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RELAZIONE 
 
BACKGROUND 
Epidemiological studies showed that patients with depression have an increased risk of developing 
cardiovascular disease (CVD) and mortality after cardiac event1, supporting a strong link between 
these diseases2. However, the correlation between heart disease and depression is not well 
understood.  
Brain-derived neurotrophic factor (BDNF), that belongs to the family of neurotrophins, plays a 
critical role in neuronal maintenance but also in cell survival, differentiation and development of 
vascular system3 ,4. Its expression can be regulated by genetic and/or epigenetic modifications5, 6; it 
is reduced in depressed patients7, 8, 9 and in patients with angina pectoris who incur higher number 
of coronary events and mortality10. Specifically, the BDNF Val66Met polymorphism, related to 
cognitive disorders and stress vulnerability5, affects BDNF levels11, epigenetic regulation at BDNF 
promoters12, and has been proposed as a genetic risk factor for CVD13, 14.  
Data from our lab showed that the humanized Val66Met BDNF homozygous knock-in mice 
(BDNFMet/Met) display a depressive-like phenotype (Fig.1) and concomitantly an enhanced 
thrombotic/inflammatory phenotype compared to BDNFVal/Val controls mice (Fig. 2-4). 



                                                                

Da inviare a: Società Italiana di Farmacologia – e-mail: sif.soci@segr.it; sifcese@comm2000.it  

Furthermore, proteomic analysis (Fig. 5) of the aorta secretome showed differential expression of 
proteins involved in coagulation, thrombosis and inflammation, including Tissue Factor and SIRT1, 
between the two groups of mice and in cells transfected with BDNFMet construct (Fig.6,7).  
In addition, a retrospective analysis on patients affected by coronary artery disease showed that 
BDNFMet/Met genotype was significantly more frequent in subjects who had suffered an acute 
myocardial infarction than in those who did not15 (Table 1,2). 
The aim of our study is to find new therapeutic approaches taking into account of molecular link 
between depression and CVD, focusing on the emerging role of SIRT1 both in CVD16 and in mood 
disorders17. 
For reaching this goal, I set the following aims: 
AIM 1: verify whether the higher susceptibility to thrombosis showed in BDNFMet/Met mice is due 
to, as for depressive phenotype, a decreased expression of the BDNF mRNA/protein in different 
tissues (e.g. aorta) and cells (aortic smooth muscle cells, SMC; peritoneal macrophages, PMph). In 
addition, epigenetic modifications on BDNF gene will be evaluating. Moreover, I will analyse 
whether restoring physiological BDNF level reverts the pro-thrombotic/inflammatory phenotype in 
vitro and in vivo. 
AIM 2: assess whether anti-depressive drugs (e.g. desipramine and fluoxetine) prevent depressive 
and concomitantly thrombotic/inflammatory phenotype in BDNFMet/Met mice. 
AIM 3: assess whether SIRT1 might represent a potential therapeutic target for thrombosis and 
depression. In particular, if pharmacological treatment with SIRT1 activators can revert both 
thrombotic/inflammatory and depressive-like behaviour in BDNFMet/Met mice. 
 
