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Synthesis, Spectral Characterization, and In Vitro Cellular Activities
of Metapristone, a Potential Cancer Metastatic Chemopreventive Agent Derived
from Mifepristone (RU486)
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Abstract. Mifepristone (RU486) is marketed and used widely by women as an abortifacient, and
experimentally for psychotic depression and anticancer treatments. After administration, metapristone is
found to be the most predominant metabolite of mifepristone. We hypothesized that adhesion of
circulating tumor cells (CTCs) to vascular endothelial bed is a crucial starting point in metastatic cascade,
and that metapristone can serve as a cancer metastatic chemopreventive agent that can interrupt
adhesion and invasion of CTCs to the intima of microvasculature. In the present study, we modified the
synthesis procedure to produce grams of metapristone, fully characterized its spectral properties and in
vitro cellular activities, including its cytostatic effects, cell cycle arrest, mitochondrial membrane potential,
and apoptosis on human colorectal cancer HT-29 cells. Metapristone concentration dependently
interrupted adhesion of HT-29 cells to endothelial cells. Metapristone may potentially be a useful agent
to interrupt metastatic initiation.

KEY WORDS: cancer metastasis chemoprevention; in vitro cellular activities; metapristone;
mifepristone; spectral properties.

INTRODUCTION

Mifepristone (RU486) is a prototypical anti-progester-
one agent used for termination of early pregnancy because of
its capacity to work as an anti-progestin to block uterine
progesterone receptors. It also has glucocorticoid receptor
antagonist activity at higher concentrations, with more than
three times the binding affinity for glucocorticoid receptors
than dexamethasone (1). After being used by millions of
women, and recently men, for more than 20 years, large
amounts of preclinical and clinical information have been
generated for this agent. The information clearly indicates
that the compound has many more benefits for global public
health than originally thought. In preclinical oncology studies,
mifepristone was reported to have a potent anti-proliferative
effect on cancer cell lines derived from tumors of the breast

(2), endometrium (3), cervix (4), prostate (5), gastrointestinal
tract (6), brain (7), bone (8), and ovary (9).

In clinical trials, mifepristone has been used for the treatment
of breast cancer, unresectable meningioma, prostate cancer,
uterine fibroids, endometriosis, and Cushing syndrome at doses
ranging from 1 to 1,500 mg per patient, depending on the type of
disease and for a period ranging from 1 to 168months. The clinical
trials of mifepristone, however, have not produced promising data
to support its use as an anti-cancer drug (10), probably because the
current post-metastatic chemotherapy setting is too late to stop
circulating tumor cells (CTCs) from spreading to susceptible
tissues, and thus unable to affect themetastatic process.More than
90%of cancer deaths come from cancer recurrence andmetastasis
after surgical removal of the primary cancer. Cancermetastasis is a
serious economic, social, and scientific problem world-wide that
needs an urgent solution. As the estimated number of cancer
survivors will reach 18 million in the USA alone (11), cancer
metastasis chemoprevention research becomes increasingly im-
portant and badly needed. Currently, there are few ongoing
projects to identify safe and effective cancer metastasis chemopre-
ventive agents. It is our belief that metastatic cancers may not be
cured, but can be prevented.

In our ongoing effort to identify safe and effective cancer
metastasis chemopreventives for asymptomatic cancer survi-
vors, we thought metapristone, the major active metabolite of
mifepristone, may be a good candidate for further investiga-
tion for the following reasons: (1) The patentable
metapristone is the primary metabolite of mifepristone. It
has a t1/2 and AUC about 2-fold more than the parent
mifepristone and its other metabolites in humans (12–14). (2)
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The relative binding affinity of metapristone to human
glucocorticoid receptors and progesterone receptors is 63%
and 43% of mifepristone, respectively (15), suggesting that
metapristone may produce lesser side effects than mifepris-
tone because metapristone binds less avidly to the two
receptors. (3) Progesterone receptor, with which mifepristone
and metapristone can interact, is present on both colorectal
cancer cells and vascular endothelial cells (16). Our prelim-
inary data demonstrated that metapristone inhibited adhesion
of colorectal cancer cells to endothelial cells in a dose-
dependent manner, suggesting that metapristone may be able
to prevent the invasion of CTCs through the endothelial cell
layer on the microvasculature of distant metastatic organs. (4)
Mifepristone undergoes enterohepatic cycling (17). The long-
term recycling of mifepristone from liver to intestine suggests
that mifepristone and metapristone are suitable for preven-
tion of colorectal cancer metastasis because liver is the
common dissemination route for colorectal cancer metastasis.
(5) Both mifepristone and metapristone have an anti-inflam-
matory effect that may contribute to their cancer metastatic
chemoprevention activity.

