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Aqueous Extract of Arbutus unedo Inhibits STAT1 Activation in Human
Breast Cancer Cell Line MDA-MB-231 and Human Fibroblasts Through

SHP2 Activation
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Abstract: Arbutus unedo L. has been for a long time employed in traditional and popular medicine as an astringent, diu-
retic, urinary anti-septic, and more recently, in the therapy of hypertension and diabetes. Signal transducer and activator of
transcription 1 (STAT1) is a fascinating and complex protein with multiple yet contrasting transcriptional functions. Al-
though activation of this nuclear factor is finely regulated in order to control the entire inflammatory process, its hyper-
activation or time-spatially erroneous activation may lead to exacerbation of inflammation. The modulation of this nuclear
factor, therefore, has recently been considered as a new strategy in the treatment of inflammatory diseases. In this study,
we present data showing that the aqueous extract of Arbutus unedo’s leaves exerts inhibitory action on interferon-y (IFN-
v)—elicited activation of STAT1, both in human breast cancer cell line MDA-MB-231 and in human fibroblasts. This
down-regulation of STAT1 is shown to result from a reduced tyrosine phosphorylation of STAT1 protein. Evidence is
also presented indicating that the inhibitory effect of this extract may be mediated through enhancement of tyrosine phos-
phorylation of SHP2 tyrosine phosphatase. The modulation of this nuclear factor turns out into the regulation of the ex-
pression of a number of genes involved in the inflammatory response such as inducible nitric oxide synthase (iNOS) and
intercellular adhesion molecule-1 (ICAM-1). Taken together, our results suggest that the employment of the Arbutus un-
edo aqueous extract is promising, at least, as an auxiliary anti-inflammatory treatment of diseases in which STAT]1 plays a

critical role.
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INTRODUCTION

One of the hallmarks of the inflammatory response is the
massive synthesis of nitric oxide (NO) catalysed by induc-
ible NO synthase (iNOS). The expression of iNOS mRNA is
closely monitored by a number of pro-inflammatory cytoki-
nes such as interferon-y (IFN-v), tumour necrosis factor-o
(TNF-0) and interleukin-13 (IL-1p), together with gram-
negative bacterial membrane-derived lipopolysaccharides
(LPS) [1]. These compounds exert their action by activating
specific nuclear factors, such as signal transducer and activa-
tor of transcription 1 (STATI) and the nuclear factor kB
(NF-xB) [2]. While the former principally mediates the ac-
tion of IFN-7, the latter plays a critical role in the transduc-
tion signal of TNF-c, IL-1f and LPS.

STATI plays a pivotal role in regulating the expression
not only of iNOS, but also of many other genes involved in
the inflammatory response [3]. Following recognition of
IFN-y to its specific receptors, the receptors dimerize and
activate by trans-phosphorylation the receptor-associated
Janus tyrosine kinase (JAK) 1 and 2. Successive phosphory-
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lation of IFN-y-receptors’ cytosolic region provides the
docking sites for STAT1 monomer, which in turn becomes
phosphorylated in tyrosine residues [4]. Phosphorylated
STAT1 forms dimers through interaction with conserved
SH2 domains. Successively, dimers translocate into the nu-
cleus where they bind directly to the promoter region of spe-
cific target genes, thus regulating transcription of inflamma-
tion-associated genes. The activation of STAT1 pathways is
strictly regulated at several points along the cascade. A num-
ber of negative regulators of JAK/STAT signals has been
described, including suppressor of cytokine signaling (SOCS),
protein inhibitors of activated STAT (PIAS), and the recep-
tor-associated protein phosphatase SHP1 and SHP2 [5].
These latter catalyse the tyrosine dephosphorylation of JAKSs,
receptors or any other cellular protein downstream signal
pathway. In particular, SHP2 is constitutively associated
with IFN-y receptors and associates with STAT1 after [IFN-y
treatment.

As formerly described, STAT1 activation is normally
well regulated; however, any deregulation of its activation
may cause a deleterious effect on tissue integrity, turning out
in inflammatory diseases.

Since an up-regulation of STATI plays a critical role in
the pathogenesis of numerous diseases related to inflamma-
tion [6-14], the therapeutic trial triggering STATI as a target
for a new drug generation has recently been postulated [3,
15].

© 2008 Bentham Science Publishers Ltd.