MATERIAL AND METHODS 
 
Animals and tissues isolation 
BDNF Val66Met mice were generated by using a knock-in allele with a point mutation (G to A at 
position 196) in the coding region of the mouse BDNF gene.1 Mice were generated by heterozygous 
Val/Met interbreeding and offspring were genotyped by PCR analysis of tail tip-derived genomic 
DNA. All procedures were performed in 10-12-week old male wild type control (WT) or 
BDNFMet/Met mice, and approved by the Institutional Animal Care and Ethics Committee of the 
University of Milan and of Ministry of Health DGSA (N. 12/2012 and 328/2015). For some studies 
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resveratrol (2.3 mg/Kg/day, intraperitoneally for 7 days; Sigma-Aldrich) and sirtinol (0.2 mg/kg 
intravenously; Sigma-Aldrich) were injected prior to experiment. Injection of DMSO was used for 
control mice. At sacrifice, aorta or carotid tissues were isolated and stored at -80°C till use.19 
Thrombosis model 
Arterial Thrombosis Model and Histopathology FeCl3 injury of the carotid artery was performed as 
described.2 Male mice were anesthetised with ketamine hydrochloride (75 mg/kg; Intervet) and  
medetomidine (1 mg/kg; Virbac). The left carotid artery was dissected free. Carotid blood flow was  
monitored by means of a Doppler flow probe (model 0.7V, Transonic System, Transonic, Ithaca,  
NY, USA) connected to a transonic flow meter (Transonic T106). No significant difference in terms 
of initial blood flow was noted between the mouse genotypes (WT: 0.97 ± 0.01 and BDNFMet/Met: 
0.96 ± 0.04 ml/min; P = 0.42). After blood flow stabilization (baseline flow constant for 7 min at least 
0.8 mL/sec), a 1×1 mm strip of filter paper (Whatman N°1) soaked with FeCl3 (5% solution; Sigma-
Aldrich, St. Louis, MO, USA) was placed over the carotid artery. After 3 min the filter paper was 
removed, the carotid artery was washed with phosphate-buffered saline (PBS), and the flow was 
recorded. An occlusion was considered to be total and stable when the flow was reduced by >90% 
of baseline from baseline until the 40-minute observation time, where the flow during this period 
did not change by more than 1% of baseline per second. 
Whole Blood Counts  
Blood was collected by cardiac venipuncture, from anesthetized mice, into sodium citrate, and the  
differential total blood count and platelet count were performed on a Beckman Coulter AU480.   
Plasma Biomarker measurements  
Plasma biomarkers were quantified by specific commercial methods. TSP1 by ELISA Kit (Uscn, Life 
Science Inc., Hubei, PRC), Microparticle-associated TF activity by Zymuphen MP-TF kit (Hyphen 
BioMed, Andresy, France), Functional Fibrinogen by Clauss test (Futura system s.r.l., Roma, Italy)   
BDNF Cell lysates measurement 
BDNF from cell lysate was quantified by specific commercial method BDNF Emax® ImmunoAssay 
System (Promega) 
Measurement of TF activity in tissues and cells  
Before assay, samples were lysed with 15 mM n-Octyl-B-D-glucopyranoside lysis buffer at 37°C for 
10 min, sonicated at 20 kHz for 20 seconds and diluted with 25 mM HEPES saline. The total protein 
concentrations of carotid artery homogenates were determined using the Bradford method. 40 µl 
of carotid artery homogenate (0.031 mg/mL), or vehicle were mixed with 40 µL citrated pooled wild-
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type mouse plasma and 40 µL CaCl2 (final concentration 5 mM), and procoagulant activity was 
quantified by a one-stage plasma recalcification time assay. Clotting times were expressed in 
relative units/µg protein based on a standard curve of serially diluted human thromboplastin 
preparation.To demonstrate TF dependence of procoagulant activity, experiments were performed 
with plasma deficient of Factor VIIa as well as after preincubation (30 minutes at room temperature) 
of the samples with a specific TF-neutralizing antibody (American Diagnostica GmbH, SCKISUI, 
Pfungstadt, Germany). 
Platelet studies  
For platelet-leukocyte aggregates, undiluted whole blood was stimulated where indicated with ADP 
