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Immunoterapia

1. Introduction



Rationale for Immunotherapy

In order to be considered for immunotherapy
a disorder must be immune-related
 T1D is characterized by autoimmune destruction of B-cells
* Anti-insulin/islet autoantibodies can be detected

* TIlymphocytes response against insular proteins is evident



NOD mice with T1D showed
pancreatic islet infiltrate

4-week-old 12-week-old >14 Hglc

Fiorina et al. Diabetes 2008



Michels et al. Diabetes

Patients with T1D showed
pancreatic islet infiltrate
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Progression to Diabetes vs. Number of
Autoantibodies (GAD, ICA512, Insulin)
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Experimental therapies for T1D

Immunotherapy

To deplete autoreactive clones
To enhance immunoregulation
To reshape the immune system
Many side effects

Fiorina et al. Diabetes 2001

Fiorina et al. Diabetes Care 2003

Fiorina P et al. AJT 2011

D’Addio F/Fiorina P et al. Diabetes 2014
Ben Nasr M/Fiorina P et al. Pharm Res 2015



Big hopes for NOD mice on the horizon

Suarez-Pinzon WL;
3. EGF+ gastrin Diabetes, 2005 g 83% 3-6 days

5 B cell depletion Wen L, JCI, 2007; o
(Anti-CD20 and CD22) Fiorina P, Diabetes,2008 100% 70% < EEE
Fiorina P, ® o
6. MSCs el S5 100% 30% 3 days
8. DEF-GAD65 I B 100% 80%

Eur J Immunol, 2010

Abbreviations. Ad-hTGF-B1 (adenovirus (Ad) vector encoding active form of human TGF-81); EGF
(epidermal growth factor); LSF (Lisofylline); EX-4 (exendin-4); MSCs (mesenchymal stem cells); hAAT
(Human a1-antitrypsin); DEF-GAD65 (a silent monoclonal glutamic acid decarboxylase 65 GAD65,,7_530-
specific CD4T-regulatory population upon its activation through a soluble dimeric |-
Ao([397/Fc\(2a/GAD65217_230 chimera); mATG (murine anti-thymoglobulin); CTLA4-Ig (Fusion protein made
by extracellular domain of CTLA4 and Fc portion of IgG).

Ben Nasr M et al. Pharm Res 2014



But not really for T1D individuals

Intensive insulin Shah C; N Engl J Med; 14 0 0.5 2
therapy 1989

Visalli N; Diab Metab

Nicotinamide Res Rev: 1999

Raz I; Lancet; 2001

DiaPep277

Raz I; Diabetes Care;
DiaPep277 phase3 2014

Ortquist E; Diabetes

160 0 0.3 16

Diazoxide Care; 2004
Nicotinamide + Crino' A; Eur J
vitamin E Endocrinol; 2004
ChAglyCD3 or Keymeulen B;
otelixizumab N Engl J Med; 2005

Ben Nasr M et al. Pharm Res 2014
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2. Cell-depletion



T cell depletion (ATG)
cures T1D in NOD mice
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Vergani A/ Fiorina P et al. Diabetes 2010



B cell depletion (anti-CD22)
cures T1D in NOD mice
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Fiorina P et al. Diabetes 2008



T cell depletion (hOKT3)
preserves C-peptide in T1D pts
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Herold K et al. NEJM 2002



T cell depletion (ATG+CSF)
preserves C-peptide in T1D pts
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B cell depletion (Rituximab)
preserves C-peptide in T1D pts
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Peskovitz M et al. NEJM 2009



