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Background: Traditional Chinese medicine wogonin plays an important role in the treatment of leukemia. Recently, the application of
drug-coated magnetic nanoparticles (MNPs) to increase water solubility of the drug and to enhance its chemotherapeutic efficiency has
attracted much attention. Drugs coated with MNPs are becoming a promising way for better leukemia treatment. This study aimed to
assess the possible molecular mechanisms of wogonin-coated MNP-Fe,O, (Wog-MNPs-Fe,0,) as an antileukemia agent.

Methods: After incubated for 48 h, the antiproliferative effects of MNPs, wogonin, or Wog-MNPs-Fe, 0, on K562/A02 cells were determined
by methyl thiazolyl tetrazolium (MTT) assay. The apoptotic rates of K562/A02 cells treated with either wogonin or Wog-MNPs-Fe,O,
were determined by flow cytometer (FCM) assay. The cell cycle arrest in K562/A02 cells was determined by FCM assay. The elementary
molecular mechanisms of these phenomena were explored by Western blot and reverse transcriptase polymerase chain reaction (RT-PCR).
Results: With cell viabilities ranging from 98.76% to 101.43%, MNP-Fe,O, was nontoxic to the cell line. Meanwhile, the wogonin
and Wog-MNPs-Fe O, had little effects on normal human embryonic lung fibroblast cells. The cell viabilities of the Wog-MNPs-Fe,O,
group (28.64-68.36%) were significantly lower than those of the wogonin group (35.53-97.28%) in a dose-dependent manner in
48 h (P < 0.001). The apoptotic rate of K562/A02 cells was significantly improved in 50 umol/L Wog-MNPs-Fe O, group (34.28%)
compared with that in 50 umol/L wogonin group (23.46%; P < 0.001). Compared with those of the 25 and 50 umol/L wogonin groups,
the ratios of GO/G1-phase K562/A02 cells were significantly higher in the 25 and 50 pmol/L Wog-MNPs-Fe,O, groups (all P < 0.001).
The mRNA and protein expression levels of the p21 and p27 in the K562/A02 cells were also significantly higher in the Wog-MNPs-Fe,O,
group compared with those of the wogonin group (all P <0.001).

Conclusions: This study demonstrated that MNPs were the effective drug delivery vehicles to deliver wogonin to the leukemia cells.
Through increasing cells arrested at GO/G1-phase and inducing apoptosis of K562/A02 cells, MNPs could enhance the therapeutic
effects of wogonin on leukemia cells. These findings indicated that MNPs loaded with wogonin could provide a promising way for better
leukemia treatment.
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INTRODUCTION

Leukemia is a hematologic malignancy caused by abnormal
hematopoietic stem cell clones. Unfortunately, more and
more leukemia cases were diagnosed from 2007 to 2011 in
China. With poor outcomes, leukemia is considered as the
sixth leading cause of cancer-related deaths in males and
females in China.l"! The first line of treatment for leukemia
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is chemotherapy. Unfortunately, some patients undergoing
chemotherapy suffer from one or more side effects and
complications, and the survival rate is low because of
increased drug resistance; furthermore, numerous patients
experience relapse after remission. As a treatment for
leukemia, stem cell transplantation is costly for considerable
patients. As such, only a few patients can be successfully
treated with stem cell transplantation, which also poses
health risks. Therefore, novel therapeutic strategies should
be developed to improve therapeutic effects and prolong the
disease-free survival of patients with leukemia.

Wogonin [5,7-dihydroxy-8-methoxyflavone;
Figure 1a and 1b], a bioflavonoid extracted from the root
of Scutellaria baicalensis Georgi, a kind of traditional
Chinese medicine (TCM)), elicits multiple pharmacological
effects, including cytotoxic effects against human cancer cell
lines; > this bioflavonoid also provides therapeutic effects
on some hematologic malignancies, such as leukemia, mostly
by inducing apoptosis and cell cycle arrest in vitro.1%
Wogonin can also inhibit the proliferation of tumor cells
in vivo."'1 Compared with conditional chemotherapy drugs,
wogonin is an optimum natural anticancer candidate, which
is barely toxic or nontoxic to normal cells.'? However,
its low solubility in water remains a problem and restricts
clinical administration.

