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Overview: topics

* Introduction: HLA and transplantation (solid, alloHSCT), alloreactivity in
allogeneic HSCT

* HLA matching and outcome of unrelated HSCT, T-cell epitope models in HLA-

* Variability of HLA expression and unrelated HSCT: SNPs, HLA-C, HLA-DP, EFI
abstracts

* HLA loss and impaired expression as mechanisms of immune evasion after H.

* Conclusions/Future directions



Rejection in solid organ transplantation

T cell

Donor Recipient

Halloran, NEJM 2004; DeWolf, JC|



Alloreactivity in HSC

Adoptive Immunotherapy in Chi

Pathophysiology of GVHD GVL-Reaction
activation IFN-y

Wirus.... TLRS

LPS - CD14

HSPTO -« TLR4

e epithelial cell leukem
Host: 2 Donor: W ® Restricted to dendr:
monocyte / dendritic cell e T-cell On all cells hematopoietic cells

Kolb, B



GVvHD/GvL




PERCENT IN REMISSION

Graft-versus-leukemia & GvHD
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Graft-versus-leukemia (GvL) & chronic GvHD
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he «drug

cell»

IMPACT OF T-CELL DEPLETION ON
OUTCOME OF ALLOGENEIC BONE-MARROW
TRANSPLANTATION FOR STANDARD-RISK

LEUKAEMIAS
D. MARANINCHI E. GLUCKMAN
D. BLAISE D. GUYOTAT
B. R10 J. L. P1co
V. LEBLOND M. MICHALLET
F. DREYFUS N. IFRAH

A. BORDIGONI
Ghroupe d’Etude de la Greffe de Moelle Osseuse ( GEGMO ), France

However, our data show that "I"-cell depletion of donor bone

marrow, even if it prevents acute and chronic GVHD
promotes_recurrence of the malignant disease, Further

Maraninchi, The



-cell depletion and relapse

Table 6. OQutcome

ATG dose
High Low
n =46 (%) n = 55 (%) P
Progression or relapse 24 (52) 16 (29) 02
Fatients surviving in
Complete remission 10 (22) 14 (25)
Partial remission 2(4) 9(186)
Stable disease 0 10(18) 06
Progressive disease 2(4) 2(4)
Deaths 32 (70) 20 (36)
Causes of death
Disease recurrence or progression 21 (46) 13 (65)
Transplantation-related mortality
Acute GVHD 5(16)* 3(15)*
Chronic GVYHD 0 4 (20)
Infections 5(16) 0 NS
Multiorgan failure 1(3) 0

Moht



Not only T-cell therapy: the NK effect

* Haplo TCD = ideal setting to unravel the NK activity (Perugia)

—o—=CD3IICD16*
—+— CD3*/CD8*
—o—= CDI/CD4*

% specific lysis

504

40

30+

204

10+

_ C—1P815
' E Cwi3+ P815
_ 0[] |
| | |
| | | . - m
3 4 5 [3 7
clones

Albi, |



ake-home messages (1)

* Alloreactivity in HSCT is mainly mediated by T cells

* The optimal immunological balance between host and donor
determines the potential cure of leukemia



1.0
p=<0.001
08
o 0.6 \ -
E \ . 8/8 (n=2528)
A = : - . T
Ol e 7/8 (n=882)
03 6/8(n=157) =~
o
0 1 i | 4 5 fi ? H g8 10
Years after transplant

LA matching and outcome after unrelated
SC

pe0.01

Permissive [ne=J0RT)

Fully matched (n=448)

—t———

Non-permassive (n=651)

4 5 6

Yoars after transplant

Pidala, Bl



HLA-DP alloreactivity in vivo: the TCE model

DPB1* alleles

TCE3 group

TCEA4 group

Immunogenicity
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LA-DP alloreact
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LA-DP alloreactivity in vitro (2): FD
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| A-DP alloreactivity in vitro (3): comparing
models

Pi152

COMPARATIVE EVALUATION OF HLA-DPBI
MISMATCH MODELS IN HCT IDENTIFIES
ASSOCIATION OF TCE4 PERMISSIVENESS
WITH SURVIVAL

88 UD-HCT success. In this cohort, TCE4 was supenor |
predicting survival, while aGvHD was predicted by
cxpression model. '

Lorent



ake-home messages (2)

* Best survival is observed after a 8/8-matched UD (HLA-A, B, C, DRE

* HLA-DP permissiveness models (TCE3, TCE4, FD, expression model
explain the role of this locus in HSCT



HLA expression and unrelated HSC

Contents lists available at ScienceDirect L] ;
Immur
Human Immunology A
journal homepage: www.elsevier.com/locate/humimm

The MHC in the era of next-generation sequencing: Implications for bridging | W) |

