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Relazione scientifica dell’attività svolta (in inglese).

1. Project aim/objectives
Diamond Blackfan Anemia (DBA) is an inherited red cell hypoplasia caused by defective erythroid progenitor maturation. All known genes mutated in DBA encode proteins of the 40S and 60S ribosomal subunits (RPS and RPL respectively); in particular, 25% of patients have mutations in the RPS19 gene. My previous project was based on the hypothesis that RPS19 might be involved in another function, other than ribosome biogenesis, implicated in bone marrow failure: the telomere maintenance. However most of the evidence to date indicates that the erythroid hypoplasia observed in DBA is the result of a defect in ribosome biogenesis. I will divide this report into two distinct objectives:  
a) the first objective was to extend the panel of DBA patients and controls in the telomere study to add statistic power to the results; 
b) the second objective was to test the hypotesis that the abortive ribosome assembly observed in RPS19-depleted cells, reduces the incorporation of other ribosomal proteins into assembling ribosomal subuniting, allowing these freed proteins to interact with MDM2, inducing p53 stabilization and a pro-apoptotic phenotype.

2. Background
DBA (MIM 105650) is an inherited red cell hypoplasia in which erythroid progenitors do not differentiate efficiently and are susceptible to apoptosis. It is characterized by severe normochromic-macrocytic anemia, appearing in early infancy, associated with physical abnormalities in 30% of cases and a predisposition to cancer.

a) RPS19 interacts with components of the H/ACA small nucleolar Ribonucleoprotein Particles (H/ACA snoRNP) complex: dyskerin, NOLA1 and NOLA3 [Orrù et al., Mol Cell Proteomics, 2007]. This complex, which also includes NOLA2 and specific H/ACA RNAs, is required for ribosome biogenesis, pre-mRNA splicing and telomere maintenance. Several components of this complex have been identified as mutated in another bone marrow failure syndrome, Dyskeratosis Congenita (DC), in which impairment of telomere maintenance is primarily responsible for the disease. To ascertain whether a defect in telomere maintenance was present in DBA, we have evaluated the telomere length in blood mononuclear cells of DBA patients and age-matched controls. In addition we included the analysis of telomere lenght in blood peripheral cells from subjects with a newly-identified nucleotide change in the NOLA1 gene, to test its effects in telomere maintenance and its role in Aquired Aplastic anemia (AA). AA is another bone-marrow failure syndrome, characterized by lower counts of all three blood cell types and marrow hypoplasia, without the mucocutaneous features of DC; one third of AA patients has short telomeres. 

b) With the continued identification of new DBA genes encoding the small and the large ribosomal subunits, it becomes less and less likely that the existence of an extra-ribosomal function of the genes affected is responsible for the erythropoiesis failure in DBA. Nucleolar stress, due to impairment in the production of ribosomes, is probably the cause of DBA. The pro-apoptotic phenotype in the disease has been shown as a consequence of p53 stabilization and activation in a zebrafish model of DBA [Danilova et al., Blood, 2008]. The pathways involved in signalling to this pro-apoptotic phenotype are unknown. A potential explanation is provided by the recent discovery that some ribosomal proteins can interact with MDM2, preventing p53 degradation. Three proteins of the large ribosomal subunit, RPL5, RPL11 and RPL23, have been shown to interact with MDM2 when U2-Os cells are treated with 5-Fluorouracil [Sun et al., J Biol Chem, 2007]. This compound interferes with the synthesis of both ribosomal subunits. It has never been tested under a condition of ribosomal protein haploinsufficiency, where only a single subunit is affected. This mechanism could potentially explain the pro-apoptotic phenotype in the context of a defect in the 60S assembly since the 3 proteins shown to interact with MDM2 are all RPL. They do not, however, explain how a defect in a gene encoding an RPS could cause DBA, since the assembly of the two ribosomal subunits are largely indipendent of one another. Recently, it has been shown that RPS7 may also interact with MDM2 and promote p53 stabilization [Chen et al., Oncogene, 2007]. Thus, we decided to focus initially on the fate of RPS7 in RPS19 depleted cells, where the assembly of the 40S subunit is affected.
3. Experimental plan and methods

