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As the activation of the Notch transduction pathway induces
the nuclear translocation of N1ICD and the tramsactivation of
Notch-target genes (Miele, 2006), we initially assessed whether the
ligand-activated GPER could stimulate the expression of one main
Notch-regulated gene like Hes-1, Three independent lines of evi-
dence support that indeed this is the case: (i) E2 and the selective
GPER ligand G-1 increased the mRNA levels of Hes-1, (ii) EZ and
G-1 triggered both the release of the Notch-1 intracellular domain
{N1ICD) and its recruitments to the Hes-1 promoter sequence, (iii)
E2 and G-1 transactivated the Hes-1 promoter, hence recapitulat-
ing the aforementioned findings, Notably, Hes-1 up regulation by
E2 or G-1 was confirmed also in ER-positive MCF-7 cells, Inter-
estingly, our results (see Supplementary Fig. 3) show that high
doses of E2 {100 nM) were necessary to induce Hes-1 expression in
MCF-7 cells, whereas Hes-T induction was already achieved at low
dosage of E2 (1 nM) in SkBr3 cells. Moreover, we found that knock-
down of ERx expression had no effect on Hes-1 up-regulation in
MCF-7 cells, whereas GPER silencing completely abrogated Hes-{
up-regulation by E2 or G-1. These results indicate that ER-positive
and ER-negative breast cancer cells have a different dose-response
to E2, presumably relying on the different binding affinity of E2 for
ERwand GPER, as demonstrated in previous studies {Revankar et al,,
2005; Thomas et al,, 2005). Importantly, the dose response curve
of E2 on Hes-1 expression in MCF-7 cells overcomes the apparent
discrepancy between our data and the previous study by Rizzo and

colleagues, showing that low doses of E2 reduce Delta-dependent '

activation of Notch signaling (Rizzo et al., 2008b).

The ability of E2 and G-1 to trigger Notch-dependent tran-
scription was clearly demonstrated by the evidence that the
up-regulation of Hes-1 was abolished by using both GSI or DN-
MAML-1, a dominant-negative mutant of Master-mind like 1,
which is a Notch-1 transcriptional co-activator (Wu and Griffin,
2004}, Likewise, the knockdown of CPER abrogated both the induc-
tion of Hes-1 and the release of N1ICD upon E2 and G-1 treatments,
hence demonstrating the involvement of GPER in the activation of
Notch signaling by these ligands.

The mechanism through which GPER leads to Notch-1 activa-
tion seems to be transcriptional, as an increase of Notch-1 mRNA
levels was found in response to E2 and G-1. Remarkably, this
increase preceded the induction of the Hes-1 mRNA levels (see
Figs. 1A, B and 3E, F), suggesting that the deregulation of Notch-1
expression mediates the effects elicited by GPER on both Notch acti-
vation and Notch-dependent transcription. Conversely, in SkBr3
cells the constitutive JAGGED-1 expression was not altered by
E2 and G-1 {data not shown), indicating that the boost of Notch
induced by E2 and G-1 is sufficient to activate the Notch signaling.
Accordingly, it has been reported that high Notch-1 levels are asso-
ciated with a poor prognosis in breast cancer (Al-Hussaini et al,,
2011). Although the molecular mechanisms involved in the induc-
tion of Notch-1 by GPER remain to be fully elucidated, the cross
talk between GPER and EGFR may be ruled out, as the inhibition of
EGFR does net interfere with the up-regulation of Hes-1 induced by
E2 or G-1 (our published data). In this regard, further studies are
required to investigate whether GPER may trigger the expression
of Notch-1 through other transduction mechanisms.

The aforementioned findings were recapitulated and further
highlighted by evaluating the role of Notch in a relevant biologi-
cal response like cell migration. Of note, the ability of E2 and G-1
to stimulate the migration of SkBr3 cells was abolished using GSI
or DM-MALM-1, hence indicating that both Notch activation and
Notch-dependent transcription contribute to the migratory effects
elicited by E2 and G-1. -

Theinvasive and migratory ability of cancer cells have been pre-
viously associated with EMT (Matsuno et ak, 2012; Thiery, 2002),
that particularly in breast tumor involved the deregulation of E-
cadherin expression through Notch and its target gene Snail (Wang

et al., 2010) In this regard, the up-regulation of Srail coupled to
an altered expression of VE-cadherin induced by E2 and G-1 in a
GSl-dependent fashion, further corroborates the contribution of the
Notch-dependent transcription in cell migration and EMT triggered
by these ligands.

Our results demonstrate for the first time that estrogen-
activated GPER engages Notch signaling toward gene expression
changes and biological responses in breast tumor cells and CAFs,
hence providing a further mechanism through which estrogens
may stimulate the progression of breast cancer.
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(VE)-cadherin.In this regard, it has been shown that these genes are
involved in the epithelial to mesenchymal transition (EMT) which
is a biological process regulated by a network of transduction path-
ways including Notch signaling (Grego-Bessa et al., 2004). Hence,
we investigated whether E2 and G-1 induced the expression of Snail
at both mRNA and protein levels in a Notch-dependent manner. As
shown in Fig. 6A-D and in Supplementary Fig. 7A, we found that E2
and G-1,aswell as JAG-1, induced the expression of Snail which was
abrogated by co-expression of DN-MAML-1. Next, we investigated
whether the up-regulation of Snaif by E2 and G-1 is coupled to an
altered expression of cell-cell adhesion molecules. As SkBr3 cells
lack E-Cadherin expression (Hiraguri et al., 1998), we evaluated the
response of VE-Cadherin, which is expressed in SkBr3 cells (Endo
¢t al., 2008). As shown in Fig. 6E-H and in Supplementary Fig. 7B,
E2 and G-1 reduced the expression of VE-Cadherin at both mRNA
and protein levels, in a GSI-sensitive fashion,

3.5. The GPER and Notch pathways cooperate in
cancer-associated fibroblasts (CAFs)

Given the relevant contribution of the microenvironment to
cancer cell growth and invasiveness (Kalluri and Zeisberg, 2006),
we examined whether the cross-talk between Notch and GPER
signaling pathways occurs in CAFs which play a pivotal role in
the functional interaction between stroma and cancer cells toward
tumor progression. Hence, we determined that GPER mediates the
MRNA and protein expression of Hes-T induced by E2 and G-1
in CAFs obtained from breast cancer patients, whereas the Hes-1
response to JAG-1 was not altered transfecting cells with a shG-
PER (Fig. 7A-F). Using GSI, the up-regulation of Hes-1, at both
mRNA and protein levels, triggered by all agents was no longer
observed (Fig. 7G-]). As biological counterpart, the migration of
CAFs stimulated by E2, G-1 and JAG-1 was abolished using GSI,
as assessed performing both wound-healing and Boyden chamber
assays (Fig. 8A and B, Supplementary Figs. 8 and 9). Collectively,
these data confirmed the results obtained in breast cancer cells and
extended the potential of EZ and G-1 to engage the Notch signaling
through GPER in main components of the tumor microenvironment
like CAFs

4. Discussion

Awide number of studies have shown that the functional inter-
actions among steroid receptors and growth factor receptors play a
crucial role toward breast cancer progression (Bartella et al., 2012;
Lappano et al, 2013; Vivacqua et al, 2009). In this regard, the
estrogen action mediated by GPER via EGFR activation has made
clear that GPER may facilitate the response to estrogens indepen-
dently of the classical ERs. Accordingly, the functional cross-talk
between GPER and EGFR has been documented in different types of
malignarncies and involved in relevant biological outcomes like the
proliferation and migration of cancer cells (Maggiolini and Picard,
2010).

