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Abstract

Objectives: Restorative properties of medicinal
plants such as Genista sessilifolia DC. have often
been suggested to occur, in epidemiological studies.
However, full characterization of effective princi-
ples responsible for this action has never previously
been performed. Here, we have -characterized
G. sessilifolia’s anti-cancer effects and identified
the chemical components involved in this anti-
tumour action.

Materials and methods: Cell cycle, apoptosis,
necrosis, differentiation analyses, high-performance
liquid chromatography, western blotting, RNA
extraction, real-time PCR and primers have all been
observed/used in the study.

Results: We report that G. sessilifolia methanol
extract has anti-cancer activity on solid and haema-
tological cancer cells. G. sessilifolia extract’s anti-
proliferative action is closely bound to induction of
apoptosis, whereas differentiation is only weakly
modulated. Analysis of G. sessilifolia extract, by
high-performance liquid chromatography, identifies
fraction 18-22 as the pertinent component for
induction of apoptosis, whereas fractions 11-13 and
27-30 both seem to contribute to differentiation.
G. sessilifolia extract induces apoptosis mediated
by caspase activation and p21, Rb, p53, Bcl2-
associated agonist of cell death (BAD), tumour
necrosis factor receptor super-family, member 10
(TRAIL) overexpression and death receptor 5
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(DRS5). Accordingly, fraction 18-22 inducing apop-
tosis was able to induce TRAIL.

Conclusions: Our results indicate that G. sessilifoli-
a extract and its fraction 18-22 containing genistin
and isoprunetin, were able to induce anti-cancer
effects supporting the hypothesis of a pro-apoptotic
intrinsic content of this natural medicinal plant.

Introduction

The rational design of chemical compounds to target
specific molecules often draws on components already
existing in nature (1,2). Thus, improving and under-
standing biological effects of natural compounds repre-
sents a significant opportunity in biomedical sciences.
As yet, emerging fields such as molecular biology and
combinatorial chemistry have not appeared to be able to
satisfy the requirements of the pharmaceutical industries.
For example, by exploiting their natural properties, vali-
dation of natural target compounds might become useful
for treatment of human diseases such as cancer (3-8).

In search of such beneficial compounds, a crucial
prerequisite is their non-toxicity to normal cells, and as
a consequence, there has been a focus on investigating
components of traditional medicine for possible anti-
cancer therapeutic use. Natural compounds, and particu-
larly plant derivatives (9), are the subject of an increasing
number of studies and growing interest is being directed
to plants that are well known for general medicinal
properties. Indeed, we (and others) have previously
shown potential anti-cancer effects of components of
Psidium guajava (10) and Feijoa sellowiana (11).

The genus Genista L. (Leguminosae, GL) consists
of 87 species predominantly distributed in the Mediterra-
nean area (12). Composition of GL plants is characterized
by presence of flavones, quinolizidine alkaloids (13),
glycoflavones, and above all, of isoflavones, particularly
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substituted-isoflavones such as 5-methylgenistein and O-
glucosylated isoflavones (14). Daidzein, genistein and
isoprunetin are the most representative compounds of
the genus (15) and several Genista species have interest-
ing biological properties, such as being hypoglycaemic,
anti-inflammatory, anti-ulcer, spasmolytic, antioxidant,
oestrogenic and cytotoxic in different human cancer cell
lines (16-18). Genista sessilifolia DC. (syn. Cytisus
sessilifolius L., GS) is a shrub with sessile or sub-sessile
leaves and yellow flowers collected in racemes. GS
occurs in two rather separate areas, one through Anato-
lia, and the other in south-eastern European countries
such as Bulgaria, southern Romania, Macedonia, north-
ern Greece (19, 20) and Italy, where it spreads though
woods up to 800 m above sealevel (12). Previous
reports indicate anabolic and anti-inflammatory proper-
ties of flavonoids extracted from the plant (21).
Recently, we have studied effects of methanolic extracts
from the aerial parts of G. sessilifolia DC. and G. tincto-
ria L., on pBR322 DNA cleavage induced by hydroxyl
radicals ( OH) generated from UV-photolysis of hydro-
gen peroxide (H,O,), and by nitric oxide (NO), and cell
population growth inhibitory activity of these natural
products, to human melanoma cell line (M14) (22). Pre-
vious results have shown that isoflavonoid components
of extracts of G. sessilifolia and G. tinctoria, have pre-
vented UV light and nitric oxide-mediated plasmid
DNA damage and attenuated population growth of
malignant melanoma cells, probably triggering apoptotic
processes (22). Here, we report biological effects of G.
sessilifolia DC. extracts, which include induction of cell
cycle arrest and apoptosis. In fractionation experiments,
we have been able to identify fraction 18-22 content of
genistin and isoprunetin as active against malignant
cells.

