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ABSTRACT: 2-Methoxyestradiol-bis-sulphamate is a bis-sulphamoylated derivative of the naturally occur-
ring 17-beta-estradiol metabolite namely 2-methoxyestradiol. 2-Methoxyestradiol-bis-sulphamate is regarded
as a potential anticancer drug with increased antiproliferative activity when compared to 2-methoxyestradiol.
The aim of this pilot in vitro study was to determine the influence of 2-methoxyestradiol-bis-sulphamate on
cell growth, morphology and possible induction of certain types of cell death in the SNO esophageal carci-
noma cell line. A dose-dependent study (0.2-1.0μM) was conducted with an exposure time of 24 hours. Data
revealed that 2-methoxyestradiol-bis-sulphamate reduced cell numbers statistically significantly to 74% after
exposure to 0.4μM of the drug. Morphological studies including light microscopy demonstrated hallmarks of
apoptosis, while fluorescent microscopy revealed both the presence of apoptosis and autophagy as types of
cell death being induced in SNO cells after 24 hours of exposure to 0.4μM 2-methoxyestradiol-bis-sulphamate.
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Introduction

Esophageal squamous cell carcinoma is one of the
most frequently occurring cancers in South Africa with
the highest incidence observed in South African black
males (Davies-Coleman et al., 2005). Due to limited
efficacy that current chemotherapeutic agents offer, new
drugs with increased anticancer potential are being re-
searched. 2-Methoxyestradiol is a naturally occurring
17-β-estradiol metabolite which is currently undergo-
ing phase II human clinical trials for the treatment of
breast- and prostate cancer (Fotsis et al., 1994; Lakhani
et al., 2003; Thaver et al., 2009). 2-Methoxyestradiol
exerts anti-tumour and anti-angiogenic properties in
vitro and in vivo (Dingli et al., 2002; Lippert et al., 2000;

Thaver et al., 2009; Schumacher and Neuhaus, 2001;
Cushman et al., 1995). However, 2-methoxyestradiol
is rapidly inactivated by 17β-hydroxysteroid dehydro-
genase type 2, an enzyme that is mainly expressed in
both the gastrointestinal tract and liver, leading to 2-
methoxyestradiol exerting a low bioavailability (Fos-
ter et al., 2008; Utsumi et al., 2005; Newman et al.,
2006; Ireson et al., 2004; Sano et al., 2001). There-
fore, an analogue of 2-methoxyestradiol, namely 2-
methoxyestradiol-bis-sulphamate (2-MeOE2bisMATE)
is currently being researched as a potential anticancer
drug. 2-MeOE2bisMATE is a potent inhibitor of ste-
roid sulphatase, an enzyme that converts estrone sul-
phate (E1S) to estrone. Estrone can be converted to a
biologically active estrogen, namely estradiol. The lat-
ter binds to estrogen receptors (ER) and stimulates
growth of hormone-dependent tumours (Purohit et al.,
2001; Purohit et al., 2003).

Recent in vitro studies from our laboratory and other
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researchers have found that 2-MeOE2bisMATE inhib-
its cell growth in cancer cell lines namely the human
breast adenocarcinoma ER+ cell line (MCF-7), human
breast adenocarcinoma ER- cell line (MDA-MB-231),
human umbilical vein endothelial cells (HUVEC), hu-
man prostate cancer cell line (PC3) and ovarian cancer
cells (Foster et al., 2008; Purohit et al., 2003; Day et
al., 2003; Raobaikady et al., 2003; Ireson et al., 2004;
Tagg et al., 2008; Suzuki et al., 2003). Some cell types
were found to be more sensitive to 2-MeOE2bisMATE,
suggesting differential signal transduction exerted by
this compound. It has been postulated that 2-
MeOE2bisMATE causes microtubule disruption that
culminates in apoptosis (Purohit et al., 2003; Day et
al., 2003; Tagg et al., 2008). The aim of this novel in
vitro study was to determine the influence of 2-
MeOE2bisMATE on growth, morphology and its pos-
sible induction of two types of cell death namely
apoptosis and autophagy in SNO esophageal carcinoma
cells that has never been reported previously.

