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The aim of this project is to deepen the molecular mechanisms underlying the regulation 
of G6PD expression and activity during influenza virus infection and to evaluate 
whether modulation of this enzyme contributes to virus-induced oxidative stress and to 
increased viral yield.  
Influenza virus replicates into the cell exploiting several pathways involved in the 
regulation of host responses. The outcome and the severity of the infection are thus 
strongly conditioned by multiple host factors, including age, sex, metabolic and redox 
conditions of the target cells. During infection, oxidative stress, mainly determined by an 
increase of ROS production and decrease of intracellular glutathione (GSH) content, 
activates many cell pathways used by the virus to complete its life-cycle. Glucose-6-
phosphate dehydrogenase (G6PD), the first and the rate-limiting enzyme of pentose 
phosphate pathway, is also responsible for the production of reducing equivalents in the 
form of NADPH, which is used for regenerating the reduced form of GSH and re-
establishing physiologic redox conditions. G6PD-deficiency has been correlated with 
increased infectivity and severity of different viral infections and our preliminary results 
on influenza virus have shown that G6PD expression and activity were down-regulated 
by the virus.  
In the first period of the present proposal, our activities were focused to study viral 
replication in G6PD silenced cells and to evaluate whether G6PD enzyme modulation 
contributes to the redox unbalance of infected cells. 
Our results demonstrated that human lung carcinoma cells (A549), silenced for G6PD 
(Isi cells) by the small-interference RNA assay and subsequently infected with the 
influenza virus A PR8/H1N1, significantly produced more viral particles than not 
silenced cells (I cells). Indeed, all viral proteins analyzed by western blot were highly 
expressed in Isi cells and viral titer, measured by TCID50 (Tissue Culture Infectious 
dose 50%) in the supernatants of infected cells, was more than 1 log higher in Isi cells 
compared to that found in I cells. These results indicated a key role of G6PD in the 
regulation of influenza virus replication. To verify whether virus-induced down-



 
 
 
 

 

regulation of G6PD enzyme contributes to the redox changes in infected cells, we 
measured GSH levels in silenced and not silenced cells. As expected, we found a 
significant reduction of GSH levels in infected cells compared with uninfected (Ctr) cells; 
the GSH decrease was more pronounced in Isi cells with respect to silenced Ctr cells, 
thus confirming G6PD contribution in regulating intracellular redox state during 
infection. Furthermore, infected cells were analyzed for the expression of the 
transcription factor Nrf2, which in conditions of oxidative stress transcribes for genes of 
the antioxidant response including G6PD and enzymes responsible for the synthesis of 
GSH. We found a strong inhibition of Nrf2 expression that was correlated with the 
reduction of G6PD expression. Furthermore, also in G6PD silenced cells there was an 
inhibition of Nrf2 expression, indicating a fine cross-talk between Nrf2 pathway and 
G6PD enzyme.  
All the data demonstrate another mechanism through which the virus interferes with 
the antioxidant response of the cell to maintain oxidative conditions into the cell that are 
fruitful for its replication.  
In the next year of the project, we aim to deepen the mechanism underlying the virus-
induced inhibition of G6PD. Results obtained will provide new knowledge on the 
correlation between G6PD-deficiency, redox state alterations and viral replication. A 
targeted therapy aimed at restoring reducing conditions in G6PD-deficient patients may 
contribute to control the progression and the outcome of viral infection. 
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Simona Anticoli, Donatella Amatore, Paola Matarrese, Marta De Angelis, Anna Teresa 
Palamara, Lucia Nencioni*, Anna Ruggieri*. Counteraction of HCV-Induced Oxidative 
Stress Concurs to Establish Chronic Infection in Liver Cell Cultures. Oxidative Medicine 
and Cellular Longevity 2019, ID 6452390 IF: 4.936 
 
Donatella Amatore, Ignacio Celestino, Serena Brundu, Luca Galluzzi, Paolo Coluccio, 
Paola Checconi, Mauro Magnani, Anna Teresa Palamara, Alessandra Fraternale, Lucia 
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inhibits viral replication and induces a predominant Th1 immune profile in old mice 
infected with influenza virus. FASEB Bioadvances 2019, 1  
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Relapse to methamphetamine (Meth) use can occur even after prolonged 
abstinence and is often precipitated by exposure to drug-associated cues. 

On the basis of clinical observations, Gawin and Kleber proposed that cue-
induced cocaine craving increases during early abstinence and remains elevated for 
extended time periods. An analogous phenomenon, termed ‘incubation of drug craving’ 
has been observed in rats trained to self-administer (SA) several drugs of abuse, 
including Meth. Clinical studies have confirmed that incubation of craving also occurs in 
Meth drug users. The demonstration of incubation in human studies provides support for 
the translational potential of therapeutic targets for relapse uncovered through rodent 
mechanistic studies. 
 

From an animal model-to-human translational perspective, a limitation of rodent 
incubation of craving studies is that the abstinence period preceding the relapse tests is 
forced (experimenter-imposed), and achieved by removing the subjects from the drug 
self-administration environment. In contrast, in humans, abstinence is often voluntary 
due to either the negative consequences of chronic drug use or the availability of 
competing alternative incentives. In the latter case, relapse vulnerability is high after 
the loss of the alternative incentives. Based on these considerations, we have recently 
developed a choice-based rat model of relapse after voluntary abstinence. Notably, the 
proposed model of this application mimics human relapse after cessation of successful 
contingency management (CM) where the availability of monetary vouchers, given in 
exchange for ‘clean’ urine samples, maintains abstinence. In this choice-based rat model, 
rats with a history of palatable food and extended access Meth self-administration would 
voluntary abstain from drug self-administration when given a mutually exclusive choice 
between the two rewards. In this study, the model was used to demonstrate that time-
dependent increases in Meth seeking (incubation of Meth craving); occur after voluntary 
abstinence when the alternative non-drug reward was discontinued. This aspect has 
relevance because a recent report on the effectiveness of varying the duration of the CM 



 
 
 
 

 

intervention on Meth addicts, revealed that the number of participants who remained 
abstinent increased as the exposure to CM increased.  

Speculatively, these findings suggest that the reduced propensity to relapse may 
be mediated by a CM-induced attenuation of ‘incubated’ Meth craving, which represent 
the backbone of this proposal. Indeed, in this proposal we contrast the forced and 
voluntary abstinence animal models of drug craving, and investigate similarities and 
differences in the synaptic mechanisms underlying Meth craving. 
 

1) Behavioural results: Here we confirm (relative to the preliminary results 
provided) that the magnitude over time of “incubated” Meth craving is different 
between the forced and voluntary abstinence condition. In particular, we 
observed: 1) A similar rising phase between the forced and voluntary abstinence 
condition. Specifically, the number of non-reinforced lever pressing on day 7 and 
day 21 were significantly higher from day1 for both the forced and voluntary 
abstinence groups; 2) A steeper falling phase in the voluntary abstinence relative 
to the forced abstinence condition (abstinence day 35 was significantly higher in 
the forced abstinence group relative to the voluntary group. These data may 
account for the human findings described above and suggest the protective effect 
on craving and relapse of extended, as opposed to short, CM based therapies. 

 
In this proposal, (at a neurobiological level) we are targeting the NAc because changes in 
neuronal activity in the core, but not in the shell, correlate with the incubation of Meth 
craving in the forced abstinence and voluntary abstinence procedures.  
In drug-naïve adult rats, GluA2-containing Ca2+-impermeable AMPARs (CI-AMPARs) 
mediate most excitatory transmission onto MSNs. However, after ~1 month of 
abstinence from extended-access cocaine self-administration, higher conductance GluA2-
lacking Ca2+-permeable AMPARs (CP-AMPARs) accumulate in NAc core synapses to 
drive MSNs and the expression of ‘incubated’ cocaine craving. The objective is to 
determine if this also holds for Meth under both abstinence conditions. Determining the 
subunit composition of CP-AMPARs is essential for understanding mechanisms that 
underlie their accumulation. Indeed, homomeric GluA1 and GluA3 receptors will be 
differently regulated by phosphorylation or scaffolding proteins due to marked 
differences in the C termini of GluA1 vs GluA3. Our working hypothesis was: 1) ‘Meth 
incubated rats’ in both forced and voluntary abstinence condition exhibit increased 
homomeric GluA1 receptors in NAc core during the rising phase (AD7) of the incubation 
of Meth craving; 2) the attenuation of incubation of Meth craving observed by AD35 in 
the voluntary abstinence group, but not in the forced group, is associated to the 
elimination of homomeric GluA1 CP-AMPARs. 
 

2) Biochemical results: Quite surprisingly, we observed no significant changes 
between groups in surface or total GluA1, GluA2 and GluA3 subunits relative to 
the saline control, and abstinence days (1, 7 and 35). 
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Future directions: Based on the results reported above (in conflict with our predictions), 
we planned (for the next 6 months) to assess whether GluA1 translation is affected 
during the voluntary abstinence condition. We know that this stands for the forced 
abstinence condition (Murray et al., 2019). Indeed, our methods could not have had the 
needed resolution to detect more subtle biochemical changes putatively occurring at a 
synapse level.  
Publications  
(in preparation) Factors that modulate incubation of drug craving and their clinical 

implications. – Invited review – Neuroscience and Biobehavioural Review (special issue 
for FENS 2020; in preparation) IF 8.002 
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Mutations in genes coding for mitochondrial (mt)-tRNAs (MTTs) are responsible for a 
wide range of currently untreatable pathologies. Previous studies on the mechanisms 
underlining mt-tRNA associated diseases have been performed on cells which can be 
easily obtained from patients, such as fibroblasts, and the trans-mitochondrial hybrid 
model (cybrid). As compared to fibroblasts, cybrid cells have the advantage to be 
available in large amounts at low costs. However, being undifferentiated neoplastic cells, 
they do not entirely reproduce the biochemical phenotype observed in patients’ most 
seriously affected tissues, for instance heart, muscle and brain. The possibility to develop 
cellular models able to recapitulate the tissue-related effects of mt-DNA mutations has 
been recently opened up by the production of induced pluripotent stem cells (iPSCs) 
obtained from patients bearing mt-tRNA point-mutations (1, 2).  
Accordingly, the aims of our project are:  

- to develop neurons, cardiomyocytes and myotubes from iPSCs obtained from 
patients carrying either the homoplasmic mutation m.4277T>C in mt-tRNAIle 
gene (causing mitochondrial cardiomyopathy) or the heteroplasmic mutations 
m.3243A>G in mt-tRNALeu(UUR) gene and m.8344A>G in mt-tRNALys gene (causing 
severe mitochondrial syndromes); 

- to analyze the pathologic phenotype of iPSCs and iPSC-derived cells; 
- to evaluate the possible rescuing effect of therapeutic molecules on these cellular 

models. 
We have already available in our laboratory iPSCs bearing all the mt-tRNA point 
mutations listed above. 
In the first months of this project, we progressed with: i) the phenotype evaluation of 
iPSCs carrying each single mitochondrial mutation and ii) the generation of iPSCs 
derived cells (neural stem cells and cardiomyocytes). 
Evaluation of iPSCs phenotype 
The evaluation of the mutated iPSCs phenotype was based on cell viability and apoptotic 
rate, as well as on parameters more strictly related to mitochondrial function: ATP 
production, oxygen consumption, ROS production, levels of intracellular lactate. 
We first assessed the viability of mutant iPSCs. Briefly, we seeded 105 iPSCs in 



 
 
 
 

 

Essential 8 medium for 24h, and then, by using the CyQUANT cell proliferation assay 
kit (Molecular Probes, Invitrogen) we compared the viability of mutant and wild type 
cells. Our preliminary results showed a decreased viability of all mutant as compared to 
wild type iPSCs (Figure 1A). 
We then evaluated the cellular ATP production of mutant iPSCs cultured in Essential 8 
medium by using the ATPlite Assay system (PerkinElmer) according to the 
manufacturer instructions. Luminescence intensity was quantified and normalized by 
the number of cells for each well. Our preliminary results suggest a decreased ATP 
production in iPSCs bearing both m.3243A>G and m.4277T>C (Figure 1B). 
Generation of iPSCs derived cells  
After iPSCs characterization, we generated neural stem cells (NSC) bearing the 
m.3243A>G, m.8344A>G or m.4277T>C mutation, according to established protocols (1, 
3) and confirmed their phenotype by immunofluorescence (Figure 2A). By sequence 
analysis of whole mtDNA we excluded presence of further mtDNA mutations or 
depletion/major rearrangements, possibly induced by the differentiation process (data 
not shown). Furthermore, we showed by RFLP analysis (4, 5, 6) that the mutation load 
did not change significantly upon differentiation (data not shown). 
In parallel we generated cardiomyocytes (CM) bearing the m.3243A>G mutation. For 
cardiac differentiation we used the PSC Cardiomyocyte Differentiation Kit (Life 
Technologies, Thermo Fisher scientific) following the manufacturer’s instructions. 
Briefly, we seeded 3x104 iPSCs in Essential 8 Medium on Geltrex matrix-coated plate. At 
70% of confluency (2–3 days) the medium is changed to Cardiomyocyte Differentiation 
Medium A to start cardiac induction. Medium A is replaced with Medium B after two 
days, and with Medium C following 2 more days for final differentiation. At day 9 we 
observed contracting cardiomyocytes (MS-CM). To confirm their phenotype, we 
performed an immunofluorescence analysis by using Human Cardiomyocyte 
Immunocytochemistry Kit (Invitrogen, Thermo Fisher scientific) (Figure 2B). We are 
currently performing both mtDNA analysis and evaluation of heteroplasmy of MS-CM. 
 
Cited literature 
1) Hämäläinen RH, Manninen T, Koivumäki H, Kislin M, Otonkoski T, Suomalainen A. 
2013. Tissue- and cell-type-specific manifestations of heteroplasmic mtDNA 3243A>G 
mutation in human induced pluripotent stem cell-derived disease model. Proc Natl Acad 
Sci USA 110(38):E3622-30. 
2) Chou SJ, Tseng WL, Chen CT, Lai YF, Chien CS, Chang YL, Lee HC, Wei YH, Chiou 
SH. Impaired ROS Scavenging System in Human Induced Pluripotent Stem Cells 
Generated from Patients with MERRF Syndrome. Sci Rep. 2016 Mar 30; 6:23661.  
3) Hämäläinen RH. 2014. Induced pluripotent stem cell-derived models for mtDNA 
diseases. Methods Enzymol. 547:399-415.  
4) Perli E, Giordano C, Tuppen HA, Montopoli M, Montanari A, Orlandi M, Pisano A, 
Catanzaro D, Caparrotta L, Musumeci B, Autore C, Morea V, Di Micco P, Campese AF, 
Leopizzi M, Gallo P, Francisci S, Frontali L, Taylor RW, d'Amati G. 2012. Isoleucyl-
tRNA synthetase levels modulate the penetrance of a homoplasmic m.4277T>C 
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Among neglected diseases, relevant pathologies include Chagas disease, caused by T. 
cruzi and visceral leishmaniasis, caused by Leishmania genus, affecting nearly 20 
million people worldwide. No vaccines are available and limitations of current therapy 
include significant toxicity, high cost and long treatment courses as well as a lack of 
efficacy due to the onset of drug resistance. The primary objective of this project is to 
develop innovative small-molecules useful as therapeutic tools for the treatment of 
Chagas disease and leishmaniasis. The rationale is to target and impair two central 
metabolic pathways unique to trypanosomatids and essential for protozoan survival: 
ergosterol and trypanothione pathways. This group has already identified azole 
derivatives endowed with very good antitrypanosomatid potencies, and, among them, 
derivative 4 displayed the highest anti-T. cruzi inhibitory potencies within the 
nanomolar range in phenotipic assay, proving to be effective in inhibiting TcCYP51, and 
in reducing parasitemia in T. cruzi mouse model without acute toxicity. 

 

 
 

Thus, starting from the promising compound 4, we designed and synthesized the new 
imidazoles 5, derivatives of 4, and compounds  6-8, to perform an extensive SAR study. 
Furthermore, the racemic mixture of 4 was separated by HPLC on chiral stationary 



 
 
 
 

 

phase to obtain single enantiomers (+)-4 and (−)-4. All these compounds have been tested 
against T. cruzi, L. donovani, and T. b. rhodesiense and P. falciparum, and showed 
micromolar activity against T. brucei, low micromolar activity against L. donovani and 
nanomolar activities against P. falciparum (Table 1). Interestingly, the best activity was 
found generally against T. cruzi with 5i, 6a-c and 8b being very potent: effective in the 
low nanomolar range and endowed with high selectivity indices (373 < SI < 4030). 
Moreover, the enantiomer (R)-(-)-4 had the highest anti-T. cruzi activity, resulting the 
eutomer, effective at subnanomolar concentration (IC50 = 0.9 nM).  
 

Table 1. Activity against T. cruzi and P. falciparum and cytotoxicity of selected cpds 

aConcentration of compound required to decrease parasite viability by 50% compared to the number of 
parasites grown in the absence of the test compound; bCytotoxicity measurement for L6 
cells; cTrypanosoma cruzi, Tulahuen C2C4 amastigote; dCalculated as (CC50)/(IC50); ePlasmodium falciparum 
K1 erythrocytic stage; gNp = naphtyl; hAll= Allyl. 
 
Effective binding of these azoles to recombinant T. cruzi CYP51 was demonstrated, 
proving that this enzyme may be targeted within T. cruzi parasite. An example is 
reported in Figure 1 for compound 6a, that showed a KD = 5.5 µM. 

 

 
Figure 1. Type II UV-vis difference spectra resulted from adding 6a in 500 nM increments to 2 M 
TcCYP51.  
 

      IC50a (µM)  CC50b (µM
) 

Cpds R R1 R2 Tcc SId Pfe SIf  

5i 2-Npg - 2,4- Cl2 0.018 363 0.34 19 6.54 
6a H - - 0.003 2217 0.78 9 6.65 
6b CH3 - - 0.003 4030 1.41 9 12.09 
6c Allh - - 0.002 3880 0.63 12 7.76 
8b 4-Cl 2,4-Cl2 - 0.005 2776 0.18 77 13.88 
4  Cl H 2,4- Cl2 0.035 275 0.16 60 9.61 
(S)-(+)-4 Cl H 2,4- Cl2 0.017 327 0.11 51 5.56 
(R)-(-)-4 Cl H 2,4- Cl2 0.0009 2844 0.092 28 2.56 
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Preliminary evaluation of selectivity towards relevant drug-metabolizing enzymes 
showed promising results, although cross-reactivity with human CYPs require further 
optimization for such antiprotozoal agents. 
Very interstingly, 6a and 6b displayed remarkable efficacy in the 4-day animal model of 
infection resulting in >99% reduction of T. cruzi parasitemia in mice, with no acute 
toxicity observed in this animal model (Figure 2). Notably, compound 8b was inactive in 
in vivo assays, suggesting that it is endowed with low bioavailability.  
A furhter work was related to inhibitors of protozoal TR. In fact, recently, we published 
the cocrystal structure of TR complexed with RDS 777, a diaryl sulfide that we 
discovered in our laboratories. Thus, we started a structure-based anti-leishmaniasis 
drug design study and synthesized a series of diaryl sulfides on the basis of the structure 
of the above RDS 777-TR complex. The newly designed diaryl sulfides induced a dose-
dependent anti-proliferative effect on L. infantum promastigotes. Seventy-two hours 
after treatment, 100 µM of each diaryl sulfide compound induced 100% promastigote 
mortality, whereas lower drug concentrations induced a dose-dependent anti-
proliferative effect on L. infantum promastigotes. Table 2 reports the IC50 values of the 
tested compounds, showing that all synthesized compounds are able to kill 
promastigotes in micromolar range. In particular, RDS 562 showed IC50 = 10.79 ± 2.32 
μM. 
 

