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Definition for HLA
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called HLA
HLA stands for Human Leukocyte Antigen
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C something the iImmune system reacts to
¢ antigens on cell surfaces can act as flags

AFlags the immune system to determine if something is an
Invader

AA small change in the protein can extremely make large
difference in the iImmune system

AThe immune system looks for differences in HLA to see if
there is a need to react.



Characteristics and Classification

AHuman Leukocyte Antigen (HLA) is the mhjetocompatibility
complex in humans, an integral part of maintenance of
Immune survelillance

AHLA areeodominantlyexpressed on chromosome 6 and are
highly polymorphic in human genome encoding more than 200

genes and 14000 alleles
(https://www.ebi.ac.uk/ipd/imgt/hla/intro.html

AThe MHC is divided into class I, Il, and Il antigens; class | and Il
are critically involved in transplantation immunology

ANine classical HLA genes, HLAB,-C in the class | region and
HLADPAL1;DPB1;DQA1:DQB1;:DRA:DRB1 in the class Il

region



https://www.ebi.ac.uk/ipd/imgt/hla/intro.html

Structure of HLA
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HLA Alleles
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Role of HLA In Immune response

S AHLA class 1: Expressed on all
w nucleated cell . Presentation
of endogenous antigens to

L= g CD8+ cells leading to
] —\ . activation CD8+ cell and
nee 80 cytotoxic effect on Antigen
o) = & Presentation cell
7w AHLA Class 2 : Expressed on all
B . e Antigen Presentation cell
- Monocytes, macrophages,
X\ =, dendritic cells and B cell.
e oy Presentation of exogenous
g e antigens to CD4+ cells.
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Targeting Polymorphic Exons (ARD)

HLA Class | Gene
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—fh{z2 s [ 4 Hs—gHz—{8] AClass | receptors display antigens
for recognition bycytotoxicT cells
AHighly polymorphic peptide
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A ammunoglubilinlike domain
involves in CD8 binding.

AClass Il molecules present

exogenously derived antigenic

peptides to helper T cells like

dendriticcells, macrophages, B cells

and a few other types

Adighly polymorphic peptide binding
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HLA diversity

Gene No. of alleles
A 7354
Class | B 8756
¢ 7307
DRB1 3094
Classl| DQB1 193
DPB1 1909

*As perhttp://hla.alleles.org/nomenclature/stats.htmi


http://hla.alleles.org/nomenclature/stats.html

HLA polymorphism
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HLA Nomenclature

Hyphen used to separate Suffix used to denote
gene name from HLA prefix changes in expression
A
Separator T Field Separators

A

| oy P
A*02:101:01:02N

\ \

HLA

— _-/’
Y

- HLA Prefix « - Gene I Field 4; used to show
‘ differences in a
Field 1; allele group non-coding region

Fleld 2; specific HLA protein

»
Field 3; used to show a synonymous DNA
substitution within the coding region

© SGE Marsh 04/10



omenclature Indicates

HLA the HLA region and prefix for an HLA gene
HLADRB1 a particular HLA locus i.e. DRB1
HLADRB1*13 a group of alleles which encode the DR13 antigen or sequence homology to other DRB1*13 alleles

HLADRB1*13:01 a specific HLA allele

HLADRB1*13:01:02 an allele that differs by a synonymous mutation fromRB1*13:01:01

HLADRB1*13:01:01:0:an allele which contains a mutation outside the coding region fra®kB1*13:01:01:01

HLAA*24:09N a 'Null' allele, an allele which is not expressed

HLAA*30:14L an allele encoding a protein with significantly reduced or ‘Low' cell surface expression

HLAA*24:02:01:02L an allele encoding a protein with significantly reduced or 'Low' cell surface expression, where the mutation is fol
outside the coding region

HLAB*44:02:01:02S an allele encoding a protein which is expressed as a 'Secreted' molecule only

HLAA*32:11Q an allele which has a mutation that has previously been shown to have a significant effect on cell surface expre
but where this has not been confirmed and its expression remains 'Questionable’



Capture HLA genes for gold standard
Resolution

AThe six classical polymorphic HLA genes encoding 132 proteins play
an important role in the regulation of iImmune system

ATo get the gold standard resolution bidirectional sequencingxmin
1-4 of HLA A and B=xonl-7 of HLA C andxon2-3 of class |l gene
need to be achieved

AThisExoncentric analysis is successful in determining genotypes after
consulting with the IMGT/HLA database to detect the closest HLA
gene sequence

Anon-coding regions that may have impact on gene regulation
MRNA splicingre ignored.