Materials and methods

Preparation of methanol extracts of G. sessilifolia

Aerial parts of G. sessilifolia were collected at full flow-
ering stage in April 2005, from plants growing in the
‘Parco Nazionale del Cilento’ (Salerno, Italy). A vou-
cher specimen (SN 033) was deposited at the Herbarium
Neapolitanum (NAP), Faculty of Pharmacy, University
of Naples ‘Federico II'. For preparation of the extract,
G. sessilifolia aerial parts (667 g) were air-dried, cut
into small pieces, then sequentially extracted by cold
maceration ~ with  petroleum  ether  (40-60 °C)
(3 x 2.5 1), CHCI3 (3 x 2.5 1) and CH30H (3 x 2.5 1).
After filtration, the methanol solution was concentrated
under reduced pressure to provide 72.8 g gum. Samples
of extracts were used for biological assays.
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High-performance liquid chromatography

Methanolic extract of G. sessilifolia was chromato-
graphed in 2 g portions on a Sephadex LH-20 (Pharma-
cia, Uppsala, Sweden) column, eluting with CH3;0H to
afford 35 fractions of 20 ml each. Fractions were analy-
sed by TLC using n-BuOH/CH;COOH/H,0O (60:15:25,
v/v) as eluent and Ce(SO,), in H,SO,4 as spray reagent,
and gathered according TLC analysis. Fractions 18-19
(1.28 g), 20-22 (590 mg), 23-26 (369.3 mg) and 27-30
(72 mg), shown to be the most active in preliminary
biological assays (data not shown), were further purified
by HPLC on a C;g3 p-Bondapak column, with the excep-
tion of fraction 23-26 that was constituted entirely of
genistein (3) (15). Fraction 18-19 was eluted with
CH;0H/H,0 50:50 to yield pure genistin (1; 33.1 mg;
Rt = 7.5 min) (23). Fraction 20-22 was eluted with
CH;0H/H,0 50:50 to yield pure isoprunetin (2; 3.4 mg;
Rt = 15.5 min) (15). Fraction 27-30 was eluted with
CH;0H/H,O 70:30 to yield pure orobol (4; 7.7 mg;
Rt = 9.5 min) (15). Structures of these compounds were
determined by comparison of their spectroscopic data
(NMR and MS) with values found in the literature
(15,23).

Cell lines and culture conditions

NB4 cells (human acute promyelocitic leukaemia) were
obtained by DSMZ and were routinely cultured, while
MCEF-7, HeLa, MDA-MB231, LnCaP and U937 cell
lines were obtained from ATCC and routinely cultured.
MCF-7 and HeLa cells were grown at 37 °C in 5% CO,
atmosphere in Dulbecco’s modified Eagle’s medium
(DMEM,; Gibco, Paisley, NY, USA), supplemented with
5% foetal bovine serum (FBS; Gibco), 1% l-glutamine,
1% ampicillin/streptomycin and 0.1% gentamicin. U937,
MDA-MB231, LnCaP and NB4 cells were grown at
37 °C in 5% CO, atmosphere in RPMI-1640 medium
(Gibco), supplemented with 10% heat-inactivated foetal
bovine serum (FBS), 1% L-glutamine, 1% ampicillin/
streptomycin and 0.1% gentamicin. SAHA (kindly pro-
vided by Merck) and MS275 (Alexis, Vinci-Biochem
srl, Vinci, Italy) were resuspended in DMSO and used
at final concentration of 5 pm. Cell morphological analy-
sis (for all cell lines used) was performed using bright
field light microscopy (20x).