With the rapid development of magnetic
nanoparticles (MNPs), the above problems might be
resolved. MNPs, exhibiting biocompatibility, low toxicity,
biodegradability, and high volume-to-surface ratios,
are potential safe materials commonly used in medical
applications.!'¥) With the improvement of drug solubility,!
magnetic-targeted drug delivery,!'’) and magnetic-targeting
hyperthermia,!'® MNPs may be considered as an efficient
drug delivery vehicles, especially for cancer treatment.
MNPs have been used as diagnostic tools and contrast
agents in magnetic resonance imaging; MNPs also play an
important role in the detection of tumor-related conditions,
such as tumor micrometastasis.!'’"!%)

In this study, a wogonin-coated MNP-Fe O,
(Wog-MNPs-Fe,0,) drug delivery system was proposed for
tumor therapy. This study aimed to assess the feasibility and
advantages of Wog-MNPs-Fe.O, as an antileukemia agent.
The possible molecular mechanisms were also investigated.

MeTtHoDS

Main materials

Wogonin (provided by Jiangsu Key Lab Carcinogenesis and
Intervention, China Pharmaceutical University, Nanjing,
China) was dissolved in dimethylsulfoxide (DMSO) and
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Figure 1: Characteristics of wogonin and MNPs. (a) Scutellaria baicalensis Georgi. (b) Molecular structure of wogonin, C16H1205. (c) Size and
morphology of particles characterized by transmission electron microscope. (d) Diameter distribution of magnetic nanoparticles. (e) Magnetic
properties of particles investigated by vibrating sample magnetometer. H: Magnetic field intensity; M: Magnetic susceptibility; MNP: Magnetic

nanoparticles.
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stored at —20°C. The solution was diluted as needed in
Roswell Park Memorial Institute (RPMI) 1640 medium.
The following kits were used: Annexin V-fluorescein
isothiocyanate apoptosis detection kit (KeyGen Biotech Co.,
Ltd., Nanjing, China); methyl thiazolyl tetrazolium (MTT;
Sigma-Aldrich, USA); CycleTEST Plus DNA Reagent
Kit (Nanjing KeyGen Biotech Co., Ltd., Nanjing, China); and
reverse transcriptase polymerase chain reaction (RT-PCR)
kit (Takara Biotechnology, Japan). Monoclonal antibodies,
including p21, p27, and B-actin antibodies, were supplied
by Santa Cruz Biotechnology (Santa Cruz, CA, USA). All
the other chemicals were of analytical grade.

Preparations of wogonin-coated magnetic
nanoparticle-Fe,0,

MNPs-Fe O, were prepared by co-precipitating FeCl, and
FeCl, at a 1:2 molar ratio in an alkali ammonia solution.""
Various wogonin concentrations were mixed into MNPs
through mechanical absorption polymerization and
maintained in a refrigerator at 4°C for more than 48 h to
prepare Wog-MNPs-Fe O,.

Cell culture

Leukemia cell line K562/A02 cells (Jiangsu Institute of
Hematology, Suzhou, China) and human embryonic lung
fibroblast (HELF) cells (Shanghai Institute of Cells, Chinese
Academy of Sciences, Shanghai, China) were cultured in a
humidified atmosphere containing 5% CO, at 37°C in RPMI
1640 supplemented with 10% fetal bovine serum (Sijiqing,
Hangzhou, China), 100 pg/ml streptomycin (Sigma-Aldrich,
USA), and 100 U/ml penicillin (Sigma-Aldrich, USA).
The cells in the logarithmic growth phase were used in the
experiments. K562/A02 and HELF cells (1 x 10%ml) in
the log phase were seeded onto 96-well plates incubated
with MNPs, wogonin, or Wog-MNPs-Fe, O, for 24, 48,
and 72 h; the concentrations of MNPs, wogonin, or
Wog-MNPs-Fe O, were regulated simultaneously. The
nontreated K562/A02 cells were set as the blank group (A)
and the K562/A02 cells treated with 35 ug/ml MNPs as
the negative group (B). Meanwhile, other experimental
groups for K562/A02 cells were treated with 25 umol/L
wogonin (C); 25 umol/L Wog-MNPs-Fe O, (D); 50 umol/L
wogonin (E); and 50 umol/L Wog-MNPs-Fe O, (F).

