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A polar extract of the Maya healing plant
Anthurium schlechtendalii (Aracea) exhibits
strong in vitro anticancer activity
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Abstract. The Aracea Anthurium schlechtendalii and
Syngonium podophyllum are traditional remedies for the
treatment of severe and chronic inflammatory conditions. We
cross-examined these plants regarding their anti-neoplastic
properties, because several anti-inflammatory molecular
targets are common for both pathologic conditions due to
similar signalling pathways. Two malignant cell lines, HL-60
and MCF-7, were treated with increasing concentrations of
plant extracts of increasing polarity. The potential of the
extracts to inhibit the cell cycle and to induce cell death was
investigated, because these are relevant endpoints to assess
the anti-cancer potential in vitro and the protein expression
and cell cycle distribution upon exposure to the strongest
extract was analysed. Extracts from S. podophyllum were
rather ineffective, but the freeze-dried (but not air-dried)
roots of A. schlechtendalii exhibited strong growth inhibitory
and apoptosis-inducing properties. In HL-60 cells 50%
proliferation inhibition was achieved by 1.7 ug dichloro-
methane extract/ml medium and correlated with the activation
of Chk2, down-regulation of Cdc25A, suppression of cyclin
D1 level, and transient induction of p21. This extract
efficiently triggered apoptosis, which was confirmed by
caspase 3 activation. The polymerisation of a-tubulin and its
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subsequent degradation that depleted the cells from the G2/M
contributed to apoptosis induction, because proper spindle-
formation during mitosis is mandatory for survival. In
conclusion, we demonstrated that A. schlechtendalii root
extract specifically targeted carcinogenic mechanisms,
because Cdc25A and cyclin D1 are oncogenes that are
frequently overexpressed in a variety of cancer entities and
further, this extract affected microtubule function reminiscent
of taxol.

Introduction

More than 90% of the medications used in the non-industri-
alised world are natural products and over 60% of the lead
compounds of the drugs used in Western medicine have their
origin in plants and microbes (1). Therefore, the biosphere
is still screened at random to discover new leads. Another
approach, which is highly focussed and saves from a high
rate of unsuccessful ‘tries and errors’ of broad spectrum
screening and offers a high probability to find new lead
compounds against cancer requests the ancient ethno-botanical
knowledge of traditional medicines. This knowledge is based
on in-depth and long lasting empirical experience in locally
available natural resources - mainly plants. The North
American tribe of the Quinault treated (treats) stomach and
kidney complaints with the bark of the evergreen Pacific yew
tree (Taxus brevifolia), and a pharmaceutical company isolated
Taxol from this plant bark and developed paclitaxel for the
treatment of breast cancer.

Plant toxins provide an evolutionary advantage, because
bioactive compounds play a role in defence mechanisms e.g.
against grazing, fungal bacterial or viral intrusions. An
important feature of currently used anticancer drugs is their
high toxicity that triggers programmed cell death (apoptosis)
and/or their potential to inhibit cell cycle progression.
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To discover new anticancer remedies from ethno-medicinal
plants we searched for anti-inflammatory remedies used by
the Maya of the El-Peten/Belize lowland rainforests because
they still practice their traditional medicine that is based on
the extremely rich biodiversity of this tropical area (2).
However, preventive- or even therapeutic remedies against
cancer are unknown in ancient medicinal concepts, because,
in general, those civilisations or communities did not live
long enough to obtain a substantial experience with this disease
that mostly occurs late in age. Yet, they are well aware of all
kinds of inflammations and severe skin conditions. In tumour
cells several pathways are induced that may also be activated
in inflamed tissues e.g. MEK-Erk, COX-2 and NF-«B/Rel
(3-6). We selected two anti-inflammatory and well tolerated
healing plants that are still used by the Maya to study their
anticancer activity. Here we describe the bio-activity of
extracts of S. podophyllum and A. schlechtendalii (both from
the Aracea family) in HL-60 promyeloic leukaemia and MCF-7
breast cancer cells.

Materials and methods

Plant material. Leaves and roots of Anthurium schlechtendalii
and the aerial parts of Syngonium podophyllum were collected
in Playa Diana, San José/Petén, Guatemala, in August, 2006,
and identified by Dr Richard Frisch of the Institute of Ethno-
botany, San Jose, El-Petén, Guatemala. Voucher specimens
were deposited in the Herbarium of the Institute of Ethno-
botany, Playa Diana, San José, El-Petén.

