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Tolleranza Immunologica
e e -5 <

Definizione:
La tolleranza immunologica € la mancata responsivita dei linfociti nei

confronti di un specifico antigene.

Significato:
Un individuo in condizioni normali e tollerante verso i propri antigeni,
fenomeno noto come tolleranza verso il self.

‘ la rottura della “self-tolerance” genera le malattie auoimmuni.

Potenziali terapeutici dell’induzione di tolleranza:
- Prevenzione del rigetto dei trapianti d’'organo o le reazioni di GvHD,
- Trattamento di malattie autoimmuni e le allergie,
- Prevenire le risposte immuni dopo tarapia genica.
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Central Tolerance

CLONAL DELETION (Thymus)

Selection outcomes

v

7

Non-sel&tion

(elimination of inefTective T-cell clones)

Positive selection
(maturation of appropriate T-cell clones)

Apsudjul sureusis

from Kamradt NEJM, 2001

oB

PR,
Negative selection
(elimination of autoreactive T-cell clones)
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Peripheral tolerance

Adapted from Mackay et al. NEJM 2001
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Treg cells: natural and inducible
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tTregs R pTregs
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0°0
IL-9
0°0
IL-21

Modified from Russ B.E. et al. Frontiers in Genetics 2013
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tTreg cells
e

Thymic-derived Treg cells cD4 GU'TJH CTLA4

CD4*CD25*FOXP3* coi03 ¢
- CTLA-4, GITR and negative/low for CD127 (IL-7R&)

- CD39, CD49d'°w Helios

- TSDR (Treg-specific-demethylated-region)

- Are anergic In vitro

- Are highly dependent on IL-2

- Are mainly involved in the maintenance of tolerance to self-

Ags
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pTreg cells

f

GITR

Induced in the periphery cD4 mg;m
CD4*CD25*FOXP3* -

Foxpd

- CTLA-4, GITR and negative/low for CD127 (IL-7Ra)
- CD39, CD49dlow
- Are anergic in vitro

- Are highly dependent on IL-2

- Are involved in the maintenance of tolerance to self-Ags and
foreing-Ags.
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Mechanisms of suppression by FOXP3* Tregs

The chief mechanisms of suppression mediated by FOXP3* Tregs
Is the cell-to-cell mediated inhibition of effector T cells

GITR Effector cell

Cytokines,
contact

dependent? I

ABT-sMature Reviews | Immunoclogy



Mechanisms of suppression by FOXP3* Tregs
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Caridade M. et al., Front. Immunol., 18
November 2013
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Mechanisms of suppression by FOXP3* Tregs

METABOLIC DISRUPTION

a Ty, cell b T-effector cell
CD39

| & * Increased CTLA-4 and PD-1 expression

: *» Decreased IL2 production

| * Increased FOXP3 and CD25 expression

* Decreased proliferation

* Decreased T, and T,.2 development
* Decreased T, 17 generation

Gyorgy H. et al., Nature Reviews Drug Discovery 7,
759-770, 2008
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Mechanisms of suppression by FOXP3* T cells

TARGETING DENDRITIC CELLS
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T regulatory type 1 (Trl) cells
[ St i e S

Induced in the periphery

CD4+*CD45RA'CD49b*LAG-3"*

Are IL-10** IL-4" IL-17- IL-2'°"/- IFN-g* TGF-b* IL-5,

- FOXP3 not constitutively expressed, but it can be up-regulated upon
activation

- Are anergic in vitro

- Are mainly involved in the maintenance of tolerance to exogenous-
Ags

Can be generated in vitro in an antigen-specific manner
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Chief mechanisms of Tr1-mediated suppression

WVIL-2, IFN-y, GM-CSF production
7 expansion

WMHC class II
WV Co-stimulatory molecules
WV Pro-inflammatory cytokines

MHC Il

WV IFN-y production
7 expansion

Magnani/CF. and Gregori S., EJI 2011; Gregori and Goudy; Frentiers,inT cell Biol 2012



Killing of myeloid APCs via HLA class I, CD2 and CD226
defines a novel mechanism of suppression by human
Tr1 cells

Chiara F. Magnani’, Giada Alberigo’, Rosa Bacchetta’,
Giorgia Serafini?, Marco Andreani’, Maria Grazia Roncarolo™?
and Silvia Gregori’