Cell depletion

References Patients n. Treatment Outcomes C-peptide
(AUC-nmol/l/min)
Herold et al. 12 hOKT3 Preserve C-peptide Treated: 1.28 to 1.27
NEJM 2002 14-day of intravenous hOKT3y1 antibody Control: 1.48t0 0.74
Keymeulen et al. 80 Anti-CD3 Preserve C-peptide Treated: 0.85 to 0.80
NEJM 2005 6 doses of Otelixizumab Control: 0.95to 0.70
Herold et al. 10 Teplizumab Preserve C-peptide Treated: 0.88 to 0.89
Clin Immunol 2009 Single course anti-CD3 mAb Control: 0.41t0 0.19
Pescovitz et al. 126 Rituximab Preserve C-peptide Treated: 0.75 to 0.59
NEJM 2009 4 Rituximab intravenous infusions were given Control: 0.74t0 0.47
within 22 days
Sherry et al. 763 Protégé Preserve C-peptide Treated (A): -0.06
Lancet 2011 14 daily infusions of Teplizumab Control (A): -0.14
5% insulin independence
Herold et al. 52 Teplizumab Preserve C-peptide Treated: 0.72 to 0.44
Diabetes 2013 14 doses Control: 0.67 to 0.21
Ambery et al. 179 Defend-2 Ineffective Ineffective
Diabetic Med 2014 8 doses Otelixizumab iv
Haller et al. 25 ATG+GCSF Preserve C-peptide Treated: 0.71t0 0.74
J Clin Invest 2015 Iv ATG (1 dose) and sc G-CSF (6 doses) Control: 0.71to0 0.43
Gitelman et al. Diabetologia 58 ATG Ineffective Ineffective

2016

Single injection of ATG

19



Cell depletion - Summary

T/B cell depletion was promising
Somehow disappointing clinical results

Only the achievement of insulin independence can justify the
use of immunosuppression

Adverse effects observed



Immunoterapia

3. Antigen-specific therapies



Antigen-specific therapies

- Induction of immunological tolerance

- Insulin administration prevented T1D in NOD mice

Aspord and Thivolet, Clin Exp Immunol 2002,
Ravanan et al. Clin Exp Immunol 2007



DPT-1 trial:
T1D patients treated with oral and parental insulin

A All Subjects B Compliant Subjects
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GAD-Alum [Diamyd] 4 ug into Lymph Nodes +
Vitamin D (2000 Ul die) stabilizes C-peptide
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Antigen-specific therapy

References

Patients n.

Treatment

Outcomes

C-peptide (AUC-
nmol/l/min)

NEJM 2002

339

DPT-1
Daily oral and
parenteral insulin
administration
until diagnosis

Ineffective

Ineffective

Wherrett et al.

Lancet 2011

126

GAD
Glutamic acid
decarboxylase
(GAD) has been

injected 3 times

Ineffective

Ineffective

Linkoping

University et al.

NEJM 2017

DIAGNODE-1
GAD Alum+Vit D

Preserve C-peptide

From 0.53 to 0.55

25



Antigen-specific therapy - Summary

* This approach mat affect the early phase of T1D onset

* Lack of adverse effects makes this strategy attractive
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4. Anti-inflammatory therapies



Anti-inflammatory therapies

- Inflammation predispose autoimmune reaction in T1D

- Preclinical evidence: administration of anti-infiammatory
therapies prevent T1D in NOD mice



Preclinical evidences

Rapid Publications

1,25-Dihydroxyvitamin D, Prevents

Insulitis in NOD Mice

CHANTAL MATHIEL, JOS LAUREYS, HALINA SOBIS, MICHEL VANDEPUTTE, MARK WAER,

AND ROGER BCUILLON

The active form of vitamin D, 1,25(0H);D, can prevent
varlous forms of induced i
disorders. The alm of this study was to confirm these
findings in NOD mice that spontaneously develop an
sultolmmune type of diabetes mellitus. Theretore, the
affact of a long-tarm 1,25{0H).D, traatmant on the
incidence of insulitis, the histological lesion preceding
dlabetes, was studied. Farty-thiea NOD mice wera
treated with 1,25(0H},D,, (5 ugikg) i.p. every other day
from age 21 days on, when no insulitls was prasent
yet. At day 100, 16 control mice receiving the treatment
vehicle (arachis oll) had an incldenca of insulltis of
76%, whereas only 41% of the 1,26{0H),D,-treated
animals developed Insulitis (P < 0.025). Calcemia,
determined 24 h atter the last 1,25(0H),D, injectian
was 2.5 = 0.3 mM, which was higher then In controi
animals (2.3 = 0.1 mM), but was well tolerated. Cellular
immunity, as assessed wilh the mixed lymphocyte
reaction performed at day 100, was not impaired