More interestingly, accumulating evidence suggests that
both embryonic implantation and tumor metastasis share
striking similarities in biological behaviors in terms of cell
adhesion (18), immune escape (19), angiogenesis (20),
invasion (21), and tumor metastasis-related gene expression
(22). The cellular mechanisms used by the embryo during
implantation are re-utilized by cancer cells to adhere, invade,
and extravasate to form micrometastatic foci within the
metastatic tissues (20).

In view of its metabolic stability, as well as safety and
efficacy estimated from the existing information on parent
mifepristone, we selected metapristone to develop as a novel
cancer metastatic chemopreventive. The present studies
report our synthetic route for metapristone, the characteriza-
tion of its spectral properties, and molecular docking to
receptors. In addition, we examined the molecular and
cellular mechanisms by which metapristone exerts effects on
adhesion and invasion of cancer cells to vascular
endothelium.

MATERIALS AND METHODS

Materials and Reagents

Mi fep r i s t one [RU486 , 1 7 β - hyd roxy - 11β - ( 4 -
dimethylamino) phenyl-17α-(1-propynyl)-estra-4, 9-dien-3-
one], MW 429.59, was purchased from Shanghai New Hualian
pharmaceutical Co., with purity >98%. Silica gel (200–300
mesh) used in column chromatography was provided by
Tsingtao Marine Chemistry Co. Other reagents were obtain-
ed from commercial suppliers in analytically pure or chemi-
cally pure forms.

Synthesis

The main chemical synthesis scheme for metapristone
[N-monodemethyl RU486, (or 17β-hydroxy-11β-(4-
monomethylamino) phenyl-17α-(1-propynyl)-estra-4,9-dien-
3- one), MW 415.57] was similar to that reported previously
for mifepristone synthesis (23,24). However, some key

modifications to the synthesis scheme were made to improve
the yield and purity. Briefly, mifepristone (800 mg) was
dissolved in a 1:1 mixture (10 ml) of tetrahydrofuran and
methanol. Freshly calcined calcium oxide (900 mg) was added
to the mixture. Iodine (1,000 mg) dissolved in the same
solvent (2 ml) was added dropwise at 0°C. The reaction
mixture was stirred at 0°C for 70 min. After calcium oxide
was removed, the mixture was diluted with 15% sodium
thiosulfate and extracted with methylene chloride. The
combined organic layers were washed with water and brine
sequentially, and made dry by using sodium sulfate. The
solvent was evaporated after filtration, and the crude product
was purified on a silica gel column using petroleum ether/
ethyl acetate (v/v 4:1) as the eluent to give metapristone.

Spectral Analyses

The melting point of metapristone was determined on an
electrically heated X-4 digital visual melting point apparatus.
Metapristone as a yellow powder was dissolved in distilled
methyl alcohol at a final concentration of 1 mM. A
spectrometer (Quewell™ Q5000; linear detection range: 1–
5,000 ng/μl) was used to determine the peak wavelength and
the corresponding extinction coefficients of metapristone.
Infrared spectra were analyzed a using Nicolet 360 Fourier
Transform IR spectrometer (Nicolet Instruments, Inc.). The
polyethylene film (potassium bromide, KBr) was used to
calibrate the full scale and features of the spectrometer. The
purified metapristone in an NMR tube was dissolved in
deuterated chloroform for 1H-NMR analysis with an
AVANCE III 500 MHz NMR system (Bruker, Switzerland).
Chemical shifts were recorded as parts per million relative to
tetramethylsilane as the internal standard for 1H-NMR. Mass
spectral analysis was carried out with an Agilent 1100 LC/
MSD Trap XCT (Agilent, America).