Types of HLA typing resolution

A Allelic resolution:DNAbased typing result is consistent with a single allele

A High resolution:a set of alleles that encode the same protein sequence in
antigen binding site or antigen recognition domain (ARD)

A Low resolution DNAbased typing result at the level of the digits
composing the first field or the serological equivalent.

T cell receptor
interaction

A%02 (= A2) |

binding
site

r
Antigen I
S

>| A*02:01° |

| A*02:01:01:01 |

HLA protein on cell surface Ref: Eduardo Nunes et al., 2011



High Resolution HLA typing

AGd Cdzt £ 3ISy SvithNuRek Sotledzof A 2 v €
numerical fields separated by coloreg)(
A*02:01:01:01).

Adllelef SESEt GeLIAY 3 withhadiddd t k D I NP
typing discriminates among HLA genes that encode
cellsurface proteins that differ in the amino acid
sequence of their antigen recognition domain (ARD).

ACKS w5 Aad 0KS alF OGAGSE LR2NIAZ2Y
binds peptide antigens and interacts with T lymphocyte
and natural killer cell receptors

AARD identity include G (A*02:01:01G indicating nucleotide
sequence identity in the ARD exons) and P
(A*02:01P)indicating protein sequence identity in the
ARD) nomenclature.




HLA matching in Transplantation

AHLA matching between the donor and recipient is the important factor in
allogeneic transplantation.

AHigh resolution HLA match is very important in stem cell transplantation
with adult unrelated donors

Aln cord blood transplantation matched donor with optimal unit selection
considering unit quality and cell dose

APerfect matching increases the Likelihood of successful transplantation

Almproves engraftment when the donated cells start to grow and make new
cells

AReduces the risk of complication after transplantation, especially-graft
versus host disease (GVHD)




HLA matching for Hematopoietic Stem cell
Transplantation

Terminology for donor matching of HLA Class 1 alleles

Matched Antigen Matched HLAA2 HLAA2
AlleleMatched HLAA*02:01 HLAA*02:01

Allele Mismatched Antigen Matched HLAAZ2 HLAAZ2
Allele Mismatched HLAA*02:01 HLAA*02:05

Antigen Mismatched Antigen Mismatched HLAAZ2 HLAAL

AlleleMismatched HLAA*02:01 HLAA*01:01



Inheritance of HLA Alleles

Segregation of Haplotypes in Families

B

25 % chances of Identical sibling
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HLA impact ohaploidenticaHSCT
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NonInherited HLA alleles

Mother Father

IMA / NIMA IPA /NIPA
(A2,B55,DR9/A33,B44,DR12)  (A11,B35,DR4/A24,B52,DR15)

| J
1

Patient

IMA /7 IPA
(A2,B55,DR9/ A11,B35,DR4)

Siblings
Type HLA compatibility ~Donor eligibility
IMATPA  HLA-identical Suitable

NIMA/IPA  NIMA-mismatched
IMA/NIPA  NIPA-mismatched
NIMA/NIPA HLA-mismatched Unsuitable

FIGURE 1 | Significance of non-inherited maternal antigen in
transplantation. The nomenclature of the HLA haplotype is
patient-onented in the transplantation field. Children inhert ona haplotype
from each of parent. Siblings of the patient share one haplotype with the
donor, and the other haplotype s the non-inherited haplotype. The HLA
haplotypes in parentheses are shown as representative examples. Whean
the patient is transplanted with donor from ane of the parents or from a
haploidentical sibling, the non-inherted maternal HLA antigens (INIMA) or
non-inherited patemal HLA antigens (NIPA) are the mismatched haplotype.
The NIMA and NIPA-mismatched siblings can be potential donors.