220 Medicinal Chemistry, 2008, Vol. 4, No. 3

The finding of plant extracts like green tea extract (GTE),
St. John’s Wort extract, or pure compound(s) present therein
with an anti-STATI activity led to the recent exploration of
their potential therapeutic use in inflammatory diseases [16-
18]. In the rat model of heart ischemia/reperfusion (I/R)-
injury, the oral administration of GTE as well as EGCG in-
fusion limited the extent of the infarct size and attenuated the
magnitude of myocyte apoptosis in the heart, this protective
effect being correlated with concomitant STAT1 inhibition
[19]. A protective effect of GTE was further observed in an
animal model of rat brain I/R-induced damage [20] and in a
chronic inflammatory model of bowel disease (Crohn’s dis-
ease) [21, 22].

With the aim of finding out other plant extract(s) with
potent and specific anti-STAT]1 activity, we focused our at-
tention on Mediterranean plant species used in traditional
medicine. In the present study, we chose Arbutus unedo L.,
widely employed as an astringent, diuretic and urinary anti-
septic, as well as in the therapy of hypertension and diabetes
[23]. We examined the effect of its aqueous extract on IFN-
v-elicited activation of STAT1 and TNF-o~induced NF-xB
activation, using the human breast cancer cell line MDA-
MB-231 and human fibroblasts. We found that in both cell
models, the aqueous extract of Arbutus unedo exerts a strong
inhibitory action on IFN-y-elicited STAT1 activation, with
less effect on the activation of NF-xB, and attenuates the
expression of some inflammatory genes such as iNOS and
intercellular adhesion molecule-1 (ICAM-1). Furthermore,
we show data indicating that the action of Arbutus unedo
aqueous extract may be exerted by the control of JAK2 tyro-
sine-phosphorylation and SHP2 activation.

RESULTS
Analysis of Arbutus Unedo Extract

Analysis of the polyphenols content by the Folin-Cio-
calteau procedure showed that Arbutus unedo aqueous ex-
tract is composed of 43% (w/w) polyphenols. The remaining
fraction of the aqueous extract is presumably composed of
small molecules (sugars, acids, salts) soluble both in metha-
nol and aqueous solution. Chromatography on Discovery
HSPEG column (5 um particle size, length x 1.D. 25 cm x
10 mm, Supelco) with a polyethyleneglycol phase, con-
firmed that polyphenols in the extract were mainly hydro-
philic molecules eluting in the first 18 minutes of the chro-
matogram (data not shown). Analysis by RP-HPLC and
comparison with authentic marker compounds allowed iden-
tification of gallic acid, catechin and quercitrin (i.e. quer-
cetin-3-rhamnoside) as the main polyphenols in the extract,
with a great number of other not identified UV-adsorbing
molecules (data not shown).

Aqueous Extract of Arbutus unedo Exerts a Strong In-
hibitory Action on STAT1 DNA Binding Activity in
MDA-MB-231 Cells

To examine whether Arbutus unedo aqueous extract ex-
erts an inhibitory action on the DNA binding activity of the
inflammatory transcription factors in MDA-MB-231, EMSA
analyses for STAT! and NF-xB were performed. 100 U
IFN-vy plus 10 ng/ml TNF—-o induced a consistent increase in
the bands corresponding to STAT1 and NF-xB, Fig. (1A), as
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indicated by supershift experiments with anti-STAT1 or anti-
NF-xB antibodies (data not shown). The administration of
Arbutus unedo aqueous extract 30 min before a cytokine
treatment was able to inhibit, in a concentration-dependent
manner, STAT1 DNA-binding activity, Fig. (1A), with ECs,
value of 0.2 ug GAE/ml, Fig. (1B). The same fraction
showed a less marked effect on NF-kxB DNA-binding activ-
ity Fig. (1A) with the EC5, value more than 14.8 ug GAE/ml,
Fig. (1B).

Aqueous Extract of Arbutus unedo Exerts an Inhibitory
Action on STAT1 Tyrosine701 Phosphorylation

To further analyse whether the inhibition of the binding
activity of STAT1 to DNA induced by Arbutus unedo aque-
ous extract 1is associated with tyrosine701(Tyr701)-
phosphorylation of STAT1, Western blot analysis was per-
formed using an antibody that specifically recognises the
Tyr701-phosphorylated form of STATI1. As shown in Fig.
(2), incubation of the MDA-MB-231 cells with IFN-y/TNF-
o for 30 min enhanced STATI Tyr701 phosphorylation. In
agreement with an inhibitory action on the STATI-DNA
binding activity, pre-incubation of cells for 30 min with Ar-
butus unedo aqueous extract decreased STATI Tyr701-
phosphorylation in a concentration-dependent manner, lead-
ing to complete inhibition at 7.4 pug GAE/ml, Fig. (2).
Meanwhile, the amounts of STAT]1 proteins were not modi-
fied, Fig. (2). These data indicate that the Arbutus unedo
aqueous extract restricted the STAT1 DNA-binding activity
that is strictly correlated to the inhibition of Tyr701 phos-
phorylation of STATI.