On the other side, deregulation of the Notch pathway by onco-
genicsignaling represents a further crossroad in tumor growth and
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Fig. 8. Inkibition of Notch signaling abolishes the migratory effects stimulated by
E2, G-1 and JAG-1 in CAFs. {A) Wound-healing and (B) Boyden chamber assays
performed in CAFs 1o evaluate the migration in presence of 100nM E2, 1pM G-
1and 1 wM JAG-1 alone of in combination with 100 nM of the y-secretase inhibitor
{GSI). Bar graphs show representative experiments with means of triplicate sam-
ples. Results were standardized to data of cells receiving vehicle which were set to
100%. (O} indicates P<0.05 for cells receiving vehicle {—) versus treatments.

invasion (Guo et al, 2011; Rizzo et al., 2008a). In particular, the
Notch interaction with ER-mediated signaling as well as growth
factor receptors has been shown in breast cancer cells (Al-Hussaini
etal, 2011; Guo et al.,, 2011; Osipo et al., 2008; Rizzo et al., 2008b).
Therefore, the response of breast cancer cells to estrogens may
be dependent on the repertoire of receptors expressed in differ-
ent cell contexts and the downstream transduction pathways that
functionally cooperate toward tumor progression.

In the present study, we have used the ER-niegative SkBr3 breast
cancer cells in order to evaluate in a peculiar model system the
potential cross talk between the Notch pathway and the GPER
signaling. Worthy, we provide novel evidence showing that ligand-
activated GPER triggers Notch-mediated gene expression changes
and biological responses as cell migration. These findings were con-
firmed in CAFs derived from breast cancer patients, suggesting that
the GPER/Notch signaling may be engaged by estrogens also in the
tumor microenvironment that mainly contribute to tumor devel-
opment (Kalluri and Zeisberg, 2006).

Fig. 7. Ligand-activated GPER induces Hes-1 expression in CAFs. (A) Evaluation of Hes-1 mRNA expression in CAFs transfected for 24 h with a shRNA or a shGPER and treated
for 8 hwith 100nM E2, T WM G-1 and 1 nMJAG-1.(B) Densitometric analysis of Hes-1 mRNA expressions normalized to RPLPO. (C)fmmunoblots of Hes-1 protein expression in
CAFs transfected for 24 h with a shRNA or ShGPER and then treated for additionat 18 h with 100 nM E2, 1 WM G-1and 1 .M JAG-1.(D) Densitometric analysis of Hes-I protein
expressions normalized to $-actin. (E) immunoblots of GPER expression in CAFs transfected for 48 h with shRNA or shGPER. (F) Densitometric analysis of GPER expressions
normalized to 3-actin. (G) Evaluation of Hes-1 mRNA expression in CAFs treated for 8 h with 100 M E2, 1 pM G-1and 1 WM JAG-1 alone orin combination with 100 nM of the
+y-secretase inhibiter (GSI). (H) Densitometric analysis of Hes-1 RNA expressions normalized to RELPC. (T} Hes-1 protein expression in CAFs treated for 8 h with 100 aM E2,
1M G-1and 1M JAG-1 alone or in combination with 100nM of y-secretase inhibitor (GS1). {J} Densitometric analysis of Hes-1 protein expressions normalized to B-actin.
Columns represent the mean + SD of three independent experiments. () and (@) indicate P<0.05 for cells receiving vehicle (—) versus treatments. In panel F, () indicates

P<0.05 for cells transfected with shRNA respect to ceils transfected with shGPER.
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Fig. 6. Notch signaling is required for up-regulation of Snail and Inhibition of VE-Cadherin expression in SkBr3 cells. (A) The up-regulation of the Snail mRNA expression
induced in SkBr3 cefls by 2 24h exposure to 100nM E2, 1 wM G-1 and 1 M JAG-1 was abolished transfecting cells for 24 h with a dominant-negative mucant of the Master-
mind like 1 (DN-MAML-1) before treatments. (B) Densitometric analysis of Snail mRNA expressions normalized te RPLPO. (C) The induction of the Snail protein expression
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normalized to B-actin. Columns represent the mean + SD of three independent experiments. (()) indicates P<0,05 for ceils receiving vehicie (—) versus treatments.

signaling in the migration of SkBr3 cells. As determined by wound-
healing assays, the migration of SkBr3 cells induced by E2 and G-1
as weil as JAG-1 was abolished using GSI (Fig. 5A and Supplemen-
tary Fig. 4). Performing Boyden chamber assays, we confirmed the
aforementioned results (Fig. 5B and Supplementary Fig. 5A) and we
demonstrated that the migrationinduced by E2, G-1 or JAG-1 is also
prevented in SkBr3 cells transfected with DN-MAML-1 (Fig. 5C and

Supplementary Fig. 5B). Moreover, shGPER transfection abolished.

SkBr3 migration induced by E2 and G-1, whereas JAG-1-induced
migration was not affected (Fig. 5D and Supplementary Fig. 6).

Taken together, these data suggest that GPER and Notch signaling
pathways are involved in the migration of SkBr3 cells stimulated
by E2 and G-1.

3.4. E2 and G-1 up-regulate Snail and inhibit VE-Cadherin
expression through the Notch signaling

In different types of cancer cells, the Notch-target gene Snail
has been shown to repress the expression of cell-cell adhe-

sion molecules, including E-cadherins and vascular endothelial
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membrane-release of N1ICD in a GSI-sensitive manner. In addition,
the abrogation of GPER expression by shGPER abolished only the
membrane-release of N1ICD induced by E2 and G-1 {Fig. 3Cand D),
suggesting that GPER ligands trigger Notch activation,

As SkBr3 cells express constitutive levels of JAG-1 (data not
shown), we asked whether the effects of E2 and G-1 on Notch
activation could rely on the up-regulation of Notch-1 expression.
As shown in Fig. 3E-H, we found that E2 and G-1 induced both

mRNA and protein Jevels of Notch-1, further supporting the afore-
mentioned data.