. This study that long-term
frealment with high doses of 1,25(0H),D, is abie 1o

the of Insulitls in sp

autoimmune diabetes without major side etiects.
Diabetes 41:1491-95, 1892

Fram the Labaratory for Experimental Medcine a1d Endacrinclogy and the
Labaratory o Imrunapetholagy, Rega Inatute, Calhdlic Univergity of Leu
ven, Lelgium

Ackdress reprinl cecests 1o fioge Boullor, Legends, U.Z. Giasmulsoerg,
Harasiraal 4y, 3000 Leuwers, Belgiurh.

Hecarvad for publicalor 15 July 1992 and &ccepled in revised lorm 27
August 1962,

1.25(0H1,0, 1.25-tihydroxyvitarmin Dy: type | disbeles, insuln-dege
ot dinbetes mellius; FCS, fetal oall senm: S1 stmulztinn inde; 1.2,
interlaukin 2: [Ny alerfaron-y; MLR. mxed lymohacyte resctan; cpm,
oLtz por iminute; NS, 70 S.gnifance

CHABETES, WOL. 41, NOVEMBER 1892

eceprors for the active form of vitamin D,
1,25{01);D5, have been discovered in cells of
the immune system (monocytes, activated lyr-
phocytes), and 1,25(CH),D; has been shown
to exert potent immurosuppressive activilies in witro
(1-4). It also has been demonsirated in vivo that a
shert-term treatment with 1,25(0H).D;, ¢an prevent the
occurrence of experimentally induced autgimmune dis-
aages, such as experimental autoimmune encephalitis or
experimental auloimmune thyroidits in mice and a lupus-
like syndrome in rats (§-7}, when the agent i3 adminis
tered at the time of disease inguction. However, few data
are available on the efficacy of vitamin D or its analogues
in spontaneously oceurting autaimmune diseases (8-8)
Mareaver, in thess maodels, long-term treatment with
1,25(0H).D, is necessary. as the exact time of disease
onset is unknown, thus increasing the risk for side effects
such as hypercalcemia
NOD mice spuntaneously develop diabeles and are a
good maodel for human uvenile type | diabetes (10-12)
Clinical disease is preceeded by insulitis, which is the
basic histological lesion in the islets of Langerhans of the
pancraas. Islets are invaded mainy by CD4 " and CDg*
T-calls and also by monocytes (12,13). The autoantigon
remains unknown, and the cell type responsible for the
initiation of the autoimmune process is still controversial,
but monocyles and CO4™ cells seem to play 2 major role
(12,14,15). The onset of insulitis is observed at 20-40
days of age. In this study, we show that chranic: treatment
with 1,25(0OH);Dy can prevent the occurrence of insulilis
at coses that are clinically well supparted, as they do not
resull in weight lass, severe hypercalcemia, or lang-lerm
immunosuppression.

RESEARCH DESIGN AND METHODS

NOD mice that were originally obitained from Frofessor
Wu (1990, Baijing, Chira), were brad in our animalium

1481

Mathieu C et al. Diabetes 1992

E 1004 Yehicle (n=25)

Z 1,25(0H),D; (n=21)
@ 754 i A EHS

dr:‘“ . -1 o = - = MMF (n=23)
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Gregori S et al. J Immunol 2001
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Anti-inflammatory therapy

References

Patients n.

