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Honokiol, a natural therapeutic candidate, induces apoptosis

and inhibits angiogenesis of ovarian tumor cells
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bstract

bjectives: To observe the anti-tumor activities of honokiol on human ovarian tumor in vitro and in vivo.

tudy design: Cells were treated with honokiol, and the effects on proliferation and apoptosis were examined by MTT, DNA ladder, Hoechst

taining, and flow cytometry assays. Expression of Bcl-2 members and caspase-3 were assessed. Measurements of tumor volume and

icrovessel densities (MVDs) were performed.

esults: Honokiol significantly inhibited proliferation and induced apoptosis, with alteration of Bcl-2 members and caspase-3. Admin-

stration of honokiol to tumor-bearing animals decreased MVD and resulted in inhibition of tumor growth.

onclusions: Honokiol could induce apoptosis and inhibit angiogenesis in vitro and in vivo, suggesting a novel and attractive therapeutic

andidate for ovarian tumor treatment.
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Ovarian tumor is one of the most common tumors in

female genital organs, and the 5-year survival rate of advanced

ovarian cancer remains only 20–30% [7]. The growth,

persistence and metastasis of ovarian tumors are angiogenesis

dependent and, as a result, targeting angiogenesis represents a

novel therapeutic strategy, in which anti-angiogenic agents

attempted to prevent new vessels from growing around tumor

mass and destroy the existing abnormal vascular net and, as a

result, blocked the feed resource of solid tumor. In the present

study, we aimed to characterize the events in apoptosis and

angiogenesis triggered by honokiol.
2. Study design

2.1. Cell culture and cell proliferation assay

The human ovarian tumor SKOV3 and COC1 cells were

maintained in RPMI-1640 and Angelen and A2780
1. Introduction

As an oriental medicine, the root and stem bark of

Magnolia officinalis has been widely used in thrombotic

stroke, gastrointestinal complaints, anxiety and nervous

stroke, etc. Honokiol, one of the major phenolic constituents

of magnolia bark, has several pharmacological effects such

as anti-oxidant, anti-thrombosis, anti-inflammatory,

xanthine oxidase inhibition, and anxiolytic effect [1,2].

Recently, some studies have revealed the remarkable anti-

tumor effects of honokiol on human colon cancer RKO cells

[3], lung cancer CH27 cells [4], leukemia HL-60 cells [5]

and Molt 4B cells [6], etc., in which apoptosis induction

might be involved. Up to date, however, little is known about

its activities on ovarian tumor cells.
.
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maintained in DMEM medium, supplemented with 10%

fetal bovine serum, 2 mM glutamine and antibiotics, at

37 8C in humidified atmosphere of 5% CO2.

Cells were seeded on 96-well plates and cultured with

honokiol (Sikehua Biotechnology, Chengdu, China) at

various doses for indicated durations, and MTT was then

added for 4-h incubation. The MTT formazan precipitate

was then dissolved in DMSO, and the absorbance was

measured at a 595 nm wavelength.

2.2. Cell apoptosis assays

Cells were collected and then resuspended in lysis buffer

(50 mM Tris–HCl, pH 8.0, 20 mM EDTA and 5% Triton X-

100). Fragmentation DNA was extracted routinely by

phenol/chloroform protocol; electrophoresed on 2% agarose

gel and then visualized by transillumination with UV light.

To further confirm the nuclear morphology of apoptotic

cells, adherent cells were stained with Hoechst 33258, and

examined immediately with a fluorescence microscope. The

nuclei were visualized with blue staining under fluorescence

and apoptotic cells were defined on the basis of nuclear

morphology changes including nuclear shrinkage and

chromatin condensation, etc.

2.3. Flow cytometry

The PI-stained cells were analyzed on a EPICS ELITE

ESP flow cytometer (Beckman Coulter, USA). DNA-bound

PI fluorescence was measured with 15 mW air-cooled argon

ion laser at 488 nm as excitation sources. Analysis of cell

cycle was performed with Coulter Elite 4.5 Multicycle

software, 10,000 events for each sample.

2.4. RT-PCR analysis

Total RNA was extracted using Trizol (Invitrogen, USA)

and RT-PCR was performed as follows: reverse transcription

at 50 8C 30 min and boiling at 94 8C 2 min; then

amplification for 30 cycles at 94 8C 0.5 min, annealing at

47–55 8C 0.5 min, and extension at 72 8C 0.5 min; then

cycled at 72 8C 10 min to complete the elongation. Samples

were electrophoresed on 1.5% agarose gel and visualized by

transillumination with UV light.

