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Abstract. The aim of the present study was to evaluate the 
protective effects of oridonin on hydrogen peroxide-induced 
cytotoxicity in normal human dermal fibroblasts (NHDFs) using 
microRNA (miRNA) expression profile analysis. Oridonin 
was not cytotoxic at low doses (≤5 µM) in the NHDFs, and 
pre-treatment of the cells with oridonin significantly reduced 
hydrogen dioxide (H2O2)-mediated cytotoxicity and cell death. 
Whereas oridonin showed no free radical scavenging activity in 
in vitro and in vivo antioxidant assays, treatment of the NHDFs 
with oridonin was associated with intracellular scavenging 
of reactive oxygen species. High-density miRNA microarray 
analysis revealed alterations in the expression profiles of 
specific miRNAs (5 upregulated and 22 downregulated) 
following treatment with oridonin in the H2O2-treated NHDFs. 
Moreover, the use of a miRNA target-gene prediction tool and 
Gene Ontology analysis demonstrated that these miRNAs 
are functionally related to the inhibition of apoptosis and cell 
growth. These data provide valuable insight into the cellular 
responses to oridonin in H2O2-induced damage in NHDFs.

Introduction

Oxidative stress generated by reactive oxygen species (ROS) 
induces non-specific intracellular damage, such as DNA 
breaks, mitochondrial failure, protein oxidation and impair-
ment of energy metabolism (1). These types of oxidative 

damage lead to cell cycle arrest, and induce senescence and 
apoptosis (1). Therefore, the impairment of antioxidant defenses 
can cause cell aging and death, as well as certain diseases, 
including cardiovascular, neurodegenerative and dermato-
logical diseases (2-4). Human dermal fibroblasts (HDFs) are 
the most abundant cells in the dermis of the skin, which is 
the largest organ in the human body. In this position, HDFs 
are more vulnerable than other cells to toxic environmental 
agents, particularly ultraviolet radiation, which generates a 
high level of oxidative stress. Therefore, ROS-mediated oxida-
tive stress has been the primary therapeutic target to prevent 
stress-mediated dermatological diseases. There are several 
antioxidant chemicals and the cellular mechanisms underlying 
their actions have been investigated. Oat bran extracts exert a 
protective effect against HDF damage induced by hydrogen 
peroxide (H2O2) (5). The terpenoids, resveratrol and curcumin, 
also have antioxidant properties as a result of their free 
radical-scavenging activity and regulation of cellular signaling 
pathways. Resveratrol activates AMP-activated kinase 
(AMPK) to induce an antioxidant effect (6,7). Curcuminoids 
regulate the Smac/DIABLO, p53, NF-κB and MAPK path-
ways for their antioxidant effects (8). Furthermore, a number 
of studies have demonstrated that H2O2, which has been 
extensively used as a ROS inducer, can regulate transcription 
by altering gene expression profiles (9-11). Analysis of the 
intracellular mechanisms underlying antioxidative effects has 
primarily focused on protein-based signaling pathways and 
gene expression profiles; however, it largely remains to be 
determined whether small-RNA-based mechanisms can affect 
antioxidant activity in HDFs.

Oridonin, a terpenoid purified from Rabdosia rubescens, 
has various pharmacological and biological effects, including 
anti-inflammatory, antibacterial and anticancer effects (12). 
Recently, considerable attention has been paid to the anti-
cancer activity of oridonin. Indeed, oridonin can induce cell 
cycle arrest, defects in migration and invasion and apoptosis 
in a variety of cancer cells (13-16). Oridonin also generates 
high levels of ROS, ultimately triggering apoptosis in cancer 
cells (17-19). By contrast, normal cells are less sensitive to 
oridonin-mediated cytotoxicity. Chen et al (20) demonstrated 
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that, at concentrations that induce apoptosis in tumor cells, 
oridonin failed to induce apoptosis in cultures of normal 
human CCD-18Co fibroblasts. Also, Du et al (21) demonstrated 
that oridonin protects from sodium arsenite [As(III)]-induced 
cytotoxicity by reducing ROS levels in the human UROtsa 
urothelium cell line. Furthermore, the authors suggested 
that oridonin at low doses functions as a chemopreventive 
compound from As(III)-mediated oxidative stress, whereas at 
high doses, it functions as a pro-apoptotic agent (21). However, 
how oridonin affects antioxidative stress activity in cells 
remains largely unknown.

microRNAs (miRNAs), which are non-coding RNAs, 
function as post-transcriptional regulators by direct inter-
action with target mRNAs, and inhibit target protein 
expression (22). Several miRNA-based studies have been 
carried out using HDFs. An et al (23) reported that miRNA 
expression profiles were altered by Centella asiatica, which 
exerts a UVB-protective effect on normal HDFs (NHDFs). 
Mancini et al (24) demonstrated that miR-152 and miR-181a 
induce HDF senescence, and Sing et al (25) showed that the 
expression levels of miR-92 in HDFs increased in patients 
with scleroderma. Although an increasing number of func-
tional studies on miRNAs has been carried out using HDFs, 
it is unknown which miRNAs are involved in the antioxidant 
activity in these cells. In the present study, we demonstrated 
that oridonin acts as a bona fide antioxidant compound in 
NHDFs and we characterized the specific changes in miRNA 
expression that correspond to oridonin-mediated protection 
from H2O2-induced cytotoxicity.