Ref:Hirayamaet al, Frontiers of Immunology 2012



Related Donor Matching

Father
Haplo
5/10 match HVG
5/10 match GVH

p
7/10 match HVG
7/10 match GVH

—

Brother 1
Haplo
7/10 match HVG
5/10 match GVH
NIMA-mismatched

|

CEE == D
EEEED-

Brother 2
Disparate
2/10 match HVG
2/10 match GVH

Sister
Haplo
5/10 match HVG
5/10 match GVH
NIPA-mismatched

RefKanakryet al., clinical oncology,2015



Impact of NIMA/NIPA IHaploHSCT
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Ref: Tang et al., Bone Marrow Transplantation, 2021



Unrelated Donor selection

Table 1. Guidelines for unrelated donor selection

Multiple HLA-A, HLA-B, HLA-C,
and HLA-DRB1 (8/8) HLA matched

unrelated donors available

8/8 match unavailable; multiple 7/8
unrelated donors available

1. Resolution of typing HLA-A,
HLA-B, HLA-C, and HLA-DRB1

High-resolution, matches for ARDs

High-resolution matches for ARDs for 7 matched
alleles;

Select HLA-C*03:03 vs C*03:04 mismatch, if present;

Mo other preference for mismatched loci (HLA-A/B/
C/DRB1) or other allele combinations

2. Donor age

Select donors of younger age

Select donors of younger age

3. Permissive mismatching
HLA-DPB1

Select matched/permissive DPB1 mismatch based on
the algorithm developed by Crivello et al**™
(httpe/ Awnww.ebi.ac.uk/cgi-bin/ipd/imgt/hla/
dpb_v2.cqi)

Select matched/permissive DPB1 mismatch based on
the algorithm developed by Crivello et al*®™
(http://www.ebi.ac.uk/cgi-bin/ipd/imgt/hla/
dpb_v2.cgi)

4. Matching HLA-DRB3/4/5 and
HLA-DQOB1

Minimize mismatches

Minimize mismatches

5. Vector of mismatch

MN/A

Select donor with single allele mismatched at
patient's homozygous locus (HLA-A/B/C/DRB1), if
applicable

6. D5A in patient

Avoid mismatches of allotypes targeted by DSAs,
including DOAY and DPA1

Avoid mismatches of allotypes targeted by DSAs,
including DQA1 and DPA1

characteristics above

7. Transplant center practice may differ in additional considerations to use in the selection among multiple donors equivalent for the

DSaA, donor-specific HLA antibodies.

RefDehnet al., Blood., 2019




Likelihood of Finding a matched donor in NMDP registry
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Impact of donor type on ongear
mortality after HSCT done in 202618

P=0.09

1
0.9
0.8

0.7
0.6 Avallability

08 ~30%

0.4
0.3
0.2
0.1

0

0.94

Avallability
20-70%

Odds Ratio

1

m Sib N=6467 m 8/8 MUD N=9535

Ref: Center for International Blood and Marrow
Transplant Research, conference 2021.



HLA impact on overall survival

1.0 -
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Ref: Lee et al., Blood 2007




KIR genotyping

Chromosome 19
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KIR2DL 10030202

First 2DL protein described — r— Member of the thind seres of KIRZDL1 prodeins
Long cytoplasmic tall — Soparator — Differs from othar KIRZDL 1003
[ profeins by a synonymous DNA
‘ substitution within the coding region.

alleles by a DNA substitution within

Differs from acther KIR2DL 1700302
l a NON- COding negion

A The killercell immunoglobulidike receptor
(KIR genes regulate natural killer cell activity

A NK cells play a critical role in controlling early
relapse and infections.

A possess the ability to eliminate recipient T cells
and antigenpresenting cells (APCs), to prevent
graft failure and GVHD

A Cooley et al. showed that unrelated donors
with KIRB haplotypes conferred a significant
relapse free survival (RFS) benefit to patients
with AML undergoing T cekplete HSCT



Role of HLA B leader peptide in donor selection

A Leader peptide Peptide-binding region Transmembrane Cytoplasmic tail
A
I’H r ) I_L\ r—L\
B
HLA-B allele Leader peptide residues C
=21 D
HLA-B*07:02:01:01 VIMAPRTVLL Typing -
: 07:06:01
HLA-B*07:06:01:01 Leader HLA-B

HLA-B*07:06:01:02
HLA-B*07:06:01:03

| M (Potential known major allele allotypes)
|B*O7:06:01 ' LB*07:06:01:01 B*07:06:01:02 B*07:06:01:03 )

HLA-B"56:55:01:02 L B*56:01:01G ~'5s:o1 001G
HLA-B*56:68

T (Potential known major allele allotypes)
HLA-B*56:69

B*56:55:01:02 B*56:69 B*56:70 B*56:72
HLA-B*56:70
HLA-B*56:72

Potential minor allele exceptions

‘8*56:68

AILA-B is particularly difficult to match as it is the most polymorphic gene locus (>10,000) in
the human genome

AdLA-B, the leader sequence encodes methionine (M) or threonine (T) at position -21 and can
give rise to TT, MT, or MM genotypes.

