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Associazione Italiana Sindrome di Shwachman-Diamond (AISS) 
Via Pioveghetto 15, - 35136 Padova 

Tel - FAX +39 049 8736130 
E-mail: aiss@shwachman.it 

 
 

Shwachman-Diamond Syndrome Italian Research Grant 
 

Maximum Amount  euro 10.000,00 
 

Firm Deadline for Receipt of Applications: 31 December 2016 
 
 
 

Eligibility: Persons applying for these grants if not in a faculty position need to provide a declaration by a 
supervisor with a position in the department (not a training position) and with authority to hold an 
independent research grant.  
 
Terms of Support: Support may be provided for one (1) year in an amount not to exceed E 10,000. 
Indirect costs are permitted and are not to exceed 10% of the total costs. 

The AISS will provide preference to those applications in which funds are used for supplies, 
equipment, technicians and other expenses and not for support of the salary of the PI or co-
PIs. 
 
 
Review: All applications will be reviewed by the AISS Scientific Committee (AISS-SC) or its designees. 
 
Application: The application contains two sections. 
 
Section 1, forms attached. The applicant and co-applicants must also include a current curriculum vitae. 
Section 2: Research Plan, divided as indicated below. Parts A through D should not exceed 6 pages, using a 
font no smaller than 10 point. 
 

Part A. Specific aims 
Part B. Significance and background  
Part C. Preliminary studies 
Part D. Experimental design and methods  
Part E. References (not included in the 6 page limit) 
Part F.   Relevance of the research to Shwachman-Diamond Syndrome 
Part G. For junior faculty separate letter from supervisor or department head confirming 
commitment to project, and to provision of space and facilities 
Part K. If human subjects and animals are involved, a statement by the PI or supervisor overseeing 
human or animal studies is compulsory. If considered as necessary by the AISS-SC,  more 
information about ethical committee study approval may be asked. 

 
Submission  by email to the AISS: aiss@shwachman.it 
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1. Title of Proposal:   

GENOMIC AND CLINICAL VARIATIONS IN SHWACHMAN-DIAMOND SYNDROME: IN SILICO 

AND MOLECULAR ANALYSIS OF DATA FROM EXOME SEQUENCING IN 16 PATIENTS. 

 
 
2. Applicant Information: 
 
Name:  
ANTONELLA MINELLI 

 
Title and Degree(s):  
PhD 

 
Work Address:  
Università degli Studi di Pavia, Dip. di Medicina Molecolare, Unità di Biologia Generale e Genetica 

Medica, Via Forlanini 14, 27100 PAVIA  
 
 
Telephone: + 39.0382.987727 

Fax:             + 39.0382.525030 
 
Email:   antonella.minelli@unipv.it 
 
 
3. Applicant Curriculum Vitae: beginning on the next page, with 2 page limit. This will form application 
pages 3 and 4. 
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Curriculum Vitae 

 

Personal data 

Date and place of birth:  Roma, July 1st, 1960.    Nationality: Italian 

Present position:   Permanent researcher  at Unit of General Biology and Medical Genetics 

Institution:  University of Pavia, Department of Molecular Medicine , Italy. 

 

Education and training 

-  January 1984: degree in Biological Science at the University of Pavia, Italy. 

-  1984:  one-year training post-graduate at the Department of Hereditary and Human Pathology,  

    University of Pavia, to  be admitted to State Certification Exam for  Biologist, obtained in 1985. 

-  1985-1986: fellowship by “Associazione Italiana per lo Studio delle Malformazioni”  

   (ASM) and post-graduate degree training at the Department of Hereditary and Human Pathology. 

-   May 1987: postgraduate Specialization in Human Cytogenetics, University of Pavia. 

-  1988-1990:  PhD training performed at the Department of Hereditary and Human Pathology in  

   collaboration with the Department of Biology, University of Milano. 

-  June 1991: PhD in Human Pathology, University of Pavia. 

 

Teaching experiences 

 From 1991 she has regularly performed teaching activity (lessons and tutorial activity), in courses of the    

 Medical Faculty including the Schools enabled to provide degrees as Dietologist and Professional Nurse. 

 From  2001 to 2008 she taught  in the Biology course in the Laurea degree  in Physical Education. 