for 5 minutes and red blood cells were lysed by FACS Lysing solution (BD Biosciences) and the sample 
centrifuged and stained with anti-CD45 and anti-CD41 (BD Biosciences). Samples were analyzed by 
flow FACS Calibur instrument (BD Biosciences), using CellQuest version 3.1 software (BD 
Biosciences). A minimum of 10000 events were collected in the CD45+ gate by flow cytometry. 
Peritoneal macrophages isolation and morphological characterization 
Mice were injected intraperitoneally with 3 ml of 3% thioglicolate medium (Sigma-Aldrich). 
Macrophages were obtained by lavage of the peritoneal cavity with PBS after 3 days. Cells were 
washed, suspended in Dulbecco’s modified Eagle’s medium containing 10% serum and plated in this 
same medium. After 2 h, adherent cells were treated or not with exogenous BDNF 10ng/ml in serum 
free media. 
Peritoneal macrophages were observed in phase contrast by microscopy, then were characterized 
by Giemsa staining and Phalloidin immunofluorescence. For Giemsa procedure: cells were fixed in 
methanol for 5-7 minutes, incubated with Giemsa Stain (Sigma-Aldrich) for 30 minutes, rinsed 
in deionized water, air dried and evaluated. 
For Phalloidin procedure: cells were fixed in PFA 4% for 10 minutes, then incubated for 15’ with 
triton 0.2% for permeabilization and finally saturated with BSA 5% for 1 h. After that, cells were 
stained with Ab AlexaFluor anti-phalloidin (1:200, Invitrogen) for 1 h and mounted on cell slide. 
Endothelial matrix adhesion 
Murine cardiac endothelial cells (MCEC), were plated on glass coverlips (12 mm ø, VWR) and grown 
at confluence in 2-3 days. Endothelial cells matrix (ECM) was isolated by exposing the endothelial 
cells to 0.1 M NH4OH in phosphate buffered saline (PBS) for 2-5 min. Then, ECM was saturated with 
BSA 5% for 1 h and subsequently labeled (with Alexa Fluor fluorescein 1:200, Invitrogen) peritoneal 
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macrophages were plated at the concentration of 6X105 cells/well. After 6 h of incubation, coverlips 
were mounted, visualized at microscopy and adherent cells were counted. 
Cell culture  
Human malignant epithelial cells (HeLa) were cultured in sterile flasks and maintained in 
DMEM/GlutaMAX medium (Invitrogen) supplemented with HEPES (1mM, Invitrogen), 100 U/mL 
penicillin (Gibco), 100 µg/mL streptomycin (Gibco) and 10% FBS, at 37°C in 5% CO2/95% air 
atmosphere. Almost every 3 days they were moved away with trypsin (trypsin/EDTA) and 
transferred in new flasks after 1:4 dilution. For transformation experiments, cells were dished on 
multiwell plates in DMEM + GlutaMAX medium supplement with HEPES (1mM) and FBS 10% without 
antibiotics. After reaching confluence of 90-95% cells were transfected with BDNFVal (Val) or 
BDNFMet (Met) plasmids (4 µg/µl per well) containing a C-terminal HA epitope and a C-terminal 
FLAG epitope tag23 using JETprime transfection reagent (Polyplus-Euroclone). All experiments were 
performed 48 hrs after transfection. Occurred transfection of plasmids was verified with western 
blot analysis or immunofluorescence against HA (Abcam) and Flag (Sigma-Aldrich) epitope tags. 
Transfected cells have been starved for 24 hrs in fresh medium DMEM/GlutaMAX supplemented 
with HEPES (1mM), 5% FBS and antibiotics. The day of the experiment Hela cells were incubated in 
serum free media with resveratrol (10 µM) or CAY10591 (20 µM) or sirtinol (10 M) or without 
stimuli as indicated and collected with TRIzol Reagent (Sigma-Aldrich) for real time PCR analysis or 
stored at -20°C for procoagulant activity test. 
Alternatively, Val or Met cells were transfected with SorCS2, SIRT1 or siRNA control pool (Santa 
Cruz) at a final concentration of 10 nM in combination with Interferin Reagent (Polyplus-Euroclone), 
according to the manufacturer’s instructions. The following day cells have been starved for 24 hrs 
in fresh medium DMEM/GlutaMAX supplemented with HEPES (1mM), 5% FBS and antibiotics. 
Silencing of the gene was confirmed by RT-qPCR. 
Quantitative real-time polymerase chain reaction (RT-qPCR)  