Aqueous Extract of Arbutus unedo has no Effect on the
Viability of MDA-MB-231 Cells

In order to further examine the effect of Arbutus unedo
aqueous extract on STATI1-dependent gene expression which
took place several hours after stimulation, cytotoxic action
was first analysed. The cellular viability of MDA-MB-231
was measured using the WST-1 assay after 24 hours of incu-
bation with different concentrations of Arbutus unedo aque-
ous extract. It is important to note that the incubation of
MDA-MB-231 with Arbutus unedo aqueous extract pro-
duced no reduction in cell viability, Fig. (3).

Aqueous Extract of Arbutus unedo Diminishes the IFN-
Y—Induced Expression of iINOS and ICAM-1 in MDA-
MB-231 Cells

Since IFN-y principally mediates the induction of some
inflammatory genes through STAT]1 activation, the expres-
sion profile of two inflammation-associated genes (iNOS,
ICAM-1), whose promoters have STATI binding sequences,
was analysed. The MDA-MB-231 cells were treated with
IFN-vy in the presence or absence of Arbutus unedo aqueous
extract and the total RNA was extracted for RT-PCR analy-
sis. As shown in Fig. (4A) and (4B), 1000 U/ml IFN-y in-
duced the expression of ICAM-1 mRNA after 4 hours as
well as increased the expression of iNOS mRNA after 16
hours of treatment. Arbutus unedo aqueous extract reduced
dose-dependently the expression of these inflammatory
genes.

In addition, iNOS and ICAM-1 proteins expression were
analyzed. As shown in Fig. (4C), a 24 hours treatment with
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Fig. (1). Effect of Arbutus unedo aqueous extract on STAT1 and NF-xB DNA binding in MDA-MB-231 cell line A) The cells, pre-
treated with different concentrations of Arbutus unedo aqueous extract for 30 min, were stimulated with IFN-y/TNF-o for 30 min. In EMSA
performed using radio-labelled oligonucleotide containing a consensus NF-xB binding site, the higher mobility shift band shows the binding
of the nuclear protein CBF-1 to the interleukin-6/xB probe. The transcription factor CBF-1 is constitutively expressed and used as an internal
standard. The gels are representative of four independent experiments. B) The intensity of the retarded bands were analyzed by Phosphoi-
mager. Columns represent the average + S.E. of the four independent experiments. Results showing STAT1 or NF-xB DNA binding activity

are expressed as percentage of IFN-y/ TNF-a. treated cells (bar 2).

1000 U/ml IFN-y induced expression of ICAM-1 protein as
well as increasing the amount of iNOS protein above the
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Fig. (2). Effect of Arbutus unedo aqueous extract on tyrosine
phosphorylation of STAT1 in MDA-MB-231 cell line. The cells,
pre-treated with different concentrations of Arbutus unedo aqueous
extract for 30 min, were stimulated with IFN-y/TNF-a for 30 min.
Total extracts were analysed by Western blotting with anti phospho-
STATI1 (pTyr701STAT1) and anti STAT1 antibodies. Data shown
are representative of four independent experiments.

basal level. In line with RT-PCR results, the expression of
IFN-y—elicited iNOS and ICAM-1 proteins was diminished
by Arbutus unedo aqueous extract, dose-dependently. More
specifically, 14.8 ug GAE/ml Arbutus unedo aqueous extract
reduced almost completely the increase in the amount of
ICAM-1 protein elicited by IFN-y, whereas 29.6 pg GAE/ml
Arbutus unedo aqueous extract were necessary to have the
same effect on iNOS protein.

Aqueous Extract of Arbutus unedo Diminishes IFN-y-
Elicited Tyrosine-Phosphorylation of JAK1 and JAK2

To elucidate the molecular pathway leading to the inhibi-
tion of STAT1 DNA-binding activity by an aqueous extract
of Arbutus unedo, its effect on tyrosine-phosphorylation of
JAKI1 and JAK2 was analysed. MDA-MB-231 cells, pre-
treated with Arbutus unedo aqueous extract for 30 min, were
incubated with 100 U/ml IFN-y and examined in Western
blot using an antibody that specifically recognizes tyrosine-
phosphorylated JAK1 and JAK2, respectively. IFN-y in-
duced the tyrosine-phosphorylation of both JAK1 and JAK2
in 15 min, which was inhibited by the addition of 7.4 ug
GAE/ml Arbutus unedo aqueous extract, Fig. (5).
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Fig. (3). Effect of Arbutus unedo aqueous extract on the viability
of MDA-MB-231 cell line. The cells were treated with different
concentrations of Arbutus unedo aqueous extract for 24 hours,
(means £ S.E.; n=4).