Chromatographic Analyses

Thin-layer chromatography (TLC) was performed on
silica gel F254 plates (0.25 mm thick) from Tsingtao
Marine Chemistry Co. Ltd. Five microl i tre of
metapristone (1 mM in methanol) was spotted at the
origin of the plates, which were developed to a distance
of 2.2 cm in a solvent developing system consisting of
petroleum ether-tetrahydrofuran (3:1, v/v). Metapristone
and its parent compound mifepristone were analyzed
using a reversed phase HPLC system (Shimadzu, Kyoto,
Japan) consisting of a LC-20A liquid delivery module, a
SPD-20AV detector, a CTO-20A column oven, and a
Shim-pack VP-ODS chromatographic column (250×
4.6 mm, 5-μm particle size). The system was controlled
with a CBM-20A system controller under the following
conditions: flow rate, 1.0 ml/min; column temperature,
35°C; UV detection wavelength, 302 nm. A 20 μl aliquot
of metapristone was auto-injected into the injection loop,
and chromatographed using the C18 column eluted
isocratically with a mobile phase of 75% methanol and
25% water. The area under each peak was calibrated with
a Shimadzu data processor. All samples were diluted with
methanol immediately before injection.
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Cell lines and Cell Culture

Human cancer cell lines including hepatoma HepG2,
colon HT-29, melanoma A-375, and cervical HeLa, as well as
human embryo lung fibroblast cell line HELF were purchased
from Shanghai Cell Bank in China. HepG2, A-375, HeLa,
and HELF cells were maintained in RPMI 1640 medium
supplemented with 10% FBS, penicillin (100 U/ml), and
streptomycin (100 μg/ml) in a humidified atmosphere of 5.0%
CO2 at 37°C. HT-29 cells were cultivated in McCoy's 5a
medium.

Assay for Cell Viability/Proliferation

The cytostatic effect of metapristone and mifepristone
was determined by using the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay (25). Cells (1×104/
well) were plated in 100 μl of the culture medium/well in the
96-well plates. After overnight incubation, the cells were
treated with different concentrations of the drugs in culture
medium with 10% FBS for 24 h. Finally, MTTwas added, and
the cells were incubated for another 4 h in the medium
without phenol red and serum. The MTT-formazan formed
by metabolically viable cells was dissolved in 150 μl of
dimethyl sulfoxide (DMSO) and shaken for 10 min. The
absorbance was then measured on an ELISA reader at the
test wavelength of 570 nm. Each test was repeated at least
three times. The concentration of metapristone which gives a
50% growth inhibition value was defined as the IC50.

Migration Assay

We used a marker pen to mark three parallel lines on the
bottom of six-well plates when the seeded HT-29 cells
reached a density of 5×105 cells per well in triplicate for
24 h. A perpendicular scratch wound was generated by
scratching with a 10-μl pipette tip. After rinsing with PBS to
remove the detached cells, the medium containing different
concentrations of metapristone (0, 40, and 80 μM) was added
to the plates. Photographic images were taken from each well
at 0 and 24 h after drug treatment. The distance that cells
migrated through the marked area was determined by
measuring the wound width at 24 h after treatment, and
comparing it with the wound width at 0 h. The experiment
was repeated three times.

Adhesion Assay

We used two methods to explore if metapristone had
anti-adhesion effect: the fluorescence microscope
photographed method and the MTT method.

Human umbilical vein endothelial cells (HUVECs) were
isolated as described elsewhere (26). HUVECs were utilized
between passages two and five, and grown to confluence in
24-well plates. They were washed and rested for 24 h in the
M199 medium in the presence of 20% FCS and vascular
endothelial growth factor (VEGF). The colon cancer HT-29
cells (105 cells per well) were plated in a final volume of
0.5 ml M199 medium on HUVECs pre-treated with 10 μM
TNF-α for 4 h. Metapristone (1–100 μM) was added. HT-29
cells and HUVECs were co-cultured for 1 h at 37°C in 5%

CO2. After incubation, non-adhered HT-29 cells were
removed by washing three times (drop-to-drop) with 1 ml
phosphate buffer solution (PBS). We randomly selected ten
visual fields for each well and took pictures under a
fluorescence microscope (Zeiss, Germany). The mean
inhibition of adhesion for ten visual fields was calculated by
using the equation: percent of control adhesion=[the number
of adhered cells in treated samples/the number of adhered
cells in the control group]×100%.