 From 2003 to 2014  she taught  in  the Biology and Medical Genetics courses in the Laurea degree  in   

 Nursing and  Obstetrics. 

 From 2007 to 2010 she taught in the Human Genetics + Biology course in Master’s degree of Biomedical  

 Engineering. 

 From 2011 until now  she teaches  in the Medical Genetics and Prenatal diagnosis course in the  

 Laurea degree in Biomedical Technician. 

 

Scientific activity 

The research activities are mainly focused on the molecular study of myeloproliferative syndromes, 

including the Shwachman syndrome (SDS)  for its tendency  in up to one third of cases, to develop 

myelodysplastic syndrome  and acute myeloblastic leukemia;  the parental origin of acquired chromosomal 

anomalies, as observed in haemathological disorders, was also studied. 

The current research activity are concerned on  the Shwachman syndrome  and   their topics are: 

-  mutation analysis of SBDS gene; 

-  study of clonal chromosome abnormalities by genotyping approach in bone marrow  and in cells  

   separated from  peripheral blood (lymphocytes and granulocytes)  to map the origin of chromosomal  

   abnormality in the differentiation of hematopoietic  tissue; 

- study of cell biology focused on the morphology of neutrophils; 

- Whole Exome Sequencing  applied in a first group of SDS patients (Ref. 2015-AISS common  project   

   submitted by  the  scientific committee of the AISS). 

 

As collaborator, she obtained funds from  

1. Fondazione Cariplo for the project “Analisi genetiche e molecolari per la diagnosi e prevenzione  

di malattie  rare: M. di Rendu-Osler-Weber (ROW) e S. di Shwachman (SS)”     

             Ref.2002.2095/10.8485-08 ATTI 0002- PF RICERCA SCIENTIFICA 2002);  

2. Fondazione Cariplo for the project  2012-0529.  
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As principal investigator,  she obtained a Research Grant from Associazione Italiana Sindrome di 

Shwachman (AISS-2011). 

 

From 2003 she  provide molecular analysis of SBDS gene and her laboratory is present in the Orphanet 

database (http://www.orpha.net). 
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ABSTRACT OF RESEARCH PLAN 
  
Within the space provided, summarize the long-term objectives, scientific aims and methodology of the 
proposal. 
 
TITLE: GENOMIC AND CLINICAL VARIATIONS IN SHWACHMAN-DIAMOND SYNDROME 

 

Objectives and aims. The project is intended to (partially) explain why in patients affected with Shwachman- 

Diamond Syndrome (SDS) the same common mutations, in the only known disease causing gene, SBDS, are 

associated to a wide clinical heterogeneity. In fact, three mutations: c.183_184TA>CT; c.258+2T>C; and 

c.[183_184TA>CT; 258+2T>C] account for more than 75% of mutated alleles. 
Background/rationale. SDS (OMIM#260400) is an autosomal recessive bone marrow failure syndrome. It is 

characterized by exocrine pancreatic dysfunction, haematologic abnormalities, bone marrow (BM) failure, 

neurodevelopmental delay and skeletal abnormalities. All the listed clinical problems are observed only in part 

in the patients, even if they share exactly the same mutations; clinical heterogeneity is observed also among 

sibs. Thus, it is likely that genetic variations in genes other than SBDS will act as additional modifier factors to 

explain the differences in observed clinical phenotype in different patients. 
Research design. The project will perform a bioinformatic analysis on the data obtained by whole exome 

sequencing applied in 16 patients; the exome sequencing was previously funded by AISS. 

This analysis will have as target a set of genes known to be relevant for well-defined clinical problems as 

pancreatic function, growth and skeletal development, bone marrow morphological and cytogenetic 

abnormalities, cognitive impairment. 

The bioinformatics analysis will be followed by laboratory confirmation of the variants of interest in parents to 

discriminate “de novo” from inherited variants and in a larger number of cases. 

Anticipated output.  For each clinical problem, we expect to identify a small number of DNA variants, 

common to patients with a severe clinical presentation, but absent in patients with a mild or absent expression 

of the selected clinical problem. These variants, when added to the background of biallelic SBDS mutation, will 

modify the clinical presentation of the disease.  

