
Immunomodulazione post trapianto

• attecchimento

• GVHD

• GVL

• Ricostituzione immunologica

• Risposta alle infezioni 



Aumento risposte 
regolatorie







Aumento delle risposte regolatorie

• Cellule T  reg

• Farmaci

• Cellule mesenchimali





T reg

• Cd 4 + , Cd 25+ , FOX P3 + ( modello murino 
Sakaguchi 1995)

• Nell'uomo 1%- 2% dei Cd4+ circolanti Cd 25+  
(HIGH). Cd62-l, CTLA-4, Cd152,Cd45RO

• Come funzionano?





problemi

• Difficili da identificare ed isolare ( FOXP3 
richiede fissazione e permeabilizzazione
cellulare

• Timing ?

• Cell dose?

• Ruolo dei farmaci immunosoppressori ( es
CSA)



Farmaci





Sirolimus 

Sirolimus is an inhibitor of mTOR, 

involved in cell growth, proliferation, angiogenesis . a low 
incidence of GVHD and good survival. 

In contrast to the calcineurin inhibitors,sirolimus may not only 
be immunosuppressive by interfering with T-cell 
proliferation but also by selectively expanding CD4,  CD25þ, 
Fox P3 regulatory T cells and via inhibition of a dendr itic 
cell activity



Cellule mesenchimali





Aumento della GVL





GVL
DLI  (donor lymphocyte infusion)

Tumor antigens ( i.d  BCR/ABL )

Tumor associated antigens ( i.e. WT1 )

mHA ( minor histocompatibilty antigens)

NK cell (KIRs) 



I targets della GVL 

Tumor antigens ( i.e.  BCR/ABL )

Tumor associated antigens ( i.e. WT1 )

mHA ( minor histocompatibilty antigens)



mHA (minor histocompatibility antigens)

• Peptidi derivati da proteine intracellulari codificate da 
geni presenti su Y e autosomi.   30 mHA identificati.

• Presentati via MHC I  e MHC II

• Distribuzione tessutale diversa : 

HA-1 e HA-2   sistema ematopoietico

H-Y e HA-3     tutti i tessuti  

• Possibile creare cloni CTL specifici







Immunoterapia T “
aspecifica”

DLI



DLI 

• Kolb 1990

• Molto efficace in CML ( 60%-70% remissione 
molecolare)

• GVHD  fino al 50% dei pazienti : escalating
dose, eliminazione CD8+, ritardare DLI

• Pancitopenia : se  chimerismo ridotto, ricaduta 
avanzata









DLI in relapsed AML 



DLI preemptive strategy in AML High risk
EBMT  2007





Immunoterapia cellule T 
“selezionate”



metodiche

• DONOR APC pulsate con mHA:
• Hematopoiesis-restricted minor histocompatibility antigens 

HA-1- or HA-2-specific T cells can induce complete 
remissions of relapsed leukemia. Proc Natl Acad Sci U S A 
2003;100:2742 e7.

• Trasfezione genica via vettore virale ( gene 
suicida HSV-TK) Mommaas B, van Halteren AG, Pool J, Van 
der Veken L, Wieles B,Heemskerk MH, et al. Adult and cord blood T cells
can acquire HA-1specificity through HA-1 T-cell receptor gene transfer. 
Haematologica 2005;90:1415e21.

• Vaccinazione donatore con peptidi mHA 
• Neelapu SS, Munshi NC, Jagannath S, Watson TM, Pennington

R,Reynolds C, et al. Tumor antigen immunization of sibling stem cell 
transplant donors in multiple myeloma. Bone Marrow Transplant
2005;36:315e23.







Problemi 

• Impossibile identificare in modo prospettico 
coppie don/ric (scarsa conoscenza mHA)

• CTL non persistono dopo vaccinazione ( 
relapse ,IL2 ?)

• NB SERVE comunque GVHD ??