Performing ChIP experiments in SkBr3 cells, we next determined
that E2 and G-1 together with JAG-1 inducé in a GSI dependent
fashion the recruitment of N1ICD to the RBP-}/CSL binding site
located within the Hes-1 promoter sequence {Fig. 4A).In accordance -
with these results, the transactivation of a Hes-1 promoter reporter
gene induced by E2, G-1 and JAG-1 was no longer evident in
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Supplementary Fig. 1C}. In order to corroborate these results, we
transfected SkBr3 cells with a dominant-negative mutant of the
Master-mind like 1 (DN-MAML-1), which is a transcriptional co-
activator of Notch-1 (Gue et al,, 2011). As shown in Fig. 11and | and
in Supplementary Fig. 1D, the induction of Hes? mRNA by E2, G-1
and JAG-1 was no longer observed in presence of DN-MAML-1. To
confirm these findings, we also evaluated Hes-1 protein levels by
western blot analysis, As shown in Fig. 2A-F, we found in all treat-
ments described above, variations of Hes-1 protein which reflected
those of mRNAs,

Next, to corroborate the role elicited by GPER in mediating
the Notch dependent transcription of Hes-1, upon E2 and G-1
treatments, we evaluated the expression of Hes-1 mRNA also using
the ER-positive MCF-7 breast cancer cells (Supplementary Fig.
2A~-H). As previous reports have shown that in ER-positive breast
cancer cells low doses of E2 may inhibit Notch activity (Rizzo et al.,
2008z}, we evaluated the expression of Hes-1 mRNA by increasing

concentrations of E2 in both MCF-7 {(ER-positive) and SkBr3
(ER-negative) breast cancer cells. As shown in Supplementary Fig.
3A-~C, in SkBr3 cells, E2 induces the expression of Hes-1 mRNA
already at concentration of 1nM. In contrast, in MCF-7 cells
the expression of Hes-1 mRNA was up-regulated only at higher
concentrations of E2 (Supplementary Fig. 3D~F). Moreover, ERa
silencing by shERa had no effect on the up-regulation of Hes-1
mRNA by E2 (Supplementary Fig. 3G-K).

3.2. E2 and G-1 induce Notch activation and the recruitment of
N1ICD to the Hes-1 promoter sequence

Having established that E2 and G-1 trigger Hes-1 expression in
a GSI dependent fashion, we then verified whether these ligands
induce the vy-secretase-mediated release of Notch intracelular
domain (N1ICD}, which is a hallmark of Notch activation. As shown
in Fig. 3A and B, both E2 and G-1 along with JAG-1 stimulated the
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obtained using Image] software, are presented as optical density .

(OD; expressed in arbitrary units) relative to the control (RPLPO).
'2.5. Real-time PCR

Gene expression was evaluated also by real-time PCR as we
previously described (Lappano et al, 2011). For Hes-1, Snail,
VE-Cadherin, and the ribosomal protein 185, which was used
as a control gene to obtain normalized values, the primers
were: 5-TCAACACGACACCGGATAAA-3' (Hes-1 forward) and 5'-
CCGCGAGCTATCTTTCTTCA-3' (Hes-1 reverse); 5'-CTTCCAGCAGC-
CCTACGAC-3' (Snail forward) and 5'-CGGTGGGGTTGAGGATCT-3
(Snail reverse); 5-TTTCCAGCAGCCTTTCTACCA-3' (VE-Cadherin
forward) and 5-GGAAGAACTGGCCCTTGTCA-3' (VE-Cadherin
reverse) and 5'-GGCGTCCCCCAACTTCITA-3 (185 forward) and
S5'-GGGCATCACAGACCTGTTATT-3' {185 reverse), respectively.

2.6. Chromatin Immunoprecipitation (ChIP) assay

Cells were grown in 10-cm plates and then exposed to ligands
for 8 h. Thereafter, cells were cross-linked with 1% formaldehyde
and senicated. Supernatants were immunocleared with sonicated
salmon DNA/protein A agarose (Upstate Biotechnology, Inc., Lake
Placid, NY) and immuneprecipitated with the anti-Notch-1 (C-20}
antibody or non specific IgG (Santa Cruz Biotechnology, DBA, Milan,
Italy). Pellets were washed, eluted with a buffer consisting of 1% SDS
and 0.1mol/L NatCOs, and digested with proteinase K. DNA was
obtained by phenolfchloroform extraction and precipitated with
ethanol. A 4 pl volume of each sample was used as template to
amplify by real-time PCR a RBP-] binding site corresponding to
167 to +6 located in the 5'-flanking region of Hes-1 gene. The
primers used were Fwd: 5'-CAGACCITGTGCCTGGCG-3' and Rev:
5"-TGTGATCCCTAGGCCCTG-3'. Data were normalized with respect
to unprocessed lysates (input DNA). Inputs DNA quantification was
performed by using 4 pl of the template DNA. The relative antibody-
bound fractions were normalized to a calibrator that was chosen
to be the basal, untreated sample. Final results were expressed as
percent differences with respect to the relative inputs.

2.7. Plasmids

The luciferase reporter plasmid Hesl-Luc (—467 to +46 of
the Hes1 promoter with the luciferase gene) was a kind gift
from Dr. Hee-Sae Park (Hormone Research Center, School of Bio-
logical Sciences and Technology, Chonnam National University,
Yongbong-dong, Buk-ku, Gwangju, Republic of Korea). The plas-
mid encoding dominant-negative MAML-1{DN-MAML-1) was a
gift from Dr. M. Bocchetta (Cardinal Bermardin Cancer Center,
Loyola University Chicago, IHlinois, USA). The Sure Silencing (sh)
ERo and the respective control plasmid (shRNA), generated in
pGeneClip Puromycin Vector, were purchased from SA Bioscience
Corp. (Frederick, MD, USA) and used according to the manufac-
turer’s recommendations. Short hairpin RNA construct against
human GPER (shGPR30/shGPER} and the unrelated shRNA control
construct were previously described (Pandey et al., 2009).