TCR-mediated activation

Vs
| S

Direct and indirect
suppression of T
cell via IL-10 and

TGF-B

WV T cell priming
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Similarities and differences between FOXP3* Tregs and Trls

B

APCs

competition for CD80/86  modulation

APCs

Teff cell death CD4 costimulation
by cytokine deprivation CD25 CTLA-4
:.l L-2 /
Gr/PRE GITR
™
ok
cytolytic activi CD39~~ATP
y:s ere” cellsty mTGFB
TGFB Adenosine
e »IL-35
IL-10@ . Te cel inhibition
APC modulation
FOXP3* Tregs

- either thymic-derived or peripherally induced
- naive and memory subsets
- subject to epigenetic control
- several subsets described
- markers: commonly identified as
CD4*CD25*CD127"* T lymphocytes
- constitutive expression of FOXP3 as key
trascription factor
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TGFB —> Teff cell inhibition

APC modulation

Tr1 cells
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- unique cytok
IL-10**, TGFp’
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Dual role of T regulatory cells

TISSUE HOMEOSTASIS
And TOLERANCE IMMUNE ESCAPE
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Treg cell function in health and disease

i Treg defects Treg function o0
) IPEX syndrome U
FOXP3 mutations HSCT (SCID, f-Thal)
(Bacchetta, JCI 2006; /\) 7‘Allo-Ag specific Treg
D "Hennezel, NEJM 2009; FOXP3* Tr (Bacchetta, JEM 1994;
Moes, Gastroenterology 2010) Serafini, Hoematologica 2010)

IPEX-like syndrome i e

JTreg . Allergy
(Barzaghi, J Autoimmunity 2012) Y TAIIergen-specific Treg in tosils
O (Palomares, JACI 2012)

IBD \/’
IL-10/IL-10R mutations
(Glocker, NEJM 2009; \/ K

Glocker Lancet 2010) Liver Tx
TTreg in TOL patients
T1D (Castellaneta, Transplantation 2011)
J Treg function
(Ferraro, Diabetes 2010) A//ergy Celiac Disease
JTreg Treff TGliadin-specific Treg in the gut
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Rationale for Regulatory cell-based therapy

THE IMMUNE SYSTEM IN AUTOIMMUNE DISEASES,
ALLOGRAFT REJECTION/GVHD, GENE THERAPY

....unbalanced effector/regulatory T cell ratio
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Rationale for Treg-based therapy

_’

....restore correct effector/regulatory T cell ratio
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Treg-based cell therapy

A HSCT
Prevention/modulation Impact on infection?
Relapse?
of GvHD _
Immune reconstitution?
Reduced immunosuppression?

Preventionof B
graft rejection

Solid-organ transplantation

Reduced immunosuppression?

| C
\. Autoimmune diseases

Prevention/modulation l Timing and dose of infusion?

L ——
Isolation and/or
expansion

P. Trzonkowki, et al, Science Trans Med 2015
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CD25* Treg-based therapy

Freshly isolated

Peripheral blood

10/06/16

>
CD8CD25*
CD4*CD25*CD127-
GITR
CD4 CTLA-4
CD25 []ﬂ
CD103 . &
In vitro expanded ZTHH A

with Rapamycin 4//

In vitro expanded
with antiCD3/CD28 and IL-2
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CD25* Treg-based therapy

B e EE—

Freshly isolated from

peripheral blood
CD8CD25*

A Immunomagneticisolation

GITR
CD4 BU CTLA-4 Captured cell
co25 *
CD103
e @
Foxp3
GPAS3
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CD4+CD25*CD127-

B Fluorescence activated droplet
cell sorters

Interrogation

point
Drop
delay
Breakoff
Deflection
plates

Collection
tubes
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Expansion of CD4*CD25* Tregs with RAPAMYCIN

f

« GMP purification of human nTregs:
magnetically purified CD8-CD25" are enriched in nTregs

| v

CD8CD25*

0.5 13 63

« GMP expansion of human nTregs

D7

D9

D12 D14

DO D2
S -

Cell Expander® beads
I + rapamycin (100nM)

/1 (-2 (500U/ml)

