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RESEARCH PROJECTS SUMMARY 

PhD Course in Molecular and Cellular Biology  

(XXXVII CYCLE – A.Y. 2021-2022) 

1. A.BARBUTI Cav-1 expression for limiting membrane stress and electrical alterations of 

cardiomyocytes of patients with caveolinopathies and mscular dystroph 

2. S. BIFFO Translational control of the immune response of tumor infiltrating lymphocytes 

3. B.BODEGA Dissecting non-coding genome function to identify novel epigenetic regulators in in T 

lymphocytes maturation 

4.  F.BRIANI Molecular characterization of disease-linked human polynucleotide phosphorylase 

(hPNPase) variants 

5. A.BUCCHI Inflammation and Sinus Node Disease 

6. C.CAMILLONI Integrative modelling of molecular recognition processes by molecular dynamics 

simulations 

7. G.CAPPELLETTI Regulation of microtubules and RNA metabolism interaction in the neuron-

astrocyte crosstalk during Parkinson’s disease 

8. E.CATTANEO Study of Huntingtin function and dysfunction in neuronal cells  

9. L.COLOMBO Genetic maternal contribution controlling seed development 

10. A.COSTA - C.BONZA Elucidation of molecular mechanisms involved in systemic signal 

11. D.DOLFINI, R.MANTOVANI Role of transcription factor NF-YA in tissue specification in mouse 

embryo development 

12. A.FANTIN Defining the molecular and cellular mechanisms by which tissue macrophages 

promote angiogenesis in neovascular diseases 

13. F.FORNARA Defining the function of rice florigenic proteins during the reproductive transition 

and inflorescence development 

14. P.GANDELLINI Functional dissection of noncoding RNAs regulating NFY transcription factor in 

human cancer 

15. L.GOURLAY Structure and functional studies of self-assembling multi-enzyme nanoparticles for 

continuous redox biocatalysis 

16. M.KATER Modifying phyllotaxis in Brassica seed crop species for yield improvement 

17. M.MAZZANTI Study of the antiproliferative effect of metformin combined to transcranial 

stimulation in glioblastoma cellular and animal models 

18. G.MESSINA Development of genetic and pharmacological approaches to cure Muscular 

Dystrophies 

19. A.MORONI- D. DIFRANCESCO Mechanisms of enzymatic control of HCN4 (funny current) channels 

in cardiac pacemaker myocytes and rhythm modulation 

20. A.MORONI, A.SAPONARO cryo-EM Structural studies of the  HCN2 channel for future terapeutical 
treatments of chronic pain 

21. M.MUZI FALCONI G quadruplex as sources of genome instability: identification and 

characterization of novel mechanisms and factors in cancer cells. 

22. M.NARDINI Integrated structural biology on transcription factors and their interaction with DNA 

23. M.PARONI Counteracting inflammation triggered by P. aeruginosa-activated lung-infiltrating 

Th1/17 cells: a novel approach for precision medicine in CF 
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24. A.PELLICIOLI Studying the functional role of PARP1 in DNA double strand breaks processing to 

target cancer cells    

25. P.PESARESI BarPLUS: improving photosynthesis in barley to increase the production of biomass 

that can be converted into biofuel 

26. A.POLISSI Breaking Gram-negative bacteria outer membrane permeability barrier as a strategy to 

develop of next generation antibacterial drugs 

27. S.RICAGNO β2-microglobulin amyloid aggregation promotes Multiple myeloma progression: 

towards the understanding of the molecular bases 

28. E. ROSSI - P.LANDINI Identification of novel bacterial virulence factors and inflammation 

determinants associated with persistent lung infections in cystic fibrosis patients 

29. T.VACCARI  New regulators of autophagy and endo-lysosomal trafficking in cell and in vivo 

models of disease 

30. F.ZAMBELLI Development and implementation of cloud-oriented bioinformatic tools and 

workflows 
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Project leader: Andrea Barbuti andrea.barbuti@unimi.it  Dept of Biosciences, the Cell Physiology MiLab 

RESEARCH PROJECT SUMMARY 

Cav-1 expression for limiting membrane stress and electrical alterations of cardiomyocytes of patients 
with caveolinopathies and muscular dystrophies 

 
Alteration in the normal expression of dystrophin and the dystrophin-sarcoglycan complex (DSG) have been 
associated with different forms of inherited muscular dystrophies (MD), involving both skeletal and cardiac 
muscles. MDs cause muscle weakness mostly due to an unbalance between contraction-dependent membrane 
damage and repair process that reseals the breaks to restore normal membrane integrity caused by alterations 
in the mechanical buffering capacity of the plasma membrane1. Excess mechanical tension can cause alterations 
in the T-tubular system, leading to detachment of T-tubules from the surface, which in turn alters the electrical 
properties of the membranes and therefore perturbs the downstream Ca2+ release and contraction processes. 
Caveolae, among other functions, represent an early-onset tension-buffering mechanism that prevent excessive 
membrane tears. Caveolae are indeed promptly recruited to the plasma membrane and are flattened following 
increases in membrane tension during cell stretch2-6. Also, patients affected by various forms of caveolinopathies 
leading to a decreased membrane expression of caveolin-3 show increased membrane fragility following 
mechanical stress7. Although literature data show that caveolin-3 is upregulated in muscles of DMD patients and 
mdx mice, induced pluripotent stem cells (hiPS)-derived cardiomyocytes from of DMD patients show decreased 
expression of caveolin-3. Moreover, our preliminary data with hiPS-cardiomyocytes from a patient affected by 
rippling muscle disease due the T78K caveolin-3 mutation, show caveolin-3 retention in the Golgi apparatus and 
decreased protein expression of Dystrophin and the DGC proteins Dysferlyn, syntrophin, dystrobrevin. An 
observation common to various type of MDs is that skeletal muscle dysfunctions usually precede cardiac muscle 
dysfunction despite the fact that the altered proteins (dystrophins or caveolins) are highly expressed in both cell 
types. An important difference between the two tissues is that in cardiomyocytes caveolin-1 is highly expressed 
and participates to caveolae formation, while in terminally differentiated myotubes caveolin-1 is not expressed. 
Our preliminary data show that the electrophysiological alterations caused by the Cav-3 T78K mutation are 
greatly mitigated in case of presence of caveolin-1.  
Our working hypothesis is that the delay in heart alterations may depend upon a higher tension buffering 
capacity of the heart compared to skeletal muscle due to partial rescue of caveolae by cav-1 expression. We 
propose to over-express caveolin-1 in cardiac cells obtained from hiPSC of patients with MDs (DMD and 
caveolinopathies) and in C2C12 cells expressing the dominant negative T78K cav3 mutation, and study the 
effects on membrane integrity and cellular excitability. The result from this project may lay the basis for a genetic 
intervention for preventing/delaying the onset of functional muscle alteration in muscular dystrophy patients. 
 

References 

1. McElhanon KE, Bhattacharya S. Altered membrane integrity in the progression of muscle diseases. Life 
sciences. 2018;192:166-17 

2. Sens P, Turner MS. Budded membrane microdomains as tension regulators. Physical review. E, Statistical, 
nonlinear, and soft matter physics. 2006;73:0319184. 

3. Sinha B, et al. Cells respond to mechanical stress by rapid disassembly of caveolae. Cell. 2011;144:402-4135. 
4. Pfeiffer ER, et al. Caveolae in ventricular myocytes are required for stretch-dependent conduction slowing. J 

Mol Cell Cardiol. 2014;76:265-2746. 
5. Corrotte M et al. Caveolae internalization repairs wounded cells and muscle fibers. eLife. 2013;2:e009267. 
6. Andrews NW et al. Damage control: Cellular mechanisms of plasma membrane repair. Trends in cell biology. 

2014;24:734-742 
7. Dewulf M et al. Dystrophy-associated caveolin-3 mutations reveal that caveolae couple il6/stat3 signaling 

with mechanosensing in human muscle cells. Nature communications. 2019;10:1974. 
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Project leader: Stefano Biffo  stefano.biffo@unimi.it  Department of Biosciences 

RESEARCH PROJECT SUMMARY 

[Single cell analysis of the translatome of tumor infiltrating lymphocytes] 

[Tumor infiltrating lymphocytes (TILs) are responsible for immune-mediated tumor rejection and as such 
have a fundamental role in immunotherapy. Their characterization by multidimensional technologies is 
important for defining new pharmacological targets of immunotherapy. It is currently known that only a 
minority of TILs is active and translating within the tumor tissue. The purpose of this project is analyzing at the 
single cell level tumor infiltrating lymphocytes combining single cell analysis technology with translational 
control, in order to discover mechanisms of posttranscriptional regulation essential for the immune response] 
 

 

Project leader:  Beatrice Bodega beatrice.bodega@unimi.it  Department of Biosciences  

 

RESEARCH PROJECT SUMMARY 

Dissecting non-coding genome function to identify novel epigenetic regulators in T lymphocytes maturation 

 

Transposable Elements (TEs) are mobile DNA repetitive elements that have widely colonized the human 

genome; nowadays they are emerging as key epigenetic molecules involved in cell identity and tissue-specific 

regulation 1.  