 
 

 
Figure 2. In vivo assays: Bz was used as reference drug; Bz, 6a and 6b significantly inhibited T. cruzi 
parasitemia, 99.9%, 99.5% and 99.4%, respectively. Luminescence in T. cruzi-infected mice measured upon 
luciferin injection 3 days post-infection (dpi) prior to treatment and 7 dpi after four days of treatment. 
 



 
 
 
 

 

 
Table 2. IC50 values for tested compounds 
vs. L. infantum promastigotes. 

Compound IC50 
RDS 562 10.79 ± 2.32 µM 
RDS 615 30.60 ± 1.66 µM 
RDS 802 17.74 ± 1.27 µM 
RDS 832 15.11 ±1.22 µM 
RDS 939 16.66± 1.36 µM 
RDS 1256 6.7 ± 0.21 µM 

 
The promastigote cells treated with IC50 dose of all drugs (Table 2) for 24 h showed 
significant changes in the levels of intracellular T(SH)2. A decrease of 33.15% of T(SH)2 

was observed in RDS 562- and of 38.5% in RDS 777-treated cells (using a three-times 
higher inhibitor concentration), as compared to untreated control cells (Figure 3).  
 
 

 
Figure 3. Percentage of trypanothione decrease in the promastigotes at a concentration equal to the IC50 
values for the compounds RDS 777 and RDS 562. 
 
Kinetic studies were performed on RDS 562 endowed with the highest activity against 
the promastigote forms of L. donovani and vs. trypanothione levels. RDS 562 
competitively inhibited the binding of TS2 to TR. The KM and kcat of TR used for the Ki 
calculation were 23.0 ± 1.0 μM and 11.4 ± 0.3 s-1 respectively. The value of Ki calculated 
from the Dixon plot analysis was 8.0 ± 1.0 μM, higher than that of Sb(III) (1.5 μM). The 
compound was tested also on human glutathion reductase, the human homolog of TR, 
and was found not effective at concentrations 10 μM and 25 μM on. 
The docking studies showed that, whereas RDS 777 binds to four different TR sites (RX 
structure), RDS 562 is able to bind preferentially to only one of that sites in the 
trypanothione binding cavity whereas its affinity for the other binding sites is negligible 
(Figure 4). 
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Figure 4. Binding mode of RDS 562 within the TR catalytic site. 
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The Hedgehog (Hh) pathway is essential during embryonic development and its aberrant 
activation leads to tumorigenesis. Hh signalling is controlled by extracellular ligands 
(Hh ligands) and two transmembrane receptors (Pathched, with inhibitory function and 
Smoothened, acting as activator). The presence of ligand triggers an intracellular 
signalling cascade that removes the inhibitory effect that Patched (PTCH) exerts on the 
co-receptor Smoothened (SMO) and culminates with the activation of zinc-finger 
transcription factors of the GLI family, which in turn induces the expression of genes 
involved in the most important biological processes (i.e. proliferation, survival, 
differentiation, stemness). Because of its crucial role in cancer, the regulation of the Hh 
pathway and the identification of new Hh modulators have emerged as a field of great 
interest in tumor biology. 
To address this aim, we elucidated the molecular mechanisms that involve key 
components of Hh signalling and whose deregulations are associated to aberrant 
pathway activation, leading to tumorigenesis. 
The endoplasmic reticulum aminopeptidase 1 (ERAP1) is known and well studied for its 
immunological functions: it has been described to shape the peptide repertoire presented 
by MHC class I molecules, playing a role in immunity and inflammation. The role of 
ERAP1 in tumorigenesis is still controversial: while its loss is a frequent event and it is 
associated with the lack of detectable MHC class I surface expression, potentially 
contributing to tumor immunoescape, analysis of ERAP1 expression in human neoplastic 
lesions has revealed that the enzyme can be lost, acquired or retained as compared to the 
normal counterparts, depending on the tumor type (Fruci et al., 2008). 
We discovered the oncogenic role of ERAP1, indeed we demonstrate that ERAP1 acts as 
positive regulator of the Hh pathway by sequestering the deubiquitylase enzyme USP47 
and promoting ubiquitylation and degradation of βTrCP. Of note, all GLI transcription 
factors undergo ubiquitylation processes and deregulation of these events results in 
uncontrolled cell proliferation and tumorigenesis (Huntzicker et al., 2006). The SCFβTrCP-
ubiquitin ligase complex is a RING E3-ubiquitin ligase important in the regulation of 
GLI factors. Indeed, βTrCP degradation leads to accumulation of GLI1 and GLI2 protein 
levels and a reduction of the GLI3R form, thus activating the Hh pathway and 
stimulating cell proliferation and tumorigenesis. This study reveals an unexpected 



 
 
 
 

 

function of ERAP1 in cancer development suggesting that targeting this aminopeptidase 
could open innovative perspectives for effective therapeutic approaches in the treatment 
of Hh-dependent tumors (Figure 1). 
 
 
 

 
 
Figure 1. Model showing the role of ERAP1 in Hh-dependent tumorigenesis. ERAP1 
promotes ubiquitylation and proteasomal degradation of βTrCP by sequestering USP47. 
This event leads to increase of GLI1 and GLI2 protein levels and decrease of GLI3R, 
thus triggering the Hh pathway and favouring cell growth and tumorigenesis. In the 
absence of ERAP1, USP47 binds and stabilizes βTrCP, which, in turn, promotes 
ubiquitylation and proteasomal degradation of GLI1 and GLI2, and ubiquitylation and 
proteolytic cleavage of GLI3 into the repressor form GLI3R. These events lead to the 
repression of the Hh pathway and inhibition of cell proliferation and tumor growth. 
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Aneurysms are focal dilatations in the wall of an artery, which are often asymptomatic 
until dissection or rupture occurs (Milewicz & Ramirez 2019). Thoracic aortic aneurysms 
(TAA) have a strong genetic basis, and often develop in individuals affected by 
hereditary connective tissue disorders (Milewicz & Ramirez 2019). Very few 
pharmacological therapies exist, and the only proven treatment option to prevent 
rupture is surgical repair. 
Studies in the last decade have considered TGF-β activation as the mechanism 
responsible for aneurysm development in different diseases (Gillis et al, 2013). 
Involvement of TGF-β signaling was initially established in patients with Marfan 
syndrome (MFS) and in a mouse model carrying a mutation frequently found in this 
disease (Habashi et al, 2006). The role of TGF-β in the development of TAA was also 
investigated in patients with mutations of various genes of the TGF-β pathway (TGFBR1 
and TGFBR2) in the context of different variants of Loeys-Dietz syndrome (LDS), a 
disorder with significant phenotype overlap with MFS. However, the signaling of TGF β 
is complex, requiring a multifaceted approach to be investigated. Binding of TGF-β to 
tetrameric receptor complexes composed of 2 type I (TβRI) and 2 type II (TβRII) 
subunits, induces receptor-mediated phosphorylation of intracellular signaling mediators 
Smad2 and Smad3 (mothers against decapentaplegic homolog 2 and 3) at the C-terminal 
Ser-X-Ser motif; binding of phosphorylated Smad2 and Smad3 (p-Smad2/3) to Smad4 
induces translocation of this complex to the nucleus, and transcription of TGF-β target 
genes in concert with other transcription and chromatin remodeling factors. In addition, 
binding of TGF-β to its receptors can also activate Smad- independent pathways, with 
temporal dynamics that may vary depending on cell type. 
In order to gain insights in the complex role played by TGF-β signaling pathway in TAA, 
we have developed a mouse model with selective postnatal inactivation of Smad4 in 
Smooth Muscle Cells (SMC) (generating Smad4-SMCiko mice), allowing to reproduce a 
condition of defective TGF-β signaling in adulthood. We have reported that Smad4-
SMCiko mice develop a spontaneous aortic pathology after 45 days of TGF-β signaling 
inactivation in SMC, manifested as aortic dilation and aneurysm formation (Da Ros, 
2017). During 16 weeks, mice showed severe TAA and increased mortality for aortic 



 
 
 

 

ruptures. At the examination of aortic tissue, a significant infiltration of innate immune 
cells was found, suggesting that requirement of TGF-β in SMC to balance homeostasis 
and inflammation formation (Da Ros, 2017). Interestingly, histological analysis revealed 
progressive fragmentation of elastic lamellae with increased cellularity at sites of breaks 
in Smad4-SMCiko mice as compared to control mice. In addition, mutant mice also 
showed alterations at the media-adventitia border of the aorta, manifested as 
proliferation of adventitial fibroblasts and infiltration of CD45+ cells, localized especially 
in regions of severe fragmentation of elastic lamellae. Inflammatory infiltrates at sites of 
disarrangement of aortic wall structure were rich in macrophages positive for CD11b 
and CD68; on the contrary, the presence of CD3+ lymphocytes was negligible. The 
infiltrate of immune cells in the aortic walls was better characterized by flow cytometric 
analysis of aorta single cells suspension. In particular, we have found a significant 
infiltrate of CD11b+ pro-inflammatory monocytes and macrophages. 
Although several cytokines were found to be altered by the inactivation of Smad4, IL1-β 
and Ccl2 were the dominant pathways implicated. Interestingly we found that the 
inactivation of Smad4 in SMCs led to an early up-regulation of IL-1β in a cell-
autonomous way. Then in turn, the production of IL-1β activated the Ccl2-CCR2 
chemokine axis for later recruited innate immune response, thus suggesting that a more 
complex non-cell autonomous immune mechanism is required to make the pathology 
progress over time. 
 
Research aims 
The project proposed specific aims to unravel the role of resident versus recruited innate 
immune system in the aortic pathology of Smad4-SMCiko and to characterize novel 
molecular mechanisms targetable for innovative therapies. Specific aims of this project 
were: to investigate the non-cell autonomous determinants involved in the TAA provoked 
by inactivation of TGF-β signaling in SMC, by characterizing the contribution of 
circulating immune system vs secondary lymphoid organs and determining the role of 
resident immune cells in the aorta.  
 
Results 
Although the existing paradigm of macrophage origins in vascular disease has always 
emphasized recruitment of bone marrow or splenic derived monocytes via the 
circulation, more recent data suggest that in some conditions, like the atheroma, 
macrophage activation and burden may be maintained predominantly by local 
proliferation (Robbins et al, 2013). Thus, we have performed a set of experiments aimed 
at investigating various routes of innate immune cells recruitment/activation in the 
aortic walls. 
At the flow cytometry analysis of innate immune cells infiltrating the aortic walls of mice 
with Smad4 inactivation in SMC, as compared to control mice, we found a significant 
increase of macrophages and monocytes.   
The increased number of infiltrating macrophages could be due to proliferation of cells in 
the aortic walls or to continuous recruitment from circulation or immune reservoirs.  
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We have previously found that IL-1β is upregulated before infiltration of monocytes and 
macrophages, suggesting a role of this cytokine in transferring signals from the aortic 
walls to the immune system, which is activated in a second stage. By generating a 
further murine model where the ablation of Smad4 in SMCs, we have found that mice 
with Ccr2 deficiency (Smad4-SMCiko;Ccr2-/-) were partially protected from the 
progression of aortic aneurysm severity, although infiltrating macrophages were still 
present in the aortic walls. Thus, even though a role of recruited immunity was 
highlighted, we could not rule out a further role of resident macrophages.  
Here we have evaluated the potential contribution of various reservoirs of innate 
immune cells, able to respond to the Ccl2/CCR2 axis. The current paradigm of immune 
system activation in vascular diseases strongly points to a contribution of splenic-derived 
monocytes that would account for the macrophage burden in vascular tissues upon 
pathological conditions (Swirski et al, 2009). So far, there is no evidence of a role of this 
reservoir in aortic aneurysm. To evaluate the contribution of spleen versus circulating 
and resident macrophages to the process of immune system activation in the aortic walls 
of aneurysm, we have splenectomized mice before inducing Smad4 deletion with 
tamoxifen (or vehicle in the control group). Then, by serial echographic analysis, we 
monitored the development and the progression of aneurysm, finding that no difference 
was determined by the absence of the spleen. In fact, both splenectomized and sham 
mice, after inactivation of Smad4 in SMC, showed the same timeline of aortic dilation 
and aneurysm progression, thus ruling out the role of this immune reservoir in the 
innate immune activation infiltrating the aortic walls.  
The pool of monocyte/macrophages recruited by the Ccl2/CCR2 axis could also be 
dependent from the circulating monocytes. Thus, we performed an additional experiment 
by intravenously administrating clodronate liposomes or pbs liposomes as control to mice 
with Smad4 inactivation in SMC. At the early histological analysis, we found that 
although blood monocytes were depleted, aortic macrophages were still present in the 
aorta, thus indicating that arterial macrophages residing within the vessel may be 
directly activated by the loss of TGF-β signaling. Moreover, we also found that, despite 
the depletion of circulating monocytes and macrophages, IL-1β activation in SMC was 
still present after Smad4 inactivation. Aneurysm progression was analyzed after 
depletion of macrophages with clodronate liposomes. Taken together these data were 
suggestive of the existence of further mechanisms of immune activation in the aortic 
walls of Smad4-SMCiko mice. 
It has been typically recognized that macrophages in tissues like the aorta arise from 
transformation of Ly6Chi recruited pro-inflammatory monocytes or direct recruitment of 
Ly6Clow reparative macrophages. While the recruitment of the first population usually 
relies on the Ccl2/Ccr2 axis that we have already tested, the second wave of Ly6Clow 
monocytes depends on a mechanism activated by CX3CR1, which is a receptor for 
fractalkine (Nahrendorf et al, 2007). In order to test the contribution of the latter one, 
the model of Smad4 deletion in SMCs was backcrossed on a background null for CX3CR1 
receptor (Smad4-SMCiko;CX3CR1-/- mice). We monitored the progression of aneurysm by 



 
 
 

 

ultrasound in vivo imaging, finding no difference in the aortic dilation and vascular 
function between Smad4-SMCiko mice and Smad4-SMCiko;CX3CR1-/- mice. Flow 
cytometry analysis of single cells suspension of the aortic tissue showed that CD11b+ 
Ly6Clo macrophages accumulated in the aorta of Smad4-SMCiko mice but not in the aorta 
of Smad4-SMCiko;CX3CR1-/- mice. These data suggest that the lack of accumulation of 
Ly6Clo macrophages recruited by CX3CR1 doesn’t affect the aortic dilation.  
In order to gain information in the potential contribution of systemic and residing 
macrophages, the model of Smad4 deletion in SMCs was backcrossed on a background 
null for the orphan nuclear hormone receptor, nuclear receptor subfamily 4, group a, 
member 1 (Nr4a1) (Smad4-SMCiko;Nr4a1-/- mice). The Nr4a1 is essential for the tissue 
differentiation of recruited Ly6Chi CCR2+ pro-inflammatory monocytes in reparative 
macrophages that promote the healing of the tissue (Hilgendorf et al., 2014). 
Interestingly, when we monitored the aortic pathology by ultrasound in vivo imaging, we 
found that, despite an onset of aortic dilation similar to that observe in control Smad4-
SMCiko mice, at later stages of pathology progression (12 weeks post Smad4 inactivation) 
Smad4-SMCiko;Nr4a1 -/- mice showed a significantly increased diameter of aorta 
compared to Smad4-SMCiko. Moreover, the flow cytometry analysis revealed a huge 
infiltrate of recruited Ly6Chi CCR2+ pro-inflammatory monocytes in both Smad4-SMCiko 
and Smad4-SMCiko;Nr4a1 -/- mice. More interesting, we found an accumulation of CD11b+ 
Ly6Clo macrophages in the aorta of Smad4-SMCiko mice but not in the aorta of Smad4-
SMCiko;Nr4a1 -/- mice. I  
Taken together these data indicate that the lack of Nr4a1 aggravates the aortic dilation, 
potentially promoting the inflammatory phase mediated by Ly6Chi CCR2+ monocytes, 
being unable to convert these cells into reparative Ly6Clo monocytes-macrophages. 
Moreover, the decreased number of CD11b+ Ly6Clo macrophages, that represent a tissue-
reparative response to counterbalance the pro-inflammatory one, results in disruption 
and aneurism enlargement. 
In conclusion, our results propose that the signaling mediated by SMAD4 in the SMCs is 
necessary for the maintenance of normal aortic structure and function and that Nr4a1 is 
essential to limit inflammation in the aortic wall during the aneurysm formation. In fact, 
in the absence of Nr4a1, Ly6Chi monocytes, recruited in an initial phase by the IL-
1b/Ccl2 axis through the CCR2 receptor, infiltrated the aortic wall of Smad4-
SMCiko provoking a worsening of aneurysm.  
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AML is a very heterogeneous disease caused by different genetic aberrations. These 
result in the expression of fusion or mutant proteins that in all cases cause impaired 
differentiation and enhanced proliferation and survival of hematopoietic progenitors. At 
present, the only highly effective molecular targeted therapy for AML is based on all-
trans retinoic acid (RA) and chemotherapy and/or arsenic trioxide (ATO) in acute 
promyelocytic leukemia (APL), which express the promyelocytic leukemia (PML)–
retinoic acid receptor α (RARα) fusion protein. We have previously shown that APL cell 
lines and primary leukemic blasts induced to differentiate by RA become highly sensitive 
to small amounts of ER stress inducing drugs, not detrimental for the same cells in the 
absence of RA. Furthermore, the same cells resulted even more sensitive to a 
combination of RA, ER stress inducers and ATO because of generation of oxidative 
stress. Importantly the same treatments resulted not toxic on hematopoietic progenitors 
obtained from healthy bone marrows. We also observed that ER stress in combination 
with RA caused increased amounts of disulphide-bound high molecular weight 
aggregates of PML-RARα and PML, exacerbating the alteration of cellular proteostasis 
already generated by induction of ER and oxidative stress. This observation provided the 
rationale to translate the findings we obtained in APL to other types of AML 
characterized by fusion or mutant proteins. The presence of mutant proteins that are 
easily prone to aggregation or mis-folding, because of their mutant structure or because 
of mis-localization, could render the cells sensitive to levels of ER and oxidative stress 
that could be recovered in their absence. 
 
In this project, we evaluated the impact of ER and oxidative stress inducers, used at low 
doses in combination with RA, in AML cell lines and primary human blasts as 
synergistic strategy to promote AML cell death. We demonstrated that the triple 
combination of the differentiating agent retinoic acid (RA), the ER stress-inducing drug 
Tunicamycin (Tm) and arsenic trioxide (ATO), able to generate oxidative stress, leads to 
death of AML cell lines expressing fusion proteins involving the gene MLL and the 
internal tandem duplication (ITD) in the FLT3 tyrosine kinase receptor (Figure 1A). 
Importantly, the combination of RA, Tm and ATO decreased the colony forming capacity 
of primary leukemic blasts bearing the mutation FLT-ITD, but not those carrying other 
mutations, without affecting healthy hematopoietic progenitor cells (Figure 1B and C).  
 