2.5. Western blotting analysis

Cells or dissected fresh tissues were lysed in RIPA lysis

buffer, and lysates were subjected to 12% SDS-PAGE,

transferred to PVDF membrane, and immunoblotted with

primary antibodies according to the manufacturer’s instruc-

tion. The blots were labeled with HRP-conjugated

secondary antibodies and visualized with DAB staining.

The specific antibodies were mouse anti-human caspase-3

(Santa Cruz Biotechnology, Santa Cruz, CA), rabbit anti-

human vascular endothelial growth factor (VEGF) (Abcam,
Cambridge, UK) antibodies. The intensity of each band was

measured using Quantity One 4.6 software, and expressed as

optical density (OD).

2.6. Constructions of animal model and treatment

The following studies were approved and granted by

the institutional animal care and treatment committee of

Sichuan University. BALB/C healthy female nude mice

were injected subcutaneously with SKOV3 cells (1 � 107)

via right axilla and assigned into three groups at random,

treated with 100 ml PBS, 0.6 mg liposome/100 ml PBS or

1 mg liposome-encapsuled honokiol (40%)/100 ml PBS

by intraperitoneally injection every day, respectively.

During the session, signs of possible toxicity were

recorded.

2.7. Microvessel density (MVD) assay

Tumor volumes were measured every 8 days after

inoculation, determined by the following formula: tumor

volume (mm3) = 0.52 � length � width � width. The dis-

sected tumors were fixed in 10% neutral buffered formalin

and embedded in paraffin. For MVD analysis, the sections

were stained against rat anti-mouse CD31 monoclonal

antibody (BD Biosciences Phamingen, San Diego, CA).

MVD was determined by examining vascular hot spots as

described previously [8], with some slight modifications.

Five hot vascular areas without necrosis were selected and

counted at high magnification (200�), and the five values

were averaged for each sample.

2.8. Statistics

Values were given as mean � S.D. Comparisons between

two groups were performed by Student’s t-test; comparisons

among multiple groups were performed by analysis of

variance (ANOVA), or Dunnet t-test, with SPSS11.0

software (SPSS, Chicago, IL). It was statistically significant

when p < 0.05.
3. Results

3.1. Honokiol inhibits proliferation and induces

apoptosis

To identify the therapeutic potential of honokiol, four

ovarian tumor cell lines were cultured with honokiol for

72 h. MTTassays showed that honokiol treatment resulted in

a dose- and time-dependent inhibition of cell proliferation

(Fig. 1), which occurred at a dose over 5 mg/ml, and 50%

inhibition (IC50) at 24 h were 16.7, 19.6, 16.4, and 14.9 mg/

ml for SKOV3, Coc1, Angelen and A2780 cells, respec-

tively. Doses over 20 mg/ml did not significantly increase the

inhibition effect.
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Fig. 1. Inhibition of cell proliferation by honokiol was assessed by MTTassay. SKOV3, Coc1, A2780, and Angelen cells were cultured with honokiol (5, 10, 15,

20, and 25 mg/ml) for 72 h. Cell proliferation was expressed as a percentage of viable cells cultured in the absence of honokiol, and shown as mean � S.D.

Results were representative of three separate experiments.
To characterize the apoptosis in cells, DNA fragmentation

assays were performed. As shown in Fig. 2A, 24 h treatment

with 15 mg/ml honokiol resulted in degradation of chromo-

somal DNA into small internucleosomal fragments, a

hallmark of cells undergoing apoptosis. In addition, the

changes of nuclear morphology in SKOV3 cells were detected

by Hoechst fluorescence staining, which revealed that the

number of smaller nuclei and condensed chromatin increased

in dose- and time-dependent manners, and most apoptotic

nuclei containing condensed chromatin were observed in

15 mg/ml for 36 h (Fig. 2B; ANOVA, p < 0.01). These results

showed that honokiol-induced apoptosis in SKOV3 and Coc1

cells. Cell cycle analysis by flow cytometry also revealed the

significant augmentation of sub-G0/G1 cells accompanied

with increase in dose, reaching the peak value in 15 mg/ml

(Fig. 3; ANOVA, p < 0.01).

