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Abstract. The present study aimed to assess the effects of the 
flavonoid, wogonin, and its underlying mechanism on myelo-
dysplastic syndrome (MDS) in SKM-1 cells. In the present 
study, wogonin inhibited the cell proliferation of SKM‑1 cells 
in a dose‑ and time‑dependent manner, with the concentration 
required to yield a half maximal inhibitory concentration (IC50) 
of 212.1 µmol/l at 24 h, and 43.4 µmol/l at 72 h. Furthermore, 
wogonin induced cell cycle arrest at the G0/G1 phase and induced 
the apoptosis of the SKM‑1 cells, which possibly accounted for 
the antiproliferative effects of wogonin. Notably, the data in the 
present study revealed that wogonin upregulated the expression 
of p21Cip1 and p27Kip1, and downregulated the expression of 
cyclin D1 and cyclin‑dependent kinase 4, causing a G0/G1 phase 
arrest, halting cell cycle progression, and inducing apoptosis 
in the MDS cells, which was mediated by the mitochondrial 
pathway through a modulation of the ratio of Bcl‑2 to Bax. 
Therefore, the present study suggests that wogonin may be a 
logical therapeutic target in the treatment of MDS.

Introduction

Myelodysplastic syndrome (MDS) comprises a heterogenous 
group of acquired bone marrow disorders, which is character-
ized by the dysplastic growth of hematopoietic stem cells. 
MDS typically exerts its effects in multiple cell lines and 
has a propensity to progress to acute myelogenous leukemia. 
Although hematopoietic stem cell transplantation represents the 
only mode of treatment with curative potential, the relatively 
high morbidity and mortality of this approach limits its useful-
ness (1,2). Therefore, effective agents with more benign toxicity 
profiles are urgently required for the treatment of this disease.

At present, the search for novel antitumor substances 
obtained from plants is intensifying. Wogonin (5,7‑dihy-
droxy‑8‑methoxy‑flavone), a flavonoid from the root of the 
medicinal herb Scutellaria baicalensis Georgi, has been 
recognized as a potent anticancer agent due to its broad toxicity 
to various types of tumor cell lines (3‑7). Notably, at doses 
which are lethal to tumor cells, wogonin revealed no, or little, 
toxicity for normal cells and exhibited no evident toxicity in 
animals (4,6,8). The molecular mechanisms underlying these 
growth‑suppressive effects are considered to include changes 
in the oxidation/reduction status, cell cycle inhibition  (9), 
induction of apoptosis (8) and phosphorylation of the vascular 
endothelial growth factor receptor 2 (VEGFR‑2) (10). However, 
the underlying molecular mechanism of its anticancer activity 
remains to be fully elucidated.

Apoptosis, or programmed cell death, is critical for the 
normal development, function and homeostasis of multi-
cellular organisms. Apoptosis is considered as a process 
which may be exploited for the removal of precancerous 
and cancerous cells (11), and reduced levels of apoptosis are 
considered to be a fundamental component in the pathogenesis 
of cancer. Therefore, further development of agents which 
are able to induce, or enhance, the extent of apoptosis may 
provide a promising strategy for enhancing the anticancer 
potential of several anticancer drugs (12). An accumulating 
body of evidence supports that cell cycle arrest and apoptosis 
are closely associated with cell proliferation in mammalian 
cells (9,13). It is well known that the transition from one cell 
cycle phase to another occurs in an orderly fashion, and cell 
cycle control is the major regulatory mechanism underlying 
cell growth, which is regulated by cyclin‑dependent kinases 
(CDKs) and their cyclin partners (14,15). Although the effects 
of wogonin on antiproliferative and apoptotic activity have 
been documented in various human cancer cells, its therapeutic 
efficacy and the underlying mechanisms in MDS remain to be 
elucidated. The present study aimed to investigate the potency 
of wogonin and to assess the signaling pathways involved in 
modulating apoptosis in MDS cells.