Lhech for |

structure with function i |

Effie W. Petersdorf™*, Colm O'hUigin"
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Locus Sequence Peature/Mechad Expressicn Climical Relevance Cltatien
Haplotypes  Tiling and splice juncticn microarmay Al-BE-Cw7-DRZ, AS-B7-Cw7-DR1S, AZ5-B1E-CwS-DES-DOZ haplatype-specific ME 71
expression
&0TLs AZ-B45-DRS, ASS-B5E-DRE, AL-BS-DRF regulatsry effects proximate to HLA-A, G, DRB ME L4
and C44
MicralNAS MicreANAs located within nos-coding regions describe local and extended haplorypes ME 91
Claas 1 Claes 1 regulatary complex (“CRC™) KB1 eshancer sonserved in HLA-A and B sequences NE [10]
Locus.spacific KB2 divergenos
Locus.spacific TRS
HLA-A Methylation Lineage specific g of mxp NE [11]
DNA sequencing of promater Increased methylation esscciated with reduced HLA-A expression
HLA-A2, BE; C-termings of =2 and @3 domeiss  Residue 180 and 239 associated with HLA-A and B expressicn NE [12]
HLA-AZ Gla*™ and Gly*™ assacinted with higher cell surface expression compared
HLA-B Glu'® and Arg*®®
HLA-A11l promsater Positlons -271 to <262 and -242 to -234 Igvolved in binding ziec finger protedn ZFX and NE [12]
impect tramscripiiomal activity of promober.
HLA-B Brvd-B01 KIRIDL1/Bw4 combimations have array of bindieg stremgths and cormelate with NE NE [14]
eyt mieiny
Bwd/Bwe cell surface expression Limeage and cell specific expressicn related wo stabilicy and tarmover NE [15]
HLA-C Cell surface expressicn Comtinucus allotype-specific HLA-C expression HIV Viral lead [1&]
I~

Class [T

HLA-DRA

HLA-DRB

HLA-DC

HLA-DP

I Inferenes betwees HLA-C allele and MFI from

HLA-C patient/denor mismatches acearding o level of patfent's migmatched allatype

GVHD bigher when mismatching sgainst high-expression patient HLA-C-

1 |

Fhylageny Ancient escape from mif-148a repression of HLA-C linsages ME [18]
cDMNA tremsfection of HLA-A BC HLAC mANA expression lawer than HLA-B NE [12]
Rs5264942 Variant upstream of HLA-C; proxy for miRl-148a HIV wiral load [220]
("-35 ENP™)
Bara fad oo o Fapr 2 T e L b i DE S fo03
Unrelated domar transplanes Mo correlation af .35 ENP or HLA-C expression lewvels with unrelatesd [2z]
HCT cutcomes
BLCE=T on (R m EXPT e 1]
HLA-C expressicn carrelated with HLA-A-B-C-DR and B-C haplotype
miR-148a of HLA-C 2 UTR Marked by rs326542 HIV? [24]
Dowrregulation of HLA-CT and cther alleles with intact micraRNA; sucleatide deletion
within miR-148a kinding site leads w higher HLA-C expressicn
Imtact mif-148 impacts HIV and Crakn's risks HIV, Crohe's Disease [25]
RsZ39541 A allele higher affinity than G allele NE [25]
Within Cectl kimding site in HLA-C promaoter G associated with lower premater activig
Nucleotide sequence of HLA-B, A, C promoter HLA-B prometer most diverse, but ne correlation with mENA expression ME [27]
Mo clear correlation benwesn promoter phylogeny and lineags expression
Alternstive trasscript arising from Nilapecific  NK intrinsic regulation of HLA-C sxpression ME (28]

HLA-DR-XLS-D haplotypes 1RF4 and CTCF binding site variants modifisd HLA-DBEL/DQAL/DQBR] transcriptionand  SLE (21]
HLA-DR/DY) surface expression
REX, X282, NE-Y, CITTA, Oct-2, Bob-1 CIITA is & malecular switch for cless 1T expression and [FN-y regulation NE 3z]
Hismone medifications and binding o RFX and  Network of histone modifying protedns ogether with mult-subunit complex impactclass  NE 23]
CIITA I expression
Fromaomer sequence Two pramoter podnt mutaticns esscciased with DES and DR10 did not affect promaoser NE [24]
Rotivity luciferase assay
Vitmmin D response element in DRB] promater  DRIE expression modulated By stimulation of response elemens by Vimmin D Multple Sclercsis [25]
on DEB1*15 baplotypes
Histmne quantimtive trait loci Earichment of locl on autaimmune disease haplotypes and influence gene expressicn Sysmmic Lupus Erythematosis [3&]
HLA-DQBL wanscripts and promaoter Differential expression of HLA-DQB1 alleles NE [37]
fearprintieg
qFCR Transcription of HLA-DG essociated with polymerphism [n promoter of DOB1*0301and NE [38]
fa02
Spacing of W and X1 elements in the prometer
Differential expression of DOE1*03:01, 05:01, 06:02 NE [39]
RAB2F7534 in 3 UTR Sequence analysis of MEETTSE5 and 827534 Hepatitis B persistenos with r82775540 associated with high [40]
Eelleyrtoe womrme iy -
Validation of 92775544 with lower mANA expression than rs92773340 Incremsed GVHD with mismatehing against high-expression HLA-DPB1  [41]
isssmitslimptenile . —
ogenic clades h musmatching for T FiriE L bigh-expressicn L]
alleles
Rs5277534 and donor-spedfic antbodies Rs3277534G high-expressian HLADF masocizied with stronger B cell flow crossmatch Solid orgen tracsplanmtion [43]
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HLA expression and unrelated HSCT: SNPs (1