MTT assay for K562/A02 cell proliferation

In vitro cytotoxicity was determined by the MTT assay. After
treatment, MTT solutions were added to each well at 37°C for
4 h. DMSO was added to the solubilized crystals, and optical
density at 570 nm (4, ) was recorded. Cell viability (%) was
calculated as follows: 4, gToup/Acontro] group < 100. Cell inhibition
rate (%) was defined as follows: (1 — 4 group/Acomrol group)
100. Each assay was repeated at least thrice. In this assay,
we determined the cell compatibility of MNPs at different
concentrations. To detect the cytotoxicity to human normal
cells, we also tested the cell viability of HELF cells when
treated with wogonin and Wog-MNPs-Fe,O,. Subsequently,
we chose a constant concentration, i.e., 35 ug/ml of MNPs

to coat different concentrations of wogonin so that we could
assess the cell inhibition effect of wogonin when combining
MNPs.

Apoptosis assay of wogonin and wogonin-coated
magnetic nanoparticle-Fe,0, for K562/A02 cells

After 48 h of treatment, cells were collected, washed, and
centrifuged. Subsequently, 500 ul of binding buffer and
5 wl of annexin V-fluorescein isothiocyanate solution were
added. The resulting mixture was kept in dark at room
temperature for 15 min. Analyses were conducted using a
FACS Vantage Flow Cytometer (Becton Dickinson, Franklin
Lakes, NJ, USA).

Cell cycle analysis of wogonin and wogonin-coated
magnetic nanoparticle-Fe,0, for K562/A02 cells

The K562/A02 cells were treated with the same drug
systems, collected, washed, and centrifuged; propidium
iodide and ribonuclease were added for 30 min. Cell cycle
analysis was performed using a CycleTEST plus DNA
reagent kit. Flow cytometry analysis was performed as
previously described.

Reverse transcriptase polymerase chain reaction assay
After the cells were incubated, the cells were lysed and 4 ug
of RNA was extracted with TRIzol. The total RNA was added
to reverse transcriptase buffer containing 25 mmol/L MgCl,,
10 mmol/L deoxyribonucleotide triphosphates, 50 pmol/ul
random 9 mers, 40 U/ul RNase inhibitor, and 5 U/ul avian
myeloblastosis virus reverse transcriptase to prepare a final
total volume of 25 ul. After 24 h of treatment, the total
RNA was isolated and used to synthesize cDNA. RT-PCR
was then performed to determine the expression levels of
p21, p27, and GAPDH (internal control). The designed
PCR primers are shown in Table 1. The PCR products were
arranged in terms of size by agarose gel electrophoresis.
Densitometry was conducted to quantify the different bands
by using Quantity One (BioRad). The ratio was calculated
and compared with that of the internal control gene, and the
results were plotted graphically.

Western blot analysis

Western blot analysis was conducted according to the
standard protocols.?% In brief, proteins extracted from each
group were size fractionated by sodium dodecyl sulfate

Table 1: The designed PCR primers of genes

Primers Sequences (5'-3’) Amplification
fragment (bp)
GAPDH Forward: AAGGTCGGAGTCAACGGATTT 352
Reverse: AGATGATGACCCTTTTGGCTC
p21 Forward: TTAGCAGCGGAACAAGGAGT 252
Reverse: AGAAACGGGAACCAGGACAC
p27 Forward: TTGCCCGAGTTCTACTACAGA 461

Reverse: CATTCCATGAAGTCAGCGATA
PCR: Polymerase chain reaction; GAPDH: Glyceraldehyde-3-phosphate
dehydrogenase.
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polyacrylamide gel electrophoresis and then transferred to
a polyvinylidene fluoride membrane. Primary monoclonal
antibodies, including p21, p27, or B-actin antibodies, were
detected using Western blot analysis, then horseradish
peroxidase-conjugated anti-rabbit secondary antibody
was detected. The protein band was observed by an
enhanced chemiluminescence detection system (Amersham
BioSciences UK Ltd., UK).