Materials and Methods

Materials

The SNO esophageal carcinoma cell line was
purchased from Highveld Biological Ltd. (Pty)
(Sandringham, SA). These cells are described as non-
keratinizing squamous epithelial cells. Penicillin, strep-
tomycin, fungizone and trypsin were obtained from
Highveld Biological (Pty) Ltd. (Sandringham, SA).
Dimethyl sulphoxide (DMSO), propidium iodide,
Hoechst 3342 (HO) and acridine orange (AO) were
supplied by Sigma-Aldrich Co. (St Louis, USA).
Haematoxylin, eosin, ethanol and xylol fixative were
purchased from Merck (Darmstadt, Germany).
Dulbecco’s Modified Eagle‘s Medium with glucose,
sodium pyruvate and L-glutamine (DMEM), fetal calf
serum (FCS), sterile cell culture flasks and plates were
obtained from Separations (Randburg, Johannesburg,
SA). Since 2-MeOE2bisMATE is currently not com-
mercially available, the compound was synthesized by
Prof. Vleggaar from the Department of Chemistry (Uni-
versity of Pretoria, Pretoria, SA).

Cell culture

To conduct cell growth studies, cells were propa-
gated as monolayers in growth medium at 37ºC in a
humidified atmosphere containing 5% CO

2
. A stock

solution of 2-MeOE2bisMATE with a concentration of
2.0x10-3M was prepared in DMSO and stored at -20ºC.
Appropriated controls were included for each experi-
ment. One of the controls contained cells propagated in
growth medium; while the other control was defined as
the vehicle-treated control where cells were treated with
the same volume of DMSO used to expose cells with 2-
MeOE2bisMATE. The DMSO content of the final di-
lutions never exceeded 0.05% (v/v). Positive controls
for the experiments included cells which were exposed
to actinomycin D (0.1μg/ml) and starved cells (cells
which were propagated in a solution which contained
both growth medium and PBS at a ratio of 1:2 respec-
tively). Dose-dependent studies (0.2-1μM) were con-
ducted with analysis of the effects of 2-MeOE2bisMATE
on cell growth in SNO cells after 24 hours of exposure.
This concentration range was chosen since previous
studies have shown that it is within this range that 2-
MeOE2bisMATE is most efficient as an antiproliferative
agent (Raobaikady et al., 2003).

Determination of cell numbers (crystal violet staining)

Exponentially growing SNO cells were seeded in
96-well tissue culture plates at a cell density of 5 000
cells per well. Cells were incubated at 37ºC for a period
of 24 hours to allow for attachment. Medium was dis-
carded and cells were exposed to a dilution series rang-
ing from 0.2-1μM 2-MeOE2bisMATE, including con-
trols as described previously. The experiment was
terminated by the addition of 100μl of 1% glutaralde-
hyde in water for 15 minutes. Crystal violet (100μl) (1%,
in PBS) was added for 30 minutes, after which the cul-
ture wells were immersed in running tap water for 15
minutes. The plates were left overnight to dry. Then
200μl of Triton X-100 (0.2% in water) was added to
each well. Plates were incubated for 30 minutes and
100μl of the liquid content was transferred to 96-well
plates. The absorbance of the samples was analysed
using an ELX800 Universal Microplate Reader (Bio-
Tek Instruments, Inc., Analytical Diagnostic Products,
Weltevreden, SA).

Polarization-optical differential interference contrast

Exponentially growing SNO cells were seeded at
500 000 cells per well in a 6-well plates. After a 24 hour
incubation period at 37ºC to allow for cell adherence,
cells were exposed to 0.4 μM of 2-MeOE2bisMATE. A
concentration of 0.4 μM of 2-MeOE2bisMATE was
chosen as focus dosage, since this concentration dem-
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onstrated pronounced inhibition of cell growth. Ap-
propriate controls were included as described previ-
ously. Polarization-optical differential interference
contrast images were obtained using the Zeiss
Axiovert-40 microscope (Göttingen, Germany) after
24 hours of exposure to 2-MeOE2bisMATE and to the
controls respectively.