Discovery cohort Validation cohort
2492 transplanis 1713 transplants
2107 pairs > !EEILB,'H pairs 1
) U i i unpaired pationts . . . .
240 unpaired Gonors. 33 unpared donors * First study investigating the re
Genotyping of 1120 MHC SNPs g:;ust-.-nnng of 8 candidate Of S N PS affe Ctl N g H LA ex p ress

\J

Single SNP analysis

\J

* Cling ariah I ifi ' Sie f i .
TN s Mot e e, A total of 1,120 MHC-region
- Patient genotypa * B SNPs fit inlo modals
= Do Iy
i RN SNPs were tested on 4,205

v HSCTs

2 vabdaied SNPs

\J

Multiple SNP analysis
* Clinical varables adjusted/stratified
* 182 SNPs met P <0.01 from above

of HLABnd the 192 SNPS 10 bukd * rs887464, rs2281389
predicliive models for all endpoints

\J

B candidate SNPs Petersdorf, Sci Trat



HLA expression and unrelated HSCT: SNPs (-
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HLA expression and unrelated HSCT: HLA-C

Key Points

* The expression level of
patient HLA-C allotypes

TRANSPLANTATION

affects GVHD and mortality
HLA-C expression le after HCT from HLA-C- hes in hematopoietic
cell transplantation mismatched unrelated
Effie W. Petersdorf,'# Theodore A. donors. Cesbron,* Emette Du Toit,”
Gorrs Erong Torion o | o Transplant outcome can | eegren My o
Stephen R. Speliman, ' Jean-Marie be improved by avoiding O’Huigin,?' Richard Apps,®"#? and

Mary Carrington,”’** for the Intem: hlgh-ﬂSk HLA-C-mismatched | etic Cell Transplantation
donors when no matched
stem cell source iIs
available.

Petersdorf,



HLA expression and unrelated HSCT: HLA-C

A B

w005

Dl ralio
Hazard ratio

ki 15 b e ® AL T 150 el ) 1] 303

E & prawssin vl Enpression vl

Table 2. Level of HLA-C expression influences acute GVHD, nonrelapse mortality, and overall mortality, but not relapse

Acule GVHD} Monrelapse mortalityt Ovwerall martality Relapset

(N = 453/1861) (N = 708/1727) N = 1246/1975) N = S01/1727)
Honshared HLA-C allotype® OR (95% CI) P HR (95% 1) P HR (95% C1) P HR (35% CI) P
Palion's mismach 1.34 (1.10-1.62) 003 1.22 (1.06-1.39) 00 1.15 (1.03-1.27) 005 1.03 (0UB6-1.22) 6
Donars mismabeh 1.07 (0.88-1.30) Ag 1,15 {1.01-1.31) 04 1.14 (1.03-1.26) o 0.97 (0.B2-1.16) T4
Sum ol mismatched allotypes 1.16 (1.03-1.32) o 1.15 (1.06-1.25) o0 1.12 (1.05-1.19) 0o 1.00 (0.89-1.12) 26

Petersd



HLA expression and unrelated HSCT: HLA-C

Table 3. Distribution of HLA-C allotypes according to 3 models of HLA-C mismaltching

HLA-C mismatch model for the nonshared patient allotype N (%)