Treatment

Outcomes

C-peptide (AUC-nmol/l/min)

Crino et al. Eur )
Endocrinol 2004

64

Nicotinamide (NA) alone and
in combination with Vitamin E
(single injections)

Preserve C-peptide

NA:0.32t0 0.43
NA+vitamin E: 0.32 to 0.25

Gottlieb et al.
Diabetes Care 2010

126

MMF+Daclizumab
Mycophenolate mofetil alone
(given in 2/3 doses within 2
years) and associated with
Daclizumab (intravenous
infusions at day 0 and 2 weeks
later)

Ineffective

Ineffective

Sobel et al. Acta
Diabetol 2010

Cyclosporin A+MTX
(daily for 13.5 months)
associated with
Methothrexate (weekly for 12
months)

Treatment was able
to induce the
remission of T1D

Parameter not measured

Moran et al. Lancet
2013

69

Anti-IL1
Monthly injections of
Canakimumab (a fully human
anti-interleukin-1p
monoclonal antibody) for 12
months

Ineffective

Ineffective

Van Asseldonk et al.
Clinical Immunol
2015

16

Anti-IL1
Daily subcutaneous injections
of Anakinra for one week

Ineffective

Ineffective

30



Anti-inflammatory therapy - Summary

Anti-inflammatory drugs are associated with many adverse
effects

Clinical results mixed

Some sort of anti-inflammatory strategies may be needed to
achieve remission of T1D
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Cell therapy

- Regulatory T cells abrogate autoimmune response
- CD4*CD25*Foxp3* cells are immunoregulatory

- Preclinical evidence: Regulatory Dendritic and T cells
cells prevent T1D in NOD mice

Feili-Hariri et al. Diabetes 1999,
Harnah et al. Diabetes 2006



Preclinical evidences — In vitro expanded Tregs
with IL-2/anti-CD3/CD28 cure T1D in NOD mice

600
~ A no Tregs
=i B 1 11
c =4 .
% E 400-
@
= 4
g S 300+
™ o
LLd '§ 200
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2 100
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Bluestone J et al. JEM 2001 Gregori S et al. ] Immunol 2001
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Cell therapy

References Patients n. Treatment Outcomes C-peptide (AUC-
nmol/l/min)
Giannouakis et al. 10 DC The treatment Treated: ND to 1.10
Diabetes Care 10 million induced an Control: ND to <0.50
2011 autologous increase in
dendritic cells peripheral B220+
were injected once CD11c- B cells
every 2 week for a | population, but no
total of 4 times real effect on
glycemia
The treatment
Bluestone et al. 14 Tregs induced a good Values were not
Sci Trans| Med Ex vivo—expanded survival of the T significantly
2015 autologous regulatory cells, different

CD4+CD127lo/-CD

25+ polyclonal
Tregs WeTE

administered

with up to 25%
remaining into the
bloodstream

after 1 year

35



Cell therapy - Summary

- Regulatory T cells hold great promises

- The work of Bluestone group is moving in the direction of
having a product to be used for T1D
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6. Stem cells therapy



Stem cell therapy

- HSCs are immunoregulatory

- Autologous HSCs cure T1D in NOD mice



Preclinical studies
Autologous HSCs cure T1D in NOD mice

% diabetes
Diabetogenic splenocytes (e)

100 |
' PBS (0)
80
60
40 |
: GM-CSF (A)
20 |

Oop 20 40 60 80 100 120 140 160
Days after transfer

Bachar-Lustig E et al. Nat Med 1995
Kared H et al. Blood 2008



Preclinical studies
Autologous HSCs delay islet tx

Controls

Mobilized HSC

40
Fiorina P et al. J Immunol 2011



Diabetes Volums £3, Sepbember 2014 andg1
Prancesca DFddio, ™ Alessandro Valderrama Vasques,”? Moufida Ben Masr,! Edward Franek, ™4

Dalong Zhw* Lirong Li,® Guang Ming,” Emilian Snarski,” and Paclo Fiorina™® CroesMark
Autologous Nonmyeloablative Ldhi ]

Hematopoietic Stem Cell
Transplantation in New-Onset
Type 1 Diabetes: A Multicenter