Materials and methods

Reagents. Wogonin (purity >98%; Jiangsu Key Lab of 
Carcinogenesis and Intervention, China Pharmaceutical 
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University, Nanjing, China) was dissolved in dimethyl 
sulfoxide (DMSO; Sigma‑Aldrich, St. Louis, MO, USA), 
and the final concentration of DMSO was >0.15%, which 
exhibited no toxicity to the SKM‑1 cells. The 3‑(4,5‑dimethyl-
thiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide (MTT) reagent 
was supplied by Sigma‑Aldrich, the annexin V‑fluorescein 
isothiocyanate (FITC) apoptosis detection and cell cycle 
detection kits were obtained from BD Biosciences (Franklin 
Lakes, NJ, USA), 4',6‑diamidino‑2‑phenylindole (DAPI) was 
purchased from Beyotime Institute of Biotechnology (Haimen, 
China), the bicinchoninic acid (BCA) protein assay kit was 
from Biosynthesis Biotechnology Co., Ltd. (Beijing, China) 
and monoclonal antibodies, including rabbit antihuman CDK4 
(cat. no. 12790), rabbit antihuman cyclin D1 (cat. no. 2978), 
mouse antihuman p21Cip1 (cat. no. 2946), rabbit antihuman 
p27Kip1 (cat. no. 3688), rabbit antihuman Bax (cat. no. 5023), 
rabbit antihuman Bcl‑2 (cat. no.  4223), rabbit antihuman 
poly(ADP‑ribose) polymerase (PARP) (cat. no. 9532), rabbit 
antihuman cleaved (c)‑PARP (cat. no. 5625), rabbit antihuman 
cytochrome c (cat. no. 11940), rabbit antihuman caspase‑3 (cat. 
no. 14220), mouse antihuman caspase‑9 (cat. no. 9508) and 
mouse antihuman β‑actin (cat. no. 3700), were supplied by 
Cell Signaling Technology, Inc. (Danvers, MA, USA).

Cell line and cell culture. SKM‑1, an MDS cell line, was 
obtained from the Japanese Collection of Research Bioresources 
Cell Bank (Osaka, Japan)  (16). The cells were cultured in 
RPMI‑1640  medium (Gibco Life Technologies, Carlsbad, 
CA, USA) containing 10% fetal bovine serum (Gibco Life 
Technologies), 100 U/ml penicillin (Sigma‑Aldrich, St. Louis, 
MO, USA) and 100 µg/ml streptomycin (Sigma‑Aldrich) in an 
environment of saturated humidity, 5% CO2 at 37˚C. Cells in 
the logarithmic growth phase were used in all experiments.

Measurement of cell growth and viability. The SKM‑1 cells 
were seeded at a density of 5x103 cells/well into 6‑well plates 
and were allowed to grow overnight. Subsequently, the cells 
were treated with 20, 40, 80, 120 or 160 µmol/l wogonin, 
whereas only RPMI‑1640 medium was added for the control 
group. Following incubation for 12, 24, 48 or 72 h, an MTT 
assay was performed to measure the cell viability, as described 
previously (17), and the absorbance at 570 nm was recorded 
using a Model 550 microplate reader (Bio‑Rad Laboratories, 
Tokyo, Japan).

Cell morphological assessment. Following culture as 
described above, the SKM‑1 cells were collected and spread 
onto the slides. Subsequently, the cells were fixed with 
ice‑cold 4% paraformaldehyde for 20 min, permeabilized with 
0.1% Triton X‑100 for 25 min and washed with ice‑cold phos-
phate‑buffered saline (PBS), followed by staining with DAPI 
(1 µg/ml) for 25 min at 4˚C in the dark. Morphological changes 
of the nuclei of cells were undergoing apoptosis (100 cells) 
were recorded at the reference points using a phase‑contrast 
microscope (Olympus CKx41; Olympus, London, UK).

Apoptosis assay by flow cytometric analysis (FCM). Cell 
apoptosis was identified by FCM using annexin V/propidium 
iodide (PI) staining, as described previously (17). Briefly, 
the SKM‑1 cells (1x105 cells) were treated and incubated, 

as described in the previous section. The cells were subse-
quently collected by centrifugation at 920 x g for 5 min, 
and washed once in ice‑cold PBS, prior to the assessment 
of apoptotic cell death using a FACSCalibur flow cytometer 
(BD Biosciences, San Jose, CA USA), according to the 
manufacturer's instructions.

Cell cycle distribution. The SKM‑1 cells (1x105 cells/well) 
were seeded into a 6‑well plate for 24 h at 37˚C. The cells 
were washed once with PBS, the medium was replaced with 
fresh medium, and the cells were subsequently treated with 
various concentrations of wogonin. Following treatments 
for the various durations, the cells were collected, fixed 
with 70% ethanol, incubated with 25 µg/ml ribonuclease A 
and stained with 50 µg/ml PI for 30 min at room temperature 
in the dark. Subsequently, the cell cycle data were calculated 
by FCM (BD Biosciences), according to the manufacturer's 
instructions.