Allele va antigent (N = 1971) Residue 1164 (N = 1955) Residues T7/805 (N = 1

Alieie Antigen Matched Mismatched Matched Misma
Patient’s nonshared allotype* MFI1 (N = 389) (N = 1582) (N = B4T) (N = 1108) (N = 955) =
crar mm 104 (2719 288 (18) 242 (29 147 (13) 210 (22) 173§
Chos 114 238 (8100 187 (12 268 (32 155 {14) A1 (34) 1040 §
c"17 115 o 3 [=1) 1 [«=1) 2 [=1) 1 {=1) 2§
CH05 154 a1 147 (9) 50 (&) 100 {5 43 (5) 107 |
Gz 164 1(=1) 146 () a1 (4) 114 (10} 43 (5) 102 |
08 176 5 (1) 28 (2) 10 {1) 222 15 {2) 17 |
Che 180 10 (3) M (&) 43 (5) a7 (5) ) (3 71
[ 193 4 (1) 118 (7} 84 (10 36 (3) 86 (9) 34 |
G'o4 200 5 {1} 161 (10 10 {1) 155 {14) 39 {4) 126 §
C*5 23 11 (3) 111 (7} d {=1) 118 {11) o1 (5) 71
Co06 et & (<1) 63 (4) 36 (4] a2 (3 25 (3) 43 §
(el [ 9 0 2 (=1) 1{=1) 1{=1) 1 {=1) 14
co 254 0 152 (10) 40 {5) 112 {10) 68 (7T) 84 |
C*4 o4 1(<1) 85 (5) 27 (3 56 (5) 3 2) 59 |
Mean MFI of the patient's 123.2 176.7 148.6 178 154.2 177

mismaiched HLA-C allotype
== 000 P = 000 F == 0Din

Petersdorf,



HLA expression and unrelated HSC

Regular Article

TRANSPLANTATION

Identification of a |
cell transplantation

Marcelo A. Femandez-Vina,' Ta
Minoco Battiwalla,” Lee-Ann Baxt
Machteld Oudshoom,'? Steven C
Ann Woolfrey,? John Umejiego,*

* Mismatches in alleles
C*03:03/C*03:04 were most
frequent (68.7%) among the
transplants with a single allele
level mismatch in HLA-C.

* The 7/8 C*03:03/C*03:04
mismatch group was not
significantly different from the
8/8 HLA matched transplants
in any transplant outcome.

: HLA-C

hatopoietic stem

bud Aljurf,” Medhat Askar,®
h Marino,"’
}a Tumer,'® Edmund K. Waller,'®

Fernandez-Vina
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HLA expression and unrelated HSCT: HLA-C
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Years

* Similar OS between 8/8-matched
7/8 with MM only in C*03:03/C*0

* These alleles may have equivalent
peptide presentation properties
(differ by a single AA at residue 91
which is not in contact with any
peptide or TCR)

* Their serologic epitopes have a lo
Immunogenicity score

Fernandez-Vina M,
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* In 8/8-matched HSCTs, any |
at LEL did not impair outcon
whereas they did in 7/8 HSC

* MMs at DQ were found in 8.
of 8/8 HSCTs (no impact on

outcome)

Fernandez-Vina V



g Biology of Blood and
' Marrow Transplantation

journal homopage! www. bbmi.omg

Recipient HLA-C Haplotypes and microRNA 148afb Binding @ s
Sites Have No Impact on Allogeneic Hematopoietic Cell .
Transplantation Qutcomes

'I — e g I Rl T N ] |
= |L CTACT ad HLAC MM [N = 405 =4 O aad A C 80 = 380
vy 02 o LACC mumich (M = 3ERT

. i By T g HUAC e N T T
| = = i =

- h oy G ] AL PR [N = T 1 Ay T2 gt v AT ARRE B o BEE

;|

— a1 WL W e . W e |

Frodpbiiily. W
2
|
| /
!
|
|
i
|
Protabslity, s
]
(

0 i i LiJ L] It i ! i | 1

Hoff,



HLA expression and unrelated HSCT: HLA-DP (

The NEW ENGLAND
JOURNAL o MEDICINE

ESTARLISHED IN 1812 AUGUST 13, 2015 YOL. 373 NO. 7

High HLA-DP Expression and Graft-versus-Host Disease
Effie W. Petersdorf, M.D., Mari Malkki, Ph.D., Colm O'hUigin, Ph.D., Mary Carrington, Ph.D., Ted Gooley, Ph.D.,

Michael D. Haagenson, M.5., Mary M. Horowitz, M.D., Stephen R. Spellman, M.B.5., Tac Wang, Ph.D.,
and Philip Stevenson, M.5.

CONCLUSIOMNS
The risk of GVHD associated with HLA-DPB1 mismatching was influenced by the

HLA-DPE1 rs9277534 expression marker. Among recipients of HLA-DPBE1—-mismarche
transplants from donors with the low-expression allele, recipients with the high

expression allele had a high risk of GVHD. (Funded by the National Institutes o

Health and others.)
Petersdc



A HLA-DPR1-Mismatched Transplants

HLA-DPH] Minor histocompatibility antigens

Do - High-expeessbon
T TSIA0 inked HLa-[PR]
mismaich in recpient

e55lon
92 TTS34A dinked HLA-DPEL
mismzich in recipienl

B HLA-DPB1-Matched Transplants

-
rsT2 73340 dinked
HLA-DPEL in recipient

S92 A S SAA linkad
HLA-DPBL in recpiemt
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HLA expression and unrelated HSC

H=00001

DFB1 mRNA Expression

Gl
rs9277534

of HLA-DPBL.