Analysis

Dt 207 485-5041-5068 | DO 102337001 4-0005

Type 1 diabetes (T10) i= one of the major subolmmune
diseases aftecting children and young adults workdwide.
To date, the different immunotherapies tested have
achieved insulin independence in <5% of treated in-
dividuals. Recently, a novel hematopoletic stem cell
(HSC)—-based strategy has bean tested in individualks
wiith mew-onset TID. The aim of this stedy was 1o de-
termine the effects of autologous nonmyeloablative HSC
transplantation in 65 individuals with new-onset TID
who were enrolled in two Ghinese centers and one Pol-
ish center, pooled, and followed up for 48 months. A&
total of 59% of individuals with T1D achieved insulin bn-
dependence within the first 6§ months after recelving
conditiondng Immunosuppression therapy (with antithy-
mocyte globulin and cyclophosphamide) and a single n-
fusion of autologous HSCs, and 32% remained nsulin
independeant at the kast time point of thelr follow-up. All
reated subjects showed a decrease in Hbfl,: levels and
an Increase in C-peptide levels compared with pretreat-
ment. Despite a complete immune syst recovery [l.e.,
leukooyte it} after treatn L, 5284 of treated Individ-
uals experienced adverse effects. Our study suggests the
following: 1) that remission of T1D ks possible by comibdn-
g HSC transplantation and immunosuppression; 2) that

autologous nonrmyeloablative HSC transplantation repre-
sents an effective treatment for selected individuals
with T1D; and 3) that safter HSC-based therapeutic
options are reguired.

The incidence of type 1 diabetes (T1D) has been
significantly increasing worldwide in the last decade, thus
becoming the most common autoimmune disorder in
children {1). T1D is characterized by a selactive and aggres-
sive destruction of insulin-producing B-cells onchestrated
by autoreactive T cells (2,3). Unfortunately, exopenous in-
sulin therapy dees not always achieve the necessary meta-
balic contral (4), nor does it prevent the occurrence of
dizsease-assodated depenerative macrovascular and micra-
vascular complications (5) or halt B-cell decline (6).

The concept of the use of immunotherapeutic strategy
to cure T1D has emerged from hallmark data generated
l.der:t::hdi:ng of the 'p.'ll'}]ngen.e:is of T1D (7). Sewveral
clinical trial fesipmed | d on the preclinical -
fual tarpgeting of components of innate and adaptive im-
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Autologous hematopoietic stem cell
transplantation (AHSCT)

b HSC harvest with or without
ex vivo CD34 selection

Cyclophosphamide
G-CSF

€ Invivo hostB and T cell
depletion
Conditioning regimens:
TBI
ATG
Cyclophosphamide
Fludarabine
Other chemotherapies

Couri CEB et al. JAMA 2009
D’Addio F/Fiorina P et al. Diabetes 2014
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Protocol

HSC Mobilization regimen

Cyclophosphamide (g/m?2) 2.0 Characteristics
G-CSF (ug/kg/day) 8.3+2.8 Number of patients included n=65
HSC Conditioning regimen Age (years) 20.415.5
Cyclophosphamide (mg/kg) 200 Gender (M/F) 41/24
Days before transplant 4 BMI (kg/m?) 18.1+3.1
Rabbit antithymocyte 2742 4 DKA or DK history n patients/65
globulin (mg/kg)
Days before transplant 5 No DKA/DK =
_ DKA 21
HSC Infusion
DK 1

CD34+ cells infused (10%/kg)| 5.3+3.9

D’Addio F/Fiorina P et al. Diabetes 2014



Outcomes

NI

'
Months

AN

Individuals n=65 n=65 n=59 n=59 n=46 n=37

1004

20

D’Addio F/Fiorina P et al. Diabetes 2014
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Stem cells therapy