Cell cycle analysis

Samples were applied to a FACS-Calibur flow cytome-
ter and analysed following standard procedures using
Cell Quest software (Becton Dickinson, Milan, Italy)
and ModFit LT version 3 Software (Verity Software
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House, Topsham, ME, USA), as previously reported
24).

FACS analysis of apoptosis

Apoptotic levels were measured as pre-Gl, analysed by
FACS with Cell Quest software (Becton Dickinson), as
previously reported (25,26). As second assays, caspases
8, 9 and 7-3 detection (B-Bridge) were performed as
recommended by the suppliers and quantified using
FACS (Becton Dickinson) analysis. Discrimination
between necrosis and apoptosis was performed accord-
ing to the manufacturer’s instructions (ENZ-51002).
Briefly, 2 x 10° cells were treated with the compound
of interest for 24 h. Cells were washed in cold PBS and
resuspended in dual detection reagent, provided with the
kit. After 15 min incubation at RT, samples were analy-
sed using flow cytometry.

Granulocyte differentiation assay

Granulocyte differentiation analysis was carried out as
previously described (25,27). Briefly, NB4 cells were
harvested and resuspended in 10 pl phycoerythrinecon-
jugated CDIl1lc (CDl1lc-PE) (Pharmingen, San Diego,
California, US). Control samples were treated with
10 pl PE conjugated mouse IgGl, incubated for 30 min
at 4 °C in the dark, washed in phosphate-buffered saline
(PBS 1 x with 0.1% BSA) and resuspended in 500 pl
PBS containing PI (0.25 pg/ml). Samples were analysed
by FACS with Cell Quest software (Becton Dickinson).
PI positive cells were excluded from the analysis.

Western blot analysis

Forty micrograms total protein extracts were separated
on polyacrylamide gel and blotted as previously
described (28). Western blots were performed for p21
(dilution 1:500; Transduction Laboratories, BD group),
Rb and p53 (dilution 1:500; Santa Cruz, Santa Cruz,
CA, USA). Total mitogen-activated protein kinases
(ERKS) (dilution 1:1000; Santa Cruz) were used to nor-
malize for equal loading. To quantify TRAIL, 40 ng
total protein extract was separated on 12% polyacryl-
amide gel and blotted. Western blots were performed of
TNF-related apoptosis inducing ligand (TRAIL) (dilu-
tion 1:200; Abcam, Cambridge, UK), ERKs (dilution
1:1000; Santa Cruz) being used for equal loading. For
determination of BAD and Bcl2 expression levels,
40 pg total protein extracts were separated on 12%
polyacrylamide gel and blotted. Antibodies used were:
anti-BAD (dilution 1:500; Cell Signaling #9292,
Danvers, MA, USA) and anti-Bcl2 (dilution 1:500, Bcl2
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(Ab-1); Oncogene Science, Cambridge, MA, USA).
Total ERKs were used to normalize for equal loading.

RNA extraction

Cells were collected by centrifugation and resuspended
in 1 ml of TRIzol reagent (Invitrogen - Life Technolo-
gies, Monza, Italy), vigorously shaken, and stored at
—20 °C overnight. The following day, samples were
supplemented with 100 pl of 2-bromo-3-chloro propane
(Sigma Aldrich, St Louse, MO, USA), shaken gently
and incubated for 15 min at RT. After centrifugation for
15 min, 16000 g at 4 °C, supernatants were collected
and dispensed into fresh tubes and supplemented with
500 pl cold isopropylicalcohol. RNA precipitation reac-
tion was carried out for 1 h at —80 °C and followed by
centrifugation for 15 min, 13 000 rpm at 4 °C. Pellets
were then resuspended in 1 ml cold 75% ethanol and
samples were centrifuged again for 10 min, 5300 g at
4 °C. Pellets were subsequently dried at 42 °C for sev-
eral minutes and resuspended in DEPC-treated H,O.
RNA samples were quantified using a Nanodrop 1000
spectrophotometer.