CD25" Ty

O beads removal

phenotype/functional analyses
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GITR
CD4 Uﬂ CTLA-4
CD25 &
= CD103
N FR4 Foxp3
n GPAS3
/’./i';‘-‘ /‘Ii\‘l"-
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E. Tresoldi, Haematologicay2011
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FOXP3-Engineered Human CD4* T Cells (CD40%"3)

Generation of Potent and Stable Human CD4+
T Regulatory Cells by Activation-independent

Expression of FOXP3 o

Sarah E Allan"?, Alicia N Alstad'?, Natacha Merindol*-*, Natasha K Crellin'?, Mario Amendola®,

6 iai inié’ 1 i 6,7 3-5 1 1,2 [
Rosa Bacchetta®, Luigi Naldini®’, Maria Grazia Roncarolo®’, Hugo Soudeyns** and Megan K Levings bCCLFP3 a @ FOXP3
|wuw.moIecuIarrhempyorg vol. 16 no. 1, 194-202 jan. 2008

Transduction of CD4* T cells with Bd.LV.FOXP3 generates potent and stable human Tregs

Transduction protocol LV-

FOX GFR
lloAPCs+aCD3
Q ° IL-7 & IL-2 a‘
—> @8 > | >
@ 16hrs MOI20
CD4* T cells 1 day
Total PBMC IL-7 (10 ng/ml)

9days 5 (100 U/ml)
ay 10 beads sorting

@ CD4*NGFR* T cells
Day 28 Read outs <:|

4 days IL-15 (10 ng/ml)
_ Phenotype IL-2 (100 U/ml)
Proliferative response Day 14 restimulation and
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Induction of Ag-specific CD25* Tregs

Induction of donor- TCR engineered Tregs or
alloantigen classical CD4*T cells
specific Tregs \ /
GITFI
C'I'LA—-L'I

Ag-specific FOXP3* Tregs cozs

CD103

FR4 Foxp3
/ o \Conversion of Ag-specific

CD4*T cells into

CAR engineered Tregs Tregs by FOXP3 gene
transfer
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Trl cell-based therapy

In vitro induction of
Tr1 cells by IL-10+APCs

10/06/16

In vitro induction of
Tr1 cells by DC-10

\ LAG-3 /
CD4

CD49b UU ;IJH

T

In vitro expansion of Ag-
specific Trl cell clones

AIBT-Summer School
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Ex vivo induction of Trl cells

IL-10 + alloAPC
(Groux H. 1997 Nature, Bacchetta R. 2002 EJI,
APC Bacchetta and Gregori Hematologica 2010)
(m O n OCyteS) ----------------------------------------------- }
* "
“““ ““‘ }
Pt .‘ "“
. ; IL-27
H MOUSE

(Pot. C, JI 2009,
Apetoh L. Nat Imm. 2010)

Immature DC
(Levings and Gregori, Blood 2006) : HUMAN ?

Vit D3 + dexa
(Barrat et al., J Exp Med
2002)
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Ex vivo induction of host-specific human Trl cells

Responder Stimulator
T cells Allo-CD3cells
10 days . Allo-specific
....... > ' wpp Trlcell
clones

v
Primary MLR 4 Secondary MLR
0. L O T cells + allo-CD3 cells 40+ B allo-CD3 cells
25 - - -
B T cells + allo-CD3" cells + I1L-10 20 B 3" party CD3- cells

el 20 4 ™
3 =
x 15 x 204
£ £
g 104 75% Q 10 ANERGIC

c l i CELLS

0 0

MLR MLR/IL10
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Tolerogenic DC-10

CD14+

CD80

CD11c

CD86

GM-CSF
+IL-4

+IL-10
e

DC-10 are generated in vitro from
monocytes in the presence of IL-
10

HLA-G HLA-DR

ILT-4 CD83

DC-10 are a subset of mature myeloid cells

DC-10 promote the induction of Type 1 Regulatory (Trl) T cells.
Their tolerogenic potential relies on IL-10 secretion and on the expression of HLA-G
and ILT4

Gregori, Blood 2010; Gregori, Tissue Antigens 2011, Amodio and Gregori, Transplant Res 2012.
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Ex vivo induction of host-specific human Trl cells with DC-10