a) A real-time PCR assay [Cawthon, Nucleic Acids Res, 2002] was performed to study the telomere length in DNA obtained from peripheral blood mononuclear cells of 41 DBA patients (16 carry mutations in RPS19 and RPS24), 80 age-matched controls, one DC patient and 3 subjects - 1 AA patient and 2 healty controls - with NOLA1 change (c.390A>T; p.His28Leu)
. The PCR was performed for each sample in triplicate. The mean Ct values of each triplicate were used to calculate relative T/S ratio values for each sample: T/S = 2-ΔΔCt (where ΔCt = CtT – CtS and ΔΔCt = ΔCt(sample) – average ΔCt(controls). The results were converted to base pairs by using the 4270 bp conversion factor [Njajou et al., PNAS, 2007]. Two boxplot diagrams were created to compare the telomere length respectively of DBA patients and individuals carrying the c.390A>T change with that of controls. A DC patient was included as a control of short telomeres. Values below the minimum and above the maximum were considered outliers.

b) To study the possible mechanism underlying the pro-apoptotic phenotype of erythroid progenitor cells in DBA we used a cell-based model of DBA. It involves the TF1 cell line where RPS19 expression is controlled by the doxicycline-inducible siRNA against the RPS19 mRNA. The fates of p53, RPS7 and RPS17 levels were studied by western blotting in cells depleted of RPS19 by over a period of seven days of doxicycline treatment. Further studies determined if there was a pool of RPS7 and RPS17 that was not assembled into ribosomes and excapes the degradation in cells depleted of RPS19. To this end we examined the distribution of RPS7 and RPS17 in polysome fractionations from cells where ribosome synthesis is limited by depletion of RPS19, compared to controls. The polysomal profile analysis was performed in samples from cells at the 4th day of doxicycline treatment;  extracts were fractionated on 7-47% sucrose gradients; proteins were obtained from the fractions by precipitation with 10% trichloracetic acid, followed by cold acetone washes and solubilization in SDS-PAGE loading buffer. Immunoblotting analysis was performed against the proteins of interest.
4. Results

a) A boxplot diagram was created to compare the telomere length of the DBA and DC patients to that of controls (mean 20 years, range 2-50 years) (Figure 1-A). Our results suggest that telomere maintenance is not involved in the pathogenesis of DBA. In fact only one patient shows a defect in telomere length. This patient does not have mutations in RPS19, RPS24 and RPL35A and might be affected by an atypical form of DC.
Our data agree with the study of Alter et al. [Blood, 2007], that observed shorter telomeres in 1/14 DBA patients, who did not carry mutations in RPS19. 
The same set of controls were used to asses telomere length in subjects with the c390A>T variation in NOLA1 gene (Figure 1-B). We found no differences in telomere length between the AA patient and two healthy controls carrying this change and the group of 80 healthy individuals with the normal allele. This result indicates that the variation is probably not involved in the pathogenesis of AA, as indicated by the presence of this change in healthy controls.
b) In TF1 cells the RPS19 siRNA causes a 60-70% decrease in RPS19 protein by day 5 to 6 of doxicycline (dox) treatment (Figure 2 and 3). The effects of this decrease on  the maturation of 40S subunits are evident by day 4 of dox induction. We found that the decrease in RPS19 expression is accompanied by a 50-60% increase in p53 levels by days 3 to 4. 

The steady-state level of many ribosomal proteins is determined in large part by their assembly into ribosomal subunits. Ribosomal proteins that are not assembled into ribosomal subunits, on the other hand, are typically rapidly degraded. However, Fig. 2 shows that RPS7 levels decrease only 20-30% after 5 to 6 days of dox induction, much less than that observed for RPS19. These data suggest that there is a relatively stable pool of RPS7 when it is not incorporated into the 40S subunit. This idea was validated by detecting a pool of extra-ribosomal RPS7 in polysomal profiles. As shown in Fig. 4, RPS19 and RPS7 are found in fractions corresponding to 40S subunits and 80S monosomes in cells expressing a scrambled siRNA. In contrast, in cells where RPS19 is depleted by the specific siRNA, we find a significant pool of RPS7 at the top of the gradient, which represents either free RPS7 or RPS7 in small complex. We will evaluate if this pool of RPS7 forms a complex with MDM2 by performing immunoprecipitation assays. We hypothesize that the ratio of RPS7 to MDM2 should increase in the immunoprecipitates of RPS19-depleted cells, compared to controls.