Figure 1. Correlation of HLA-DPB1 Expression with
the r59277534 Allsle in the 3° Untranslated Region

A Donor rs9277534A

Probability of Acute GYHD

Mao. of Recipients at Risk
Becipiend rs27 /5344
Recipient rs32 775340
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0. =
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SNPs and TCE model for HLA-DP

A DPB1 Genomic Structure

Chromosome 6
| B N rs9277534 rs2281389
ll?l 'll. . . L 33,087,030 33,092,019
Location of DPB1 Intron §
Intron 4
SUTR Intron 1 Intron 2 Intron 3
| 1 L | S
' o ) «! o o ' \ ! noncoding region ;
[T
Exon 1 Exon 2 Exon 4 TUTR

Exon 3 Exon 5 (Fxon 6)

- T T T T T T T T at
33,0/6000bp 33,0/8000bp 33,080000bp 33082000bp 33084000bp 33086000bp 33083000bp 33,090,000 bp 33,092,000 bp

B DPBI1"rs9277534-rs2281389 Haplotypes

DPB1* rs9277534 rs2281389  HLA-DP Expression Levels
02:01, 02:02, 04:01, 04:02, 17:01, 23:01, 40:01, 46:01, 55:01, 71:01, 94:01, 105:01, 128:01 A A O Low
B
01:01, 05:01, 11:01, 13:01, 15:01, 18:01, 19:01, 85:01 G A High
J
03:01, 06:01, 09:01, 10:01, 1401, 16:01, 20:01 G G & High

Fleischhat



HLA expression and unrelated HSCT: HLA-DP (

1.0 - Table 3. Effect of patient mismatch HLA-DP group on transplant outcome
— [DP5-non-PFM
------- DP5-PM Patient mismatch
o 0.8 4 DP2 -non-PM Clinical outcome HLA-DP group 5% Cl
g wm e DP2-PM SRR
B 0.4 All patients DP2 1.00
E DPS 1.28 1.07-152 005
= I_.—j . Donor HLA-DFPZ mismatch DP2 1.00
1 e DPS 1.32 1.01-1.72 040
A e 1« st Donor HLADPS mismatch DP2 1.00
e DPS 1.35 1.06-1.72 m3

&0 80 100
Days after transplantation

Morishima,



Table 2. HLA DPB1 allale information used for this study

Aliele frequency Allele name at fleld Predicted Grouping for
Allele name at fleld 2 lovel (n = 295656 alleles),* % i level Accesslon no., Immunogenicityt reP277534 allele or DP5t
CPB1=05:01 38.40 CPB1*05:01:01:01 LE2572 Groug 3 G DPE
DPB1=02:01 24,79 DPBE1*02:07:02:01 LC2578%4 Group 3 & DP2
DPB1*0F:CY 295 CPE1709:01:09 LC257921 Graup 1 G BPE
DPB1=04:02 %78 DPa1=04:02:01:02 LE257T#10 Group 3 & DF
DPE1+04:01 5.04 DPB1=04:07:91:01 LC257908 Group 3 A DP2
DPB1*03:01 3.98 DPB1%03:01:01 LE257905 Group 2 G DF5
CPa1=02:02 349 DPE1*02:02:01:05 LC257002 Group 3 A De2
OPBI=13:00 1.94 DPE1*13:01:0 LC2ETEE QGroup 3 G DPS
CPB1#14:01 1.48 DPE1*14:01:01 LE257924 Group 2 G DPE
CPB1=1%:01 074 DPE1*19: LC257926 Groug 3 €] DPS
DPB1*04:01 0.57 DPB1#04:01:01 LE257920 Group 3 G DG
= B W ) 0,74 DPEI™ITAN LC25/7725 Graug 7 A oP2
DPB1*34:01 0.4 DPFB1*34:01 LE25792% Urkrown G PS5
DPE1=41.01 0,10 CPB1=41:0%:07 LC257931 Group 3 A De2
DPB1=38: 0.a7 DPBY* 380 LC257%30 Group 3 £} DP5
DPa1=25:01 0.03 DPB1*25:01 LC257928 Lirknown G DEg
DPBT=47:01 0.03 DPBY=4T:01 LC25/93: Group 3 & oP2
CPa1=21.01 Unknown DPRY1*21:01 LE257927 Urkrown G DPE
DPET=48:01 Uinknswn DPB1*agE LC257933 Groupd & D

Morishima,



HLA class Il upregulation and GvHD

= GVHD after HLA-
DPB1-mismatched CD4+ DLI
after TCD-alloSCT is mediated
by allo-reactive HLA-
DPB1—directed CD4-+ T cells.