The current project aims to understand the impact of TEs on the fine-tuning of transcriptional programs in health 

and disease. We have investigated TEs role in human T lymphocytes, finding that chromatin RNAs of LINE1, the 

most represented class of TEs, regulate human T lymphocytes function. Briefly, sequencing of chromatin-

associated RNAs that in complex with Nucleolin and KAP1 act in modulating the transcription of T cell genes. We 

demonstrated that T-cells depleted of LINE1 RNAs increase their effector response and that LINE1 RNAs 

chromatin accumulation is inversely associated with a productive T cell effector function. These results are 

included in a manuscript that is under revision at Nature Genetics.  

It is the aim of the lab to finely dissect epigenetic mechanisms mediated by TEs at chromatin in regulating 

immune response in several contexts, as immune system maturation. Neonates’ immune system is considered 

as “immature” as it is tailored to tolerance and immune suppression as a consequence of life in utero, with a 

prevalence of naïve (non-antigen experienced) T cells 2,3; indeed infections account for 36% of neonatal deaths 

worldwide 4, and for those who survive, severe infections can alter immune system responsiveness, increasing 

the risk for autoimmune disease  and malignancies.  

We have preliminary data showing that LINE1 RNAs content increase over CD4+ T cells maturation and this co-

occurs with an age-specific chromatin architecture reorganization of these cells (histone marks content and 

chromatin 3D organization). 

  To this purpose, we will use integrated multi-omics and custom based approaches (chromatin RNA-seq, 

custom chromosome conformation capturing sequencing, ChIP-seq) to dissect TEs RNAs action at chromatin 

performing a deep epigenetic characterization of TEs chromatin states, their three-dimensional genome 

organization. This new knowledge on DNA repeats in T-cells could add important information of TEs function in 

the human genome plasticity and represent a fertile ground for translational research that should identify novel 

immunotherapeutic targets. 

 

 

mailto:stefano.biffo@unimi.it
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Project leader: Federica Briani (federica.briani@unimi.it)  Department of Biosciences 

RESEARCH PROJECT SUMMARY 

Molecular characterization of disease-linked human polynucleotide phosphorylase (hPNPase) variants  

Polynucleotide phosphorylase (PNPase) is a protein conserved from bacteria to humans. In human cells, 

hPNPase is localized within the mitochondria. It has recently been discovered that missense mutations in PNPT1, 

i.e. the hPNPase encoding gene, are the source of family diseases with a very variable spectrum of severity and 

symptoms, ranging from deafness with adult onset to very serious multisystem diseases leading to death in early 

childhood. Although the heterogeneity of clinical manifestations is a common feature of diseases due to 

mitochondrial malfunction, diverse defects at the molecular level in hPNPase pathological variants could also 

contribute to this heterogeneity. This project aims to study the activity of some hPNPase variants identified in 

patients with different diseases in order to correlate, if possible, the hPNPase molecular defects caused by 

different mutations with the severity of the pathological conditions that occur in the patients. The PhD student 

enrolled for the project will construct and characterize E. coli strains and human cell lines expressing disease-

linked hPNPase variants to characterize their activity on RNA and DNA in both bacterial and human cells and 

their impact on mitochondrial stability in human cells. This project will provide a better understanding of the 

molecular mechanisms underlying hPNPase-dependent diseases, which are currently poorly understood and will 

allow the development of assays and models that could be applied to the characterization of other already 

known or new pathological variants of hPNPase. 

 

Project leader: Annalisa Bucchi annalisa.bucchi@unimi.it   Department of Biosciences 

 

RESEARCH PROJECT SUMMARY 

 

Inflammation and Sinus Node Disease 
 

The role of the inflammatory response in the progression of cardiovascular diseases is currently a “cutting edge” 
field in clinical and basic research also due to the recently established association between cardiovascular 
complications, including sinus node disease (SND), and inflammation associated with COVID-19. A variety of 
studies have shown that PAMP (Pathogen Associated Molecular Patterns), DAMP (damage associated molecular 
patterns) and cytokines can affect the activity of the working myocardium (atrial and ventricular cells) by 
activating intracellular pathways that directly regulate the function of these cells. So far, few studies have 
evaluated the impact of inflammation on the activity of the sinoatrial node, the natural pacemaker of the heart; 
with this study we aim to investigate new pathways involved in the pro-inflammatory mediators-induced heart 
rhythm disturbances.  
 

mailto:federica.briani@unimi.it
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Project leader: Carlo Camilloni carlo.camilloni@unimi.it Department of Biosciences 

RESEARCH PROJECT SUMMARY 

Integrative modelling of molecular recognition processes by molecular dynamics simulations 

Most biological processes at the molecular level happen as a consequence of the specific interaction 
between proteins or between proteins and nucleic acids. From protein folding to the self-assembly of 
molecular machines and protein aggregates to the regulation of the transcription of proteins and the delivery 
of messages through cells these interactions are determined by the structure and the dynamics of the 
biomolecules involved. Molecular dynamics simulations are a key tool to look into the details of molecular 
interactions and shed light on the determinants of molecular recognition at the microscopic level. Nonetheless 
simulations alone are not always accurate enough to capture quantitatively the complex behavior of 
biomolecules. Recently, we have contributed to develop methodologies for the integration of experimental 
data like those acquired by Nuclear Magnetic and SAXS in molecular dynamics simulations in order to increase 
the accuracy and the predictive power of the resulting models.  

The goal of the present project is to apply and further develop integrative modelling methodologies to 
understand the role of conformational flexibility in protein-protein and protein-DNA interactions with a focus 
on three relevant processes: 1) the self-assembly of proteins into amyloid fibrils to shed light on the 
determinants of protein aggregation with a focus on protein related to systemic amyloidosis; 2) the role of 
dynamics in the elongation of poly-ubiquitin chains and the consequences for their signaling pathways; 3) the 
role of specific and unspecific interaction sites in the case of transcription factors and their effect on the 
geometry of DNA and the recruitment of other transcription factors. We will make use of multiple available 
experimental data like SAXS, mass-spectroscopy and Cryo-EM and of multi-scale simulation approaches to 
allow the accurate modelling of large systems. All projects will be in collaboration with researchers in Italy and 
abroad. 

 
 
 
 

mailto:carlo.camilloni@unimi.it


7 
 

Project leader: Graziella Cappelletti    graziella.cappelletti@unimi.it  Department of Biosciences 

RESEARCH PROJECT 

Regulation of microtubules and RNA metabolism interaction in the neuron-astrocyte crosstalk during 

Parkinson’s Disease 

Parkinson’s Disease (PD) is the second most widespread neurodegenerative disease with several pathological 

features including dopaminergic (DA) neuron loss in the substantia nigra pars compacta. The presence of α-

synuclein aggregation is the key neuropathological hallmark and there is emerging evidence that microtubule 

alterations can contribute to α-synuclein accumulation in PD.  

Post-transcriptional regulation affects several aspects of RNA metabolism, including regulation of RNA 

stability and translation. Interestingly, α-synuclein interacts with RNA binding proteins (RBPs), the effectors of 

post-transcriptional regulation. During stress and disease, RPBs can sequester RNAs and form Stress Granules 

(SGs). However, the contribution of SG formation to PD is still unclear. 

We hypothesize that alterations in microtubules and SG interactions can contribute to pathogenesis in PD. We 

will test this hypothesis and focus on DA neurons and glial cells, including astrocytes that are affected and 

actively contribute to the disease. The project will have three aims: i) unravel how microtubules and its 

modifications can contribute to α-synuclein aggregation in DA neurons and astrocytes; ii) identify the role of 

SGs in astrocyte and DA neuron response in PD; iii) manipulate microtubules and SG interaction in astrocytes 

to rescue neuropathological alterations in PD. To test our hypothesis, we will perform in vivo and in vitro 

experiments on models of PD. We will combine state-of-the-art molecular biology tools including Cross-linking 

and Immunoprecipitation (CLIP) and multiplexed In Situ RNA detection with neuron-astrocyte cultures and 

confocal and high content imaging. We will validate interesting targets on in vivo PD models and PD patient 

brain samples. This project will open and define a novel and as yet unexplored field of research. We will show 

that manipulating microtubules and SG crosstalk will modify pathophysiological hallmarks of PD. 