Aqueous Extract of Arbutus unedo Enhances Tyrosine-
Phosphorylation of SHP2

To study the mechanism underlying the suppression of
JAKSs activation by Arbutus unedo aqueous extract we fo-
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cused our attention on protein tyrosine phosphatases (PTPs),
SHP1 and SHP2, negative regulator of JAK/STAT activation
[24-26].

First, the PTPs activity in the lysates of MDA-MB-231
cells treated with 100 U/ml IFN-y for 5 or 15 min, was de-
termined by molybdate-malachite green-phosphate complex
assay. Treatment of cells with IFN-y inhibits the PTPs activ-
ity by 40 % at 5 min. Whereas 7.4 ug GAE/ml Arbutus un-
edo aqueous extracts reverted this effect, Fig. (6A).

Successively, the tyrosine-phosphorylated level of SHP1
and SHP2 was analysed by the immunoprecipitation method.
MDA-MB-231 cells were treated with 7.4 ug GAE/ml Arbu-
tus unedo aqueous extract at various time points (5-45 min)
and protein extracts were immunoprecipitated with a specific
SHP1 or SHP2 antibody. Western blot analysis with an anti-
phosphotyrosine specific antibody (4G10) of SHP1 and
SHP2 immunoprecipitates showed that Arbutus unedo aque-
ous extract increases tyrosine-phosphorylation of SHP2,
which was absent under normal conditions, starting 5 min
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Fig. (4). Effect of Arbutus unedo aqueous extract on STAT1-responsive inflammatory gene expressions in MDA-MB-231 cell line. A)
The cells, pre-treated with different concentrations of Arbutus unedo aqueous extract for 30 min, were stimulated with 1000 U/ml IFN-y for 4
or 16 hours. Total RNA was analysed for transcript level of ICAM-1 and iNOS using an RT-PCR-based assay. The transcript of GAPDH
was measured for normalization. The experiment was repeated three times and the gels show representative results. B) The histograms repre-
sent the average + S.E. of three independent experiments. C) The cells, pre-treated with different concentrations of Arbutus unedo aqueous
extract for 30 min, were stimulated with 1000 U/ml IFN-y for 24 hours. Total proteins were analysed in Western Blot using an anti-iNOS
and anti-ICAM-1 specific antibody. The same blots were incubated with an anti a-tubulin specific antibody to determine the amount of
loaded protein. Data shown are representative of three independent experiments.
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Fig. (5). Effect of Arbutus unedo aqueous extract on the phosphorylation of JAK1 and JAK2 in MDA-MB-231 cell line. The cells were
pre-incubated with 7.4 ug GAE /ml of Arbutus unedo aqueous extract for 30 min and then stimulated with 100 U/ml IFN-y for 15 min. The
phosphorylation level of JAK1 and JAK2 was determined by Western Blot analysis using a specific antibody for phospho-JAK1 (Tyr '%22/1%23)
and phospho-JAK2 (Tyr '®71%%) The same blot was incubated with a STAT1 specific antibody to determine the amount of loaded protein.
Data shown are representative of four independent experiments.

Arbutus unedo extract
(7.4 ug GAE/mI)

3
& 6 B S P
i = 3}
poe2 | R
—— IFN-y
—l-Arbutus unedo pe— w
extact/IFN-y SHi2
o 5 esie [
min
s [ I .

100 U/ml IFN-y

-]
o

e
o
o

PTP activity (%)
e 888 8

(=]
w

Ca!p?ﬁlgli,'r}e)?.amm - - D00

>
Arbutus unedo extract fg:‘b

Arbutus unedo extract
(2ng GAEMmIl) Q7 - + + 4 o+
calpeptin 1 IFN-y harvest
[ —— l
-75' -60'-45' 30" 0O 30' ftime
T
Q@0

Fig. (6). Effect of Arbutus unedo aqueous extract on SHP2 phosphorylation in MDA-MB-231 cell line A) The cells were incubated with
7.4 ug GAE /ml of Arbutus unedo aqueous extract for 30 min and then stimulated with 100 U/ml IFN-y for 5 or 15 min. The protein phospa-
hatase activity of total cellular lysates was determined by measuring free phosphate.

B) The cells were incubated with 7.4 ug GAE /ml of Arbutus unedo aqueous extract for the indicated time periods and immunoprecipitated
with a specific antibody for SHP1 and SHP2. Western blot analyses were performed with anti-phosphotyrosine antibody 4G10. The mem-
branes were then stripped and analysed with an anti-SHP1 or anti-SHP2 antibody. Data shown are representative of four independent experi-
ments.