Materials and methods

Cell culture and reagents. The NHDF cell line was obtained 
from Lonza (Basel, Switzerland) and cultured in Gibco® 

Dulbecco's modified Eagle's medium (DMEM; Invitrogen, 
Carlsbad, CA, USA) supplemented with 10% fetal bovine 
serum (FBS; Sigma-Aldrich, St. Louis, MO, USA) and 
penicillin/streptomycin in a humidified atmosphere of 
95% air/5% CO2 at 37˚C. The NHDFs were seeded in 96-well 
plates (4x103 cells/well) for the water-soluble tetrazolium salt 
(WST-1) assay, and in 60-mm dishes (7x105 cells/dish) for flow 
cytometry-based assay and RNA purification. Oridonin was 
purchased from Sigma-Aldrich, and H2O2 (30%) was purchased 
from Merck KGaA (Darmstadt, Germany). Oridonin was 
dissolved in dimethyl sulfoxide (DMSO; Sigma-Aldrich), and 
H2O2 was diluted with deionized water.

WST-1 assay. WST-1 assay was carried out to analyze cell 
viability (26). The NHDFs were seeded in 96-well plates 
(4x103 cells/well). The day after seeding, the cells were 
treated with various concentrations of oridonin for 24 h. Cell 
viability was assessed following incubation with WST-1 solu-
tion (EZ-Cytox Cell Viability Assay kit; Itsbio, Seoul, Korea) 
at 37˚C for 1 h. Formazan dye formation was evaluated using 
a scanning multiwall spectrophotometer (iMark microplate 
reader; Bio-Rad, Hercules, CA, USA) at 450 nm and a 620-nm 
reference filter. The results are expressed as optical density (OD) 
units or the percentage viability relative to the control. To assess 
the protective effects of oridonin against H2O2-induced damage, 
the cells were pre-treated with the control (DMSO; Sigma-

Aldrich) or oridonin for 3 h, and then treated with 800 µM H2O2 
for 5 h. At the end of H2O2 stimulation, the cells were analyzed 
by WST-1 assay. The results are presented as the means ± SD of 
3 independent experiments. The Student's t-test was used for a 
comparison of the means.

Propidium iodide (PI) assay. PI assay was used for flow 
cytometric analysis of cell death, as previously described (27). 
NHDFs (7x105) were pre-treated with oridonin for 3 h, followed 
by incubation in the presence or absence of 800 µM H2O2 for 
3 h. The cells were collected and incubated in staining solu-
tion containing 50 µg/ml PI, 0.5% Triton X-100 (both from 
Sigma-Aldrich), and 100 µg/ml RNase at 37˚C for 1 h. The 
level of cell death was determined by evaluating the inten-
sity of fluorescent PI staining using the FL2-H channel of a 
FACSCalibur (BD Biosciences, San Jose, CA, USA).

2'7'-Dichlorofluorescein diacetate (DCF-DA) assay. Levels 
of intracellular ROS were determined by DCF-DA assay, as 
previously described (28). Briefly, NHDFs (7x105) were seeded 
in growth medium in 60-mm culture dishes. Twenty-four hours 
later, cells were pretreated with oridonin for 3 h, and then 
with 800 µM H2O2 for 3 h. Following H2O2 treatment, cells 
were washed with phosphate-buffered saline (PBS) and 
trypsinized. Cells were resuspended and stained with 20 µM 
DCF-DA (Sigma-Aldrich) in PBS at room temperature for 
1 h. Fluorescence was measured using a flow cytometer 
(BD FACSCalibur; BD Biosciences). The mean of DCF 
fluorescence intensity was calculated based on measurements 
of 10,000 cells using the FL1-H channel. M1 range (Fig. 3) 
indicates the percentage of each subpopulation of cells with 
increased DCF-DA fluorescence.

RNA preparation  and assessment  of  quality. Total RNA, 
including mRNAs, small RNAs and miRNAs, was extracted 
from each group of NHDFs using TRIzol reagent (Invitrogen) 
according to the manufacturer's protocol. RNA integrity 
was confirmed using an Agilent 2100 Bioanalyzer® (Agilent 
Technologies, Santa Clara, CA, USA). The purity (A260/A280 
and A260/A230 ratios) and concentration of RNA samples 
were determined using a MaestroNano® microvolume spec-
trophotometer (Maestrogen, Las Vegas, NV, USA).