 

 

Project leader: Elena Cattaneo  elena.cattaneo@unimi.it 

Co-Tutor: Chiara Zuccato  chiara.zuccato@unimi.it  

Department of Biosciences 

RESEARCH PROJECT SUMMARY 

Study of Huntingtin function and dysfunction in neuronal cells 

Huntington's disease (HD) is an inherited disease caused by an expansion of CAG repeats in the huntingtin (Htt) 

gene that causes striatal and cortical neurodegeneration. Normal Htt has ubiquitous cellular localization and 

adult functional pleiotropism, while mutant Htt (mHtt) appears to be selective in its effects and localization of 

these effects, conferring a toxic gain-of-function phenotype in striatal and cortical neurons. Furthermore, HD is 

characterized by a differential vulnerability of specific neurons within the striatum, where the MSN middle spiny 

neurons in the indirect path are affected earlier than MSNs in the direct path. In the cortex, the large pyramidal 

projection neurons in the cortical layers V, VI are the most vulnerable. What is poorly understood is in which 

neuronal district exactly the pathology begins (i.e. in the cortex or striatum) and how the different neurons and 

neuronal sub-compartments participate in the progression of the pathology.  

mailto:graziella.cappelletti@unimi.it
mailto:elena.cattaneo@unimi.it
mailto:chiara.zuccato@unimi.it


8 
 

Here we aim to study the molecular basis of HD pathology by focusing on the most affected neurons, namely 

the striatal and cortical neurons. We will generate neuronal cultures from stem cells or primary tissue from mice 

carrying the HD gene. The effect of the mutant gene on the maturation and functionality of cortical and striatal 

neurons will be analyzed by molecular, biochemical and functional assays. Cortical and striatal neurons will also 

be combined to study the effect of mutant Htt toxicity at cortico-striatal synapses. Experimental manipulation 

of Htt molecular targets at the presynapse will allow to measure the consequences on the transport and release 

of synaptic vesicles from cortical axons. The project will reveal whether the pathogenesis of HD can be 

counteracted by therapeutic approaches directed at the cortex and based on pre-synaptic modulation.  

 

Project leader: Lucia Colombo  lucia.colombo@unimi.it Department of Biosciences 

Genetic maternal contribution controlling seed development 

Seed represent one of the biggest steps forward in the evolution of reproductive strategies in plants. The seed 
is formed from the ovule and is composed of three different structures: the embryo and the endosperm which 
derive from the double fertilization process and the seed coat which differentiate from the maternal ovule 
integuments. These three seed components have to differentiate in a coordinate manner allowing proper seed 
development. 

Transcription factors belonging to the MADS-box and ARF family have shown to be of pivotal importance to 
control differentiation of the seed coat which plays important functions. In the seed coat different flavonoids, 
in particular proanthocyanidins (PAs), accumulate and are responsible to protect the embryo from UV-light. 
MADS and ARF transcription factors also control the accumulation of mucilage that facilitates the germination 
of the seeds 

The project will focus on the role of selected MADS-box and ARF factors in controlling seed coat differentiation 
and communication among the three seed components. 
Cutting edge molecular techniques will be used such as single cell transcriptome analysis and CRISPR-Cas9 
mediated knock-in technologies. Mutants will be characterized by advanced microscopy techniques to fully 
understand the role of single/multiple TFs. The objectives of the project will be to unveil the complex genetic, 
epigenetic and molecular network controlling seed coat development and its role in proper embryo and 
endosperm development. 
 

Project leaders:  Alex Costa    alex.costa@unimi.it 

             Maria Cristina Bonza   cristina.bonza@unimi.it 

Department of Biosciences 

RESEARCH PROJECT SUMMARY 

Elucidation of molecular mechanisms involved in systemic signal propagation upon wounding and herbivory 

attack in plants 

Plants, being sessile organisms, must deal with unfavorable environmental cues whenever they happen. 

Interaction with herbivores, especially the generalist insects of the order Lepidoptera, is one of the major biotic 

stress that causes crop loss. During herbivore attack, both mechanical damage and recognition of specific 

elicitors in insect saliva trigger plant defense response. However, how plants coordinate cellular activities to 

generate defense barriers is still largely unknown.  

Sensing of stresses by a single leaf of a plant results in the activation of different signals that reach distal tissues 

within minutes and trigger systemic acquired acclimation (SAA) or systemic wound responses (SWR) leading to 

a heightened state of stress readiness of the entire plant. Among different signals associated with the 

mailto:lucia.colombo@unimi.it
mailto:alex.costa@unimi.it
mailto:cristina.bonza@unimi.it
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propagation of rapid systemic signals in response to different stress are Calcium (Ca2+), Reactive Oxygen Species 

(ROS) and stress hormones like jasmonates (JAs). How precisely Ca2+, ROS and JAs interact in long-distance 

signaling is not clear, but it is becoming apparent that this rapid systemic signaling is pivotal to integrate whole-

plant responses.  

Of interest is the evidence that JA is synthesized in chloroplasts and peroxisomes which are both sites of ROS 

production. We recently demonstrated that, in response to wounding, a Ca2+ increase occurs both in the cytosol 

and in the endoplasmic reticulum, thus, introducing an additional layer of complexity in the rapid long-range 

signaling in plants. We now wonder if other subcellular compartments, such as chloroplasts and peroxisomes, 

can experience Ca2+ transients in local and systemic tissues in response to wounding or herbivory attack, and if 

this is so if it is linked with JA synthesis.  

The overarching objective of this PhD project is to decipher the molecular mechanisms involved in rapid systemic 
signaling in response to wounding and herbivore attack.  

By using Arabidopsis thaliana and Lycopersicon esculentum (cv Micro-Tom) as model systems, the PhD student 

will study how plants organs communicate and mount SAA and SWR in plants subjected to mechanical wounding 

or herbivory attack. The PhD student will develop new Ca2+ reporter lines, both in Arabidopsis and Micro-tom 

plants, for the simultaneous live imaging in different compartments and will select Arabidopsis and Micro-Tom 

(by CRISPR-Cas9) mutants impaired in intracellular Ca2+ transport. Expression analyses of JA and ROS markers 

genes (e.g. JAZ10 and ZAT12) will be evaluated in wild type and mutant plants in response to SAA and SWR.  

A combination of genetic engineering, reverse genetic approaches, high-end imaging will be employed to 

identify and characterize key players in the generation, transmission, and decoding of rapid signals.  

 

Project leader: Diletta Dolfini diletta.dolfini@unimi.it Department of Biosciences 

RESEARCH PROJECT SUMMARY 

Role of transcription factor NF-YA in tissue specification in mouse embryo development 

Following the formation of a zygote by the two gametes, the transcriptional program of the new individual 
is progressively installed, termed Zygotic Transcriptional Activation -ZTA. This is coincident with multiple rounds 
of cell duplications to form the blastocyst. At the heart of these processes are Transcription Factors -TFs- the 
driving force to activate novel waves of gene expression. Mouse Embryonic Stem Cells -mESCs- recapitulate well 
gene regulation features and the epigenetic modifications involved in the maintenance of totipotency and 
differentiation to precursors of the original embryo germ layers. 

This Project is focused on NF-Y, a trimeric TF binding to the CCAAT element, invariably important for gene 
activation [1,2]; it is composed of three subunits, two with histone-like features, NF-YB/NF-YC, and the 
regulatory NF-YA, conferring sequence-specificity to the complex. NF-YA comes in two major isoforms, NF-YAs 
and NF-YAl, produced by alternative splicing of exon 3. The expansion of the stem cells compartment(s) has been 
associated to NF-YAs (NF-YA-short) [3,4], and we have preliminary data indicating that NF-YAl (NF-YA-long) is 
involved in early differentiation process of mesendoderm layer. In fact, eliminating NF-YAl by genome editing in 
mESCs prevents correct differentiation of Embryoid Bodies (EBs), notably mesoderm formation; analysis of 
conditional NF-YA KO mice in myocytes confirm the importance in formation of myotubes [5] and adult muscle 
regeneration.  

The aim of the project is to investigate the mechanistic role of NF-YAl isoform in differentiation process 

of mouse ES cells. We will specifically delete with CRISPR/Cas9 technology the extra 28 aminoacids of NF-YAl 

coded by Exon 3 in mES cells that express reporter genes under the control of mesoderm-related genes 

promoters and examine the biological behavior of cells forced for the expression of NF-YAs monitoring the 

different cell population during EBs formation process. In addition, we will define the role of the alternative 

mailto:diletta.dolfini@unimi.it
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splicing isoforms of the NF-YA subunit in the control of differentiation to form cardiomyocytes in vitro. Then, 

we will rescue the expression of the long isoform with inducible system, in order to restore the formation of 

mesendoderm population. We expect to gain a full understanding of the NF-YA-driven molecular mechanisms 

that lead to mesendodermal differentiation or to the expansion of the stem cells pools. 
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Bolognesi M., Mantovani R. Cell, 152, 132-143 (2013). 

2) Dolfini D. and Mantovani R. Targeting the Y/CCAAT box in cancer: YB-1 or NF-Y? Cell Death and 
Differentiation, 20, 676-685 (2013). 

3) Dolfini D, Minuzzo M, Pavesi G, Mantovani R. Stem Cells. 30, 2450-9 (2012).  

