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Rationale for Immunotherapy

In order to be considered for immunotherapy 
a disorder must be immune-related

• T1D is characterized by autoimmune destruction of β-cells

• Anti-insulin/islet autoantibodies can be detected

• T lymphocytes response against insular proteins is evident
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NOD mice with T1D showed 
pancreatic islet infiltrate
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Patients with T1D showed 
pancreatic islet infiltrate

Michels et al. Diabetes 2017 8



Progression to Diabetes vs. Number of 
Autoantibodies (GAD, ICA512, Insulin)
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Experimental therapies for T1D

• Pancreas transplant
• Beta cell replacement
• Major surgery/Immunosupression
• T1D complications prevention

• Islet transplant
• Beta cell replacement
• 20% of residual function after 3 years/Immunosuppression
• T1D complications prevention

• 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
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Big hopes for NOD mice on the horizon

Ben Nasr M et al. Pharm Res 2014
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But not really for T1D individuals

Ben Nasr M et al. Pharm Res 2014

Treatment(s) Lead author, Journal,
Year of publication

Number of 
patients

Insulin-
independ at 1 

yr (%)

C-peptide at
1 yr (nmol/l)

Weeks from 
diagnosis

Intensive insulin 
therapy

Shah C; N Engl J Med; 
1989

14 0 0.5 2

Vitamin E
Pozzilli P; European J 

Endocrinol; 1997
84 0 0.2 <4

Nicotinamide
Visalli N; Diab Metab 

Res Rev; 1999
74 0 0.2 <4

Oral insulin
Chaillous L; Lancet; 

2000
131 0 0.1 2

DiaPep277
Raz I; Lancet; 2001 35 0 0.2 <24

DiaPep277 phase3
Raz I; Diabetes Care; 

2014
160 0 0.3 16

hOKT3gammal 
(Ala-Ala)

Herold KC; N Engl J 
Med; 2002

24 0 0.2 <6

Diazoxide
Örtqvist E; Diabetes 

Care; 2004
56 0 0.2 1

ATG
Saudek F; Review of 

Diabetic Studies; 2004
11 18 0.2 <4

Nicotinamide + 
vitamin E

Crino' A; Eur J 
Endocrinol; 2004

64 0 0.2 <4

Nicotinamide + 
intensive insulin 

therapy

Crino’ A; J Pediatr 
Endocrinol Metab; 2005

25 0 0.1 <4

ChAglyCD3 or 
otelixizumab

Keymeulen B;
N Engl J Med; 2005

80 <5 0.5 3
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T cell depletion (ATG)
cures T1D in NOD mice

Vergani A/ Fiorina P et al. Diabetes 2010
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B cell depletion (anti-CD22) 
cures T1D in NOD mice
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15



T cell depletion (hOKT3) 
preserves C-peptide in T1D pts

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

Haller M et al. JCI 2015
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B cell depletion (Rituximab) 
preserves C-peptide in T1D pts

Peskovitz M et al. NEJM 2009
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Cell depletion 
References Patients n. Treatment Outcomes C-peptide 

(AUC-nmol/l/min)