C) The cells were treated with 1.3 mM calpeptin as time schedule shown in diagram and then with 2 ug GAE /ml of Arbutus unedo aqueous
extract for 30 min. Thereafter the cells were stimulated with 100 U/ml IFN-y for 30 min. Nuclear extracts were analysed by EMSA using a
radio-labelled oligonucleotide containing a consensus STAT1 binding site. The gel is representative of four independent experiments.
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from the treatment, with the maximum value at 30 min, Fig.
(6B). Whereas no SHP1 tyrosine-phosphorylation was ob-
served at any time point.

To confirm the involvement of SHP2 in the negative ef-
fect of Arbutus unedo aqueous extract on the STAT1 DNA
binding activity, a specific SHP2 inhibitor, calpeptin, was
used [27-29]. MDA-MB-231 cells, pre-incubated with 1.3
mM calpeptin (Calbiochem, San Diego, CA) for 15, 30 and
45 min, were treated for 30 min with 2 ug GAE/ml Arbutus
unedo aqueous extract and then with cytokine for an addi-
tional 30 min. The presence of calpeptin reverted, in a time
dependent manner, the Arbutus unedo aqueous extract in-
hibitory effect on STAT]1 activation, Fig. (6C).

Aqueous Extract of Arbutus unedo Diminishes IFN-y-
Elicited Activation of STAT1 and Expression of ICAM-1
and iNOS in Human Fibroblasts

Human fibroblasts were used in order to examine whether
Arbutus unedo aqueous extract exerts an inhibitory action on
IFN-y-elicited STAT! activation also in primary cells. Arbu-
tus unedo aqueous extract was able to inhibit dose-depen-
dently the STATI DNA-binding activity elicited by IFN-y
with ECsy value of 0.95 pg GAE/ml Fig. (7A). In agreement
with the inhibitory action on the STAT1-DNA binding activ-
ity, Arbutus unedo aqueous extract reduced Tyr701-
phosphorylated STAT]1 protein in IFN-y-treated cells without
affecting the amounts of STATI, Fig. (7B). Furthermore,
RT-PCR showed that a 4 hours treatment with 1000 U/ml
IFN-y induced an increase in ICAM-1 mRNA, and a 16-
hour treatment with 1000 U/ml IFN-y induced iNOS
mRNA. These increases were completely reverted by the
addition of 14.8 ug GAE /ml Arbutus unedo aqueous extract
to the fibroblast culture medium, Fig. (7C). As observed in
the MDA-MB-231 cells, treatment with different concentra-
tions of Arbutus unedo aqueous extract for 24 hours did not
affect the viability of fibroblasts (data not shown).

DISCUSSION

Arbutus unedo L., an endemic plant of Sardegna island,
Italy, is widely cultivated in the Mediterranean countries and
has been used in traditional and popular medicine for a long
time as an astringent, diuretic, urinary anti-septic [30] and
more recently, in the therapy of hypertension and diabetes
[23]. The aqueous extract of Arbutus unedo roots, indeed,
induces endothelium-dependent relaxation of a pre-contracted
aorta, this effect being mediated by activation of endothelial
nitric oxide synthase (eNOS) and cGMP synthesis [31]. Leg-
ssyer et al., furthermore, reported that the aqueous extract of
Arbutus unedo leaves produced a strong relaxation of a pre-
contracted aorta with an effect comparable to that of root
extracts [32]. This vasorelaxant activity is assigned to poly-
phenolic compounds such as catechin gallate, catechin and
oligomeric condensed tannins.

Although all these works suggest that polyphenols, pre-
sent in aqueous extract of Arbutus unedo leaves, augment
NO production by enhancing the catalytic activity of consti-
tutive NOS (cNOS), so far no data has been available on the
effect of Arbutus unedo extract on the expression of the
iNOS gene. Normally the iNOS expression is finely regu-
lated not only by modulation of the constitutive NOS activity
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but also by a number of nuclear factors, including NF-xB
and STATI [1, 33]. Deregulation of the iNOS expression
could occur, if these nuclear factors undergo abnormal acti-
vation. Indeed, recent vision is that the phasing out of NF-xB
[34] and/or STATI1 activation may represent a new strategy
in counteracting inflammation-associated tissue damage [3].