For the MTT method, each well in 96-well plates was
coated with 2 μg of Matrigel and was dried in a laminar flow
cabinet overnight at room temperature. After washing three
times with PBS to remove excess and unbound Matrigel, the
wells were blocked with 20 ml of a 20 mg/l bovine serum
albumin (BSA, Sigma) solution in McCoy’s 5a medium for
1 h at 37°C. Aliquots of 8×104 cells in 100 μl of serum-free
McCoy’s 5a medium containing various concentrations of
metapristone (5, 20, 40 μM), were added to each well and the
cells were allowed to adhere for 1 h at 37°C. When the
incubation was completed, the wells were washed three times
with PBS to remove unbound cells. Then, the remaining
cells were continuously incubated with the MTT solution
(40 μl/well) for 4 h at 37°C, followed by treatment with
150 μl of DMSO for 10 min. Finally, Absorbance at
570 nm of each well was measured using an ELISA plate
reader. Results were expressed as percnet of the adhesion
rate of the control by using the following equation: A570nm

of the adhered cells/A570nm of the adhered cells of the
control group)×100%.

Cell Cycle Assay

The cell cycle was analyzed by flow cytometry (25).
Briefly, HT-29 cells were treated with different concentra-
tions of metapristone (0, 40, 60, and 80 μM) for 24 h.
After incubation, a total of 1×106 cells was harvested
from the treated and control samples. The cells were
washed twice with PBS and fixed in 70% ice-cold ethanol
overnight. The samples were concentrated by removing
ethanol and the cellular DNA stained with fluorescent
solution (1% (v/v) Triton X-100, 0.01% RNase, 0.05% PI)
for 30 min at 37°C in darkness. The cell cycle distribution
was then determined by flow cytometry. All experiments
were performed three times.

Mitochondrial Membrane Potential Assay

The mitochondrial membrane potential (ΔΨm) assay
was similar to that described previously (27,28). The assay
is based on uptake of 3,3'-dihexyloxacarbocyanine iodide
(DiOC6(3), a widely used lipophilic cationic cyanine dye)
by mitochondria. ΔΨm was determined by the reduction
in uptake of the potential sensitive dye DiOC6(3). Briefly,
HT-29 cells were cultured on 6-well plates overnight and
then incubated with metapristone (0, 20, 40, 60, and
80 μM) in 2.5 ml fresh culture medium. Cells were then
incubated for 24 h, washed twice with PBS, and incubated
with DiOC6(3) for 15 min. The percentage of DiOC6(3)-
positive cells were determined by quantitative flow
cytometric analysis.
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Analysis of Distinction Between Apoptotic and Necrotic
Cells

To distinguish the apoptotic cells from necrotic ones, the
treated cells were stained with Annexin V-PE and 7-Amino-
Actinomycin (7-AAD) double staining kit. HT-29 cells were
treated with different concentrations of metapristone (0, 40,
60, 80 μM) for 24 h. After incubation, a total of 1×106 cells
were collected from the treated and untreated control
samples separately and washed twice with cold PBS. One
hundred microlitre of the medium containing 1×105 cells was
transferred to a 5 ml culture tube, then 5 μl of annexin V-PE
and 7-AAD were added and incubated for 15 min in the dark.
After adding 400 μl of 1X binding buffer to each tube, the
cells were then analyzed by analytical flow cytometry (BD
FACS Aria III). All experiments were performed three times.

Caspase-3 Activity Assay

HT-29 cells were preincubated with either 20 μM of a
typical caspase-3 inhibitor Z-DEVD-FMK, or 20 μM of a
negative sham caspase-3 inhibitor Z-FA-FMK for 30 min, and
then different groups of HT-29 cells were treated with 80 μM
of metapristone for 24 h. Following the incubation, the cells
were collected and stained with PE Annexin V/7-AAD to
identify cells that underwent apoptosis.

Computational Chemistry

A computer model was used to depict the structural
docking between metapristone and its binding sites on
glucocorticoid receptors and to examine whether
metapristone could bind to the active sites of the receptors.
The X-ray crystal structure of the receptors has been reported
(29–31), and was utilized in the study as the docking protein
(http://www.rcsb.org/pdb/). After molecular mechanical ener-
gy minimization, the ligand-receptor docking was optimized
with the Hex 6.3 protocol (32) to refine protein structure and
ligand protonated state.

