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The risk of infection post transplant
Is time-dependent
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Time to recovery of donor immunity
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Mechanisms of Immune Recovery after Transplant
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Factors contributing to
Immunity post transplant
1) Conditioning regimen
2) GVHD prophylaxis
3) GVHD
4) Graft source
5) Thymic function
6) Virus reactivation



1) recipient immunity is destroyed
before transplant
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2) Immunosuppressive drugs after HSCT

DRUG

CSA/FK-506

Corticosteroids
Methotrexate

Mofetil Mycophenolate
Rapamycin

Cyclophosphamide

MECHANISM

blocks NFAT and IL2 trancription
in activated T cells

blocks function of APC. Apoptosis
of T lymphocytes.

Blocks nucleotide synthesis by
activated T lymphocytes.

Blocks nucleotide synthesis by
activated T lymphocytes.

Binds FKBP and bloks G1-S
progression.

induces apoptosis of activated T
lymphocytes.



3) GVHD reduces

immuni

hyposplenia

BM suppression




4) Composition of different grafts

PBSC (n=121) MARROW (n=81) CORD (n=135)
TNC| 900 (670-1260) 290 (233-370) 32 (25-50)
CD34+ 4.9 (3.8-6) 2.2 (1.4-2.6) 0.14 (0.1-0.25)
mDC 1.7 (1.2-2.4) 0.8 (0.5-15) NV
pDC 2.5 (1.7-3.4) 0.7 (0.4-0.9) NV
CD14+ 211 (145-278) 6.6 (3.9-10.1) 1.4 (1.3-2)
CD19+ 46 (30-64) 6.7 (4.5-9) NV
CD56+ 34 (25-48) 4.2 (2.8-7.2) 1.6 (1.2-2.5)
CD3+ 201 (144-285) 24 (18-28) 3.1 (2.4-5.1)
CD4+ 115 (87-165) 12 (9-15) 2.4 (1.5-4)
CD8+ 80 (56-117) 12 (9-15) 1.6 (1.3-2.5)

Arpinati EBMT 2007
Petterson BMT 2008



5) Thymic function
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6) Virus reactivation

Cytomegalovirus shapes long-term immune reconstitution after
allogeneic stem cell transplantation

Raphael Itzykson,** Marie Robin,* Helene Moins-Teisserenc,>** Marc Delord,>* Marc Busson,®* Aliénor Xhaard,*
Flore Sicre de Fontebrune,*? Régis Peffault de Latour,* Antoine Toubert,>** and Gerard Socie***

Under-represented Population FC -log(P) CMV pOSitive patients

Memory B cells -1.15 3.18

ICD25+ activated CD8+ T cells -1 1.69

ICD25+ activated CD4+ T cells 096 8.86 Over-represented Population FC -log(P)

[Naive CD8+ T cells 0.9 266 HLA-DR+ activated CD8+ T cells 117 1263

Inducible Tregs -0.83 5.77 [l.ate effector memory CD8+ Tcells 1.16 10.2

INatural Tregs 082 231 Effector memory CD8+ T cells 099 894

[CO5+ B cells 082 144 {;ﬁemory CD8+ T cells 088 7.8 |

ICentral memory CD4+ T cells -0.76 5.22

[Naive B cells 069 181

IEarly differentiated CD4+ Tcells -0.57 5.94 haemato Imbﬁa I 2ﬂ1 5; 1ﬂﬂ (1 }




Our data on Immune Recovery

Flow cytometry

503 consecutive Myeloid DC,

patients transplanted Plasmacytoid DC,

in our institute CD16 DC,

between 2000 and CD16 mono,

2014 had PB samples CD14 mono.
collected at 1, 3, 6, 9 CD3+ T lymphocytes
and 12 months after CD4+ T lymphocytes
transplant. CD8+ T lymphocytes

T regulatory cells
B lymphocytes,

NK cells

Ulbar et al. EBMT 2017
Bonifazi et al. BMT 2018
Bonifazi et al. BMT 2019



recovery of immunity
post transplant:
T lymphocytes
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T cell dose influences recovery
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T cell recovery after CBT and ATG dose
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Recovery of CD4 T cells after T cell

T cells
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Partial T depletion: alpha-beta T cells

HLA-haploidentical stem cell transplantation after removal of afp™
T and B cells in children with nonmalignant disorders

Alice Bertaina,' Pietro Merli," Sergio Rutella,? Daria Pagliara,’ Maria Ester Bernardo,' Riccardo Masetti,® Daniela Pende,*
Michela Falco,” Rupert Handgretinger,® Francesca Moretta,’ Barbarella Lucarelli,' Letizia P. Brescia,' Giuseppina Li Pira,’
100 - Manuela Testi,” Caterina Cancrini,® Nabil Kabbara,® Rita Carsetti,' Andrea Finocchi,® Alessandro Moretta,'®
Lorenzo Moretta,® and Franco Locatelli’:!’