miRNA  expression  prof ile  analysis.  miRNA expres-
sion profiling of NHDFs was conducted using SurePrint 
G3 Human v16 miRNA 8x60K microarrays (Agilent 
Technologies), containing probes for 1,205 human miRNAs, 
according to the manufacturer's protocol. Briefly, total RNA 
(100 ng) was 3'-dephosphorylated using calf intestine alkaline 
phosphatase (CIP) prior to labeling with cyanine 3-pCp using 
T4 RNA ligase. After the labeling procedure, the RNA samples 
were dried and diluted with GE Blocking Agent (Agilent 
Technologies), hybridized to the probes on the microarray 
in the Agilent Microarray Hybridization Chamber (Agilent 
Technologies) for 20 h, and then washed three times. The 
fluorescence intensities of the labeled miRNA samples bound 
to microarrays were measured using the Agilent Microarray 
Scanner. Numerical data for the miRNA profiles were extracted 
from the image using the Feature Extraction program (Agilent 
Technologies). These data were analyzed using GeneSpring 
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GX software version 11.5 (Agilent Technologies). miRNAs for 
which flags were present in at least one sample were filtered 
and applied to the fold-change analysis. The fold-change 
analysis was conducted based on a factor of 1.5-fold between 
two groups, H2O2-treated control cells and cells treated with 
oridonin and H2O2.

Bioinformatic analysis of miRNAs. To assess the biological 
significance of the changes in miRNA expression, 3 bioin-
formatic analyses were performed: prediction of the putative 
target genes of the miRNAs, grouping of target genes with 
similar biological functions, and additional subgrouping of the 
target genes with more specific biological functions. The puta-
tive miRNA target genes were determined using MicroCosm 
Targets version 5 (http://www.ebi.ac.uk/enright-srv/micro-
cosm/htdocs/targets/v5/). Target genes were categorized into 
4 groups: aging, apoptosis, cell proliferation and skin devel-
opment using the AmiGO Gene Ontology (GO) analysis tool 
(amigo.geneontology.org/cgi-bin/amigo/browse.cgi). Further 
GO analysis was performed in several categories, i.e., anti-
apoptosis, activation of MAPKK activity, Ras protein signal 
transduction, small GTPase-mediated signal transduction, 
positive or negative regulation of cell growth, cell proliferation, 
cell cycle, antioxidant and positive regulation of DNA repair.

Results

Oridonin  exerts a protective  effect  against H2O2-induced 
damage in NHDFs. Previously, ROS was considered a main 
activator of oridonin-mediated cytotoxicity in cancer cell 
lines (17-19). However, other studies have indicated that 
oridonin does not induce cell death, but protects cells from 
As(III)-induced ROS damage in the human UROtsa urothe-
lium cell line (20,21). Moreover, oridonin does not induce cell 
death in cultures of normal human fibroblasts (20). Therefore, 
we sought to determine whether oridonin is indeed able to 
protect normal human cells against ROS-induced stress. 

Utilizing a NHDF line, we first determined the cytotoxic 
and antioxidant effects of oridonin using a WST-1 based cell 
viability assay. We treated the NHDFs with various doses of 
oridonin for 24 h and found that ordonin-induced cytotoxicity 
was concentration-dependent (Fig. 1A). Although oridonin was 
cytotoxic at relatively high concentrations of 10 and 20 µM, 
low doses of ~5 µM had little cytotoxic effects (Fig. 1A). Also, 
relatively high doses (~1 mM) of H2O2, which have been exten-
sively used to induce ROS, induced the loss of cell viability 
in NHDFs (data not shown). H2O2 at a dose of 1 mM showed 
extremely high cytotoxicity; therefore, we used 800 µM H2O2 
for further experiments.

Subsequently, to demonstrate that oridonin exerts a protec-
tive effect against H2O2-mediated cell damage, we performed 
sequential-treatment-based cell viability analysis using NHDFs 
pre-treated with oridonin and post-treated with H2O2 (Fig. 1B). 
The results revealed that pre-treatment with low doses (1 and 
2 µM) of oridonin prior to exposure to H2O2 markedly reduced 
the cytotoxicity of H2O2 in NHDFs (Fig. 1B). Although 
treatment with 5 µM oridonin did not protect against the 
H2O2-mediated loss of cell viability, this result was attributed 
to the cytotoxic effects of 5 µM oridonin on NHDFs. Taken 
together, these data suggest that low doses of oridonin enhance 
the tolerance to H2O2-induced growth defects in NHDFs.

Low-dose  oridonin  reduces  H2O2-mediated cell death. 
Stimulation of cells with high levels of H2O2 has been linked 
to cell cycle arrest and cell death (1). In order to determine 
whether oridonin affects H2O2-mediated cell cycle arrest 
and cell death, we stained control, H2O2- or oridonin-treated, 
and oridonin-pre-treated/H2O2-treated cells with the fluores-
cent dye, PI, and investigated cellular DNA content by flow 
cytometry to analyze the cell cycle pattern. Low-dose (2 µM) 
oridonin treatment did not induce cell cycle arrest compared 
with the control (Fig. 2A and B). However, treatment with 
H2O2 (800 µM) increased the percentage of cells in the 
sub-G1 phase from 2.12% in the control cells to 11.49% in the 