Real-time PCR and primers

RNA samples were converted into c-DNA using VILO
Invitrogen kit: 2 pg RNA was mixed with 1x VILO
reaction mixture, 1x Super-Script Mix and DEPC-H,0;
samples were then incubated for 10 min at 25 °C,
60 min at 42 °C and 5 min at 85 °C. RT-PCR experi-
ments for TRAIL, DRS5, p21 and GAPDH were then
performed. Thermal protocol was as follows: 95 °C for
5 min plus 35 cycles at 95 °C for 30 s, 60 °C for 30 s
and 72 °C for 45 s, with final elongation of 10 min at
72 °C. For amplification, the following primers were
used: TRAIL forward (5'-CAA CTC CGT CAG CTC
GTT AGA-3') and reverse (5-TTA GAC CAA CAA
CTA TTT CTA-3'); DRS forward (5'-TGC AGC CGT
AGT CTT GAT TG-3') and reverse (5'-TCC TGG ACT
TCC ATT TCC TG-3'); p21 forward (5-GAC AAC
CTCA CTC GTC AAA TC-3") and reverse (5'-ACA
GCA CTG TAA GAA TGA GC-3'); GAPDH forward
(5'-GGA GTC AAC GGA TTT GGT-3') and reverse
(5'-CTT CCC GTT CTC AGC CTT-3".

Results
Total GS extract induced anti-malignant effects in
several cell models of cancer

Genista sessilifolia had anti-malignant cell activity and
this property was initially confirmed by using total GS
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extract at different concentrations, for times of 24 and
48 h, on NB4 human acute promyelocitic leukaemia
cells (APL) (Fig. la). Interestingly, effects of GS total
extract were linear and dose-dependent (Fig. la). In
agreement, morphological experiments clearly showed
anti-proliferative effects on the NB4 cells after 24 h,
suggesting that with GS incubation, they underwent pro-
liferative arrest and apoptosis (Fig. 1b). When cell cycle
effects were analysed, treatment with total GS extract
(within ranges of biologically active doses) induced G1
cell cycle block (Fig. 1c) of around 70% at concentra-
tions of 0.5/0.75/1.50 mg/ml. To establish whether GS
extract was also able to induce differentiation, presence
of CDll1c, a specific marker for granulocytic differentia-
tion, was evaluated on the NB4 cells after 48 h treat-
ment. CDIllc expression increased, even at
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Figure 1. Genista sessifolia methanolic extract exerts anti-prolifer-
ative and differentiative action in leukaemia NB4 cells. (a) Apopto-
tic curve of NB4 cells at 24 and 48 h after treatment with G. sessifolia
methanolic extract at reported concentrations. (b) Morphological analy-
sis of NB4 cells after 24 h treatment with G. sessifolia methanolic
extract at reported concentration. (c) Cell cycle analysis of NB4 cells
at 24 h after treatment with G. sessifolia methanolic extract at reported
concentrations. Results represent average of triplicates. (d) CDll1c
expression levels measured by FACS after 48 h treatment with indi-
cated amounts of G. sessifolia methanolic extract, on NB4 cells. Note:
PI positive cells were excluded from the analysis. MS (MS-275) used
as positive pro-differentiative compound.
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concentration of 0.5 mg/ml, (Fig. 1d). Nevertheless, the
differentiative effect was lower than that of MS
(MS275, Entinostat), a well-known anti-tumour and pro-
differentiative agent (25-27,29). To corroborate these
data in different leukaemia models, we tested anti-cancer
activity of GS on U937 cells after 48 h treatment. Both
morphology and apoptosis evaluation indicate that action
of GS was not restricted to NB4 cells, but was a more
general anti-leukaemic cell property(Fig. 2a). To verify
whether solid cancer model cell types would also
respond to GS, with arrest of proliferation and apoptosis,
we tested it on breast cancer (MCF7, MDA-MB231),
cervical cancer (Hela) and prostate cancer (LNCaP) cell
lines. As shown in Fig. 2b—e, all cancer cells displayed
arrest of proliferation, and cell death, after 48 h GS
incubation, despite some differences in sensitivity,
MDA-MB231 and U937 cells being more sensitive than
MCF7, Hela and LNCaP cells.