The relevance of the expected results, is that we believe to be able to start to identify for SDS, a “genomic 

picture” far more complex and informative than the “simple” presence of mutations in the disease causing 

gene. 
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                                                                           BUDGET 
 
List below a budget by categories for the support.  The review committee will carefully consider the 
appropriateness of your budget. It must be well defined, justified, and realistic to complete the work 
proposed. The first column defines the total expenses that are expected to be necessary to realistically 
complete the project. The second column indicates the expenses requested from the AISS. Applicants will 
not be penalized in funding considerations for requiring additional funds beyond what is requested from the 
Foundation(AISS); however, the true costs of the project must be acknowledged.[This and the section on 
page 1 re: Other Funding need to be consistent] 
 
EURO Amount Requested for: 
 

 
 

 
TOTAL COSTS 
REQUIRED TO 
COMPLETE 
PROJECT: 

 
COSTS 
REQUESTED 
FROM AISS:(not 
to exceed E 
10,000) 

 
Personnel (including fringe benefits): 

 

PI: Name: Dr. Antonella Minelli 

 

Co-I Name: Prof. Cesare Danesino 

 

Additional personnel (identify role):  

A fellowship for 1 year 

Name: Dr. Lucia Nacci 

 
 

 

25,000 
euros/year 

 
 

 

 

No request 

 
Equipment:   
All needed equipment is available 

 
 

--- 

 

--- 

Supplies: 
Laboratory supplies ( consumables, 
expenses for sequencing)  
 

 
15.000/year 

 
7.500/year 

 
Other Expenses:  
General expenses for carrying on the 
project, bioinformatics expenses 

 
10.000/year 

 
2.500/year 

 
Indirect Costs (not to exceed 10% of total)  

 
 
 

1.000/year 

 
 
 

 
TOTAL COSTS: 

51.000/year 
 

10.000/year 
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Justification: Define and justify expenses in each category. Explain the role of each of the individuals 
named in the Personnel section. The justification must include an explanation of what each category 
contributes to the project. Also explain any marked differences between the first- and second-year 

expenses in a particular category. The AISS will provide preference to those applications in which 
funds are used for supplies, equipment, technicians and other expenses and not for support of 
the salary of  the PI or co-PIs. The AISS-SC may ask for further expense details. 
 
 

The total cost of the project , over a two year working time is 102.000Euros, 51.000 euro /year. 

A salary for a fellowship for a post-Doc is justified by the large amount of in silico work, which 

certainly will need full time availability of one person. 

The following work of validation of the variants and of extension of the analysis of selected  variants 

to a larger set of cases will require 40% of available working time of the PI, 10 % of available 

working time of the Co-I. 

 

Other expenses include: laboratory consumables (DNA extraction Kit; DNA purification columns; 

custom sequencing costs; pipet tips, tubes); reagents for DNA amplification. 

General expenses will include all expenses related to the use of dedicated bio-informatic programs, 

general expenses for running the laboratory, including secretarial expenses and general expenses of 

the Department, including overheads. 

 
 
Other Support for this Project: 
Applicants are allowed to receive funding from other sources for parts of the project not funded by the AISS. 
Please, list all other funding sources.  
 

 

Additional funding needed to complete the project will be received from University of Pavia (salaries 

to PI and Co-I), and other requests to research dedicate charities are pending.  
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Research Plane 
 
Part A. Specific aims 
The project is aimed to correlate genetic variation and clinical heterogeneity in Shwachman-Diamond 

Syndrome (SDS) by analysing the results of Whole-Exome Sequencing (WES) already performed in 16 cases 

with  a bioinformatic analysis on the data, and by Sanger confirmation of relevant DNA variation. 

Objectives of the project are: i) to identify variants in genes other than the disease causing gene SBDS able to 

modify the final clinical phenotype and to act as risk factor for the more relevant clinical problems observed in 

SDS patients; ii) to use these variants for better prognostic evaluation of the course of the disease in youngest 

patient; iii) to use our results as a tool to apply personalized medicine in SDS. 

Thanks to the extensive collaboration with almost all Italian Haematology and Gastroenterology centres, we 

has  been able to confirm the clinical diagnosis in over 100 Italian patients with molecular analyses. Therefore, 

a large amount of data about clinical pictures and follow-up of mutation confirmed patients is already 

available.  

 
Part B. Significance and background  
Shwachman Diamond Syndrome (OMIM#260400) is an autosomal recessive bone marrow failure syndrome 

related to mutations in the SBDS gene (Boocoock et al., 2003).  