= Viral infections after TCD-
alloSCT can induce HLA
class |l on nonhematopoietic
lissues, making them targets
for CD4+ T cells in GVHD.

«Ongoing viral infections (CMV) resulting
upregulated HLA class Il expression on n
hematopoietic tissues increase the likelyhc
of GvHD development»

«..these donor-derived anti-CMV  T-
responses may have further stimulated -
inflammatory environment and HLA class
expression....thereby enhancing GvHD»

Stevanovic,



HLA expression and unrelated HSCT: EFIl 201

06

HLA-DM-MEDIATED PEPTIDE EDITING
IMPACTS T CELL RECEFTOR DIVERSITY
AGAINST PERMISSIVE HLA-DPEI
MISMATCHES

045

PEPTIDE REPERTOIRE OR EXPRESSION
LEVELS: WHAT IS THE DRIVING FORCE FOR T
CELL ALLOREACTIVITY TO HLA-DP?

036

HLA-DM-MEMATED PEPTIDE EDITING
REGULATES SELF-HLA-DF RESTRICTEI
CELL ALLOREACTIVITY TO MINOR
HISTOCOMPATIBILITY ANTIGENS

047

CYTOKINE INDUCED UPREGULATION €
ALLELIC HLA CLASS I EXPRESSION

ANALYZED BY RNA SEQUENCING AND |
EFFECT ON ALLOGENIC T CELL RESPO



ake-home messages (3)

* The advent of NGS allows the investigation of non-coding regions :
their impact on the level of expression of HLA allotypes

* Many studies now demonstrate the impact of HLA expression (HLA
HLA-DP) on GvHD, non-relapse mortality and survival (not relapse)
after unrelated HSCT



HLA loss as a mechanism of immune escape |

The NEW ENGLAND JOURMNAL af MEDICINE

‘ ORIGINAL ARTICLE ‘

Loss of Mismatched HLA in Leukemia
after Stem-Cell Transplantation

Luca Vago, M.D,, Ph.D., Serena Kimi Perna, M.D., Monica Zanussi, B.5c.,
Benedetta Mazzi, B.Sc., Cristina Barlassina, B.Sc., Maria Teresa Lupo Stanghellini, M.D.,
Nicola Flavio Perrelli, B.Sc., Cristian Cosentino, B.Sc., Federica Torri, B.Sc.,
Andrea Angius, Ph.D., Barbara Forno, M.D., Monica Casucci, B.5c.,
Massimo Bernardi, M.D., Jacopo Peccatori, M.D., Consuelo Corti, M.D.,
Attilio Bondanza, M.D., Ph.D., Maurizio Ferrari, M.D., Silvano Rossini, M.D.,
Maria Grazia Roncarolo, M.D., Ph.D., Claudio Bordignon, M.D.,

Chiara Bonini, M.D., Fabio Ciceri, M.D., and Katharina Fleischhauer, M.D.

Vagc



HLA loss as a mechanism of immune escape |
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HLA loss as a mechanism of immune escape |

Patient 16 Donor

* HLA loss in 5 out of 17 pts (29%

* No change in class | HLA
espression (no NK activation)

Interferon-y Redease

:

8

* Characterisation of this
mechanisms essential to identi
alternative donors (with a
distinct haplotype)

Specific Spots (no.)
2 =

o
i

Leukemic Cells Leukemic Cells
at Diagnosis al Redapse

Vagc



HLA loss as a mechanism of immune escape |
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HLA loss as a mechanism of immune escape
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Impaired HLA expression after HSCT (1)

The HEW ENGLAND JOURNAL of MEDICINE

‘ ORIGINAL ARTICLE ‘

Immune Escape of Relapsed AML Cells
after Allogeneic Transplantation

M.]. Christopher, A.A. Petti, M.P. Rettig, CA. Miller, E. Chendamarai,
E.]. Duncavage, |.M. Klco, N.M. Helton, M. O'Laughlin, C.C. Fronick, R.5. Fulton,
R.K. Wilson, L.D. Wartman, ).5. Welch, 5.E. Heath, ).D. Baty, ].E. Payton,
T.A. Graubert, D.C. Link, M_]. Walter, P. Westervelt, T.]. Ley, and ).F. DiPersio

Cristopher,



Impaired HLA expression after HSC

(2)

