c-
Jun [35,41-44], while the amla fruit extract attenuated the inflammatory response to UVB
by inhibiting AP-1, NF-kB, and mediator PGE2 without any impact on p38 activation [45].
Similarly, PCS extract seems to slightly reduce p38 activity without a statistically significant
difference (p < 0.001) compared to the UVB-control group. Hence, a deeper understanding
of the effect of PCS extract on the molecular mechanism needs to be further studied. Based
on these studies, we suggested that PCS extract affects mainly through NF-«B and c-Jun
activity, leading to attenuated UVB-induced skin inflammation in keratinocyte cells.

4. Materials and Methods
4.1. Reagents

Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine serum (FBS), penicillin—
streptomycin, and trypsin-EDTA were purchased from HiMedia (HiMedia, Laboratories,
Mumbai, India). Guava cell cycle® reagent, PVDF membranes, an antibody against iNOS
and f3-actin, and chemiluminescence (ECL) reagent were purchased from Merck Millipore
(Merck Millipore Corp., Darmstadt, Germany). An antibody against NF-kB, COX-2, p38,
phosphorylated-p38, c-Jun, phosphorylated-c-Jun, and anti-mouse/-rabbit secondary anti-
body conjugated horseradish peroxidase (HRP) were purchased from Cell Signalling (Cell
Signalling Technology, Danvers, MA, USA). Anti-mouse secondary antibody conjugated
Alexafluoro-546 and fluorescent Hoechst33342 dye were purchased from Thermo Fisher
Scientific (Invitrogen™, Thermo Fisher Scientific Inc., Waltham, MA, USA). Complete
Mini Protease Inhibitor Cocktail was purchased from Roche Diagnostics GmbH (Roche
Diagnostics GmbH, Mannheim, Germany).

4.2. Plant Extraction

The purple stigma of Zea mays L. was used to prepare the PCS extract, which was
obtained from Prof. Dr. Malyn Ungsurungsie. The extraction method was as in our
previous study [17]. Briefly, the purple corn style was harvested from Khonkaen province,
Thailand, and kept in the laboratory at the Plant Breeding Research Centre, Khonkaen
University, Thailand (Voucher No. 050914T001). The fresh specimen was dried at 50 °C in
an oven to remove humidity from sample plants. Then, the specimens were ground into
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a powder using an electric blender. After that, 10 g of dry purple corn silk powder was
immersed in 100 mL of 50% propylene glycol (PG) for 2 days, followed by the filtration of
the extract solution through cheesecloth and filter paper Whatman No.4. Then, the filtrated
PCS extract solution was evaporated using a vacuum evaporator and freeze-dried in a
lyophilizer. Then, the PCS extract was kept in the dark at —20 °C until use.

4.3. UVB Irradiation System

A UV incubator (BIO SUN Ultraviolet VILBER LOURMAT) consisting of UVB light
(2 x 30 W) at a wavelength of 312 nm was used as a UV source, and the irradiation
distance was 25 mm. Cells were placed in 1 mL of phosphate-buffered saline (PBS) and
exposed to a UVB lamp in a UV incubator without a plastic lid. After UVB irradiation,
cells were placed in the fresh medium and incubated at 37 °C and 5% CO, in a cell culture
incubator (Forma™ Steri-Cult™, Thermo Fisher Scientific Inc., Waltham, MA, USA) before
subsequent experiments.

4.4. UV-Absorbing Properties of PCS Extract

The UV-absorbing properties of PCS extract were investigated. The PCS extract at
1 mg/mL (in 100% DMSO) and 100% DMSO (a negative control) was prepared. Then, the
UV-absorbing properties were measured at every 1 nm covering a range of 280—400 nm
wavelengths using a spectrophotometer (Multiskan Sky, Thermo Fisher Scientific Inc.,
Waltham, MA, USA). The optical density (OD) of a sample is indicated as the UV-absorbing
property of samples.