 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1- The combination of ER and oxidative stress with RA induces AML cell death. 
(A) ML-2 and MV-4-11 cells, treated for 72 hours with 10nM RA, 50ng/ml Tm and 500nM ATO 
alone or in combination, respectively indicated by R, T and A, were analyzed for propidium iodide 
(PI) uptake to evaluate cell death (n=16 ± SEM).  C indicates control, vehicle-treated cells. (B) 
Colony forming unit assay for AML blasts isolated from the bone marrow of six patients FLT3-
ITD positive, three FLT-ITD negative and for mononucleated cells isolated from four healthy 
donors. The cells were treated in semisolid medium with 10nM RA, 50ng/ml Tm and 500nM ATO 
alone or in combination as indicated. After 8 days, the colony size (number of cells/colony) was 
evaluated by microscopy. The graphs report the ratio of the average number of cells forming the 
colonies of each treated sample over its control (***Student’s T test p value < 0.002).  
 
We also showed, in cell lines, that combination of these drugs impairs maturation and 
causes accumulation of FLT3 protein in the ER and generates ER and oxidative stress. It 
is established that the internal tandem duplication of FLT3 impairs its full glycosylation 
and folding causing its retention in the ER. Accordingly, we observed that FLT3-ITD is 
partially retained in the ER in an immature form and that treatment with RTA caused 
further hindrance of protein maturation and retention in the ER of FLT3-ITD in MV-4-
11 cells, as well as of FLT3 wt in ML-2 cells (Figure 2A and 2B).   
 
 
 
 
Figure 2 - The combination of ER and oxidative stress with RA induces intracellular 
accumulation of immature FLT3 (A) Western blot of ML-2 and MV-4-11 protein extracts from 
cells treated with vehicle (C) or with the combination RTA as in Figure 1A for 48 hours to detect 
FLT3. Control ML-2 cells had no detectable levels of FLT3 that was instead accumulated in 
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immature, not fully glycosylated forms upon treatment with RTA. MV-4-11 cells carry a 
homozygous FLT3-ITD mutation that is mostly retained intracellularly in immature forms (C). 
Treatment of cells with RTA further impaired FLT3-ITD glycosylation as demonstrated by the 
disappearance of the fully glycosylated (mature) form and by the increase of the less glycosylated 
form. (B) Confocal analysis of the distribution of FLT3 and BiP proteins in ML-2 and MV-4-11 
cells in control and RTA-treated cells. According to the observations obtained by western blot 
analysis in (A) FLT3 is found on plasma membrane of ML-2 control cells and accumulates in the 
ER upon treatment with RTA. BiP is the main ER chaperone and co-localization of FLT3 with 
BiP demonstrates misfolding and retention in the ER (yellow spots in inset 1). FLT3-ITD is 
already retained intracellularly in control MV-4-11 cells and treatment with RTA increases the 
amount of FLT3-ITD in the ER (inset 2). 
 
Tm activated the UPR in ML-2 and MV-4-11 cells either alone or in combination with RA 
and/or ATO (Figure 3A). Treatment with ATO alone triggered the oxidative stress 
response, that reached much higher levels upon ATO in combination with RA and Tm, as 
shown by increased expression of the gene HMOX-1, a main player of this response 
(Figure 3A). ER stress and oxidative stress are tightly linked even though the 
mechanisms of interaction between these stresses are still unknown. Indeed, generation 
of reactive oxygen species and consequent oxidative stress is one of the mechanisms 
triggered by the unfolded protein response to induce apoptosis in the presence of 
overwhelming ER stress, and on the other hand altered redox homeostasis induces ER 
stress. Our data suggest that the ER stress response triggered by Tm alone and the 
oxidative stress response triggered by ATO alone re-establish homeostasis resulting in 
cell survival whereas the combination of Tm with ATO and RA leads to overcoming 
levels of oxidative stress and consequent cell death. Indeed, the antioxidant agent N-
acetylcysteine (NAC) rescued the deleterious effects of the combinations TA and RTA on 
cell viability of ML-2 cells (Figure 3B) and reduced oxidative and ER stress (Figure 3B 
and C). The chemical chaperone sodium-4-phenylbutyrate (PBA), that favors protein 
folding, produced similar, although less marked effects than NAC (Figure 3B and C). 
 
 
 
 
 
 
 
 
 
 
 



 
 
 

 

 
 
 
 
 
 
 
Figure 3- Treatment of ML-2 and MV-4-11 cells with the combination RTA triggers the 
UPR and the oxidative stress response. (A) The RNA of ML-2 and MV-4-11 cells, treated as 
described in Figure 1A for 24 or 72 hours, was analyzed by qRT-PCR for the expression of UPR 
target genes (B) ML-2 cells, treated for 72 hours as in Figure 1A in the presence or not of 20mM 
N-acetylcysteine (NAC) or of 2.5mM sodium-4-phenylbutyrate (PBA), were analyzed for 
propidium iodide (PI) uptake to evaluate cell death (NAC n=4 ± SEM; PBA n=3 ± SEM). (C) 
Western blot of protein extracts from ML-2 cells, treated as in (A) to detect the complexes among 
the chaperone BiP and its client misfolded proteins.  
 
At present our data provide a proof of concept that low amounts of drugs that generate 
ER and oxidative stress combined with RA could be an effective targeted therapy to hit 
AML cells characterized by MLL fusion proteins and FLT3-ITD mutation. Identification 
of new molecular targets like the oxidative and the ER stress responses would allow the 
design of new sub-type related therapeutic strategies. 
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The world is currently facing a worrying threat due to the emergence of multidrug 
resistance in many Gram-negative bacterial pathogens. The lack of new antimicrobials 
active against these bacteria has prompted to re-evaluate the use of the old polymyxin 
antibiotic colistin (polymyxin E) as a last-resort option to treat recalcitrant Gram-
negative infections. 
Colistin is a cationic polypeptide, and its antibacterial activity relies on its interaction 
with the negatively charged lipid A moiety of lipopolysaccharide (LPS) in the outer 
membrane of Gram-negative bacteria. This leads to the displacement of Ca2+ and Mg2+ 
cations that stabilize the LPS layer, causing derangement of the outer membrane, 
increased membrane permeability, leakage of cell contents, and ultimately cell death 
(Nation & Li 2009, doi:10.1097/QCO.0b013e328332e672). 
Reintroduction of colistin in clinical practice has inevitably led to the emergence of 
colistin-resistant isolates (Jeannot et al. 2017, doi: 10.1016/j.ijantimicag.2016.11.029). 
Gram-negative bacteria acquire resistance to colistin primarily through genomic 
mutations in regulatory genes causing transcriptional activation of genes responsible for 
remodeling of LPS, through the covalent addition of 4-amino-4-deoxy-L-arabinose (L-
Ara4N) or phosphoethanolamine (PEtN) to the lipid A moiety. These modifications 
reduce the negative charge of LPS and, therefore, its affinity for colistin, ultimately 
leading to resistance (Olaitan et al. 2014, doi: 10.3389/fmicb.2014.00643). 
The present project was aimed at assessing the relevance of the L-Ara4N modification 
for colistin resistance, as well as at investigating its suitability as molecular target for 
the development of colistin resistance inhibitors, using the opportunistic human 
pathogen Pseudomonas aeruginosa as model organism. P. aeruginosa is responsible for 
severe infections in immunocompromised patients and represents a major threat to 
patients suffering from cystic fibrosis (CF), in whom P. aeruginosa frequently causes life-
threatening chronic lung infections. Colistin is extensively used for treating multidrug-
resistant P. aeruginosa infections, especially in CF patients. Unavoidably, colistin-
resistant P. aeruginosa strains are frequently isolated in CF and non-CF centers 
(Falegas et al. 2010, doi: 10.1016/j.drup.2010.05.002). 
In P. aeruginosa colistin resistance is generally associated with overexpression of the arn 
operon, encoding the enzymes for L-Ara4N modification of lipid A. The expression of this 
operon is controlled by a complex regulatory network involving at least five two-
component systems (TCSs). Mutations within these TCSs that result in the constitutive 
activation of the arn operon are typically identified in colistin-resistant P. aeruginosa 
(Jeannot et al. 2017, doi: 10.1016/j.ijantimicag.2016.11.029; Olaitan et al. 2014, doi: 
10.3389/fmicb.2014.00643; Falegas et al. 2010, doi: 10.1016/j.drup.2010.05.002). 
However, some in vitro studies provided evidence that individual TCSs are not essential 
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for the acquisition of colistin resistance in P. aeruginosa, leading to the hypothesis that 
alternative or compensatory mechanisms may exist (Lee et al. 2014. 
doi.org/10.1093/jac/dku238). 
The first aim of the project was to investigate whether lipid A aminoarabinosylation is 
required and/or sufficient for colistin resistance acquisition in P. aeruginosa. To this aim, 
in the first year of activity we generated (i) mutant strains unable to synthesis L-Ara4N 
(ΔarnBCA mutants) and (ii) recombinant strains which constitutively express the arn 
genes (PrpsA::arn strains, in which the arn promoter has been replaced with the 
promoter of the housekeeping gene rpsA). These mutant and recombinant strains were 
generated both in reference laboratory strains (PAO1 and PA14) and in a small 
collection of clinical isolates from CF and non-CF patients. To assess whether L-Ara4N-
independent colistin resistance mechanisms exist in this bacterium, ΔarnBCA mutants 
were compared to parental strains in long term experimental evolution assays, in which 
the bacteria were sequentially cultured in the presence of increasing concentrations of 
colistin in the attempt to select for mutants that acquire successive mutations leading to 
high-level colistin resistance. In several independent assays, the ΔarnBCA mutants of 
both reference and clinical P. aeruginosa strains never grew with colistin concentrations 
≥ 4 µg/ml, which corresponds to the epidemiological cutoff (ECOFF) of colistin for P. 
aeruginosa, i.e. the highest MIC for isolates devoid of any detectable acquired resistance 
mechanisms (Ellington et al. 2017. doi.org/10:1016/j.cmi.2016.11.012). In contrast, the 
parental strains always acquired the ability to grow in the presence of high colistin 
concentrations, and these resistant mutants showed very high colistin MIC (≥ 64 µg/ml). 
Overall, this evidence directly confirmed that lipid A aminoarabinosylation is an 
essential prerequisite for the development of colistin resistance in P. aeruginosa (Lo 
Sciuto & Imperi 2018, doi: 10.1128/AAC.01820-17). In addition, we also started to 
investigate whether lipid A aminoarabinosylation is sufficient to confer colistin 
resistance to P. aeruginosa. To this aim, we compared arn gene expression, lipid A 
aminoarabinosylation levels and colistin MIC between parental and recombinant 
PrpsA::arn strains (see above). qRT-PCR and mass spectrometry assays confirmed that 
the replacement of the arn promoter with the constitutive rpsA promoter leads to arn 
gene overexpression and modification of lipid A with L-Ara4N. Notably, lipid A 
aminoarabinosylation increased colistin resistance in most but not all strains, as some 
recombinant PrpsA::arn strains showed minimum inhibitory concentration (MIC) of 
colistin comparable to parental strains. Moreover, we observed that the increase in 
colistin resistance in PrpsA::arn strains is culture condition-dependent, being much 
higher in media containing high concentrations of divalent cations and under conditions 
mimicking P. aeruginosa infections, such as growth in human serum and in artificial CF 
sputum. Overall, these analyses revealed that the degree of colistin resistance conferred 
by L-Ara4N is strain- and culture condition-dependent, and that the evolution of high 
colistin resistance levels in P. aeruginosa likely requires some genetic and/or phenotypic 
adaptation(s) in addition to lipid A aminoarabinosylation, as also suggested by other 
groups (Jochumsen et al. 2016, doi: 10.1038/ncomms13002). 
In the second year of activity, we investigated the effect(s) of L-Ara4N-modified lipid A 
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on P. aeruginosa fitness, as this information is important to predict the evolution rates 
and the spread of colistin resistance in this bacterium. By comparing recombinant 
PrpsA::arn strains with their wild type counterparts in a number of in vitro and in vivo 
assays, we found that lipid A aminoarabinosylation does not significantly affect bacterial 
growth (in different media), biofilm formation, cell wall stability, and functionality of the 
outer membrane permeability barrier. Moreover, experiments in a simple infection 
model based on the larvae of the insect Galleria mellonella did not reveal any 
detrimental effect of lipid A aminoarabinosylation on P. aeruginosa infectivity (Lo Sciuto 
et al., manuscript submitted to Int J Antimicrob Agents). 
In the second year we also carried out a side project to evaluate the possible contribution 
of another lipid A modification, i.e. the hydroxylation of secondary acyl chains, to colistin 
resistance. Indeed, lipid A hydroxylation, that is catalyzed by the dioxygenase LpxO, was 
found to be important in some Gram-negative bacteria for resistance to cationic 
antimicrobial peptides (such as colistin), and also for survival in human blood and 
pathogenicity in animal models (Mills et al. 2017, doi: 10.1128/IAI.00068-17; 
Bartholomew et al. 2019, doi: 10.1128/IAI.00066-19). Interestingly, while all LpxO-
proficient bacteria investigated so far have a single hydroxylated secondary acyl chain in 
lipid A, the lipid A of P. aeruginosa can be hydroxylated in both secondary acyl chains, 
and two lpxO orthologs have been identified in P. aeruginosa genomes (King et al. 2009, 
doi: 10.1177/1753425909106436). However, the functionality of these genes, as well as 
the physiological role of lipid A hydroxylation in P. aeruginosa, was not investigated yet. 
By generating single and double deletion mutants in the lpxO1 and lpxO2 homologs of P. 
aeruginosa PAO1, as well as LpxO1 and LpxO2 overexpressing strains, we demonstrated 
that both LpxO1 and LpxO2 are responsible for lipid A hydroxylation, and that they act 
on different secondary acyl chains. Notably, our in vitro assays revealed that, in P. 
aeruginosa, lipid A hydroxylation does not affect bacterial growth, biofilm formation, cell 
wall stability, persistence in human blood, and resistance to colistin and other 
antibiotics. In contrast, it is required for full infectivity in the G. mellonella infection 
model, even if it does not influence bacterial survival within the larval hemolymph. 
Overall, this study led to suggest that lipid A hydroxylation may play a role in P. 
aeruginosa virulence that is likely not directly related to outer membrane integrity (Lo 
Sciuto et al. 2019, doi:10.3390/pathogens8040291). 
 
The second aim of the project was to validate lipid A aminoarabinosylation as a 
pharmacological target for compounds able to restore colistin sensitivity in resistant 
isolates and/or to hinder the emergence of colistin resistance. Through a docking-based 
virtual screening for inhibitors of ArnT, i.e. the integral membrane enzyme responsible 
for L-Ara4N attachment to lipid A (Petrou et al. 2016, doi: 10.1126/science.aad1172), 
performed in collaboration with Bruno Botta (Sapienza University) and Mattia Mori 
(University of Siena), we had previously identified a natural compound (hereafter named 
BBN149) that partially reverted colistin susceptibility in a colistin-resistant P. 
aeruginosa isolate. BBN149 is a natural diterpenoid (Fig. 1) isolated from the leaves of 



 
 
 

 

Fabiana densa var. ramulosa (Erazo et al. 2002. Planta Med). 
In the first year of activity, we demonstrated that 
BBN149 has a specific and wide range activity, being 
active against all colistin-resistant P. aeruginosa 
isolates tested so far, without influencing colistin 
resistance levels in susceptible strains (that do not 
express the arn operon). As expected, BBN149 had no 
effect on P. aeruginosa growth and cell viability in the 
absence of colistin. These results supported the 
hypothesis that BBN149 specifically targets colistin-
resistance mechanism(s). In parallel, we 
demonstrated that BBN149 is not toxic to lung 
epithelial cells, at least at the concentrations tested in 
our assays, and that it is also active against a small 

collection of recently-characterized colistin-resistant isolates of a different Gram-
negative bacterium (Klebsiella pneumoniae) (Esposito et al. 2018, doi: 
10.3389/fmicb.2018.01463). 
In the second year of activity, we further confirmed the specificity of BBN149 towards 
colistin resistance by showing that this compound does not increase the susceptibility of 
P. aeruginosa to other antibiotics with different mechanisms of action. Moreover, in 
order to verify whether BBN149 actually targets ArnT-mediated lipid A 
aminoarabinosylation, we assessed the effect of BBN149 on lipid A aminoarabinosylation 
levels by mass spectrometry. This analysis revealed that BBN149 slightly reduces but 
does not completely inhibit lipid A aminoarabinosylation in colistin-resistant P. 
aeruginosa isolates, and that the effect is quite variable among different strains. 
Experiments are ongoing the verify the inhibitory effect of BBN149 on lipid A 
aminoarabinosylation in K. pneumoniae. Although preliminary, the above evidence 
suggests that BBN149 could have other targets and/or activities besides, or alternative 
to, ArnT inhibition. In the next months, we aim at selecting BBN149 insensitive P. 
aeruginosa mutants in order to detect by whole genome sequencing the mutations and, 
thus, the genes that could be involved in protection from BBN149 activity, likely 
providing information about its mechanism(s) of action.  
Concurrently, in collaboration with Bruno Botta, we chemically synthesized or isolated 
from F. densa leaves a number of BBN149 derivatives, that were compared to BBN149 
for the capability to counteract colistin resistance in P. aeruginosa. Several compounds 
that relevantly potentiates colistin activity against a colistin resistant tester strain were 
identified, although none of the them was significantly more effective than BBN149. 
Nevertheless, this analysis allowed us to characterize the backbone structure and 
functional groups important for BBN149 activity. In particular, we observed that (i) the 
unsaturation between C15-C16 is not required for activity, (ii) the configuration of C4 (R 
or S) only marginally affects activity, (iii) the oxalate group at C18 (or C19) is essential 
for activity; (iv) the presence of a carboxylic group, an alcohol or a methyl ester at C19 
and a carbonyl group at C16 completely abrogates activity (Fig. 1). This information will 

Fig. 1. Structure of the 
diterpenoid BBN149 
(ent-beyer-15-en-18-O-oxalate). 
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be used to design and synthesize a second generation of BBN149 analogues, with the 
final goal to obtain compounds with higher activity and/or improved water solubility, as 
these represent important issues for the in vivo efficacy tests. 
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Serpins are the largest and most broadly distributed superfamily of protease inhibitors 
(Irving et al., 2000, Genome Res). Members of the serpin superfamily are found in all 
major branches of life including prokaryotes and eukaryotes, and are characterised by 
more than 30% amino acid sequence homology with the archetypal serpin alpha-1 
antitrypsin, a secretory protein produced in the liver and delivered to the blood so it can 
reach the lungs to inhibit the protease neutrophil elastase (Gooptu and Lomas, 2009, 
Ann Rev Biochem). Amino acid substitutions in serpins result in pathologies collectively 
known as serpinopathies. These are protein conformational diseases characterised by 
polymerisation and intracellular deposition of mutant serpin variants within the 
endoplasmic reticulum (ER). The neurodegenerative pathology FENIB (familial 
encephalopathy with neuroserpin inclusion bodies) is an autosomal dominant 
serpinopathy caused by mutations in neuroserpin (NS) that cause polymer formation 
(Davis et al., 1999, Nature). Six different mutations have been described that promote 
NS polymerisation in FENIB patients: Ser49Pro, Ser52Arg, His338Arg, Gly392Glu, 
Gly392Arg and Leu47Pro. Mutant NS was found to accumulate within neurons forming 
periodic acid-Schiff (PAS)-positive inclusion bodies known as Collins bodies, most 
abundant in the cerebral cortex but also present in other regions of the central nervous 
system (Davis et al., 1999, Am J Pathol), causing symptoms that range from dementia to 
epilepsy (Roussel BD et al., 2016, Epileptic Disord). The phenotypical and biochemical 
features of FENIB have been deduced from its clinical manifestations and from the 
postmortem analysis of affected brains, and have been confirmed through the expression 
of mutant NS in diverse cellular systems (Miranda et al., 2004, J Biol Chem; Miranda et 
al., 2008, Hum Mol Genet; Roussel et al., 2013, Hum Mol Genet; Moriconi et al., 2015, 
FEBS J), in Drosophila melanogaster (Miranda et al., 2008, Hum Mol Genet) and in mice 
(Madani et al., 2003, Mol Cell Neurosci; Galliciotti et al., 2007, Am J Pathol). Transgenic 
mice overexpressing S49P and S52R NS showed the formation of abundant 
intraneuronal Collins bodies, neuronal loss in the cerebral cortex and hippocampus and 
pathological phenotypes reminiscent of FENIB during late adulthood. Overexpression of 
human S49P, S52R, H338R and G392E NS in Drosophila melanogaster led to a decrease 
in locomotor activity, with decreasing mobility correlating to increased polymer content 
in the brain. In cellular models, polymer formation and its correlation with the disease 
phenotype was confirmed in transiently transfected COS-7 and stable inducible PC12 
cell models of FENIB, where overexpression of each mutant variant lead to intracellular 
accumulation of polymeric NS within the ER to a degree that was proportional to the 
severity of FENIB seen in patients. Despite these results, these cellular systems failed to 
show clear signs of cell malfunction and death upon NS polymer accumulation, 
precluding a detailed investigation of the mechanisms underlying NS polymer toxicity. 



