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Alorreactividad frente a
tolerancia: importancia de la
iInmunosupresion

Marcos Lopez Hoyos
Inmunologia
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The immune system pursued by microorganims
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Allotransplant

Normal
microbial
flora

Food antigens
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Food antigens
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Infection
Tumors
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Breast feeding
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No immunological specificity
Risk of immunodeficiency/neoplasia
Adverse effects

IFTA

Immunological specificity
No adverse effects
Long-term benefits

Lack of clinical markers
Courtesy: Dr. J Merino (Univ Cantabria)



Immunosuppression Individualization
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Our approach in renal transplantation

Identification biomarkers in different clinical transplant settings

v v v

Acute rejection Chronic rejection Tolerance

Functionalassays (ELISpot IFM-y, Allo-Ab)
gene expression profile (PBMC, graft tisswe)
urinary proteomics/peptidomics
histological graft biopsy assessment

i

Validation of biomarkers

Prozpective randomized clinkcal trials

T

De-novo transplantation Stabla renal transplantation
New [MS strategles with Immunomodulatory effects Minimization IMS sirategles
standard |F:95 prodocols Fﬂﬂll'ltEﬂH:l'IEE' IM5
Transplantation Research  §;
! p S Indices of
Immunology Group %ﬁﬁ*ﬁ Tojerance




Mechanisms of T cell tolerance in transplantation

Central (thymus)

Deletion < Active T cell death
Peripheral <

Passive cell death

Anti-T cell treatment

— J.E. Murray

Anergy
Thl (IL-2, IFNYy)
Immune deviation < Th2 (IL-4, IL-10)

Th17 (IL-17, TGFB, IL-6)

Tregs e
Suppression < (d Ly
Other: Trl, CD8*CD28-, Tyo2 P. Medawar
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IL-22C

CDA+ T cell

Systems Biology Markup Language (SBML)-compliant network model of CD4+ T cell differentiation, including cytokines, receptors,
and intracellular signaling pathways controlling CD4+ T cell fate and function.

X*fu]acllael\crﬂa Carbo A. et al, Front Cell Dev Biol, 2014



Types of CD4* T cells

IL22 INFy
IL17Ay F
% y
L5 (L IL22, 1L21
ir IL6, G-CSF
IL6

TFGP
") IL10, IL35

~> IL4
IL21 IL5, IL13

‘m;:s;pwlln Courtesy: Dr. J Merino (Univ Cantabria)
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Dendritic cell collect the
information and design the
type of CD4+ T cell activation

PAMPs
DAMPs
TNFa

IL-18

it
A

Treg/Tr1

T,3

T,22

-
=
@
3
3
Q
=
o
>

Courtesy: Dr. J Merino (Univ Cantabria)



Central origin

Constitutive ‘ Cel CD4*CD25- Cel CD8*CD25-
naive naive
5-10% . .
) + + + Peripheral origin
peripheral CD4 C_Il?rZS FoxP3
T cells €gs
| Inducible ~ Adaptative
Natural Tregs s (iT )
_ cells (ITreg) Inducible
Peripheral factors
expansion Expansion
and
activation
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Tregs as tolerance marker In
renal transplantation

The aim of tolerance biomarkers is to define those
patients in whom immunosuppression can be
minimized or withdrawn without risk of kidney
allograft function.

It must be kept in mind that any non-tolerant
patient defined by a immunological battery of
assays may have a normal kidney function.

......



Immunosuppressant may promote tolerance through the generation
and/or the maintenance of regulatory T cells

@I

IMMUNOSUPPRESSION

TOLERANCE

Valmori et al. J Immunol 2006.

San Segundo et al. Transplantation 2006.
Coenen et al. Blood 2006.

Lopez et al. J Am Soc Nephrol 2007.
Valdec Lopez-Hoyos et al. Transplantation 2009.