3.2. Involvement of Bcl-2 family and caspase-3

RT-PCR assay revealed that treatment with honokiol led

to significant down-regulation of Bcl-XL and up-regulation

of Bad in a time-dependent manner. No apparent changes of

other members were observed, including Bcl-2, Bak, Bax,

and Bid (Fig. 4A).

Western blotting assay revealed a significant time-

dependent decrease of 32 kDa caspase-3 in SKOV3 and

Coc1 cells followed by honokiol treatment, suggesting that
honokiol caused the proteolytic activities of caspase-3

precursor into active subunits. As shown in Fig. 4B,

activation of caspase-3 was first observed at 24 h, reaching a

maximum at 48 h. These results indicated the involvement

of Bcl-2 members and caspase cascade in honokiol-induced

apoptotic process.

3.3. Honokiol inhibits tumor growth and angiogenesis

in vivo

Tumor volumes were measured every 8 days after

SKOV3 cells inoculation and significant differences

observed during the treatment session. As shown in

Fig. 5A, all tumor volumes increased over the duration,

but the group treated with liposome-encapsuled honokiol

presented significantly lower growth rate in comparison with

the control groups. Until 56 days after inoculation, tumor

volumes in control groups treated with PBS or lipofectamine

(LIPO) reached approximately 3653 � 465 or

3297 � 416 mm3, respectively; whereas, in treatment group

were 1060 � 298 mm3, only 30–33% of controls. These data

indicated the significant inhibition of tumor growth by

honokiol (Dunnet t-test, p < 0.01), and no significant

difference between PBS and LIPO groups (Student’s t-test,

p > 0.05). During the therapeutic session, no evident

changes in gross measures were observed, including weight

loss, feeding, and behavior, etc.
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Fig. 2. (A) Induction of apoptosis by honokiol was assessed by DNA ladder.

SKOV3 and Coc1 cells were cultured with 15 mg/ml honokiol for 24 h, and

resulted in formation of DNA ladder on 2% agarose gel. Lane 1: DNA ladder

marker; lane 2: control culture; lane 3: 15 mg/ml honokiol treatment for

24 h. (B) SKOV3 cells were cultured with 15 mg/ml honokiol for 12, 24, and

36 h, and the increase of smaller nuclei and condensed chromatin, in time-

dependent manner, was visualized by Hoechst staining under a fluorescence

microscope.
Angiogenesis was evaluated by microvessel density assay

of frozen sections stained against an antibody reactive to

CD31, with high specific affinity for vascular endothelial

cells. A significant lower MVD was observed in treatment

group, compared with control groups (Fig. 5B; Dunnet-t test,
Fig. 3. Effect of honokiol on cell cycle distribution was analyzed by flow cytometr

arrest in SKOV3 (A) and Coc1 (B) cells. Results were representative of three se
p < 0.01). The number of microvessels per vascular hot spot

was 17.5 � 2.5 in treatment group, 47.8 � 6.7 and

43.7 � 6.1 in PBS and LIPO groups, respectively, which

showed that MVD in treatment group was at least two times

lower than in control groups. In addition, VEGF expressions

in the tumor tissues were also examined by immunoblotting

against VEGF, and the results showed a remarkable decrease

of VEGF expression in honokiol-treated group, in compar-

ison with the PBS or LIPO group, as quantified by Quantity

One 4.6 software (Fig. 5C; PBS group: 54.7; LIPO group:

51.8; treatment group: 17.4; Dunnet t-test, p < 0.01).
4. Discussion

A number of chemotherapeutic agents, with properties

including apoptosis induction and anti-angiogenesis, have

been isolated from natural products and characterized to

inhibit the development of malignancies, such as curcumin

from Curcuma longa [9,10], epicatechin gallate from tea

[11] and paclitaxel from Pacific yew [12,13]. Honokiol, a

biphenyl extract from Magnolia obovata bark, has been

reported to induce apoptosis in a number of tumor cell lines

[3–6]. Furthermore, inhibition of transformed endothelial

SVR cells growth [14] and tube formation by human

umbilical vein endothelial cells might indicate its anti-

angiogenic effect [15].

In the present study, we investigated the effects of

honokiol on ovarian tumor cells. Our results showed

significant proliferation inhibitions with 50% inhibition

(IC50) at 24 h of 14–20 mg/ml, and apoptosis induction

confirmed by DNA ladder and Hoechst staining assays.

Furthermore, flow cytometry assay revealed that these

effects were accompanied with G1 arrest in the cell cycle.