GS extract mediated caspase activation and apoptotic
molecular events

To investigate molecular events underlying GS-induced
cell death, caspase assays (caspase 8, 9 and caspase 3/7)
were performed. As shown in Fig. 3a, caspases 8, 9 and
3/7 were mainly activated, suggesting that cell death
was due to apoptosis of NB4 cells. To evaluate which
molecular players might be involved in this anti-cancer
action of GS total extract, expression levels of different
known key factors in cell cycle progression and apopto-
sis were analysed by western blot analysis, in NB4 cells.
As shown in Fig. 3b, after 48 h induction, total GS
extract induced expression of p21, a known cell cycle
inhibitor, and Rb, recognized to negatively regulate G1-
S transition. Taken together, these data confirm the
observation on cell cycle block (Figs 3b,1b). Under sim-
ilar experimental conditions, expression levels of pro-
and anti-apoptotic proteins were analysed. Interestingly,
whereas Bcl2 remained unchanged, p53, TRAIL and
BAD appeared to be induced after treatment with total
GS extract (Fig. 3b), validating the pro-apoptotic action
of the compound. In particular, that both mitochondrial
(intrinsic) and death receptor (extrinsic) apoptotic path-
ways were activated strengthens the evidence suggested
by caspase 8 and 9 activation (Fig. 2a).

Selective GS fractions induced anti-malignant effects on
acute promyelocitic leukaemia NB4 cells

To investigate different components of the GS total
extract involved in its anti-cancer effects, the extract
was chromatographed to afford 35 fractions; these were
then analysed for their action with respect to apoptosis,
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Figure 2. Genista sessifolia  methanolic
extract exerts anti-cancer action in differ-
ent cancer cell line models. (a) Morphologi-
cal analysis and percentage of apoptosis in
U937 cells after 48 h treatment with G. sessi-
folia methanolic extract at indicated concen-
tration. (b) Morphological analysis and
percentage apoptosis, in MCF7 breast cancer
cells after 48 h treatment with G. sessifolia
methanolic extract at indicated concentration.
(c) Morphological analysis and percentage of
apoptosis of MDA-MB-231 breast cancer
cells after 48 h treatment with G. sessifolia
methanolic extract at indicated concentration.
(d) Morphological analysis and percentage of
apoptosis in LNCaP prostate cancer cells after
48 h treatment with G. sessifolia methanolic
extract at indicated concentration (¢) Morpho-
logical analysis and percentage of apoptosis
in Hela cervical cancer cells after 48 h treat-
ment with G. sessifolia methanolic extract at
indicated concentration.

showing that fractions from 18 to 22 (18-22) gave rise
to strong increase in pre-Gl phase (apoptotic fraction),
whereas fractions 6-17 and 27-30 caused weaker
increases in cell death (Fig. 4a). When CD11c was mea-
sured as a marker of differentiation, alone fractions
11-13 and 27-30 induced only a weak increase in
CDllc expression at 48 h treatment (Fig. 4b). In com-
parison to total extract, effects of fractions 11-13 and
27-30 were much lower, suggesting that both fractions
might contribute to the effect of GS total extract on
induction of differentiation. Finally, in agreement with
biological analyses shown in Fig. 4a, when fractions 18
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—22 had been tested by western blot analyses, stronger
induction of effectors of apoptosis such as TRAIL and
DRS were detected at 0.2 mg/ml concentration at 48 h
treatment (Fig. 4c), thus corroborating that components
contained in these fractions accounted for cell death
property of GS. Strongest apoptotic response triggered
by fractions 18-19 and 20-22 were also confirmed by
cytofluorimetric analysis using annexin V (Fig. 4d).
Moreover, qPCR analyses of TRAIL, its death receptor
DRS and p21 indicate that there was modulation in frac-
tions used (Fig. 4d). In particular, TRAIL was highly
expressed in fraction 20-22 already at 0.2 mg/ml, while
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Figure 3. Genista sessifolia methanolic extract induced apoptosis
by caspase activation in NB4 cells. (a) Apoptosis measured by cas-
pase activation with FACS analysis in NB4 cells after 24 h induction
with G. sessifolia methanolic extract. Data show average of triplicates.
(b) Western blot evaluation of Rb, p21, p53, Bad, Bcl2 and TRAIL in
NB4 cells after 24 h treatment with indicated concentrations of GS.
Total Erks for equal loading.