Western blot analysis. Western blotting was performed, as 
described previously  (17,18). Briefly, the total protein was 
isolated from the harvested cells and the quantity of protein 
was measured using a BCA protein assay. Samples containing 
25  µg  protein were separated using 10% sodium dodecyl 
sulfate‑polyacrylamide gel electrophoresis and transferred 
onto a nitrocellulose membrane (Bio‑Rad Laboratories, Inc. 
Hercules, CA, USA). Non‑specific binding sites were blocked 
for 1 h with 5% non‑fat milk, prior to an incubation with the 
following primary antibodies diluted in PBS at 4˚C overnight: 
Anti‑CDK4 (1:1,000), anti‑cyclin D1 (1:1,000), anti‑p21Cip1 

(1:1,000), anti‑p27Kip1 (1:1,000), anti‑cytochrome c (1:1,000), 
anti‑caspase‑9 (1:1,000), anti‑caspase‑3 (1:1,000), anti‑PARP 
(1:1,000), anti‑c‑PARP (1:1,000), anti‑Bcl‑2 (1:1,000), anti‑Bax 
(1:1,000), and anti‑β‑actin (1:1,000) Subsequently, a secondary 
horseradish peroxidase‑conjugated goat anti‑mouse antibody 
(1:1,000; Santa Cruz Biotechnology, Inc.) was added for 1 h at 
room temperature. The blots were visualized using an enhanced 
chemiluminescence system (Amersham, Buckinghamshire, 
UK), and the density of β‑actin served as an internal loading 
control.

Statistical analysis. All data are expressed as the mean ± stan-
dard deviation for experiments performed in triplicate, and 
the data were analyzed using the Statistical Package for Social 
Science (SPPS version 13.0; SPSS, Inc., Chicago, IL, USA). 
Statistically significant differences between the experimental 
groups were determined using Student's t‑test. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Inhibition of cell proliferation. Following incubation with 
different concentrations of wogonin for the various durations, 
the proliferation of the SKM‑1 cells was markedly inhibited 
(Fig. 1). Significant differences were observed between the 
different groups (P<0.05), and the concentration of wogonin 
required to yield a half maximal inhibitory concentration 
(IC50) of the proliferation, as measured at the 24, 48 and 72 h 
time points, was 212.1, 58.0 and 43.4 µmol/l, respectively. 
Therefore, these results demonstrated that wogonin markedly 
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inhibited the proliferation of SKM‑1 cells in a time‑ and 
dose‑dependent manner.

Cell morphological assessment following treatment with 
wogonin. The morphological changes due to apoptosis 
occurring in the nuclei of the cells were observed under a 
fluorescence microscope. The untreated SKM‑1 cells exhib-
ited a pale blue fluorescence, demonstrating an even pattern 
of distribution of the chromatin in the nucleolus (Fig. 2A), 
whereas those treated with wogonin exhibited a dose‑associ-
ated increase in the fraction of apoptotic cells with condensed 
and fragmented DNA, as revealed by the darker blue fluores-
cence compared with that in the non‑apoptotic cells (Fig. 2B 
and C), suggesting that wogonin induced cell apoptosis in a 
dose‑dependent manner.

Wogonin treatment induces cell apoptosis. The apoptotic cells 
were further quantified using the annexin V/PI double‑staining 
assay. Following treatment with various concentrations of 
wogonin for 24 h, the total percentages of cells in an apoptotic 
state, as calculated by the sum of those cells undergoing early 
and late apoptosis, are shown in Fig. 3A and B. These results 
indicated that wogonin induced apoptosis in the SKM‑1 cells in 
a dose‑dependent manner. Furthermore, when the SKM‑1 cells 
were incubated with 40 µmol/l wogonin for 12, 24 and 48 h, 
the apoptotic rate increased significantly with the duration of 
the experiment (P<0.05; Fig. 3C). These data provided evidence 
that apoptosis was induced in the wogonin‑treated SKM‑1 cells.

Wogonin treatment causes G0/G1 phase arrest in the SKM‑1 
cells. Following treatment with wogonin for 24 h, the percentages 
of SKM‑1 cells in the G0/G1 phase increased from 38.96±2.62% 
in the untreated cells, to  51.53±2.76,  63.68±2.82  and 
76.52±3.46% in the cells treated with increasing concentra-
tions of wogonin (40, 80 and 120 µmol/l, respectively; Fig. 4A 
and B). Furthermore, the number of SKM‑1 cells in the S 
and G2/mitosis phases correspondingly decreased. Therefore, 
these results indicated that wogonin induced a G0/G1 cell‑cycle 
arrest in a dose‑and time‑dependent manner.