Statistical Analysis

The data are presented as means ± standard deviations
of three determinations. Statistical analysis was performed
using the Student’s t test and one-way analysis of variance.
Multiple comparisons between the means were done by the
least significance difference (LSD) test. A probability value of

RESULTS

Synthesis and Spectral Characterization

Mifepristone was demethylated to give metapristone
with yield of >30% (Fig. 1a). It was fully characterized by
various spectroscopic methods, including infrared (IR), 1H-
NMR, and mass spectra (MS).

The metapristone powder was yellowish and not hygro-
scopic. The stability of the powder was significantly improved
after purification. The yellowish powder was freely soluble in

methylene dichloride, methyl alcohol, ethanol, chloroform,
and acetone, but hardly soluble in water, sodium
hydroxide(0.1 N), and hydrochloric acid (0.1 N). The melting
point of metapristone, determined in an open capillary tube
in a melting point apparatus, was found in the range of 85–
87°C.

Spectral analysis of metapristone by UV–visible scanning
at every ±0.5 nm around the two maxima revealed the peak
wavelengths of metapristone (prepared in methyl alcohol) at
251 and 302 nm, with molar extinction coefficients of 2,697±
20 and 3,432±12 m2 mol−1, respectively. Solvent effects on the
absorption maxima of metapristone were compared (Fig. 1b),
demonstrating that the UV–vis absorption maxima of
metapristone decreased when the carbon chain length of the
alcohol solvent, or the percentage of water in methanol,
increased. Increasing water content resulted in a
bathochromic shift of the 302 nm peak, whereas it did not
have the same effect on the 251 nm absorption peak. TLC
spots were detected with UV light (254 nm) or visualized with
iodine vapors. TLC showed metapristone and mifepristone
with Rf values of 0.32 and 0.50, respectively (not shown).

The purity of metapristone was determined by using the
established HPLC method. In each single run, only a major
peak was observed, which dominated the chromatographic
area, indicating that metapristone has a purity of >96% with
minor mifepristone (1.2%) and di-demethylated mifepristone
(0.8%) residues. The retention time of metapristone was at
5.65 min Fig. 1(c1). The IR absorption bands for active
chemical groups were identified in KBr. The presence of the
CH3 group in metapristone can be readily determined from
the strong IR bands at 2,940 and 2,870 cm−1, which
corresponds to the stretching vibration of the C-H bond.
The absorption band at 1,660 cm−1 and 1,620 cm−1 are
characteristic of the C=O bond and the C=C bond,
respectively. A big absorption band at 3,450 cm−1 was
assigned to N–H and O-H Fig. 1(c2).

The 1H-NMR spectrum and mass analysis of
metapristone are shown in Fig. 1d. Corresponding
characterization data were as follows: 1H-NMR (500 MHz,
CDCl3): δ=0.58 (s, 3H, C-18H), 1.35 (m, 1H, C-15H), 1.45 (m,
1H, C-7H), 1.74 (m, 2H, C-14H, C-15H), 1.92 (s, 3H, C-21H),
2.02 (td, J=11.4, J=3.2, 1H, C-16H), 2.07 (m, 1H, C-7H), 2.25
(m, 1H, C-16H), 2.28 (m, 1H, C-12H), 2.36 (m, 4H, C-1H, 2×
C-2H, C-12H), 2.47 (dd, J=10.4, J=0.8, 1H, C-8H), 2.59 (m,
2H, C-6H), 2.78 (m, 1H, C-1H), 2.84 (s, 3H, NCH3), 4.36 (d,
J=6.4, 1H, C-11H), 5.78 (s, 1H, C-4H), 6.58 (m, 2H, C-30/
50H), 6.99 (m, 2H, C-20/60H); ESI-MS:m/z 416.5 [M+H]+,
calculated for C28H33NO2: 415.25.

Cytostatic Activity

The cytostatic effect of metapristone was examined on A-
375, HepG2, HT-29, and HELF cell lines by the MTT assay in
parallel comparison with that of mifepristone.Metapristone and
mifepristone produced anti-proliferative effects in a concentra-
tion dependent manner. The IC50 values for mifepristone were
38.5, 50.3, 59.5, and 35.8 μM. The corresponding values for
metapristone were 55.7, 78.1, 83.5, and 53.8 μM, respectively
(Fig. 2a), indicating that metapristone had somewhat less potent
cytostatic effects on cancer cell lines and normal cells compared
with mifepristone.
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Migration Assay

The effect of metapristone on the migration of human
colon HT-29 cells was evaluated by cell wound scratch assay.
As shown in Fig. 2b, HT-29 cells migrated in the control
group to partially close the wound, but there was a significant
decrease in the number of migrated HT-29 cells in
metapristone-treated groups. At 40 μM, metapristone
prevented the cells from migrating within 24 h after treat-
ment, while at 80 μM, metapristone treatment resulted in loss
of some border cells and resultant enlargement of the wound.

