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The Next Challenge in Medicine:

"Precision Medicine"

ﬁTﬂnight, I'm launching a new Precision Medicine

[nitiative to bring us closer to curing diseases like
cancer and diabetes — and to give all of us access to the

personalized information we need to keep ourselves and
our families healthier.”

— President Barack Obama, State of the Union Address, January 20, 2015

N ENGL) MED 372;9 NEJM.ORG FEBRUARY 26, 2005



Cost of sequencing per genome (US$)
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A new era for Precision Medicine

ENVIROME

““MICROBIOME

v Large-scale biological databases;
v Powerful "omics" patient characterization tools;
v Tools for Big Data management



Integrative omics for health and disease
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Aggregating Information
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Changing how drugs are delivered

|dentify non-responders and safety issues before prescribing or treating

Classic “one-size-fits-all”
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Center for Precision Medicine

Open access technical platforms (e.g. NGS, imaging,
Nanostring, etc.)

Bio-Bank (shared SOPs for sample coIIection)
Bioinformatics and Big data management;

Promote translational research and biomarker
discovery for disease prediction, diagnosis and
staging

Clinical trials (targeted trials, virtual trials)
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@
P2y GReMeP . Open access technical platforms

LA MEDICINA DI PRECISIONE

0

* Nanostring nCounter FLEX Analysis System (Diatech
Pharmacogenetics)

~ * Slide Scanner NanoZoomer mod.S60 (Nikon
!.' instruments)
- S ° Quanterix SR-X Ultra-Sensitive Multiplexed

Biomarker Detection Warranty & Service Programs
(Quanterix) -

* autoMACS Pro Separator — (Miltenyi Biotec). ] .}
* NovaSeq 6000



Triple quadrupole Mass spectrometer
MALDI-TOF/TOF Mass spectrometer
500Mhz dual channel NMR
LTQ-Orbitrap mass spectrometer
FT/MS Q Exactive Biopharma




DEPArray™ NxT Digital Cell-Sorting System

Laser Capture Microdissector Arcturus XT
BD FACS Canto TM Il citofluorimetro (FACS)
Confocal microscope LEICA TCS SP5

Opera Phenix High-Content Screening System




* Spectramax M2 Multi-modal microplate and
cuvette readers

* Luminex Magpix Biorad - Multiplex
immunoassay

* ViiA 7 Fast 96 Well Real Time PCR system
* FPLC - AKTA Explorer 100
* Droplet Digital PCR




Precision medicine: the future in diabetes care ?

Phenotype Genotype
- Demography - Variants altering PK
- Comorbidities - Variants altering PD

Patient

Disease

- Duration - Pharmacokinetics (PK)
- Severity (HbA1c) - Pharmacodynamics (PD)
- Fasting/postprandial - Cost

- Insulin secretion/resistance
Diab Res Clin Pract. 2016, 117: 12-21



Heterogeneity in different forms of diabetes

GENETICS

Insulin secretion Insulin secretion
defects (polygenic) defects (monogenic)

Autoimmunity Beta cell mass Insulin resistance

T1D MGD

} T2D
Other
T Insulin
1
Ji KPD
m ke @W

KPD
(A+B-
A+B+)

Adult onset

Very
early
onset

Autoimmunity Inflammation Insulin resistance Barriers to care

ENVIRONMENT: Virus, diet, socioeconomics, other

r

Diabetologia (2020) 63:2040-2048



Forum Italia

Type 1 diabetes natural hostory @/

Genetic | | | The stages to type 1 diabetes
risk | | |
— i My, W
Immune : = L - -
activation : \ ‘Fﬁﬁf f “ ﬁﬂf A %lﬁl'ﬁ
: — | | - -
g I Immune , !
Starting point -
15 xincreased | I
riskof TIDin | 4 i Stage 1 Stage 2 Stage 3 Stage 4
those with | Immune i ﬁﬁ !
relativeswith | activation | Immune ' Normalblood  Abnormal Clinical Long-
disease | Betacellsare | response | sugar blood sugar diagnosis standing
i attacked i Development =2 =2 =2 TiD
! ' of single ' autoantibodies  autoantibodies  autoantibodies
e  autoantbody

Di Meglio L et. Al. Lancet 2018



Type 1 diabetes heterogeneity has implications for disease
prediction, prevention, diagnosis and treatment

Diabetologia. 2020 October ; 63(10): 2040-2048. do1:10.1007/s00125-020-05211-7.