A HLA-DPBEI
[FDR, 0.008)
25 .'"II
hlg EIIE-"._' ,-"'
g 150 s o1 -}"1

(FOR, 0.9%)

B HLA-DQBI
{FDR, 0.02)

(FDR, 0.99)

C HLA-DRBI]

CPM

(FOR, 0.01)

{FOR

Cristopher,



Impaired HLA expression after HSCT (3)

B Flow Crtometry after Treatment with Intedferon-y
B SEheculture B 43-hr cufture [ 24-hr culture B Negalive conbrol

M4 AML M2 AML
Patient 452198 Patient 312451

Unireated Interferon-y, 50 ng/mil Lintreated Interferon-y, 50
e 100

3

& = 4

x 3 |
% g - I
5 a -
i -
k3 mi
i

] In# 1o
HLA-DR,DP,DQ

Cristopher,



(Nihil novi sub sole)

Exp. Hematol, 13:782-7%0 {1955} F,.;IPPF'T"PH_'"[
i International Saciety for Experimental Hematology -
Hematology

Relapse of Host Leukemic Lymphoblasts following Engraftment
by an HLA-mismatched Marrow Transplant: Mechanisms of Escape
from the “Graft versus Leukemia™ Effect

Paul M. Sondel,'*** Jacquelyn A. Hank.”** James Molenda,® Judith Blank,* Wayne Borcherding,’
Walter Longo,>* Michael E. Trigg,'t Richard Hong,' and Marek J. Bozdech™}

Departments: of 'Pediatnes, Human Oncology, 'Genetics, ‘Pathology and Laboraiory Medicine, and Medicine, University of
Wisconsin, Madison, Wisconsin, L'SA

‘Received | Ccraber 1984 in pevised form 38 Tonuary 1985; avcepted 4 Mari i WSS

Sondel, Exp



(...continues)

populations (Table 2). Designation of host origin
was clearly demonstrated for the uncultured leu-
kemia cells by the presence of strong reactivity to
HLA-A26 and no reactivity with any reagent de-
tecting HLA-A24, HLA-DR 1yping was attempted

This patient’s recurrent leukemia was H
compatible with his coexisting chameric t
poietic immune system. Thus, “immune esc
a potential mechanism for his relapse could

on these cells, but was nol interpretable; this was

consisten! with the nonreactivity of these cells with
the monoclonal anti-la reagent. HLA typing of the

amined by studying well-characterized alloi
responses 10 foreign HLA anugens. These

Sondel, Exp



Bone Mamrow Transplantation, (1997) 19, 9899549
£ 1997 Stockton Press Al rights reserved 02683369097 $12.00

Immune escape from a graft-versus-leukemia effect may play a role in
the relapse of myeloid leukemias following allogeneic bone marrow
transplantation

Table 4 Correlation of changes in phenofype with immunogenicity of leukemia and outcome of immune manipulation with donor lymphocytes or
withdrawal of cyclosporine

Diagnosis at relapse Pl F2 £3 P4 P35 P6
29) {005} 025} (019} {017) (026)
AML M4 MDSt CMIL AP CML CP CML BC CML MF
Phenotype MHC class [ | | | 0 0 1
HLA DR | | l 0 0 |
HLA DQ L L | 0 0 0
ICAM-1 {CD34) I I 1 0 1 |
B7.1 (CD30) L I I | | l
fas (CD93) 0 I 0 0 L 1
Functional tests stimulation | | | L | NT
CTL lysis | | 0 | 1 NT
NK lysis 0 0 NT 0 | NT
Fesponse to treatment No No No No Yes Yes
Donor lymphocytes Cyclosporine withdrawal
At relapze: | = increazed; | = decreazed; 0 = no change; L = no change but low; NT = not tested.

Dermim



CLINICAL AND TRANSLATIONAL RESEARCH

Clonal Evolution Including Partial Loss of Human
Leukocyte Antigen Genes Favoring Extramedullary
Acute Myeloid Leukemia Relapse After Matched Related

Allogeneic Hematopoietic Stem Cell Transplantation

Genome-wide Profiling in AML Patients Relapsing after
Allogeneic Hematopoietic Cell Transplantation

Miguel Winterhouse,| Dictmor Pleifer,” Miena Pontic,” Raran Emmesich,”
Hartrmue Bertr,” flirpen Finke'

To the editor:

Genomic loss of patient-specific HLA in acute myeloid leukemia relapse after well-matched
unrelated donor HSCT

Stolzel, Transplantation 2012; Waterhouse, BBMT 2011; Toffalc



Mechanisms of immune escape after HSC

(1)

Impaired leukemia cell recognition MNew oncogenes driving proliferation
(e.g. Loss of HLA, impairad (e.g. FLT3-ITD, KRAS)
Ag/HLA presentation machinery) Loss of tumor supressor
» genes (e.g. PTEN)
a e

