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Honokiol, a plant lignan has been shown to have antineoplastic effects against nonmelanoma skin cancer developments in mice.
In this study, antineoplastic effects of honokiol were investigated in malignant melanoma models. In vitro effects of honokiol
treatment on SKMEL-2 and UACC-62 melanoma cells were evaluated by measuring the cell viability, proliferation, apoptosis, cell
cycle analysis, and expressions of various proteins associated with cell cycle progression and apoptosis. For the in vivo study, male
nudemice inoculated with SKMEL-2 or UACC-62 cells received injections of sesame oil or honokiol for two to sevenweeks. In vitro
honokiol treatment caused significant decrease in cell viability, proliferation, cell cycle arrest, increased apoptosis, and modulation
of apoptotic and cell cycle regulatory proteins. Honokiol caused an accumulation of cells in the G2/M phase of the cell cycle in
SKMEL-2 and G0/G1 phase in UACC-62 cells. An elevated level of caspases and PARP were observed in both cell lines treated
with honokiol. A decrease in the expression of various cell cycle regulatory proteins was also observed in honokiol treated cells.
Honokiol caused a significant reduction of tumor growth in SKMEL-2 and UACC-62melanoma xenografts.These findings suggest
that honokiol is a good candidate for further studies as a possible treatment for malignant melanoma.

1. Introduction

According to the American Cancer Society, melanoma will
cause 76,380 new cases and 10,130 deaths in 2016 (Cancer
Facts & Figures 2016. Atlanta: American Cancer Society).
Recently, much attention has been given to phytochemicals.
They are being investigated for the prevention and treat-
ment of cancer. One of those phytochemicals is honokiol
(C
18
H
18
O
2
, MW 266.33), which is a naturally occurring

biphenol isolated from the bark and seed cones of Magnolia
officinalis [1, 2]. Studies have demonstrated multiple pharma-
cological properties of honokiol such as antioxidant [3], anti-
inflammatory [4], and central nervous system depressant
effects [5, 6].

Recent in vitro and in vivo studies demonstratedmultiple
anticancer activities of honokiol through its effect on a variety
of biological pathways. Previous studies from our laboratory

as well as others have showed chemopreventive effects of
honokiol on UVB-induced skin cancer development in mice
[7, 8]. In an earlier report, honokiol delayed the formation of
papillomas in a chemically induced skin cancer protocol in
mice [9]. Honokiol has anticancer effects against melanoma
[10], pancreatic cancer [11], breast cancer [12], head and neck
squamous cell carcinoma [13], prostate cancer, colon cancer,
multiple myeloma [14–16], and squamous cell skin cancer
[17]. Honokiol also potentiated apoptosis and inhibited
tumor invasion through modulation of nuclear factor kappa
B (NF-𝜅B) [18], inhibited angiogenesis and tumor growth [2],
and inhibited tissue necrotic factor expression [18, 19].

The effects and mechanisms of action of honokiol on
melanoma have not been fully explored and there are no
in vivo studies on melanoma yet. In order to investigate
the effects of honokiol on melanoma, in vitro effects of
honokiol on cell viability, cell proliferation, and apoptosis
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were investigated using SKMEL-2 and UACC-62 melanoma
cell lines. Animal studies were also performed by inducing
xenograft tumors in nude mice and treating the animals with
honokiol or vehicle. The results from these studies indicated
that honokiol can be a new antineoplastic agent against
melanoma.

2. Materials and Methods

Honokiol (98% purity) was purchased from Nacalai Tesque
(Kyoto, Japan). Thiazolyl blue tetrazolium bromide (MTT)
and other chemicals of analytical grade were purchased from
Sigma Chemical Co. (St. Louis, MO). Leupeptin, pepstatin,
and cell proliferation ELISA kit were purchased from Roche
Diagnostics GmbH (Mannheim, Germany). Primary anti-
bodies for procaspase 3, caspase 8, caspase 9, CDK6, p53, and
cleaved PARP were purchased from Cell Signaling Technol-
ogy (Beverly, MA). Primary antibodies for cyclin D1, cyclin
D2, cyclin E, CDK-2, CDK-4, cyclin A, Cdc2p34, PCNA,
caspase 3, anti-mouse IgG horseradish peroxidase-linked
and anti-rabbit IgG horseradish peroxidase-linked secondary
antibodies, and nitrocellulose membranes were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA). Anti-
Kip1/p27 antibody was purchased from BD-Pharmingen
(San Diego, CA), cyclin B1 and anti-Cip1/p21 antibody from
Upstate Biotechnology (Lake Placid, NY).