DRS5 and p21 induction were more detectable at higher
concentrations.

Quantification of isoflavonoids

To determine major constituents, methanolic extract of
G. sessilifolia was fractionated over Sephadex LH-20,
yielding as the main constituents, genistin (1) (3,30-32),
isoprunetin (2), genistein (3) and orobol (4) (22)
(Fig. 5). These compounds were quantified using
HPLC-PAD. Results of quantitative analyses of the isof-
lavones in methanolic extracts of G. sessilifolia, are
shown in Table 1. Compounds were identified by com-
parison of their retention times (7gr), UV spectra and
MS, with reference samples (Table 1); purity of peaks
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was checked by PAD (200-400 nm). UV spectra
recorded at three different points per peak (up-slope,
apex and down-slope) were compared with UV spec-
trum of the reference standard. Quantitative determina-
tion of genistin, isoprunetin, genistein and orobol was
performed directly by HPLC-PAD using five-point
regression curves in the range 1-25 pg/ml; all samples
were injected three times at each level. Calibration
curves for each compound, made by linear regression by
graph, reporting area ratio of external standard against
known concentration of external standard, were linear in
the range 1-25 pg/ml for all isoflavones. Three aliquots
of the methanol extract of G. sessilifolia were analysed
to quantify genistin, isoprunetin, genistein and orobol.
Results of quantitative analyses are shown in Table 1.
Four isoflavones occurred as major constituents of G.
sessilifolia (by methanolic extraction), in particular geni-
stin and genistein were the most abundant compounds.

Discussion

Plants are an appreciated and natural font of therapeutic
agents (33-36). At present, it is generally documented
that intake of a number of native herbs and vegetables
significantly contributes to improvement in human
health, in terms of prevention and treatment of disease
(37-42). In the region of 80% of existing drugs origi-
nate from medicinal plants, including several anti-tumo-
ural agents as Paclitaxel (taxol) from Taxus brevifolia
(43-46). Frequently in industrialized countries, raw
ingredients used to synthesize pure chemicals originate
from plants. The genus Genista L. (Leguminosae, GL),
consisting of 87 species, is mostly found spread across
the Mediterranean area (12). Genista L. is characterized
by the presence of flavones, glycoflavones, and isoflav-
ones, particularly substituted-isoflavones such as 5-meth-
ylgenistein and O-glucosylated isoflavones (14), whil
daidzein, genistein and isoprunetin are the most repre-
sented of such compounds of the genus (15). Several
Genista species have medical properties such as being
hypoglycaemic, anti-inflammatory, anti-ulcer, spasmolytic,
antioxidant, oestrogenic and as having cytotoxic activi-
ties against different human cancer cells (16,17).
Recently, we have studied effects of extracts from aerial
parts of G. sessilifolia DC. and Genista tinctoria L. on
pBR322 DNA cleavage induced by hydroxyl radicals
(OH) generated from UV-photolysis of hydrogen perox-
ide (H,O,) and by nitric oxide (NO) and cell population
growth inhibitory activity of these natural products
against human malignant melanoma cells (22).