Consistently, a recent study about breast cancer also

suggested that honokiol treatment resulted in cell cycle
y. Treatment with 5, 10, and 15 mg/ml honokiol for 24 h led to significant G1

parate experiments.
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Fig. 4. (A) Expression of Bcl-2 members was assessed by semi-quantitative RT-PCR. SKOV3 cells were cultured with 15 mg/ml honokiol for 12, 24, and 36 h.

Results showed the significant up-regulation of Bad and down-regulation of Bcl-XL, and no apparent changes of other members were observed, normalized by

G3PDH gene. (B) Caspase-3 activation was assessed by Western blot assay. SKOV3 (a) and Coc1 (b) cells were cultured with 15 mg/ml honokiol for 12, 24, 36,

and 48 h. Results showed the decrease of 32KD caspase-3 precursor in time-dependent manner, indicating its activation via the proteolytic activities into active

subunits.
arrest at lower dose and resulted in induction of apoptosis at

higher dose [16]. Furthermore, honokiol also could activate

the p38 MAP kinase pathway and led to G1 arrest and growth

inhibition in vascular smooth muscle cells [17], as well as in

cancer cells.

In our results, the honokiol-dependent apoptosis was

accompanied with significant increase of Bad and decrease

of Bcl-XL. Bad promoted apoptosis by hetero-dimerization

with Bcl-2 or Bcl-XL, and sequential release of free Bax

[18]. Bcl-XL, a mitochondrial membrane protein [19],

prevented apoptosis by blocking the release of mitochon-

drial cytochrome C and association with caspase-1, 8, 9

[20,21]. Similar outcomes were obtained in lung cancer

CH27 cells [4]; whereas, no similar results were obtained in

colorectal cancer RKO cells [3] and multiple myeloma cells

[22]. Therefore, whether regulations of Bcl-2 members’

expressions by honokiol are dependent on cell types and, if

so, the exact roles of these proteins in honokiol-induced

apoptosis remain to be elucidated. In addition, no apparent

alterations of Bcl-2 or Bax expression were shown from our

data. Since pro-apoptotic Bax was a P53 downstream target,

the lack of change of its expression suggested that honokiol

probably should not trigger the P53-mediated apoptosis

pathway, which had also been indicated by previous study on

colorectal cancer RKO cell [3].

Increase in the ratio of Bad/Bcl-XL could lead to the

release of cytochrome C from mitochondria into cytoplasm,

and sequentially, the formation of apoptosome and the

activation of caspase cascade. In the present study,

consistent with the observation in prostate cancer cells

[23], it was observed that the caspase-3 precursor expression

decreased significantly followed by honokiol treatment,

suggesting the proteolytic activities of caspase-3 precursor

into active subunits caused by honokiol. Moreover, it was

notable that the Bcl-2 members’ changes and caspase-3

activation started to occur 12 and 24 h after honokiol
treatment, respectively, suggesting the alterations of Bcl-2

members should participate in the caspases activation, and

the honokiol-induced apoptosis was caspase-dependent. In

other studies, with complete inhibition of caspase-3

activation by pretreatment with z-VAD-fmk, inhibition of

honokiol-induced cytotoxicity and apoptosis was only

partial, and honokiol also induced apoptosis in caspase-3-

deficient cells [22]. These results indicated that both

caspase-dependent and -independent pathways would be

involved in honokiol-induced apoptosis.

Besides its potent activities to induce apoptosis, honokiol

could also be demonstrated to play anti-tumor roles from

some other mechanisms, such as enhancement of retinoid-

induced differentiation of leukemia cells [5], induction of

mitochondrial permeability transition pore [24], activation

of poly-adenosine diphosphate ribose polymerase [23], etc.

Furthermore, synergistic effects of honokiol with commonly

used chemotherapeutics, and sequentially, even overcoming

chemotherapy resistance to MDR breast cancer MCF-7/

ADR cells, was also discovered, probably due to down-

regulation of P-glycoprotein [25]. The activities of honokiol

against multiple anti-tumor targets should be studied

intensively for further clinical application either as a natural

agent alone, or in combination with other commonly used

chemotherapeutics.