Adhesion Assay

Mifepristone is known to dose dependently inhibit the
heterotypic adhesion of cancer cells to basement membrane
(33). To investigate whether metapristone has inhibitory

effects on cell adhesion and invasion of HT-29 with HUVECs,
the HT-29 cells were labeled with the fluorescent dye
rhodamine 123. Fluorescence microscope observation re-
vealed that metapristone interfered with adhesion of HT-29
cells to HUVECs in a concentration-dependent manner
(Fig. 3a).

To quantitatively examine metapristone inhibition of
HT-29 cells adherence to HUVECs, 10 fields of each well
were randomly selected, and the adhered spots were counted.
Compared with the control, the adhesion rate of HT-29 cells
was 73.6±10.0%, 56.6±5.9%, and 41.9±8.0%, respectively,
with 10, 50, and 100 μM of metapristone (Fig. 3b), indicating
that it may reduce the risk factors for cancer metastasis.

MTT assay revealed that metapristone inhibited cell
adhesion to the artificial basement membrane, Matrigel in a
dose-dependent manner. The adhesive rate of HT-29 cells was
87.2±5.3%, 86.0±3.4%, 81.7±2.3%, 79.0±6.0%, and 72.2±

Fig. 1. Synthesis scheme and spectral characterization of metapristone. a the synthetic route for
metapristone; b UV–visible spectra of metapristone and the solvent effects: b1, metapristone in
alcohol (b1) and methanol (b2) solvents; the UV–vis absorption maxima of metapristone decreased
when the carbon chain of alcohol as well as the percentage of water in methanol increased. c
representative HPLC analysis (c1) and infrared spectra (c2); d the 1H-NMR (d1) and mass (d2)
spectra of metapristone
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11.9%, with metapristone at 0.5, 5, 25, 50, and 72 μM,
respectively (Fig. 3c).

Investigation of Cell Cycle Distribution

To determine the mechanism by which metapristone
modestly produced growth inhibition, cell cycle distribution

was observed by flow cytometry after HT-29 cells were
treated with different concentrations of the compound. To
monitor cell cycle arrest, the DNA was stained with
propidium iodide (PI). With increasing concentrations of
metapristone, the cells accumulated in the G0/G1-phase and
the S-phase was gradually reduced (Fig. 4a), indicating that
metapristone arrested HT-29 cells mainly at the G0/G1 stage.

Fig. 2. The anti-proliferative and anti-migration effects of metapristone. a In vitro activity of metapristone and
RU486 (expressed as IC50 (μM)) against A-375, HepG2, HT-29, and HELF cell lines; b effect of metapristone on
migration of HT-29 cells incubated in the cell wound scratch assay for 24 h

Fig. 3. Inhibition by metapristone of HT-29 adhesion to HUVECs (a, b) and Matrigel (c).
a representative microscopic observation of the inhibition by metapristone at 0, 10, 50, and
100 μM (a, b, c, and d) on adhesion of HT-29 to HUVECs; b quantitative analysis of the
inhibition by metapristone on the adhesion of HT-29 to HUVECs; c quantitative MTT
analysis of the inhibition by metapristone on the adhesion of HT-29 to Matrigel
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Metapristone-Induced Effects of ΔΨm

Mitochondrial membrane depolarization is a prelude
of apoptosis. ΔΨm reflects activity of the electron
transport chain and mitochondrial function. Treatment of
HT-29 cells with metapristone at concentrations ranging
from 0 to 60 μM produced loss of ΔΨm in a concentra-
tion-dependent manner (Fig. 4b). When the concentration
of metapristone was increased to 80 μM, it induced
modest hyperpolarization of mitochondrial membrane
(82.4% of DiOC6(3)

+ cells).