2.1. Animals. Five- to six-week-old male nude mice NU/NU
(NU-FOXN1(NU)) were purchased from Charles River
Laboratories (Wilmington, MA, USA). Mice were housed
in a climate-controlled, pathogen-free environment in the
South Dakota State University’s Animal Facility Building
(ARW), with 12-hour light and dark cycle. They were fed
an autoclaved rodent diet and water ad libitum. Nude mice’s
treatment preparations were sterilized by filtration with
0.22𝜇mpolyethersulfone (PES) filters fromMillipore Corpo-
ration (Billerica, MA). Approval from Animal Care and Use
Committee (IACUC) of South Dakota State University was
obtained for all experimental protocols.

2.2. Melanoma Xenograft Experiments. Eighty athymic male
nude mice were subcutaneously injected in the right flank
with 5 × 106 SKMEL-2 or UACC-62 cells and randomized
into control and treatment having twentymice in each group.
Treatment groups received 50mg/kg honokiol dissolved in
sesame oil intraperitoneally (ip). Control group received
equal volume of sesame oil (Loriva (R) Extra Virgin Sesame
Cold Pressed Oil, Mexico), ip. The animals were treated in
mornings three times per week for 2–7 weeks. This honokiol
dose has been reported by other groups as attainable and
nontoxic [2, 13, 16].

Over the course of the experiments, tumor volume and
the mice weights were recorded every three days. External
signs of toxicity were closely monitored. Vernier caliper was
used to determine the length, width, and height of the tumor
mass. Tumor volumes were determined by using the formula

𝑉 =
1

2
∗
4𝜋

3
∗
𝐿1

2
∗
𝐿2

2
∗ ℎ, (1)

where 𝐿1 is the shorter diameter, 𝐿2 is the longer diameter,
and ℎ is the height [20, 21].

Animals were withdrawn from the study and euthanized
when the tumors became disabling or the animal had signs of
pain and discomfort.

2.3. Cell Lines and Culture Conditions. SKMEL-2 cells were
obtained from the National Cancer Institute; UACC-62 cells
were purchased from American Type Culture Collection
(ATCC,Manassas, VA). Both cell lineswere cultured inRPMI
supplemented with 10% heat-inactivated fetal bovine serum,
100 unit/mL of penicillin, and 100 𝜇g/mL of streptomycin in
a humidified atmosphere containing 5% CO

2
at 37∘C.

2.4. Honokiol. Honokiol was dissolved in DMSO to make
a 50mM stock solution and was diluted again in RPMI
medium at different concentrations and then used immedi-
ately. The final concentration of DMSO in RPMI was 0.4% in
all in vitro assays.

2.5. Cell Viability Assay. MTT assay as routinely used in
our laboratory [17] was employed to determine cell viability.
SKMEL-2 or UACC-62 cells were plated at 10,000 cells per
well into 96-well plates. Cells were treatedwith controlmedia,
10 𝜇M, 25𝜇M, 50 𝜇M, 75 𝜇M, or 100 𝜇M of honokiol and
incubated for 12, 24, 48, or 72 hours to observe the effects on
cell viability. Each experiment was repeated four times.

2.6. Cell Proliferation Assay. The bromodeoxyuridine incor-
poration (BrdU) assay was performed [17] to determine cell
proliferation by using the ELISA kit (Roche Diagnostics,
GmbH, Manheim, Germany). SKMEL-2 or UACC-62 cells
were plated at 10,000 cells per well in 96-well plates. After
24 hours, the cells were treated with control media, 10𝜇M,
25 𝜇M, 50 𝜇M, 75𝜇M,or 100 𝜇Mof honokiol for 12, 24, and 48
hours. The absorbance was measured at 450 nm and 650 nm
in a Spectra Max M2 microplate reader (Molecular Devices,
Sunnyvale, CA, USA). Each experiment was repeated three
times.