Extraction. Of the species A. schlechtendalii, 50.1 g air-dried
foliage- and 50.0 g air-dried root material, and 32.6 g freeze-
dried foliage- and 32.1 g freeze-dried root material, and of S.
podophyllum 43.8 g air-dried, and 51.6 g freeze-dried aerial
plant part material were ground and successively extracted
with petroleum ether, dichloromethane, ethyl acetate and
methanol (500 ml each). The extracts were evaporated under
vacuum and the residues were dissolved in 2 ml ethanol for
testing in HL-60 and MCF-7 cells. For the proliferation-
and apoptosis analyses following concentrations were used:
500 pg/ml, 1 mg/ml, 4 mg/ml, 20 mg/ml, as well as 0.2%
EtOH solvent control. Forty mg/ml was the concentration in
which the extract remained dissolved when added to the cell
culture medium but exhibited non-specific toxicity inducing
necrosis (data not shown). Therefore, we used only 20 mg/ml
as the highest tested concentration.

Reagents and antibodies. Hoechst 33258 and propidium
iodide were purchased from Sigma. ECL Western blotting
Substrate Cat# 32106 was from Pierce. Antibodies: mouse
monoclonal anti-acetylated tubulin clone 6-11B1 Cat# T6793,
and mouse monoclonal anti-B-actin clone AC-15 Cat# A5441,
were from Sigma. Mouse monoclonal anti-cdc25A (F-6)
Cat# 7389, anti-a-tubulin (TU-02) Cat# sc-8035, PARP-1
(F-2) Cat# sc-8007, and anti-cyclin D1 (M-20) Cat# sc-718
were from Santa Cruz, anti-phospho-Cdc25A (Serl77; cl
RB7637) Cat# SA060424C was from Abgent. Rabbit
monoclonal anti-active caspase-3 (CPP32) clone C92-605
Cat# 58404 was from Research Diagnostics Inc. Polyclonal,
anti-phospho-Chk?2 (Thr68) Cat#2661, anti-Chk2 Cat# 2662,
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anti-MEK 1/2 Cat# 9122, polyclonal anti-phospho-MEK 1/2
(Ser 217/221) Cat# 9121m, monoclonal rabbit anti-p44/42
MAP Kinase (Erk1/2; 137F5) Cat# 4695, and mouse mono-
clonal anti-phospho-p44/42 MAPK (Erk1/2-Thr202/Tyr204)
(E10) Cat# 9106 were from Cell Signaling. Anti-mouse IgG
was from Dako and anti-rabbit IgG and high performance
chemiluminescence film was from GE Healthcare.

Cell culture. HL-60 promyelocytic leukemia-, and MCF-7
breast cancer cells were from ATCC. Cells were grown in
RPMI-1640 (HL-60) or DMEM (MCF-7) medium supple-
mented with 10% heat inactivated fetal calf serum, 1% L-
glutamine and 1% penicillin/streptomycin at 37°C in a humidi-
fied atmosphere containing 5% CO,. All media and supple-
ments were obtained from Life Technologies.

Proliferation inhibition analysis. To determine the anti-
proliferative effect of the plant extracts HL-60 cells were
seeded in T-25 tissue culture flasks at a concentration of
1x107 cells per ml. MCF-7 cells were seeded at a concentration
of 1x10* cells per ml in 24-well plates and grown for 24 h.
Then, they were incubated with increasing extract concen-
tration (corresponding to 500 pg/ml, 1 mg/ml, 4 mg/ml and
20 mg/ml dried plant) for 72 h. After 24 and 72 h cells were
counted with a micro-cell counter and ICs, values calculated.
MCF-7 were trypsinised before counting. Experiments were
done in triplicate. The percent of cell divisions compared to
the untreated control were calculated as follows: [(Csy 1, 4 gy -
Cain+ anu(Corrn g = Coan - ang)] X100 = % cell division; C,
cell number.