4) Oldfield AJ, Yang P, Conway AE, Cinghu S, Freudenberg JM, Yellaboina S, Jothi R. Mol Cell. 55:708-22 
(2014). 

5) Libetti D, Bernardini A, Sertic S, Messina G, Dolfini D, Mantovani R. Cells. 24;9(3):789 (2020). 
 

 

 Project leader: Alessandro Fantin  alessandro.fantin@unimi.it  Department of Biosciences  

 

RESEARCH PROJECT SUMMARY 

Defining the molecular and cellular mechanisms by which tissue macrophages promote angiogenesis in 

neovascular diseases 

The formation of blood vasculature (angiogenesis) is a physiological process during development and we 

previously unveiled that tissue-resident macrophages interact with nascent blood vessel sprouts to promote 

vessel fusion (anastomosis) during mouse and zebrafish development (Fantin et al., Blood 2010, PMID: 

20404134). However, angiogenesis can be stimulated following injury and be detrimental during certain 

diseases, such as solid tumors and neovascular eye diseases. Instead, the formation of new vessel circuits can 

compensate for the lack of blood flow following ischemia. Macrophages have been implicated in these 

neovascular processes, still the molecular mechanisms involved in macrophage-promoted angiogenesis remain 

mostly unclear (e.g. Liyanage et al., Arter Thromb Vasc Biol 2016, PMID: 26603154).  

Our preliminary data show that tissue macrophages in the developing mouse brain express the insulin like 

growth factor Igf1 and are required for IGF1 signaling. Notably, we found Igf1 mRNA to be upregulated during 

oxygen-induced retinopathy (OIR), a model of neovascular eye disease in which macrophages are essential for 

the formation of neovascular lesions, and following hindlimb ischemia (HLI), in which macrophages can promote 

flow recovery. IGF1 signaling has previously been suggested to promote angiogenesis; however, it is unclear 

whether macrophages modulate angiogenesis by secreting IGF1 to promote blood vessel anastomosis.  

One aim of this project will be to elucidate the role of macrophage-derived IGF1 during blood vessel anastomosis 

using microfluidic devices for 3D cultures complemented by genetic manipulation in zebrafish and mouse 

development, as models of stereotyped angiogenesis, as well as more complex disease models, such as tumors, 

OIR and HLI in the mouse. The other aim will be to combine flow cytometry and transcriptomic profiling with 

functional studies to identify the full pro-angiogenic gene expression signature of tissue macrophages and define 

the relevant signaling pathways that are activated by macrophages in ECs during angiogenesis in health and 

disease.  

Recapitulating, the overall goal of this project is to reveal novel molecular and cellular mechanisms by which 

macrophages promote angiogenesis in neovascular diseases and will provide for the first time a systematic 

investigation of macrophage function in both development and disease settings from a vascular perspective. 
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The completion of this proposal will deliver innovative knowledge that will help exploit macrophage biology to 

devise efficient strategies to therapeutically 

 

Project leader: Fabio Fornara  fabio.fornara@unimi.it Department of Biosciences 

 

RESEARCH PROJECT SUMMARY 

Defining the function of rice florigenic proteins during the reproductive transition and inflorescence 

development 

Plants flower when external conditions are optimal, in response to several cues, including changes in day length 

and temperature. 

Florigens are small soluble proteins belonging to the phosphatidyl ethanolamine binding protein family. In 

angiosperms, they are produced in leaves upon plant exposure to favourable environmental conditions. They 

are loaded into the phloem and travel to the shoot apical meristem, where they induce flowering by activating 

expression of inflorescence identity genes. The molecular function of the florigens is carried out in a molecular 

complex containing 14-3-3 proteins and transcription factors of the bZIP family, called Florigen Activation 

Complex (FAC). The FAC model accounts for most of the transcriptional activity of the florigens, however, it has 

been proposed that florigens could bind ligands, possibly phospholipids, to perform their functions. 

The candidate will use rice as model system, and FLOWERING LOCUS T LIKE 1 (FT-L1) as model florigen to identify 

the metabolites contacting the florigen and assess the functional relevance of the interaction in planta. 

Firstly, a metabolic screen will be carried out, using FT-L1-tagged rice lines already available in the lab as baits, 

with which it will be possible to bind and extract different metabolic fractions. External collaborators will identify 

the metabolites by mass spectrometry. The list will be further refined and validated using in vitro and in silico 

approaches. The validated molecules will be modelled on the available crystal structure of FT-L1 or other 

florigens, to identify the most likely binding interface. Finally, we will use a prime editing approach, already 

implemented in the lab, to modify specific aminoacids to prevent ligand binding, thus assessing its requirement 

for florigen activity and plant flowering in vivo. 

 

 

Project leader: Paolo Gandellini  paolo.gandellini@unimi.it Department of Biosciences 

RESEARCH PROJECT SUMMARY 

Functional dissection of noncoding RNAs regulating NFY transcription factor in human cancer 

Cancer is the second leading cause of death worldwide. Despite the considerable steps forward made in research 

and therapy, treatment failure remains a critical challenge. Preliminary to the development of novel therapeutic 

approaches is the identification of new relevant cancer-related targets. In this regard, researchers have so far 

mainly focused on protein coding genes. However, the vast majority of the human genome (up to 98%) is 

transcribed into functional RNAs that do not code for proteins. Such noncoding RNAs (ncRNAs), including 

microRNAs (miRNAs)1 and long ncRNAs (lncRNAs)2, have been recognized as master regulators of gene 

expression in a wide range of biological processes, operating at any step from transcription to RNA maturation 

and translation. In the last years, research in this field has made extraordinary progress in the knowledge of how 

aberrations in ncRNA expression/function may affect normal levels of oncogenes and tumor suppressor genes, 

thus driving fundamental cancer phenotypes1,2. Notably, emerging evidence suggests that ncRNAs can be 

potentially targeted by small molecules, a feature that makes them ideal entities to therapeutically modulate 

processes linked to undruggable protein targets3. Nevertheless, the regulatory functions of several ncRNAs are 
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still completely unknown, thus providing a rich environment for the discovery of novel biologically functional 

entities. NFY is a trimeric transcription factor that orchestrates key transcriptional changes in pathways that are 

widely deregulated in tumors4. Different layers of regulation were shown to tune NFY expression, including 

alternative splicing and post-translational control of protein stability. Post-transcriptional mechanisms have 

been instead poorly investigated, especially with regard to the role of ncRNAs.  

The overarching goal of the proposal is to help elucidate the relevance of ncRNA-mediated regulation of NFY in 

human cancer. Specifically, we aim at i) providing a systematic analysis of the repertoire of miRNAs targeting 

NFY subunits, upon preliminary characterization of their 3’ UTR landscape in cancer cells, and ii) dissecting for 

the first time the function of NFYC-AS1, an antisense RNA transcribed from the bidirectional promoter of NFYC, 

with particular emphasis on prostate and lung cancers. The nature as antisense transcript along with the lack of 

identified protein product suggest NFYC-AS1 to be a lncRNA. Approaches include analysis of publicly available 

and in-house RNA-seq data from human tumors and cells; functional analysis of cancer-relevant ncRNAs using 

antisense oligonucleotides, miRNA mimics, CRISPR/Cas9-based editing; cell and molecular biology techniques to 

assess phenotypes arising from ncRNA manipulation in cancer cells, using well established protocols5. Overall 

the project should lead to a more exhaustive characterization of the ncRNA-based mechanisms regulating NFY 

expression, with an eye on their role in tumorigenesis and the ultimate goal of identifying new targets for 

anticancer therapy. 
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Project leader: Michele Mazzanti  michele.mazzanti@unimi.it   Department of Biosciences  

 

RESEARCH PROJECT SUMMARY 

Study of the antiproliferative effect of metformin combined to transcranial stimulation in glioblastoma 

cellular and animal models 

In the last decades, our laboratory focused its attention on tumour physiology, particularly on glioblastoma. Due 

to its severity, glioblastoma remains incurable and new therapeutic strategies are urgently needed. We recently 

demonstrated the unique localization of transmembrane CLIC1 protein (tmCLIC1) in glioblastoma stem cells 

(GSCs), a small subset of the tumour mass considered responsible for tumour resistance and relapse. tmCLIC1 is 

functionally expressed in the plasma membrane as an ion channel, supporting GSCs proliferation [1, 2]. On the 

contrary, in healthy cells CLIC1 is mostly cytosolic, suggesting tmCLIC1 as a promising pharmacological target for 

glioblastoma.  

Our previous studies identified tmCLIC1 as a target for the antidiabetic drug metformin [3]. Metformin works as 

an open channel inhibitor, binding tmCLIC1 inside the pore. However, metformin impairs GSCs proliferation in 

a millimolar range, a concentration unattainable in the brain upon metformin oral administration.  