The present study shows that the aqueous extract of Ar-
butus unedo leaves exerts a remarkable inhibitory action on
IFN-y-elicited STAT1 activation and successive induction of
the expression of STAT1-dependent genes such as iNOS and
ICAM-1 in either MDA-MB-231 cells or human fibroblasts.
Notably, a less marked effect of Arbutus unedo extract on
TNF-a-elicited NF-kB activation in the MDA-MB-231 cells
was observed. Therefore, the aqueous extract of Arbutus
unedo is characterized by the presence of compound(s) that
strongly phase out STAT]1 activation. In this respect, it might
be stressed that a complete inhibition of STATI induced by
the Arbutus unedo extract was not fully corresponding to that
of the expression of iNOS and ICAM-1. We argue that in the
cell models examined in the present study, the full expres-
sion of these genes may require other nuclear factors includ-
ing NF-kB. In our opinion, this point may represent an ad-
vantage in the future consideration of Arbutus unedo extract
or compound(s) present within for therapeutic application,
since down-modulation but not a complete inhibition of in-
flammatory genes may possibly lead to a less deleterious
effect on the structural and functional integrity of the tissue,
or to the maintenance of the immune response.

Following IFN-y binding to receptors on the cell surface,
STATI activation is mediated by a complex signal transduc-
tion pathway [3] in which the tyrosine kinases JAK1 and
JAK2 play a critical role [35]. In the present study, we fo-
cused our attention on the intracellular JAK1 and JAK?2 tyro-
sine-phosphorylation pathway, since an inhibitory action of
Arbutus unedo extract on STAT] activation was observed in
the very early phase of STAT1 signal transduction pathway,
i.e. 15 min after IFN-y-treatment. Together, our results sug-
gest that in the human breast cancer cell line MDA-MB-231
Arbutus unedo aqueous extract inhibits the initiation of the
JAK-STAT signalling cascade, at least from the point of
JAK phosphorylation. The increased tyrosine-phosphory-
lation of SHP2 observed in MDA-MB-231 cells 5 min after
Arbutus unedo extract treatment, Fig. (5B) strongly suggests
that SHP2 activation may be a key regulatory pathway in the
phasing out of STAT1 induced by Arbutus unedo aqueous
extract. Furthermore calpeptin, a specific SHP2 inhibitor
[27-29], was able to revert Arbutus unedo extract inhibitory
effect on the STAT1-DNA binding activity. This phenome-
non was observed only when cells were treated with 2 pg/ml
GAE of Arbutus unedo extract and not with higher amounts
(data not shown), suggesting further that SHP2 is a possible
molecular target of Arbutus unedo extract.

We are currently performing a number of experiments
aimed at identifying anti-STAT1 compound(s) present in the
aqueous extract of Arbutus unedo. Some studies described
the isolation of several polyphenols present in Arbutus Un-
edo leaves such as quercetin, hyperoside, quercitrin, catechin
gallate, and arbutoside [32]. Preliminary experiments indi-
cated that these compounds have neither an anti-STAT1 ac-
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Fig. (7). Effect of Arbutus unedo aqueous extract on IFN-y-elicited activation of STAT1 and on STAT1-responsive inflammatory gene
expressions in human fibroblasts. A) Nuclear proteins extracted from the cells pre-treated with different concentrations of Arbutus unedo
aqueous extract for 30 min and then stimulated with IFN-y/TNF-o for 30 min. were analysed by EMSA. The gel is representative of four
independent experiments. B) The cells, pre-treated with different concentrations of Arbutus unedo aqueous extract for 30 min, were stimu-
lated with IFN-y/TNF-o. for 30 min. Total proteins were analysed by Western blotting with anti-phospho-STAT1 (pTyr701-STAT1) and anti-
STATI antibodies. Data shown are representative of four independent experiments. C) The cells, pre-treated with different concentrations of
Arbutus unedo aqueous extract for 30 min, were stimulated with 1000 U/ml IFN-yfor 4 or 16 hours. Total RNA was analysed for transcript
level of iNOS and ICAM-1 using an RT-PCR-based assay. The transcript of GAPDH was measured for normalization. The experiment was
repeated three times and the gels show representative results. The histograms represent the average + S.E. of the three independent experi-

ments.

tivity nor a suppressive action towards STATI1-dependent
gene expression (data not shown). Since among a number of
polyphenols with a strong anti-oxidant activity, only few
polyphenols own a strong inhibitory action on STAT1 acti-
vation [3], the anti-STAT1 activity in Arbutus unedo extract
may not very likely be ascribed to its claimed anti-oxidant
activity.

In conclusion, Arbutus unedo L. aqueous extract exhibits
a remarkable inhibitory action against the activation of
STATI elicited by IFN-y, with a less marked action on the
NF-«B activation elicited by TNF-a. This effect was shown
not only in MDA-MB-231 cell line but also in human fibro-
blasts. The compound(s) present in Arbutus unedo seem(s) to
exert a STATI inhibitory action enhancing SHP2 tyrosine-
phosphorylation. The expression of STATI1-dependent in-
flammatory genes was also diminished by Arbutus unedo

extract, indicating a possible therapeutic employment of this
extract or of the STAT1-inhibiting compound(s) present in
Arbutus unedo.