Cell death analysis. Hoechst 33258 propidium iodide double
staining of the DNA was performed according to the method
described (7). HL-60 cells (1x10° per ml) were seeded in T-25
Nunc tissue culture flask and exposed to increasing
concentrations of plant extracts (500 pg/ml, 1 mg/ml, 4 mg/ml
and 20 mg/ml) for 48 h. MCF-7 cells were seeded at a density
of 1x10* cells per ml in 24-well plates and grown for 24 h.
Then, increasing concentrations of extract were added and
the cells were treated for 96 h. Then the cells were washed
with PBS, treated with trypsin and resuspended with medium.
Hoechst 33258 and propidium iodide were added directly to
the cells at final concentrations of 5 and 2 yzg/ml, respectively.
After 60 min of incubation at 37°C, the apoptotic nuclear
morphology of cells was examined with a Zeiss Axiovert
fluorescence microscope and a DAPI filter. This method
allows to distinguish between apoptosis and necrosis (8).

Western blotting. HL-60 cells (1.5x107) were seeded into T-75
Nunc tissue culture flasks and incubated with 27.9 pg/ml
dichloromethane extract of A. schlechtendalii (corresponding
to 4 mg/ml dried plant) for 0.5, 2, 4, 8 and 24 h. Then 1x10°
cells were harvested (per experimental point), washed twice
with ice cold PBS, centrifuged at 1,000 rpm for 5 min, lysed
in a buffer containing 150 mM NaCl, 50 mM Tris pH 8.0, 1%
Triton-X-100, 1 mM phenylmethylsulfonylfluoride (PMSF)
and Protease Inhibitor Cocktail (PIC; from a x100 stock).
Then, the lysate was centrifuged at 12,000 rpm for 20 min
at 4°C, and the supernatant was stored at -20°C until further
analysis. Equal amounts of protein samples were separated
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by polyacrylamide gel electrophoresis (PAGE) and electro-
transferred onto PVDF-membranes (Hybond, Amersham) at
4°C overnight. Equal sample loading was controlled by
staining membranes with Ponceau S. After washing with
phosphate buffered saline/Tween-20 (PBS/T) pH 7.2 or Tris
buffered saline/Tween-20 (TBS/T) pH 7.6, membranes were
blocked for 1 h in blocking solution (5% non-fat dry milk in
PBS containing 0.5% Tween-20 or in TBS containing 0.1%
Tween-20). Then, membranes were incubated with the first
antibody (in blocking solution, dilution 1:500-1:1000) by
gently rocking at 4°C, overnight. Thereafter, the membranes
were washed with PBS or TBS and further incubated with
the second antibody (peroxidase-conjugated goat anti-rabbit
IgG or anti-mouse IgG, dilution 1:2000-1:5000 in PBS/T or
TBS/T) for 12 h. Chemiluminescence was developed by the
ECL detection kit (Pierce) and then membranes were exposed
to high performance chemiluminescence film.

FACS analysis. HL-60 cells (1x10° per ml) were seeded in
T-25 Nunc tissue culture flasks and incubated with 1.75 and
3.5 pg/ml dichloromethane extract (corresponding to 250 and
500 pg/ml freeze-dried A. schlechtendalii root) for 24 h under
cell culture conditions. Then, cells were washed with 5 ml
cold PBS, centrifuged (800 rpm for 5 min), and resuspended
and fixed in 3 ml cold ethanol (70%) for 30 min at 4°C.
After two further washing steps with cold PBS, RNAse A,
and propidium iodide were added to a final concentration of
50 ug/ml each and incubated at 4°C for 60 min before
measurement. Cells were analysed on a FACSCalibur flow
cytometer (BD Biosciences, San Jose, CA, USA) and cell
cycle distribution was calculated with ModFit LT software
(Verity Software House, Topsham, ME, USA).

Statistics. All experiments were done in triplicate and analysed
by t-test (GraphPad Prism 4.0 program).

Results

The aerial parts of S. podophyllum are green except tiny
hold-fast roots facilitating tree climbing and they were used
without subdividing them in foliage, stem axis and roots. A.
schlechtendalii is another member of the Aracea family in
this tropical region and stemless. This plant was divided in
roots and leaves. Both plants were tested as air-dried- (tradi-
tional way), and freeze-dried material (Iyophilised) to avoid
the degradation of labile bioactive metabolites.