2.7. TUNEL: DNA Fragmentation Apoptosis Assay. TheDNA
fragmentation in SKMEL-2 and UACC-62 cells was quan-
tified using an Apo-BrdU TUNEL assay kit (Molecular
Probes, Eugene, OR, USA) per themanufacturer’s protocol as
reported earlier [17]. Cells were treated with control media,
50 𝜇M, 75 𝜇M, and 100 𝜇M of honokiol for 12, 24, 48, or 72
hours and harvested and fixed shortly after the completion
of treatment. DNA nicks in fixed cells were labeled with
BrdU; then samples were incubated with Alexa Fluor 488-
labeled anti-BrdU antibody. The cells were analyzed using
flow cytometry. Both positive and negative controls were run
with each assay. The experiment was repeated four times.

2.8. Immunoblot. Western blottingwas used to determine the
levels of protein expression in SKMEL-2 and UACC-62 cells
treated with varying concentrations of honokiol. SKMEL-2
or UACC-62 cells (1.5 × 106) were plated in 100mm culture
dishes. The cells were treated with honokiol 0𝜇M, 25𝜇M,
50 𝜇M, 75𝜇M, or 100 𝜇M for 12 and 24 hours. After each
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Figure 1:Honokiol decreased cell viability in SKMEL-2 (a) andUACC-62 (b) cells as evaluated byMTTassay. Cells were treatedwith honokiol
0–100 𝜇M for 12, 24, 48, and 72 hours. At the end of respective treatments, MTT assay was performed in each cell line. ∗𝑃 < 0.05 indicates
statistically significant decrease in honokiol treated groups as compared with the control.𝑁 = 4.

treatment, cells were lysed and protein concentrations were
determined using BCA protein assay kit (Pierce, Rockford,
FL, USA). Equal amounts of proteins were denatured and
separated using sodium dodecyl sulfate-polyacrylamide gel
electrophoresis and transferred onto nitrocellulose mem-
branes. The membranes were blocked in 5% nonfat milk and
incubated with the appropriate primary antibodies followed
by secondary antibody. The proteins were detected using
the ECL Plus Detection System (Amersham Biosciences,
Piscataway, NJ). The band densities were quantified using
the UVP Biochem Gel Documentation System (UVP Inc.,
Upland, CA, USA). Consistent protein loading was ensured
by probing each membrane for 𝛽-actin. The Western blots
were repeated 3–5 times. A representative blot is reported.

2.9. Cell Cycle DNA Analysis. Subconfluent SKMEL-2 or
UACC-62 cells were treated with control media or honokiol
25 𝜇M, 50𝜇M, 75𝜇M, and 100𝜇M for 12, 24, and 48 hours.
Following treatment, the cells were fixed and then treated
with RNase A. After this, propidium iodide was added. The
samples were analyzed using BD FACScan� flow cytometer
andCell Quest Software (BDBiosciences, San Joes, CA,USA)
[17]. The experiment was repeated four times.

2.10. Statistical Analysis. ANOVA followed by Tukey posttest
was applied to compare the statistical difference between the
honokiol treatment group and control group in the in vitro
experiments. For the in vivo experiments Mann–Whitney
U test was used. Significance in all the experiment was
considered to be 𝑃 < 0.05. Values were expressed as the
mean ± the standard error of the mean. Xenograft and in
vitro experiments’ datawere analyzed using INSTAT software
Graph Pad (San Diego, CA).

3. Results

3.1. Honokiol Treatment Decreased Cell Viability in SKMEL-2
andUACC-62 Cells. Both SKMEL-2 andUACC-62 cells were
treated with DMSO or varying concentrations (0–100𝜇M)
of honokiol for 12, 24, 48, and 72 h and cell viability was
determined by MTT assay. Effect of honokiol on SKMEL-2
and UACC-62 cells viability is presented in Figures 1(a) and
1(b), respectively. Honokiol treatment resulted in a decrease
in cell viability in both SKMEL-2 and UACC-62 cells. Sig-
nificant reduction in cell viability was observed at 50 𝜇M
concentration and above in both cell lines. In SK-MEL-2
cells 24 h treatment with 50–100𝜇M of honokiol showed
significant decrease of 57%–98% in cell viability compared
to the control. In UACC-62 cells, 24-hour treatment with
75−100𝜇Mhonokiol showed significant decrease (∗𝑃 < 0.05)
in cell viability of 74.2% and 89.9%, respectively.