 
 
 

 

The lack of a toxic phenotype in cellular models of FENIB could be related to the 
proliferative nature of the cell lines used so far. To overcome this issue, we developed a 
neuronal model with stable overexpression of wild type (WT), G392E and delta NS, or 
control green fluorescent protein (GFP). Delta NS is a mutant variant with a premature 
stop codon causing the synthesis of truncated NS that cannot polymerise and, contrary 
to polymers, activates a classical unfolded protein response (UPR) (Davies et al., 2009, J 
Biol Chem). Mouse neural progenitor stem cells (NPSCs) were isolated from the mouse 
foetal brain cortex, stably transfected with the three NS variants described above and 
propagated in vitro, either under proliferative conditions or differentiating them to 
mature, non-dividing neurons. We found that in differentiated NPSCs, expression of 
polymerogenic NS led to the upregulation of several genes involved in the defence 
against oxidative stress (Guadagno et al., 2017, Neurobiol Dis). Oxidative stress, the 
imbalance between generation and disposal of reactive oxygen species (ROS), is an 
important factor in several neurodegenerative disorders including Alzheimer's, 
Parkinson's and Huntington's diseases and amyotrophic lateral sclerosis (Cobb and Cole, 
2015, Neurobiol Dis). Neurons are particularly vulnerable to oxidative stress due to their 
high energy requirements, the decrease in antioxidant defences with age and their 
terminally differentiated nature (Gandhi and Abramov, 2012, Oxid Med Cell Longev). 
Within the ER, ROS can be generated as a by-product of physiological protein oxidation 
and upon ER stress due to accumulation of misfolded proteins. Serpin polymerisation 
may upset the redox balance in the ER, and this perturbation could affect the redox state 
of mitochondria through mitochondrial-ER contact sites. Mitochondria are particularly 
important in the nervous system, where their function is essential to neuronal processes 
such as energy production, Ca2+ regulation, maintenance of plasma membrane potential, 
protein folding by chaperones, axonal and dendritic transport, and the release and re-
uptake of neurotransmitters at synapses, and they present a highly dynamic behaviour 
comprising mitochondrial fusion and fission events (Hoppins et al., 2007, Annu Rev 
Biochem; Zhang et al., 2007, FEBS Lett). 

We thus decided to investigate the state of the mitochondrial network in our cell lines by 
staining them with Mitotracker Red CMXRos ® (Mitotracker), a red fluorescent dye that 
labels mitochondria in living cells using their membrane potential. Based on the 
literature and our analysis of the cellular phenotypes, we defined three categories of 
mitochondrial distribution: i) network: healthy cells showed mitochondria 
homogeneously distributed as a filamentous network throughout the cytoplasm; ii) 
perinuclear: mitochondria that appeared clustered in the neuronal soma, generally next 
to the nucleus; and iii) fragmented: mitochondria appeared as small, rounded and 
located close to the nucleus. In our analysis, we grouped perinuclear and fragmented 
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mitochondria as altered distribution. In basal conditions, GFP, WT and delta NS 
expressing cells mostly showed the network distribution, indicative of healthy 
mitochondria. Cells expressing G392E NS showed a higher proportion of altered 
mitochondria (nearly 40%), which were often found clustered close to the nucleus with no 
mitochondrial fragmentation. This toxic phenotype was due to polymer accumulation 
within the ER rather than to the presence of polymers in the culture medium, since no 
mitochondrial alterations where found in control GFP neurons treated with culture 
medium conditioned by G392E NS cells. We also observed that alterations in 
mitochondrial distribution correlated with modifications in the morphology of 
differentiated neurons. By double staining of mitochondria and the actin cytoskeleton 
(with a phalloidin-fluoresceine conjugate), neurons with perinuclear or fragmented 
mitochondria lacked the long neurites typical of healthy cells. This was confirmed by 
measuring neurite length that showed shorter neurites in G392E NS neurons when 
compared to WT NS ones. 

To better understand these alterations in mitochondrial distribution we performed 
pharmacological inhibition and enhancement of the cellular defences against oxidative 
stress. Glutathione (GSH) is an important antioxidant metabolite that prevents cell 
damage caused by the presence of ROS, lipid oxidases and free radicals, and is involved 
in the mechanism of action of many enzymes that were overexpressed in our G392E NS 
expressing cells (Guadagno et al., 2017, Neurobiol Dis). We depleted GSH by treating our 
cells with DEM (diethyl maleate, 50 μM) and assessed their mitochondrial network with 
Mitotracker. Cells overexpressing GFP, WT and delta NS showed limited alterations in 
mitochondrial morphology after DEM treatment, while cells expressing G392E NS 
showed a significant increase in fragmented mitochondria, supporting the oxidative 
nature of the insult caused by polymerogenic G392E NS. We sought further evidence by 
investigating if antioxidant treatments could recover the perinuclear distribution seen in 
the G392E NS cells.  We used melatonin, a pineal gland neurohormone that mediates 
photoperiodicity in mammals and is also a well characterised antioxidant, and alpha 
tocopherol, a vitamin that functions as a lipid-soluble antioxidant protecting cell 
membranes from oxidative damage. We first treated WT and G392E NS cells with 
increasing concentrations of either molecule for 24 and 48 h and stained them with 
Mitotracker to assess mitochondrial distribution. After determining the optimal 
concentration for each molecule (10 μM in both cases), we treated all cell lines with each 
antioxidant during the last 48 h of the differentiation treatment. All cell lines showed 
some improvement in mitochondrial distribution in response to both antioxidants, but 
for cells expressing GFP, WT and delta NS the effect was only mild, while cells 



 
 
 

 

expressing G392E NS showed a clear recovery and reduction of the perinuclear 
phenotype to values similar to control cells. 

To gain functional insight into mitochondrial alterations in cells expressing G392E NS 
we used the fluorescent probe JC-1, which reports on the state of the inner mitochondrial 
membrane potential and can be an earlier marker of mitochondrial dysfunction. We 
found a significant decrease in JC-1 transport into the mitochondrial matrix in G392E 
NS neurons, indicative of a reduced potential of their inner mitochondrial membrane. 
This result led us to investigate mitochondrial metabolism in our neuronal lines by 
measuring several parameters related to respiration in a Seahorse platform through a 
collaboration with Prof. Michael Duchen at UCL (London, UK). Analysis of the oxygen 
consumption rates under different experimental conditions showed no significant 
differences between the four cell lines, probably due to the mixed character of our 
differentiated cultures, which contain glial as well as neuronal cells, but also suggesting 
that mitochondrial function is not excessively altered in G392E NS neurons, in 
agreement with the lack of neuronal death observed for these cells under basal 
conditions. 

The ER and mitochondria are intimately related, with the homeostasis of both organelles 
finely tuned by their interaction at particular regions of contact between their 
membranes, the mitochondria-ER sites (MAMs). Since NS polymers accumulate inside 
the ER, we also investigated the crosstalk between ER and mitochondria by assessing 
the extent of MAMs in G392E NS neurons compared to WT NS ones. Our results showed 
a decrease in the area of contact between the two organelles when assessed by high 
resolution confocal microscopy, performed in collaboration with Dr. Giovanna Galliciotti 
at University Medical Center Hamburg-Eppendorf (Germany). Furthermore, by western 
blot analysis of WT and G392E NS cells we confirmed a decrease in several membrane 
proteins (VDAC, Sigma1 receptor and IP3 receptor) that take part in the interaction 
between the ER and mitochondria at MAMs. A similar phenotype has been observed in 
cells expressing a mutant α-synuclein variant found in patients with familial Parkinson’s 
disease (Cali et al., 2012, J Biol Chem). 

Misfolded protein accumulation within the ER leads to activation of the UPR, a stress 
signalling pathway from the ER to the nucleus. NS polymers, contrary to most forms of 
protein aggregation, do not activate this pathway in the cell models studied so far. Since 
our system represents the first neuronal cell culture model for FENIB, we are currently 
investigating if NS polymers elicit the UPR in neurons or, on the contrary, polymer 
accumulation in the ER is toxic by a mechanism independent from classical UPR. 
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As part of our research on serpin polymers and using approaches that are 
complementary to our NS studies, we also investigate the polymerisation of the 
archetypical serpin alpha-1 antitrypsin (AAT), in collaboration with Prof. David Lomas 
and his group at UCL (London, UK). Our contribution in these studies includes the 
production of conformation-specific and functional monoclonal antibodies, which has 
recently led to the characterisation of two novel reagents: an antibody able to interfere 
with the inhibitory activity of AAT against several cognate proteases (elastase, 
chymotrypsin and proteinase 3), and an antibody that does not bind the main 
polymerogenic variant of AAT, which we have used to demonstrate the presence of 
heteropolymers formed by wild type and mutant AAT in the liver and blood of 
heterozygous patients of AAT deficiency. 
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LYMPHOPROLIFERATIVE DISORDERS 
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 marcella.visentini@uniroma1.it 
 
Hepatitis C virus associated lymphoproliferative disorders (LPDs) range from benign 
diseases, as mixed cryoglobulinemia (MC) to malignant lymphomas, usually indolent B-
cell non-Hodgkin lymphomas (NHL). Dependence of the LPDs from the viral chronic 
infection provided by HCV has been postulated based on the regression of these diseases 
after virus eradication, but the inciting viral antigen, responsible for B cell stimulation, 
has not yet been identified. The advent of direct acting antivirals (DAA) able to eradicate 
HCV in less than one month has completely changed the natural history of HCV-
associated LPDs and it is likely that in a not too far future this infection will be 
eliminated. Now we assist to a widespread virus eradication associated with high 
efficacy in the cure of extrahepatic manifestations as MC and NHLs. Nonetheless both 
situation seem not to be completely defeated as relapses of MC vasculitis and partial or 
non-response of NHL have been described by other and our group (Visentini M. 
Rheumatology 2018; Arcaini L. et al. Blood 2016, Frigeni M et al. Leukemia 2019).  

This project has the aim to identify molecular and cellular characteristics of B 
cells clonally expanded in MC and in NHL able to predict the response to virus 
eradication and/or to shed light in the pathogenic mechanisms involved in disease 
relapse and non-response.   
We investigated IGHV-D-J rearrangements and IGKV-J/IGLV-J rearrangements of 13 
patients with HCV-related LPDs in an attempt to untangle the relative role of 
immunoglobulin heavy and light chains in generating potentially autoreactive or virus-
specific B cell receptors (BCRs). We then correlated signatures of BCR stereotypy and 
homology with RFs or anti-HCV E2 antibodies with the response of LPDs to antiviral 
therapy.  
While only two patients shared a stereotyped heavy chain complementarity determining 
region 3 (CDR3) sequence, two kappa chain CDR3 stereotyped sequences accounted for 
77% of BCRs. Light chains were enriched in sequences homologous to anti-HCV E2 
antibodies compared to heavy chains (7/13 vs 0/13; p=0.005). Anti-HCV E2 homology was 
uniquely associated (7/7 vs 0/6; p=0.0006) with a stereotyped CDR3 sequence encoded by 
IGKV3-20/3D-20 gene(s) accounting for 54% of BCRs. An IGKV3-15/IGKJ1-encoded 
stereotyped sequence homologous to WA RF accounted for 23% of BCRs. LPDs 
expressing KCDR3s homologous to anti-HCV E2 antibodies responded more frequently 
to the eradication of HCV by antiviral therapy (6/6 vs 1/6; p=0.015). These findings, 



 
 
 

 

although limited by the small sample size, suggest that a stereotyped KCDR3 may 
predominantly shape anti-HCV specificity of BCRs, possibly providing a signature that 
may help identifying bona fide HCV-dependent LPDs (Genes and Immunity in press). 

Beside investigating the molecular features of clonal B cells in LPDs, big effort 
has been made for the cellular and functional analysis of expanded B cell clones in LPDs 
to untangle the pathogenic mechanisms involved in disease non response or relapse after 
virus eradication. During the first year of the project we focused on the phenotypical and 
functional characteristics of rheumatoid factor (RF)-producing clonal B cells expanded in 
MC and NHL and followed their fate for a long follow-up after eradication of the virus, 
correlating our findings with MC vasculits response to DAA. Circulating B-cell clones, 
detected using flow cytometry either by the skewing of kappa/lambda ratio or by the 
expression of a VH1-69-encoded idiotype, commonly expressed in expanded clonal B cells 
in MC, were found in 18/45 patients, and in 17 of them persisted through the follow-up 
(18.5 months). There was no correlation between persistence of the B cell clones and 
response of the vasculitis or relapse and patients with complete clinical response and 
disappearance of cryoglobulins still presented circulating B cell clones. These 
observations suggest that “dormant” B cells persist long after viral eradication and that 
may be reactivated by events, as infections or onset of cancer that perturb B-cell 
homeostasis and can give rise to the relapse of cryoglobulinemic vasculitis (Visentini M. 
et al Liver International 2019).  
To untangle this fascinating pathogenic hypothesis we performed several in vitro 
experiments analyzing the role of immune complexes that usually increase in vivo 
during infections and cancer, in the activation of RF+ B cells. We selected 6 MC patients, 
which had circulating monoclonal B cells and investigated the capacity of anti-Ig (F(ab′)2 
anti-human Ig) or of ICs (heath-aggregated human IgG) to induce CpG-driven 
proliferation in patients’ VH1-69pos clonal and VH1-69neg normal B cells. Stimulation 
with ICs alone did not induce proliferation but, similarly to anti-Ig, restored the capacity 
of VH1-69pos B cells to proliferate in response to CpG. We then analyzed the expression 
of TLR9 mRNA in clonal B cells to test if unresponsiveness to CpG alone was due to low 
TLR9 expression and surprisingly we found that VH1-69pos B cells constitutively 
expressed high TLR9 mRNA, suggesting that these cells could present the phenomenon 
of TLR tolerance (Poovassery JS et al. J Immunol 2009;183:2974-83). This consists of the 
fact that in immune cells stimulation of a TLR renders this, as well as other TLRs, 
unresponsive to further stimulation. In the case of B cells, it has been shown that 
prestimulation of TLR7 results in hyporesponsiveness of TLR7 and of TLR9 to 
restimulation, and that TLR responsiveness can be restored by BCR signaling through 
the phosphatidylinositol 3-kinase (PI3K)/AKT pathway. To support the hypothesis of a 
rescue from TLR-tolerance we investigated whether the PI3K/AKT pathway was intact 
in these cells. Stimulation with anti-Ig increased phosphorylated AKT (pAKT) levels in 
both VH1-69pos and VH1-69neg B cells, whereas stimulation with ICs induced pAKT 
only in VH1-69pos cells. Thus, the PI3K/AKT BCR signaling axis, which is involved in 
the rescue from TLR9 tolerance in B cells, is intact in clonal B cells of MC patients and 
can be triggered by the binding of ICs (manuscript subitted).  
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Finally we studied also essential mixed cryoglobulinemia (EMC) that is clinically 
and immunologically similar to HCV MC, but is idiopathic and apparently not related to 
infections. Molecular analysis of immunoglobulin genes rearrangements revealed 
circulating B-cell clones in about half of patients, on average of smaller size than those 
found in HCV-MC patients. Sequence analysis showed usage of the same stereotyped 
RF-encoding B-cell receptors frequently expressed in HCV-MC and in primary Sjogren’s 
syndrome. B-cells with low expression of CD21 (CD21low) and unusual homing and 
inhibitory receptors were increased in EMC and in HCV-MC, but at a significantly lower 
extent in the former. The CD21low B- cells of EMC and HCV-MC patients shared 
functional features of exhaustion and anergy, namely reduced proliferation upon ligation 
of TLR9, high constitutive expression of phosphorylated ERK, and proneness to 
spontaneous apoptosis. These findings suggest a common pathogenic mechanism in 
EMC, HCV-MC consisting of autoantigen-driven clonal expansion and exhaustion of 
selected RF-producing B-cells (Del Padre M. Clin Exp Rheumatol. 2020).   
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Innate lymphoid cells (ILCs) comprise a heterogeneous family of cells localized on the 
environmental interfaces to ensure protection against bacterial and viral infections. 
Similarly to T helper cells, several subsets of ILCs produce specific patterns of cytokines 
and, accordingly, are divided into five prototypical subsets. NK cells and ILC1 are 
characterized by the production of interferon (IFN)-γ; while ILC2 and ILC3 produce 
interleukin (IL)-5/13 and IL-17/22, respectively. Finally, lymphoid tissue-inducer (LTi) 
cells are also included within the ILC family and are characterized for their ability to 
determine the formation of secondary lymphoid structures (Vivier E et al., Cell, 2018). 
ILCs play key roles in regulation of the equilibrium of the gut mucosa, and are 
considered major amplifiers of inflammation. Loss of integrity of the gut epithelial 
barrier can lead to several pathologies, including inflammatory bowel disease (IBD) and, 
in the worst-case scenario, cancer (Beaugerie L et al., N Engl J Med, 2015). 

 
Colorectal cancer (CRC) is the second most common cancer in women and third in 

men and, overall, the fourth cause of tumor death world-wide. The etiology of CRC is 
heterogeneous and depends on both environmental and genetic factors leading to a 
stepwise accumulation of DNA alterations in the gut epithelial cells. The mutational 
landscape of CRC comprises mutations in the APC gene (70-80% of CRC patients), KRAS 
(30-50%), TP53 (40-60%), and in genes associated with the TGF-β and PI3K signaling 
pathways. The majority of patients develop sporadic CRC, while 10-30% of the cases 
present family history, and less than 5% have hereditary forms of CRC. As mentioned 
above, the chronic inflammation in patients with IBD represents a significant 
independent risk factor for CRC development (Torre LA, et al. CA Cancer J Clin, 2015). 
Due to the complexity of CRC pathogenesis, the identification of novel cellular and 
molecular pathways represents a pressing unmet need. 
 
 
 
 
 



 
 
 

 

 
Objectives and Results 

 
In this project, we propose that a deeper understanding of the tumor-infiltrating ILC 
subsets and the signals involved in shaping their effector functions will allow us to 
unveil novel mechanisms underlying CRC pathogenesis and progression. The research 
program aims to address this aspect by achieving the following two objectives: 
 

1. to identify protective/pathogenic phenotypes in tumor-infiltrating ILCs; 
2. to discriminate the factors involved in regulation of ILC plasticity/functions 
associated with tumor progression.  