Immunoterapia con cellule T 
“specifiche”





CELLULE NK 



Human Natural Killer (NK) 
Cell

• Innate Immune lymphocyte
• 10% human PB lymphocytes 

(CD56+CD3-)
• Lack antigen-specific recognition 

receptors
• Kill target cells (e.g. leukemic 

blasts)
• Regulated by NK receptors
• Secrete immunoregulatory 

cytokines (e.g. IFN-g)
• Regulate immune responses



Concept – NK alloreactivity in 
leukemia

NK cells kill leukemic blasts

In AML patients, NK cells lose their ability to 
recognize and/or kill autologous blasts

If donor NK cells better recognize AML blasts, they 
could mediate a graft vs. leukemia effect

This may be achieved by mis-matching inhibitory 
NK receptors and their MHC ligands (e.g. 
remove the off switch)



Missing Self Hypothesis

--NK

Karre et al. Nature 1986

No Kill

Normal

NK

Kill
Cancer

MHC Class I



--NK

No Kill

MHC Class I

Integration of Inhibitory and Activating 
NK cell receptor signals regulates NK 

decision to kill

KIR

Activating
Receptor

Activating
Ligand

Activating
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Activating
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KIR

NK
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Lanier L Ann Rev Immunol 25: 225, 2005

• Chromosome 19
• Polymorphic gene family

– 10 common KIR haplotypes

– > 40 identified

• Inhibitory: Block activation 
when engaged by MHC 
ligand (ITIM)

• Thought to be expressed 
stochastically based on the 
KIR genotype

KIR – Killer 
Ig-like 

Receptors



Key inhibitory KIR recognize MHC ligands 
providing potential for KIR ligand 

mismatch
= removing the off switch

Inhibitory KIR

KIR2DL1
KIR2DL2/3
KIR3DL1

KIR Ligand

HLA-C group 2 (w2,4,5,6)
HLA-C group 1 (w1,3,7,8)
HLA-Bw4 (e.g. B27)



Retrospective study (n=60) of haplo-
mismatch SCT with 20 patients 
exhibiting KIR ligand mismatch in Donor
vs Recipient Direction

Ruggeri et al Blood 94:333, 1999



Farag et al. Blood 100:1935, 2002



Ruggeri et al Blood 94:333, 1999

T cell depleted G-CSF 
mobilized PBSCT

TBI/Thiotepa/ATG/flu

No post-engraftment 
immunosuppression

Stem cell dose range

9+5 x 106 CD34+/kg

T cell dose

3+2 x 104 CD3+/kg



Clinical Results?

20 patients with NK ligand mismatch in the GVH 
direction

Median 6 month followup (1-39 mo)

100% Engraftment

No GVHD observed

0/8 AML relapsed!

0/5 CML relapsed!

5/7 ALL relapsed

Ruggeri et al Blood 94:333, 1999



• Retrospective study of 112 high risk acute leukemia 
patients that received related haplo-mismatched stem cell 
transplants

• 92 patients had typing at HLA-C available
– 57 AML
– 35 ALL

• Compared groups with and without Donor vs Recipient 
KIR ligand mismatch

Ruggeri et al Science 295:2097, 2002



Ruggeri et al Science 295:2097, 2002

KIR ligand incompatibility in GVH direction No Yes
Number of transplants 58 34

Donors displaying anti-recipient NK clones 1/58 34/34*
Disease

ALL 21 14
AML 37 20

Transplantation outcomes
Rejection 15.5% 0%*
Acute GVHD >= Grade II 13.7% 0%*

Probability of relapse at 5 years
ALL 90% 85%
AML 75% 0%*

Event free survival at 5 years in AML group 5% 60%*

Table 1. Clinical data and transplantation outcomes.



Ruggeri et al Curr Opin Immunol 17:211, 2005

Relapse DFS

Transplanted:
25 in remission
15 in relapse

Transplanted:
26 in remission
27 in relapse

These effects remain significantly different when analyzed by remission / 
relapse at time of transplant (P=0.004).

High-Risk AML Cohort 
Expanded and Updated 

Graft rejection 10% vs 2%
GVHD 9% vs 3%



NK alloreactivity in Mismatched 
Unrelated Donors

50% of URD donor transplant have > 1 HLA 
mismatches

Opportunity for KIR Ligand mismatch with the
Perugia model



Haplo vs. URD

Now multiple retrospective studies with positive and 
negative results

Key Differences in Protocols
TCD vs. No / Less TCD

T cells in graft may affect NK allo responses
Cooley S Blood 15:4370, 2005

Massive CD34+ dose vs. Lower CD34+ dose
Stem cell dose may affect outcome

No post-tx GVHD proph vs. routine GVHD proph
IS drugs may affect NK allo responses

Prospective trials with uniform conditioning, graft source 
(preferably T cell depleted), and patient population 
needed





GRAZIE !!!!