Expression of cell cycle proteins following treatment with 
wogonin. Following treatment with increasing concentrations 
of wogonin (40, 80 and 120 µmol/l) for 48 h, the levels of 
cyclin D1 and its upstream kinase, CDK4, in the SKM‑1 cells 
were reduced in a dose‑dependent manner (Fig.  5). By 
contrast, a marked increase in the protein expression levels of 
p21Cip1 and p27Kip1 were observed in the SKM‑1 cells following 
treatment with the identical doses of wogonin for 48 h (Fig. 5). 
Taken together, these data indicated that wogonin also exerts 
a growth‑inhibitory effect on the cells by inducing cell cycle 
arrest at the G1/S phase transition, followed by the upregulation 
of the expression of p21Cip1 and p27Kip1, and the downregulation 
of the expression of cyclin D1 and CDK4 in the SKM‑1 cells.

Expression of apoptosis‑associated proteins following treat‑
ment with wogonin. Following treatment for 48 h, wogonin 
increased the expression levels of the proapoptotic proteins 
Bax, activated caspases 3 and 9, and activated c‑PARP in the 
SKM‑1 cells, whereas it caused a decrease in the expression 
of the antiapoptotic protein, Bcl‑2, and of the inactive form 

Figure 1. Wogonin inhibits the proliferation rate of SKM‑1 cells in a time‑ 
and concentration‑dependent manner. The inhibitory effect of wogonin on 
the SKM‑1 cells was determined for the various time points following treat-
ment using an MTT assay. #,*, P<0.05, compared with the control. *, P<0.05, 
compared with the intergroup‑paired group at the matched treatment.

Figure 2. Nuclear morphological changes are observed in the SKM‑1 cells 
following treatment with wogonin for 24 h. Images of the cells were captured 
following (A) no treatment or treatment with (B) 40 or (C) 80 µmol/l wogonin, 
as observed under a fluorescence microscope (magnification, x400). The red 
arrows indicate the darker blue staining taken up by the cells containing 
condensed and fragmented DNA, which were undergoing apoptosis.

  A

  B

  C
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of PARP. A significant difference was observed between 
them (P<0.05; data not shown). Notably, the dose at which 
wogonin affected the expression of the apoptosis‑associated 
proteins was similar to that at which the cell proliferation 
was suppressed and apoptosis was induced. Therefore, these 
results clearly suggested that the growth‑inhibitory effects of 
wogonin on the SKM‑1 cells were mediated by cell apoptosis.

Discussion

Chinese herbal medicines have been used for thousands of 
years in China and are increasingly being recognized as novel 
remedies for enhancing the efficacy, or alleviating the adverse 
effects, of tumor therapies  (19). An accumulating body of 
evidence has demonstrated that wogonin induces cell death via 
cell cycle arrest and the induction of apoptosis in numerous 
types of human cancer cell lines (9), however, information on 
wogonin‑induced apoptosis in human MDS cells is lacking. To 
provide an improved understanding of the mechanism under-
lying its anticancer activity, the effect of wogonin on human 
MDS cells was investigated in the present study.

The induction of apoptosis in cancer cells is one of the most 
important and direct ways to control the development of cancer 
and to eliminate tumors. An imbalance between proliferation 
and apoptosis may lead to unlimited cell proliferation, which 
may result in tumor development (20). Therefore, the effects of 
wogonin in antagonizing the proliferation of SKM‑1 cells and 
cell apoptosis were initially investigated in the present study 
using MTT and annexin V‑PI double‑staining assays. The 
results demonstrated that wogonin significantly inhibited the 
proliferation of SKM‑1 cells, in a time‑ and dose‑dependent 
manner (Fig. 1). Furthermore, the present study also confirmed 
that wogonin suppressed cell proliferation, predominantly 
as a result of the induction of apoptosis, as demonstrated by 
the percentage of annexin V‑positive cells that were present 
and the characteristic morphological changes associated 
with apoptosis in the nucleus. As shown in Fig. 2, the nuclear 
morphological analysis revealed a dose‑associated increase in 
the fraction of apoptotic cells with condensed and fragmented 
nuclei, as indicated by the darker blue fluorescence exhibited 
in wogonin‑treated SKM‑1 cells (Fig. 2A and B) compared 
with those cells with pale blue fluorescence in the control 

Figure 3. Treatment with wogonin increases the rate of apoptosis in a time‑ and concentration‑dependent manner. The apoptotic rate of the SKM‑1 cells treated 
with various concentrations of wogonin for (A and B) 24 h, or (C) with 40 µmol/l wogonin for the various durations. *P<0.05; **P<0.01, compared with the 
control group at the matched treatment; #P<0.05, compared with the intergroup‑paired group at the matched treatment. FITC, fluorescein isothiocyanate; PI, 
propidium iodide.