Total cellular RNA was isolated from cells or aorta tissue with TRIzol Reagent according to the 
manufacturer’s instructions. One µg of RNA was reverse-transcribed using SuperScriptTM II RNase 
H (Invitrogen). RT-qPCR was then carried out to detect TF, SIRT1, SorCS2, BDNF, COX-2, mPGES-1, 
IL-6, TNF-alpha and TrkB-T2 transcripts, and GAPDH or 18S was used for normalization. The primers 
used for mice were: TF: forward 5’-CGGGTGCAGGCATTCCAGAG-3’, reverse 5’-
CTCCGTGGGACAGAGAGGAC-3’; SIRT1: forward 5’-AGCAGGTTGCAGGAATCCAA-3’, reverse 5’-
CACGAACAGCTTCACAATCAACTT-3’; SorCS2: forward 5’- CTTCGTATCCTGGTGGAGCTG-3’, reverse 5’-
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TGGACGTTTCCTTTTGAACTTG-3’; BDNF: forward 5’-TCGTTCCTTTCGAGTTAGCC-3’, reverse 5’-
TTGGTAAACGGCACAAAAC-3’; COX-2: forward 5’-GGTCTGGTGCCTGGTCTGATGATG-3’, reverse 5’-
CTTTCAAGGAGAATGGTGC-3’; mPGES-1: forward 5’-GGAAGAAGGCTTTTGCCAAC-3’, reverse 5’-
TACACGAAGCCGAGGAAGAG-3’, IL-6: forward 5’-CAAAGCCAGAGTCCTTCAGAG, reverse 5’-
TGGTCCTTAGCCACTCCTTC-3’; TNF-alpha: forward 5’-TGCCTATGTCTCAGCCTCTTC-3’, reverse 5’-
GAGGCCATTTGGGAACTTCT-3’; TrkBT2: forward5’-CAGAGGACAAACATAAGCTTCACCG-3’, reverse 5’-
TCTAACCCCCACCCTGCTC-3’ and GAPDH: forward 5’-CGTGCCGCCTGGAGAAACC-3’, reverse 5’- 
TGGAAGAGTGGGAGTTGCTGTTG -3’. The primers used for human cells were: TF: forward 5’- 
CCCAAACCCGTCAATCAAGTC-3’, reverse 5’- CCAAGTACGTCTGCTTCACAT-3’; SIRT1: forward 5’- 
GCCTCACATGCAAGCTCTAGT-3’, reverse 5’- TTGTTCGAGGATCTGTGCCA-3’; SorCS2: forward 5’- 
GTTCAAAAGGAAACGGCCAGG-3’, reverse 5’- GGGAGTTGATGCTCAGGACC-3’ and 18S: forward 5’- 
CGGCTACCACATCCAAGGAA-3’, reverse 5’- CCTGTATTGTTATTTTTCGTCACTACCT-3’. Samples of 
cDNA (2.5 µL) were incubated in 25 µL IQ Supermix containing TF, SIRT1, or GADPH primers and 
fluorescent dye SYBR Green (Bio-Rad Laboratories). RT-qPCR was carried out in triplicate for each 
sample on the CFX Connect real-time System (Bio-Rad Laboratories). Gene expression was analysed 
using default and variable parameters available in the software suite provided with the CFX Manager 
Software 3.1 (Bio-Rad). The PCR threshold cycle number (CT) and starting quantity of test RNA 
samples were calculated after PCR baseline subtraction and CT determination had been carried out 
on the standards. Standard curve equations were calculated by regression analysis of the log of the 
copy number (starting quantity) versus threshold cycle. The standard curve equations (R2 usually 
>0.96) were used to calculate quantities of test RNA. The mean relative fluorescence units were 
calculated using individual well readings within a given PCR run on biological samples and then 
converted to mean fold change comparing mean relative fluorescence units of control samples 
versus mean relative fluorescence units of test samples.  
Protein preparation and Immunoblotting  
Peritoneal macrophages were lysed in cold RIPA buffer (62.5 mM TRIS HCl, 100 mM NaCl, EDTA 2.5 
mM, 1% Tween 100, 0.1% SDS, 1 mM Na3VO4, 1 mM PMSF, 10 mM Napyrophosphate, 10 mM NaF 
pH 8.0 and protease inhibitor cocktail). After sonication to remove cell debris, the protein yield was 
quantified using the BCA protein assay kit (Pierce). 30 µg of sample was prepared with the Laemmli 
method, and equivalent amounts of protein were separated on 15% SDS-PAGE gels, transferred to 
nitrocellulose membrane and bands of interest detected using anti-BDNF antibody (1:2000, 
Alomone). Beta actin (1:10000; Proteintech) served as a loading control. Subsequently membranes 
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were incubated with peroxidase-conjugated secondary antibody for 1 h at room temperature. 
Immunoreactive bands were visualized by enhanced chemiluminescence (Pierce). 
Statistical analysis  
Statistical analyses were performed with GraphPad Prism v6.01. Data were analyzed by Student’s t-
test or two-way repeated measures analysis of variance (ANOVA) with treatment time and genotype 
as main factors, followed by a Bonferroni or Dunn’s post-hoc analysis, as appropriate. P-values < 
0.05 were considered statistically significant. Data are presented as mean ± SEM. 
 