Cell morphology (haematoxylin and eosin staining)

For light microscopy, exponentially growing SNO
cells were seeded at 250 000 cells per well in 6-well
plates on heat-sterilized coverslips. After a 24 hours in-
cubation period at 37ºC, cells were exposed to 0.4 μM
of 2-MeOE2bisMATE for 24 hours at 37ºC. Coverslips
were removed and transferred to a staining dish. Cells
were fixed in Bouin’s fixative for 30 minutes. The fixa-
tive was discarded and 70% ethanol was added to the
coverslips (20 minutes), rinsed in tap water and subse-
quently left for 20 minutes in Mayer’s hemalum. After
rinsing with running tap water for 2 minutes, coverslips
were washed with 70% ethanol before being subjected
to 1% eosin for 2 minutes. This was followed by rinsing
twice for 5 minutes with 70% ethanol, 96% ethanol,

100% ethanol and xylol respectively. Coverslips were
mounted with resin and left to dry before they were
evaluated with a Zeiss Axio reflected light microscope.
Mitotic indices were obtained by counting 1000 cells
on each slide of the biological replicates and express-
ing it as a percentage of cells in mitosis and apoptosis.

Cell morphology (triple staining technique)

For fluorescent microscopy, SNO cells were
seeded according to the same procedure describe for
light microscopy. Cells which were exposed to actino-
mycin-D and starved cells were included as positive
controls. The amount of 0.5ml HO solution (3.5μg/ml
in PBS) was added to the medium to give a final con-
centration of 0.9μM and cells were incubated for a
period of 30 minutes at 37ºC.  After 25 minutes into
incubation, 0.5 ml of AO solution (4 μg/ml in PBS)
was added to the medium to give a final concentration
of 1 μg/ml and 0.5 ml of PI solution (40 μg/ml in PBS)
was also added to the medium to give a final concen-
tration of 12 μM and incubated for another 5 minutes
at 37ºC. Medium was discarded and cells were rinsed
twice with PBS. Samples were examined with a Zeiss

FIGURE 1. SNO cell numbers expressed as a percent of cells relative to the control (cells

propagated in growth medium only) after being exposed to 2-MeOE2bisMATE (0.2-1μM) for

24 hours. A statistically significant inhibition of cell growth was observed after a 24 hours

exposure period to 0.4μM 2-MeOE2bisMATE (74%). ANOVA Students’t-test was used to

determine the analytical variation in experimental procedures and biological variations within

each experiment to determine the P-value. An asterisk indicates a P-value < 0.05.
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inverted Axiovert CFL40 microscope and Zeiss
Axiovert MRm monochrome camera using Zeiss Fil-
ter 2 for Hoechst 33342-stained cells (blue emission),
Zeiss Filter 9 for acridine orange-stained cells (green
emission) and Zeiss filter 15 for propidium iodide-
stained cells (red emission). In order to prevent fluo-
rescent dye quenching; all procedures were performed
with plates and reagents covered with foil.

Statistical analysis of data

The ANOVA Students’t-test was used to determine
the analytical variation in experimental procedures and
biological variations within each experiment. Cell
growth studies were repeated three times with a sample
size of 6 in each experiment. A P-value of <0.05 was
regarded as statistically significant and indicated with
an asterisk (*) on the graph. Fluorescent microscopy
and Polarization-optical differential interference con-
trast provided qualitative data, whereas the haematoxylin

and eosin staining procedure provided both qualitative
and quantitative (mitotic indices) results.