Herold et al. 
NEJM 2002

12 hOKT3
14-day of intravenous hOKT3γ1 antibody 

Preserve C-peptide Treated: 1.28 to 1.27
Control: 1.48 to 0.74

Keymeulen et al. 
NEJM 2005

80 Anti-CD3
6 doses of Otelixizumab 

Preserve C-peptide Treated: 0.85 to 0.80
Control: 0.95 to 0.70

Herold et al. 
Clin Immunol 2009

10 Teplizumab
Single course anti-CD3 mAb 

Preserve C-peptide Treated: 0.88 to 0.89
Control: 0.41 to 0.19

Pescovitz et al. 
NEJM 2009

126 Rituximab
4 Rituximab intravenous infusions were given 

within 22 days

Preserve C-peptide Treated: 0.75 to 0.59
Control: 0.74 to 0.47

Sherry et al. 
Lancet 2011

763 Protégé
14 daily infusions of Teplizumab 

Preserve C-peptide

5% insulin independence

Treated (Δ): -0.06
Control (Δ): -0.14

Herold et al. 
Diabetes 2013

52 Teplizumab
14 doses

Preserve C-peptide Treated: 0.72 to 0.44
Control: 0.67 to 0.21

Ambery et al. 
Diabetic Med 2014

179 Defend-2
8 doses Otelixizumab iv

Ineffective Ineffective

Haller et al. 
J Clin Invest 2015

25 ATG+GCSF
Iv ATG (1 dose) and sc G-CSF (6 doses)

Preserve C-peptide Treated: 0.71 to 0.74
Control: 0.71 to 0.43

Gitelman et al. Diabetologia
2016

58 ATG
Single injection of ATG 

Ineffective Ineffective

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

DPT-1, NEJM 2002
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GAD-Alum [Diamyd] 4 ug into Lymph Nodes + 
Vitamin D (2000 UI die) stabilizes C-peptide

Ludvigsson J et al. NEJM 2017
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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

Linköping 
University et al. 

NEJM 2017

6 DIAGNODE-1
GAD Alum+Vit D

Preserve C-peptide From 0.53 to 0.55

Antigen-specific therapy 
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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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Anti-inflammatory therapies

- Inflammation predispose autoimmune reaction in T1D

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

Mathieu C et al. Diabetes 1992 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)

Crinò et al. Eur J 
Endocrinol 2004

64 Nicotinamide (NA) alone and 
in combination with Vitamin E 

(single injections)

Preserve C-peptide NA: 0.32 to 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

7 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-1β 

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
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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
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Bluestone J et al. JEM 2001 Gregori S et al. J Immunol 2001

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

References Patients n. Treatment Outcomes C-peptide (AUC-
nmol/l/min)

Giannouakis et al. 
Diabetes Care 

2011

10 DC
10 million 

autologous 
dendritic cells 

were injected once 
every 2 week for a 

total of 4 times

The treatment 
induced an 
increase in 

peripheral B220+ 
CD11c- B cells 

population, but no 
real effect on 

glycemia

Treated: ND to 1.10
Control: ND to <0.50

Bluestone et al. 
Sci Transl Med

2015

14 Tregs
Ex vivo–expanded 

autologous 
CD4+CD127lo/−CD

25+ polyclonal 
TRegs were 

administered

The treatment 
induced a good 
survival of the T
regulatory cells, 
with up to 25%

remaining into the 
bloodstream
after 1 year

Values were not
significantly

different
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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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Stem cell therapy 

- HSCs are immunoregulatory

- Autologous HSCs cure T1D in NOD mice
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Bachar-Lustig E et al. Nat Med 1995
Kared H et al. Blood 2008

Preclinical studies
Autologous HSCs cure T1D in NOD mice

Diabetogenic splenocytes (●)

PBS (□)

GM-CSF (Δ) 
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Preclinical studies
Autologous HSCs delay islet tx

Fiorina P et al. J Immunol 2011

Controls

H&E Insulin

Mobilized HSC
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D’Addio F/Ben Nasr M/Fiorina P et al. Diabetes 2014
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Couri CEB et al. JAMA 2009
D’Addio F/Fiorina P et al. Diabetes 2014

Autologous hematopoietic stem cell 
transplantation (AHSCT)
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HSC Mobilization regimen

Cyclophosphamide (g/m2) 2.0

G-CSF (μg/kg/day) 8.3±2.8

HSC Conditioning regimen

Cyclophosphamide (mg/kg) 200

Days before transplant 4
Rabbit antithymocyte

globulin (mg/kg) 2.7±2.4

Days before transplant 5

HSC Infusion

CD34+ cells infused  (106/kg) 5.3±3.9

Protocol

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

Characteristics
Number of patients included n=65

Age (years) 20.4±5.5

Gender (M/F) 41/24

BMI (kg/m²） 18.1±3.1

DKA or DK history n patients/65

No DKA/DK 43

DKA 21

DK 1
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Months
n=65 n=59 n=59 n=46 n=37Individuals n=65