Annexin V-PE/7-AAD Double Staining Analysis

As shown in Fig. 4c, the untreated HT-29 were primarily
PE Annexin V and 7-AAD negative, indicating that they
were viable and not undergoing apoptosis. After a 24-h
treatment with metapristone (40, 60, 80 μM), the cells were
divided into four populations: cells that were viable and not
undergoing apoptosis (PE Annexin V and 7-AAD negative,
Q3); cells undergoing early apoptosis (PE Annexin V positive
and 7-AAD negative, Q4); cells in end-stage apoptosis or
already dead (PE Annexin V and 7-AAD positive, Q2); and

Fig. 4. Investigation of anti-proliferative mechanisms for metapristone. a effects of metapristoe on cell cycle
distribution in HT-29 cells; b effects of metapristone on ΔΨm in HT-29 cells; results are expressed as percentage
change in metapristone treatment compared to the untreated control (*p<0.05, **p<0.01); c flow cytometric
analysis of PE Annexin V/7-AAD staining for metapristone in HT-29 cells; d detection of caspase-3 activity by flow
cytometric analysis of apoptosis in HT-29 cells, HT-29 cells were preincubated with the following: no inhibitor
(upper left and bottom left panels), 20 μM Z-DEVD-FMK (upper center and bottom center panels) or 20 μM of a
negative control inhibitor Z-FA-FMK (upper right and bottom right panels) for 30 min, and then either left
untreated (bottom row) or treated with 80 μM of metapristone for 24 h (top row)
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some cell debris due to mechanical damage (PE Annexin V
negative and 7-AAD positive, Q1). The protocol used for
distinguishing apoptotic from necrotic cells was consistent
with our previous publications (25,28), and the analysis
showed that metapristone induced the cells into early
apoptosis, advanced apoptosis, and necrosis in a concentra-
tion-dependent and sequential manner (Fig. 4c).

Caspase-3 Activity in the Treated Cells

To explore whether caspase-3 is involved in the cellular
apoptosis induced by the high concentration of metapristone
(80 μM) observed in the above-mentioned experiments, HT-
29 cells were preincubated with the caspase-3 inhibitor Z-
DEVD-FMK or the caspase-3 negative sham inhibitor Z-FA-
FMK before metapristone was added to the tested cells. In
comparison with both the positive apoptosis induced by
metapristone alone and the apoptosis induced by
metapristone in the presence of the sham inhibitor Z-FA-
FMK, pretreatment of the cells with the caspase-3 inhibitor
Z-DEVD-FMK did not significantly change the extent of
cellular apoptosis (Fig. 4d), indicating caspase-3 is not
involved in the apoptosis induced by high concentration of
metapristone.

Analysis of Molecular Docking

Analysis of the computational simulation showed a
striking similarity in structural docking and receptor binding
of mifepristone and metapristone to glucocorticoid receptors.
Both mifepristone and metapristone sit within a large
hydrophobic binding cavity with key hydrogen-bonding
contacts (Fig. 5). The amino acid residues around the N-
dimethylamino group of mifepristone or the N-
monomethylamino group of metapristone are Leu563,
Asn564, Gly567, Gly568, Val571, and Ala605. Both drugs
embed in the main active center (composed of Gln570,
Arg611, and Gln642) of the receptors. The computational
docking provided the evidence that the two drugs exert their
pharmacological effects through basically the same mecha-
nism of action.

DISCUSSION

The present studies provide a detailed report of the
chemical synthesis and structural characterization of
metapristone. The chemical structure was characterized and
validated by UV/vis, IR, 1H-NMR and MS. The spectral data
are consistent with those reported (24,34). The modified
synthesis and purification procedures could produce
metapristone in a yield of 30%. After further optimization
of the synthesis procedure, we can now obtain a yield >50%
in a pilot scale for both its animal and clinical studies. The
computational docking model (Fig. 5) indicates that
metapristone fits into the active centers of glucocorticoid
receptors in a manner similar to mifepristone, suggesting
strongly that metapristone can produce all pharmacological
effects of mifepristone. Previous studies provided strong
evidence that mifepristone, upon oral administration, was
quickly metabolized to metapristone in animals and female
human beings. Moreover, blood concentrations of
metapristone quickly exceeded those of mifepristone and its
other metabolites in humans (12–14). It is this information
that led us to further examine metapristone as a potential
cancer metastatic chemopreventive agent The present studies
compared the cell growth inhibition activity between
metapristone and mifepristone on four cancer cell lines and
a normal cell line. The cytotoxicity of metapristone was
somewhat lower than mifepristone, possibly making
metapristone more suited as a cancer metastatic
chemopreventive agent to be used for a long period to
interfere adhesion of CTCs to endothelial vasculature.