3.2. Honokiol Treatment Decreased Cell Proliferation in
SKMEL-2 and UACC-62 Cells. BrdU cell proliferation ELISA
was conducted to determine the cell proliferation rate after
treatment with 0–100𝜇M/L of honokiol for 12, 24, and 48 hrs.
The results of the BrdU assay for cell proliferation of SK-
MEL-2 and UACC-62 cells are shown in Figures 2(a) and
2(b), respectively. After 12 hours, 50, 75, and 100 𝜇M concen-
trations of honokiol significantly decreased SK-MEL-2 cell
proliferation by 25%, 82%, and 93% (∗𝑃 < 0.05), respectively.
Honokiol treatments of 75 𝜇Mand 100 𝜇M resulted in almost
complete inhibition of cell proliferation after 24 h treatment.
In UACC-62 cells, honokiol at 50–100 𝜇M for 12 hours
reduced cell proliferation by 47.0% to 87.3% (∗𝑃 < 0.05).
After 48-hour treatment, 25–100𝜇M honokiol resulted in an
inhibition of cell proliferation by 54.2% to 93.2% (∗𝑃 < 0.05)
as compared to the control.
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Figure 2: Effects of honokiol on cell proliferation in SKMEL-2 (a) and UACC-62 (b) cells. Cells were treated with 0–100𝜇M honokiol for
12, 24, and 48 hours. After the respective treatments, BrdU assay was performed as discussed in Section 2. ∗𝑃 < 0.05 indicates statistically
significant decrease in honokiol treated groups as compared with the control.𝑁 = 3.

3.3. Honokiol Induces Apoptotic Death in SKMEL-2 and
UACC-62 Melanoma Cells. TUNEL assay was performed to
investigate the effects of honokiol on DNA fragmentation,
which is a hallmark of the end stages of apoptosis. SK-MEL-2
and UACC-62 cells were treated with 0−100𝜇M of honokiol
for 24–72 hours. In SK-MEL-2 cells, 48 h treatment with 50,
75, and 100 𝜇M of honokiol induced 10, 40, and 75% DNA
fragmentation, respectively (Figure 3(a)). In UACC-62 cells,
48 h treatment with 75 and 100 𝜇M honokiol induced 17.5%
and 37.7% DNA fragmentation, respectively. Treatment for
72 hours with 75 and 100 𝜇M honokiol increased the DNA
fragmented cells to 37.9% and 52.7%, respectively (∗𝑃 < 0.05)
(Figure 3(b)).

3.4. Honokiol Induces G0/G1 Phase Cell Cycle Arrest in UACC-
62 and G2/M Phase Cell Cycle Arrest in SKMEL-2 Cells. We
analyzed the effects of honokiol treatment on cell cycle phase
distribution in SKMEL-2 and UACC-62 cells. Both cells were
plated at 0.4× 106 cells/well in six-well plates andwere treated
with 25𝜇M–100 𝜇Mof honokiol ormedia for 12–48 hours. As
shown in Figure 4(a), 75𝜇Mhonokiol treatment for 24 hours
in SK-MEL-2 cells showed a significant accumulation of cells
in the G2/M phase (54%) as compared to the control (42%).
After 24 h, UACC-62 cells treated with 50 𝜇M honokiol
showed a significant difference (𝑃 < 0.05) in the amount of
cells in G0/G1 phase (92.6%) as compared with the control
(73.9%) (Figure 4(b)). RepresentativeDNAhistograms of SK-
MEL-2 and UACC-62 cells are shown in Figure 4.

3.5. Honokiol Modulates Proteins Involved in Apoptosis and
Cell Cycle Control. Cells were treated with 25–75𝜇M hon-
okiol for 12 to 24 hrs and analyzed for the expression of
proteins involved in apoptosis and cell cycle regulation.

Honokiol modulated various proteins in SKMEL-2 cell line
in a concentration and time dependent fashion. Effect of
honokiol on various protein expressions in SKMEL-2 cells is
shown in Figures 5(a) and 5(b). It increased the activation
of proapoptotic proteins, cleaved caspases 3, 6, 8, 9, and
cleaved PARP while it decreased procaspases 3 and 9 levels
(Figure 5(a)). In the same cell line, honokiol decreased the
expression of cell cycle regulatory proteins CDK2, CDK4,
cyclin D1, cyclin D2, cyclin B1, and PCNA (Figure 5(b)).
The level of CDK inhibitor p21 was increased with honokiol
treatment, while p27, CDK6, cyclin A, and Cdc2p34 did not
change at any of the concentrations and times evaluated
(Figure 5(b)).