2.8. Transfection, luciferase assays and gene silencing
experiments

For luciferase assays, cells were plated into 24-well plates with
500 pl of regular growth medium/well the day before transfec-
tion. Cell medium was replaced with medium supplemented with
1% charcoal-stripped (CS) FBS lacking phenol red and serum on
the day of transfection, which was performed using the X-treme
Gene 9reagent as recommended by the manufacturer (Roche Biag-
nostics, Milan, Italy} with a mixture containing 0.5 g of reporter

plasmid and 2 ng of pRL-TK. After 5-6h, ligands were added and
cellswere incubated for 24 b. Luciferase activity was then measured
using the Dual Luciferase Kit (Promega, Milan, Italy) according
to the manufacturer's recommendations. Firefly luciferase activ-
ity was normalized to the internal transfection control provided
by the Renilla luciferase activity. The normalized relative light
unit values obtained from cells treated with vehicle were set as
one-fold induction upon which the activity induced by treatments
was calculated. For the gene silencing experiments, cells were
plated into 10-cm dishes, transfected in serum-free medium for
24 h before treatments using X-treme Gene @ (Roche Diagnostics,
Milan, Italy), according to the manufacturer's recommendations
with shRNA, shGPER, shERa, DN MAML-1 and the unrelated empty
vector.

2.9. Wound-healing assay

SkBr3 cells and CAFs ‘were seeded into 12-well plates in regu-
lar growth medium. When at 70-80% confluence, the cells were
washed once and medium was replaced with 2.5% charcoal-
stripped FBS. Cells were then pre-treated with GSl and treated with
E2, G-1 and JAG-1. Then, a p200 pipette tip was used to scratch the
cell monolayer. We evaluated cell migration in three independent
experiments after 24 h of treatment; data are expressed as a per-
centage of cells in the wound area upon treatment compared with
cells receiving vehicle.

2.10. 'Transwell cell migration assay

Migration assays were performed with SkBr3 cells and CAFs in
triplicate using Boyden chambers (Costar Transwell, 8 mm poly-
carbonate membrane). For knockdown experiments, cells were
transfected with the plasmid DN-MAML1 or with an empty vector
construct using X-treme Gene 9 reagent in medium without serum.
After 24 h, cells were seeded in the upper chambers. Treatments
were added to the medium without serum in the bottom wells.
After 24 h, cells on the bottom side of the membrane were fixed,
stained with GIEMSA (Sigma-Aldrich Milan, Italy), photographed
and counted.

2.11. Statistical analysis

Statistical analysis was performed using analysis of variance
followed by Newman-Keuls testing to determine differences in
means. p-Values <0.05 are considered statistically significant.

3. 3 Results
3.1. E2 and G-1 induce Notch-dependent expression of Hes-1

Inorder to investigate a possible functional interaction between
GPER and Notch signaling, we first investigated whether ligand-
activated GPER triggers Notch-dependent transcription. Hence, we
evaluated the Hes-7 mRNA expression in SkBr3 cells treated with
E2, G-1 or the soluble Notch ligand JAG-1. As shown in Fig. 1A and
B and in Supplementary Fig. 1A, all three ligands induced the lev-
els of Hes-1 particularly upon 24 h treatments. To assess the-direct
involvement of GPER int the up-regulation of Hes-1, we transfected
SkBr3 cells with a shGPER which abrogated the expression of Hes-1
induced by E2 and G-1 (Fig. 1C-F and Supplementary Fig. 1B}. In
contrast, in SkBr3 cells transfected with the shGPER and exposed
to JAG-1, the induction of Hes-1 was still evident (Fig. 1E and F
and Supplementary Fig, 1B). To confirm the Notch-dependent up-
regulation of Hes-1 by E2 and G-1, we used the y-secretase inhibitor
named GSl which impaired the Hes-1 response to these treatments
along that promoted by JAG-1 as expected (Fig. 1G and H and
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the EGFR transduction pathway, the activation of the MAPK cas-
cade, PI3K kinase and phospholipase C signaling (Maggiolini and
Picard, 2010). Moreover, in ER-negative cancer cells like SkBr3
cells or cancer-associated fibroblasts {CAFs), GPER centributed to
the stimulation of migration as its silencing drastically reduced
the pro-migratory effects of 17@3-estradiol (E2) and G-1, which
involved EGFR-dependent activation of one important GPER target
gene named connective tissue growth factor {(CTGF) (Madeo and
Maggiolini. 2010; Pandey et ai.. 2009).

The Notch signaling and its crosstalk with several transduction
pathways plays an important role in different aspects of breast
cancer biology, including cell growth, EMT transition and cell
migration (Guo et al., 2011). Notch consists of a family of single-
pass transmembrane receptors (Notch1-4), which can be activated
by the interaction with membrane-tethered ligands, including Dil
(Delta-like 1-4) and Jagged (Jagged 1-2) (Miele, 2006). Up-regulated
expression of Notch receptors and/or their ligands. have been
found in several human malignancies, including breast cancer (Al-
Hussaini et al, 2011; Kopan and [agan, 2009). In addition, the
expression of the Notch ligand Jagged-1 has been correlated with
more aggressive malignant features (Reedijk et al., 2005). Upon
ligand activation, Notch is cleaved by an ADAM metalloproteinase
and ~y-secretase and thereafter the membrane-released Notch
intracellular domain {(NICD) translocates to the nucleus (Guo et al,,
2011). In the nucleus, NICD releases the expression of Notch tar-
get genes by recruiting transcriptional regulators, hence converting
the RBP-J/CSL transcriptional repressor complex ina transcriptional
activator (Yin et al, 2010). The most characterized transcriptio-
nal targets of Notch signaling are bHLH transcriptional repressors
of the Hes (Hes-1 to 7) and Hey (Hey-1 and 2, L) subfamilies (Iso
et al, 2003). Notch-induced activation of Hes and Hey genes play
an important role in cell fate determination during organ develop-
ment (Guo et al,, 2011) Furthermore, Notch-dependent expression
of Hes and Hey genes has been described in different types of can-
cer cells and correlates with Notch tumorigenic activities (Miele,
2006). An additional Notch-target gene is the zinc-finger trans-
criptional repressor Snail, which has been shown to trigger EMT
by directly repressing E-cadherin expression (Wang et al, 2010).
Notch-dependent up-regulation of Snail and the consequent E-
cadherin repression represent the main pathway mediating the
Notch-dependent migration in diverse tumor celis (Chen et al,,
2010; Guo et al,, 2011; Matsuno et al,, 2012).

In the present study, we provide novel evidence showing that
ligand-activated GPER triggers Notch activation and expression
of Notch target genes. Moreover, we have assessed that Notch
signaling contributes to GPER-mediated migration in ER-negative
breast cancer cells and cancer-associated fibroblasts.

2. Materials and methods
2.1, Reagents

173-Estradiol (E2) was purchased from Sigma-Aldrich (Milan,
Italy); <-Secretase inhibitor cbz-Leu-Leu-Nle-CHO (GSI) and
1-[4-(-6-bromobenzol[1,3]diodo-5-y1}-3a,4,5,9b-tetrahidro3H-
cyclopenta[c]quinolin-8yl]-ethanone (G-1) were purchased from
Calbiochem (Merck KGaA, Frankfurt, Germany); Notch ligand
Jagged-1 (DSL Peptide 188-204) {JAG-1) was obtained from
AnaSpec (DBA Milan, Italy). E2 was dissolved in ethanol while G-1,
GSI and JAG-1 were solubilized in DMSO.