DC-10 Tr1(DC-10)

Ve

Allo-specific Trl cells

Tr1(DC-10) T(mDC)

IL-10 |85 0.1 0.1

-.-_.. .::-. - 0.2

ngﬁ/éﬁal., Blood 2010; Amodio G, Transplant Researéhl2012ummer School

cpm x 10-3

250

2001

150+

100-

50-

0

Anergic cells

7 Tr1(DC-10) T(mDC)
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Ex vivo induction of Trl cells

IL-10 anergyzed T cells
. (=

IL-10 > GMP validated
(10 days) 10 days ORIGINAL
..... host APC PROTOCOL

a IL-10 anergized cells contain a high precursor frequency of Trl cells

IL-10 anergyzed T cells

O

GMP validated

MODIFIED
PROTOCOL

Bacchetta R. and Gregori S., Haematologica 2010
host DC-10 Gregori S., Methods Mol Biol. 2011
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Tr1-based cell therapy in HSCT to prevent GvHD

HOST

Host-derived l:

GM-SCF + IL-4

+1L-10

Donor-derived
Host-specific Trl cells
+ unprimed T cells

DONOR

10/06/16 AIBT-Summer School
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Clinical trials with Tr1 cells

f

1. Induction with exogenous IL-10 and allogeneic APC.

Completed a phase I clinical trial with IL-10-anergized T cells (IL-10 DLI) in
haplo-HSCT
(ALT-TEN) (Bacchetta et al., Frontiers in Immunol 2014).

- mild GvHD (grade Il or lll responsive to therapy),

- tolerance signature,

- faster immune reconstitution,

- long-lasting disease remission.

10/06/16 AIBT-Summer School
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The ONE Study in kidney transplanted patients

NI

TRy
1 +
Leukapheresis from Patient CD4" T cells
the PATIENT
prior kidney Tx \ Patient donor-specific
Trl cells
10 days
PATIEN
T —
IS treatment
7 days X 2 ‘
Leukapheresis /f Y ) 1
from the DONOR Y iy
prior kidney Tx Donor DC-10 ( -
ﬁ

KYDNEY
TRANSPLANTATI PATIEN

ON T
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Trl cell-based therapy to prevent graft rejection

Original Basic Science

f

Generation of Donor-Specific T Regulatory Type 1
Cells From Patients on Dialysis for Cell Therapy

After Kidney Transplantation

Alessandra Petreli, MD,"* Bleonora Tresoldi, BSc.” Bechara G. Mfarrg, MSc, Alessia Paganeli, MD,’
Donatela Spotti, MD,* Rossana Caldara, MD,' Antonio Secchi, MD, " and Manuela Battaglia, PhD?

Induction with tolerogenic DC-10.

Clinical Protocol to induce tolerance with T10 cells in kydney transplantation
(ONE-T10):

(Battaglia et al.) —
- allo-specific Trl of host origin, ‘ —
- GMP protocol scale up done, ST UDY

- GMP validation runs ongoing

10/06/16 AIBT-Summer School
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Adoptive immunotherapy with Trl cells

An efficient GMP protocol for the ex vivo induction of functional
Allo-specific Trl cells has been developed
BUT

IL10 DLI still contains contaminating

non-Trl cells
HOST
Host-derived
@@ GM SCF +1L-4
(> s +1L-10
\
- Positive selection of

V € Trl cells

/ /f L IDENTIFICATION OF SPECIFIC BIOMARKERS
Donor-derived \
Host-specific Trl cells @l@ HOST
+ unprimed T cells @

DONOR
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Identification of CD49b and LAG-3 by gene expression

profiling of Tr1 cells
B —

SURFACE MOLECULES

up-regulated at all time points up-regulated upon activation
ThO clones Trl clones ThO clones Trl clones
t0 6h 16h tO0 6h 16h 6h 16h 6h 16h

|
N

1
[RE

b CD49b LAG-3

integrin alpha 2 subunit Lymphocyte
of VLA-2 receptor Activation Gene 3
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Human Trl cells are CD45RA CD49b*LAG-3*

f

N
o
]