Although a variety of components are present within
them, the main one connected to anti-cancer action is
genistin. Experimental indication that crude methanol
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Figure 4. Genista sessifolia fraction induced apoptosis in NB4 cells. (a) Apoptotic curve of NB4 cells at 24 h after treatment with G. sessifolia
fractions at concentration of 0.2 mg/ml. (b) CD1lc expression levels on treatment with G. sessifolia fractions at concentration of 0.2 mg/ml for
48 h in NB4 cells. MS (MS-275) was used as positive pro-differentiative compound. (c) Western blot analysis of fraction 18-22 actions on TRAIL
and DRS induction at indicated concentrations, for 24 h. Total Erks account for equal loading. (d) Percentage of apoptotic and necrotic cells by
GFP-certified apoptosis/necrosis detection kit using flow cytometry. SAHA was used as positive control for apoptotic induction. (e) Real-time PCR
for TRAIL, DRS and p21 for 18-19 and 20-22 fractions at the indicated concentrations.

extract was able to induce cell cycle arrest and cell Methanol extract from G. sessilifolia was also capable
death in NB4 cells confirmed our hypothesis that some of inducing CD11c expression (taken as ability to differ-
components of the plant have anti-cancer activity. entiate) in acute promyelocytic leukaemia (APL) cells,
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Table 1. Results of quantitative analysis

Compound ” tr (SD) mg of compound/g
of Genista sessifolia

MeOH extract (SD)

Genistin (1) 0.9999 18.66 (0.08) 286.64 (3.41)
Isoprunetin (2) 0.9997 25.45 (0.13) 42.31 (0.13)
Genistein (3) 0.9993 35.98 (0.18) 123.54 (2.61)
Orobol (4) 0.9997 29.01 (0.16) 33.98 (2.41)

r = linear regression; SD = standard deviation.

despite lower levels than of known differentiating agents
such as MS (MS-275, Entinostat). Apoptosis evaluation
in different cancer cell line models indicated that anti-
malignant action of GS is not restricted to NB4 cells,
but is a general anti-cancer property, active in additional
leukaemia models (U937) and against solid cancer cells
(LnCaP, MDA-MB231, MCF7 and Hela). All cancer
cell models tested here with GS methanol extract
showed sensitivity (Fig. 2b—e); differential effects shown
by different cancer cell lines. MDA-MB231 and U937
cells were more sensitive than MCF7, Hela and LNCaP
cells, suggesting both some cell-selectivity and very low
toxic effect of the extract.

Interestingly, we demonstrated that cell death, occur-
ring on GS treatment, was caspase-mediated and able to
activate both cell cycle and molecular death programmes
(Fig. 3). Both initiator caspases (caspases 8 and 9) and
effectors (caspases 3/7) were active after GS treatment,
accompanied by induction of p21, Rb, p53, Bad and
TRAIL (Fig. 3). These lines of evidence strongly sug-
gest involvement of death receptors and mitochondrial-
mediated death pathways in regulation of apoptosis
induced by GS extract. Intrigued by these data, we set
out to determine the most biologically active fraction

© 2013 Blackwell Publishing Ltd

l OH Figure 5. Active components of Genista

sessifolia fractions: (1) Genistin; (2) Isopr-
OH unetin; (3) Genistein; (4) Orobol.

and identified fractions 18-22 as responsible for apopto-
tic action of GS extracts in cancer cells tested. In agree-
ment, fractions 18-22 were able to induce apoptosis as
demonstrated by FACS analysis and by induction of
TRAIL and DRS5 (Fig. 4). In contrast, fractions 11-13
and 27-30 were the only ones able to slightly alter dif-
ferentiation capability (as CDI11c expression), indicating
that multi-component action was needed to modulate
CDl1c expression levels in these settings. Interestingly,
fractions 18-19 main component was genistin (Fig. 5)
whose anti-cancer potential has already been recognized
(31,47-49). Interestingly, fractions 20-22 main compo-
nent was isoprunetin whose anti-cancer (50) and anti-
oestrogenic (51) potentials have also been suggested.

Taken together, these data provide a new perspec-
tive for analysis and use of natural products in treat-
ment of human pathologies, and indicate that plant
components exert anti-cancer activities. Furthermore,
identification of two components, genistin and isopr-
unetin, that account for the anti-cancer potential of GS,
corroborates the knowledge of genistin action against
cancer and strongly support further investigations of
isoprunetin anti-cancer action. Given the need for new
approaches into anti-cancer treatments, in-depth investi-
gation of properties of natural products with minor side
effects and targeted action represent a new approach
for the future development of cancer-selective drugs
and prevention strategies.
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