The source of biomarkers in renal transplantation

[[Peripheral blood
Genomics (recipient ganome) Proteomics/peptidomics/ ‘antibodyomics” — Biomarker
0000 0000 discovery
Transcriptomics Matabolomics ——= Therapautic
0000 0000 \\ target disoovery | -
Genomics (donor genome)
s 0000
Pre- and peritransplantation factors Transcriptomios
« Donor+elated factors @000
(e.g. age, gender, living vs deceased donor)
« Recipientalated factors Pgmg"'g/ "g’ﬂ“mm
(e.g. age, gender, original disease, sensitization)
« Peritransplantation-elated factors Metabolomics
(e.g. HLA match, cold ischemia time, preservation) 0000

Post-transplantation factors
« Alloimmune (rejection) factors
Adaptive immune system
T-cellmediatad
Antibody-mediated
Innate immune gystem
« Nonimmune factors
Calcineurin inhibitor
nephrotoxicity
Infactions (e.g. CMV, BKY, UTI)
Diabetes, hypertension, smoking
Prerenal azotemia, ischemia
Recurrent disease
Postrenal complications

L

Biomarker  Therapeutic
discovery target discovery

Proteomics/peptidomics ——» Biomarker
0000 discovery
Metabolomics
0000

@Xﬂglﬁdecilla Naesens et al, Nat Rev Nephrol 2010



First signal vs second signal blockade

APC MHC Coestimulacidn

Anticuerpos & ' '
anti-ceélulas T I I A -
BELATALEPT
Ttﬂl

BASILIXIMARB
DACLIZUMAB
Ch52
RAPAMICINA
I EVEROLIMUS
mTOR
o 4

!

“|

FKBP Ciclofilina
- AZATIOPRINA
CALCINEURINA celular MME
- . \—) B nscri iﬁn
Linfocito T NFAT pe

de IL-2

\Qltnlaencrﬂlla Beatriz Suarez, PhD Thesis



Calcineurin inhibitors, but not iImTOR, reduce percentages of

CD4*CD25*FOXP3* regulatory T cells in renal transplant recipients

2 4 T T| &
B A
N 3+ S
o
4 O 27
< 2- &
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O o
+ O 1 -
o 1 .
Py nE ™
5 L 8
0 - 1 04 —L .
D ERT CNI RAPA CNJ] Libre Retirada Conversién
(n=5) (n=11) (n=16)

D: Donors
ERT:. End stage renal disease W J
CNI: Calcineurin inhibitors
RAPA: Rapamycin RAPA

Valdecilla San Segundo et al, Transplantation 2006
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The conversion to IMTOR from CNI is accompanied by an

increase of circulating Tregs and decrease ATP production

Absolute number of Tregs

IATP

S

60- 600=-
400+
" 40+ 3
E E
2 2
S 20 200+
0 0
Valdecilla
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| | | |
Pre Post

San Segundo et al, Transp Proc 2010



IMTOR induce Treg differentiation in vitro
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Baan et al; Transplantation 2005; 80: 110-117

A
Control CsA
4 ng/mL A0 ngfmbL
7 ez E 08 J:ﬂ 525 Taral
N 3 N O S B . i
Rapamycin

1 nkd 10 nM 100 nM

|T~3|I 838 13:' a7l (e eod
CD25 1 I P e e
A P

cozy

Coenen et al; Blood 2006; 107: 1018-1023

Rapamycin-mediated enrichment of T cells with regulatory
activity stimulated CD4+ T cell cultures is not due to the
selective expansion of naturally occurring regulatory T cells
but to the induction of regulatory functions in conventional
CD4+ T cells.

Valmori et al; J Immunol 2006; 177: 944-949.

- rapamycin + rapamycin
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There is a number of different Treg subsets with different suppressor ability

A
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Cell number
<

‘ CD45RA i
Cell number

\“ﬂh

ATTON, S

— CTLA4 —

FoxP3
CD45RA

Fr.I (naive Tregs): CD45RA* CD25*
Fr.ll (activated Tregs): CD45RA- CD25high
Fr.Ill (silent Tregs): CD45RA- CD25*

25 IDIVI Miyara et al. Immunity 2009



d Multicenter Study 4., CLINIC

‘ Y Hospital Universitario

12 de Octubre
Salucihviadincl

ED comunidad de Madda

75 patients with end-stage renal disease

recrUIteéjclusion criteria: pediatric, retransplant, ABO mismatched, HIV-positive

\glcllae“c’ﬂa San Segundo D et al. Transplantation 2014



d Regulatory T cell subsets
» Natural Tregs
<> CD4+CD25*CD127'°wCD27*Foxp3*
» Mature/Activated Tregs

< CD4*CD25M9hCD62L*CD45R0O*
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% of Lymphocytes