2.2, Cell cultures

The SkBr3 breast cancer cells were maintained in RPMI-1640
(Invitrogen, Gibco, Milan, Italy) without phenol red, supplemented

with 10% fetal bovine serum (FBS). MCF7 breast cancer cells
were maintained in DMEM with phenol red supplemented with
10% FBS. Cells were switched to medium without serum the
day before experiments for immunoblots, reverse transcription
polymerase chain reaction {RT-PCR) and chromatin immunopre-
cipitation (ChIP). Both cell lines were grown in a 37°C incubator
with 5% CO,. CAFs were extracted as previously described {Madeo
and Maggiolini, 2010; Pupo et aL, 2012, 2013) maintained in a mix-
ture of MEDIUM 199 and HAM'S F-12 (1:1} supplemented with 10%
FBS, Primary cells cultures of breast fibroblasts were characterized
by immunofluorescence. Briefly cells were incubated with human
anti-vimentin (V9) and hurnan anti-cytokeratin 14 (LL0O01), all anti-
bodies were from Santa Cruz Biotechnology, DBA (Milan, Italy). In
order to assess fibroblasts activation, we used anti-fibroblast acti-
vated protein o (FAPa) antibody (H-56) purchased from Santa Cruz
Biotechnolegy, DBA {Milan, Italy) (data not shown). We used CAFs
passaged for up to five population doublings for the experiments
performed using these cells, CAFs were also switched to medium
without serum the day before experiments for immunoblots and
reverse transcription polymerase chain reaction (RT-PCR)

2.3. Westemn blotting

Western blotting experiments were performed as previously
described (Madeo et al., 2010). Briefly, cells were exposed to lig-
ands, and then lysed in a buffer containing 1% SDS and a mixture of
protease inhibitors, Equal amounts of whoie protein extract were
resolved on SDS-polyacrylamide gel, transferred to a nitrocellulose
membrane (Amersham Biosciences, Milan, Italy), probed overnight
at 4°C with antibodies against Hes-1 (H-140), Notch-1 (C-20), Snai
1 (G-7), VE-Cadherin (N-14), ERx (F-10), GPER (N-15) and S-actin
(C-2) purchased from Santa Cruz Biotechnology {DBA, Milan, Ttaly),
and then revealed using the ECL® Western Blotting Analysis Sys-
tem (GE Healthcare, Milan, Italy). Results of densitometric analyses
of Western blots, obtained using Image] software, are presented as
optical density (OD; expressed in arbitrary units) relative to the
control {3-actin).

2.4. Reverse transcription and quantitave RT-PCR

Total RNA was extracted using Trizol commercial kit (Invi-
trogen, Milan, Italy) according to the manufacturer’s protocol.
RNA was quantified spectrophotometrically and its quality was
checked by electrophoresis through agarose gel stained with
ethidium bromide. Only samples that were not degraded and
showed clear 185 and 28S bands under ultraviolet light were used
for real-time PCR. Total cDNA was synthesized from RNA by reverse
transcription using the murine leukemia virus reverse transcrip-
tase (Invitrogen, Milan, Italy) following the protocol provided by
the manufacturer. The expression of selected genes was quanti-
fied by quantitative RT-PCR carried out as previously described
(Maggiolini et al., 1999). Hes-1, Notch-1, Snail, VE-cadherin and
the internal control RPLPO (also known as 36B4) cDNAs yielded
bands of 346, 289, 406, 319 and 408bp with 21, 25, 22, 23 and
10 PCR cycles, respectively. The primers pairs used to amplify the
fragments were: 5'-CCCAGCCAGTGTCAACACGAC-3' (forward) and
5-ATTAACGCCCTCGCACGTGG-3 (reverse) for Hes-1; 5'-GCATAG-
TCCAAAAAGCTCCTG-3' (forward) and 5/-GTGCACTCTTGGCATACA-
CAC-3' (reverse) for Notch-1; 5'-CTCACCGGCTCCTTCGTCCT-3" {for-
ward) and 5’-ACACGCCTGGCACTGGTACT-3’ {reverse) for Snail; 5'-
TCTCCGCAATAGACAAGGAC-3 (forward) and 5-AGTAAGATGG-
CTACCACTGC-3' (reverse) for VE-Cadherin; 5-CTCAACATCT-
CCCCCTTCTC-3 ({forward) and 5'-CAAATCCCATATCCTCGTCC-3'
(reverse) for RPLPO. Results of densitometric analyses of blots,
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ARTICLE INFO ABSTRACT
Article history: . The G protein-coupled receptor GPR30/GPER has been shown te mediate rapid effects of 17B-estradiol
Received 14 June 2013 (E2) in diverse types of cancer cells. Here, we provide evidence for a novel crosstalk between GPER and
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the Notch signaling pathway in breast cancer cells and cancer-associated fibroblasts (CAFs). We show
that £2 and the GPER selective ligand G-1 induce both the vy-secretase-dependent activation of Netch-1
and the expression of the Notch target gene Hes-1. These inductions are prevented by knocking down
GPER or by using 2 dominant-negative mutant of the Notch transcriptional co-activator Master-mind

g;ﬁmds: like-1 (DN-MAML-1), hence suggesting the involvement of GPER in t.he Notch-dependent transcription.
Estrogens signaling By performing chromatin-immuno_precipitation P:xperiments and luFlferase assays, we also demonstrate
Notch signaling that E2 and G-1 induce the recruitment of the intracellular domain of Notch-1 (N1ICD} to the Hes-1
Breast cancer promoter and the transactivation of a Hes-1-reporter gene, respectively. Functionally, the E2 and G-1-