Outcomes

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

*** *** *** ***

*** *** *** *** *** *** *** **
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Stem cells therapy

References Patients n. Treatment Outcomes C-peptide (AUC-nmol/l/min)

Voltarelli et al.
JAMA 2007

15 HSC
Single infusion of 

Hematopoietic Stem 
Cells (HSCs)

Treatment made all
patients but 1 became 

insulin-independent for 
at least 6 months, with 

increased C- peptide 
levels and decreased 

anti-GAD auto 
antibodies

From 0.40 to 1.34

D'Addio et al. Diabetes 
2014

65 ATG-GCSF were 
administered prior to a 
CD34+ single infusion 

Among the treated 
patients, 59% reached 
insulin-independence 

and 32% remained 
insulin independent at 
the last follow-up (48 

months)

From 0.54 to 1.22

Carlsson et al. Diabetes 
2015

20 MSC
Single infusion of 
autologous MSCs

Treatment reduced 
decay in C-peptide levels 

after treatment
Treated: 0.29 to 0.32
Control: 0.28 to 0.29

Cai et al. 
Diabetes Care 2016

42 MSC
Single infusion of 

Umbilical cord blood-
MSCs (UC-MSCs)

Treatment induced a 
decrease in insulin 

requirements by 30% 
and AUC C-Peptide 

increased

Treated: 6.6  to 13.6 
Control: 8.4 to 7.7  

45



Stem cells therapy - Summary

- Approach limited by adverse events of immunosuppression

- Safer approaches are needed
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PD-L1 activates negative signals in T cells

Khoury and Sayegh, Immunity, 2004 48



PD-1 expression in islet-infiltrating T cells  

Ansari MJ et al. J Exp Med 2003
Kristen E. Pauken et al. Diabetes 2013 49
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HSPCs are highly positive for PD-L1

Fiorina P et al. J Immunol 2011
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WT HSC MLR PD-L1 KO HSC MLR

+c-Kit+ +c-Kit- +c-Kit+ +c-Kit-

The lack of PD-L1 reduces HSPC 
immunoregulatory properties

Fiorina P et al. J Immunol 2011 51



Murine HSPCs from NOD mice 
are defective in PD-L1 expression

C57BL/6 NODNOR
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ImmunoStem

• We created ImmunoStem to genetically overturn PD-L1 defect

• ImmunoStem are PD-L1.Tg HSCs or HSC.Reg with 
immunoregulatory properties 
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Generation of ImmunoStem by lentiviral
transduction (genetic approach)

lin- c-kit+ KL cells Lentiviral
transduction

PD-L1 pseudoviral particles 

PD-L1 Transduced 
KL cells 

Doxycycline

KL cells Doxa induced expression of PD-L1 

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

Gene 
Symbol Tg Mock Fold 

Change

CD274 
(PD-L1) 14.12 5.77 327.59
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ImmunoStem reduces autoimmune 
response in vitro

IF
N

-𝛄𝛄
+ C

D
4+

 T
 c

el
ls

 (%
) #

§

***
***

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

IF
N

-𝛄𝛄
+ 

C
D

8+
T 

ce
lls

 (%
) #

*

§

56



ImmunoStem reverts diabetes in NOD mice in vivo

Dox alone (n=5)PD-L1+ Tg HSPCs with Dox
(n=15)

Unmodulated HSPCs (n=5)
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Days after onset of hyperglycemia

Untreated (n=5)

Ben Nasr M/Fiorina P et al. Science Translational Medicine 2017
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and reduces islet infiltration 

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

• 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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…grazie…

“Fondazione Romeo and Enrica Invernizzi”
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