 
We are employing a broad approach, which combines cutting-edge flow-cytometry 

and next-generation sequencing technologies with models of CRC in established and 
novel mouse strains and CRC patient samples. Different mouse models of CRC have 
been described recapitulating several traits of the human disease. During the first 6 
months of the “Under 45” research project, we employed three different conventional 
mouse models of CRC, comprising: 1) a model for colitis-induced CRC, initiated by an 
intraperitoneal (ip) injection of a single dose of azoxymethane (AOM) and followed by 
administration of dextran sulfate sodium (DSS) in the drinking water for one week (4 
cycles); 2) a model for sporadic CRC, consisting on AOM administration (6 cycles, once a 
week); and, 3) a genetic model for CRC by using Apc(Min/+) mice, which spontaneously 
develop polyps. In these experiments, we have analyzed the phenotypes of ILCs by using 
18-parameter flow cytometry. In particular, we assessed cells isolated from tumors, as 
well as from the colonic mucosa of treated mice, after tumor excision and mice left 
untreated. Our preliminary results shed light on the drastic alterations of the ILC 
phenotypes occurring during the onset of inflammation and in the settings of cancer. 
Next, we aim to deconvolute the complexity of ILC transcriptional states in the context 
of CRC pathogenesis by using Next Generation Sequencing (NGS) approaches, enabling 
us to discriminate protective/pathogenic pathways regulating ILC functions in 
inflammation and cancer settings. 
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This project aims at unveiling how the opportunistic human pathogen Pseudomonas 
aeruginosa controls the second messenger c-di-GMP (3',5'-cyclic diguanylic acid) in 
response to the nutrient Arginine. The intracellular levels of c-di-GMP are related to 
biofilm formation, a multicellular lifestyle difficult to be eradicated. Among nutrients, 
Arginine represents one key metabolite in biofilm formation being both at the crossroad 
of many metabolic processes and associated to chronic infections, biofilm/virulence and 
antibiotic resistance.  
We recently found that P. aeruginosa is able to perceive environmental Arginine to 
decrease the intracellular levels of c-di-GMP via the RmcA (Redox regulator of c-di-GMP) 
protein (Paiardini et al., 2018).  
The final goal of this proposal is to gain details on the mechanism of Arginine-mediated 
signal transduction controlling c-di-GMP hydrolysis both in terms of molecular 
activation and of the metabolic re-programming cascade to finally identify the proper 
environmental conditions to augment biofilm dispersal.  
 
RmcA is a multidomain membrane protein (Figure 1) harbouring a Venus Fly Trap 
(VFT) domain devoted to periplasmic Arginine binding and a cytoplasmic portion 
containing PAS-LOV domains linked to the diguanylate cyclases (GGDEF) and the 
phsphodiesterases (EAL) catalytic tandem, where the hydrolysis of c-di-GMP occurs 
(Mantoni et al., 2018). 

 
Given the complexity 
of the protein and the 
possible metabolic 
pathways related to 
RmcA activation, we 
divided our study into 
two main tasks 
focused on the 
molecular and metabolic characterization of the RmcA activity, respectively.  

mailto:serena.rinaldo@uniroma1.it


 
 
 

 

 
TASK 1: Mechanism of VFT-mediated Arginine sensing and signal transduction in 
RmcA. 
The biochemical characterization of this complex protein has been tackled by looking to 

the structure-function 
relationship of isolated 
domains. 
During these first six months 
of the project we investigated 
the capability of the VFT to 
recognize metabolite(s) other 
than Arginine. We found that 
the VFT displays a comparable 
affinity for the ornithine amino 
acid (Figure 2A), indicating 
that the RmcA activity could 
be related to nitrogen 
assimilation or anaerobic 
respiration of these amino 
acid. By integrating this 
evidence and Bioinformatics 
predictions, it is likely that 
this domain is able to 
recognize also citrulline, being 
the aminogroup of the side 
chain crucial to promote 

stacking interactions with the binding pocket residues. On the other hand, the carboxy 
terminal group of the amino acids is crucial for stabilising the binding to the VFT 
domain via polar interactions; in light of this, unlikely polyamines could be genuine 
ligands of such receptor, being the carboxy group missing. Binding experiments are 
currently ongoing to validate this model.  
To better characterize the role of VFT in transducing the signal upon signal binding, we 
proposed in the project to characterize a prototype protein harboring the VFT-GGDEF-
EAL domains. In this first period, we designed an ad hoc construct to facilitate the 
detection and the purification of the protein (Figure 2B). We envisaged to remove the 
GFP tag (for detection during purification) with unique restriction sites, once the 
purification protocol will be setted). The construct, as designed, will be useful also for 
cloning other membrane protein. The gene, as synthetic construct, has been delivered 
very recently and gene sequence validation is currently ongoing. We specifically avoided 
to order an E. coli optimized sequence, given the possible interference of this strategy 
with correct folding (Parret et al., 2016). 
The biochemical characterization has been carried out also on the cytoplasmic part of the 
protein. In particular, the role of FAD in controlling the LOV domain over the catalytic 
GGDEF-EAL moiety has been investigated in detail.  
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We produce two different constructs, named short and long, both including the LOV 
domain and the latter harboring an extra N-terminal helix. Interestingly, the addition of 
only 15 residues in the long construct leads to a monodisperse protein, contrary to the 
short counterpart, where aggregates, tetramer and dimer were populated (Figure 3).  
Preliminary data on the long construct shows an effect of FAD and GTP on catalysis 
which is significant but different to that observed with the short protein. This 
heterogeneity in the allosteric behavior of the protein 
strongly confirm the extreme plasticity of the GGDEF-
EAL protein, which raises some concern on the design 
of truncated protein. In light of this, we have 
characterized the reactivity with GTP of 4 different 
GGDEF truncated proteins and identified the possible 
weakness and caveats in designing truncated version 
of a GGDEF-containing protein (Manuscript in 
preparation). 
The structural determinants of the FAD/LOV 
interaction has been investigated by means of protein 
engineering experiments. A conserved glutamine has 
been substituted with alanine and the corresponding 
protein loses the capability to bind and respond to FAD 
(Figure 4).  

Given that bioinformatic analysis suggested that the 
protein may adopt different conformations depending 
on the redox state of the FAD cofactor we have also 
identified the proper conditions to carry out the 
experiments with FADH2: a special treatment to 
remove oxygen has been done in the presence of little 
amount of reductant. We were able to promote FAD 
reduction without interference of the reductant with 
the c-di-GMP CD spectroscopic signal. This preliminary 
set up is useful to carry out experiments under 
anaerobiosis, a condition required to populate FADH2 
(experiments are currently ongoing). 
 

 
In order to understand the mechanism of c-di-GMP consumption in response to Arginine, 
we are carrying out preliminary set up to perform kinetics on the full-length protein. 
This part of the project is taking advantage of a key collaboration with Prof. Lars 
Dietrich from the Columbia University (US): he is a long-lasting expert of anaerobiosis 
and redox metabolism of P. aeruginosa (PA14) and he has carried out interesting 
characterization on RmcA in terms of its role in controlling P. aeruginosa morphology 
and phenazine sensing (Okegbe C et al., 2017). We have obtained the proper set up to 



 
 
 

 

detect c-di-GMP in the presence of those detergents required to handle the membrane 
protein and we are ready to start this part of the study. 
 
TASK 2: Role of RmcA in controlling the metabolic re-programming in P. aeruginosa 
under different environmental conditions. 
A first characterization of the role of RmcA in P. aeruginosa was carried out on PAO1 
strain. We found that the RmcA mutant, while it can grow using L-Arginine as the sole 
source of carbon (although with altered c-di-GMP levels), it has trouble growing when L-
Arginine serves also nitrogen supply. In line with the idea that RmcA is involved in 
nitrogen assimilation homeostasis, we have preliminary evidences suggesting that the 
glutamate dehydrogenase activity is sustained in the mutant mainly by the Arginine-
independent isoform, as compared to the wildtype. 
Given that recent data suggest that PAO1 could be not ideal to be used for studying the 
anaerobic/redox metabolism of P. aeruginosa (Crespo et al., 2017), we decided to move to 
PA14, whose RmcA superposes with that of PAO1 but it is ideal for redox 
characterization. For this, the collaboration with Prof. Lars Dietrich will be strategic. 
Future set up will be investigated to understand the role of the RmcA-mediated Arginine 
sensing and metabolic re-programming. 
The most relevant results will be discussed during the next 25th European Nitrogen cycle 
meeting which will be held in Sapienza in September; the PI of this project is directly 
involved in the organization in collaboration with other colleagues coming from 
European Universities. 
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Introduction 
Cardiovascular diseases still represent the major causes of death in the Western 
Countries (1). Endothelial dysfunction is the initial vascular pathological event leading 
to the subsequent development of atherosclerosis and overt cardiovascular diseases such 
as myocardial infarction, stroke and peripheral artery disease (2). Endothelial cells 
regulate the tone of blood vessels producing various vasoactive molecules, including 
nitric oxide (NO), prostacyclin, endothelin, superoxide anions and angiotensin II. These 
endothelial-derived molecules can also regulate platelet aggregation, vascular 
inflammation and oxidative stress, contributing to the progression of atherosclerotic 
disease (2). 
Main cardiovascular risk factors directly promote an impairment of endothelial function. 
Among risk factors, diabetes mellitus (DM) is a highly morbid condition strictly 
associated with the development of cardiovascular diseases (3). Endothelial dysfunction 
plays a major role in the development of macroangiopathy and atherosclerosis in diabetic 
patients leading to the early onset of adverse cardiovascular events (3). In response to 
the metabolic alterations associated with diabetes, such as high glucose and lipid levels, 
vascular endothelial cells lose the major vasodilating properties with the consequent 
development of endothelial dysfunction (3). In particular, there is an increase in 
oxidative stress and a reduction in the bioavailability of NO, which elicits important 
vasodilating, antioxidant and anti-inflammatory actions. It is therefore necessary to find 
new pharmacological therapies that can prevent and treat diabetes-induced endothelial 
damage in order to reduce the onset of atherosclerosis and the consequent development 
of cardiovascular diseases.  
In recent years a new pathway has emerged as a possible molecular mediator involved in 
the development of cardiovascular diseases: The Hippo pathway. The Hippo pathway is 
an evolutionarily conserved intracellular signaling pathway involved in the regulation of 
cell survival and growth (4). It was firstly discovered in Drosophila and most of the 
components of the pathway have a homologue in mammals. A key component of the 
Hippo pathway is the mammalian sterile 20-like kinase 1 (MST1), a serine threonine 



 
 
 

 

kinase belonging to the STE20 family and homologue of the Drosophila Hippo. MST1 is 
activated by various stimuli, including oxidative stress, and when activated, MST1 
phosphorylates and activates the Large Tumor Suppressor Kinases 1/2 (Lats1/2). Lats1/2 
phosphorylate in turn the co-transcription factor Yes- associated protein 1 (YAP1), a 
promoter of cell survival and growth, which is consequently exported out of the nucleus 
and degraded (4).  
Previous work showed that Hippo signaling induces apoptosis and inhibits cell growth. 
Based on these functions, the pathway plays a critical role in controlling organ 
homeostasis in mammals in unstressed conditions by maintaining the equilibrium 
between cell death and proliferation. However, Hippo signaling activation also 
contributes to cell death and tissue injury in response to stress (4). Accumulating lines of 
evidence also demonstrated that the Hippo pathway plays significant functions in the 
heart, particularly during stress. MST1 overexpression in cardiomyocytes in vivo leads 
to the development of cardiomyocyte apoptosis, dilated cardiomyopathy and heart failure 
(5). In addition, it was previously demonstrated that endogenous MST1 is activated in 
response to myocardial ischemia/reperfusion, chronic ischemic remodeling and pressure 
overload, thereby contributing to the development of cardiac injury (5-8). Hippo signaling 
genetic inhibition was also shown to promote heart regeneration after injury through the 
activation of YAP1 (9). Finally, previous work demonstrated that MST1 activation 
contributes to the development of diabetic cardiomyopathy (10). Overall, this evidence 
suggests that inhibition of MST1 may be a potential therapeutic intervention for the 
treatment of cardiovascular diseases. However, although Hippo pathway activation in 
macrophages was found to be implicated in atherosclerosis formation, the specific role of 
the Hippo pathway in endothelial cells and in the development of endothelial 
dysfunction and vascular damage in response to metabolic derangements, such as 
diabetes, still needs to be fully defined.  
 
Results 
 
MST1 overexpression reduces endothelial cell viability and angiogenesis  
Human umbilical vein endothelial cells (HUVEC) were infected with an adenovirus 
overexpressing MST1 (Ad-MST1) for 48 hours. An adenovirus overexpressing β- 
galactosidase (Ad-LACZ) was used as a control. HUVEC with MST1 overexpression 
showed a 4-fold increase in apoptosis with respect to control cells (p<0.001). Similarly, 
MST1 overexpression also caused a reduction of cell viability and angiogenesis (Figure 
1A-B). 
 
 
 
MST1 inhibition promotes capillary-like structure formation in HUVEC after 
metabolic stress  
We evaluated the effects of cellular stress on endogenous MST1 activation. We found 
that HUVEC exposure to high glucose or oxidized LDL levels significantly increased 
MST1 autophosphorylation, a marker of its activation (Figure 1C). Furthermore, to 
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understand whether MST1 activation contributes to endothelial damage during stress, 
we overexpressed a dominant negative form of MST1 (kinase dead) in HUVEC and then 
we subjected the cells to hyperglycemia. We found that HUVEC capacity to form 
capillary-like structure was rescued by MST1 inhibition under this condition (Figure 
1D). Finally, we found that MST1 inhibition partially rescued the deleterious effects of 
these stress conditions on acetylcholine-induced vasorelaxation suggesting that MST1 
inhibition may reduce stress-induced endothelial dysfunction (Figure 1E). 
 
MST1 overexpression promotes ROS production and activates RAC1- NOX2 axis 
We investigated whether MST1 regulates ROS production and NOX2 activity. H2O2 
production and NOX2 activation status were evaluated in HUVEC infected with Ad-
MST1 and Ad-LACZ. MST1 overexpression increased H2O2 production and NOX2 
activity (Figure 2A-B). Interestingly, MST1 overexpression significantly increased the 
activation levels of RAC1, as  
indicated by the increased GTP- loading (Figure 2C).  
In addition, MST1 overexpression reduced the interaction of RAC1 with LyGDP, an 
endogenous RAC1 inhibitor (Figure 2D). Overall, these data indicate that MST1 
activation promotes ROS production and RAC1-NOX2 activation. Finally, we found that 
MST1 inhibition by DN-MST1 overexpression reduces oxidative stress in mesenteric 
arteries incubated with oxidized LDL ex vivo (Figure 2E).  
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Conclusions 
These results indicate that MST1 overexpression reduces endothelial cell viability and 
function in vitro. On the other hand, its inhibition reverses the deleterious endothelial 
effects of hyperglycemia and oxidized LDL. Interestingly, we found that MST1 
overexpression promotes ROS production and RAC1-NOX2 activation. This result is 
particularly relevant since NADPH oxidase-derived ROS were previously shown to 
induce endothelial dysfunction in response to stress (11). Among different NOX isoforms, 
previous work demonstrated that NOX2 inhibition reverses diabetes- induced 
endothelial dysfunction. Inhibition of RAC1, a small GTP-binding protein that 
significantly activates NOX2, was also shown to reduce endothelial dysfunction in 
response to diabetes and in human patients (12- 13) 
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In recent decades, the increase in both life expectancy and incidence of metabolic 
diseases has caused the augmented occurrence of a condition named dys-metabolic 
ageing. The connection between ageing and altered metabolism in the development of 
cognitive decline has attracted the attention of researchers in these fields. From an 
epidemiological and pathophysiological point of view, Alzheimer Disease (AD) and type-2 
diabetes (T2D) appear to be intimately connected as indicated by the higher incidence of 
cognitive impairment in diabetic patients and by the inverse relationship between 
elevated blood glucose levels and hippocampal volume. It is now established that 
nutrients impact on the structural and functional integrity of hippocampus expressing 
receptors for nutrient-related signals. Emerging evidence suggests that metabolic 
dysregulation affects cognitive function and increases the incidence of cognitive decline 
(CD). Experimental models of overnutrition and metabolic diseases (e.g., obesity and 
insulin resistance) show severe learning and memory defects. High fat diet (HFD) is the 
most commonly used experimental model of obesity and insulin resistance, almost 
completely resembling the hallmarks of metabolic syndrome identified in humans. It also 
causes detrimental effects on brain function, but the molecular mechanisms underlying 
the impact of nutrient excess on cognitive function are still poorly understood. Recent 
studies show that HFD suppresses the expression of glucose transporters (GLUTs) at the 
blood-brain, as well as in neurons, resulting in the reduction of glucose uptake, which 
represent an early step in neuronal damage. In this regard, AD was recently proposed to 
be a form of CD caused by metabolic dys-homeostasis. Intriguingly, during AD glucose 
hypometabolism precedes the appearance of clinical symptoms leading to the 
downregulation of O-GlcNAcylation, a reversible protein post-translational modification 
(PTM), which consist in the attachment of an N-acetylglucosamine moiety to serine or 
threonine residues. Interestingly, the mutual relationship with phosphorylation gives to 
this modification the ability to modulate various signalling pathways involved in neuron 
development and homeostasis. Protein O-GlcNAcylation depends on the availability of 
glucose and therefore constitutes a powerful mechanism by which cellular activities are 
regulated according to the nutritional environment of the cell. Indeed, it is modulated by 



 
 
 

 

a transferase, OGT, and a hydrolase, OGA, whose activation require energy supply and 
substrate production through the hexosamine biosynthesis pathway (HBP). Aberrant O-
GlcNAcylation is known to be implicated in several human pathologies including type-2 
diabetes and Alzheimer disease. Recent studies from our laboratory observed the 
reduction of O-GlcNAcylation in the hippocampus of an AD mouse model, supporting a 
role in controlling brain glucose utilization, mitochondrial function and the development 
of CD.  

The idea behind this project is that the homeostasis of glucose metabolism in the 
brain is necessary for the maintenance of learning and memory. Our experimental 
hypothesis is that diet-driven metabolic changes in the brain impinge on the HBP 
interfering with protein O-GlcNAcylation, which may lead to accelerated brain ageing. 
To carry-out the experimental part of the project we fed C57 mice for 6 weeks (short-
term) with HFD (60% of caloric intake from fat) and compared them with C57 fed with 
standard diet (SD). At first, we analyzed the impact of HFD on total protein O-
GlcNAcylation and on total protein phosphorylation on Ser and Thr residues. As 
expected, our results show an inverse trend between these two PTMs. Indeed, a 
significant reduction of total GlcNAc levels was coupled with the increase of 
phosphorylated residues in HFD mice. This initial finding supports the notion that HFD 
alters brain and functionality affecting protein O-GlcNAcylation/phosphorylation ratio. 
Subsequently we analyzed the levels and activity of the two enzymes regulating the O-
GlcNAcylation cycling. The analysis of OGA demonstrated no differences concerning 
expression levels and activity between HFD and SD mice, while the analysis of OGT 
demonstrated a decrease of its expression levels in HFD mice. This result is in line with 
previous studies that reported OGT alterations in dys-metabolic condition in the brain. 
In order to understand the effects of aberrant protein O-GlcNAcylation/phosphorylation 
ratio in the development of the pathological markers of AD-like dementia we analyze 
APP and tau PTMs. APP is the precursor protein of amyloid β (Aβ) peptide and its 
abnormal cleavage, by γ-secretase, may depend on phosphorylation levels. We show, in 
HFD mice, the reduction of O-GlcNAcylated APP, which promoted the increase of 
phosphorylation and conceivably the formation of Aβ. Furthermore, HFD mice show the 
reduced O-GlcNAcylation of tau protein, which makes it prone to hyperphosphorylation 
allowing the development of neurofibrillary tangles. Currently, we are analyzing the 
functionality of the HBP and the levels and activity of GFAT1, the rate-limiting enzyme 
of the pathway, to understand the molecular mechanisms that lead to reduced O-
GlcNAcylation in HFD mice. In parallel, we isolated primary astrocyte from C57 
mice and subjected these to insulin + palmitic acid (IPA) treatment for 24h. The analysis 
of total protein O-GlcNAcylation reported a reduction after IPA, as observed in HFD 
mice. We are currently characterizing astrocytes in terms of reduced glucose metabolism 
and altered HBP and subsequently we will test the ability of Thiamet G, an OGA 
inhibitor, to rescue protein O-GlcNAcylation and protect from nutrient-driven damage. 