The goal of this project is to decrease metformin’s working concentration, enhancing its action on tmCLIC1. 

tmCLIC1 is a voltage dependent channel, increasing its open probability upon depolarization. Our working 
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hypothesis envision the possibility that repetitive membrane potential oscillations are able to increase tmCLIC1 

open channel time and thus the available metformin binding sites. This approach is supported by strong in vitro 

preliminary data on human GSCs and in vivo in glioblastoma mouse models, in which glioblastoma cells were 

repetitively depolarized through optogenetics tools.  

Our translational strategy to glioblastoma patients will be to mimic optogenetic-induced depolarization. 

Therefore, we propose electromagnetic stimulation in combination with metformin administration. The strategy 

known in vivo as transcranial stimulation should enhance metformin's action causing an impairment of tumour 

growth, representing a potential adjuvant approach to face glioblastoma.  

The graduate student will be involved in the investigation of metformin’s antiproliferative effect enhancement 

by inducing membrane potential oscillations. The research will imply the production of CLIC1 KO cancer stem 

cells through the utilization of the Crispr-CAS9 technique, cell biology, molecular and  cell biology, molecular and 

electrophysiological experimental procedures.  

 

References 
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Project leader: Louise Gourlay  louise.gourlay@unimi.it   Department of Biosciences 

 

RESEARCH PROJECT SUMMARY 

Structure and functional studies of self-assembling multi-enzyme nanoparticles for continuous redox 

biocatalysis 

Biocatalysis is an attractive alternative to conventional chemical-based industrial processes; enzymes 

require less extreme experimental conditions and a lower amounts of organic solvents, rendering their use more 

ecological and cost effective. However, enzymes are more challenging to work with than conventional chemicals, 

especially in terms of stability and productivity, therefore the repertoire of enzymes actually employed in 

industrial biocatalysis is currently limited.  

In the context of collaboration with Prof. Romano (DEFENS, Unimi), we solved the crystal structure of a 

benzil reductase enzyme from Pichia glucozyma (Kred1), as a potential biocatalyst in organic chemistry 

processes (1). Kred1 exhibits atypical stereoselectivity in the monoreduction of voluminous, pharmaceutically-

relevant aromatic 1,2-dicarbonyls (1). The Kred1 crystal structure revealed the structural bases of its substrate 

stereoselectivity, and combined with in silico molecular dynamics, a mechanism was proposed for the reaction 

(1).  

Scaling up the use of Kred1 is challenging due to its requirement for NADPH, which is extremely expensive. 

To address this issue, Kred1 was immobilised (together with a glucose dehydrogenase (GDH), for cofactor 

recycling) and used in flow chemistry reactors, leading to highly productive, continuous bioreduction processes 

(2-3).  

We aim to optimise the large-scale use of Kred1 and GDH by adopting a Protein-based nanoparticle (PNP) 

strategy to encapsulate and mechanistically couple the activities of Kred1 and GDH (from Bacillus megaterium), 

inside the Salmonella bacteriophage P22 capsid, selected as a scaffold due to its size and facile production in 

Escherichia coli. PNPs are self-assembling protein particles that form large spherical particles with hollow 

interiors, such as ferritin, viral capsids and the pyruvate dehydrogenase complex that lend themselves for the 

apt encapsulation or presentation of a variety of molecules within their interiors or on their exteriors (5-6). P22 

adopts an icosahedral (T=7) capsid with a diameter of 60 nm comprising 420 copies of an outer coat-protein (CP) 

and approx. 300 copies of an inner scaffold protein (SP), to which both enzymes will be genetically fused and 
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thus produced in equally numerous copies.  

The PhD project will largely focus on the production and structure-function characterization of the PNPs 

via Cryo-electron microscopy. With regards to functional aspects, P22 fusions will be transferred to collaborating 

groups (DEFENS & DISFARM) for functional assays and implementation in a continuous flow set-up, and used to 

synthesize, as proof-of-principle, a series of enantiomerically pure, pharmaceutically relevant alcohols that are 

important intermediates in the synthesis of two human drugs. 
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Project leader: Martin Kater martin.kater@unimi.it Department of Biosciences 

RESEARCH PROJECT SUMMARY 

Modifying phyllotaxis in Brassica seed crop species for yield improvement 

Many Brassica species, like B. napus, are grown for their seeds which are a source for vegetable oils that are 

used as food, feed and biofuels. The number of seeds that a plant produces is directly linked to the number of 

flowers that develop from an inflorescence. Flowers develop on inflorescences with a very precise pattern 

which we call phyllotaxis. A good example is the formation of flowers following the Fibonacci  sequence, which 

results in flowers arising from the inflorescence axis with a fixed “Golden” angle of 137,5°.  

In our lab we are for many years studying the molecular mechanisms that control the formation and identity 

determination of floral meristems, a stem cell niche from which the floral organs develop.  

In this project the PhD student will study the molecular regulation of the phyllotaxis process that controls 

floral meristem formation. The aim is to understand which transcription factors control the phyllotaxis 

patterns in Brassica species and how they mechanistically function. 

The work will include high-tech molecular genetic techniques and CRISPR-Cas9 technology to generate 

Brassica mutants. The project is a collaboration between the Dept. of Biosciences-University of Milan and the 

company KeyGene N.V. located in Wageningen, The Netherlands. It is foreseen that the PhD student will work 

both at the University of Milan and at KeyGene in the Netherlands. 

 

Project leader: Graziella Messina  graziella.messina@unimi.it  Department of Biosciences 

 

RESEARCH PROJECT SUMMARY 

Development of genetic and pharmacological approaches to cure Muscular Dystrophies 

Muscular Dystrophies (MDs) are severe genetic disorders mainly due to mutations in structural proteins, causing 

contraction-induced damages (1,2). Previous attempts to treat these diseases raised from the idea that 

accelerating muscle growth and regeneration would exert beneficial effects. We recently demonstrated that 

slowing down the degeneration-regeneration cycles and switching muscle fibers towards a slow-twitching 

phenotype by silencing the transcription factor Nfix leads to a morphological and functional amelioration of the 

dystrophic phenotype (3-5). The idea to target Nfix in dystrophic muscle was indeed developed, demonstrating 
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that silencing Nfix in both Sgca null and mdx-4cv dystrophic mice morphologically and functionally protects from 

the degenerative process by promoting a more oxidative musculature and by slowing down muscle 

regeneration.We therefore provided a new proof of principle for an innovative therapeutic approach based on 

the idea that slowing down the degeneration-regeneration cycles, instead of increasing regeneration, delays the 

progression of the pathology. These data are supportive of a new role for Nfix in the progression of MD and 

suggest Nfix as a novel target to treat this severe disease. Interestingly, we recently identified the upstream 

signaling responsible for the expression of Nfix (6). 

On the basis of the identification of the molecular pathways regulating Nfix expression, we are now developing 

a pharmacological approach to inhibit Nfix in MDs. Moreover, we set a reporter system to perform a High 

throughput screening (HTS) of compound libraries to rapidly test thousands to millions of compounds that might 

inhibit Nfix activity. 

The main goal of this three-years PhD project is to evaluate the efficacy of the two FDA-approved drugs and/or 

new molecules identified by the drug screening in inhibiting Nfix expression and in rescuing the pathological 

signs in two dystrophic animal models, the Sgca-null and mdx-4cv. Successful outcome of this project will 

provide a novel and affordable therapy for MDs.  
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Project leader: Anna Moroni- Dario DiFrancesco 

anna.moroni@unimi.it; dario.difrancesco@unimi.it  Department of Biosciences 

RESEARCH PROJECT SUMMARY 

Mechanisms of enzymatic control of HCN4 (funny current) channels in cardiac pacemaker myocytes and 

rhythm modulation 

Sinus Node Dysfunction, or Sinus Node Disease (SND), formerly referred to as ‘sick sinus syndrome’ (SSS), is 

caused by failure to generate a normal action potential in the cardiac natural pacemaker of the heart, the Sinus 

Node. SND patients are identified as having a range of ECG findings, among which a major one is persistent, 

unexpected sinus bradycardia (heart rate below 50 bpm). SND is usually related to age-dependent fibrosis of 

Sinus Node, but idiopathic (primary) forms, having genetic causes, and secondary forms, associated with 

cardiovascular or systemic pathologies such as cardiac ischemia, heart failure, atrial fibrillation, or diabetes are 

also known. In addition, conditions such as long-term physical training and increased vagal tone can lead to 

relevant SND early or later in life.  
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Hyperpolarization-activated funny/HCN4 channels mediating the “funny” current (If) play a primary role in 

generating pacemaker activity of the Sinus Node and controlling heart rhythm. Mutations or down-regulation 

of HCN4 channels have been shown to be involved in a wide range of primary and secondary SND forms in 

humans or animals. The Leducq Foundation-supported, Transatlantic Network of Excellence (TNE) FANTASY 

project (Fighting AgaiNsT sinus node dysfunction And aSsociated arrhYthmias) is focused on developing new 

pharmacologic and molecular therapy for SND that aims to (i) normalize heart rate and rhythm in primary and 

secondary forms of SND and (ii) reverse the pathophysiological mechanisms leading to symptomatic SND. The 

workplan of the Milano University unit of the Leducq network (Anna Moroni - Dario DiFrancesco) aims to explore 

mechanisms underlying HCN4 channel-mediated rhythm dysfunctions associated with SND, as investigated by 

cellular and molecular approaches in vitro and in animal models.  