Diabetes Care 2020;43:5-12 | https://doi.org/10.2337/dc19-0880



Clinical

Genetic

Immunological

Metabolic

Pathological

T1D heterogeneity

» Age of onset of B cell-directed autoimmunity and hyperglycemia (from 6 months to
adult); up to 40% onset in individuals over 30 years old

» Other autoimmune endocrinopathies or diseases (thyroid, adrenal, celiac, etc.)

* Degree and rate of development of diabetes-related complications (e.g.,
retinopathy, nephropathy, neuropathy)

* Presence of HLA DR3/DR4 haplotypes
* More than 50 genetic loci

» Autoantibody frequency, profile, and target epitopes
e Type 1 IFN, innate immunity, and T cell sighatures

» Rate of decline in B cell function and mass in stages 2 and 3
* Degree and duration of residual C-peptide production
* Response to immunomodulatory therapy

* Insulitis (degree, location) differs between and within individuals
« CD20+ B lymphocytes in younger-onset T1D

» Degree of B cell loss

 Differences between insulin-negative islets and islets with B cells
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~ How do we find those who are at risk?
How do we identify who to treat?...
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Type 1 diabetes: Complex dialogue between islet and immune system
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Age-related T1D Endotypes

Key:
Infiltrated ICls
Non-infiltrated ICls
Infiltrated non-ICls
Non-ICls

Insulin Glucagon CD45

Glucagon CD20CD8

Key:
Infiltrated ICls
Non-infiltrated ICls
Infiltrated non-ICls
Non-ICls

Insulin Glucagon CD45

Glucagon CD20 CD8

Diabetologia (2021) 64:15-25



Is it possible to identify specific endotypes of T1D subjects on the basis
of the expression profiles of circulating biomarkers and their correlation

with clinical parameters and other molecular features?

T1D subjects
endotypes

T1D subjects



INNODIA Biomarkers Research study to identify novel T1D

endotypes
Within 6w 3 months 6 months 12 months 24 months

émmm

MMTT v v v v
C-pep v v v v v
serum ’ ’ 4 Y ’ » Genotyping
Cells Y v Y Y Y s Immunomics
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* Including micro-RNA and whole blood RNA  MIRNA/SmMall RNAS



Vesicles-free miRNA

Extracellular
space

Release after cell death
Specific secretion?
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ININSDIN
Experimental Design for the analysis of miRNAs/small RNAs in T1D individuals

T1D Subjects
n=115
~4 weeks from 3 months 6 months 12 months
diagnosis (Visit-2) (Visit-3) (Visit-4)
- (Visit-1)

2 h from blood draw
Residual Blood cells/platelet removal

Aliquoting (no Freeze/Thaw cycles) o HTG-miRNA Edge seq
INNODIA SOP -80°Cstorage —
Plasma Collection V% o -> EA > I ==
K,/Ks-EDTA —
Blood Plasma 15 pl plasma Libraries preparation Reads Mapping

F ‘F Nuclease protection and Sequencing and counts
_—

o Small RNA-seq
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h | —— &
] % - ‘ B — -
& =
T ——F
200 pl plasma Libraries preparation Reads Mapping
On-column RNA isolation and Sequencing and counts
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Identification of Rapid Progressors and Slow progressor among T1D
individuals of INNODIA 100s cohort

Progression Clusters C-peptide progression slopes
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Most significant microRNAs correlated with progression clusters or slopes of