Anti-proliferative activity of S. podophyllum extracts. All
extracts inhibited HL-60 cell growth at the concentration of
20 mg/ml (mg dried plant weight/ml cell culture medium,
Fig. 1). The methanol extract was most effective with an
IpCs, of 2.6 mg/ml. The growth-inhibitory activities of the air
dried material and the freeze dried material were rather similar.

Anti-proliferative activity of A. schlechtendalii extracts.
Such as S. podophyllum also A. schlechtendalii extracts
inhibited HL-60 cell growth. From the foliage the strongest
growth inhibitory activity was contained in the dichloro-
methane extract derived from air dried material (IpCs, = 6.7 ug
dried extract weight corresponding to 0.5 mg dried plant
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Figure 1. Anti-proliferative effects of air-dried and freeze-dried S. podophyllum.
HL-60 cells were seeded into T-25 tissue culture flasks (1x10° cells/ml),
grown for 24 h to enter logarithmic growth phase, and incubated with the
indicated extracts (petrol ether, dichloromethane, ethyl acetate and methanol)
from 0.5, 1, 4 and 20 mg/ml dried plant material. Controls received 0.2%
EtOH which was the concentration cells had to experience together with the
highest extract concentration. Cells were counted after 24, 48 and 72 h of
treatment and the percentage of proliferation within this time span was
calculated. Experiments were done in triplicate. Error bars indicate SEM,
and asterisks significance (p<0.05).

weight/ml cell culture medium; Fig. 2a), whereas the most
potent growth inhibitory activity from roots was found in
the dichloromethane extract of freeze-dried material (IpCs, =
1.7 ug dried extract weight corresponding to 0.25 mg dried
plant weight/ml cell culture medium; Fig. 2b). Interestingly,
freeze-dried leaves exhibited the growth-inhibitory activity
only in the highest tested concentration, which suggested that
the active principle was generated throughout the extended
drying process (in the tropical climate). In contrast, the roots
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lost their activity during air-drying implicating that the active
principle in this plant part was different from that in the leaves
and very unstable. The ethyl acetate and methanol root extracts
(derived form freeze-dried plants) were slightly less active
than the dichloromethane extract, which was therefore, used
for further analyses.

Selected extracts were also tested in MCF-7 breast cancer
cells, because MCF-7 cells were found to detect the vast
majority of those agents which exhibit anticancer activity in
the 60 cancer cell line screen of the National Cancer Institute
(NCID) (9,10). The dichloromethane extract of air-dried foliage
inhibited MCF-7 cell proliferation only at a high concen-
tration (IpCy, = 236.3 ug dried extract weight corresponding
to 17.5 mg dried plant weight/ml cell culture medium; Fig. 2a),
whereas the freeze-dried root extract inhibited 50% of MCF-7
growth at a concentration that was in the same range as
observed in HL-60 cells (IpCs, = 4.1 ug dried extract weight
corresponding to 0.6 mg dried plant weight/ml cell culture
medium; Fig. 2b).

Modulated expression of cell cycle regulators. The freeze-
dried dichloromethane root extract of A. schlechtendalii
inhibited the cell cycle of HL-60 cells, which were incubated
for 24 h with 1.75-3.5 pug/ml extract (corresponding to 250
and 500 pg/ml root), in S-phase depleting the cells from the
G2/M phase (Fig. 3a). Typically, anticancer agents inhibit
cancer cell growth by activating cell cycle check points such
as p53, induce cell cycle inhibitors i.e. p21, interfere with Cdk
activity or inhibit other mechanisms relevant for cell division
such as the limited availability of nucleotides or disrupted
cell segregation. Since HL-60 cells are p53-deficient the
extract did not activate this surveillance mechanism. However,
checkpoint kinase 2 (Chk2) was activated within 24 h. A
target site of Chk2 is serine 177 (Ser177) of the cell cycle
protagonist Cdc25A. In fact, this site was strongly phospho-
rylated (resulting in the inactivation of Cdc25A), however, it
is unlikely that this was by virtue of Chk2, because maximal
Ser177-Cdc25A phosphorylation was already observed
after 2 h of exposition to 27.9 ug/ml extract (corresponding
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Figure 2. Anti-proliferative effect of A. schlechtendalii foliage and root extracts. HL-60 cells (seeded into T-25 flasks at 1x10° cells/ml density) and MCF-7
cells (seeded into 24-well plates at 1x10* cells/ml density) were grown to enter logarithmic growth phase, and incubated with the indicated extracts (petrol
ether, dichloromethane, ethyl acetate and methanol) from 0.5, 1, 4 and 20 mg/ml dried (a) foliage and (b) roots (both air-dried and freeze-dried). Cells were
counted after 24, 48 and 72 h of treatment and the percentage of proliferation within this time span was calculated. Experiments were done in triplicate. Error