Honokiol’s effects in the UACC-62 cells included increas-
ing caspases 3, 8, and 9 and cleaved PARP, while decreasing
procaspases 3, 8, and 9 andPARP (Figure 5(c)). Honokiol also
decreased the expression of cell cycle proteins CDK2, CDK4,
cyclin D1, cyclin D2, cyclin E, cyclin B1, Cdc2p34, p21, and
p27 (Figure 5(d)). Honokiol caused an increase in p53 levels
while PCNA proteins expressions did not change with the
honokiol treatments (Figure 5(d)).

3.6. Honokiol Significantly Decreased Tumor Growth in
SKMEL-2 and UACC-62 Cells Xenografts in Nude Mice.
Honokiol treatment did not affect animals’ weights, tumor
cells characteristics, or architecture (data not shown). At the
end of the experiment the honokiol treated animals had
smaller tumors overall than the control animals. In SKMEL-
2 cells inoculated animals, a significant reduction (𝑃 <
0.05) of approximately 40% in tumor volume was observed
(Figure 6(a)). Since tumor in UACC-62 cells inoculated
animals was very aggressive, thus animals were sacrificed
only 15 days after inoculation. A significant reduction of



BioMed Research International 5
C

ou
nt

s

200

160

120

80

40

0

100 101 102 103 104

M1

FL1-H
Control media 48h Honokiol 75𝜇M 48h Honokiol 100𝜇M 48h

C
ou

nt
s

200

160

120

80

40

0

100 101 102 103 104

M1

FL1-H

C
ou

nt
s

200

160

120

80

40

0

100 101 102 103 104

M1

FL1-H

0
10
20
30
40
50
60
70
80
90

100

0 25 50 75 100
%

 o
f c

el
ls 

w
ith

 fr
ag

m
en

te
d 

D
N

A

Honokiol (𝜇M)

Time
24H
48H

∗

∗

∗

(a)

Control media 72h Honokiol 75𝜇M 72h Honokiol 100𝜇M 72h

C
ou

nt
s

200

160

120

80

40

0

100 101 102 103 104

M1

FL1-H

C
ou

nt
s

200

160

120

80

40

0

100 101 102 103 104

M1

FL1-H

C
ou

nt
s

200

160

120

80

40

0

100 101 102 103 104

M1

FL1-H

0

10

20

30

40

50

60

70

0 50 75 100

%
 o

f c
el

ls 
w

ith
 D

N
A

 fr
ag

m
en

ta
tio

n

Honokiol (𝜇M)

Time

72H
48H

∗

∗ ∗

∗

(b)

Figure 3: Effects of honokiol on DNA fragmentation by TUNEL assay and flow cytometry in SKMEL-2 (a) and UACC-62 (b) cells. Cells
were treated with 0–100𝜇M honokiol for 24, 48, or 72 hours. After the respective treatments, TUNEL assay was performed by using APO-
BrdU TUNEL assay kit. The extent of DNA fragmentation was quantified by computational analysis of cells staining positive for BrdU using
CellQuest software. The bars indicates the percentages of apoptotic cells with fragmented DNA. ∗𝑃 < 0.05 indicates statistical significance in
honokiol treated groups as compared to the control cells.𝑁 = 4.
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Figure 4: Effects of honokiol on the distribution of cells in different phases of the cell cycle. Cells were treated with 0–75 𝜇Mhonokiol for 12,
24, and 48 hours and stained with propidium iodide. Distribution of cells in different phases of cell cycle were analyzed by flow cytometer.
The percentage of cells in each cell cycle phases after 24 h treatment in SKMEL-2 and UACC-62 cells is shown in (a) and (b), respectively.
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Figure 5: Effects of honokiol on proteins associated with apoptosis and cell cycle in SKMEL-2 (a, b) and UACC-62 (c, d) cells. Cells were
treated with 0–75 𝜇M honokiol for 12 and 24 hours. Following treatment, total cell lysates were prepared and equal amounts of proteins were
separated by SDS-PAGE and subjected to western immunoblotting. Honokiol induces apoptosis in both cells as observed by the activation of
different caspases and PARP cleavage. 𝛽-Actin was used to verify equal loading of the samples.

approximately 50% in tumor volume was observed with the
honokiol treatment (𝑃 < 0.05) at the end of experiment
(Figure 6(b)).