A variety of natural products have been reported

previously to have potent anti-tumor activities in vitro,

but the effects in vivo remain poor. From our data, it was well

established that honokiol could inhibit ovarian tumor cell

proliferation and induce apoptosis in vitro, but its activities

remained unknown in vivo. In order to obtain insight into the

activity of honokiol in vivo, a SKOV3 tumor xenograft nude

mice model was constructed. The dose and schedule of

honokiol administration were well tolerated by all mice. It

was noteworthy that, consistent with the outcomes obtained

in vitro in cultured ovarian tumor cells, administration of
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Fig. 5. (A) Tumor growth inhibition by honokiol. Eight days after SKOV3 cells inoculation, mice were assigned randomly and treated as follows: (1) PBS,

100 ml; (2) 0.6 mg liposome/100 ml PBS; (3) 1 mg liposome-encapsuled honokiol (40%)/100 ml PBS for each mouse by intraperitoneally injection every day, as

described in text. Tumor volumes were measured every 8 days. Over the therapeutic session, treatment resulted in tumor volume inhibition (Dunnet t-test,

p < 0.01), compared with the two controls. Data were shown as mean � S.D. (B) Inhibition of angiogenesis by honokiol was assessed by microvessel density

(MVD) in tumor tissues. The microvessel endothelial cells, with specific reaction to CD31 antibody, were brown-stained and visualized in microscopy. MVD

was determined by counting the number of microvessels, as described in text. The number of microvessels was significantly lower in the honokiol-treated group

compared with the control groups (Dunnet t-test, p < 0.01), with no difference observed between two control groups (Student’s t-test, p > 0.05). Data were

shown as mean � S.D. (C) Expression level of VEGF in tumor tissues was examined using immunoblotting analysis, quantified as optical density (OD).

Expression of VEGF significantly decreased in treatment group compared with the control groups (Dunnet t-test, p < 0.01).
honokiol was shown to result in significant suppression of

tumor growth. Over the course of treatment session all tumor

volumes increased, but the tumors in mice treated with

honokiol presented growth rate remarkably smaller, only

30–33% of those with PBS or LIPO ( p < 0.05). During

treatment session, in addition, no evident changes in gross

measures, such as weight loss, feeding, or other signs of

possible side effects, were observed, indicating that

honokiol treatment seems to be lack of toxicity and well-

tolerated in vivo, at least at the present dose we used.

Angiogenesis was also known to be essential for solid

tumor growth and metastasis, and consequently became an
attractive target against anti-tumor treatment. To obtain the

potential role of honokiol in angiogenesis, we observed the

microvessel density in dissected tumor tissues by anti-CD31

immunostaining. Our results showed that the MVD were

significantly decreased when treated with honokiol

( p < 0.05), in comparison with those controls with PBS

or LIPO, suggesting that the potent anti-tumor efficiency of

honokiol in vivo should be partially due to the anti-

angiogenic activities. Among the molecules with specific

effects on vascular endothelial cells, VEGF is considered to

be the most powerful and specific growth factor responsible

for tumor angiogenesis [26]. Thus, we examined the



Z. Li et al. / European Journal of Obstetrics & Gynecology and Reproductive Biology 140 (2008) 95–102 101
expression of VEGF in tumor tissues, with the aim to

evaluate the potential role of VEGF in the honokiol-induced

anti-angiogenic effects. Our data showed a significant

decrease of VEGF expression in honokiol-treated group,

accompanied with decreased MVD counting. Another

similar study also indicated that this decrease was involved

in the modulation of nuclear factor-kappaB activation

pathway [27]. Additionally, other studies showed that

honokiol inhibited angiogenesis by interfering with

VEGFR2 autophosphorylation [14] and subsequently

blocking the VEGF-induced Rac activation [28], which is

required for endothelial cell migration and proliferation

[29]. In addition, regulation of platelet-derived endothelial

cell growth factor and TGF-b expression [30], inhibition of

nitric oxide synthesis and TNF-a [31] might be involved in

this event. Further studies will be conducted to elucidate the

intensive mechanism of honokiol in angiogenesis.

Taken together, honokiol, a natural compound, has

remarkable activities both in vivo and in vitro on ovarian

tumors. Honokiol could significantly suppress cell pro-

liferation and induce apoptosis in ovarian tumor cells, and

restrained tumor growth and inhibited angiogenesis in vivo,

with no indication of evident cytotoxicity. These results

demonstrated honokiol, with both anti-tumor and anti-

angiogenesis properties, might be a novel and attractive

therapeutic candidate for ovarian tumor treatment in

clinical practice, with potential effectiveness by various

activities.
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