Figure 1. Hydrogen dioxide (H2O2)-mediated cytotoxicity in normal human dermal fibroblasts (NHDFs) was reduced by oridonin treatment. (A) Cytotoxicity 
of oridonin in NHDFs. NHDFs were seeded in 96-well plates and treated with the indicated concentrations of oridonin for 24 h. Cytotoxicity was measured 
by the WST-1 assay. Values are the means ± SD. Results are representative of 3 independent experiments. The Student's t-test was performed to determine 
statistical significance. (B) Protective effects of oridonin treatment against H2O2-induced damage in NHDFs. Cells were treated with control dimethyl sulf-
oxide (DMSO) or oridonin for 3 h, and then with H2O2. After further incubation for 24 h, cell viability was determined using the WST-1 assay. Values are the 
means ± SD. Results are representative of 3 independent experiments. The Student's t-test was performed to determine statistical significance. 
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H2O2-treated cells (Fig. 2C). Furthermore, pre-treatment with 
oridonin markedly diminished the rate of H2O2-mediated cell 
death from 11.49% in the H2O2-treated cells to 4.43% in the 

oridonin-pre-treated H2O2-treated cells (Fig. 2D). These data 
suggest that oridonin functions as an anti-cell-death agent in 
H2O2-induced cell damage in NHDFs.

Figure 2. Hydrogen dioxide (H2O2)-mediated normal human dermal fibroblast (NHDF) death was reduced by oridonin treatment. NHDFs were seeded on 
60-mm plates, treated with dimethyl sulfoxide (DMSO) or oridonin for 3 h, and then treated with H2O2. Following further incubation for 24 h, cells were 
collected and stained with PI for 1 h, and cell death was measured by flow cytometry. (A) Control, (B) oridonin-treated, (C) H2O2-treated and (D) oridonin-
pre-treated and H2O2- treated cells. 

Figure 3. Hydrogen dioxide (H2O2)-mediated ROS induction was reduced by oridonin treatment. Normal human dermal fibroblasts (NHDFs) were pre-treated 
with dimethyl sulfoxide (DMSO) or oridonin for 3 h, followed by H2O2 treatment and further incubation for 3 h. Cells were collected and stained with DCF-DA 
solution for 1 h. Levels of intracellular ROS were measured by flow cytometry. (A) Control, (B) oridonin-treated, (C) H2O2-treated and (D) oridonin-pre-treated 
and H2O2-treated cells.
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Low-dose oridonin exerts an antioxidant effect. Since H2O2-
mediated cell death was inhibited by pre-treatment with 
low-dose oridonin (Figs. 1 and 2), we sought to determine 
whether oridonin also functions as a bona fide antioxidant 
agent. To examine the possibility that oridonin has free 
radical-scavenging activity, we employed 2 types of assay, a 
cell-free DPPH assay and a cell-based DCF-DA assay. First, 
we measured the free radical-scavenging effects of oridonin 
using the DPPH assay and observed that oridonin alone did not 
reduce free radical DPPH in vitro (data not shown). To investi-
gate the antioxidant activity of oridonin in vivo, we measured 
intracellular ROS levels using DCF-DA staining and flow 
cytometry. Intracellular levels of ROS were not increased in the 
oridonin-treated NHDFs (Fig. 3A and B), but were increased 
to 21.90% in the H2O2-treated NHDFs (Fig. 3C). Of note, the 
high levels of ROS in the H2O2-treated cells were markedly 
reduced to 9.49% in the oridonin-pre-treated H2O2-treated 
NHDFs (Fig. 3D). Therefore, although oridonin alone exerts 
no free radical-scavenging effect, it clearly demonstrates intra-
cellular ROS-scavenging activity in NHDFs. Taken together, 
these data suggest that the oridonin-mediated protective effects 
against H2O2 damage are induced by the regulation of intracel-
lular ROS scavenging mechanisms, rather than resulting from 
the free radical-scavenging activity of oridonin alone.

Protective role of oridonin in H2O2-induced NHDF damage is 
reflected in changes in miRNA expression profiles. Oridonin 
affected the levels of H2O2-mediated cell death by regu-
lating intracellular ROS generation, rather than free radical 
scavenging of oridonin alone. Therefore, we investigated 
the cellular mechanisms underlying the oridonin-mediated 
protective effects against H2O2-induced damage. Since various 
miRNAs regulate cell proliferation, apoptosis, development 

and differentiation, we aimed to identify the miRNAs related 
to the oridonin-mediated protective effects. We used a high-
density microarray of 1,205 miRNAs to search for differences 
in miRNA expression associated with the oridonin-mediated 
protective effects in this system. Purified total RNA was 
labeled with the fluorescent dye, cyanine 3-pCp, and hybrid-
ized to the samples on the microRNA microarray. Using the 
bioinformatics software GeneSpring GX version 7.3, miRNAs 
showing ≥1.5-fold change in expression and with a p-value 
of ≤0.05 were selected (Fig. 4 and Table I). We found that 
5 miRNAs were upregulated and 22 miRNAs were downregu-
lated under the experimental conditions. Notably, miR-1238-3p 
and miR-191-3p were significantly downregulated by 7.40- and 
7.01-fold, respectively, whereas the expression of miR-128 was 
significantly increased by 2.01-fold. These data suggest that 
oridonin affects the expression levels of specific miRNAs in 
response to H2O2-mediated cell damage in NHDFs.