We introduced the analysis of RPS17 into this study and we also plan to extend these studies to other RPS and RPL. Our long term goal is to identify the mechanism by which abortive assembly of the small ribosomal subunit signals to p53 stabilization and a pro-apoptotic phenotype. While, RPS7 is our prime candidate for this signaling pathway, other RPS may be involved. RPS17, unlike RPS7, is a DBA gene. Its levels decrease 50-60% after 5 to 6 days of dox treatment, suggesting a higher rate of decay than that of RPS7. There does appear to be some accumulation of free RPS17 in cells depleted of RPS19. We will evaluate with multiple experiments if the amount of free RPS7 and RPS17 reflects the difference found in the total extract analysis. Moreover we will test the interaction of RPS17 with MDM2.

[image: image3.jpg]8 8 88 8 8 g 8
8 R 8 B 8 B8 & ¢
(s11ed 3580) Bus 253 WL
o0 | oecomem o en
o ow oamoot o

8000

(sured aseq) ybua a5 WoRL





Figure 1. Box plot diagrams of telomere length of controls. Median, 25th and 75th percentile values are marked (boxes). Measurements below the minimum and above the maximum (whiskers) were considered as outliers. A) Dots represent the DBA patients with (black) and without (white) known mutations in DBA genes; the patient with short telomeres is marked in red. The red square represents the DC patient that shows a value below the minimum of controls, as expected. B) Dots represent the healthy controls (black) and the AA patient (white) with the nucleotide change in NOLA1. The red square represents the DC patient.
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Figure 2. Analysis of p53, RPS7 and RPS17 levels by western blot, in TF1 cells depleted of RPS19.
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Figure 3. Densitometric analysis of western blot, relative to -actin, expressed as a percentage of values of the corresponding no-treated cells (day 0).
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Figure 4. Polysomal profile from TF1 cells expressing a scrambled siRNA (A) and the siRNA to RPS19 mRNA (B). Western blot analysis of the indicated proteins, obtained from the fractions.

Tabella B.4a  - Stage presso enti esterni

Gli “stage” si intendono come periodi di apprendistato lavorativo e/o di ricerca presso enti/aziende italiane o straniere. Ogni studente deve compilare le schede rispettando il formato (Times New Roman 12) e l’impaginazione in quanto i dati saranno inclusi come tali nelle schede da inviare al nucleo di valutazione dell’Ateneo.

	Studente
	Ciclo
	Ente presso cui si è svolto lo stage
	Periodo

[in mesi]
	Argomento

	Pavesi Elisa
	XXII
	University of Louisville, KY
	9
	Biochemistry research on the molecular basis of Diamond Blackfan Anemia

	
	
	
	
	


{Aggiungere le righe necessarie}

B.5
Percorso formativo

Tabella B.5b - Corsi tenuti (in Italia o all’estero) per il Dottorato 

Lo studente deve elencare tutti i corsi didattici (per es. quello di Inglese e/o di Statistica), monografici (per es. quello sulla RNAi), e seminari ai quali ha partecipato. Rispettare il formato e l’impaginazione come sopra. Per i seminari inserire la data nella colonna “Numero di ore”, e la dicitura “Firme di frequenza” in quella di Modalità di accertamento.
	Corso di insegnamento o seminario (+ località)
	Docente (+ Affiliazione)


	Numero di ore


	Modalità di accertamento

{Esame, Progetto, Seminario, Relazione, Altro (specificare)}

	Meccanismi molecolari di fibrogenesi nella steatopatite non alcolica (Novara)
	Prof. Fabio Marra (Università di Firenze)
	04-10-07
	Firme di frequenza

	Human papillomavirus loads and its correlation with non-melanoma skin cancer (Novara)
	Dr. Soenke Weissenborn (Università di Colonia, Germania)
	20-12-07
	Firme di frequenza

	MOC1 oncoprotein modulates NF-k signaling (Louisville)
	Joannis Imbert
	14-01-08
	Firme di frequenza

	A hypothesis for an embryonic origin of pluripotent OCT4+ stem cells in adult bone marrow and other tissues (Louisville)
	Magdalena Kucia, PhD
	25-01-08
	Firme di frequenza

	Are diagnostic biomarkers for autistic spectrum disorders possible using systems biology? (Louisville)
	Pete Womack
	28-01-08
	Firme di frequenza