METHODS
Reagents

All chemicals used throughout the present study were
from Sigma (Sigma, Milan, Italy), unless otherwise speci-
fied. The antibodies against SHP1, SHP2 and STATI1 were
purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz,
CA). PhosphoSTATI (Tyr "*") antibody came from Cell Sig-
naling Technologies (Cambridge, MA). The rabbit anti

hospho-JAK 1(Tyr'!%%) and anti phospho JAK2 (Tyr'*®"”
9% antibodies were purchased from Chemicon International
Inc. (Temecula, CA). The antibody against phosphotyrosine
(4G10) was from Upstate Biotechnologies (Lake Placid, NY)
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and the antibodies against iNOS were obtained from BD
Transduction Laboratories (Lexington, KY). The rabbit anti-
body against ICAM-1 was from Zymed laboratories (San
Francisco, CA).

Plant Material and Extraction

Leaves of Arbutus unedo L. were collected during the
summer in Sardegna, Italy. Leaves were air-dried (24°C in
the dark), then were milled and stored at -20°C.

Material (10 g) from grounded plant leaves was extracted
with 100 ml of methanol four times. Samples were centri-
fuged (10 min, 3000 x g), and the combined supernatants
were dried under reduced pressure to afford a dark green
residue (4.3 g of yield). The pellet was washed with 10 ml of
water four times. After centrifugation (10 min, 10000 x g),
the supernatants were lyophilised (yield of 0.95 g, referred to
as Arbutus unedo aqueous extract).

The amount of total phenolic compounds present in the
extract was determined according to the Folin-Ciocalteau
procedure [36]. The content of total phenolic compounds was
expressed as milligrams of gallic acid equivalents (GAE).
Arbutus unedo aqueous extract used in the cell treatment was
expressed as g of GAE per ml of medium solution.

Cell Cultures

The MDA-MB-231 cell line and fibroblasts were cul-
tured in Dulbecco’s modified Eagle’s medium (DMEM;
BioWhittaker, Cambrex Bio Science, Belgium) supple-
mented with 10% fetal bovine serum (FBS; BioWhittaker,
Cambrex Bio Science, Belgium), 100 Ul/ml penicillin, 100
pg/ml streptomycin, 2 mM glutamine, 40 pg/ml gentamicin,
in a humidified atmosphere of 95% air, 5% CO, at 37 °C.
The fibroblast cells were a gentle gift from Prof. Armato
research group, University of Verona, Italy.

Preparation of Cytoplasmatic and Nuclear Extracts

Nuclear extracts of MDA-MB-231 and fibroblasts were
prepared according to Osborn et al. [38]. For the preparation
of cytoplasmatic extracts, cells were homogenized at 4° C in
50 mM Tris-HCI, pH 8, containing 0.1 % NP-40, 200 mM
KCI, 2 mM MgCl,, 50 uM ZnCl,, 2 mM DTT and proteases
inhibitors (I mM phenylmethylsulfonyl fluoride , 1 mg/ml
leupeptin, 1 mg/ml antipain) and centrifuged for 20 min at
25,000 x g.

Electrophoretic Mobility Shift Assay

Eight micrograms of the nuclear extract were incubated
for 20 min at room temperature with 2-5 x 10* cpm of a **P-
labeled double-stranded oligonucleotides, containing the
STAT1 binding site (sis-inducible factor-binding recognition
element, SIE/m67) from the c-fos promoter (5’-gtcgaCATTT
CCCGTAAATCg-3") or the NF-xB binding sequence from
the interleukin-6 promoter (5'-gatcCAGAGGGGACTTT
CCGAGTAC-3") (Promega, Milan, Italy). Products were
fractionated on a non-denaturing 5% polyacrylamide gel. The
intensity of the retarded bands were measured with a Phos-
phorimager (Molecular Dynamic, Milan, Italy).

Supershift assay was performed by incubating the nuclear
extracts in a binding buffer for 1 hour at 4°C with 1 pl of
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antibody before addition of labelled oligonucleotide. Poly-
clonal antibodies against STAT1 and NF-xB were purchased
from Santa Cruz Biotecnology (Santa Cruz, CA).

Cell Viability

Cell viability was measured by a colorimetric assay based
on the cleavage of the tetrazolium salt 4-[3-(4-Iodophenyl)-
2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-benzene  disulfonate
WST-1 (Roche Molecular Biochemicals, Indianapolis, IN)
into formazan by mitochondrial dehydrogenases [37].