bars indicate SEM, and asterisks significance (p<0.05)

to 4 mg/ml roots) (Fig. 3). Nevertheless, inactivation of
Cdc25A together with the suppression of the cell cycle
regulator cyclin D1 within 8 h of treatment (both gene products
are oncogenes and up-regulated in many cancer entities) was
most likely the reason for cell cycle arrest. Cyclins are a
family of proteins inducing and controlling mitosis by
regulating the activity of cyclin dependent kinases (Cdks). In
addition, expression of p21 was transiently induced (Fig. 3).

Analysis of inflammatory response. Since S. podophyllum
and A. schlechtendalii are traditionally used as remedies to
treat a wide spectrum of inflammations, the most active extract
types were tested in vitro regarding their anti-inflammatory

potential. Neither of the tested plant extracts showed inhibition
in the CD62E-expression assay upon TNFa stimulation in
HUVECs (11) or in a COX-2 inhibitor screening assay (from
Cayman-Cat. No. 560131, which measures PGF,, produced
by SnCl, reduction of COX-derived PGH,; data not shown).
The MEK-Erk pathway is involved in mediating pro-inflam-
matory stimuli (12). Therefore, the activation of the MEK-
Erk signaling pathway was investigated in response to the A.
schlechtendalii root extract by using phospho-specific
antibodies. Although 4 mg/ml extract rapidly and transiently
induced Erk1/2 phosphorylation (reaching the maximum after
8 h and returning back to control level after 24 h; MEK did
not become activated) Erk1/2 and MEK protein levels were
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Figure 3. Effect of freeze-dried A. schlechtendalii root dichloromethane
extract on the cell cycle. (a) HL-60 cells were treated with 1.75 and 3.5 pg/ml
extract (corresponding to 250 and 500 pg/ml root) for 24 h and then
subjected to FACS analysis to determine the cycle phase in which the cells
accumulated. Error bars indicate SEM and asterisks significance (p<0.05).
Experiments were done in triplicate. (b) HL-60 cells (1x10° cells) were
seeded into T-75 tissue culture flasks and incubated with 27.9 pg/ml extract
(corresponding to 4 mg/ml roots) for 0.5, 2, 4, 8 and 24 h and subjected to
Western blot analysis using the indicated antibodies. Equal sample loading
was controlled by Poinceau S staining and -actin analysis.
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reduced after 8 and 24 h, respectively (Fig. 4). The down-
regulation of the MEK and Erk protein levels may contribute
to suppress inflammatory reactions caused i.e. by bacterial
infections.

Induction of cell death. The most relevant property of anti-
cancer agents is the potential to eliminate transformed cells.
This can be achieved by various different ways but finally
ends with the death of the cancer cell. Therefore, the pro-
apoptotic properties of the A. schlechtendalii extract was
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Figure 4. Analysis of Erk pro-inflammatory pathway. HL-60 cells (1x10° cells)
were seeded into T-75 tissue culture flasks and incubated with 27.9 pg/ml
extract (corresponding to 4 mg/ml roots) for 0.5, 2, 4, 8 and 24 h and
subjected to Western blot analysis using the indicated antibodies. Equal
sample loading was controlled by Poinceau S staining and B-actin analysis.
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tested in HL-60 and MCF-7 cells. HL-60 and MCF-7 cells
were exposed to increasing concentrations of extracts derived
from air-dried foliage and freeze-dried roots. The root extract
triggered a massive apoptotic response in both cell lines
(Fig. 5b and d), which was confirmed by caspase 3 cleavage
(activation), using a caspase 3 antibody, which detects only
the activated form, but not holo-caspase 3, and proteolytic
signature-type degradation of PARP (Fig. 6a). The foliage
extract also triggered apoptosis in HL-60 cells, however less
effective than the root extract (Fig. 5a). Unexpectedly, the
foliage extract provoked necrosis of MCF-7 cells (Fig. 5¢)
demonstrating that distinct bio-active components were
contained in foliage and roots. Since necrosis-provoking
properties are undesired during chemotherapeutic treatment
(because of severe side effects) this extract type was neglected
and only the root extract was further analysed.