Bioinformatic analysis of oridonin-specific miRNAs and their 
putative targets. The biological functions of miRNAs are 
dependent on those of their target genes, whose expression 
is post-transcriptionally regulated by specific miRNAs (29). 
Having determined that specific miRNAs are regulated by 
oridonin, we investigated the biological significance of the 
changes in miRNA expression in the oridonin-mediated 
protective effects against H2O2 in NHDFs. We considered 
3 criteria: the putative target genes, biological functions of the 
target genes and the mechanisms underlying the functions of 
the target genes. We first analyzed the putative target genes of 
the miRNAs of interest using the bioinformatics tool miRBase 
Target Database tool (Microcosm). We then categorized the 
putative target genes into 4 types according to biological 
function, i.e., aging, cell proliferation, apoptosis and skin 

Figure 4. Oridonin alters microRNA (miRNA) expression profiles. (A) Expression profiles of specific miRNAs were altered following oridonin treatment in 
hydrogen dioxide (H2O2)-treated normal human dermal fibroblasts (NHDFs). NHDFs were treated with oridonin and then with H2O2. miRNA microarrays 
were performed to identify changes in miRNA expression profiles. miRNAs upregulated (left panel) and downregulated (right panel) by oridonin treatment 
and their expression levels in H2O2-treated NHDFs are shown in schematic heat maps. (B) Graph shows the number of miRNAs up- and downregulated by 
oridonin treatment of H2O2-treated NHDFs.
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development (Tables II and III). A single miRNA may target a 
number of mRNAs and, conversely, a single mRNA target may 
be modulated by several miRNAs. Since treatment with H2O2 
induced aging and apoptosis in several cell types, including 
cancer cells and normal fibroblasts, these results suggest that 
the effects of oridonin may be functionally related to H2O2 
properties by affecting the protein products of those genes. For 

example, putative target genes of miR-1238-3p, whose expres-
sion decreased by 7.40-fold following treatment with oridonin, 
include structural maintenance of chromosome 6 (SMC6), 
insulin receptor substrate 1 (IRS1) and the alpha 2 chain of 
type V collagen (COL5A2). Conversely, miR-128 expression 
was decreased by 2.01-fold following treatment with oridonin, 
and putative target genes include the tumor suppressor protein, 
p53 (TP53), BH3 interacting domain death agonist (BID) and 
forkhead box O1 (FOXO1).

The 4 basic biological functions described above can be 
subdivided into several intracellular signaling pathways. 
For example, apoptosis can include anti- and pro-apoptotic 
pathways, MAPK-mediated signal transduction and even 
a DNA-repair pathway (30). Therefore, we analyzed the 
categorization in greater detail and focused on pathways 
that are functionally related to H2O2-mediated cell damage, 
including the anti-apoptotic, positive- and negative-regulation 
of cell growth and proliferation, antioxidant and Ras- and 
small GTPase-mediated signal transduction pathways (1). 
As illustrated in Fig. 5, the target genes of the upregulated 
miRNAs are involved in promoting processes associated 
with cell proliferation; however, those of the downregulated 
miRNAs are involved in promoting processes associated with 
cell proliferation and inhibiting processes associated with 
apoptosis. Collectively, these results suggest that the oridonin-
mediated protective effects against H2O2-induced damage in 
NHDFs are related to the changes in the expression of specific 
miRNAs involved in cell proliferation and apoptosis.

Discussion

Accumulating evidence suggests that oridonin is a non-cyto-
toxic agent in normal, but not cancer, cells. Previous studies 
have reported that oridonin exerts no cytotoxic effect on normal 
cells, but exerts a protective effect against arsenic-induced 

Table I. miRNA whose expression was altered in response to oridonin in H2O2-treated NHDFs.

miRNAa FC Chromosome miRNA FC Chromosome

hsa-miR-1228-3p -1.97 Chr12 hsa-miR-4252 -1.90 Chr1
hsa-miR-1234-3p -4.22 Chr8 hsa-miR-4270 -2.61 Chr3
hsa-miR-1238-3p -7.40 Chr19 hsa-miR-572 -1.55 Chr4
hsa-miR-1246 -1.63 Chr2 hsa-miR-630 -1.56 Chr15
hsa-miR-1268a -1.55 Chr15 hsa-miR-638 -1.68 Chr19
hsa-miR-1275 -1.53 Chr6 hsa-miR-642b-3p -1.59 Chr19
hsa-miR-135a-3p -2.63 Chr3 hsa-miR-762 -1.73 Chr16
hsa-miR-150-3p -1.76 Chr19 hsa-miR-940 -1.63 Chr16
hsa-miR-188-5p -1.53 ChrX hsa-miR-128 2.01 Chr2
hsa-miR-191-3p -7.01 Chr3 hsa-miR-196b-5p 1.65 Chr7
hsa-miR-2861 -1.67 Chr9 hsa-miR-299-3p 1.90 Chr14
hsa-miR-3162-5p -1.59 Chr11 hsa-miR-411-5p 1.57 Chr14
hsa-miR-3665 -1.62 Chr13 hsa-miR-450a-5p 1.57 ChrX
hsa-miR-3679-5p -1.90 Chr2   

NHDFs, normal human dermal fibroblasts. amiRNAs showing >1.5-fold change in expression after flag sorting. FC, fold change; miRNAs, microRNAs; H2O2, 
hydrogen dioxide.