Cancer-associated fibroblasts induced migration of breast cancer cells and CAFs is abolished in presence of the y-secretase inhibitor GSI
or DN-MAML-1, which both inhibit the Notch signaling pathway. In addition, we demonstrate that E2 and
G-1 prevent the expression of VE-Cadherin, while both compounds induce the expression of Snail, aNotch
target gene acting as a repressor of cadherins expression. Notably, both GSI and DN-MAML-1 abolish the
up-regulation of Snail-1 by E2 and G-1, whereas the use of GSI rescues VE-Cadherin expression. Taken
together, our results prove the involvement of the Notch signaling pathway in mediating the effects of
estrogenic GPER signaling in breast cancer cells and CAFs.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction Although estrogens act mostly by this classic genomic mecha-

nism, they are also able to rapidly activate transduction pathways

Estrogens regulate critical signaling pathways involved in the
control of cell proliferation and differentiation in reproductive and
nen-reproductive tissues (Liang and Shang, 2013). These steroids
influence also the pathological processes of hormone-dependent
tumors, like breast cancer, activating the estrogen receptor (ER)a
and ERB which act as transcription factors binding to cognate the
responsive elements located in the promoter regions of target genes
(Ascenzi et al., 2006; Panno et al., 1996).
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in an ER-independent manner. In the last few years the membrane-
associated G protein-coupled receptor GPR30JGPER has been
widely shown to mediate signals triggered by estrogens, antie-
strogens and phyto-xenoestrogens, including the quick MAPK
activation, the induction of early gene expression, the prolifera-
tion and migration in different types of cancer cells (Albanito et al.,
2007, 2008a,b; Chimento et al, 2012; De Marco et al,, 2013; Filice
et al., 2009; Lappano et al, 2010; Maggiolini et al, 2004; Pupo
etal., 2012; Recchia et al., 2011; Santojla et al,, 2012; Thomas et al.,
2005; Vivacqua et al,, 2006a,b, 2012). Moreover, the identification
of synthetic molecules acting either as agonistic or antagonist lig-
ands of GPER has extended our knowledge regarding the estrogenic
GPER signaling {Bolega et al., 2006; Dennis et al,, 2011; Lappano
et al, 2012a,b; Rosano et al, 2012). Among these molecules, the
GPER-agonist ligand G-1 has been shown to induce both gene
expression changes and proliferation in diverse tumor cells. In
this regard, several studies have shown that these effects medi-
ated by ligand-activated GPER require a functional interaction with
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Table V. Contingency table: ER—/PR+ versus
ER—/PR—

ER—/PR+ ER—/PR~
CYD+ 8 4]
CYD- 65 176
Total 73 217

Qdds ratio, 0.53; P < 0.16.

DISCUSSION

It is well-known that blood vessel walls, and other
target organs such as the breast, have a large
number of ERs and PRs for which distribution is
variable from person to person, thereby rendering
a reasonable number of persons who may be more
sensitive to the hormone effects.’

Estrogen has been shown to increase venous
capacitance, altering blood vessel walls.'"'' In
fact, estrogen has effects on vascular smooth muscle
contraction evoked by activation of both receptor-
and potential-operated calcium channels.'> More-
over, ERs have been localized in the nucleus and
cytoplasm of human arterial and venous endothelial
cells and human vascular smooth muscle cells."

Mashiah et al.** conducted a study in which ERs
and PRs were investigated in the walls of normal
and varicose veins. ER levels were lower in nonvar-
icose segments of varicose veins compared with
normal veins. In varicose segments, ERs were
more abundant than in the nonvaricose parts of
the same vein, especially in women; contrasting
results were found for PRs.

Raffetto et al.'*!¢ showed that sex differences in
venous function reflect reduced constriction and
enhanced venous dilation in women because of
direct venous relaxation effects of estrogen on
specific receptors.

ERs and PRs have been studied in clinical BC for
more than 20 years. The percentage of ER+ cells is
quite low (10%—20%) in normal mammary gland,
and increases in proliferative disease, whereas ER+
cells are found in 50% to 80% of breast tumors, sug-
gesting that an elevated receptivity to estrogens in
these tissues is involved in their higher risk of
tumorigenesis. ER/PR status is essential in making
decisions about endocrine therapy, and positive
receptor status correlates with favorable prognostic
features, including a lower rate of cell proliferation
and histologic evidence of tumor differentiation.
Tumors that express both ER and PR have the
greatest benefit from hormonal therapy, but those
containing only ER or PR still have significant
responses.’

Annals of Vascular Surgery

Moreover, endocrine therapy with selective
estrogen receptor modulators (SERMs) has been
associated with an increased risk of venous throm-
boembolic events. SERMs bind with high affinity
to ERs and promote either estrogen agonist or
estrogen antagonist effects, depending on the target
tissue. SERMs exert estrogen antagonist effects on
the breast but agonist and harmful effects on venous
endothelium.'®'? The hypothesis that the distribu-
tion of venous ERs and PRs may reflect the
hormonal status of BC tissue could explain adverse
events involving the venous system as being mani-
festations of CVD and, in the case of treatment
with SERMs, the occurrence of acute venous throm-
boembolic events.

In some clinical cases reported in the literature,
the diagnosis of BC has been predicted even by
some acute thromboembolic phenomena.**?

In the present series, 4 cases of superficial vein
thrombosis of upper limbs occurred within 1 year
from diagnosis of BC.

This study shows a strong association between BC
and the concomitant presence of clinical manifesta-
tions related to CVD, and this association is strongly
influenced by the receptor status of BC. The pres-
ence of ER+ status is associated with more severe
clinical manifestations of venous disease; 99.17%
of patients who have ER+ status and CVD had a clin-
ical stage between grades C3 and Cé6 of the CEAP
classification.

Moreover, a worsening of clinical conditions
according to CEAP classification have been observed
within 1 year from diagnosis of BC in patients with
ER+ status and CVD compared with those with
ER-- status.

In contrast, the absence of ER+ status did not
seem to be associated to the occurrence of venous
disease, and the presence of PR+ status seems to be
evern. protective against the onset of venous disease.

BC and CVD seem to be closely linked by sex-
hormone related mechanisms that remain un-
known, which must be elucidated by further studies.

Moreover, these findings suggest that future clin-
ical evidence is needed to clarify the benefit of
systematic compression-stocking use and prophy-
lactic administration of anticoagulants, such as
low-molecular-weight heparin, to prevent clinical
worsening of CVD and thromboembolic events,
respectively, in patients with BC.

Ethical approval: Local ethics approval was received and the
study was conducted in accordance with the Declaration of
Helsinki.

Funding: This work received no funding.
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Table II. Receptor status versus clinical classification of CVD

Receptor status Classification

% (N}

ER+/PR+
834 patients

537 (64.38%) with CVD C3 (edema)

C4 (pigmentation, eczema, lipodermatosclerosis)
C5 (healed venous ulcer)

C6 (active venous ulcer)

Cls {telangiectasies or reticular veins + symptoms}
€2 (varicose veins)

ER+/PR—
67 patients

42 (62.68%) with CVD C3 (edema)

C4 (pigmentation, eczema, lipodermatosclerosis)
C5 (healed venous ulcer)

C6 (active venous ulcer)

Cls {telangiectasies or reticular veins + symptoms)
C2 (varicose veins)

ER—-/PR+
73 patients

8 (10.95%) with CVD C3 (edema)

C4 (pigmentation, eczema, lipodermatosclerosis)
C5 {healed venous ulcer}

C6 {active venous ulcer)

Cls (telangiectasies or reticular veins + symptoms)
C2 (varicose veins)

ER-/PR—
217 patients

41 (18.89%) with CVD C3 (edema)