4. Discussion

The growth inhibitory effects of honokiol alone or in com-
bination with other agents on melanoma cells have been
previously reported [2, 10, 12]. Our studies provided evidence
that honokiol is effective in suppressing the growth of

melanoma cells in vitro and in vivo. Honokiol reduced the
cell viability and proliferation ofmelanoma cell lines SKMEL-
2 and UACC-62 in a concentration and time dependent
fashion. Honokiol caused G2/M cell cycle arrest in SKMEL-
2 and G0/G1 cell cycle arrest in UACC-62 cells. Honokiol
induced DNA fragmentation and apoptosis in both cell lines.

In order to investigate the possible mechanisms of action
of honokiol in melanoma cell lines, the key proteins involved
in apoptosis and cell cycle regulation were evaluated byWest-
ern blots. Induction of apoptosis may involve the activation
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Figure 6: Effects of honokiol on xenograftmodel tumor volume. Xenograft protocol was performed as discussed in Section 2. Tumor volume
was smaller in the honokiol treated animals as compared to the control group in SKMEL-2 (a) and UACC-62 (b) group (∗𝑃 < 0.05).𝑁 = 20.

of caspases. Western blot analysis indicated that honokiol
increased the activation of proapoptotic proteins and PARP
cleavage, which are hallmarks of apoptosis in SKMEL-2 and
UACC-62 cell lines. This study suggests the involvement of
both extrinsic and intrinsic pathways of apoptosis in SKMEL-
2 and UACC-62 cell lines as observed by the activation of
caspase 8 and caspase 9 in honokiol treated cells [22]. In
addition, we found the activation of the executioner caspases
3 and 6 in SKMEL-2 and caspase 3 in UACC-62 cells.

Proteins involved in the regulation of the cell cycle were
alsomodulated by honokiol.The cell cycle arrest in SK-MEL-
2 cells was also associated with a decrease in cyclin D1, cyclin
D2, CDK2, andCDK4. However, the expressions of Cdc2p34,
CDK6, and cyclin A seemed not to change at any of the
concentrations and times evaluated. Also, the CDK inhibitor
p21 was upregulated with honokiol treatment, while p27 did
not show significant difference. Activation of cyclin-CDK
complexes plays a central role in cell cycle progression and
arrest processes [22, 23]. Cyclin B/Cdc2 complex regulates the
G2/M transition.

It has been reported that SKMEL-2 cell line barely
express p21 [24, 25]. Studies also reported that p21 inhibit
cell cycle progression by inhibiting cyclin/CDK complexes
and by inhibiting proliferating cell nuclear antigen (PCNA)
function. Binding of p21 to PCNA in p53 deficient cells causes
G2/Mcell cycle arrest [26].Given the increase in p21, decrease
in PCNA, and accumulation of cells in the G2/M cell cycle
phase in the SKMEL-2 cells treated with honokiol, the G2/M
cell cycle arrest may have occurred due to the binding of
p21 to PCNA. This hypothesis may need to be confirmed
by immunoprecipitation to show the increased interaction
between p21 and PCNA. Other studies also demonstrated
the effects of p21 during G2/M phase [27] and correlation

between p21 protein expression and progression of primary
melanomas [28–30]. The transition from the G2 into the M
phase requires activation of cyclin dependent kinase (CDK)
by increased accumulation of the regulatory subunit of cyclin
B1 to a threshold level [31]. Honokiol strongly decreased the
expression of cyclin B1 in SKMEL-2 cells, explaining in part
the cell cycle arrest in G2/M phase.

G0/G1 cell cycle arrest was observed with honokiol treat-
ment in UACC-62 cells. Hence, cell lysates were analyzed for
the proteins CDK2, CDK4, cyclin D1, cyclin D2, and cyclin
E which are involved in G0/G1 phase [32–36]. Honokiol
downregulated all these proteins in UACC-62 cells. In cell
cycle, the cyclin D/Cdk4 and Cdk6 drives the cells through
the early G1 phase, while cyclin E/cdk2 is a key factor in
the later G1 phase and promotes transition into S phase. The
modulating effect of honokiol on CDK2, CDK4, and cyclins
D1, D2, and E may explain the UACC-62 cell cycle arrest at
G0/G1 phase.

UACC-62 cell line has a wild type p53 protein and
mutations in the p14ARF and p16 genes. Honokiol treatment
caused a modest increase in the expression of p53 in UACC-
62 cell line. Kichina et al. [37] have reported that overex-
pression of wild type 53 is capable of growth inhibition in
melanoma cell lines. Thus, increase in wild type p53 protein
expression observed with the honokiol treatment may be of
importance in the growth inhibition observed in UACC-62
cells.