SDS incidence was estimated as 1 in 76,563, and  Minelli et al. in 2012 reported a much lower incidence in 

Italy (1: 168,000) (Minelli et al., 2012); up to December 2016, the Italian SDS Registry for the disease 

includes 120 cases. SDS shows a wide range of abnormalities and symptoms including exocrine pancreatic 

dysfunction, haematologic abnormalities (Mack et al., 1996) bone marrow (BM) failure (Donadieu 2012), 

neurodevelopmental delay and skeletal abnormalities (Mäkitie et al., 2004).  Additionally, patients may show 

abnormalities in many other organs and systems, most notably in the bones, liver, heart and immunologic 

system. Overall, the clinical phenotype shows a wide variability among patients.  Dror (2011) included the 

demonstration of SBDS mutations among the diagnostic criteria. 

One of the hallmarks of SDS is exocrine pancreatic dysfunction of varying severities caused by absence of 

acinar cells; it is usually diagnosed within the first six months of life and (in 90% of cases) during the first year 

(Mack et al., 1996). Patients classically present in early infancy with malabsorption, steatorrhea, failure to 

thrive, and low levels of fat-soluble vitamins A, D, E, and K (Burroughs et al., 2009). The most common 

hematologic abnormality affecting over 80% of patients with SDS is neutropenia, typically defined as a 

neutrophil count less than 1,500 × 109/L, but the hematopoietic defect can also affect red cells and platelets 

(Huang and Shimamura, 2011). SDS patients are at increased risk of developing bone marrow aplasia, 

myelodysplastic syndrome and/or acute myeloid leukaemia (MDS/AML); the risk is higher than in general 

population, and 15%-25% of SDS patients will develop serious haematological problems (Dror et al., 2002; 

Burroughs et al., 2009; Donadieu et al., 2012).  

Skeletal abnormalities are also common, and include skeletal dysplasia (Ginzberg et al., 1999; Makitie et al., 

2004), low turnover osteoporosis, vitamin D deficiency independent (Toiviainen-Salo et al., 2007). By the 1
st
 

birthday, over half of patients drops below the 3rd percentile for both height and weight.  

The neuropsychological phenotype of SDS patients is still poorly characterized, but impaired psychosocial 

functioning and various degrees (from mild to severe) of cognitive impairment are  present in the majority of 

patients (Perobelli et al., 2012).  

Perobelli et al.(2012), using a multi-modal approach including general and specific neurocognitive tests and 

structural MRI, hypothesized that cognitive impairment in SDS patients is associated with diffuse brain 

anomalies in the grey matter and white matter connectivity. 

Boocock reported that SBDS, was mutated in SDS patients (Boocock et al., 2003). This gene contains five 

exons encompassing 7.9 kb and maps to the 7q11.21 centromeric region of chromosome 7 (Goobie et al., 

2001). 

Up to now, SBDS is the only gene associated with SDS; molecular testing is routinely available, and three 
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mutations (resulting from gene conversion between SBDS and SBDSP) account for more than 75% of mutated 

alleles: i) c.183_184delinsCT; ii) c.258+2T>C; iii) c.[183_184delinsCT; 258+2T>C]; in the latter, both DNA 

changes occur on the same allele. If in a child i) and ii) are found, parents need to be tested to determine 

whether the mutation(s) observed in their child are monoallelic (as in iii) or biallelic. Targeted mutation 

analysis is usually performed as this strategy detects at least one mutation in over 90% of patients. 

About 85% of patients are compound heterozygous for the two common mutations; direct sequencing of the 

five exons of the gene detects less common mutations, including missense, nonsense, insertions, and deletions. 

The two recurrent mutations in exon 2 insert new cutting sites for two restriction enzymes. The 

c.[183_184TA>CT] nonsense mutation results in a stop codon (p.K62X).  The c.[258+2T>C] mutation causes 

a splicing error with a deletion of 8 bp and result in a frameshift (p.84Cfs3). The c.[258+2T>C] mutation still 

allows the production of some amount of normal protein (Austin et al., 2005), both in heterozygotes and 

homozygous (Nicolis et al., 2007). 