- /\\ . e Ceoll \
q i I

Immune checkpoint ligands
(e.g. PDL1, CD155, o= €— _ .
VISTA, B7-H3, B7-H4) : > . % % _ Immunosuppressive

* enzymes (e.g. IDO,

{ S, CD73, CD39, arginase)
e

Reduced pro-inflammatory
Increased anti-inflammatory cytokines, growth factors
cytokines (e.g. IL-10, TGF-p) {e.g. IL-15, G-C5F)

Zeiser & Vago



Mechanisms of immune escape after HSC

(2) a

* Two deregulated «macro-clusters»,

encompassing:

- genes linked to T-cell costimulation

- Ag processing and presentation via HLA class || molecules

* Including cases with genomic loss of HLA, a defined pattern of escape c
be identified in more than 2/3 of post-HSCT relapses

Toffalori, N:



ake-home messages (4)

* HLA loss and impaired HLA expression represents two mechanism:
immune evasion of leukemic cells after HSCT

* Genomic alterations and epigenetic changes occur during these
phenomena



Conclusions: HLA expression in HSC

* Barrier for optimal outcome = rejection, GF, acute/chronic Gvk
non-relapse mortality, OS

* Mechanism of immune evasion =2 HLA loss, impaired HLA expressi

* Opportunity (cell therapy) =2 GvL, OS, «CURE»



Envision the near future: Al and HLA matchir

@GITMD%MHE-I'.;;; HOME PROGETTO SEZIONIv FACULTY gﬁITMO

Cerca...

MACHINE LEARNING E DATA MINING NEL
TRAPIANTO: COSA C'E DI NUOVO?

Il Machine learning e il Data mining song aree di ricerca relativamente recenti della @

Computer Science. Ecco un esempio di applicazione in ambito trapiantologico, in press TRAPIANTO
BASATO

sul prossimo numero di BBMT SULL'EVIDENZA

Background e disegio dello studio LE SEZIONI
Risultati

Cosa cambia nella pratica?

© Trapiamo da donatore

Bibliografia essenziale
alternativo

1) Fuernkranz J et al. Cognitive Technologies 2012

2) Buturovic L etal BBMT 2018 © Complicanze del rapianto




Envision the near future: PM and relapse
Management

@ BRIEFING ROOM ISSUES THE ADMIMISTRATION PARTICIPATE 1600 PENN
SR

THE PRECISION MEDICINE INITIATIVE January 30th, 20.
= F
“Doctors bave always recognized that every patient is unigque, and doctors bave always tried to taile
best they can to individuals. You can match a blood transfusion to a blood type — that was an importa
matching a cancer cure to our genetic code was fust as easy, fust as standard? What if figuring out the
was as simple as taking our temperature?”
- Prevident (Mbama, January 30, 2015




Envision the near future: Gene Editing

Plenary Paper

TRANSPLANTATION

Toward eliminating HLLA class I expression to generate unive
cells from allogeneic donors

01l
ORAL PRESENTATIO
GENERATION OF IMMUNOLOGICAILLY
INVISIBLE TRANSGENIC PORCINE
PANCREATIC ISLET CELL CLUSTERS AFTE Best Abstracts
SINGLE CELL ENGINEERING AND POST-
TRANSDUCTION ISLET REASSEMBLING TO
SUPPORT XENOGRAFT SURVIVAL

Torikai H, Blood 2013; Carvalho-Oliveir:



knowledge/precision

conditioning intensity

.

“— NN N
1957 - 1990’s — Advent of RIC 2015 - New era of
First BMT 1979 — Clinical evidence Precision Medicine
of GvL effect 2000’s — «Personalized»
conditioning regimens Small n
1959 - BMT for Cell

radiation accident

1990 - Donor lymphocyte
infusions induce disease remission
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Gene editing, HLA & Cell Therapy

: m me Journal of Multiple Knockout of Classical HLA Class

Immunolo B-Chains by CRISPR/Cas9 Genome Editin
8y Driven by a Single Guide RNA

Pietro Crivello, Miiberra Ahci, Fabienne MaalBlen. Natalie
Wossidlo, Esteban Arrieta-Bolafios, Andreas Hemnold,
Vinzenz Lange, J. H. Frederik Falkenburg, Peter A. Hom
Katharina Fleischhauer and Stefan Heinrichs

cancer immunotherapy. Fmally, mn a longer term pers
our mcthod might also prove uscful mm climcal prote
personalized cellular therapy, for instance, for the genes
HLA-ll-compatible hematopoictic stem cells Tor transpl
(45) or for the reduction of organ graft rejection b?
knockout endothelial cells as previously suggested (9, 4
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