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Sequenziamento personalizzato







Sequenziamento genomico esteso all’intera popolazione



Nuovo concetto di Ospedale Tecnologico

Il sequenziamento genomico esteso all’intera popolazione potrebbe
portare a una innovazione nell'ambito dello studio e della cura delle
malattie



Heal-Italia può affrontare questa sfida complessa che pone il paziente al centro 
dei percorsi di cura e che cerca di restituirgli un approccio terapeutico il più 

possibile individualizzato



Heal-Italia può contribuire con la sua ricerca a dimostrare la sostenibilità per il Sistema Sanitario Nazionale

Riduzione dei costi legati
a terapie non appropriate

Riduzione dei costi
inerenti percorsi
diagnostici

Risparmi per ricoveri e
cure continue nel tempo
di quei pazienti affetti da
patologie complesse e/o
croniche che potevano
essere prevenute.

Costi legati alla 
produzione

Costi per la conservazione 
del dato



Istituzione di un passaporto 
farmacogenetico: consente di 
determinare la risposta 
individuale ai farmaci sulla 
base di varianti genetiche.

Passaporto farmacogenetico



• The fluoropyrimidines 5-fluorouracil and capecitabine are widely used in the treatment of solid 
tumors including colorectal and breast cancer, and cancers of the aerodigestive tract.

• Approximately 10–40% of fluoropyrimidine-treated patients develop severe and some- times life-
threatening toxicity (neutropenia, nausea, vomiting, severe diarrhea, stomatitis, mucositis, hand-
foot syndrome)

• 5-Fluorouracil has a narrow therapeutic window, resulting in a small difference between minimum 
efficacious and maximum tol- erable dose.

• Dihydropyrimidine Dehydrogenase (DPD) is the first and rate-limiting step in the catabolic pathway 
converting 5-fluorouracil to dihydrofluorouracil (DHFU)

• DPD levels show high inter- and intraindividual variation, which influences 5-fluorouracil exposure

• Reduced activity of DPD results in reduced clearance and increased half-life of 5-fluorouracil, and 
can cause profound dose-related toxicities.

• Capecitabine is a prodrug of 5-fluorouracil, being converted to 5-fluorouracil and also metabolized 
by DPD. Therefore, toxic effects are similar in patients with decreased/no function DPYD variants







nucleotide_change protein_change ref alt het hom Phenotype

c.1627A>G p.I543V T C 230 30 DPYD normal metabolizer

c.85T>C p.C29R A G 254 33 DPYD normal metabolizer

c.2846A>T p.D949V T A 6 0 DPYD Intermediate metabolizer

c.1905+1G>A splicing defect C T 6 0 DPYD Intermediate metabolizer

c.1129-5923C>G G C 30 0 DPYD Intermediate metabolizer



Genome Sequencing in the clinic 
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GS increasingly suggested as first-tier clinical test to replace ES for diagnosis of genetic disorders

⮚ In recent years, studies and meta-analyses were published on the topic

Advantage

- uniform coverage (including coding)

- comprehensive variant calling

- coding + non-coding

- higher computational and human workload

- more interpretation challenges

- more demanding infrastructure



ES/GS in >50 NeuroDevelopmental Disease (NDD) families
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Patients and Samples Analysis of 55 families 

completed 

52  trios and 3 quartets 

All family members had 

GS at mean coverage 50x

GS data were processed 

through a 

DRAGEN/GATK 

pipeline

Collect of DNA from blood samples and 

HPO-standardized clinical information



Diagnostic rate

The GS-exclusive variants are highlighted in bold (25%) Case Gene Transcript Variant Inheritance
type od 

variant

Potentially 

detectable 

with WES

FID_1 CREBBP NM_004380.3 p.Arg1868Trp DN SNV Y

FID_2 MT-ATP8
ENST000003

61851.1
p.Lys57* MT SNV N

FID_3 RIF1 NM_018151.5
2-151426560-

6821_del
DN SV N

FID_4 MED12 NM_005120.3
c.4477_4527+

56dup
DN SV N

FID_7 HECW2
NM_0013487

68.2
p.Arg1330Trp DN SNV Y

FID_8 AFF4 NM_014423.4 p.Arg258Trp DN SNV Y

FID_22 CYFIP2
NM_0010373

33.3

p.Asp877Glufs

Ter57
DN SNV Y

FID_10 TRIT1 NR_132405.1
p.Trp228Arg, 

p.Arg150Ter
AR SNV Y

FID_38 SCAMP5 NM_138967.4 p.Gly180Trp AD SNV Y

FID_31 RAC1 NM_006908.5 p.Tyr64His DN SNV Y

FID_45 ZNF865
NM_0011956

05.2

p.(Ser800Phef

sTer163)
DN SNV Y

FID_47 DDX1 NM_004939.3 p.(Glu371Lys) DN SNV Y

The overall diagnostic yield is consistent with studies reported in the 

literature on cohorts of patients with NDDs (PMID: 36114283, 

PMID:37541188, PMID37541188)



Diagnostic rate

Case Gene Transcript Variant Inheritance type od variant genomic region

Potentially 

detectable with 

WES

FID_29 HDLBP NM_005336.5 p.Arg839His DN SNV new gene Coding Y

FID_18

CHRDL1 NM_001143981.2 p.Lys300Ter XLR

SNV

coding Y

FGF13 NM_004114.5 c.-25A>C XLR non-coding N

FID_19

MT-RNR2 ENST00000387347 M-3251-A-G MT SNV N

NLGN4X
ENST00000381095.