Statistical analysis

All experimental data were described as mean + standard
deviation (SD). Student’s #-test or one-way analysis of
variance (ANOVA) was used for evaluating differences.
All analyses were performed using SPSS software
version 19.0 (SPSS Inc., Chicago, IL, USA). A value
of P < 0.05 was considered statistically significant.

ResuLts

Characterization of magnetic nanoparticles

The size and morphological characteristics of the
nanoparticles were characterized by transmission electron
microscopy. Nanoparticles exhibited a nearly spherical
shape [Figure 1c]. In Figure 1d, the diameter of the
nanoparticles ranged from 5.3 nm to 25.4 nm, and the mean
size was 12.2 = 4.1 nm. The mean hydrodynamic diameter
of the nanoparticles was 30.2 + 7.5 nm, and the mean zeta
potential of the nanoparticles was —42.7 + 9.8 mV. These
results suggested that MNPs were stable in a colloidal

solution under the influence of a magnet. The magnetic
properties of the synthesized MNPs were investigated
using a vibrating sample magnetometer (VSM) at room
temperature [Figure le]. The magnetic saturation (Ms)
value of the MNPs was 56.4 emu/g. The MNPs also showed
a fast response to the applied magnetic field of 1000 Oe;
these results also indicated that these particles exhibited
excellent magnetic properties. Therefore, MNPs were an
effective tool to improve the solubility of wogonin because
wogonin did not precipitate in the colloidal suspension of
the Wog-MNPs-Fe. O, drug delivery system as previously
reviewed.

Cell viability and inhibition rate evaluated by MTT assay
The MTT assay revealed that the MNPs alone for 48 h did not
significantly influence the cell viability of K562/A02 cells.
The cell viability ranged from 98.76% to 101.43%, which
confirmed the low cytotoxicity and good biocompatibility
of MNPs [Figure 2a]. According to the inhibition rate of
K562/A02 cells treated with different concentrations of
wogonin or Wog-MNPs-Fe O, for 48 h [Table 2], the cell
viability of K562/A02 cells treated with wogonin and
Wog-MNPs-Fe,O, both changed in dose- and time-dependent
manner [35.53-97.28% for wogonin and 28.64—-68.36%
for Wog-MNPs-Fe,O,; Figure 2¢]. As shown in Table 2,
Wog-MNPs-Fe,O, could more effectively inhibit the
growth of K562/A02 cells than wogonin alone (P < 0.01).
The cytotoxicities of the wogonin and Wog-MNPs-Fe,O,
for HELF cells were found to be dose dependent. Low
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Figure 2: Viability of cells treated with different concentrations of wogonin or Wog-MNPs-Fe,0,. (a) Cell viability of leukemia K562/A02 cells treated
with different concentrations of MNPs for 48 h. (b) Cell viability of HELF cells treated with different concentrations of wogonin or Wog-MNPs-Fe,0,
for 48 h. (c) Cell viability of leukemia K562/A02 cells treated with different concentrations of wogonin or Wog-MNPs-Fe,0, for 48 h. *P < 0.05.
MNP: Magnetic nanoparticle; Wog-MNPs-Fe,0,: Wogonin-coated magnetic nanoparticle-Fe,0,; HELF: Human embryonic lung fibroblast.
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Figure 3: Apoptotic rates of K562/A02 cells with different treatments for 48 h. *P < 0.001. Group A: Nontreated K562/A02 cells as the blank group;
Group B: The K562/A02 cells treated with 35 ug/ml MNPs as the negative group; Group C: K562/A02 cells treated with 25 umol/L wogonin; Group
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Table 2: Inhibition rates of leukemia K562/A02 cells
treated with different concentrations of wogonin or

Wog-MNPs-Fe,0, for 48 h (%)

Group E: K562/A02 cells treated with 50 umol/L wogonin; Group F: K562/A02 cells

0,; MNPs: Magnetic nanoparticles.