4.5. Cell Culture

The human keratinocyte HaCaT cell line was purchased from American Type Culture
Collection (ATCC, Manassas, VA, USA). The cells were maintained in DMEM medium sup-
plemented with 10% FBS, 100 U/mL penicillin, and 100 pug/mL streptomycin in T75 tissue
culture flasks as a monolayer. Cells were grown in a humidified incubator at 37 °C and
5% CO,. At 80% confluence every 2-3 days, cells were subcultured by 0.25% trypsin-EDTA.

4.6. Flow Cytometry

Cells were seeded in 30 x 10* cells/well overnight and pre-treated with PCS extract at
concentrations of 0.3, 0.5, and 1 mg/mL for 1 h. Then, the cells were exposed to 25 m]J/ cm?
UVB and incubated with fresh medium at 37 °C for 24 h before being harvested using 0.25%
trypsin-EDTA. Then, the supernatant was removed by centrifugation at 2000 rpm for 3 min.
Cell pellets were fixed with 70% ice-cold ethanol, then washed and stained with Guava
cell cycle® reagent for 30 min at room temperature in the dark. The sub-G1 content was
determined using a Guava EasyCyte™ flow cytometer and GuavaSoft™ software (Merck
Millipore Crop., Darmstadt, Germany).

4.7. Immunofluorescence NF-kB Staining

HaCaT cells were grown on glass coverslips in 35 mm culture dishes (30 x 10* cells/well)
overnight. Cells were pre-treated with PCS extract at concentrations of 0.3, 0.5, and 1 mg/mL
for 1 h followed by the UVB exposure, then incubated at 37 °C for 1 h. After that, cells were
fixed with 4% paraformaldehyde for 10 min and permeabilized with 0.5% Triton X-100. Then,
cells were blocked with 3% bovine serum albumin (BSA) and incubated with an antibody
against NF-«kB (1:250) at 4 °C overnight. After incubation, cells were incubated with secondary
antibody conjugated with Alexafluoro-546 (1:500) at room temperature, and the nuclei were
stained with 5 pg/mL of Hoechst33342 dye. The fluorescence signals were observed under a
fluorescent microscope (IX71 Olympus, Tokyo, Japan).

4.8. Western Blot Analysis

After treatment, cells were collected by scraping and lysis with RIPA lysis buffer
(50 mM Tris-HCl, 5 mM EDTA, 250 mM NaCl, 0.5% Triton X-100, pH 7.5) containing
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PMSF and a complete mini protease inhibitor cocktail. Then, protein concentrations were
determined using Bradford assay solution kits (Bio-Rad Laboratories, Hercules, CA, USA).
The protein samples were separated by gel electrophoresis (SDS-PAGE) and transferred
from acrylamide gels onto PVDF membranes using a Mini Trans-Blot Cell® (Bio-Rad
Laboratories, Hercules, CA, USA) before blocking the non-specific bands with 5% skim
milk. Then, proteins on membranes were probed with the antibodies against NF-kB, COX-
2, iNOS, p38, p-p38, c-Jun, p-c-Jun, and B-actin at dilution of 1:1000 (5% BSA) at 4 °C
overnight. After that, membranes were incubated with horseradish peroxidase (HRP)-
conjugated secondary antibodies for 1 h. Then, a chemiluminescence (ECL) reagent was
added to enhance the immunoreactive signals. The protein expression was visualized by
using a charge-coupled device (CCD) camera in a gel documentary machine (UVITEC,
Alliance Q9 Advanced, Cambridge, UK).

4.9. Statistical Analysis

All data are shown as the mean =+ standard deviation (SD) of three independent exper-
iments. SPSS version 20.0 (SPSS, Inc., Chicago, IL, USA) was used to evaluate a statistical
significance comparison by ANOVA using Tukey’s post hoc test. Values at p < 0.05, p < 0.01
and p < 0.001 were considered as statistically significant differences. The relative protein
band intensity was quantified by Image J densitometer.

5. Conclusions

In conclusion, we found that the PCS extract presented the ability to attenuate the
inflammation in human keratinocyte cells by mainly suppressing the activation of NF-«B
and c-Jun, resulting in the decrease in inflammatory cytokines COX-2 and iNOS. Therefore,
the PCS extract may be suitable for development as a novel natural inflammatory preventive
agent due to the UVB exposure of the skin.
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