Diabetes Care 2016

MSC
Single infusion of
Umbilical cord blood-

MSCs (UC-MSCs)

decrease in insulin
requirements by 30%
and AUC C-Peptide

increased

References Patients n. Treatment Outcomes C-peptide (AUC-nmol/l/min)
Treatment made all
Voltarelli et al. 15 HSC patients but 1 became From 0.40 to 1.34
JAMA 2007 Single infusion of insulin-independent for
Hematopoietic Stem at least 6 months, with
Cells (HSCs) increased C- peptide
levels and decreased
anti-GAD auto
antibodies
Among the treated
D'Addio et al. Diabetes 65 ATG-GCSF were patients, 59% reached From 0.54 to 1.22
2014 administered prior to a insulin-independence
CD34+ single infusion and 32% remained
insulin independent at
the last follow-up (48
months)
Treatment reduced
Carlsson et al. Diabetes 20 MSC decay in C-peptide levels Treated: 0.29 to 0.32
2015 Single infusion of after treatment Control: 0.28 to 0.29
autologous MSCs
Treatment induced a
Cai et al. 42

Treated: 6.6 to 13.6
Control: 8.4 to 7.7
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Stem cells therapy - Summary

- Approach limited by adverse events of immunosuppression

- Safer approaches are needed



Immunoterapia

7. ImmunoStem



PD-L1 activates negative signals in T cells

APC T
=p) | -| BIYE negative
= T

Khoury and Sayegh, Immunity, 2004
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PD-1 expression in islet-infiltrating T cells

Ansari MJ et al. J Exp Med 2003

Kristen E. Pauken et al. Diabetes 2013 49



HSPCs are highly positive for PD-L1

Isotype

—— Ab

0X40=

0X40L=

% of Max

PD-L1=
58.0%*

4.0%

8.0%

Fiorina P et al. J Immunol 2011
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The lack of PD-L1 reduces HSPC
iImmunoregulatory properties

WT HSC MLR
_ 1 Control

35000 == +10000 cells
c
& 30000+ == +20000 cells
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S *
S 20000+
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€ 10000+
£
+ 5000

0
+c-Kit* +c-Kit

Fiorina P et al. J Immunol 2011

SH-thymidine incorporation
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_T_ l == +10000 cells

m +20000 cells
. +50000 cells
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Murine HSPCs from NOD mice
are defective in PD-L1 expression
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Ben Nasr M/Fiorina P et al. Science Translational Medicine 2017



ImmunoStem

 We created ImmunoStem to genetically overturn PD-L1 defect

e ImmunoStem are PD-L1.Tg HSCs or HSC.Reg with
immunoregulatory properties




Generation of ImmunoStem by lentiviral
transduction (genetic approach)

Lentiviral
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Ben Nasr M/Fiorina P et al. Science Translational Medicine 2017
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ImmunoStem characterization

*kk
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Mock-KL (log2)

Dapi/Cell surface
PD-L1

Dapi/Cell surface

PD-L1

Gene Fold
Symbol 9 Mock Change
CD274
(PD-L1) 14.12 5.77 327.59

Ben Nasr M/Fiorina P et al. Science Translational Medicine 2017
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ImmunoStem reduces autoimmune

response in vitro

(%) sI199 1 .80 +A-N4I

_
n O

(%) SI199 1 ++AD+A-N4I

Ben Nasr M/Fiorina P et al. Science Translational Medicine 2017



ImmunoStem reverts diabetes in NOD mice in vivo

PD-L1* Tg HSPCs with Dox Dox alone (n=5)
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Ben Nasr M/Fiorina P et al. Science Translational Medicine 2017



ImmunoStem preserves islet morphology

and reduces islet infiltration

Tg-treated

Untreated

H&E

100+

CD3

% of analyzed islets

Insulin

Ben Nasr M/Fiorina P et al. Science Translational Medicine 2017
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ImmunoStem traffics to the pancreas
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Immunoterapia

8. Conclusions



Conclusions

e HSPCs are endowed with immunoregulatory properties
due to the expression of PD-L1

* The infusion of autologous newly generated PD-L1*.HSPCs
may be a novel therapeutic tool for autoimmune diseases
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