39
and the apoptotic rates increased to 23.46% and 34.28%
after cultured with 25 and 50 umol/L of Wog-MNPs-Fe,O,
for 48 h, respectively; the differences between wogonin and

Wog-MNPs-Fe,O, groups at the same concentration were

Concentrations Wogonin group Wog-MNPs-Fe,0, ¢ P statistically significant (1= 401.13, P<0.001 for 25 umol/L
group and = 590.37, P < 0.001 for 50 umol/L). These findings

25 umol/L 2.72£1.93 3L.64£1.02 2294 <0.001 suggested that MNPs could strengthen the effect of wogonin

50 wmol/L 14.26 +1.84 39.57+1.79 17.07 <0.001 on cell apoptosis'

100 wmol/L 35.14+0.99 53.71 +1.84 15.39 <0.001 .

150 pmol/L 57835179 41100 957 <0001 Cell cycle arrest evaluated by flow cytometry analysis

200 umol/L 64.47 + 0.99 7136+ 1.63 625  0.003 The effects of wogonin and wogonin-MNPs on the cell cycle

The data are shown as mean + SD. Wog-MNPs-Fe,0,: Wogonin-coated
magnetic nanoparticle-Fe,O,; SD: Standard deviation.

cytotoxicity was observed with survival rate >95.16%.
Compared with the cytotoxicity on K562/A02 cells, the
wogonin and Wog-MNPs-Fe O, had little effect on HELF
cells [Figure 2b].

Apoptosis assay by flow cytometry analysis

We conducted flow cytometry analysis to determine the
apoptotic rate of K562/A02 cells [Figure 3]. After 48 h
of culture, the total apoptotic rate was 2.81% in the blank
group. The apoptotic rate of the K562/A02 cells treated
with wogonin and Wog-MNPs-Fe, O, increased in a
concentration-dependent manner. The apoptotic rates of the
K562/A02 cells increased to 8.71% and 13.62% after cultured
with 25 and 50 umol/L of wogonin for 48 h, respectively,

progression of the K562/A02 cells were evaluated by flow
cytometry analysis since cell proliferation is regulated by the
cell cycle. After the K562/A02 cells were cultured for 48 h, the
ratios of GO/G1- and S-phase cells were approximately 43.90%
and 45.21% in the blank group, respectively. In the negative
group, MNPs slightly affected the K562/A02 cell cycle, with
43.12% of G0/G1-phase cells and 42.91% of S-phase cells.
Compared with the blank and negative groups, the ratios of GO/
G1-phase cells in the wogonin and Wog-MNPs-Fe,O, groups
increased dose dependently. Compared with those of the 25 and
50 umol/L wogonin groups (49.71% and 62.28%), the K562/
AO02 cells arrested in GO/G1-phase were improved to 55.29%
and 67.06% when combining MNPs. These results suggested
that the ratios of GO/G1-phase cells in the Wog-MNPs-Fe.O,
groups were significantly higher than those in the wogonin
groups at the same concentration [ = 31.34, P <0.001 for 25
wmol/L; = 82.58, P<0.001 for 50 umol/L; Figure 4].
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Expression of p27 and p27 evaluated by RT-PCR
analysis

The results of RT-PCR for mRNA expression levels of p21/
and p27 genes are shown in Figure 5a and 5b. No significant
differences in mRNA expression levels of p27 and p27 genes
were found between the blank and negative groups (= 0.45,
P=0.340for p271 and t=0.32, P=0.740 for p27); compared
with 50 umol/L wogonin group, 50 umol/L Wog-MNP-Fe.O,
group significantly upregulated the mRNA expression levels
of p21 and p27 genes in the K562/A02 cells (1 = 1352.26,
P <0.001 for p27 and t = 819.17, P < 0.001 for p27).

Expression levels of cell cycle regulatory proteins in
K562/A02 cells

After treated with MNPs, wogonin, or Wog-MNPs-Fe,O,
for 48 h, the expression levels of the cell cycle regulatory
proteins in the K562/A02 cells were detected by Western blot
analysis to confirm the results of RT-PCR. As shown in the
Western blot analysis, the expression levels of p21 and p27
proteins in the blank group were not significantly different
from those of the negative group. An obvious upregulation
of'both p21 and p27 proteins was observed in the 50 umol/L
Wog-MNPs-Fe O, group when compared with the 50 umol/L
wogonin group [Figure 5c].