Our data demonstrated, so far, that HFD lead to unbalanced O-
GlcNAcylation/phosphorylation ratio of total proteins and of tau and APP suggesting a 
role in tau hyperphosphorylation and in the increased production of Abeta. A reduction 
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of OGT but not of OGA protein levels is reported in the hippocampus supporting a role 
for this enzyme as a sensor for dys-metabolic conditions.   
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Tumor necrosis factor (TNF) is a pleiotropic cytokine traditionally considered a major 
actor in inflammation, however several studies have highlighted the capacity of TNF to 
exert also anti-inflammatory and immunomodulatory effects. It has been described that 
TNF promotes survival, proliferation and effector function of regulatory T cells (Treg), a 
CD4 T cell subset with immune suppressive function that constitutively express TNF 
receptor 2 (TNFR2), and can further upregulate it following activation. This occurs 
especially at the tumor site, where Tregs are expanded and activated. Notably, some 
pieces of evidence indicate that Tregs themselves are able to produce TNF and this has 
been hypothesized to support their proliferation through an autocrine loop.  
The aim of this project is to dissect the possible role of TNF production by Treg on their 
own expansion and function, especially in the tumor context, where Tregs are potentially 
more responsive to this cytokine, and where TNF have been reported to play anti-
tumoral as well as pro-tumoral functions.  
First, we tested whether Treg-derived TNF played a role in Treg proliferation in vitro: in 
this setting, in the absence of any exogenous TNF source, an anti-TNF neutralizing Ab 
was able to suppress the proliferation of Tregs at a higher extent than conventional T 
cells (Tconvs), demonstrating that the Treg culture contained TNF that was required for 
proliferation. 
Then, we analyzed the expression of TNF and TNFR2 in Tregs and Tconvs infiltrating 
murine tumors, induced by transplantation of a hepatocellular carcinoma or a colorectal 
adenocarcinoma cell line: TNFR2 and TNF were both upregulated by Tregs at the tumor 
site compared to the spleen; interestingly, these two molecules showed a mutually 
exclusive expression, suggesting the existence of two alternative states or subsets that 
either sensed or produced TNF.  
To better characterize the features of these populations, TNFR2+ and TNFR2- Tregs 
were sorted by flow cytometry from the spleens of Foxp3YFPcre mice, carrying a reporter 
fluorescent protein in Tregs. After a brief restimulation ex vivo, TNFR2+ Tregs produced 
TNF at a significantly lower level than TNFR2- Tregs and Tconvs. When polyclonally 
stimulated in vitro for 4 days, both TNFR2- and TNFR2+ were able to upregulate 



 
 
 

 

TNFR2. In particular, the increase of TNFR2 expression on TNFR2- Tregs was 
dependent on autocrine TNF, since it was blocked by the addition of a neutralizing anti-
TNF antibody, and it could also be inhibited by the co-culture with TNFR2+ Tregs that 
probably sequestered the available cytokine. According to these data, TNFR2 expression 
can be modified in vitro and thus appears as a dynamic feature; conversely, we found 
that the two subpopulations maintained their different ability to produce TNF in vitro, 
suggesting certain stability in this capacity. 
Through a flow cytometry-based analysis that allowed the concomitant assessment of 
TNF protein and TNF mRNA content, we observed that the two Treg subsets had the 
same TNF mRNA and differed only for the TNF protein levels: this finding prompted us 
to investigate the role of post-transcriptional events in inhibiting TNF translation in 
TNFR2+ Tregs. We focused our attention on miR146a, which plays important roles in 
Treg functions and has also been shown to regulate TNF mRNA in other cells: through 
flow cytometry, we could demonstrate that TNFR2+ Tregs contained significantly higher 
levels of this miRNA compared to TNFR2- Tregs and to Tconvs. Based on these results, 
we plan to investigate whether the blockade of miR146a, by means of an antagomir, can 
rescue TNF production in TNFR2+ Tregs.  
Overall these data indicate that Tregs may exist in two functional states with different 
ability to produce or sense TNF, and that internal regulatory mechanisms may dictate 
the balance between the two (Figure 1). Our next goal will be to study the proliferative 
capacity, the suppressive function, and the pro- or anti-tumor activities, of these two 
subpopulations when adoptively transferred into tumor-bearing mice.  
In summary, our data demonstrate that Tregs may utilize the TNF-TNFR2 signaling 
pathway in the regulation of their own expansion, though autocrine as well as paracrine 
events. Understanding the mechanisms governing this pathway may help the 
development of novel Treg manipulation approaches for cancer therapy.  
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The RNA-binding protein FUS is mutated in a subset of patients affected by the motor 
neuron disease Amyotrophic Lateral Sclerosis (ALS). The general goal of our project is to 
gain insights into the toxic functions acquired by mutant FUS, with a specific focus on 
the aberrant crosstalk between mutant FUS and other RNA-binding proteins (RBPs). 
We take advantage of human induced Pluripotent Stem Cells (iPSCs) carrying a 
pathogenic mutation in the FUS gene, which can be differentiated into motor neurons.    
This annual report is relative to the first six months of the project. During this period, 
we have been focused on the characterization of the molecular mechanisms underlying 
the dysregulation of a neural RNA-binding protein, HuD (also known as ELAVL4), in 
mutant FUS motor neurons (Aim 1). We have also analysed the proteome of motor 
neurons derived from FUS wild-type or mutant iPSCs (Aim 2).  
 
The Aim 1 of our proposal is to define the molecular mechanisms and functional 
consequences of mutant FUS and HuD interplay. In a previous work (De Santis et al., 
Cell Reports 2019; doi:10.1016/j.celrep.2019.05.085), we had shown mutant FUS binding 
on HuD 3’UTR. In the first six months of this project, we have gained important insights 
on the consequences of this interaction. Thanks to an ongoing collaboration with Dr. 
Pietro Fratta (UCL, London, UK) we have performed Puro-PLA, a technique that couples 
puromycylation with the proximity-ligation assay to visualize newly synthesized proteins 
and monitor their origin in situ (tom Dieck et al., Nat Methods 2015; 
doi:10.1038/nmeth.3319; Fig. 1A). Puro-PLA was performed on FUS mutant and wild-
type iPSC-derived motor neurons using and anti-HuD antibody (Fig. 1B). We found 
increased number of HuD sites of translation in mutant FUS cells (Fig. 1C), leading to 
aberrant increase of HuD protein levels (Fig. 1D). These findings have been confirmed in 
primary MNs from a FUS-ALS mouse model developed in the Fratta lab.  
 
 
 
 
 
 
 
Figure 1. (A) Schematic representation of the Puro-PLA method (tom Dieck et al., Nat Methods 2015). (B,C) 



 
 
 

 

Representative image and quantification of HuD Puro-PLA in iPSC-derived motor neurons with a FUS WT 
or mutant (P525L) genetic background. (D) Western blot analysis of HuD protein levels in the same cells. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
We are currently 

addressing a possible mechanism underlying this alteration. We hypothesize that a 
competition for HuD 3’UTR binding between mutant FUS and inhibitory RBPs exists in 
motor neurons. Thus, mutant FUS might hamper the activity of one or more RBPs that 
have the function of keeping low levels of HuD, in normal conditions, through 3’UTR 
binding and translation inhibition (at the level of initiation or elongation). An important 
functional consequence of increased HuD protein levels is upregulation of its target 
transcripts. For instance, it was previously shown that HuD, by 3’UTR binding, 
stabilizes the mRNA encoding for the neurotrophic factor NRN1 (Neuritin1, also known 
as CPG15) (Akten et al., PNAS 2011; doi: 10.1073/pnas.1104928108). We indeed found 
increased levels of NRN1 in FUS mutant motor neurons and in FUS wild-type motor 
neurons overexpressing exogenous HuD (Fig. 2A-C). Interestingly, by taking advantage 
of microfluidics devices, we found increased axon branching and arborization in FUS 
mutant motor neurons (Fig 2D-E). Also in this case, such findings have been confirmed 
in the mouse model. This phenotype might be a consequence of increased NRN1. We are 
currently addressing whether a causal link exists between FUS mutation, increased 
HuD protein, increased NRN1 and aberrant axon branching. 
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Figure 2. (A) Real-time qPCR analysis of NRN1 mRNA levels in iPSC-derived motor neurons with a FUS 
WT or mutant (P525L) background and in FUS WT cells overexpressing HuD (ELAVL4). (B) RNA-FISH 
with a NRN1 probe. (C) Western blot analysis of NRN1 protein levels. (D) iPSC-derived motor neurons 
plated into one chamber of microfluidics devices with 450 µm microgroove barrier (Xona Microfluidics) and 
stained with an anti-TUJ1 antibody (red). (E-F) Analysis of the number of branches and junctions in 
terminal axons of iPSC-derived motor neurons. 
 
The Aim 2 of our proposal is to globally assess the impact of mutant FUS on its 
interactors. We have established a collaboration with Dr. Andrea Armirotti (Analytical 
Chemistry Facility; Fondazione Istituto Italiano di Tecnologia, IIT) who has extensive 
expertise in label-free proteomics analysis by mass-spectrometry. High-resolution LC-
MS/MS analysis of the proteome of pure populations of wild-type and FUS mutant 
human motor neurons, derived from isogenic iPSCs, revealed altered expression of 
proteins involved in the cytoskeleton, among other categories (Fig. 3). 
 

 
 
Figure 3. Outline of the proteome analysis by high-resolution LC-MS/MS performed in collaboration with A. 
Armirotti (IIT). Among GO terms relative to “biological processes” significantly enriched in the 
downregulated group of proteins, we found categories related to neuron development, differentiation and 
morphogenesis, and in particular to neuron projection (e.g.  “neuron development”, “axonogenesis”, “neuron 
projection development”). Moreover, we found many terms relative to the cytoskeleton among cellular 
components. 



 
 
 

 

 
By crossing proteomics (from the current project), transcriptomics and interactomics 
(from previous work) data, we gained insights into the molecular mechanisms underlying 
deregulation of cytoskeletal proteins. In particular, differential binding of mutant FUS to 
mRNA 3’UTR correlates with altered protein levels (Fig. 4). Interestingly, a number of 
genes encoding for upregulated or downregulated proteins, and direct targets of mutant 
FUS in the 3’UTR, had been previously linked to ALS, frontotemporal dementia and 
other neurodegenerative diseases. We are currently performing validation of the effects 
on translation of mutant FUS by a reporter system in which the luciferase coding 
sequence is fused to the target 3’UTR of selected candidates. 
 
        
Figure 4. We interrogated the dataset that we have recently generated by PAR-CLIP analysis (De Santis et 
al., Cell Reports 2019; doi:10.1016/j.celrep.2019.05.085). Specifically, in that work we reported the fraction of 
the transcriptome bound by both endogenous and FLAG-tagged transgenic FUS, finding that wild-type FUS 
preferentially binds target transcripts in intronic regions, while FUSP525L is mostly associated with 3’UTRs. 
Notably, a large fraction of altered proteins is encoded by genes bound by mutant FUS only in the 3’UTR 
(216/323, 66,9%). We performed GO term enrichment analysis of this latter group of genes and noticed terms 
relative to “RNA binding” and “Protein binding” molecular functions for both upregulated and 
downregulated proteins 
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The research project aims to evaluate the therapeutic potential of tubulin 
polymerization inhibitors in the treatment of chronic myeloid leukemia (CML). 

Despite the recent progress achieved through the use of tyrosine kinase inhibitors 
(TKIs), some CML patients are still resistant to this therapeutic intervention. The 
research aims to optimize the pharmacodynamic and pharmacokinetic properties of 3-
aroyl-1,4-diarylpyrroles (ARDAPs), a new class of tubulin polymerization inhibitors, in 
order to identify one or more lead compounds with a potent anti-leukemic activity and 
improved pharmacokinetic characteristics for the treatment of those CML patients, that 
are resistant to modern TKIs. 

We designed and synthesized three new series of ARDAP derivatives (68 compounds) 
in order to explore structure-activity relationships of the phenyl rings at position 1 (ring 
A) and 4 (ring B) of the pyrrole nucleus. 

Among ARDAPs bearing a substituted phenyl ring at position 1 of the pyrrole, the 1-
(4-bromophenyl) derivative was the most potent inhibitor of tubulin polymerization with 
an IC50 of 0.66 µM and of the growth of the human MCF-7 nonmetastatic breast cancer 
epithelial cells with an IC50 of 20 nM. ARDAPs bearing a substituent at position 4 of the 
1-phenyl ring were generally superior to the corresponding 3-substituted counterparts. 
Introduction of a substituent at position 2 of the 4-phenyl ring provided tubulin 
polymerization inhibitors with IC50 values at submicromolar concentrations. The most 
potent MCF-7 cell growth inhibition correlated with the presence of a nitro group at 
position 2 of the phenyl at position 4. Among ARDAPs bearing substituents at both 1-
and 4-phenyl rings, introduction of one or two amino group(s) at position(s) 3,4 of the 
phenyl rings resulted generally in highly potent inhibitors in both biochemical and 
cellular assays; seven derivatives showed the most potent MCF-7 cell growth inhibitors 
with nanomolar IC50s. 

Molecular modelling simulations highlighted the following key contacts into the 
colchicine binding site of tubulin: (i) the trimethoxyphenyl ring establish polar contacts 
with the Cys241β side chain and hydrophobic interactions with Leu248β and Leu255β; 
(ii) the B ring is involved in hydrophobic contacts with the Lys352β side chain and π-



 
 
 

 

cation interactions with the Lys352 ε-nitrogen atom; (iii) the A ring form hydrophobic 
interactions with Met259β, Lys353β, Ala180α and Val181α. In addition, the position of 
the substituent of both the A and B rings does not affect the binding mode of the new 
ARDAPs. 

Five new ARDAPs inhibited the KU812, LAMA84-S, LAMA84-R, KBM5-WT and 
KBM5-T315I leukemic cell lines at low nanomolar concentrations and were definitely 
superior to the reference second generation TKI nilotinib (NLT) as inhibitors of the 
imatinib-resistant LAMA84-R and KBM5-T315I cells. Intriguingly, one of the tested 
compounds was uniformly effective as an inhibitor of the CML cell lines independently 
on the molecular mechanisms underlying TKI resistance. Indeed, LAMA-84R cells 
express heightened levels of Bcr/Abl protein and mRNA compared to LAMA84, whereas 
KBM5-T315I cells express a mutation in the drug binding site vs KMB5-WT. Our results 
therefore imply less risk of cross-resistance of the same compound with TKI and provide 
the basis of alternative synergistic targets for combined therapeutic strategies in CML-
resistant and -sensitive cells. Accordingly, we observed that the tested compound 
enhanced NLT-mediated cell death in both KBM5-WT and KBM5-T315I CML cells, with 
the NLT/ARDAP combination superior to NLT or ARDAP alone in increasing the 
percentage of cells in apoptosis. 

Five ARDAPs produced a dose-dependent inhibition of cell viability in glioblastoma 
T98G, U87MG and U343MG cells, in colorectal HT29, HCT116, SW480 and SW620 cells, 
and in urinary bladder T24 cells yielding low nanomolar IC50 values. 

In the T24 and ES-2 animal models, one ARDAP exhibited significant inhibition of 
cancer cell proliferation, in vivo tumorigenesis, and tumour angiogenesis. 

In conclusion, new ARDAPs were potent inhibitors of tubulin polymerization. Among 
the new derivatives, some compounds showed strong and broad-spectrum anticancer 
activity in breast carcinoma, leukemia, glioblastoma, colorectal and urinary bladder 
cancer cells. Obtained results highlight that the introduction of amino groups on both 
the 1- and 4-phenyl rings of the ARDAP scaffold is an effective strategy to obtain new 
broad-spectrum anticancer agents. We identified two robust lead compounds for the 
design of a new class of anticancer agents active in different types of solid and 
haematological tumours. These findings prompted the synthesis of new ARDAP 
analogues. 
 
 
 
 
 
 
 
 
 
 



 
RESEARCH PROJETCS . AFFILATED LABORATORIES AT SAPIENZA UNIVERSITY OF ROME 

“UNDER 45”. PROJETCS RESERVED TO UNDER 45 YEAR OLD SCIENTISTS 
 

 

 173 

Publications 
Puxeddu M, Shen H, Bai R, Coluccia A, Nalli M, Mazzoccoli C, Da Pozzo E, Cavallini C, 
Martini C, Orlando V, Biagioni S, Mazzoni C, Coluccia AML, Hamel E, Liu T, Silvestri 
R, La Regina G. Structure-activity relationship studies and in vitro and in vivo 
anticancer activity of novel 3-aroyl-1,4-diarylpyrroles against solid tumors and 
hematological malignancies. Eur J Med Chem 2020;185: e111828, doi 
10.1016/j.ejmech.2019.111828, IF 4.833. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Research Group 
Giuseppe La Regina, Antonio 
Coluccia: Researchers. 
Domiziana Masci, Valentina 
Naccarato, Michela Puxeddu: PhD 
Students. 

Collaborations 
Stefano Biagioni, Dipartimento di 
Biologia e Biotecnologie "Charles Darwin", 
Sapienza Università di Roma, Rome, Italy. 
Addolorata Maria Luce Coluccia, Polo 
Oncologico Giovanni Paolo II, Lecce, Italy. 
Claudia Martini, Dipartimento di 
Farmacia, Università di Pisa, Pisa, Italy. 
Carmela Mazzoccoli, Istituto di Ricovero 
e Cura a Carattere Scientifico (IRCCS), 
Rionero in Vulture, Italy. 
Ernest Hamel, National Institutes of 
Health, Frederick, United States. 
Andrea Brancale, Cardiff University, 
United Kingdom. 
Te Liu, Shanghai University, Shanghai, 
China. 


	copertina-2019
	PG3-CONTENTS 2019
	PG5-FOREWORD 2019
	PG7-research 2019
	PG9-LABPASTEUR 2019
	With the support of Associazione Italiana Ricerca sul Cancro (AIRC, 2020 – 2024), as well as a Fondazione Veronesi Fellowship awarded to Dr. Evelyne Tassone, we are now beginning a new and challenging project; we will investigate the potential of a ne...