A Activated Tregs (CD4*CD25M"9"CD62L+*CD45R0O)
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Days after kidney transplantation
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% of CD4*

Recipients suffering from acute rejection showed
higher frequencies of activated Tregs before
(COH DML COASROY kidney transplantation

7 alregs
' 100

1.46%

o
o

Before transplant

(o))
o

Pretransplant activated Tregs
>1.46 % are a risk factor for
acute rejection

Sensitivity
N
o

N
o

ok} AUC=816%
T T B R |

0 20 40 60 80 100
100-Specificity

Valdecilla San Segundo D et al. Transplantation 2014



Th17-Th1/Treg balance Tolerance/Rejection

Rejection Tolerance
Pro-inflammatory
Anti-igﬂammatory e’

Anti-inflammatory

Pro-inflammatory




The balance between Th17 and Tregs changes in renal transplant
recipients if they have received a previous renal allograft

[] co4CD2shiFoxp3+ (cellsiul)
[ IL-17 (pgimL)

20 20
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First Transplant Retransplant

San Segundo D et al. Transplant Proc 2008




Types of CD4* T cells: functional connection

\w-{*%!rcllaencrﬂa Courtesy: Dr. J Merino (Univ Cantabria)



IMTOR effects in Th cells

a ' Immune signals | Environmental cues
| * Antigen *» Growth factors
| » Co-stimulation « Immunorequlatory
| » Cytokines | factors
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MTORC1 and mTORC2 in the
induction of Th subsets
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Aivaled
T cell

Differential activation of
MTORC isoforms in the
iInduction of Th subsets

MTORI

IL-12

.
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|
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TGFB. IL-6
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=mTORC1
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Chi H. Nat Rev Immunol 2012 Am J Transplant 2011
Hurez V, et al Ageing Cell 2015



The combination of CNI and imTOR synergizes in the inhibition of
Th1l and TH17 cells and recovers the decrease of Tregs induced by

Inflammatory cytokines or CNI
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Memory T cell generation

]

L},ﬂ'nphnid tissues Feri pheral tissues
Maive T cell Ty, cell Toyy cell Tgy, cell Tezcell
Antigen exposure g

Valdecill
wf-nﬁpencrha Farber DL, et al; Nat Rev Immunol 2014



Monotherapy with sirolimus induced an in vivo increase of Tg, cell
and Tregs in renal transplant recipients as compared with CsA
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Immunophenotyping Memory T cells

cell

CCRY7-
CD45R0O+
CD62L-
TEM cell TCM cell
@)
nd
LO
#
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Terminal CCR7-
effector T CD45RO-
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Everolimus, but not Sirolimus, blocks maturation of
naive Th cells after in vitro stimulation
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Innate lymphoid cells (ILCs)

A family of developmentally related cells that are involved in immunity and in tissue development and remodelling

IFNy

IL-22 Group 3 ILCs

@Lil‘.'fﬂﬂa Spits H, et al. Nat Rev Immunol 2013
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IMTOR may also affect ILC
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IMTOR and B cells:
Not only humoral specific therapies
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CNI inhibits more effectively the production of DSA
(donor specific antibodies) and humoral rejection
Incidence than ImTOR
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The group of patients converted produces
higher HLA Abs after conversion,
although most of them are NDSA
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Patients converted from Tac
to SRL at 3mo post-Tx
showed a tendency to higher
iIncidence of DSA
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However, CNI does not affect in vitro human B cell proliferation or
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plasma cell differentiation but iImTOR does
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ALLOREACTIVE B CELLS SUBSETS BASED ON FUNCTION

PATHOGENIC B CELLS

*Produce alloantibodies that mediate rejection

*Produce proinflammatory cytokines

*Function as antigen presenting cells

*Maintain memory T cells

REGULATORY B CELLS
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ENRICHED B CELL
SIGNATURE IN
OPERATIONAL
TOLERANT RENAL

TRANSPLANT PATIENTS
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REGULATORY B CELLS AND TRANSPLANTATION

DISTINCT PHENOTYPES BUT MOST REQUIRE IL-10
*Regulatory B cells: CD19*CD20*CD24"NCD27-CD38"IgD"IgMhi

*Transitional B cells: CD19*CD24+*CD38*IgD*

Effector
T cell

IL-10 CD80 or CD86
Fas ligand
TGF-B

CTLA4

( CD8O0 or CD86
\_~~ CDA4OL and CD40
B IL-10

Naive T cell B cell Dendritic
cell

IL-10 .