RESULTS 
For the first period, I developed part of the results regarding AIM1 and AIM3 

 AIM1 
Expression of proBDNF and mature BDNF in aorta tissues and peritoneal macrophages. 
Firstly, we assessed whether BDNFVal66Met polymorphism affected the expression of BDNF in 
hippocampus, peritoneal macrophages and aorta tissues. 
BDNFMet/Met mice expressed lower levels of mature BDNF in hippocampus compared to WT mice 
(p<0.01), though no difference in terms of BDNF mRNA levels was observed. Interestingly, data 
obtained from peritoneal macrophages well reflected the brain compartment. In particular, similar 
levels of BDNF mRNA and of proBDNF were detected in macrophages from WT and BDNFMet/Met 
mice, whereas mature BDNF was lower in macrophages isolated from knock-in mice (p<0.05).  
Remarkable, both BDNF mRNA and mature protein were not detectable, in our experimental 
condition, in aorta tissues from both animal groups (data not shown).  
In addition we analyzed the expression of potential BDNF receptors: TrkB (full, truncated 1 and 2) 
and p75NTR in mouse peritoneal macrophages. Both WT and knock-in macrophages, in our 
experimental conditions, do not expressed TrkB full length, truncated TrkB-isoform 1 (TrkB-T1) or 
p75NTR receptor mRNA (data not shown), whereas higher levels of truncated TrkB isoform 2 (TrkB-
T2) mRNA were measured in macrophages isolated from BDNFMet/Met mice compared to WT 
(p<0.05).  
We next focused on macrophage characterization. BDNFMet/Met mice macrophages showed an 
amoeboid morphology, index of increased activation and a higher ability to adhere to endothelial 
matrix (p<0.01) compared to WT controls. This hypothesis is further supported by the preliminary 
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data that showed an increased expression of pro-inflammatory and pro-thrombotic genes, e.g. TF, 
COX-2, mPGES-1, IL-6, and TNFalpha (p<0.05).  
 
Taking together, these results demonstrated that BDNFVal66Met polymorphism modifies BDNF 
levels and induces a pro-inflammatory and pro-thrombotic phenotype in peritoneal macrophages. 
Moreover, we observed an altered expression of TrkB-T2, which function has not yet demonstrated. 
In line with “replacement, reduction and refinement” principles about the use of animal models, 
and the necessity to carry out further experiments to evaluate the role of exogenous BDNF in vitro, 
we decided temporarily to not perform in vivo experiments. 
 