In order to study honokiol effects in in vivo systems,
xenograft tumors from the melanoma cells were established
in male nude mice. The tumors from UACC-62 cells were
more aggressive than those of SKMEL-2 cells, although the
same number of cells was injected. The difference in the
aggressiveness of the tumors was seen from an extensive
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degree of necrosis present in the UACC-62 tumors compared
to occasional multicellular necrosis in the SKMEL-2 cells
tumors. This can be explained by the fact that SKMEL-2
cells form slow growing tumors. Nevertheless, a significant
(𝑃 < 0.05) inhibition in tumor volume was observed in
both groups of animals treated with honokiol. At the end
of the experiment, honokiol treatment caused a significant
(𝑃 < 0.05) reduction in the tumor volumes in the SKMEL-
2 and the UACC-62 cells treated tumors.

Honokiol has multiple molecular targets as underlying
mechanisms associated with the anticancer properties. It
interacts with various molecular targets including nuclear
factor kappa B (NF-𝜅B) pathway, PI3K/mTOR pathway,
signal transducers and activator of transcription 3 (STAT3),
mitogen-activated protein kinases, epidermal growth factor
receptor (EGFR) signaling, and cyclooxygenase 2 (COX-
2) [1]. Honokiol induces caspase-dependent apoptosis and
enhances the cytotoxicity of fludarabine, cladribine, and
chlorambucil in B-cell chronic lymphocytic leukemia (B-
CLL) cells [38]. In multidrug-resistant (MDR) KB cells,
combined treatment with honokiol and paclitaxel synergisti-
cally augment the cytotoxicity of paclitaxel by inhibiting the
EGFR-STAT3 signaling pathway and downregulating multi-
ple antiapoptotic proteins. In addition, honokiol enhances the
in vivo efficacy of paclitaxel in KB-8-5 xenograft tumors [39].

Honokiol’s effects have been studied in other cancer
xenograftmodels such as overexpressingVEGF-DLewis lung
carcinoma cells [40]; transformed endothelial cell line SVR
[2]; Ovarian carcinoma SKOV3 cells [41]; colorectal cancer
[16]; head and neck cancer cell lines Cal-33 and 1483 [23];
malignant bone tumor human chondrosarcoma cells [42];
mouse 4T1 breast cancer cells [43]; lung cancer A549 cells
[44]; and hepatocellular carcinoma [45]. Honokiol showed
in all studies a reduction in tumor progression alone or in
combinationwith chemotherapy drugs. Overall, the evidence
presented in our studies indicated that honokiol is a good
candidate for future studies as an antineoplastic agent for the
treatment of melanoma.

Competing Interests

The authors declare that they have no competing interests.

Acknowledgments

This study was supported by Translational Cancer Research
Center funded by South Dakota Governor’s Office of Eco-
nomic Development.

References

[1] S. Arora, S. Singh, G. A. Piazza, C. M. Contreras, J. Panyam,
and A. P. Singh, “Honokiol: a novel natural agent for cancer
prevention and therapy,” Current Molecular Medicine, vol. 12,
no. 10, pp. 1244–1252, 2012.

[2] X. Bai, F. Cerimele, M. Ushio-Fukai et al., “Honokiol, a small
molecular weight natural product, inhibits angiogenesis in vitro
and tumor growth in vivo,”The Journal of Biological Chemistry,
vol. 278, no. 37, pp. 35501–35507, 2003.

[3] S. Dikalov, T. Losik, and J. L. Arbiser, “Honokiol is a potent
scavenger of superoxide and peroxyl radicals,” Biochemical
Pharmacology, vol. 76, no. 5, pp. 589–596, 2008.

[4] L. K. Chao, P.-C. Liao, C.-L. Ho et al., “Anti-inflammatory
bioactivities of honokiol through inhibition of protein kinase
C, mitogen-activated protein kinase, and the NF-𝜅B pathway
to reduce LPS-induced TNF𝛼 and NO expression,” Journal of
Agricultural and Food Chemistry, vol. 58, no. 6, pp. 3472–3478,
2010.

[5] H. Kuribara, W. B. Stavinoha, and Y. Maruyama, “Behavioural
pharmacological characteristics of honokiol, an anxiolytic agent
present in extracts of Magnolia bark, evaluated by an elevated
plus-maze test inmice,” Journal of Pharmacy and Pharmacology,
vol. 50, no. 7, pp. 819–826, 1998.