lCDld

Valdecill NKT cell
Mo Stolp J et al; Nat Rev Nephrol 2014
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Marginal Zone B cells
(CD19+*CD27*IgD*CD38

")

Bone marrow

\ Peripheral lymphoid organs

Pre-B
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T3/anerg|c Follicular naive Germinal center Long-lived PC
Mechanisms of tolerance

Central Germinal center Late
Editing Revision Memory B cells: Plasma cells:
Deletion Deletion (Ag or Fas -Anergy? -Inability to compete

mediated) -Block of differentiation ~ for long-term
Anergy Anergy into effector B cells survival niches
Ignorance ' Ignorance -Block of differentiation  -Inhibition of antibody

Lack of T cell help into plasma cells production?

Competition for BAFF
Somatic hypermutation

(IL-6and CD40L?

Orduiio NM et al; J Invest Dermatol 2009



7 & Rejection Free

@ Rejection
10-

% of CD197
%

] MZB cells are

> T I decreased in renal

graft rejection

0=
| T |
T=0 T=10 T=30
Coordenadas de la curva 10
Variables resultado de contraste: USCD38 I
Positivo si es mayor o igual que(a)
Sensibilidad 1 - Especificidad

;3000 1,000 875 0,87

,7000 1,000 ,750

1,2500 1,000 ,625 -

1,7500 ,909 ,625 I

2,2500 909 500 2 0,67

2,7500 ,909 ,375 a

2,8500 909 250 ‘0

3.5500 818 125 o

4,3500 727 125 v 047

5,1000 727 ,000

6,1500 ,636 ,000

6,8000 ,545 ,000 ]

7,5500 455 000 0.2

8,4500 ,364 ,000
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o

1 - Especificidad

San Segundo et al; Trends in Transplant 2013



... and Antigen-Presenting Cell: the missing player

Anti-CD25
mAb

Ant-CD154 |
mAb

Interleukin-15

JAK3
; ~._ inhibitor

MPA

FK778

KK pl3K
\ MAP kinases

Calcineurin o I
NFAT AP  NF-«B ||’ /

vy

s’
A 4 .)://
Nucleus mRN

Anti.CD52 |
mAb

Cyclosporine,
| Tacrolimus

o
-

@Xw,._ﬂl“p%%ﬂ“ Halloran PF. N Engl J Med 2004; 351: 2715



Pretreatment of endothelial cells with ImTOR induces the expansion of
Tregs
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Pretreatment of EC with ImTOR inhibits secretion of IL-6 and

augments the expression of PD-L1 and PD-L2
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Growth and maturation /7 ﬁ Promotes homeos tasis
Antibody class switching B i Limits expansion
Antibody production

@ Yaldecilla Fantus D & Thomson AW: AJT 2015
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EDUCATION

Valdecilla Courtesy: Dr. J Merino (Univ Cantabria)



Tissue-based class control: the other side of tolerance.

Polly Matzinger, Tirumalai Kamala (Nat Rev Immunol 2011, 11: 221)

The Ghost Lab, Laboratory of Cellular and Molecular Immunology, T-Cell Tolerance and

Memory, National Institutes of Health, Bethesda, Maryland, USA.

Even in the absence of any autorreactivity, an uncontrolled
Immune response may totally destroy a tissue

The immune system adapts
the response to the exposed
danger

The immune system adapts
the response to the tissue
where it acts

Tissue contro

Time-
dependent
class switch

Intensity of the iImmu

A

Damage- or stimulus-
dependent class switch

ne response




TAKE HOME MESSAGES

* Real immune tolerance is the holy grail in transplantation but
Impossible to reach to date.

* Operational tolerance is the main approach to understand
mechanisms of allotolerance and to develop markers of tolerance.

 The use of biomarkers related to immune tolerance, especially active
suppression, are of utility to define the best immunosuppression.

» The effects of clinically used immunosuppressants are not only
directed to the main Th cells.

* New effects of both CNI and imTOR are being described in parallel
with new immune cell subsets and their role in transplant outcome.

oIt is possible that the best option from an immunological point of

view is to combine and sinergize effects of CNI and imTOR

Valdecilla
=izt IDIVAL
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