Mifepristone has been shown to effectively inhibit the
invasive and metastatic potential of the human gastric
adenocarcinoma cell line MKN-45 via inhibition of hetero-
typic adhesion to basement membrane, cell migration, and
angiogenesis (33). It also inhibits expression of NF-kappa B,
and interferes with the activity of Beta-2 integrin (35). Based
on flow cytometry analysis, we observed that metapristone
arrested cancer cells mainly at the G0/G1 stage and induced
the loss of mitochondrial membrane potential at low concen-
trations. Furthermore, at a high concentration (80 μM),
metapristone might enhance mitochondrial membrane per-
meability for protons, resulting in partial uncoupling of

Fig. 5. The molecular docking of mifepristone and metapristone with glucocorticoid receptors
(PDB ID: 1NHZ). The purple structures representing either mifepristone (2-methyl) or
metapristone (1-methyl) embedded in the active centers of the receptors linked by the key
hydrogen bonds (dash lines)
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electron transfer, and the leak of protons and membrane
hyperpolarization (36). As the concentration increased,
metapristone caused apoptosis/necrosis in the treated cells
in a concentration-dependent manner. The difference be-
tween apoptotic and necrosis cell death is that during the
initial stages of apoptosis, the cell membrane remains intact,
while at the very moment that necrosis occurs the cell
membrane loses its integrity and becomes leaky. Annexin V
is a Ca2+-dependent phospholipid-binding protein with high
affinity for phosphatidylserine. The translocation of the latter
and its biomarker Annexin V to the cell surface is indicative
of apoptosis (37). The metapristone-induced apoptosis did
not seem to be related to caspase-3 activity.

Over the past two decades, many striking similarities
have been revealed between implanted embryos and CTCs in
terms of their migratory, invasive, and proliferative properties
(22,38). Embryos are capable of implanting almost anywhere
in the reproductive system, and possess an intrinsic ability to
attach, migrate, and invade. This is evidenced in women by
the occurrence of ectopic pregnancies with growth and
invasion into the fallopian tube, ovary, or cervix. Although
embryos have the capacity for invasion, the endometrium can
either facilitate or limit this process. Similar to the embryonic
implantation, the activated CTCs interact with vascular
endothelium and then extravasate in the distant metastatic
organs. We propose that the initiation of adhesion of CTCs to
vascular endothelial cells is the first and important step for
CTCs to start the metastatic cascade. Inhibition of the initial
step may thus prevent consequential formation of the
metastasis foci. In the present studies, we demonstrated that
metapristone could interfere with adhesion of HT-29 cells to
HUVECs in a concentration-dependent manner (Fig. 3a, b).
The cell scratch test results showed that metapristone could
slow down migration speed (Fig. 2b). Collectively, the results
suggest that metapristone may inhibit the adhesion of CTCs
to the intima of blood vessels in the distant metastatic organs
(39). Thus, metapristone has the potential to reduce the risk
of cancer metastasis.

The major drivers of early and late metastasis may be
different. Early metastasis is more related to the interaction
between CTCs and endothelium required for the adhesion
and invasion cascade to occur than is the later process, in
which angiogenesis and proliferation of the formed
micrometastasis per se, as well as the spreading of CTCs to
other tissues become prevailing and untreatable. It is our
belief that a safe and effective chemoprevention targeted to
the early metastatic process can interrupt the cascade.
Importantly, the mifepristone- or metapristone-mediated
interruption of CTC adhesion and invasion at the inner
membrane of microcirculation in the distant metastasis tissues
provides a molecular framework for future clinical evaluation
of metapristone (or other antiprogesterones) as a potential
cancer metastatic chemopreventive agent in an adjuvant
setting in patients who have already undergone surgery to
remove their primary breast and colorectal cancers.

CONCLUSIONS

The present studies describe a modified synthetic process
for metapristone and the characterization of its spectral
properties. Metapristone had a modest cytostatic effect on

cancer cell lines compared with mifepristone. It caused HT-29
cells to be arrested at the G0/G1 stage, induced some
apoptosis at high-dose, and interfered with adhesion of HT-
29 cells to HUVECs. Metapristone is not a traditional
anticancer drug. Rather, it may fit into a new class of cancer
metastatic chemopreventives.
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