  A

  B   C
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group (Fig. 2C), as observed with DAPI staining. Previously, 
it was reported that treatment with wogonin induces apoptosis 
and inhibits cell proliferation in other diseases of the hemato-
poietic system, including myeloma and B‑cell non‑Hodgkin's 
lymphoma cell lines (21,22). This is consistent with the results 
of the present study and these findings clearly demonstrated 
that wogonin exerts anticancer effects through the induction 
of cell apoptosis.

Apoptosis results as a consequence of a series of precisely 
regulated events, which are frequently altered in tumor cells, 
and the apoptotic process is tightly regulated by a fine‑tuned 
balance between proapoptotic and antiapoptotic factors. 
Various dysfunctions of the apoptotic pathway and uncon-
trolled cellular proliferation ultimately lead to carcinogenesis 
and tumor progression (23). In general, apoptotic cell death 
may be executed by the key molecular mechanism, involving 
mitochondria (the intrinsic pathway) and the death receptor 
pathways (the extrinsic pathway) (24). In each pathway, an 

apoptotic stimulus results in the activation of caspases either 
directly, or via the activation of the mitochondrial death 
program (25). Therefore, the expression levels of certain key 
apoptotic proteins, including caspases‑3 and ‑9, Bax, Bcl‑2, 
PARP and c‑PARP, were assessed to determine the possible 
mechanism of wogonin‑induced apoptosis. The Bcl‑2 family 
of proteins (antiapoptotic proteins, including Bcl‑2 and Bcl‑xl, 
and proapoptotic proteins, including Bax and Bad), exert 
an important role in the apoptosis of cancer cells, since the 
interactions among these proteins set the threshold for cell 
survival (26,27). In the present study, the results of the western 
blot analyses revealed that wogonin increased the expression 
of the proapoptotic protein, Bax, in the SKM‑1 cells following 
treatment for 48 h, whereas it led to a decrease in the expres-
sion of the antiapoptotic protein, Bcl‑2, thereby resulting 
in an increase in the ratio of proapoptotic to antiapoptotic 
Bcl‑2 family proteins, in favor of apoptosis in the MDS cells. 
It was reported that the induction of mitochondrial apoptosis 

Figure 4. Cell cycle distributions and the percentages of cells in the G0/G1 phase. (A and B) The SKM‑1 cells were treated with various concentrations of 
wogonin (0, 40, 80 or 120 µmol/l) for 24 h, or (C) with 40 µmol/l wogonin for the various durations, as indicated. *P<0.05 and **P<0.01, compared with the 
control group at the matched treatment; #P<0.05, compared with the intergroup‑paired group at the matched treatment.
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requires the involvement of the Bcl‑2 protein family (21), in 
which Bax and Bcl‑2 are key proteins involved in the regulation 
of the mitochondrial pathway. The predominant mechanism by 
which Bcl‑2 family members initiate or prevent apoptosis is by 
controlling the release of cytochrome c and other proapoptotic 
factors from the mitochondria (28‑30). During this process, 
cytosolic cytochrome c activates procaspase‑9 by binding to 
apoptotic protease‑activating factor 1 in the presence of dATP, 
leading to the activation of caspase‑9  (31). Subsequently, 
downstream effector caspases, including caspase‑3, are acti-
vated, which eventually trigger apoptosis (32,33). The present 
study provided evidence to suggest that wogonin increased the 
expression of cytochrome c and activated (cleaved) caspases‑3 
and ‑ 9 in SKM‑1  cells following treatment for 48  h. The 
caspase signaling pathway, which is activated extrinsically 
and intrinsically, is the major mechanism of apoptosis in most 