	PG23-sapienza-1 2019
	PG25-sapienza-AT 2018
	Publications
	GIOVANNI CENCI
	Publications

	Publications
	Gilardini Montani MS, Santarelli R, Granato M, Gonnella R, Torrisi MR, Faggioni A, Cirone M. EBV reduces autophagy, intracellular ROS and mitochondria to impair monocyte survival and differentiation. Autophagy. 2019 Apr;15(4):652-667. IF: 11.1
	D'Orazi G, Cirone M. Mutant p53 and Cellular Stress Pathways: A Criminal Alliance That Promotes Cancer Progression. Cancers (Basel). 2019 May 2;11(5). IF: 6.102
	Romeo MA, Faggioni A, Cirone M. Could autophagy dysregulation link neurotropic viruses to Alzheimer's disease? Neural Regen Res. 2019 Sep;14(9):1503-1506. IF: 2.472
	Gilardini Montani MS, Cecere N, Granato M, Romeo MA, Falcinelli L, Ciciarelli U, D'Orazi G, Faggioni A, Cirone M. Mutant p53, Stabilized by Its Interplay with HSP90, Activates a Positive Feed-Back Loop Between NRF2 and p62 that Induces Chemo-Resistanc...
	Cirone M, Gilardini Montani MS, Granato M, Garufi A, Faggioni A, D'Orazi G. Autophagy manipulation as a strategy for efficient anticancer therapies: possible consequences. J Exp Clin Cancer Res. 2019 Jun 14;38(1):262. IF:5.646
	Montani MS, Falcinelli L, Santarelli R, Romeo MA, Granato M, Faggioni A, Cirone M. Kaposi Sarcoma Herpes Virus (KSHV) infection inhibits macrophage formation and survival by counteracting Macrophage Colony-Stimulating Factor (M-CSF)-induced increase o...
	Romeo MA, Gilardini Montani MS, Falcinelli L, Gaeta A, Nazzari C, Faggioni A, Cirone M. HHV-6B reduces autophagy and induces ER stress in primary monocytes impairing their survival and differentiation into dendritic cells. Virus Res. 2019 Nov;273:1977...
	Granato M, Gilardini Montani MS, Zompetta C, Santarelli R, Gonnella R, Romeo MA, D'Orazi G, Faggioni A, Cirone M. Quercetin Interrupts the Positive Feedback Loop Between STAT3 and IL-6, Promotes Autophagy, and Reduces ROS, Preventing EBV-Driven B Cell...
	Romeo MA, Gilardini Montani MS, Gaeta A, D'Orazi G, Faggioni A, Cirone M. HHV-6A infection dysregulates autophagy/UPR interplay increasing beta amyloid production and tau phosphorylation in astrocytoma cells as well as in primary neurons, possible mol...
	Publications

	D'ATANASIO E, TROMBETTA B, BONITO M, FINOCCHIO A, DI VITO G, SEGHIZZI M, ROMANO R, RUSSO G, PAGANOTTI GM, WATSON E, COPPA A, ANAGNOSTOU P, DUGOUJON JM, MORAL P, SELLITTO D, NOVELLETTO A, CRUCIANI F*. The peopling of the last Green Sahara revealed by h...
	FINOCCHIO A, TROMBETTA B, MESSINA F, D’ATANASIO E, AKAR N, LOUTRADIS A, MICHALODIMITRAKIS E I, CRUCIANI F* & NOVELLETTO A. A finely resolved phylogeny of Y chromosome Hg J illuminates the processes of Phoenician and Greek colonizations in the  Mediter...
	TROMBETTA B, D'ATANASIO E, CRUCIANI F*. Patterns of Inter-Chromosomal Gene Conversion on the Male-Specific Region of the Human Y Chromosome (review). Front Genet. 2017 8: 54. DOI: 10.3389/fgene.2017.00054, IF=4.151
	TROMBETTA B, CRUCIANI F*. Y chromosome palindromes and gene conversion (review). Human Genetics. 2017 136: 605-619. DOI: 10.1007/s00439-017-1777-8, IF=3.930
	Publications
	Publications

	Pichler V, Kotsakiozi P, Caputo B, Serini P, Caccone A, della Torre A (2019) Population genomics of the Asian tiger mosquito, Aedes albopictus, in Europe after 40 years from the beginning of the invasion. PLoS Neglected Tropical Diseases, 13(8): e0007...
	ELISABETTA FERRETTI
	Publications (concerning the Project)
	Other Publications
	Publications

	SIMONETTA MATTIUCCI
	Publications:
	Mattiucci S.*, Bello E., Paoletti M.,  Webb S.C., Timi J.T., Levsen A., Cipriani P. Nascetti G. (2019). Novel polymorphic microsatellite loci in Anisakis pegreffii and A. simplex (s. s.) (Nematoda: Anisakidae): implications for species recognition and...
	Bello E., Paoletti M., Webb S.C., Nascetti G., Mattiucci S.*(2020). Cross-species utility of microsatellite loci  for the genetic characterization of Anisakis berlandi (Nematoda: Anisakidae)". Parasité 10.1051/parasite/2020004. IF: 2.38

	*= corresponding Author
	ANTONIO MUSARÓ
	Publications

	Rando A, de la Torre M, Martinez-Muriana A, Zaragoza P, Musaro A, Hernández S, Navarro X, Toivonen JM, Osta R. Chemotherapeutic agent 5-fluorouracil increases survival of SOD1 mouse model of ALS. PLoS One. 2019; 14: e0210752. IF:2,77
	Forcina L, Miano C, Scicchitano BM, Musarò A. Signals from the Niche: Insights into the Role of IGF-1 and IL-6 in Modulating Skeletal Muscle Fibrosis. Cells. 2019; 8. pii: E232. IF: 5,65
	Musarò A, Dobrowolny G, Cambieri C, Onesti E, Ceccanti M, Frasca V, Pisano A, Cerbelli B, Lepore E, Ruffolo G, Cifelli P, Roseti C, Giordano C, Gori MC, Palma E, Inghilleri M. Neuromuscular magnetic stimulation counteracts muscle decline in ALS patien...
	Camerino GM, Fonzino A, Conte E, De Bellis M, Mele A, Liantonio A, Tricarico D, Tarantino N, Dobrowolny G, Musarò A, Desaphy JF, De Luca A, Pierno S. Elucidating the Contribution of Skeletal Muscle Ion Channels to Amyotrophic Lateral Sclerosis in sear...
	Ascenzi F, Barberi L, Dobrowolny G, Villa Nova Bacurau A, Nicoletti C, Rizzuto E, Rosenthal N, Scicchitano BM, Musarò A. Effects of IGF-1 isoforms on muscle growth and sarcopenia. Aging Cell. 2019; 5:e12954. IF: 7,34
	Forcina L, Miano C, Pelosi L, Musarò A. An Overview about the Biology of Skeletal Muscle Satellite Cells. Curr Genomics. 2019; 20:24-37. IF: 2,17
	Montagna C, Rizza S, Cirotti C, Maiani E, Muscaritoli M, Musarò A, Carrí MT, Ferraro E, Cecconi F, Filomeni G. nNOS/GSNOR interaction contributes to skeletal muscle differentiation and homeostasis. Cell Death Dis. 2019; 10:354. IF: 5,95
	Musarò A, Scicchitano BM. Counteracting sarcopenia: the role of IGF-1 isoforms. Aging (Albany NY). 2019; 11:3410-3411. IF: 5,51
	Lepore E, Casola I, Dobrowolny G, Musarò A. Neuromuscular Junction as an Entity of Nerve-Muscle Communication. Cells. 2019 Aug 16; 8. pii: E906. IF: 5,65
	Rizzuto E, Peruzzi B, Giudice M, Urciuoli E, Pittella E, Piuzzi E, Musarò A, Del Prete Z. Detection of the Strains Induced in Murine Tibias by Ex Vivo Uniaxial Loading with Different Sensors. Sensors (Basel). 2019; 19(23). pii: E5109. IF: 3
	Forcina L, Miano C, Scicchitano BM, Rizzuto E, Berardinelli MG, De Benedetti F, Pelosi L, Musarò A. Increased Circulating Levels of Interleukin-6 Affect the Redox Balance in Skeletal Muscle. Oxid Med Cell Longev. 2019; 2019:3018584. IF: 4,86
	LORETTA TUOSTO
	Kunkl M, Sambucci M, Ruggieri S, Amormino C, Tortorella C, Gasperini C, Battistini L, Tuosto L. CD28 autonomous signaling up-regulates c-myc expression and promotes glycolysis enabling inflammatory T cell responses in Multiple Sclerosis. Cells. 2019 J...
	KunklP PM, MastrogiovanniP PM, PorcielloP PM, CaristiP PS, MonteleoneP PE, ArcieriP PS, TuostoP PL. CD28 individual signalling up-regulates human IL-17A expression by promoting the recruitment of RelA/NF-B and STAT3 transcription factors on the proxi...
	Kunkl M, Mastrogivanni M, Porciello N, Caristi S, Monteleone E, Arcieri S, Tuosto L.  ReIA/NF-B and STAT3 transcription factors cooperate in trans-activating the human IL-17A proximal promoter in response to CD28 individual stimulation. Eur J Immunol...
	Kunkl M, Sambucci M, Ruggieri S, Amormino C, Caristi S, Gasperini C, Battistini L, Tuosto L. CD28 and associated class 1A P13K regulates the glycolytic metabolic program associated to pro-inflammatory T cell responses in Multiple Sclerosis.  Eur J Imm...
	LUCIA NENCIONI
	Publications

	DANIELE CAPRIOLI
	Publications

	MITOCHONDRIAL tRNA RELATED DISEASES: IMPLEMENTATION OF CELLULAR MODELS TO EVALUATE THE TISSUE-SPECIFIC EFFECTS AND RESCUING MECHANISMS OF THERAPEUTIC MOLECULES
	Publications

	ROBERTO DI SANTO
	Publications

	F. Saccoliti, V. N. Madia, V. Tudino, A. De Leo, L. Pescatori, A. Messore, D. De Vita, L. Scipione, R. Brun, M. Kaiser, P. Mäser, C. M. Calvet, G. K. Jennings, L. M. Podust, G. Pepe, R. Cirilli, C. Faggi, A. Di Marco, M. R. Battista, V. Summa, R. Cost...
	G. Colotti, F. Saccoliti, M. Gramiccia, T. Di Muccio, J. Prakash, S. Yadav, V.K. Dubey, G. Vistoli, T. Battista, S. Mocci, A. Fiorillo, A. Bibi, V.N. Madia, A. Messore, R. Costi, R. Di Santo, A. Ilari.  Structure-guided approach to identify a novel cl...
	LUCIA DI MARCOTULLIO
	Publications
	Lospinoso Severini L, Quaglio D, Basili I, Ghirga F, Bufalieri F, Caimano M, Balducci S, Moretti M, Romeo I, Loricchio E, Maroder M, Botta B, Mori M, Infante P, Di Marcotullio L. A Smo/Gli Multitarget Hedgehog Pathway Inhibitor Impairs Tumor Growth. C...
	IF. 6.162
	Cappabianca L, Farina AR, Di Marcotullio L, Infante P, De Simone D, Sebastiano M, Mackay AR. Discovery, characterization and potential roles of a novel NF-YAx splice variant in human neuroblastoma. J Exp Clin Cancer Res.2019Dec 5;38(1):482.doi: 10.118...
	IF. 6.127
	Bufalieri F, Infante P, Bernardi F, Caimano M, Romania P, Moretti M, Lospinoso Severini L, Talbot J, Melaiu O, Tanori M, Di Magno L, Bellavia D, Capalbo C, Puget S, De Smaele E, Canettieri G, Guardavaccaro D, Busino L, Peschiaroli A, Pazzaglia S, Gian...
	IF. 11.878
	Spiombi E, Angrisani A, Fonte S, De Feudis G, Fabretti F, Cucchi D, Izzo M, Infante P, Miele E, Po A, Di Magno L, Magliozzi R, Guardavaccaro D, Maroder M, Canettieri G, Giannini G, Ferretti E, Gulino A, Di Marcotullio L, Moretti M, De Smaele E. KCTD15...
	IF. 5.479
	Pelullo M, Nardozza F, Zema S, Quaranta R, Nicoletti C, Besharat ZM, Felli MP, Cerbelli B, d'Amati G, Palermo R, Capalbo C, Talora C, Di Marcotullio L, Giannini G, Checquolo S, Screpanti I, Bellavia D. Kras/ADAM17-Dependent Jag1-ICD Reverse Signaling ...
	IF. 8.378
	Infante P, Lospinoso Severini L, Bernardi F, Bufalieri F, Di Marcotullio L. Targeting Hedgehog Signalling through the Ubiquitylation Process: The Multiple Roles of the HECT-E3 Ligase Itch. Cells. 2019 Jan 29;8(2). pii: E98. doi: 10.3390/cells8020098..
	IF. 4.829

	D'Alessandro G, Quaglio D, Monaco L, Lauro C, Ghirga F, Ingallina C, De Martino M, Fucile S, Porzia A, Di Castro MA, Bellato F, Mastrotto F, Mori M, Infante P, Turano P, Salmaso S, Caliceti P, Di Marcotullio L, Botta B, Ghini V, Limatola C. P1PH-NMR m...
	IF. 5.111

	PG111-sapienza-2 INTRO UNDER 45 2018
	PG113-sapienza-u45 2018-2019
	DANIELA CARNEVALE
	FRANCESCO FAZI
	RESEARCH AREA: MOLECULAR GENETICS OF EUKARYOTIC
	Publications

	Masciarelli S, Capuano E, Ottone T, Divona M, Lavorgna S, Liccardo F, Śniegocka M, Travaglini S, Noguera NI, Picardi A, Petrozza V, Fatica A, Tamagnone L, Voso MT, Lo Coco F, Fazi F.  Retinoic acid synergizes with the unfolded protein response and oxi...
	FRANCESCO IMPERI
	Publications

	Lo Sciuto A, Cervoni M, Stefanelli R, Spinnato MC, Di Giamberardino A, Mancone C, Imperi F. Genetic Basis and Physiological Effects of Lipid A Hydroxylation in Pseudomonas aeruginosa PAO1. Pathogens. 2019; 8. pii: E291. IF: 3.405.
	Imperi F, Fiscarelli EV, Visaggio D, Leoni L, Visca P. Activity and Impact on Resistance Development of Two Antivirulence Fluoropyrimidine Drugs in Pseudomonas aeruginosa. Front Cell Infect Microbiol. 2019; 9:49. IF: 3.518.
	Visca P, Pisa F, Imperi F. The antimetabolite 3-bromopyruvate selectively inhibits Staphylococcus aureus. Int J Antimicrob Agents. 2019; 53:449-455. IF: 4.615.
	Rocchio S, Santorelli D, Rinaldo S, Franceschini M, Malatesta F, Imperi F, Federici L, Travaglini-Allocatelli C, Di Matteo A. Structural and functional investigation of the Small Ribosomal Subunit Biogenesis GTPase A (RsgA) from Pseudomonas aeruginosa...
	PATENT. Imperi F, Ascenzioni F, Mori M, Ghirga F, Quaglio D, Corradi S, Lo Sciuto A, Botta B, Calcaterra A, Stefanelli R. Inibitori della antibiotico-resistenza mediata da ArnT. Submission no: 102019000012888. Date: July 25PthP 2019.
	MARIA ELENA MIRANDA BANOS
	Publications

	MARCELLA VISENTINI
	RESEARCH AREA: INFECTIOUS AGENTS AND ASSOCIATED DISEASES
	Department of Translational and Precision Medicine
	marcella.visentini@uniroma1.it
	GIUSEPPE SCIUME’
	Scarno G, Pietropaolo G, Di Censo C, Peruzzi G, Sciumè G.
	Title: Assessing Phosphorylation of STAT Transcription Factors in Mouse Innate Lymphoid Cells.
	Methods in Molecular Biology. In press.
	Vian L, Le MT, Gazaniga N, Kieltyka J, Liu C, Pietropaolo G, Dell'Orso S, Brooks SR, Furumoto Y, Thomas CJ, O'Shea JJ, Sciumè G*, Gadina M*.
	*Co-last & Co-corresponding authors
	Title: JAK Inhibition Differentially Affects NK Cell and ILC1 Homeostasis.
	Front Immunol. 2019. 19;10:2972. doi: 10.3389/fimmu.2019.02972. eCollection 2019. IF:4.716.
	Scarno G, Pietropaolo G, Di Censo C, Gadina M, Santoni A, Sciumè G.
	Title: Transcriptional, Epigenetic and Pharmacological Control of JAK/STAT Pathway in NK Cells.
	Front Immunol. 2019. 10:2456. doi: 10.3389/fimmu.2019.02456. eCollection 2019. Review. IF:4.716.
	Bonanni V, Sciumè G, Santoni A, Bernardini G.
	Title: Bone Marrow NK Cells: Origin, Distinctive Features, and Requirements for Tissue Localization.
	Front Immunol. 2019. 10:1569. doi: 10.3389/fimmu.2019.01569. eCollection 2019. Review. IF:4.716.
	Sciumè G, Fionda C, Stabile H, Gismondi A, Santoni A.
	Title: Negative regulation of innate lymphoid cell responses in inflammation and cancer.
	Immunol Lett. 2019. 215:28-34. doi: 10.1016/j.imlet.2019.01.011. Review. IF:2.436
	Publications
	No publications yet, but manuscript in preparation (the title is tentative)

	Mantoni F.*, Scribani Rossi C.*, Paone A., Giardina G., Paiardini A., Cutruzzolà F., Rinaldo S. The multifaceted reactivity of the GGDEF domain: misleading behavior of the truncated proteins. Manuscript in preparation.
	SEBASTIANO SCIARRETTA
	FABIO DI DOMENICO
	SILVIA PICONESE
	Publications

	Pacella I, Piconese S.  Immunometabolic Checkpoints of Treg Dynamics: Adaptation to Microenvironmental Opportunities and Challenges. Frontiers Immunol. 2019 10:1889. IF: 5.511
	GIUSEPPE LA REGINA
	Publications

	Puxeddu M, Shen H, Bai R, Coluccia A, Nalli M, Mazzoccoli C, Da Pozzo E, Cavallini C, Martini C, Orlando V, Biagioni S, Mazzoni C, Coluccia AML, Hamel E, Liu T, Silvestri R, La Regina G. Structure-activity relationship studies and in vitro and in vivo...

	PG175-sapienza-3 INTRO TA 2019 - Copia
	PG177-sapienza-3-TA 2019
	GIOVANNI MESSINA
	ANGELO TOTO
	Publications

	Troilo F, Malagrinò F, Visconti L, Toto A, Gianni S. The Effect of Proline cis-trans Isomerization on the Folding of the C-Terminal SH2 Domain from p85. .  Int J Mol Sci. 2019 Dec 23;21(1) IF 3,687
	Toto A, Troilo F, Visconti L, Malagrinò F, Bignon C, Longhi S, Gianni S.  Binding induced folding: Lessons from the kinetics of interaction between NRTAILR and XD. Arch Biochem Biophys. 2019 Aug 15;671:255-261. IF 3,559
	Visconti L, Malagrinò F, Gianni S, Toto A. Structural characterization of an on-pathway intermediate and transition state in the folding of the N-terminal SH2 domain from SHP2. FEBS J. 2019 Dec;286(23):4769-4777. IF 4,739
	Malagrinò F, Troilo F, Bonetti D, Toto A, Gianni S. Mapping the allosteric network within a SH3 domain. Sci Rep. 2019 Jun 4;9(1):8279.. IF 4,525
	Petrosino M, Pasquo A, Novak L, Toto A, Gianni S, Mantuano E, Veneziano L, Minicozzi V, Pastore A, Puglisi R, Capriotti E, Chiaraluce R, Consalvi V. Characterization of human frataxin missense variants in cancer tissues.  Hum Mutat. 2019 Sep;40(9):140...
	Visconti L, Malagrinò F, Toto A, Gianni S. The kinetics of folding of the NSH2 domain from p85. Sci Rep. 2019 Mar 11;9(1):4058. IF 4,525
	Malagrinò F, Troilo F, Bonetti D, Toto A, Gianni S. Investigating the Molecular Basis of the Aggregation Propensity of the Pathological D76N Mutant of Beta-2 Microglobulin: Role of the Denatured State.  Int J Mol Sci. 2019 Jan 18;20(2). IF 3,687
	LUIGI FATTORE
	 Luigi Fattore, Ciro Francesco Ruggiero, Domenico Liguoro, Rita Mancini, Gennaro Ciliberto. Single Cell Analysis to Dissect Molecular Heterogeneity and Disease Evolution in Metastatic Melanoma. Cell Death Dis, 10 (11), 827 2019 Oct 31. DOI: 10.1038/s...