C4 {pigmentation, eczema, lipodermatosclerosis)
C5 (healed venous ulcer)
Cé6 (active venous ulcer)

Cls (telangiectasies or reticular veins + symptoms)
C2 (varicose veins}

7.63% (41)
51.58% (277)
28.11% (151)

5.40% (29}

2.04% (11}

5.27% (28}
47.61% (20)

4.76% (2)

9.52% (4)
23.80% (10}
11.90% (5)

2.38% (1)
75.00% (6)

12.5% (1)

12.5% (1)

0% (0)
0% (0)
0% (0)
90.24% (37)
7.31% (3)
2.43% (1)
0% (0)
0% {0)
0% {0)

Table III. Contingency table: ER+/PR+ versus
ER—-/PR—

Table IV. Contingency table: ER+/PR— versus
ER-/PR—

ER+/PR+ ER—-/PR— ER+/PR—~ ER—/PR—
CVD+ 537 41 CVD+ 42 41
CVD—- 297 176 CVD— 25 176
Total 834 217 Total 67 217

0Odds ratio, 7.76; P < 0.00001.

{ER—/PR+) and patients with negative status for
both kind of receptors (ER—/PR-) were affected
by CVD (Table II). Moreover, from a clinical
viewpoint, 99.17% (239 of 241) of patients with
severe manifestations of CVD (C3—C6) were
included in ER+ groups {ER+/PR+; ER+/PR-)
(Tables II and IV).

The presence of BC was associated with concom-
itant CVD clinical manifestations in both ER+ groups
(ER+/PR+ group: odds ratio [OR], 7.76; P < 0.00001;
ER+/PR— group: OR, 7.21; < 0.00001), whereas no
association was seen in the ER—/PR+ group
(OR, 0.53; P < 0.016), and the presence of PR+ in
this latter group seems to even be protective against
CVD (Table V).

In addition, based on the available data from
medical records, in the ER+ groups with CVD

QOdds ratio, 7.21; P < 0,00001.

{N = 579), 151 patients (26.08%), despite appro-
priate treatment, advanced a clinical class of CEAP
classification within a year from BC diagnosis,
compared with 2 {(4.08%) of the 49 patients in the
ER— groups with CVD.

In the 151 patients in the ER+ groups, clinical
worsening went from C2 to C3 in 66 patients
{43,70%) and from C3 to C4 in 38 patients
(25.16%), and from C4 to C6 in 47 patients (31.12%).’

In the 2 patients in the ER— groups, clinical wors-
ening went from C2 to C3.

Moreover, 4 events of superficial vein thrombosis
of the upper limb occurred within a year from the
time of diagnosis of BC in the ER+ groups with
CVD (0.69%), whereas no thromboembolic events
occurred in the ER~ groups nor in patients with
BC without CVD.
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Table 1. Patient characteristics

Annals of Vascular Surgery

Characteristic Classification % (N}

Age (median, 54 yr; range, 25—83 yr) 0-29 yr 5.36% (61)
30—49 yr 25.21% (287)
50—59 yr 27.94% (316)
60—69 yr 19.94% (227)
7079 yr 13.97% (159)
> 80 yr 7.73% (83)

Body mass index

Diabetes

Smoking

Hormone replacement therapy

BC stage Stage I
Stage II
Stage 0
Stage IV

ER/PR status ER+/PR+
ER+/PR—
ER—/PR+
ER—/PR—

Venous disease {n = 628}

C3 tedema)

C4 {pigmentation, eczema, lipodermatosclerosis)
C5 (healed venous ulcer)
C6 (active venous ulcer)

Underweight: < 18.5 kg/m?
Normal: 18.5--24.9 kg/m?
Overweight: 25.0—29.9 kg/m?>
Obese: 30.0—39.9 kg/m?
Extremely obese: > 40 kgim?

Cls (telangiectasies or reticular veins + symptoms)
C2 (varicose veins)

14.49% {165)
46.22% (526)
31.01% (353)
7.73% (88)
0.52% (6)
7.46% (85)
26.97% (307}
2.54% (29)
25.74% (293)
36.55% (416)
27.68% (315)
10.01% (114)
73.28% (834)
5.88% (67)
6.41% (73)
19.68% (217)
9.13% (104)
24.86% (283)
13.79% (157)
3.42% (39)
1.40% (16)
2.54% (29}

ER+, estrogen receptor—positive status; ER—, estrogen receptor—negative status; PR+, progesterone receptor—positive siatus; PR—,

progesterone receptor—negative status.

the medical records from 2 clinical centers {Univer-
sity Magna Graecia of Catanzaro and Annunziata
Hospital of Cosenza) of 1138 female patients with
BC for whom information about ER and PR status
was available, to characterize the association
between BC and CVD.

The author referred to the Clinical-Etiology-
Anatomy-Pathophysiology (CEAP) classification for
the clinical evaluation of signs and symptoms related
to venous disease.?

Only for Cl class (telangiectasia or reticular
veins), because telangiectasies are highly prevalent
in the healthy adult population, the authors consid-
ered venous disease to be present in patients who
also complained of having symptoms such as aching,
pain, tightness, heaviness, and muscle cramps attrib-
utable to venous dysfunction.

For classes C2 through Cé6, the diagnostic evalua-
tion of CVD, contained in medical records, was ob-
tained through an office visit, including a history
and clinical examination, that involved the use of
a hand-held Doppler scanner or duplex color
scanning.

Patient characteristics are shown in Table L

Patient characteristics and the presence of clinical
manifestations indicative of CVD were studied in
relation to the receptor status of BC to determine
any correlation within these variables.

Statistical analysis was performed using SPSS
12.0 for Windows (SPSS Inc., Chicago, IL).

RESULTS

Of 1138 patients, 628 (55.18%) had CVD; 358
patients (31.45%) had clinical manifestations of
mild severity (C1—C2), whereas 239 (21%) had
severe clinical manifestations {C3—C6).

If patients are subdivided by receptor status, one
can assume that the 64.38% of patients with posi-
tive status for ERs and PRs (ER+/PR+) and 62.68%
of patients with positive status for ERs and nega-
tive status for PRs (ER+/PR—) had clinical manifes-
tations related to CVD, whereas only 10.95% of
patients with negative status for estrogen receptors
and positive status for progesterone receptors
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Background: Breast cancer (BG) and chronic venous disease (CVD) are in some way related
to hormonal effects, and often the clinical manifestations of CVD intersect with the ¢linical course
of BC. This article describes the correlations between these clinical conditions.

Methods: A total of 1138 female patients with BC were retrospectively reviewed in a S-year
period to obtain clinical information about the frequency and characteristics of contemporary
CVD and the relative correlations with estrogen and progesterone receplor status.