Microtubules function as structural and mobile elements
in mitosis. Mobility of the tubulin bundles is achieved by
fine-tuned polymerizing and de-polymerizing events. Tilting
tubulin dynamics is incompatible with functional cell division
(13). Taxol, a major anti-cancer drug derived from the genus
Taxa sp. (Pacific yew) (14), stabilises microtubules of cancer
cells thereby causing mitotic arrest and in consequence
apoptosis. Polymerised/stabilized microtubule (15,16) are
reflected by the increased acetylation of a-tubulin at lysine 40
(17), and therefore, the detection of acetylated a-tubulin is an
indirect way of monitoring the polymerization status of
tubulin. Exposure of HL-60 cells to A. schlechtendalii root
extract for 2 h increased the acetylation of a-tubulin and after
8 and 24 h tubulin became progressively degraded (Fig. 6a).
This evidenced that this extract type contained tubulin-
targeting activity and was certainly responsible for the pro-
apoptotic property.

Discussion

Although more than 60% of all pharmaceutical drugs that are
used in the industrialised world are derived from natural



INTERNATIONAL JOURNAL OF MOLECULAR MEDICINE 24: 513-521, 2009

a
A. schlechtendalii air-dried leaves
dichloromethane extract
1004 *
- == Apoptosis
E 809 [INecrosis
© *
= 60- =
(5]
& 40-
-
- * *
2 201
mg/ml
C
A. schlechtendalii air-dried leaves
dichloromethane extract
1001 *
- Il Apoptosis
E 809 [Necrosis
-
3T 604
8 *
~
o 404
2
2 20+
04— ==
00 N |- ,.P
mg/ml

519

A. schlechtendalii freeze-dried roots
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Figure 5. Induction of cell death. (a and b) HL-60 cells were treated for 72 h and (c and d) MCF-7 cells were treated for 96 h with increasing concentrations of
the dichloromethane extracts derived from (a and c) air-dried leaves, and (b and d) freeze-dried roots of A. schlechtendalii and the type of the induced cell
death was determined and quantified by Hoechst 33258 and propidium iodide double staining. Error bars indicate SEM and asterisks significance (p<0.05).

Experiments were done in triplicate.
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Figure 6. Effect of freeze-dried A. schlechtendalii root dichloromethane extract on apoptotic signalling. HL-60 cells (1x10° cells) were seeded into T-75 tissue
culture flasks and incubated with 27.9 yg/ml extract (corresponding to 4 mg/ml roots) for 0.5, 2, 4, 8 and 24 h and subjected to Western blot analysis using (a)
anti-caspase 3 and anti-PARP, and (b) anti-acetylated a-tubulin and anti-a-tubulin antibodies. Equal sample loading was controlled by Poinceau S staining and

B-actin analysis.

products traditional remedies were widely ignored by Western
medicine and pharmaceutical companies. Since the develop-
ment of entirely new drugs is extremely expensive the
investigation of traditional healing plants as medication
against the typical diseases of modern civilisations, such as
cancer, comes more frequently into focus of basic and
translational research. We are interested in the knowledge of
herbalists and curanderos/curanderas of very old cultures or
civilizations living in high biodiversity regions still practising

their traditional healing methods based on a rich botanical
pharmacy. Therefore, the long lasting medicinal experience
of the Maya is particularly precious, because some Maya
populations still exist rather isolated for hundreds of years,
and treat and heal diseases of many kinds using natural
remedies from the neighbouring tropical rain forests, which
are in Central America amongst the richest biodiversity
areas in the world. In this investigation the criteria for plant
selection were: i) the traditional use to treat chronic or severe
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inflammation and ii) the absence of records in Western
medicinal- and patent databases.