	PG191-RIIP intro - 2019
	PG193-sirp 2019
	GIOVANNI BERNARDINI
	Department of Molecular Medicine
	16TUgiovanni.bernardini@uniroma1.itU16T
	PETYA DIMITROVA
	Stephan Angeloff Institute of Microbiology
	16TUpetya_dimitrova@web.deU16T
	Publications
	Bernardini G, Zabel BA. Editorial: The Role of Chemoattractants in the Tumor Microenvironment. Front Immunol. 2019;10:2671.  I.F. 4.4

	DANIELA  DE BIASE
	Istituto Pasteur Italia
	Department of medico-surgical Sciences and Biotechnologies
	THEOLIS COSTA BARBOSA BESSA
	MARA RIMINUCCI
	CATHERINE LAVAZEC
	Institut Pasteur Paris
	Figure 1. Representative images of immature gametocytes of P. falciparum acquired by fluorescence microscopy after 24 hours treatment with 4% paraformaldehyde. Both Tomato Red and GFP fluorescence remained detectable after the treatment.
	Pf2004/164-tdTom immature gametocytes (7,5x10P6P) were intravenously injected into newly generated BMHM models and mice were sacrificed 10 minutes, 1 hour and 24 hours later. The ossicles were harvested, fixed with 4% paraformaldehyde for 24 hours, de...
	Publications


	PG205-PTR 2019
	Publications
	Simula L, Pacella I, Colamatteo A, Procaccini C, Cancila V, Bordi M, Tregnago C, Corrado M, Pigazzi M, Barnaba V, Tripodo C, Matarese G, Piconese S, Campello S. Drp1 Controls Effective T Cell Immune-Surveillance by Regulating T Cell Migration, Prolif...
	Piconese S, Cammarata I, Barnaba V. Viral hepatitis, inflammation, and cancer: A lesson for autoimmunity. J Autoimmun. 2018 95:58-68. IF: 7.607
	Pacella I, Cammarata I, Focaccetti C, Miacci S, Gulino A, Tripodo C, Ravà M, Barnaba V, Piconese S. Wnt3a Neutralization Enhances T-cell Responses through Indirect Mechanisms and Restrains Tumor Growth. Cancer Immunol Res. 2018 6(8):953-964. IF: 9.188
	Schinzari V, Timperi E, Pecora G, Palmucci F, Gallerano D, Grimaldi A, Covino DA, Guglielmo N, Melandro F, Manzi E, Sagnotta A, Lancellotti F, Sacco L, Chirletti P, Grazi GL, Rossi M, Barnaba V. Wnt3a/-Catenin Signaling Conditions Differentiation of...
	Pacella I, Procaccini C, Focaccetti C, Miacci S, Timperi E, Faicchia D, Severa M, Rizzo F, Coccia EM, Bonacina F, Mitro N, Norata GD, Rossetti G, Ranzani V, Pagani M, Giorda E, Wei Y, Matarese G, Barnaba V, Piconese S. Fatty acid metabolism complemen...
	Publications

	Bonanni V, Antonangeli F, Santoni A, Bernardini G.
	Title: Targeting of CXCR3 improves anti-myeloma efficacy of adoptively transferred activated natural killer cells.
	J Immunother Cancer. 2019. 7:290. doi: 10.1186/s40425-019-0751-5.
	Stabile H, Nisti P, Fionda C, Pagliara D, Gaspari S, Locatelli F, Santoni A, Gismondi A.
	Title: NK Cell Reconstitution in Paediatric Leukemic Patients after T-Cell-Depleted HLA-Haploidentical Haematopoietic Stem Cell Transplantation Followed by the Reinfusion of iCasp9-Modified Donor T Cells.
	J Clin Med. 2019. 8. pii: E1904. doi: 10.3390/jcm8111904.
	Molfetta R, Zingoni A, Santoni A, Paolini R.
	Title: Post-translational Mechanisms Regulating NK Cell Activating Receptors and Their Ligands in Cancer: Potential Targets for Therapeutic Intervention.
	Front Immunol. 2019. 10:2557. doi: 10.3389/fimmu.2019.02557.
	Soriani A, Vulpis E, Cuollo L, Santoni A, Zingoni A.
	Title: Cancer extracellular vesicles as novel regulators of NK cell response.
	Cytokine Growth Factor Rev. 2019. pii: S1359-6101(19)30136-4. doi: 10.1016/j.cytogfr.2019.11.007. Review.
	Fionda C, Stabile H, Cerboni C, Soriani A, Gismondi A, Cippitelli M, Santoni A.
	Title: Hitting More Birds with a Stone: Impact of TGF-β on ILC Activity in Cancer.
	J Clin Med. 2020. 9. pii: E143. doi: 10.3390/jcm9010143. Review
	Scarno G, Pietropaolo G, Di Censo C, Gadina M, Santoni A, Sciumè G.
	Title: Transcriptional, Epigenetic and Pharmacological Control of JAK/STAT Pathway in NK Cells.
	Front Immunol. 2019. 10:2456. doi: 10.3389/fimmu.2019.02456. eCollection 2019. Review. IF:4.716.
	Bonanni V, Sciumè G, Santoni A, Bernardini G.
	Title: Bone Marrow NK Cells: Origin, Distinctive Features, and Requirements for Tissue Localization.
	Front Immunol. 2019. 10:1569. doi: 10.3389/fimmu.2019.01569. eCollection 2019. Review. IF:4.716.
	Sciumè G, Fionda C, Stabile H, Gismondi A, Santoni A.
	Title: Negative regulation of innate lymphoid cell responses in inflammation and cancer.
	Immunol Lett. 2019. 215:28-34. doi: 10.1016/j.imlet.2019.01.011. Review. IF:2.436

	PG213-GPF 2019
	Publications
	UImbriglio T et al.U. Developmental Abnormalities in Cortical GABAergic System in Mice Lacking mGlu3 Metabotropic Glutamate Receptors FASEB J 2019, 33 (12), 14204-14220 IF 5.391.
	UD'AlessandroU G et al. P1P H-NMR Metabolomics Reveals the Glabrescione B Exacerbation of Glycolytic Metabolism Beside the Cell Growth Inhibitory Effect in Glioma Cell Commun Signal 2019, 17 (1), 108 IF 5.111.

	PG217  DS 2019
	VINCENZO BARNABA
	Publications

	Cammarata I, Martire C, Citro A, Raimondo D, Fruci D, Melaiu O, D'Oria V, Carone C, Peruzzi G, Cerboni C, Santoni A, Sidney J, Sette A, Paroli M, Caccavale R, Milanetti E, Riminucci M, Timperi E, Piconese S, Manzo A, Montecucco C, Scrivo R, Valesini G...
	Carpino G, Overi D, Melandro F, Grimaldi A, Cardinale V, Di Matteo S, Mennini G, Rossi M, Alvaro D, Barnaba V, Gaudio E, Mancone C.  Matrisome analysis of intrahepatic cholangiocarcinoma unveils a peculiar cancer-associated extracellular matrix struct...
	Piconese S, Cammarata I, Barnaba V*.  Viral hepatitis, inflammation, and cancer: A lesson for autoimmunity.  J Autoimmun 2018 Dec;95:58-68. doi: 10.1016/j.jaut.2018.10.021. Epub 2018 Oct 26. Review. IF: 7,54
	Pacella I, Cammarata I, Focaccetti C, Miacci S, Gulino A, Tripodo C, Ravà M, Barnaba V*, Piconese S. Wnt3a Neutralization Enhances T-cell Responses through Indirect Mechanisms and Restrains Tumor Growth. Cancer Immunol Res. 2018 Aug;6(8):953-964. doi:...
	Schinzari V, Timperi E, Pecora G, Palmucci F, Gallerano D, Grimaldi A, Covino DA, Guglielmo N, Melandro F, Manzi E, Sagnotta A, Lancellotti F, Sacco L, Chirletti P, Grazi GL, Rossi M, Barnaba V*. Wnt3a/β-Catenin Signaling Conditions Differentiation of...
	Pacella I, Procaccini C, Focaccetti C, Miacci S, Timperi E, Faicchia D, Severa M, Rizzo F, Coccia EM, Bonacina F, Mitro N, Norata GD, Rossetti G, Ranzani V, Pagani M, Giorda E, Wei Y, Matarese G*, Barnaba V*, Piconese S*. Fatty acid metabolism complem...
	FRANCESCA CUTRUZZOLÀ

	STEFANO GIANNI
	Publications

	ANNA TERESA PALAMARA
	Publications

	Sarshar M, Scribano D, Tranquilli G, Di Pietro M, Filardo S, Zagaglia C, Sessa R, Palamara AT, Ambrosi C.  A simple, fast and reliable scan-based technique as a novel approach to quantify intracellular bacteria.  BMC Microbiol, 2019; 19(1):252. doi: 1...
	Checconi P, Limongi D, Baldelli S, Ciriolo MR, Nencioni L, Palamara AT. Role of Glutathionylation in Infection and Inflammation.  Nutrients, 2019; 11(8). pii: E1952. doi: 10.3390/nu11081952. IF: 4.17
	Li Puma DD, Piacentini R, Leone L, Gironi K, Marcocci ME, De Chiara G, Palamara AT, Grassi C. Herpes Simplex Virus Type-1 Infection Impairs Adult Hippocampal Neurogenesis via Amyloid-Beta Protein Accumulation. Stem Cells, 2019; 37(11):1467-1480. doi: ...
	Prezioso C, Ciotti M, Obregon F, Ambroselli D, Rodio DM, Cudillo L, Gaziev J, Mele A, Nardi A, Favalli C, Arcese W, Palamara AT, Pietropaolo V. Polyomaviruses shedding in stool of patients with hematological disorders: detection analysis and study of ...
	Scribano D, Marzano V, Levi Mortera S, Sarshar M, Vernocchi P, Zagaglia C, Putignani L, Palamara AT, Ambrosi C. Insights into the Periplasmic Proteins of Acinetobacter baumannii AB5075 and the Impact of Imipenem Exposure: A Proteomic Approach. Int J M...
	Anticoli S, Amatore D, Matarrese P, De Angelis M, Palamara AT, Nencioni L, Ruggieri A. Counteraction of HCV-Induced Oxidative Stress Concurs to Establish Chronic Infection in Liver Cell Cultures. Oxid. Med. Cell Longev, 2019; 6452390. doi: 10.1155/201...
	De Chiara G, Piacentini R, Fabiani M, Mastrodonato A, Marcocci ME, Limongi D, Napoletani G, Protto V, Coluccio P, Celestino I, Li Puma DD, Grassi C, Palamara AT. Recurrent herpes simplex virus-1 infection induces hallmarks of neurodegeneration and cog...
	Limongi D, Baldelli S, Checconi P, Marcocci ME, De Chiara G, Fraternale A, Magnani M, Ciriolo MR, Palamara AT. GSH-C4 Acts as Anti-inflammatory Drug in Different Models of Canonical and Cell Autonomous Inflammation Through NF Inhibition. Front Immun...
	Ambrosi C, Sarshar M, Aprea MR, Pompilio A, Di Bonaventura G, Strati F, Pronio A, Nicoletti M, Zagaglia C, Palamara AT, Scribano D. Colonic adenoma-associated Escherichia coli express specific phenotypes. Microbes Infect, 2019; 21(7):305-312. doi: 10....
	MARCO TRIPODI
	Department of Molecular Medicine
	Publications


	PG235-trainingeducation 2019
	PG243pubblicazioni IPI 2019
	29 - F. Saccoliti, V. N. Madia, V. Tudino, A. De Leo, L. Pescatori, A. Messore, D. De Vita, L. Scipione, R. Brun, M. Kaiser, P. Mäser, C. M. Calvet, G. K. Jennings, L. M. Podust, G. Pepe, R. Cirilli, C. Faggi, A. Di Marco, M. R. Battista, V. Summa, R....
	30 - G. Colotti, F. Saccoliti, M. Gramiccia, T. Di Muccio, J. Prakash, S. Yadav, V.K. Dubey, G. Vistoli, T. Battista, S. Mocci, A. Fiorillo, A. Bibi, V.N. Madia, A. Messore, R. Costi, R. Di Santo, A. Ilari.  Structure-guided approach to identify a nov...
	33 - Infante P, Lospinoso Severini L, Bernardi F, Bufalieri F, Di Marcotullio L. Targeting Hedgehog Signalling through the Ubiquitylation Process: The Multiple Roles of the HECT-E3 Ligase Itch. Cells. 2019 Jan 29;8(2). pii: E98. doi: 10.3390/cells8020...
	IF. 4.829
	34 - Cappabianca L, Farina AR, Di Marcotullio L, Infante P, De Simone D, Sebastiano M, Mackay AR. Discovery, characterization and potential roles of a novel NF-YAx splice variant in human neuroblastoma. J Exp Clin Cancer Res.2019Dec 5;38(1):482.doi: 1...
	IF. 6.127
	35 - Bufalieri F, Infante P, Bernardi F, Caimano M, Romania P, Moretti M, Lospinoso Severini L, Talbot J, Melaiu O, Tanori M, Di Magno L, Bellavia D, Capalbo C, Puget S, De Smaele E,
	Canettieri G, Guardavaccaro D, Busino L, Peschiaroli A, Pazzaglia S, Giannini G, Melino G, Locatelli F, Gulino A, Ayrault O, Fruci D, Di Marcotullio L.
	ERAP1 promotes Hedgehog-dependent tumorigenesis by controlling USP47-mediated degradation of βTrCP.
	Nat Commun. 2019 Jul 24;10(1):3304. doi: 10.1038/s41467-019-11093-0.IF. 11.878
	37 - Spiombi E, Angrisani A, Fonte S, De Feudis G, Fabretti F, Cucchi D, Izzo M, Infante P, Miele E, Po A, Di Magno L, Magliozzi R, Guardavaccaro D, Maroder M, Canettieri G, Giannini G, Ferretti E, Gulino A, Di Marcotullio L, Moretti M, De Smaele E. K...

	55 - Romeo MA, Gilardini Montani MS, Gaeta A, D'Orazi G, Faggioni A, Cirone M. 4THHV-6A infection dysregulates autophagy/UPR interplay increasing beta amyloid production and tau phosphorylation in astrocytoma cells as well as in primary neurons, possi...
	67 - Rizzuto E, Peruzzi B, Giudice M, Urciuoli E, Pittella E, Piuzzi E, Musarò A, Del Prete Z. Detection of the Strains Induced in Murine Tibias by Ex Vivo Uniaxial Loading with Different Sensors. Sensors (Basel). 2019; 19(23). pii: E5109. IF: 3
	68 - Rando A, de la Torre M, Martinez-Muriana A, Zaragoza P, Musaro A, Hernández S, Navarro X, Toivonen JM, Osta R. Chemotherapeutic agent 5-fluorouracil increases survival of SOD1 mouse model of ALS. PLoS One. 2019; 14: e0210752. IF:2,77
	83 - Cammarata I, Martire C, Citro A, Raimondo D, Fruci D, Melaiu O, D'Oria V, Carone C, Peruzzi G, Cerboni C, Santoni A, Sidney J, Sette A, Paroli M, Caccavale R, Milanetti E, Riminucci M, Timperi E, Piconese S, Manzo A, Montecucco C, Scrivo R, Vales...
	93 - Sarshar M, Scribano D, Tranquilli G, Di Pietro M, Filardo S, Zagaglia C, Sessa R, Palamara AT, Ambrosi C.  A simple, fast and reliable scan-based technique as a novel approach to quantify intracellular bacteria.  19TBMC Microbiol, 19T2019; 19(1):...
	94 - Prezioso C, Ciotti M, Obregon F, Ambroselli D, Rodio DM, Cudillo L, Gaziev J, Mele A, Nardi A, Favalli C, Arcese W, Palamara AT, Pietropaolo V. Polyomaviruses shedding in stool of patients with hematological disorders: detection analysis and stud...
	95 - Scribano D, Marzano V, Levi Mortera S, Sarshar M, Vernocchi P, Zagaglia C, Putignani L, Palamara AT, Ambrosi C. Insights into the Periplasmic Proteins of Acinetobacter baumannii AB5075 and the Impact of Imipenem Exposure: A Proteomic Approach. In...
	96 - Limongi D, Baldelli S, Checconi P, Marcocci ME, De Chiara G, Fraternale A, Magnani M, Ciriolo MR, Palamara AT. GSH-C4 Acts as Anti-inflammatory Drug in Different Models of Canonical and Cell Autonomous Inflammation Through NF Inhibition. Front ...
	97 - Ambrosi C, Sarshar M, Aprea MR, Pompilio A, Di Bonaventura G, Strati F, Pronio A, Nicoletti M, Zagaglia C, Palamara AT, Scribano D. Colonic adenoma-associated Escherichia coli express specific phenotypes. Microbes Infect, 2019; 21(7):305-312. doi...
	98 - Troilo F, Malagrinò F, Visconti L, Toto A, Gianni S. The Effect of Proline cis-trans Isomerization on the Folding of the C-Terminal SH2 Domain from p85. .  Int J Mol Sci. 2019 Dec 23;21(1) IF 3,687
	99 - Toto A, Troilo F, Visconti L, Malagrinò F, Bignon C, Longhi S, Gianni S.  Binding induced folding: Lessons from the kinetics of interaction between NRTAILR and XD. Arch Biochem Biophys. 2019 Aug 15;671:255-261. IF 3,559
	100 - Visconti L, Malagrinò F, Gianni S, Toto A. Structural characterization of an on-pathway intermediate and transition state in the folding of the N-terminal SH2 domain from SHP2. FEBS J. 2019 Dec;286(23):4769-4777. IF 4,739
	101 - Malagrinò F, Troilo F, Bonetti D, Toto A, Gianni S. Mapping the allosteric network within a SH3 domain. Sci Rep. 2019 Jun 4;9(1):8279.. IF 4,525
	102 - Petrosino M, Pasquo A, Novak L, Toto A, Gianni S, Mantuano E, Veneziano L, Minicozzi V, Pastore A, Puglisi R, Capriotti E, Chiaraluce R, Consalvi V. Characterization of human frataxin missense variants in cancer tissues.  Hum Mutat. 2019 Sep;40(...
	103 - Visconti L, Malagrinò F, Toto A, Gianni S. The kinetics of folding of the NSH2 domain from p85. Sci Rep. 2019 Mar 11;9(1):4058. IF 4,525
	104 - Malagrinò F, Troilo F, Bonetti D, Toto A, Gianni S. Investigating the Molecular Basis of the Aggregation Propensity of the Pathological D76N Mutant of Beta-2 Microglobulin: Role of the Denatured State.  Int J Mol Sci. 2019 Jan 18;20(2). IF 3,687

	PG261-Boardsandstaff2019
	quartacopertina-2019