Figure 5. Analysis of subcategories of biological functions of the microRNA 
(miRNA) target genes. The target genes of the altered miRNAs were grouped 
into the indicated biological functions using the bioinformatics tool AmiGO. 
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damage in normal fibroblasts (20,21). Although oridonin 
induces apoptosis with rapid ROS generation in cancer cells, the 
effects of oridonin on ROS synthesis vary in a dose-dependent 
manner. Relatively high doses of oridonin (≥10 µM) induce a 
high level of ROS and apoptosis in cancer cells, whereas rela-
tively low doses reduce ROS induction and improve survival in 
normal cells (21). Even at concentrations that induce apoptosis 
in cancer cells, oridonin does not induce apoptosis in normal 
human fibroblasts (20). However, it is unknown how oridonin 
affects antioxidant-mediated cell survival, and which mecha-
nisms are involved in antioxidative-stress activity in cells. In 
this study, we found that oridonin inhibits H2O2-mediated cell 
death by altering the expression levels of specific miRNAs and 
inducing intracellular ROS depletion. Moreover, using bioin-

formatic analysis, we suggest that the up- and downregulated 
miRNAs are functionally related to several cellular processes, 
including anti-apoptosis and cell growth.

Oridonin belongs to the class of terpenoid compounds, 
also known as isoprenoids, which is one of the most exten-
sive and diverse classes of naturally occurring organic 
compounds (31). These terpenoids are well known as plant 
antioxidants (32). We determined that oridonin is a functional 
antioxidant reagent. As anticipated, although other terpenoid 
compounds (33-35), such as curcuminoids, cannabinoids 
and resveratrols, have direct free radical scavenging activity 
in vitro, we confirmed, using the cell-free DPPH assay, that 
oridonin has no free radical-scavenging activity. However, we 
confirmed, using a cell-based DCF-DA assay, that the levels 

Table II. Predicted targets of miRNAs upregulated in response to oridonin in H2O2-treated NHDFs.

 Target genes and functions
 ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
miRNA Aging Apoptosis Cell proliferation  Skin 
    development

hsa-miR-128 CDKN2A, SIRT1, CDKN2A, SIRT1, TP53, FAS, CDKN2A, SIRT1, TP53, ID2, NGFR,
 TP53, MAPK14, PPARG, USP28, BMI1, NOD1, NGFR, TFAP2A, EGR3, XIAP, TFAP2A,
 GRB2, ID2, ATP7A, MCL1, BAX, TRAF1, NKX3-1, PPARG, USP28, BID, ATP7A,
 ADH5, FAS, MAPK14, NGFR, TFAP2A, EGR3,  BMI1, JAG1, FRAP1, IRS1, COL5A1, 
 HMGA2, CDK6 XIAP, BID, CASP8, MAPK3, FOXO4, APPL2, BNC1, NR2F2, PKD1, 
  NKX3-1, EGFR, YAP1, PIK3RI, TSC1, EGFR, TCF7L2, YAP1, COL3A1
  HMGA2, GATA6, TCF7L2,  PIK3RI, SMAD2, FAS, 
  CYLD, FOXO1 HMGA2, GATA6 

hsa-miR-299-3p CTNNA1, EDN1,  CTNNA1, EDN1, TERT, IL1B, CTNNA1, EDN1, IL1B, EDA,
 IL1B, DDIT3,  CDH13, DDIT3, CD28, CUL1, CUL1, CDH13, DICER1, HDAC2,  FRAS1,
 TERT, ICAM1,  DICER1, HDAC2, ADD1, BCL3, VEFGA, CD28, ABI1, CDKN1C,  TCF7L2
 TIMP3, ADH4, VEGFA, AKAP13, MADD, SART1, EGR1, ERF, IGF2, RAG2,   
 PRELP TCF7L2, YAP1, PIK3RI,  TGIF1, CD47, TCF7L2, YAP1,  
  CYLD, ELMO2 PIK3RI, SMAD2, FOXN1 

hsa-miR-196b-5p SERPINE1, SERPINE1, CDKN1B, AHR, IL2, SERPINE1, HMGA1, FAS, PDGFA,
 HMGA1, FAS, PAK1, MAPK1, BIRC6, HMGA2, CDKN1B, AHR, IL2, PAK1, COL1A2,
 HMGA2, P2RY1 GATA6, MAP3K1, PTK2, TOX3,  MAPK1, BIRC6, PDGFA, COL3A1
  SMAD6, FAS, ROCK1, RASSF5,  CCR2, CYP1A1, ISG20, NRAS, 
  FOXO1, ELMO2 BCAT1, CASK, HMGA2, 
   GATA6, FOXN1