Results

Determination of cell numbers

The effects of SNO cells exposed to 0.2-1μM 2-
MeOE2bisMATE for 24 hours were evaluated and com-
pared to appropriate controls. Cells treated with vehicle
(DMSO), as well as those treated with concentrations
lower than 0.4μM 2-MeOE2bisMATE did not show a
significant decline in cell growth (Fig. 1). A statisti-
cally significant decrease in cell growth (74%) was ob-
served at a concentration of 0.4μM 2-MeOE2bisMATE
(P-value <0.05). Cells exposed to 0.5 μM and 0.6μM 2-
MeOE2bisMATE respectively revealed a slight decrease
in cell growth, while those cells exposed to 0.7-1μM 2-
MeOE2bisMATE decreased cell growth to approxi-

FIGURE 2. Polarization-optical differential interference contrast photos of SNO cells propagated in growth me-

dium (A), vehicle-treated control (B), 0.4μM 2-MeOE2bisMATE-treated cells (C) and actinomycin-D treated cells

(D) after an exposure period of 24 hours. SNO cells treated with 2-MeOE2bisMATE revealed cells blocked in

metaphase (round cells) while control-treated cells were in normal phases of mitosis (scale bar indicates 30μm).
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mately the same extend when compared to the effect
exerted by 0.4μM 2-MeOE2bisMATE (Fig. 1).

Polarization-optical differential interference contrast

This was used to visualise the effect of 0.4μM 2-
MeOE2bisMATE in SNO cells. SNO-treated cells
showed an increase in the number of cells in mitosis
(Fig. 2C), indicating that the cells are blocked in mito-
sis. The cell density of treated-SNO cells was compro-
mised when compared to the density of the controls (Fig.
2A-D).

Cell morphology (haematoxylin and eosin staining)

A haematoxylin and eosin cell staining technique
was performed in order to reveal the morphological
changes of the nuclear and cytoplasmic components of
the SNO cells after 24 hours of exposure to 0.4 μM 2-
MeOE2bisMATE (Fig. 3C). The SNO control showed

interphase cells and normal cell division including a
cell in telophase after 24 hours of exposure (Fig. 3A
and B). Cells treated with 2-MeOE2bisMATE revealed
apoptotic features namely hypercondensed chromatin,
membrane blebbing and apoptotic bodies. Several cells
were also blocked in metaphase (Fig. 3C). Actinomy-
cin-D treated cells (Fig. 3D) served as a positive con-
trol for the induction of apoptosis.

Cell morphology (triple staining technique)

Triple staining was used to determine possible in-
duction of apoptosis and autophagy after 24 hours of
exposure to 0.4μM 2-MeOE2bisMATE. Acridine orange
stains lysosomes and vacuoles of cells undergoing au-
tophagy with an increase in green fluorescence. Hoechst
stains the nuclei of viable and apoptotic cells with a
blue fluorescence. Propidium iodide stains cells with
compromised membrane integrity (oncotic/necrotic pro-
cesses) with a red fluorescence. Results showed an in-

FIGURE 3. Haematoxylin and eosin staining of SNO cells propagated in growth medium (A), vehicle-treated

control (B), 0.4μM 2-MeOE2bisMATE-treated cells (C) and actinomycin-D treated cells (D) after 24 hours of

exposure. 2-MeOE2bisMATE-treated-SNO cells revealed cells blocked in metaphase, hypercondensed chro-

matin and the presence of apoptotic bodies (magnification 100x, scale bar indicates 30μm)
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creased tendency for acridine orange in both 2-
MeOE2bisMATE-treated SNO cells and starved cells
(Fig. 4C and E) when compared to the controls (Fig.
4A and B). Cell membranes were not disrupted, since
no red fluorescence (fluorescence emitted by propidium
iodide) was observed in any of the cells. Results revealed
that 2-MeOE2bisMATE caused cell death by apoptosis
and autophagy, since an intense blue and green fluores-
cence (indicating increased lysosomal activity) were
observed.

Discussion

The effects of 0.2-1μM 2-MeOE2bisMATE on the
growth of SNO cells were investigated after an expo-
sure period of 24 hours. It was observed that a concen-

tration of 0.4μM of 2-MeOE2bisMATE decreased cell
growth by 74%. Concentrations of 2-MeOE2bisMATE
that were lower than 0.4μM did not reveal any statisti-
cally significant differences in the reduction of cell num-
bers when compared to the vehicle-treated controls and
the cells that were propagated in growth medium. Cells
exposed to 0.5 μM and 0.6μM of 2-MeOE2bisMATE
respectively, demonstrated a slight decrease in cell
growth while those cells which were exposed to 0.7-
1μM of 2-MeOE2bisMATE showed a decrease in
growth to approximately the same extend as those cell
which were exposed to 0.4μM of 2-MeOE2bisMATE.