(Blood. 2014;124(5):822-826)

79 -
= 1500
» no IS
50 - N=23 E=3 Cl of aGvHD= 13.1% (7.0) H 1000
=
@
23 - 5 5001 § E
f
N 0
0 1 2 3 4 5 6 7 Tm 3m 6m 9m 12m

WEEKS FROM HSCT



Recovery of CD4 T cells after T cell

depletion....in vivo
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Importance of ATG exposure
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Absolute

Bette r recove ry With pTCY? Massoud Haematologica 2022
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CD4+ T and Risk of Infection

Total infection score
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Clinical impact of T cell recovery

Savani 2006 lymphocytes day 30 >300

Kim 2006 CD4+ T cells 3 months >200

Koehl 2007 CD8+ T cells Within 1 year >5th percentile
Berger 2008 CD4+ T cells 35 days >86

Servais 2016 CD4+ T cells 3 months >200

De Koning 2021 CD4+ T cells Within 100 days  >50



a model of T cell recovery
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infection-induced HPE: CMV

Tetramer-based FCM
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infection-induced HPE: EBV

IFNg based ELISPOT °

D’Aveni Transpl Immunol 2011
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CMYV prophylaxis delays T cell recovery

CD4/ul
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| Mechanisms of DNA recombination
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T cell repertoire: FLOW CYTOMETRY

patient 1 patient 2
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T cell repertoire: SPECTRATYPING

Verfuerth Blood 2000
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Gini Coefficient
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T cell repertoire: NGS

r,.=-0.440, p << 0.01
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TRECs (Per Million Cells)

Soragia Gkazi FI 2018



thymic function predicts infection

sjTREC per 10e5 T cells
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Recovery of T reg cells

Tregs
(CD4+CD25"reCD127-)
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Ulbar EBMT 2017
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Loss of Treg recovery in cGVHD

cGVHD
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Increasing T reg numbers leads to improved GVHD

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 DECEMBER 1, 2011 VOL. 365 NO. 22

Interleukin-2 and Regulatory T Cells in Graft-versus-Host Disease

John Koreth, M.B., B.S., D.Phil., Ken-ichi Matsuoka, M.D., Ph.D., Haesook T. Kim, Ph.D.,

Sean M. McDonough, M.S., Bhavjot Bindra, B.S., Edwin P. Alyea Ill, M.D., Philippe Armand, M.D., Ph.D.,
Corey Cutler, M.D., M.P.H., Vincent T. Ho, M.D., Nathaniel S. Treister, D.M.D., D.M.Sc., Don C. Bienfang, M.D.,
Sashank Prasad, M.D., Dmitrios Tzachanis, M.D., Ph.D., Robin M. Joyce, M.D., David E. Avigan, M.D.,
Joseph H. Antin, M.D., Jerome Ritz, M.D., and Robert ). Soiffer, M.D.
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recovery of immunity
post transplant:
B lymphocytes




450

400 +

350 +

300 +

250 +

200 +

150 +

100

50

recovery of B cells is slower...
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B Cell Neogenesis is Prevalent
after Allogeneic HSCT
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Faster B cell neogenesis after CBT

B cell B cells
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Reduced B cell neogenesis in cGVHD
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Loss of Memory B cells generation in cGVHD

SSC
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Normal B cell repertoire after transplant

CDR3 SPECTRATYPING

i
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B. Omazic, Scand J Immunol 2005



Response to B chronic GVHD
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Impact of B cell recovery on late infections

<
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recovery of innate
Immunity:
NK
gammaldelta
DC




NK and g/d T cell Recovery
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recovery of NK cells

Ulbar EBMT 2017
Bonifazi BMT 2018
Bonifazi BMT 2019
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NK RECOVERY delayed by pTCy

Massoud Haematologica 2022

A Russo Blood 2018
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SSC

Kinetics of NK Recovery
Immature CD56bright

CD56+ NK cells
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Recovery of gammaldelta T cells

Early reconstitution of NK and y&6 T cells and its implication for

the design of post-transplant immunotherapy

Moniek A. de Witte'2, Dhifaf Sarhan', Zachary Davis', Martin Felices', Daniel A. Vallera®,
Peter Hinderlie, Julie Curtsinger?, Sarah Cooley' John Wagner®, Jurgen Kuball26, and

Jeffrey S. Miller’

Healthy Donors

26%

Individual Subjects

At 3 months
MSD/MUD UCB
104 | <29
29% 8% . Lo

Individual Subjects

Individual Subjects

De WITTE BBMT 2018



pTCy reduces recovery of gammaldelta T

Massoud Haematologica 2022
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The human DC monocyte system

Villani Science 2017

Original cell Cell type reclassification based on
classification scRMNA-seq and functional studies
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DC Reconstitution post Transplant
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Better recovery of pDC in CBT

Ulbar EBMT 2017
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Loss of pDC in chronic GVHD

Ulbar EBMT 2017

pDC Chirumbolo 2022 submitted mDC

T aGVHP | I
* 3K %
N BYES | | | — 1~
L NO .| g—"—
SA— ! ¢ v i l
!/ I I , L
“9’ cGVHD
. R ) N —
6 - % 12 1 il
3 1~ N e =
T = s S e V\T_A\\I’

1 3 6 9 12 1 3 6 9 12



Clinical significance of
Immune Monitoring?




Recommended Assessment of Immune Recovery

T cells: . : recommended

--------- CD4+ and CD8+ counts

----------- antigen-specific responses (e.g. CMV)

B cells:

---------- Serologic response to vaccines

Innate immunity:
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