hsa-miR-411-5p ATM, PTEN,  ATM, PTEN, CCL5, CASP2, ATM, PTEN, CCL5, LEF1, LEF1,
 CCL5, CASP2, IL18, TCF7, CUL3, WANT7B, BCL11B, TFAP2B, CUL3,  BCL11B,
 MAP2K1, CDK6 PDCD7, NME6, DUSP1, IL19, TOPORS, ERBB4, ANGPT1, TFAP2B
  TOPORS, ERBB4, ANGPT1, RHOB, IL18, TCF7, CDH5, 
  PSMD5, FAM129B, MAP3K1, CYLD, E2F3, WNT4, SMAD4, 
  TIMM50, BCL2L14, CASP6, FOXO1 SOX17, TCF19, SKAP2,  
  LEF1, BCL11B, TFAP2B, ATG5, CDK6, WANT7B 
  ITCH, API5, ELMO2  

hsa-miR-450a-5p ERCC5, PRELP ERCC5, STK4, MCF2, PRF1, STK4, TES, OGN, -
  EGFR, ISL1, BMF EGFR, ISL1 

NHDFs, normal human dermal fibroblasts; miRNAs, microRNAs; H2O2, hydrogen dioxide.
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Table III. Predicted targets of miRNAs downregulated in response to oridonin in H2O2-treated NHDFs.

 Target genes and functions
 -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
miRNA Aging Apoptosis Cell proliferation  Skin
    development

hsa-miR-188-5p IL6, PML, IL6, PML, NEK6, VAV3 IL6, PML, VAV3, PDCD10, DHCR24
 NEK6 PDCD10, AIf1, FGFR1, HDAC1 AIf1, FGFR1, HDAC1, HGF, 
  HGF, INSL3, SOX4, ADAM17, INSL3, SOX4, ADAM17, CD28, 
  CD28, ARHGEF9, MAP2K4, TIAM1, CDH5, DLG3, DPP4, SUZ12,  
  PIK3R1, ESR1, LTBR, API5 GLUL, ANG, PKD2, NEUROD4, 
   WNT2, CDC73, PIK3R1, KRAS, 
   API5, ID4 

hsa-miR-572 NOX4, FZR1, CDH13, NFKB1, BFAR,  NOX4, CDH13, CTH, -
 CDH1 UACA, ACTN2, CDH1 CD164, CCNB1, FZR1 

hsa-miR-630 SOD2, HMGCR, SOD2, FOXO1, KDR, PAK7,  SOD2, EPHA2, FOXO1, IL7,  TP63
 MME, CANX, RHOB, MEF2D, RAC1, RAG1, GJA1, CYR61, KDR, PAWR, 
 TP63, SERPINA7, XRCC5, TP63, MPO, PAX3, SMNDC1, TBX18, SAV1, TP63, CD80, 
 CACBP, ZNF354A, CYLD, PSME4, DOCK1, TP53INP1, PAX3, GINS1, FRS2, TOB2, 
 ATP5G3 CXCL13, COL4A3, IL7, TLR4, PAK7, RASGRF1, NOTCH2, BMPR2, 
  YAP1, MAP3K1, BCL2L2, NOTCH2 FABP7, CDC14A, E3F3, PELI1, 
   FXD6, KLF5, PID1, CDC7, 
   COL4A3, TLR4, YAP1, STK4 

hsa-miR-638 MAPK14, MAPK14, NKX2-5, ADD1, NKX2-5, HEY2, IFNG, LIF, TFAP2B
 HMGA1, HSP90B1,CFLAR, ATG5,  CDK2, TRAF5, OGN, CTF1, 
  USP47, TRIM2, XAF1, VEFGA, MFGE8, PBRM1, NR4A3, 
  ETS1, CIDEB, SAP30BP LIFR, IL11, NPPC, MCC,  
   CD47, SOX2, TGM2, 
   ACHE, GPC4 

hsa-miR-940 SIRT1, IL1B,  SIRT1, IL1B, TBX3, TGFBR1, SIRT1, IL1B, CRIP2, TBX3, COL5A3,
 TBX3, TP53, CNR1, APC, ERBB4, RHOA, TGFBR1, NOTCH3, PAK1,  SUFU,
 TGFBR1, CNR1, MDM2, PAK1, NOD2, SOX9, CNR1, APC, RHOA, MDM2,  CTNNB1,
 ATM, CASP7, IRS2, CD24, NOD1, RASSF6, ERBB4, NOD2, SOX9, IRS2,  APC,
 MET, SHC1, MAP2K6, PCBP4, TAOK1, RAD21, CD24, PRDM4, MAB21L1, SGK2, JUP
 PTEN, SMC5,  MAP3K7, LITAF, TP53, BIRC3, JAG1, KIF2C, DAB2, EGR1, 
 JUN, SERP1 PTEN, ATM, NOTCH1, JUN FGFR4, NFIB, ROR2, RAC2, 
   USP28, EVI5, XIAP, IGF1R, 
   TP53, ARIH2, PTEN, ATM,  
   PBX1, MAGI2, JUN, 
   NUMB, FOXO4, NANOG 