SDS patients have a propensity to acquire characteristic clonal chromosomal changes in the BM, mainly 

involving chromosomes 7 and 20. The most frequent anomalies are an isochromosome for the long arms of 

chromosome 7, i(7)(q10) (Pressato et al., 2010), and an interstitial deletion of the long arms of chromosome 

20, usually del(20)(q11.21q13.32) (Maserati et al., 2006; Valli et al., 2013).  

Minelli using microsatellite analysis, demonstrated that the i(7)(q10) was always derived from the parental 

chromosome containing the splicing mutant allele c.[258+2T<C] (Minelli et al., 2009). As this mutation still 

allows the production of some amount of normal protein (Nicolis et al., 2007), these results suggest a selective 

advantage of cells having two copies of an allele allowing partial expression of SBDS, and persistence and 

expansion of the clones containing the i(7)(q10) (Minelli et al., 2009).  

The second common cytogenetic abnormality seen in SDS patients is an interstitial deletion of the long arms of 

chromosome 20, del(20)(q). A possible explanation of the low risk of MDS/AML in patients carrying 

del(20)(q) (as the only clonal abnormality), was provided by Pressato et al. (2012) and Valli et al. (2013) who 

demonstrated the loss of eIF6 gene, mapping in the deleted region of chromosome 20. This gene has a pivotal 

role in ribosome biogenesis together with SBDS and its partial loss concomitant to the absence of SBDS 

protein may play a specific role to lower the risk of transformation into MDS/AML in SDS patients.  

Evidence of a link between SBDS and ribosomal function or RNA metabolism comes from the presence in 

bone marrow cells from SDS patients of abnormal expression of genes involved in ribosome biogenesis, rRNA 

and mRNA processing, together with a decreased expression of several ribosomal proteins involved in cell 

growth and survival (Rujkijyanont et al., 2009). In conclusion, SBDS is a multifunctional protein involved in 

ribosome biogenesis, and Shwachman-Diamond syndrome has been recently defined as a ribosomopathy 

caused by uncoupling GTP hydrolysis from eIF6 release during late citoplasmic maturation of pre-60S 

subunits.  

Rationale  

Based on data reported in background, it is clear that: i) SDS is a multisystem diseases caused by a very few 

number of mutations in the SBDS gene; ii) that all the more relevant clinical problems (bone marrow failure 

and risk for MDS or AML, skeletal dysplasia, cognitive impairment) are present only in a variable percentage 

of patients; iii) that there is no correlation between the presence of any mutation and the risk for the patients do 

develop the afore mentioned clinical problems.   

We can define the presence/absence of a defined clinical sign as extreme phenotypes. In order to try to identify 

the genetic factors acting as modifiers of the clinical phenotype, the best approach is to analyze all DNA 

variants present in each patient and parents (trios). 

As we have now the exome data from 16 patients, we can now compare cases showing the same extreme 

phenotype (severe BM failure, same example as before), and we expect them to share a number of variants, 

which are conversely not present in cases in whom, for instance, BM is normal or minimally affected.    

The “extreme phenotype” design was proven useful for instance for Cystic Fibrosis, with the demonstration 

that variants in DCTN4 may influence P. Aeuriginosa infection in cystic fibrosis, and recently a partially 
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modified approach, (i.e., extreme phenotype vs. control population design) allowed the identification of 

additional variants in CAV2 and TMC6 (Emond et al., 2015).    

Analysis of  the shared variants in the whole group of 16 cases will enable us to recognize groups of cases with 

extreme phenotype for all the above mentioned relevant clinical problems, as already done in the first group of 

8 patients (see preliminary data). 

As DNA is available for the vast majority of case included in the Italian Registry (n=120), as well as essential 

clinical data, we expect to be able to confirm the relevance of variants identified in small group of cases with 

each extreme phenotype in a larger group of cases. 

 

Part C. Preliminary studies 
All cases studied have been entered by M. Cipolli in the Italian Registry, (http://www.registroitalianosds.org), 

and the Co-I is a component of its Scientific Committee. Preliminary results include a complete clinical 

workout of each of the patients (including hematology, gastroenterology, paediatrics, cognitive evaluation), 

molecular analyses, bone marrow cytogenetics, genetic counselling.  

In the registry are included 6 families with more than 1 affected child, 3 of them are under regular follow up. 