	Transient T-cell depletion causes regression of melanoma metastases (Louisville)
	J. Chesney, MD PhD (Brown Cancer Center, Louisville)
	31-01-08
	Firme di frequenza

	VTE in cancer patients (Louisville)
	Fadi Kayali, MD
	01-02-08
	Firme di frequenza

	Relief of microRNA-mediated translational repression in human cells subjected to stress (Louisville)
	Apana Agha L Takwi (University of Louisville)
	04-02-08
	Firme di frequenza

	Regulation of miRNA expression in breast cancer (Louisville)
	Tissa Thomas Manavalan  (University of Louisville)
	06-02-08
	Firme di frequenza

	The molecular basis for Fanconi Anemia and its broader implications for cancer (Louisville)
	Steven Ellis, MD (University of Louisville)
	08-02-08
	Firme di frequenza

	Circulating tumor cells (Louisville)
	Guilherme Rabinowits, MD
	11-02-08
	Firme di frequenza

	The role of MUC1 and extrogen receptors in dry eye (Louisville)
	Yoannis Imbert
	13-02-08
	Firme di frequenza

	Thrombocytopenia in pregnancy (Louisville)
	Vernon Cook, MD
	29-02-08
	Firme di frequenza

	Pelp as an oncogene and modulator of estrogen synthesis (Louisville)
	Jerry Cowles
	03-03-08
	Firme di frequenza

	Steroid receptors: new hormones, new drugs and new paradigms (Louisville)
	Thomas P. Burris, professor
	06-03-08
	Firme di frequenza

	Lypid aldehydes are substrates and transcriptional regulators of cytochromes P450 (Louisville)
	I. Amumom
	12-03-08
	Firme di frequenza

	Structural, genetic and free radical studies in a transgenic model of diabetic nephropathy (Louisville)
	P.N. Epstein, PhD
	13-03-08
	Firme di frequenza

	Night blindess: mechanisms and impact on retinal morphology and function (Louisville)
	Ron Gregg, PhD
	20-03-08
	Firme di frequenza

	Proteomic studies of nucleolar receptors and coregulator RIP140 in adipocyte differentiation (Louisville)
	Li-Na Wei
	24-03-08
	Firme di frequenza

	Non genomic responses to estrogens and low concentration xenoestrogens (Louisville)
	Dr. Watson
	27-03-08
	Firme di frequenza

	Hematology/Pathology case presentations (Louisville)
	Roberto Lemoli, MD (University of Bologna)
	04-04-08
	Firme di frequenza

	Molecular mechanisms of cancer: regulation of p53 and c-Myc, beyond (Louisville)
	Lu, PhD
	21-04-08
	Firme di frequenza

	Mechanistic insights into regression of hypertrophic cardiomyopathy by dietary copper supplementation (Louisville)
	James Kang, PhD (University of Louisville)
	13-05-08
	Firme di frequenza

	AP-1/NF-kb dependent transcription and translation initiation: promising targets for cancer prevention (Louisville)
	Nancy Colburn, PhD
	14-05-08
	Firme di frequenza

	Pdcd4 targets translation initiation to prevent tumorigenesis and invasion (Louisville)
	Nancy Colburn, PhD
	15-05-08
	Firme di frequenza

	Paroxysmal nocturnal hemoglobinuria (Louisville)
	G. Rabinowits, MD
	16-05-08
	Firme di frequenza

	Inflammation mediated cytosine damage: a mechanistic link between inflammation and the epigenetic alterations in human cancers (Louisville)
	Lawrence C. Sower, PhD
	27-05-08
	Firme di frequenza

	Evolutionary adaptation to ascorbic acid deficiency (Louisville)
	Joseph Moore (University of Louisville)
	02-06-08
	Firme di frequenza

	Heparin horror: who or what is to blame (Louisville)
	Steven Ellis, MD (University of Louisville)
	08-08-08
	Firme di frequenza

	Autophagy in development and desease (Louisville)
	Maia Green (University of Louisville)
	15-09-08
	Firme di frequenza

	Leads for drug design and development: exploring biochemical properties of dominican plants used by traditional healers (Louisville)
	Dr. James Wittliff (University of Louisville)
	22-09-08
	Firme di frequenza