Discussion

Chemotherapy plays an important role in the treatment of
leukemia. Unfortunately, more and more intractable problems
including chemotherapy resistance and high toxicity to
normal cells associated with large chemotherapy-induced
adverse effects have emerged.?!?3! Studies have also
demonstrated that reduced drug uptake, increased proportions
of multidrug resistance cells, and decreased intracellular drug
proportion in leukemia cells may account for chemotherapy
resistance.?!! As such, new sources of antileukemia drugs
and new chemotherapeutic adjuvants should be developed
to enhance the therapeutic efficacy and attenuate the adverse
reactions of chemotherapy.?*! TCMs have been rarely
investigated, and a few TCMs have satisfied chemotherapeutic
requirements with effective antitumor efficacy and negligible
toxicity.?*2l Wogonin, a representative TCM with negligible
toxicity to normal cells,!?! inhibits the proliferation of human
cancer cells; however, the underlying molecular mechanisms
remain unclear. Studies have mostly identified the association
of wogonin with cell cycle arrest and apoptosis,''” inhibition
of tumor angiogenesis,?”! inhibition of tumor cell metastasis
by targeting inflammatory microenvironments,” and
antitumor immunity effect.l!'?] In this study, a novel
antileukemia agent containing a nanoparticle and an extract
from wogonin was designed and synthesized. Our study
indicated that wogonin could dose- and time-dependently
inhibit the growth of K562/A02 cells. The low solubility
of wogonin in water was consistent with that described in a
previous study,!% but this parameter limited its application
in further treatments of tumors.

To solve these problems, some drug carriers are taken
into consideration. It has been demonstrated that

cadmium-telluride quantum dots (CdTe QDs) loaded
with wogonin could induce the apoptosis of leukemia
K562/A02 cells.” However, CdTe QDs displays inherent
risk, suggesting the need for short- and long-term toxicity
assessment of CdTe QDs." Meanwhile, MNPs-Fe,O, have
been extensively investigated by virtue of their magnetic
property, nontoxicity, and biocompatibility. MNPs-Fe O,
have been successfully loaded with doxorubicin,['>3!
wogonin,'%3? and gambogic acid.l'**! All demonstrated
that MNPs-Fe O, could increase the intracellular drug
accumulation for cancer cells, thus improving the anticancer
effects of the drug. In addition, MNPs-Fe,O, can be applicable
for cancer thermotherapy.®* Therefore, MNPs-Fe,O, loaded
with drugs could comprehensively improve the therapeutic
efficacy for cancer. Accordingly, wogonin combined with
MNP-Fe,O, were used in this work.

In our study, the mean hydrodynamic diameter of the MNPs
was 30.2 + 7.5 nm; nanoparticles larger than 100 nm were
quickly eliminated through the reticuloendothelial system,
whereas those smaller than 10 nm were readily cleared by
glomerular filtration;** therefore, the size of our MNPs
was suitable for biomedical applications. MNPs were not
observed to settle down under the influence of magnet and
thus confirmed the stability of colloidal solutions, which
could improve the solubility of wogonin in water. The
Ms values of the MNPs were 56.4 emu/g. The magnetic
properties of the MNPs were evaluated by VSM; the results
revealed the excellent magnetic properties of the MNPs.
MNPs did not affect the cell viability of K562/A02 leukemia
cells but could dose dependently amplify the anticancer
efficacy of wogonin, including induced cell cycle arrest
and apoptosis.