Clinical data are available demonstrating relevant differences among sibs, and one of these families is included 

among the 166 patients studied. 

For all patients in whom a clonal BM abnormality [either i(7)(q10) or del(20)(q)] was found the parental origin 

of the anomaly was assessed by studying the relevant STRs. 

The AISS (Associazione Italiana Sindrome di Shwachman) in 2015 funded the WES analysis on 16 cases, so 

all the raw data about Whole-Exome Sequencing in these cases are already available. 

The 16 SDS patients studied listed in Table 1, which indicates that 10 of them show the commonest genotype, 

while in 6 cases uncommon mutations were observed.  

We obtained from Personal Genomics the full list of variants observed, filtered only to exclude synonymous 

variants, and in Table 2 are  entered the number of variants observed for each case.  

In silico analysis was started by selecting in the KEGG PATHWAY Database the following pathways: 
1) Cell cycle (including 124 genes), because of previous work by our group (Morini et al, 2015; 

experiments performed by L. Nacci at University of Cambridge);  

2) Pancreatic secretion (including 96 genes), because pancreatic insufficiency is one of the major clinical 

sign of SDS.  

3) Ribosome (including 137 genes) and 

4) Ribosome biogenesis in eukaryotes (including 87 genes), as SDS is a ribosomopathy.  

From the general database, including all the DNA variants identified in the 8 patients, we selected first the 

variants present in the genes related to each pathway and present in the 8 patients; the percentage of genes 

involved for each pathway in the 8 SDS patients is entered in Table 3. The differences in percentage of 

genes carrying variants for each pathway is statistically significant (χ
2
-test: p=0.00006). 

Next, for each pathway and for each of first 8 patients, we selected the variants predicted to be damaging 

in at least 3 out of 5 Functional Prediction Databases (SIFT, PolyPhen2, Mutation Taster, Mutation 

Assessor and FATHMM) (Table 4). 

For each pathway, we observed that small groups of 2-3 cases were similar for the presence of a smaller or 

larger number of variants. In Table 5, we entered the details about cell cycle pathway, with the details of 

genes carrying the variants selected, as above indicated.  

Similar data are already available for all the pathway previously quoted (data not included). 

 

We also performed hierarchical clustering analysis to evaluate the similarities among single nucleotide 

variation (SNV) founded in SDS patients for each pathway of interest. In Figure 1a we report an example of 

this type of analysis, and similarly the same data are already available for all pathways for the first group of 

cases. The cluster dendrogram (Fig.1b) reflects how similar the patients are: UPN 20 is different from all other 

http://www.registroitalianosds.org/
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patients, while UPN 6 and UPN 58 are quite similar, forming a subgroup far from other patients. 

Overall, preliminary results indicate that the data obtained by WES can be used to identify small groups of 

patients (with the same genotype as far as SBDS mutations are concerned) in whom similarities for the 

presence of a number of DNA variants are likely to (partially) explain the clinical variability. 

 

Part D. Experimental design and methods  
Bioinformatic analysis of WES results  

As summarized in Preliminary Results, we aim to perform this type of analysis in the whole group of 16 

cases. To assess the significance of the variants identified, if pathogenic or not, the following 

bioinformatics tools will be used:  

- SIFT (https://www.sift.jcvi.org/), predicts whether an amino acid substitution affects protein function, 

and is based on the degree of conservation of amino acid residues in sequence alignments derived from 

closely related sequences; 

- PolyPhen2 (https://www.genetics.bwh.harvard.edu/pph2/), is a tool which predicts possible impact of 

amino acid substitution on the structure and function of a human proteins using physical and comparative 

considerations; 

- Mutation Taster (https://www.mutationtaster.org/). 

The results provided by the tools listed are based on different strategies, so it is possible to observe conflicting 

result if a single variant is tested by all of them. We will first take into account variants considered as 

pathogenic by all three tools. We will use the OMIM database to link genes containing possible damaging 

variants to human diseases, and  the ExAC Browser Beta (http://www.exac.broadinstitute.org/) to assess the 

frequency of variants in European population. 