{Aggiungere le righe necessarie}

Sezione C:   Risultati conseguiti nei cicli attivi dello stesso dottorato

Nelle tabelle, i valori richiesti si riferiscono alla carriera totale del Dottorando. Ogni studente deve inserire i dati richiesti relativi al ciclo di apparteneza. Rispettate formato ed impaginazione

Tabella C.1 - Studenti iscritti

Ciclo XXIII

	Nome e Cognome
	Anno nascita
	Laureato/a presso Università di …
	Borsa (SI/NO)
	Se senza borsa, forma di sostegno economico
	Mesi totali trascorsi all’estero


	Numero pubblicazioni
	Numero di partecipazioni a conferenze

	
	
	
	
	
	
	
	


 
        {Aggiungere le righe necessarie}

 (1) Allegare l’elenco dei soggiorni
	Studente
	Ente
	Luogo
	Anno
	Docente/ricercatore di riferimento 

nell’ente ospitante (*)

	
	
	
	
	


(*)Se applicabile.
 (2) Allegare l’elenco delle pubblicazioni (di cui almeno un dottorando è co-autore)
 (3) Allegare l’elenco delle conferenze/workshop (a cui almeno un dottorando ha partecipato)

	Studente
	Conferenza/Workshop
	Luogo
	Anno
	Studente relatore

{SI, NO}

	
	
	
	
	


Ciclo XXII

	Nome e Cognome
	Anno nascita
	Laureato/a presso Università di …
	Borsa (SI/NO)
	Se senza borsa, forma di sostegno economico
	Mesi totali trascorsi all’estero


	Numero pubblicazioni
	Numero di partecipazioni a conferenze

	Elisa Pavesi
	1981
	Università degli Studi dell’Insubria (Busto Arsizio, Va)
	NO
	Assegno di ricerca
	9
	1
	2 (con poster)


 
        {Aggiungere le righe necessarie}

 (1) Allegare l’elenco dei soggiorni
	Studente
	Ente
	Luogo
	Anno
	Docente/ricercatore di riferimento 

nell’ente ospitante (*)

	Elisa Pavesi
	University of Louisville
	Louisville, KY
	2008
	Dr. Steven R. Ellis


(*)Se applicabile.
 (2) Allegare l’elenco delle pubblicazioni (di cui almeno un dottorando è co-autore)
RPS19 mutations in patients with Diamond-Blackfan anemia. Campagnoli MF, Ramenghi U, Quarello P, Garelli E, Carando A, Avondo F, Pavesi E, Fribourg S, Gleizes PE, Loreni F, Dianzani I. Hum Mutat, 2008. 29:911-929.

 (3) Allegare l’elenco delle conferenze/workshop (a cui almeno un dottorando ha partecipato)

	Studente
	Conferenza/Workshop
	Luogo
	Anno
	Studente relatore

{SI, NO}

	Elisa Pavesi
	X Congresso Nazionale SIGU
	Montecatini Terme (PT)
	2007
	SI

	Elisa Pavesi
	Nanotechnology and Bioimaging
	Novara
	2007
	NO

	Elisa Pavesi
	Ninth Annual Diamond Blackfan Anemia International Consensus Conference
	New York, NY
	2008
	SI

	Elisa Pavesi
	2008 Colloquium in biochemistry and molecular biology
	Starlight, IN
	2008
	NO

	Elisa Pavesi
	Ribosomes and their role in disease
	Washington DC
	2008
	NO


Ciclo XXI

	Nome e Cognome
	Anno nascita
	Laureato/a presso Università di …
	Borsa (SI/NO)
	Se senza borsa, forma di sostegno economico
	Mesi totali trascorsi all’estero


	Numero pubblicazioni
	Numero di partecipazioni a conferenze

	
	
	
	
	
	
	
	


 
        {Aggiungere le righe necessarie}

 (1) Allegare l’elenco dei soggiorni
	Studente
	Ente
	Luogo
	Periodo temporale
	Docente/ricercatore di riferimento 

nell’ente ospitante (*)

	
	
	
	
	


(*)Se applicabile.

 (2) Allegare l’elenco delle pubblicazioni (di cui almeno un dottorando è co-autore)
 (3) Allegare l’elenco delle conferenze/workshop  (a cui almeno un dottorando ha partecipato)

	Studente
	Conferenza/Workshop
	Luogo
	Anno
	Studente relatore

{SI, NO}

	
	
	
	
	