miR 1224 5p

miR.204 3p

miR.7111 5p

miR.€12

miR.5196 5p

miR 4707 5p

miR.1250.5p

miR.1301.5p

miR 4505

miR 4417

Rapid Slow

T1D individuals

HTG-Edge Seq

--01

=03

Targeted miRNA

tea miR 6736 3p
tea miR 3631 5p
fsa miR 4635
rea.miR 218 3p
tea miR 7161 3p
rea mik 4479
tsa miR 5010 5p
tea miR 4607 3p
miR 4689 - L] R68575
miR 4707 5p S oo *
miR 7107 5p + ° rsa miR 5587 3p
miR 615 3p =
miR 6823 3p + ™Y tea miR 6793 5p
miR. 7111 5p @ tea miR4750 5p
miR68705p - @ e
miR 4436a 4 Y ea.miR 296 5p
miR 6720.5p L] VR 715
miR 7154 3p | @ TR 11383
mggg;ﬁ; gp — ® fea.mif 187 3p
mi p ®
miR 4690 5p - ° hea miR 6799 5p
miR 556 5p - L tea miR 6677 5p
miRk.1301.5p < © ..
miR 3689b.3p < L3 ” sa miR 4673
mIR 2276 3p L 2 iR474
miR. 4706 ® hsa miR 4741
miR 4505 L] tsa miR 3691 Sp
miR 1538 ® R6163
miR 4798 3p 4 @ o 3P
miR 6829 Sp @ tea mik 4459
miR 4632 Sp @ 1
miR. 4421 + ° nsa miR 3160 3p
miR 4269 - ® =
miR 4664.3p - H hsa miR 6762.5p
miR.3141 tsa miR 6803 5p
miR.6811.5p
miR 6735 3p 4 rea miR 3159
miR.1910.3p hea miR 3180 Sp
miR 6821 .3p -
miR.6124 fea miR 1261
miR 4535 < 2
miR.647 rea miR 6125
miR.4727 5p - tsa miR 6736 3p
miR 6744 3p s
miR 4726 3p 4 tea iR 1281 5p
mMiR.4324 hsa mR 6887 3p
miR 6834 3p g
miR 1224 Sp 4 tsamiR 3173 3p
miR 5196 5p - "
miR 873 5p - BEmAAS
miR 4522 Fsa miR 4274
676150 1 BT
miR.6761.5p rea miR 4440
mnzs3 ] e [
-03 -02 =01 00 01 02 03

Correlation value Rapid Slow

UCPH Team; Jose Juan Almagro Armenteros- Caroline Brorrson- Piotr Chmura- Soren Bruna

Small RNA-seq
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Two-seq platforms profiling reveals two distinct T1D subjects groups
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Can Immunomics tell us more about Cluster-A and Cluster-B T1D subjects?
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Patients recruitment
and Follow-up

Circulating RNA
analysis and
patients
stratification

Clinical outcome
prediction

Circulating MicroRNAs signatures

Cluster B is enriched of 14932 miRNAs
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and T1D heterogeneity

miR-382-5p
(TagMan)

i
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miR-409-3p

(TagMan)

A set of microRNAs from chromosome 14q32
(miR-382, miR-409 and miR-127) distinguishes
Cluster A and Cluster B: ddPCR validation
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T-cell exhaustion in T1D

T-cell exhaustion is associated with T1D subjects, RESPONDERS to aCD3 immunotherapy,
reduced cytokines production showed higher levels of partially exhausted CD8 Tem KLRG1* TIGIT*
Chronic antigen stimulation
Loss of ¢ cytokine signalling :‘_ T - C
T — a * = NR
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L *
a e
Potent pro-inflammatory environment = '5‘__
Loss of peripheral tolerance D‘E ] 2
o2
TOX expression "_-I_J o 44
Inhibitory markers (PD-1, TIGIT, CTLA-4 etc) —i E
O = 1
o y—
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+
|': 24 J:—{
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JDRFE" HELVSLEY Long SA, et al .2016- Sci. Immunol.




Sites of action of therapeutic interventions for B-cell
preservation.

Exercise
» Increases the number of I
insulin secretory granules Teplizumab
= Increases surface expression T cell receptor: (anti-CD3) Rituximab (anti-CD20)
of GLUTZ transporters 1 CD3-recognizing Binds to and Binds to and depletes CD20°
» Increases B-cell proliferation Anti-thymoeyte globulin antigen presented | inactivates B cells, which act in part as

Depletes effector T cells [ on MHC | | CD3"CD8" antigen-presenting cells

Tlcells /

Antigen-
presenting cell
GLUT transporter presenting to
Verapamil Tcells

+ Modulates pro-
inflammatory stress

+ Reduces oxidative
B-cell stress

/ ; Abatacept (CTLA4-Ig)
4 Binds CD80 or CD86 and

~

Cytokine-induced Alefacept prevents costimulation of
death ) Binds to and depletes effector T cells
T follicular h_ElPEf CD2* effector memory '
\ cell, promoting T cells
Golimumab (anti-TNF) jector Teell
» Reduces cytokine-induced 1on | costim ulatory molecule I
B-cell death _ CTLA4 binds CD80 or CDB6
. E’E'_:IUCE_S lymphocytic on antigen-presenting cell
infiltration -
= Reduces local inflasmmation _ i

IL-21
Regulates T follicular
cell function
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