hsa-miR-1234-3p TOP2A, FURIN,  TOP2A, BIRC5, BDNF, TCF7,  FURIN, TFAP2A, BIRC5, BDNF, TFAP2A
 LOXL2 FADD, AKT1S1, TERT, MED1, TCF7, CDKN1C, ELN, GATA2,  
  NR2E1, DSG1, BCL2 ATF3, IRAK4, WNT4, PLAG1, 
   GFAP, BCL2, GDF2, EGFR,  
   HOXA3, PRKX, MED1 

hsa-miR-1238-3p SMC6, ADM,  NGFR, PRAME, HDAC2, NGFR, PRAME, HDAC2, PROK2, COL5A2,
 RTN4, LRP2 BID, PROK2, WNT5A, PSMA8, WNT5A, CREB3, IGFBP5, IRS1, ITGA2
  ADNP, ABR, ARF6, ROBO2, MMP14, PTN, VASH2, FGF18, 
  PINK1, GCM2, TP53I3 CER1, BID, DNAJA2, ADAMTS1 

hsa-miR-1268a TERF2, DBH, MAPK1, ADAM8, CARD8, MAPK1, EGR4, ESRRB, TGM3
 CDKN2A PAX8, EFNB1, CDKN2A TGFB1I1, GATA4, DBH 

NHDFs, normal human dermal fibroblasts; miRNAs, microRNAs; H2O2, hydrogen dioxide. The results for the other miRNAs were excluded from this analysis.
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of intracellular ROS are indeed markedly reduced by oridonin 
treatment, suggesting that oridonin may regulate intracellular 
antioxidant mechanisms rather than directly scavenge free 
radicals.

Anti-cell-death functions have been demonstrated to be 
important in reducing oxidative stress-mediated cell death. 
In the present study, we examined the anti-cell-death effects 
of oridonin on oxidative stress, specifically those induced by 
H2O2. H2O2-mediated oxidative stress can induce cell death 
by various intracellular mechanisms, such as DNA breaks, 
protein oxidation, mitochondrial failure, impairment of energy 
metabolism, cell cycle arrest and apoptosis (1). Using PI 
staining and flow cytometric analysis, the NHDFs treated with 
H2O2 showed an increased sub-G1 population, representing 
apoptotic cells, whereas the oridonin-pre-treated cells showed 
a marked resistance to H2O2-mediated cell death. Therefore, 
we concluded that the oridonin-mediated antioxidative-stress 
activity is due to its anti-apoptotic effects, not its free radical-
scavenging activity.

Several studies have demonstrated that H2O2 alters the 
miRNA expression profiles in a cell type-dependent manner. 
miR-135b and miR-708 have been shown to be highly upregu-
lated by H2O2 treatment in primary hippocampal neuronal 
cells (36). In addition, miR-27a* and miR-27b* were notably 
downregulated in H2O2-treated RAW 264.7 mouse macro-
phages (37). miR-30b and miR-30d have been shown to be 
significantly upregulated in H2O2-treated ARPE-19 human 
retinal pigment epithelial cells (38), and the expression levels 
of these miRNAs can also be altered by treatment with the 
antioxidant compound, curcumin. These reports suggest that 
miRNAs that are modulated in response to H2O2 and anti-
oxidants differ depending on cell and antioxidant type. In this 
study, we identified putative antioxidant miRNAs regulated 
by oridonin, specifically miR-1238-3p and miR-191-3p in 
NHDFs. Of note, miR-1238-3p was downregulated to the 
greatest extent (>7-fold) by oridonin, and SMC6 had the 
highest target score among its target genes. SMC6 is a core 
member of the SMC5-6DNA repair complex, and it has been 
reported to function as a key component of the DNA damage 
response (39). Of the types of cellular damage induced by 
oxidative stress, ROS can induce oxidative damage of DNA, 
including strand breaks and base and nucleotide modifica-
tions (40). Although the cellular effects and target genes of 
miR-1238-3p have not been investigated, further studies on 
miR-1238-3p and SMC6 may aid in the understanding of the 
cellular response to oridonin. miR-191, which is downregu-
lated in follicular adenoma, was recently shown to inhibit cell 
growth and migration by targeting CDK6, a serine-threonine 
kinase involved in the control of cell cycle progression (41). 
Although the biological functions of miR-1238 and miR-191 
are largely unknown, these miRNAs may be the specific 
targets for antioxidative stress in NHDFs.

In conclusion, in this study, to the best of our knowledge, 
we evaluated for the first time the effects of oridonin on the 
expression levels of miRNAs in NHDFs in the presence of 
oxidative stress. The cellular mechanisms underlying the 
antioxidative effects of oridonin on H2O2-mediated damage in 
cells remain unknown; however, our study provides substan-
tial evidence of the role of oridonin as a chemoprotective agent 
against H2O2-mediated damage in HDFs. Although further 

studies are required to verify the predicted miRNA targets 
identified in this study, our results suggest that the character-
ization of changes in expression of oridonin-specific miRNAs 
may provide a useful approach to understanding cellular 
responses to oridonin in H2O2-induced NHDF damage.
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