RT-PCR

Cellular RNA was extracted by using TRIZOL reagent
(Life Technologies, Paisley, UK) and the cDNA was synthe-
sized by reverse transcription (Life Technologies, Paisley,
UK).

For PCR reactions, 1 pl cDNA was amplified in a 25pl
PCR reaction mixture. Using the thermal cycler (Perkin-
Elmer) amplification was initiated by 1 min denaturation at
95°C for one cycle and then followed by three PCR tem-
perature steps including 30 s. of denaturation at 95°C,
annealing at 58°C 30 s (iNOS), 54°C Imin (ICAM-1) and
55°C 30 s (GAPDH) and 1 min of polymerization at 72°C.
This process was continued for 30, 20 or 18 cycles of
amplification for iNOS, ICAM-1 and GAPDH respectively.
After the last cycle of amplification, the samples were
incubated for 7 min at 72°C.

The PCR product of each of these genes was quantitated
during the exponential phase of amplification. For this pur-
pose, PCR amplifications were carried out after serial dilu-
tion of cDNA samples and variation of the number of ampli-
fication cycles. The mRNA for the constitutive GAPDH en-
zyme was examined as the reference cellular transcript. Es-
timates of the relative iNOS or ICAM-1 mRNA amounts
were obtained dividing the area of each respective band by
the area of the corresponding GAPDH band (Bio-Rad Multi-
AnalystTM/PC Version 1.1).

PCR primers were as the following

iNOS: 5’-TCCTTGCATCCTCATCGGGCC-3’(forward pri-
mer), 5’-TCGTGATAGCGCTTCTGGCTCT-3"' (reverse
primer). The predicted size of the fragment was 450 bp.

ICAM-1: 5’AGAAATTGGCTCCATGGTGATCTC-3’(for-
ward primer), 5’-ACATGCAGCACCTCCTGTGACCA-3’
(reverse primer) The predicted size of the

fragment was 420 bp.

GAPDH: 5’-CCATGGAGAAGGCTGGGG-3’(forward pri-
mer), 5’~-CAAAGTTGTCATGGATGACC-3’(reverse primer).
The predicted size of the fragment was 200 bp.

Western blot analysis

For the detection of STATI1 phosphorylation, nuclear
proteins were used while cytoplasmatic proteins were used
for phosphoJAK1(Tyr'**'%?)" for phosphoJAK2 (Tyr'®”
109 "iNOS and ICAM-1 detection. 40 pg proteins/lane were
separated by 7.5% SDS-PAGE, electro-blotted to a PVDF
membrane (Millipore, S.p.A., Rome, Italy) and incubated
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overnight 4°C with primary antibodies. After washing with
TBS-T, membranes were developed using horseradish per-
oxidase-linked anti-mouse or anti-rabbit secondary antibody
and chemiluminescent detection system (ECL; Amersham
Biosciences, Little Chalfont, Buckinghamshire, UK).

Protein Tyrosine Phosphatase (PTP) Assay

The protein phosphatase activity of the total cellular
lysate was determined by measuring free phosphate gener-
ated from the tyr phosphopeptide-1, END(pY)INASL using
the molybdate-malachite green-phosphate complex assay as
described by the manufacturer (Promega, Madison, WI)

Immunoprecipitation

The cells were lysed in ice in a RIPA buffer in the pres-
ence of a mixture of protease and phosphatase inhibitors.
After centrifugation for 20 min at 25,000 x g, proteins (500
png) were incubated overnight at 4°C with polyclonal anti-
SHP1 or anti-SHP2 antibody (I1pg/ml). Then the immuno-
complexes were captured on protein A-sepharose beads for 1
hour at 4°C. After washing, the immunoprecipitate proteins
were boiled in a SDS sample buffer and then separated by
7.5% SDS-PAGE. Immunoblot analyses were performed as
described before using an antibody specific for phosphoty-
rosine residues. After stripping, the same blots were re-
probed with a specific anti-SHP1 and anti-SHP2 antibody.
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ABBREVIATIONS

iNOS = Inducible nitric oxide synthase

ICAM-1 = Intercellular adhesion molecule-1

TNF-o. = Tumour necrosis factor-o

IFN-y = Interferon-y

IL-1B = Interleukin-1f

LPS = Lipopolysaccharides

JAK = Janus family kinase

STAT1 = Signal transducer and activator of transcription 1
GAS = wv-activated site

NF-xB = Nuclear factor-xB
SOCS = Suppressor of cytokine signaling

PIAS = Protein inhibitors of activated STAT

SHP = Receptor-associated protein phosphatase

GTE = QGreen tea extract

EGCG = (-/-)-epigallocatechin-3-gallate

GAE = Qallic acid equivalents
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