 

Project leader: Anna Moroni, Andrea Saponaro  anna.moroni@unimi.it; andrea.saponaro@unimi.it  

Department of Biosciences 

RESEARCH PROJECT SUMMARY 

cryo-EM Structural studies of the  HCN2 channel for future terapeutical treatments of chronic pain 

Hyperpolarization-activated cyclic nucleotide-gated (HCN) channels are modulated by direct binding of cAMP to 

their cyclic nucleotide binding domain (CNBD). This binding enhances channel opening via conformational 

changes in the CNBD that are propagated, through a cytosolic C-linker domain, to the pore, thus interfacing their 

activity with physiological and pathological changes occurring within the cell. Nociceptors are the peripheral 

sensory neurons known as the sensors of pain. Action potential firing in these neurons is central for modulation 

of pain perception. Growing evidence indicates that cAMP-dependent potentiation of HCN2 channel opening 

plays a crucial role in regulating the frequency of action potentials of nociceptors, which correlates with the 

intensity of pain sensation. Thus, HCN2 and more precisely its sensitivity to cAMP, is emerging as a promising 

pharmaceutical target for pathological pain. Recently, the structure of two HCN isoforms were solved in the 

cAMP-free and bound states by us (HCN4) and by others (HCN1). These structures represent a milestone in the 

HCN research field because their comparison allowed to advance the understanding of the isoform-specific 

sensitivity to cAMP. Based on these promising findings, the project aims at describing, in atomic detail, the 

mechanism of cAMP regulation of full-length HCN2 channel by employing single particle cryogenic microscopy 

(cryo-EM). Thus far, 3D structures comparing the HCN1, 2 and 4 isoforms are only available for the isolated C-

linker/CNBD domains. The present proposal may offer a significant advantage by providing a structural 

framework of how cAMP regulates the HCN2 channel and thus allow for computational-based screening of small 

molecules targeting this isoform specifically over others. 

 
 Project leader: Moira Paroni moira.paroni@unimi.it   Department of Biosciences 
 
Counteracting inflammation triggered by P. aeruginosa-activated lung-infiltrating Th1/17 cells: a novel 
approach for precision medicine in CF.  

RESEARCH PROJECT SUMMARY 
 

Cystic Fibrosis (CF) is a genetic disease caused by mutations in the CF transmembrane conductance regulator 
(CFTR). Although the disease affects various organs, the main cause of death in CF patients is chronic lung 
infections, mostly caused by the bacterium Pseudomonas aeruginosa, triggering an exaggerated inflammatory 
response ultimately leading to lung failure. During lung infection P. aeruginosa undergoes several mutations 
that, despite leading to virulence loss, trigger an excessive and tissue-damaging immune response, ultimately 
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leading to lung failure. While, in the majority of bacterial infections, activation of the adaptive immune response 
plays a protective role, in CF the persistent activation of various immune cells promotes tissue damage, the 
establishment of pathoadaptive P. aeruginosa variants and lung decline.  
Our preliminary results show that very high levels of Th1/17 subsets can be found in the lungs of CF patients 
chronically infected with P. aeruginosa, while, in contrast, protective Th1 cells are strongly reduced. Notably, 
excessive activation of Th1/17 cells by CF-adapted P. aeruginosa can induce epithelial damage by IFN-g 
production, and also further increases neutrophils recruitment by IL-17 secretion, ultimately leading to lung 
failure. However, the precise mechanisms presiding to this inflammatory response and, in particular, the P. 
aeruginosa-determinants that induce differentiation and activation of pathogenic Th1/17 cells in CF are yet 
largely unknown.  
In this project, we will dissect the interplay between P. aeruginosa chronic lung infection and activation of 
pathogenic Th1/17 cells by:  
i) characterizing the genes selectively expressed by tissue-infiltrating Th1/17 cells in response to P. aeruginosa;  
ii) screening a collection of P. aeruginosa clinical isolates to identify antigens inducing activation of pathogenic 
Th1/17 cells at the highest; iii) characterizing, using an in vitro model of human airway organoids, the ability of 
different P. aeruginosa strains to recruit and promote tissue damage by pathogenic Th1/17 cells.  
Our results will elucidate both Th1/17-specific immunological pathways and P. aeruginosa determinants for 
their activation, paving the way for the development of novel therapeutic strategies  
for CF aimed at blocking pathogenic Th1/17 cells, while leaving protective Th-cells unaffected.  
 
 
Project leader: Marco Muzi Falconi  marco.muzifalconi@unimi.it  Department of Biosciences 

RESEARCH PROJECT SUMMARY 

G quadruplex as sources of genome instability: identification and characterization of novel 

mechanisms and factors in cancer cells 

The maintenance of genome integrity is essential for the survival of the cell and the faithful transmission of 

genetic material. All living organisms have evolved complex mechanisms of surveillance and damage repair to 

cope with DNA lesions, structures and processes that affect genome integrity. Mutations in these control 

systems are a important source of genomic instability that is the cause of hereditary genetic diseases promotes 

carcinogenesis and can lead to cell death.  

The precise identity and sources of genome instability that shape the cellular mutational landscape remain 
unclear, although DNA replication-linked mutagenesis is a major contributor. 
Replication stress can arise due to genomic sites that may form DNA secondary structures, such as G-
quadruplexes (G4s), that interfere with DNA metabolism.  
The G4s are non-B-form secondary structures, which consist of stacked planar G-quartets that are held together 

by Hoogsteen hydrogen bonding between four guanines from each of the G-tracts. Sequences capable of 

forming intra-strand G4 structures (G4 motifs) have been found in all the genomes examined so far. 

Accumulating evidence indicates that G4 DNA structures play a physiological role in modulating different 

biological functions, including telomere maintenance, gene expression and epigenetic regulation. However, 

these thermodynamically stable alternative DNA structures can have a negative impact on DNA metabolic 

processes. G4s indeed interfere with transcription, DNA synthesis and repair. It is now clear that G4 structures 

are potential hotspots of genome instability, as they can block replication fork progression and are associated 

with sites of frequent DNA double-strand breaks in both unperturbed mitotic and meiotic cells.  

This project, through the use of a wide variety of technical approaches and an ample set of tools, is focused on 

the identification and characterization of new factors involved in ensuring genomic integrity in the presence 

of G4 structures with particular regard to cancer cells, where these structures are particularly present.  
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Project leader: Marco Nardini marco.nardini@unimi.it  Department of Biosciences 

RESEARCH PROJECT SUMMARY 

Integrated structural biology on transcription factors and their interaction with DNA 

Integrated Structural Biology aims to integrate structural knowledge to generate complete structural 

models for the biological system of interest. This challenge requires the seamless integration of techniques 

providing information in different resolution ranges, such as X-ray diffraction, Small Angle X-ray Scattering 

(SAXS), and cryo electron microscopy (cryoEM). In fact, the complexity of the biological systems is such that 

none of these methodologies alone can provide a full picture of the structural, dynamical, and functional 

properties that are of relevance to biology. The integration of the different biophysical methodologies with the 

support of the computational methods is thus clearly the strategy of choice. In this context, the present Ph.D. 

project focuses on the application of complementary structural biology and biochemical techniques for 

unraveling the molecular and functional properties of transcription factors (TFs). In particular, we will focus on 

the Nuclear Factor Y (NF-Y) and Nuclear Factor 1X Nf1x TFs. NF-Y is a “pioneer” histone-like TF that binds and 

activates the CCAAT-box [1]. In promoters, NF-Y binds the CCAAT-box and it cooperates with neighboring TFs, 

including growth-controlling and oncogenic ones, consistent with the enrichment of CCAAT motifs in promoters 

of genes overexpressed in cancer. The structure of NF-Y in complex with CCAAT has been solved in the Nardini’s 

lab few years ago by X-ray crystallography [2]. Within the project we aim to dissect at a molecular and structural 

level (through X-ray crystallography, SAXS, and cryoEM), the interplay between NF-Y and TFs identified by 

genome-wide analysis as NF-Y-binding partners on promoters (i.e. basic leucine-zipper), relevant in cancer and 

other pathologies. Furthermore, cryoEM will be used to understand the NF-Y pioneer role in regulating 

chromatin opening, using the nucleosome core particle (NCP) as the basic structural unit of chromatin.  