Results: The presence of BC was associated with concomitant CVD clinical manifestations in
patients with positive estrogen receptor status, whereas no assoclation was found in patients
with negative estrogen receptor status. The presence of negative estrogen receptor status asso-
ciated with positive progesterone receptor status seemed to be even protective against CVD.
Patients with more severe manifestations of CVD had positive estrogen receptor status.
Conclusions: BC and CVD seem to be strongly associated. Positive estrogen receptor status
may predispose to a more severe clinical course of vencus disease when it occurs in patients
with BC.

INTRODUCTION The expression of estrogen receptor (ER) and
progesterone receptor (PR) has been shown to
have prognostic significance for patients with BC
and can be a predictive marker for endecrine therapy
in their clinical management.'*

Clinical and epidemiologic observations re-
garding varicose veins, such as their predominance
in woman,®* and the occurrence of venous stasis
during sex hormone therapy, the luteal phase, and
pregnancy suggest a sex hermone dependency of
venous disease.®”

Breast cancer {BC) is one of the most common forms
of cancer and chronic venous disease {CVD} is one of
the most common diseases in women.
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Assuming that the distribution of ERs and PRs
may overlap, both in the breast tissue and in the
venous system, the clinical manifestation of CVD
could be expected to be highly prevalent in patients
with BC with positive ER and/or PR status.

MATERIAL AND METHCDS

Over a 5-year period (January 2007—December
2011), the authors gathered anamnestic and clinico-
pathologic data through a retrospective review of
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Maione dirigente S.C. dell’ ASP di Catanzaro — Distretto di Lamezia Terme, in sostituzione
della dott.ssa Alberta Talarico;
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n. 15638 del 12.11.2010:
e il Dirigente del Servizio “Politica del Farmaco®” del Dipartimento Tutela della Salute
e il dott. De Sarro Giovanbattista ed il dott. Rotiroti Domenico Antonio — Farmacologi
delle Universiti della Regione Calabria
¢ la dottssa De Francesco Adele (Azienda Ospedaliera Universitaria Mater Domini
Catanzaro) — Farmacista Ospedaliera
o il dott. Anastasio Luigi (Azienda Sanitaria Provinciale di Vibe Valentia) — Medico
ospedaliero di area medica
s il dott. De Nardo Gennaro — Medico di Assistenza Primaria
¢ il dott, Grotteria Salvatore — Medico Pediatra di libera scelta

di stabilire che, nelle more della nomina del Dirigente del Servizio Politica del Farmaco in
corso di espletamento, & individuato, quale componente regionale del Gruppo di Lavoro, il
Dirigente del Settore “Area LEA” del Dipartimento;

Svolgera le funzioni di Segretario un Funzionario dipendente del Dipartimento Tutela della
Salute;

di dare atto che ai componenti non spetta alcun compenso se non il rimborso delle spese di
viaggio e di soggiorno derivanti dalla partecipazione ai lavori, debitamente documentate, ad

esclusione del personale dipendente dal S.S.R. le cui spettanze saranno erogate dalle Aziende di
appartenenza;

di pubblicare il presente decreto sul Bollettino Ufficiale della Regione Calabria, ai sensi della
L.R. 19/01, nel suo testo integrale.

1l Dirigente ettore
Dr. Luigi s Curia -




IL. DIRIGENTE GENERALE

PREMESSO CHE il Servizio competente per Pistruttoria ha accertato:

— che con delibera di Giunta Regionale n.235 del 13 aprile 2004 & stato istituito il Prontuario
Terapeutico Ospedaliero Regionale (PTOR),ai sensi della Legge Regionale n.18/90;

— che con Decreto Dirigenziale n.426 del 23 gennaio 2009 & stato costituito un Gruppo di Lavoro
con compiti di revisione e aggiornamento periodico del suddettc PTOR(oggi PTR) secondo
criteri di rigore scientifico, di rilevanza clinica e di economicitd;

— che con D.D.R. n. 15638 del 12.11.2010 & stato integrato il Gruppo di Lavoro PTR;

TENUTO CONTO
~ che il Dott. Bruno Nardo, componente del suindicato Gruppo di Lavoro, non piil in servizio
presso 1’Azienda Ospedaliera di Cosenza, con nota n. 0010212/UOR del 09.04.2013 del
Direttore Generale dell’Azienda Ospedaliera di Cosenza & stato sostituito dal dott. Sergio
Abonante, dirigente della $SD Senologia Chirurgia dell’Azienda Ospedaliera di Cosenza:

— che la dott.ssa Alberta Talarico, gia farmacista dirigente dell’ASP di Catanzaro e posta in
quiescenza dal 01.01.2013, anch’essa componente del citato Gruppo di Lavoro, & stata
sostituita, in seno allo stesso, dalla doit.ssa Maria Rosaria Maione, farmacista dirigente S.C.
dell’ ASP di Catanzaro — Distretto di Lamezia Terme;

ATTESA Ia necessitd di modificare il sopracitato  Gruppo di Lavoro, procedendo alla sostituzione
del dott. Bruno Nardo in quanto non pilt in servizio presso I'Azienda Ospedaliera Annunziata di
Cosenza e della dott.ssa Alberta Talarico posta in quiescenza dal 01.01.2013;

VISTO il D.D.G. n. 7793 dei 14 -maggio 2010 che individua lo stesso gruppo di Lavoro per la stesura

delle linee guida regionali per la prescrizione di categorie di farmaci che maggiormente incidono
sulla spesa; _

VISTA la L.R. 13.05.1996 1.7 e successive modifiche ¢ integrazioni; ) '
VISTO il D.P.G.R. 0.354 del 24.06.1999 ¢ successive modifiche e integrazioni;
VISTA la Legge Regionale n.34 del 2002 ¢ s.m.i. e ritennta la propria competenza;
VISTI la delibera di G.R. n.634 del28.09.2010 ed il D.P.G.R. 1n.269 det 15.10.2010;

VISTO il documento istruttorio redatio dal responsabile del procedimento ai sensi e per gli effeiti
della Legge Regionale n.19/2001;

SU proposta del Dirigente del Settore che, vista I’istruttoria e per le motivazioni espresse nell’atto,
attesta la legittimitd e la regolariti tecnica del presente provvedimento;

DECRETA
Per quanto espresso in premessa che si intende integralmente riportato:

= di individuare quali nuovi componenti del Gruppo di Lavoro per la revisione ed
aggiornamento periodico del PTR, gia costituito con decreto dirigenziale n.426 del 23 gennaio
2009, il dott. Sergio Abonante, dirigente della SSD Senologia Chirurgia Azienda Ospedaliera
Annunziata di Cosenza, in sostituzione del dott. Bruno Nardo ¢ Ia dott.ssa Maria Rosaria
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