8
X:5863700+300_ins XLR SV non-coding N

FID_11

inv(X)(p22.13q28) DN SV non-coding N

GCH1 NM_001024024.1 p.Thr94Met DN SNV Coding Y

FID_39

FGF14/TLX1NB t(10,13); DN SV Coding N

SYNJ1
ENST00000674351.

1

p.Pro1255Leu 

c.*2436A>G
AR SNV Coding N

FID_50
PIK3R2 NM_005027.4 (Glu338Gly) M SNV Coding Y

GPC3 NM_004484.4 c.175+4751A> XLR SNV non-coding N

OGT NM_181672.3 c.218+56A>G XLR SNV non-coding N

FID_54 SRCAP NM_006662.3 p.(Arg945Leu) AD SNV Coding Y

FID_42 COL23A1 NM_173465.4 p.Arg495Cys AR

SNV/ROH gene 

nuovo ma paziale 

phen

Coding Y

FID_25 TENM2
ENST00000518659.

6
AD

SNV gene nuovo in 

un CRE
non-coding N



E dall’esoma in poi…

• Pazienti negativi all’analisi dell’esoma>>>> analisi del genoma (costi/analisi dei dati ancora complessa)



Family history

III.2
- Hemeralopia: onset at 20 yo
- Hypertension
- Mild renal failure

Eye examination (2021):
- Fundus: bone spicule pigment 

deposits and salt and pepper 
peripheral retinopathy

- OCT: extrafoveal photoreceptors 
atrophy

- Rod – cone dystrophy

III.1
- Hemeralopia: onset at 20 yo
- Nicturia and hypertension at 27 

yo: ESRD diagnosis 
- Kidney biopsy suggestive of 

Nephronophthisis
- Kidney transplantation at 29 yo

Eye examination (2021):
- Fundus: attenuated retinal 

vessels, waxy optic nerve pallor, 
salt and pepper peripheral 
retinopathy

- OCT: extrafoveal photoreceptors 
atrophy

- Rod – cone dystrophy

WES result (probands + parents)
SDCCAG8 (NM_006642): c.740+267C>T / SDCCAG8 (NM_00642): c.740+288G>C

c.740+288G>C/ WT c.740+267C>T/ WT

c.740+288G>C/ c.740+267C>T c.740+288G>C/ c.740+267C>T



By RT-PCR experiments on 
cDNA derived from 
patients’ fibroblasts, we 
characterized the splicing 
anomalies associated with 
the c.740+267C>T and   
the c.740+288G>C deep 
intronic variants in the 
SDCCAG8 gene. Both 
variants alter an ESE/ESS 
motif, causing the creation 
of a 112bp pseudoexon 
(Ψ7a). Interestingly, two 
wild-type splicing isoforms 
have been detected (7-8 
and 7- Ψ7b-8).

In vitro validation of cryptic variants 



RNA SOURCE: URINARY STEM CELLS

Testing the effect of our SDCCAG8 variants on splicing

qRT-PCR experiments show significant reduction of the WT transcript in affected patients vs their parents and the healthy 
control on t-test (* p < 0.05; ** p < 0.01), in skin fibroblast and urinary stem cells

RNA SOURCE: SKIN FIBROBLASTS



Our ASO strategy to target SDCCAG8 cryptic variants.

We designed and synthetized four splice-switching ASO 
to restore normal SDCCAG8 splicing at the pre-mRNA 
level. 

To the molecules we have added a 2’-O-methyl RNA 
phosphorothioate (2OMePS) chemical modification in 
order to increase stability and improves the affinity for 
the target sequence.

PS 2’-O-Me



In vitro evaluation of ASOs therapeutic potential

Patient fibroblasts were treated with 20, 35, 50 and 65 nM concentrations of ASOs for 48h. Total RNA 
was isolated and RT-PCR was performed to evaluate the therapeutic potential of our molecules. 

Our preliminary experiments show the efficacy of AC3 and AC4 ASOs in restoring the physiological 
splicing pattern (arrows) at all concentration tested. The treatments dramatically improved SDCCAG8 
splicing correction of pre-mRNA. 

The relative quantification of MUT 1 and MUT 2 splicing isoforms vs the WT one clearly states the 
therapeutic potential of our molecules, indeed mutant bands had almost disappeared, suggesting a 
complete abrogation of the aberrant splicing.



Conclusions: These findings suggested that prenatal alcohol exposure is associated with distinct 

DNA methylation patterns in children and adolescents, raising the possibility of an epigenetic 

biomarker of FASD.



Other challenging scenarios





Gene theraphies approved



New diagnostic and therapeutic perspectives
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