Pathway analysis 

We will select some pathways relevant to SDS phenotype using the following tools:  

-  Kyoto Encyclopedia of Genes and Genomes (KEGG) PATHWAY Database  

(http://www.genome.jp/kegg/pathway.html); 

- PANTHER classification system (http://www.pantherdb.org/pathway/), pathway commons 

(http://www.pathwaycommons.org/pc/) 

Hierarchical clustering analysis of samples will be performed to evaluate the similarities among SDS patients’ 

SNVs for the different KEGG pathways of interest. Euclidean distance matrices for each pathway were 

performed in R (http://www.r-project.org/) with the “stats” package dist() function using a binary scoring 

matrix to distinguish the presence, or not, of a SNV in each patients’exomes. Heatmap visualization of such 

distance matrices is obtained with the R package “gplots” and show the unique “fingerprints” of SNVs for each 

patient through a dual color representation: yellow if the variant was found while red if not. The dendrogram 

on top of the heatmap reflects the separation in observed SNVs among the different SDS patients.  

WES result analysis 
For each of the clinical problems selected, as a) growth retardation and skeletal dysplasia; b) bone marrow 

abnormalities and/or evidence of MDS; c) pancreatic function; d) cognitive impairment; e) presence of selected 

clonal bone marrow cytogenetic abnormalities as del(20) we will select, using the above listed pathway 

databases, a set of related genes.   

For instance, for pancreatic function in the KEGG database we find the “fat digestion and absorption” pathway 

and the “pancreatic secretion” pathway, including respectively 41 and 96 genes. We will search the WES 

results of each case for variants present in the two group of genes, and referred as pathogenic in at least three 

out of the three prediction tools listed above, and for variants whose frequency in European population is 

below 3%. We will then split the cases according to “extreme phenotypes”, UPNs with severe impairment of 

pancreatic function without spontaneous improvement vs UPNs with absent/mild pancreatic function 

impairment with spontaneous improvement.  

Next, we will compare the two groups, to identify variants common to severe phenotypes, and absent in mild 

phenotypes. Hierarchical clustering analysis will identify subgroups of cases based on their similarities for the 

https://www.sift.jcvi.org/
https://www.genetics.bwh.harvard.edu/pph2/
http://www.exac.broadinstitute.org/
http://www.genome.jp/kegg/pathway.html
http://www.pantherdb.org/pathway/
http://www.pathwaycommons.org/pc/
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presence/absence of variants (see preliminary results).  

As we will analyse patients and parents, we will know which variants are de novo. For de novo variants, we 

will use the same prediction tools to select those predicted to be pathogenic. If some of them are found in a 

gene related to human diseases, we will ask the doctor in charge of the UPN in whom it was found to revise the 

clinical picture to verify if the phenotype is a complex one eventually including symptoms uncommon to SDS 

patients, which might be related to a second genetic disease. The “extreme phenotypes” for other clinical 

problems will be defined as follows:  

-  skeletal abnormalities and growth: height below 3
rd

 centile or above 10
th
 centile; presence or absence of 

severe skeletal dysplasia requiring orthopedic surgery; 

- bone marrow abnormalities: severe hypocellularity and extensive fatty infiltration of the marrow 

compartments for age, indicating marrow failure and disordered hematopoiesis, MDS vs absent or mild bone 

marrow abnormalities; 

- cognitive impairment: presence of cognitive impairment assessed by the questionnaire proposed by the 

Italian Institute of Statistics for their 2004 Enquiry on Disabilities 

(http://www.disabilitaincifre.it/documenti/salute.pdf), vs absence of cognitive impairement.  

- Clonal bone marrow cytogenetic abnormality: presence of del(20) in the last BM control vs absence of the 

clonal abnormality. 

 

Independently from the bioinformatics analyses listed above, we will perform a hierarchical clustering analysis 

on the whole group of cases, and cases clustering together, will be compared by the clinicians to record the 

clinical similarities.  
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Part F.   Relevance of the research to Shwachman-Diamond Syndrome 
Shwachmann–Diamond is an autosomal recessive disorder and most patients have the same genotype, as they 

carry two common mutation in the SBDS gene. Still the main clinical signs (neutropenia, pancreatic 

insufficiency, skeletal dysplasia, cognitive impairment, bone marrow abnormalities, clonal cytogenetic 

abnormalities, risk to develop AML) can be observed with a probability ranging from 98% (neutropenia) to 

30% (risk for AML). 