We proposed a model to analyze the possible mechanisms
of wogonin-MNPs in leukemia K562/A02 cells [Figure 6].
Cell cycle is an important process in cell life activities,
including cell growth and division into two daughter cells;
this process is promoted and regulated by a series of activated
specific protein complexes. Cell cycle is divided into four
sequential phases: G1, S, G2, and M. Tumor cells are mainly
characterized by the disruption of cell cycle regulation; as
a result, cell proliferation is dysregulated. Thus, cell cycle
analysis is necessary to investigate tumor cell proliferation
and inhibition. Cell cycle progression is monitored and
regulated by the G1/S and G2/M checkpoints. After the
cells were treated with wogonin and Wog-MNP-Fe O,, the
K562/A02 leukemia cells were arrested in GO/G1-phase,
and this finding was similar to that described in a previous
study on lymphoma cells.!"” The shift of cell distribution into
GO0/G1-phase was significantly enlarged by Wog-MNP-Fe.O,
compared with single wogonin. Several protein complexes
have been described to regulate the specific phases of the
cell cycle, such as cyclins, cyclin-dependent kinases (CDK),
and CDK inhibitors (CKIs). Furthermore, p21 and p27 are
important cell cycle regulators belonging to CKI and related
to the negative regulation of the cell cycle. p21 and p27
could block G1- to S-phase progression in the cell cycle by
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wogonin; Group D: K562/A02 cells treated with 25 umol/L Wog-MNPs-Fe,0,; Group E: K562/A02 cells treated with 50 umol/L wogonin; Group F:
K562/A02 cells treated with 50 umol/L Wog-MNPs-Fe,0,; Wog-MNPs-Fe,0,: Wogonin-coated magnetic nanoparticle-Fe,0,; MNPs: Magnetic
nanoparticles.
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Figure 5: The mRNA and protein expression levels of p21 and p27 in K562/A02 cells using RT-PCR and Western blot analysis. (a and b) The
mRNA expression of p21, p27 genes, and GAPDH after different treatments for 48 h. (c) Protein expression of p21, p27, and 3-actin after different
treatments for 48 h. Lane 1: Nontreated K562/A02 cells as the blank group; Lane 2: K562/A02 cells treated with 35 wg/ml MNPs as the negative
group; Lane 3: K562/A02 cells treated with 50 umol/L wogonin; Lane 4: K562/A02 cells treated with 50 umol/L Wog-MNPs-Fe,0,. *P < 0.001.
MNP: Magnetic nanoparticle; Wog-MNPs-Fe,0,: Wogonin-coated magnetic nanoparticle-Fe,0,.
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Figure 6: Proposed model of Wog-MNPs-Fe,0, on K562/A02 cells. Wog-MNPs-Fe,0,: Wogonin-coated magnetic nanoparticle-Fe,0,.

preventing or limiting cyclin-CDKs from phosphorylating
their normal substrates. When complexed with their
respective cyclin-binding partner, p21 and p27 could also
block the kinase activity of CDKs. The loss of the expression
or function of p21 and p27 has been identified in the
progression of many human malignancies.* Wogonin can
enhance the expression of p21 and p27 in lymphoma cells;
thus, the cell cycle is blocked and the effect was significantly
enlarged by MNP-wogonin.!'™ Our study obtained the same
conclusion, as indicated by RT-PCR analyses and confirmed
by Western blot analyses.

Apoptosis is the programed cell death regulated by correlated
genes; this process is an important component in the
development of multicellular organisms. The dysregulation
of apoptosis is related to cancer development when the
balance between cell growth and cell death is disrupted.
The inhibition of cell death can cause tumors; therefore,
apoptosis activation can inhibit tumor growth. In this study,
apoptosis activation can be an effective strategy to treat
cancer. Our study revealed that the apoptotic rates of the
K562/A02 cells treated with wogonin and Wog-MNP-Fe,O,
were higher than those in the blank and negative groups.
The apoptotic rate of the K562/A02 cells treated with
Wog-MNP-Fe, O, increased significantly compared with that
of K562/A02 cells treated with wogonin alone. This result
indicated that MNPs can enhance the effect of wogonin on
the apoptotic rate of K562/A02 cells. Apoptosis is a two-way
regulatory process when apoptosis-stimulating genes
and apoptosis-inhibitory genes are activated orderly. The
activation of apoptosis-stimulating genes and the suppression
of apoptosis-inhibitory genes activate apoptosis; as a result,
cancer growth is inhibited. The p53-dependent transcriptional
induction of PUMA and the oligomerization of Bax are
implicated in the wogonin-induced apoptosis of prostate
cancer cells.["” Further studies should be investigated to
elucidate the mechanism of the wogonin-induced apoptosis
of leukemia cells.

In conclusion, this study demonstrated that MNPs were
the effective drug delivery vehicles to deliver wogonin to
the leukemia cells. Through increasing cells arrested at

G0/G1-phase and inducing apoptosis of K562/A02 cells,
MNPs could enhance the therapeutic effects of wogonin on
leukemia cells. These findings indicated that MNPs loaded
with wogonin provided a promising way for better leukemia
treatment.
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