=

a1
1

(@

CD45RA
LAG3

4

S0
4 %c%

% of CD4*CD45RA" T cells
=
[1
© o

CD49b* CD49b- CD49b*
LAG-3- LAG-3" LAG-3*

*% *
25007 ———— CD49b™ LAG-3 c ; !
—— *
%% O CD4sb™ LaG-3" 2 —r
2000 . - o 40 ®
B CD49b" LAG-2 0 090
CD4ob" LAG-2" S A
T 1500- . : o O 00
£ @ 204
o) ] —ﬂ—
c i N [ lj_-]
1000 - O
500 0-—ihill == %k T
T v<9 vcgfb Y o’(b
0 _ N/ N A% X\
& o P P
Gagliani N., Magnani C., and Huber S:, Nat Med 2013 OO OQD‘ OOD‘ Oob‘

10/06/16 AIBT-Summer School



In vitro induced Trl cells can be selected with CD49b and LAG-3

DC-10 Tr1(DC-10) CD49b*LAG-3*

(@ (AR PN

CD49b and LAG-3 are biomarkers of Trl cells

that allow their selection from in vitro

+—| . . §‘“’ ;E ; ?Z R " ;E "
S 10 N

X O

[ |
O h. . e e e i B 0- o 0-
o\o 0' 0 10 100 10t a0® 0 10° w0t 1 0 102 0 10t 10 0 107 100 10t 10°
((\OO\ C;A'Q\ S
<« \'\\O Cell tracer (Violet)

Q«
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Generation of Tr1 cells by IL-10 gene transfer

Q T(DC-10) cells contained contaminating effector
T cells

T(DC-10) Ppositive selection of LV-hIL10/ marker gene vector
+ CD49krLAG-3" T cells T A e |
CDA* T cells (Gagliani et al., Nat Med 2013) A GFR
v
Protocol aCD3 (30ng/ml)

L aCD28 (1pug/ml)  1vs .
. o IL-2 (50U/ml)

£ 0

2 days 1 day

CD4* T cells
Total PBMC I/M days

% ‘ FACS sorting

Read outs: CD4*GFP* T cells
Cytokine production or
Proliferative responses CD4*ANGER*

Suppressive activity Feeder mixed
10/06/16 Lytic activity APBISumITEr aebdision v




Generation of Trl cells by IL-10 gene transfer

Tr1 cytokine profile anergy and suppressive activity

Responder (CD4) CD4LV-IL-10
107 100 ] 7 % Suppression:
9 45.2
8 B0+ ]
D -
E ;- % 604 173
2 o © S — |
g 27 § 404
20 ] ]
14 O ® k
@
0 0,0 W ] | Ty ‘."‘N‘?J| ;
M 1 5 w0 0P w0t 10°
0- CDALV-GFP  CD4LVALA0 10 1[}2 10* 10* 10
IL-10 IL-4  IFN-y
Trl phenotype Lytic activity
CD18 CD2 Target: U937 Target: K562
250 250 70=
- 963 = 795 70+ * LV-GFP
1 2821 199 a3 - * gk -O- CD4W-GFP 1 2 CD4LV_|L_1O
125 125 3 50 " ... CD4LV—|L—10 50 CD4
63 63 X
) i 40+
' 1 ‘: IJ + 5 ! 1 i Ia ' 5 § 40 30
D226 [
250 w0 o 204 20+
- _ ANGFR Qo
w] ™ 2446 — EBZ‘{'HO S 10 104
] G ] ] ] ] ] L | O- . . . . . .
1001 331 111 41 11 031 1001 331 111 41 11 031
L Teff:karget Teff:/target
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Protocols to generate regulatory T cells for cellular therapy

Ag specific

CD25

I naive
nTr cells dopis \
ﬁmory Teff cells Naive T cells

TCR activation FOXP3 gene Antigen + IL-10 gene

+ Rapamycin transfer ﬁ Tolerogenic DC-10 transfer

)
e

Engineered
FOXP3*
Tr cells

Rapa-expanded

CELL-THERAPY

nTr cells organ-specific autoimmunity (T1D Englnee+red
systemic autoimmunity (SLE) IL-10
Tr cells

autoimmunity during relapse (RA, MS)
Chronic inflammatory disease (Chron’ s, IBD)
BMT (GvHD)
solid organ transplantation
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