Thus a project aimed to identify additional DNA variants acting as modifying factors, and behaving as risk 

factors for the development of specific symptoms, is of relevance for patients and their families as it will offer 

improved tools to define the prognosis of the disease in each single case, and may be of relevance for family 

planning and prenatal diagnosis. 

Identification of genetic variants additional to the mutations in the disease-causing gene, also might,  in the 

future, have some relevance in better selection of therapies for specific clinical symptom. 
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TABLES AND FIGURES 
                                 Table 1: patients studied with their SBDS mutations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                      Table 2: first group of 8 patients analyzed with the number of their variants 

 

 

 

 

 

 

 

 

 

 

                  

                 Table 3: pathways analysed and % of genes involved in the 8 SDS patients. 

Pathway 
Genes in the 

pathway 

Genes containing 

variation in the 8 

SDS patients 

% 

Cell cycle 124 42 33.8 

Pancreatic 

secretion 

96 46 47.9 

Ribosome 137 29 21.16 

Ribosome 

biogenesis in 

Eukaryotes 

87 39 44.82 

 

N. of 

case ID case SBDS mutations 
1 UPN 20 258+2T>C/183_184TA>CT 

2 UPN 6 258+2T>C/101A>T 

3 UPN 68 258+2T>C/183_184TA>CT 

4 UPN 57 258+2T>C/187G>T 

5 UPN 58 258+2T>C/183_184TA>CT 

6 UPN 15 258+2T>C/183_184TA>CT 

7 UPN 65 258+2T>C/258+2T>C 

8 UPN 64 258+2T>C/624+1G>C 

9 UPN 42 258+2T>C/c.258+533_459+403del 

10 UPN 43 258+2T>C/c.258+533_459+403del 

12 UPN 2 258+2T>C/356G>A 

13 UPN 62 258+2T>C/183_184TA>CT 

14 UPN 85 258+2T>C/183_184TA>CT 

15 UPN 24 258+2T>C/183_184TA>CT 

16 UPN 51 258+2T>C/258+2T>C 

17 UPN 45 258+2T>C/183_184TA>CT 

N. of case ID case n. of variants 
1 UPN 20 9821 

2        UPN 6 10005 

3 UPN 68 9975 

4 UPN 57 10091 

5 UPN 58 10111 

6 UPN 15 10168 

7 UPN 65 10189 

8 UPN 64 10038 
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Table 4: variants predicted to be damaging in at least 3 out 5 Functional Prediction Databases 

 

 

 

Table 5: details of variants selected as pathogenic, their frequency in European population and 

distribution in the 8 SDS patients in cell cycle pathway 

chromosome: 

position 

gene identifier UPN 

 20 

UPN 

6 

UPN 

68 

UPN 

57 

UPN 

58 

UPN 

15 

UPN 

65 

UPN 

64 

Eur 

Freq. 

11:108143456 ATM rs1800057 x       x 0,026 

12:69233376 MDM2 rs201788800        x 0,000 

16:53488627 RBL2        x  0,000 

16:53499374 RBL2 rs76818213        x 0,019 

22:29091782 CHEK2 rs373073383   x      0,000 

22:45749966 SMC1B rs61735519 x        0,060 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 UPN 20 UPN 6 UPN 68 UPN 57 UPN 58 UPN 15 UPN 65 UPN 64 

N. of variants in 

genes involved in 

cell cycle pathway 

2 0 1 0 0 0 1 3 

N. of variants in 

genes involved in 

pancreatic secretion 

pathway 

2 2 3 6 3 5 7 2 

N. of variants in 

genes involved in 

ribosome pathway 

1 2 1 3 0 1 1 0 

N. of variants in 

genes involved in 

cell cycle pathway 

2 3 4 2 4 1 3 3 
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Fig 1a: Hierarchical clustering of SDS patients using a binary scoring matrix to distinguish the presence, or 

not, of SNVs in each patients’ exomes in the cell cycle pathway. Each row and column refer to an individual 

SNV and an individual SDS patient, respectively. The yellow and red color reflect absence or presence of 

SNV, respectively. At the top of hierarchical clustering is reported the separation of SDS patients in different 

clusters based on the similarity or not of their unique SNVs “fingerprints”. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Fig 1b: Focus on the dendrogram showing the clusterization of  SDS patients according to the SNVs found. 
 