The present work analysed the anti-cancer properties of
two rainforest species of the Aracea family that are still used
in the long lasting medicinal tradition of the Maya of
Guatemala/Belize to treat arthritis, rheumatism, cough and
severe skin conditions (2). Whereas the parasitic vine S.
podophyllum showed only weak anti-proliferative activity in
the methanol extract the dichloromethane extract of A.
schlechtendalii roots prevented HL-60 and MCF-7 cell
growth already at very low extract concentrations (1.7 and
4.1 pg/ml, respectively). In A. schlechtendalii we observed a
property that could be interpreted as anti-inflammatory,
namely the partly downregulated constitutive Erk1/2 and
MEK expression, because the LPS-triggered inflammatory
response is mediated by Erk1/2 (12) and also influenza A
virus propagation engages the MEK-Erk pathway (18), but
neither of the two plant species abrogated the TNFa amplifi-
cation loop (involving NF-kB) or COX-2 driven prostanoid
generation (not shown).

The growth inhibitory effects of A. schlechtendalii
correlated with the activation of Chk2 and the transient
induction of p21, the inhibition and down-regulation of
Cdc25A, and suppression of cyclin D1 level. Cdks control
cell cycle transit and are positively regulated by cyclins and
Cdc25A. Cdc25A and cyclin D1 are oncogenes that are
frequently overexpressed in a variety of cancer entities. Such
as cyclins promote cell cycle transition by associating and
activating cyclin-dependent kinases, Cdks are negatively
regulated by p21, which itself is a target of p53. Although
HL-60 cells are p53 deficient (19), Western blot analysis
showed an up-regulation of p21 until 4 h upon treatment
with A. schlechtendalii root extract, and thereafter a return
to control levels. Besides p53, also MEK-Erk1/2 were
shown to up-regulate p21 (20,21) and this could have been
achieved by the observed activation of Erk1/2 within 30 min
of treatment.

Altogether, this resulted in the accumulation and stalling
of HL-60 cells in S-phase and depletion from G2/M. This
G2/M depletion was most likely caused by acetylation and
subsequent degradation of a-tubulin, which is required for
spindle-formation and proper segregation of chromosomes
during mitosis and this may have stalled the cells in S-phase
and prevented cell division (22). The tubulin targeting property
of A. schlechtendalii root extract was likely also causal for
apoptosis that was triggered at very high rate in HL-60 and
MCEF-7 cells, as measured by HOPI staining and confirmed
by caspase 3 activation and signature-type cleavage of PARP.
Caspase-3 is one of the key executioners of apoptosis, as it is
either partially or totally responsible for the proteolytic
cleavage of many key proteins such as the nuclear enzyme
poly (ADP-ribose) polymerase (PARP) (23). Interestingly,
the air-dried foliage material induced predominantly necrosis
in MCF-7 cells and this could be due to the fact that this cell
line does not express caspase 3 (24) and that there are several
distinct active principles present in the various extract types
and plant parts.

The Aracea family encompasses more than 105 genera
and Anthurium more than 600 species, which seem to be
genetically rather homogeneous (25). Anthurium species

STARK et al: ANTI-CANCER PROPERTIES OF A TRADITIONAL HEALING PLANT

were shown to contain antioxidants and phenolic constituents
such as flavone glucosides (26), which could be responsible
for the anti-inflammatory potential since antioxidants such as
other radical scavengers (e.g. vitamins) protect cells from
oxidative DNA damage, possess anti-inflammatory properties
and have been shown to be cancer preventive (3). Current
northern Peruvian traditional medicine (around the Andean
Cordilliera) can be traced back to the Moche culture and
scores more than 500 healing plants from which only two are
Aracea (27). The Spanish name for A. schlechtendalii is ‘Oja
de Piedra’, and a similar plant with the same habitus and
habitat (growing as epiphyte) and the same name as A.
schechtendalii exists in the Peruvian Amazonas. However,
this plant does not seem to be part of the Andean medicinal
tradition most likely because of the enormous distances
through rough wilderness. As we could demonstrate, the
bioactivity of A. schlechtendalii roots is very short-lived and
will not withstand the long transport through tropical climate.
Whether indigenous tribes of the Peruvian Amazon lowland
who live very scattered and hidden and entirely different
from Andean tribes, take also advantage of ‘Oja de Piedra’
escapes the knowledge of the authors.
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