cellular systems (34). Notably, the present study identified that 
the increase in apoptosis mediated by wogonin was accom-
panied by a decreased level of PARP and the emergence of 
c‑PARP, and markedly increased levels of Bax protein with 
concomitantly decreased levels of Bcl‑2. An accumulating 
body of evidence has identified that PARP is one component 
of the caspase‑mediated pathway of apoptosis, and c‑PARP 
is considered to be a marker of apoptosis, being critically 
involved in the intrinsic apoptosis pathway (35‑38). It has long 
been known that wogonin exerts apoptosis‑inducing effects 
in malignant cells by changing the mitochondrial membrane 
potential  (36,38). The crucial step in the mitochondrial 
apoptotic pathway is the loss of the mitochondrial membrane 
potential, triggering the activation of the apoptotic cascade 
and the execution of cell death (39). The wogonin‑induced 
decreased ratio of Bcl‑2 to Bax, and increased expression 
of cleaved caspases‑3 and ‑9, was demonstrated in human 
breast cancer cells and in vascular smooth muscle cells (4,40). 
Therefore, it is reasonable to hypothesize that wogonin‑induced 
apoptosis of the MDS cells is mediated by the mitochondrial 
pathway through modulating the ratio of Bcl‑2 to Bax.

Cell growth is tightly regulated by cell‑cycle checkpoints 
and apoptosis is often associated with G1 phase arrest of the cell 
cycle (41). In the present study, the cell cycle analysis by FCM 
revealed that wogonin induced a G0/G1 cell‑cycle arrest of the 
SKM‑1 cells in a dose‑and a time‑dependent manner. Evidence 
in the literature suggests that wogonin may induce the G1 phase 
arrest of cells associated with several human malignancies, 
including non‑Hodgkin's lymphoma Raji  (22), leukemia 
U‑937 (42), human colorectal cancer carcinoma (43) and human 
cervical carcinoma HeLa (9) cells. All these reports suggested 
that one of the mechanisms by which wogonin may act to inhibit 
the proliferation of cancer cells is through an inhibition of cell 
cycle progression. It is well documented that cell cycle progres-
sion is partly controlled by a family of protein kinase complexes 
in eukaryotic cells, including CDKs and their activating part-
ners, the cyclins (44‑47). During the G0/G1 phase progression, 
cyclin D1 binds to CDK4/CDK6, resulting in the formation of 
the cyclin E/CDK4 complex, eventually driving the cell from 
G1 to S phase (48). In the present study, it was revealed that 
treatment of the SKM‑1 cells with wogonin markedly decreased 
the expression of cyclin D1 and its upstream kinase, CDK4, in 
a dose‑dependent manner. It is noteworthy that the exposure 
of different cancer cell lines to wogonin was previously shown 
to reduce the protein levels of cyclin D, resulting in growth 
inhibition at the G0/G1 phase (5). Therefore, it is possible that 
the antiproliferative effects of wogonin are due to the inhibition 
of cyclin D1 expression in MDS cells. The cell cycle progres-
sion in eukaryotic cells is also regulated by the relative balance 
between the cellular concentrations of CDK inhibitors, including 
the p21Cip1 and p27Kip1 proteins of the Cip/Kip family  (49). 
Furthermore, the overexpression of p27Kip1 was revealed to 
prevent the activation of CDKs and entry into the S‑transition 
phase (50), and p21Cip1 was demonstrated to exert an important 
role in regulating the G1‑S and G2 checkpoints (51). The present 
study revealed that a marked increase in the protein expression 
levels of p27Kip1 and p21Cip1 in the SKM‑1 cells was observed 
following treatment with wogonin for 48 h. Taken together, 
these data suggested that wogonin induced G0/G1 phase arrest in 
the MDS cells by modulating several key G1 regulatory proteins, 

Figure 5. Cell‑cycle regulatory proteins in the SKM‑1 cells following treat-
ment with wogonin for 48 h, as determined by western blot analysis. β‑actin 
was used as the protein loading control. CDK, cyclin‑dependent kinase. 

Figure 6. Apoptosis‑associated proteins in SKM‑1 cells following treatment 
with wogonin for 48 h, as determined by western blot analysis. β‑actin was 
used as a protein loading control. PARP, poly(ADP‑ribose) polymerase; 
C‑PARP, cleaved PARP.
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including CDK4 and cyclin D1, in addition to upregulating the 
expression of p27Kip1 and p21Cip1.

In conclusion, the present study provided evidence that 
wogonin acted on several regulatory factors (cyclin D1, CDK4, 
p21Cip1 and p27Kip1), causing a G0/G1  phase arrest, halting 
cell cycle progression, and inducing apoptosis in the MDS 
cells, which may be mediated by the mitochondrial pathway 
through a modulation of the ratio of Bcl‑2 to Bax. Therefore, 
the findings in the present study revealed that wogonin may 
be a putative target for therapeutic action in the treatment of 
MDS. However, further studies,including exploring the effects 
of long‑term in vivo exposure to wogonin, are required.
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