Nf1x is a member of the Nuclear factor 1 (NFI) family that plays key roles in the central nervous system 

and the musculoskeletal system [3,4]. At molecular level, NFIs bind to the palindromic consensus sequence 

TTGGC(n5)GCCAA, and cooperatively dimerize upon DNA binding. Nf1x is of clinical interest due to its role in 

muscular dystrophy and the occurrence of disease-specific mutations in the nfix gene that give rise to 

congenital malformation syndromes [5]. Very recently, the structure of Nf1x has been solved in the Nardini’s 

lab by X-ray crystallography. Within the project we aim to understand at a molecular and structural level 

(through X-ray crystallography, SAXS), the DNA-binding properties of Nf1x and the functional consequences of 

its pathological mutations. 

Finally, both NF-Y and Nf1x inhibition can be considered as a target for drug discovery in the field of cancer 

research and muscular dystrophy, respectively. Structural-based techniques will be used to identify/test small 

molecules able to regulate the function of NF-Y and Nf1x. 
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Project leader:  Achille Pellicioli  achille.pellicioli@unimi.it  Department of Biosciences 

RESEARCH PROJECT SUMMARY 

Studying the functional role of PARP1 in DNA double strand break processing to target cancer cells 

DNA double strand breaks (DSBs) are frequently accumulated in several genetic disorders, cancer and senescent 
cells, leading to various types of chromosome rearrangements and instability. DSBs are processed by several 
nucleases and associated factors to form the 3´-end single strand DNA filament required for their repair by 
homologous recombination (HR). This process, called DSB resection, represents the crossroad of several crucial 
events of the DNA damage response and dictates the DSB repair pathway choice between HR and end-joining 
mechanisms. Although resection is crucial, how it is regulated, by what means the different factors crosstalk, 
and the consequences in terms of genomic instability of its de-regulation in humans are still largely unknown.  
PARP1 is recruited to DSBs and activates a very fast signalling network by PARylation of several targets at DNA 
damage site. PARP1 also represents a physical hindrance for the recruitment of helicases and nucleases involved 
in the DSB processing.  Remarkably, PARP inhibitors are anti-cancer drugs that exploit DNA repair deficiency to 
determine an excess of unrepaired DNA damage, leading to cell death due to a phenomenon of synthetic 
lethality. Their main clinical utility is in the breast and ovarian cancer with mutation in DNA repair genes, 
especially BRCA1 and BRCA2. Since PARPì resistance development is associated to re-activation of HR repair in 
treated cells, it would be important to clarify the PARP1 role in DSB repair and the molecular mechanism 
associated to the PARylation network. 
Recently, others and we have shown that PARP inhibitors trigger over-resection of DSBs.  Basing on our 
preliminary results, in this project the candidate will characterize the functional role of PARP1 in the regulation 
DSB resection and repair at different steps, protecting from genome instability and cancer development.  
Specific aims of the proposal are: i) to evaluate kinetics of DSB resection in cells treated with different PARPì; ii) 
To study the effect of PARylation by PARP1 on the formation of pro-resection complex by BRCA1; iii) to 
characterize DSB resection in cells carrying different cancer-associated BRCA1 and BRCA2 mutations, 
with/without PARPì treatment; iv) to exploit the Cas9-based technology to create DSBs in defined sites in the 
genome; v) to identify and study the role of novel factors in DNA repair and genome stability in model systems. 
Ad hoc cell lines will be used to investigate the interplay between PARP1, BRCA1 and other factors in different 
pathways of DSB repair. qPCR, droplet digital PCR and immunofluorescence will be used to analyze protein 
recruitment and DNA resection at DSBs induced by different drugs and endonucleases, including Cas9.  
Our results will give new insights among effects of PARPì and possibly new indications for their exploitation to 
treat cancer cells, with or without BRCA1/2 mutations.  
 

Project leader: Paolo Pesaresi  paolo.pesaresi@unimi.it  Department of Biosciences 

RESEARCH PROJECT SUMMARY 

BarPLUS: improving photosynthesis in barley to increase the production of biomass that can be converted 

into biofuel 

Barley is a major crop worldwide, with Europe producing the greatest share (~60 MT/yr). Beside grains 

barley plants produce an almost equivalent amount of straw that in the past was considered as a secondary 

product of minimal value. Indeed, most of the genetic progress to increase yield was obtained through a change 

in biomass partitioning from straw to grains and the current plant architecture has been mainly driven by the 

necessity of increasing the harvest index. Nevertheless, the increasing demand for renewable materials makes 

straw, and especially barley straw characterized by the largest content of carbohydrates among cereals, a 

valuable product for its potential conversion into biofuels and other products. Indeed, barley crop residues are 

desirable feedstocks because of their low cost, immediate availability, no competition with food, and relatively 

concentrated location in the major grain growing regions. Given this perspective, we believe that the current 
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barley photosynthesis performance should be revised to maximise the farmer income (grain value plus straw 

value). 

To this aim, BarPLUS will identify genes, alleles and lines needed to increase barley plant biomass, without 

penalty on grain yield, in the agro-climatic and management scenarios of Italy. This goal will be achieved through 

improved efficiency of the photosynthetic process and field trial evaluation. We will deploy mutagenized lines 

and diverse accessions carrying natural allelic variants in candidate genes (CGs) for components of the light 

absorption and photo-protection mechanisms of the photosynthetic apparatus to evaluate their usefulness to 

increase barley biomass production. 

Taking advantage of the unique resources of mutants and exome-resequencing data available for barley, 

BarPLUS will deliver knowledge and tools to develop a new barley variety, which will provide farmers with 5-to-

10 % more biomass per hectare without compromising grain yield. 

 

Project leader: Alessandra Polissi  alessandra.polissi@unimi.it  

Department of Pharmacological and Biomolecular Sciences 

RESEARCH PROJECT SUMMARY 

Breaking Gram-negative bacteria outer membrane permeability barrier as a strategy to develop of next 

generation antibacterial drugs 

Gram-negative bacteria are surrounded by two distinct membranes, inner (IM) and outer (OM) 
membrane. IM and OM define an aqueous compartment, the periplasm, containing a layer of peptidoglycan 
(PG) made of glycan strands cross-linked via stem peptides.  The presence of the OM makes Gram-negative 
bacteria is extremely resistant to many toxic molecules including to many clinically useful antibiotics.  

The OM is an asymmetric bilayer consisting of a lipopolysaccharide (LPS) outer leaflet and a phospholipid 
inner leaflet decorated with integral membrane proteins and lipoproteins. The OM behaves as an important 
permeability barrier and this property is mainly due the presence of the LPS in the outer layer. The biogenesis 
pathway of LPS has been discovered in the past few years by our and other laboratories (1).  LPS synthesised at 
the cytoplasmic side of the inner membrane (IM), is initially flipped over the IM by the essential ABC (ATP-
binding cassette) transporter MsbA and then transported across the periplasm to its final destination (the OM 
outer leaflet) by the Lpt system a multiprotein machinery made in Escherichia coli of seven essential components 
(LptABCDEF).  

We recently observed that when the LPS transport to the OM is impaired by depletion of the essential 
protein LptC, the PG is remodeled by L,D transpetidases (LdtD and LdtE),  non-essential enzymes that catalyse 
the formation of the non-canonical 3-3 cross-links among stem peptides (2). Importantly, lack of remodeling by 
deletion of ldtD or ldtE results in cell lysis suggesting that, when the biogenesis of the OM is impaired, cells 
remodel the PG to avoid lysis. During this work we also identified an additional protein LdtF which belongs to 
the same protein family ad LdtD and LdtE but has not LD transpeptidase activity, still its deletion results in cell 
lysis when OM biogenesis is defective. These data prompted us to understand this mechanism at the molecular 
level as a tool to manipulate OM permeability with the aim to find new targets for antibiotics. 

This project aims at understanding at the molecular level the role of LdtD, LdtE and LdtF in remodeling 
the PG when the biogenesis of LPS is compromised. In particular we will search for possible genetic and physical 
interaction of LdtF to understand its physiological role in the bacterial cell. Finally, we will explore LdtD, LdtE and 
LdtF subcellular localization during the cell cycle. 
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Project leader: STEFANO RICAGNO  stefano.ricagno@unimi.it  Department of Biosciences 

 

RESEARCH PROJECT SUMMARY 

β2-microglobulin amyloid aggregation promotes Multiple myeloma progression: towards the understanding 

of the molecular bases 

Beta-2 microglobulin (β2m) is a known amyloidogenic protein. It is the etiological agent of two already 

reported amyloid-related diseases: dialysis related amyloidosis and the familial systemic amyloidosis due to 

D76N β2m (Valleix et al 2012). In both such human disorders, β2m form amyloid deposits yielding to organ 

damage. Recently we have shown a key new role for β2m amyloid aggregation.   