This observed biphasic effect of 2-MeOE2bisMATE
is also a characteristic of the parental drug, which is 2-
methoxyestradiol (Lottering et al., 1992; Pribluda et al.,
2000). In some previous studies, a concentration of 0.4μM
of 2-MeOE2bisMATE has been shown to cause a 50%

FIGURE 4. Triple-stained SNO cells propagated in growth medium (A), vehicle-treated control cells (B),

0.4μM 2-MeOE2bisMATE-treated cells (C), actinomycin-D treated cells (D) and starved cells (E). The latter

served as a positive control for autophagy. 2-MeOE2bisMATE-SNO-treated cells revealed an extensive

green and blue fluorescent indicating that both apoptosis and autophagy were induced by 2-MeOE2bisMATE.

2-MeOE2bisMATE-treated cells were rounded in appearance due to a metaphase block (magnification

400x, scale bar indicates 30 μm).
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growth inhibition (IC
50

) of MCF-7 cells (Utsumi et al.,
2005; Raobaikady et al., 2003). Another preliminary
study showed that 0.5 μM of 2-MeOE2bisMATE inhib-
ited CAL51 growth in an MTS cell proliferation assay in
a dose dependent manner (Wood et al., 2004), thus 2-
MeOE2bisMATE does have anti-proliferative effects
within this concentration range. Characteristics of
apoptosis such as round cells, hypercondensed chroma-
tin and apoptotic bodies were visible within the SNO cell
line exposed to 0.4 μM of 2-MeOE2bisMATE and the
cells’ densities was also compromised.

These results were consistent with those of a pre-
liminary study which was conducted by our laboratory
using human breast epithelial cancer cells (MCF-7), the
results revealed that 0.4 μM of 2-MeOE2bisMATE had
induced high chromatin condensation of MCF-7 cells,
apoptotic bodies were also observed and it was apparent
that mitosis was inhibited in these cells after an exposure
period of 48 hours (Visagie and Joubert, 2008). Simi-
larly, Raobaikady et al. (2003) found that a significant
increase in the number of rounded, shrunken, and de-
tached MCF-7 cells after treating the cells for 24 hours
with 2-MeOE2bisMATE at a concentration of 1 μM. 2-
MeOE2bisMATE also induced cell cycle arrest and
apoptosis in both the MCF-7

DOX
 and MCF-7

WT
 cells

(Newman et al., 2008). The induction of apoptosis by 2-
MeOE2bisMATE was further illustrated by an in vitro
study which showed that 2-MeOE2bisMATE caused a
G

2
/M cell-cycle arrest within 24 hours in both prostate

and ovarian cell lines and a sub-G
1
 peak (indicative of

apoptotic cells) (Day et al., 2003). The exact mechanism
by which 2-MeOE2bisMATE induces apoptosis is still
unknown, however, earlier studies have shown that 2-
MeOE2bisMATE initiates apoptosis, possibly by phos-
phorylation of BCL-2, by inducing the activity of the pro-
apoptotic protein p53, and by activating caspases 3 and 9
(Day et al., 2003; Wood et al., 2004; Newman et al.,
2008). This pilot study revealed that 0.4μM of 2-
MeOE2bisMATE significantly inhibited cell growth and
induced cell death by both apoptosis and autophagy in
SNO cells after 24 hours of exposure. These findings of
autophagy induction were of novelty, since no previous
studies have shown the induction of autophagy in cancer
cells by 2-MeOE2bisMATE. However, Azad et al. (2009)
have shown that the parental compound (2ME2) does
induce autophagy; thus 2-MeOE2bisMATE could also
have this effect on cells. This may also suggest a link
between the two types of cell deaths. Future studies will
be conducted to further investigate the mechanism(s) of
action of 2-MeOE2bisMATE.
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