[6] H. Watanabe, K. Watanabe, and K. Hagino, “Chemostructural
requirement for centrally acting muscle relaxant effect of
magnolol and honokiol, neolignane derivatives,” Journal of
Pharmacobio-Dynamics, vol. 6, no. 3, pp. 184–190, 1983.

[7] M. Vaid, S. D. Sharma, and S. K. Katiyar, “Honokiol, a phyto-
chemical from theMagnolia plant, inhibits photocarcinogenesis
by targeting UVB-induced inflammatory mediators and cell
cycle regulators: development of topical formulation,” Carcino-
genesis, vol. 31, no. 11, pp. 2004–2011, 2010.

[8] S. Chilampalli, X. Zhang, H. Fahmy et al., “Chemopreventive
effects of honokiol on UVB-induced skin cancer development,”
Anticancer Research, vol. 30, no. 3, pp. 777–783, 2010.

[9] T. Konoshima, M. Kozuka, H. Tokuda et al., “Studies on
inhibitors of skin tumor promotion, IX. Neolignans from
Magnolia officinalis,” Journal of Natural Products, vol. 54, no.
3, pp. 816–822, 1991.

[10] P. W. Mannal, J. Schneider, A. Tangada, D. McDonald, and D.
W. McFadden, “Honokiol produces anti-neoplastic effects on
melanoma cells in vitro,” Journal of Surgical Oncology, vol. 104,
no. 3, pp. 260–264, 2011.

[11] S. Arora, A. Bhardwaj, S. K. Srivastava et al., “Honokiol arrests
cell cycle, induces apoptosis, and potentiates the cytotoxic effect
of gemcitabine in human pancreatic cancer cells,” PLoS ONE,
vol. 6, no. 6, Article ID e21573, 2011.

[12] H. Liu, C. Zang, A. Emde et al., “Anti-tumor effect of honokiol
alone and in combination with other anti-cancer agents in
breast cancer,” European Journal of Pharmacology, vol. 591, no.
1–3, pp. 43–51, 2008.

[13] R. J. Leeman-Neill, Q. Cai, S. C. Joyce et al., “Honokiol inhibits
epidermal growth factor receptor signaling and enhances
the antitumor effects of epidermal growth factor receptor
inhibitors,” Clinical Cancer Research, vol. 16, no. 9, pp. 2571–
2579, 2010.

[14] K. Shigemura, J. L. Arbiser, S.-Y. Sun et al., “Honokiol, a natural
plant product, inhibits the bone metastatic growth of human
prostate cancer cells,”Cancer, vol. 109, no. 7, pp. 1279–1289, 2007.

[15] K. Ishitsuka, T. Hideshima, M. Hamasaki et al., “Honokiol
overcomes conventional drug resistance in human multiple
myeloma by induction of caspase-dependent and -independent
apoptosis,” Blood, vol. 106, no. 5, pp. 1794–1800, 2005.

[16] F. Chen, T. Wang, Y.-F. Wu et al., “Honokiol: a potent
chemotherapy candidate for human colorectal carcinoma,”
World Journal of Gastroenterology, vol. 10, no. 23, pp. 3459–3463,
2004.

[17] C. Chilampalli, R. Guillermo, R. S. Kaushik et al., “Honokiol,
a chemopreventive agent against skin cancer, induces cell
cycle arrest and apoptosis in human epidermoid A431 cells,”



10 BioMed Research International

Experimental Biology and Medicine, vol. 236, no. 11, pp. 1351–
1359, 2011.

[18] K. S. Ahn, G. Sethi, S. Shishodia, B. Sung, J. L. Arbiser, and
B. B. Aggarwal, “Honokiol potentiates apoptosis, suppresses
osteoclastogenesis, and inhibits invasion through modulation
of nuclear factor-𝜅B activation pathway,” Molecular Cancer
Research, vol. 4, no. 9, pp. 621–633, 2006.

[19] H. J. Son, H. J. Lee, H. S. Yun-Choi, and J.-H. Ryu, “Inhibitors
of nitric oxide synthesis and TNF-𝛼 expression from Magnolia
obovata in activated macrophages,” Planta Medica, vol. 66, no.
5, pp. 469–471, 2000.

[20] E. Richtig, G. Langmann, K. Müllner, G. Richtig, and J. Smolle,
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