Multiple myeloma (MM) is a tumour due to proliferation of B-cells in the bone marrow, it is typical of third 

age. Although several chemotherapies are available, typically MM is rather frequently resistant and more in 

general MM goes to remission, but it is not cured by chemotherapies. Inflammation is an established strategy 

by which MM survives and progresses.  

Recently we have shown that the high bone marrow concentration of β2m is not a by-product of the MM 

progress but in fact it is a facilitating factor (Hofbauer et al 2021). Indeed, β2m is endocytosed by tumour 

associated macrophages (TAMs) and accumulated in lysosomes. The acidic pH of lysosomal lumen triggers β2m 

amyloid aggregation which causes lysosome damage. This in turns activates a molecular cascade resulting in 

pro-inflammatory signals. Thus, β2m aggregation in TAMs lysosomes is directly supporting tumour growth and 

survival. 

This project aims to clarify the molecular bases of β2m aggregation in lysosomes of TAMs. First β2m 

biophysical and biochemical properties at acidic pH will be analysed. Fold stability, protein dynamics, 

aggregation propensity will be evaluated. The structure of β2m fibrils grown at lysosomal pH will be analysed by 

negative staining electron microscopy (EM) and if of adequate quality, the 3D structure of such fibrils will be 

determined by Cryo-EM electron microscopy. IN collaboration with Dr. Bruns at Erlagen University Hospital the 

pro-inflammatory effect of different β2m mutants with distinct aggregation propensity and of other 

amyloidogenic proteins will be will be tested on TAMs. Lysosomes extracted from TAMs incubated with β2m will 

be analysed to study in details the type of aggregates accumulated in their lumen. 

All these experiments will allow a proper understanding of the molecular bases of β2m role in MM 

progression and will thus provide potential targets to block such tumorigenic molecular cascade.  

 

References: 
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Project leader:  Elio Rossi (elio.rossi@unimi.it) 

    Paolo Landini (paolo.landini@unimi.it)  

Department of Biosciences 

 

RESEARCH PROJECT SUMMARY 
 

Identification of novel bacterial virulence factors and inflammation determinants associated with persistent 
lung infections in cystic fibrosis patients  

 
 

Cystic fibrosis (CF) is the most frequent autosomal recessive disease among Caucasians. In Italy, 1 in 
4,238 newborns bear one of the more than 2,000 genetic mutations in the cystic fibrosis transmembrane 
conductance regulator (CFTR) that causes the disease. In CF airways, defect of chloride and bicarbonate ions 
transport across apical membranes of epithelial cells leads to accumulation of a thick and dehydrated mucus 
layer and a marked shift in its pH. The viscous secretions create a favorable environment for the establishment 
of polymicrobial infections starting from early childhood. Pseudomonas aeruginosa (Pa) is one of the primary 
pathogens isolated from CF patients. Pa infections are associated with a more severe inflammatory response 
than other bacteria, due to the imbalance of pro- and anti- inflammatory cytokines and a continuous 
recruitment of neutrophils at the site of infection. This condition contributes to tissue damage, eventually 
leading to respiratory failure and premature death of the patient.  

Once acquired, Pa infections develop into chronic infections lasting the entire life of a patient. Strikingly, 

failure to treat Pa infections in CF does not correlate with the development and of antibiotic resistance in the 

early phases of the disease suggesting that other complex pre-existent mechanisms foster in vivo survival. 

We are far from having an accurate molecular understanding of Pa infections in CF and its evolution 

over time. Our observations are strongly biased by the oversimplification of the experimental setup used and 

represent a clear limitation to finding effective treatments. Indeed, are inefficient in eradicating Pa infections, 

and anti- inflammatory drugs are ineffective in the long term due to the repression of both protective and pro-

inflammatory responses. Further, CFTR modulators do not work in all patients and their effectiveness is 

reduced if a Pa infection is ongoing. There is a strong need to identify new mechanisms that allow Pa to persist 

in the lungs, and that can be exploited for treatments development. 

 This project intends to use a rational approach directed towards evidence-based treatments, 

overcoming the limitations of current research. First, we will define Pa physiology directly at the site of 

infection using data a world-unique dataset deriving from in situ gene expression analysis on sputum samples 

of a complex cohort of CF patients; then, we will dissect and characterize the responses to the in vivo 

environment at the molecular level evaluating their effect on Pa patho-physiology using molecular, 

biochemical and omics approaches identify new mechanisms of in vivo persistence. Finally, we will correlate 

specific Pa processes to the host inflammatory response using an advanced model of infection based on 

human airways organoids, clarifying the role of the studied physiological processes on inflammation 

progression. 

Results will greatly advance the knowledge in the CF field and provide a coherent and valuable 

framework for the identification of essential in vivo persistence mechanisms aimed at the development of 

novel strategies to treat CF patients. 

The project is in collaboration with:  
Prof. Helle Krogh Johansen, Rigshospitalet, Denmark 

Prof. Søren Molin, Novo Nordisk Center for Biosustainability, Technical University of Denmark, Kgs. 
Lyngby, Denmark 
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Project leader:  Thomas Vaccari thomas.vaccari@unimi.it  Department of Biosciences - DBS 

RESEARCH PROJECT SUMMARY 

New regulators of autophagy and endo-lysosomal trafficking in  

cell and in vivo models of disease 

In past efforts in the Vaccari lab, we have identified a set of new genes that control autophagy and endo-

lysosomal degradation using cells in culture and Drosophila melanogaster as an in vivo model. These include 

components of the vacuolar-ATPase (v-ATPase), the SNARE snap29, the lysosomal-associated TFEB homolog 

Mitf [1-3]. We are now exploring how regulation of these new factors impact signal transduction, with particular 

focus on the Notch signaling pathway controlling cell fate [for review see 4]. In addition, we are studying the 

impact of alteration of their function in disease pathogenesis, mostly in cancer and neuro-motor degeneration 

models in Drosophila [see for example 5]. In particular, we have recently found that the ubiquitin ligase Hecw 

targets a set of proteins involved in controlling the activity of membrane-less ribonucleic particles (RNP) [6]. We 

are now searching for a PhD candidate who is interested in learning genetics, cell and in vivo biology to explore 

the role of Hecw in disease, using neurodegeneration and tumor models available in the lab. A particular focus 

will be placed in understanding whether alteration in cellular RNP metabolism results in autophagy and endo-

lysosomal degradation defects that might contribute to pathogenetic mechanisms. 
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Project leader: Federico Zambelli federico.zambelli@unimi.it  Department  of Biosciences 

 

RESEARCH PROJECT SUMMARY 

Development and implementation of cloud-oriented bioinformatic tools and workflows 
 

Both the variety and the quantity of data that we can extract from biological systems have been subject to 
extraordinary growth in recent times due to the advent of Next-Generation Sequencing and other high-
throughput technologies. This unprecedented capacity demands a parallel continuous development of the 
bioinformatic tools that researchers use to organize, manage, share, and analyse the available data to gather 
meaningful information from them. A technology that is driving the development of new tools for data-intensive 
bioinformatics is cloud computing, that is the delivery of computing services -servers, storage, databases, 
networking, software, analytics, intelligence, and the Internet ("the cloud") to offer faster innovation, flexible 
resources, economies of scale, improved reproducibility, and other advantages. This technology, and the strong 
concurrent emphasis on the expansion of public e-infrastructures devoted to scientific purposes, can 
significantly improve the availability and capabilities of bioinformatics tools and workflows. Cloud computing 
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effectively removes several barriers that can hamper data-intensive research, as the necessity of acquiring and 
maintaining local hardware and making sophisticated tools for bioinformatics are readily available in other 
contexts, e.g., in clinical settings.  
 

Recently we have been involved in the development of Laniakea [1], a software platform based on the INDIGO-

DataCloud middleware [2]. This platform can be deployed over any scientific or commercial cloud infrastructure 

to provide a Galaxy on-demand service to its users. Galaxy is a popular software platform for accessible, 

reproducible and collaborative analysis of bioinformatics data [3]. The end-user interacts with Laniakea through 

a front-end that allows a general setup of the Galaxy instance, then Laniakea takes charge of the deployment of 

the virtual hardware and the software components. At the end of the process, the user gains access to a private, 

production-grade, yet fully customizable Galaxy virtual instance. Laniakea supports the deployment of plain or 

cluster backed Galaxy instances, shared reference data volumes, encrypted data volumes, and the rapid 

development of novel Galaxy flavours, which is Galaxy configurations tailored for specific tasks. 

 

This Ph.D. project aims to build on this result, expanding Laniakea to make it grow into a complete and integrated 

virtual research environment. This goal will be pursued from multiple angles:  

integration of more bioinformatic tools for our virtual Galaxy instances, support to different workflow engines 

(e.g., the Common Workflow Language, Nextflow), better connection with data sources, integration of 

containerization technologies (e.g., Docker, Singularity), provision over the cloud of additional data analysis 

platforms and tools, development of novel bioinformatics tools leveraging the advantages provided by cloud 

technologies. 
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