 AIM3 
Resveratrol treatment reverts pro-thrombotic and pro-inflammatory phenotype in 
BDNFMet/Met mice.  
Considering the dual effect described for SIRT1 in CVD and depressive disorders,16,17 we tried to 
revert pro-thrombotic and pro-inflammatory phenotype with the natural dietary compound 
resveratrol. 
Activation of SIRT1 by resveratrol, reduced the number of circulating platelets and leukocytes by 27 
and 40%, respectively, in BDNFMet/Met, without influencing cell count in WT mice (p<0.01). In 
addition, resveratrol decreased platelet activation and rescued the procoagulant phenotype only in 
BDNFMet/Met mice, e.g. reducing platelet–leukocyte aggregate percentage (p>0.005), plasma 
concentrations of TSP-1 (p<0.01), MP-TF (p<0.05), and functional fibrinogen (p<0.01).  
Treatment of mutant mice with resveratrol increased SIRT1 expression (p<0.05) and down-
regulated TF (expression and activity; p<0.05) back to the levels of WT aorta tissues. Interestingly, 
expression of SorCS2, a sortilin family member engaged by BDNFMet prodomain in the regulation 
of morphological neuron changes,24 increased by the polymorphism (p<0.05), is completely reverted 
after treatment with resveratrol (p<0.05).  
In addition, resveratrol treatment completely prevented thrombus formation in BDNFMet/Met 
mice (p<0.005), without modifying arterial thrombosis in WT mice.25 Inhibition of SIRT1 with sirtinol, 
a specific activator of SIRT1 and which is known to increase arterial thrombogenicity and TF 
activity,19 increased the expression of TF (p<0.05) and SorCS2 (p<0.05) in WT mice, inducing a 
phenotype similar to that observed in BDNFMet/Met mice. 
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Based on these results I can conclude that resveratrol reverts the pro-thrombotic and pro-
inflammatory phenotype observed in BDNFMet/Met mice without influencing the phenotype of WT 
mice. In addition, I can speculate that the modulation of SIRT1 and SorCS2 plays a critical role in 
resveratrol-mediated effect. 
 
Molecular mechanism subtended to resveratrol effect. 
To better clarify whether BDNFVal66Met could induce per se the phenotype observed in mice and 
to elucidate possible molecular mechanism underlying the solving effect of resveratrol, I performed 
some experiments on HeLa cells, transfected with plasmid expressing BDNFVal or Met sequence. 
The transfection of Met sequence induces activation (p<0.05) and enhances expression of TF 
(p<0.05), while reduces SIRT1 expression (p<0.005). Even in this case, mRNA expression of SorCS2, 
was greater in HeLa cells transfected with Met sequence (p<0.005) compared to HeLaVal.  
On the contrary, the treatment of cells with resveratrol or CAY10591, a selective SIRT1 activator, 
down-regulated TF (p<0.005) and SorCS2 (p<0.05) while up-regulated SIRT1 expression (p<0.05). 
Silencing HeLa cells with specific siRNA against SorCS2, completely reverted the results previously 
obtained for TF (p<0.01) but not for SIRT1 that is not influenced by SorCS2 inhibition. On the 
contrary, the inhibition of SIRT1 with sirtinol or with specific SIRT1 siRNA, enhances the expression 
of TF (p<0.01) and SorCS2 (p<0.01) only in HeLaVal cells. 
 
Finally, by these experiments, I demonstrated that the mutation is able to alter cell phenotype per 
se. Moreover, I confirmed the involvement of SIRT1/SorCS2 pathway in the determination of pro-
thrombotic/pro-inflammatory phenotype. In particular, I can hypothesize that the expression of 
BDNFVal66Met polymorphism reduces SIRT1 expression that in turn induces SorCS2, promoting 
thrombotic and inflammatory phenotype observed. 
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