An HLA-B mismatched unrelated HCT, the risk of acute GVHD is higher when the patient

Ref. Raysajulgeet al., Blood Advances 2022



Mechanisms of Leukemia Immune Evasion

Molecules

Alteration volved Frequency Therapy
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Ref: PielEdoardoet al., FrontiImmunol2020



HLA LOH
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Down regulation of Class Il in Relapsed AML Cells
after Allogeneic Transplantation

A Flow Cytometry
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Ref: M.J. Christopher et al., NEJM 2018




Take Home Messages

AH
AH

ty

_A plays a vital role in immune response
LA Class 1 (A, B, C) and HLA Class 2 (DRB1 and DQB1)

ning Is significant for HSCT

A High resolution HLA typing is very important for HSCT

A Allelic resolution helps in identifying precise phenotype

A Perfect matched donor improves overall graft survival

A The compatibility between donor KIR and the recipient
HLA ligand may provide more convincing results
regarding relapse and survival.

A Full gene HL# typing in crucial to select HiBNeader
compatible donor

AHLA plays a vital role in immune evasion mechanism
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How to choose a stem cell donor??

Dr.Reetu Jain

Medical Oncologist and BMT Physician
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FOR AN IDEA WHICH.,
AT FIRST, DOES NOT
SEEM ABSURD, THERE
IS NO HOPE
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Father of bone marrow
transplantation
DR. E. DONNALL THOMAS(DON)

)

On This Day & e

lilh_\l.\n:h |?_’.‘l’
Physician
. Donnall Thomas

was born.
He received Nohbel Prize for

m his contribution in bone
& marrow transplant.

www.masterdoctorelinic.com

The Nobel Prize, 1990
E. Donnall Thomas

first succsessful HSCT in treatment of acute leukemias
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Number of 1st HCTs Reported to CIBMTR in the US
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Number of Allogeneic HCTs in the US by Donor Type, Adults Number of Allogeneic HCTs in the US by Donor Type, Pediatrics
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Relative Proportion of Allogeneic HCTs in the US by Donor Type
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Relative Proportion of Allogeneic HCTs by Donor Types in the US by
Recipient Age, 2019-2022
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Trends in Survival after Allogeneic HCTs, in the US, 2001-2021
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ISBMT REGISTRY
1983 to 2023 - Activity report
Number of Transplants — India (N=30276)
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The principle of allogeneic hematopoietic cell
transplantation

Eradicating the underlying hematologic malignancy along
with replacement of the pati el
system by that of a healthy, genetically different donor
(brown).

Pretransplant conditioning by chemotherapy with or without
total -body irradiation, followed by pharmacological immune
prophylaxis for days or weeks after transplantation.

Donor T lymphocytes recognize patient -specific major
and/or minor histocompatibility antigens, mediating an anti -
tumor effect (graft versus  leukemia, GvL) and/or damage to
healthy tissues, in particular skin, liver, or gut (graft versus
host disease, GvHD).

The balance between GvL and GvHD is crucial for relapse -
free survival and transplant -related mortality.

. Hematopoietic cell
fransplantation
0 f 0
2 )
& e |
:g B | \
o /)
& 1 ) 1 \f
o 1l s
| | \
[
Blood stem cells )
[mmune prophylaxis
Granulocytes  Lymphocytes Erythrocytes Platelets Healﬁyg‘l,msystem
<—| |—> GVHD
Leukemia relapse Non-hematopoietic tissues Leukemla;::i:;a::tthy e
Relapse-free survival Transplant-related mortality

The principle of allogeneic hematopoietic cell transplantation. The procedure aims at eradicating the underlying hematologic malignancy
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2. Allogenic Transplant

HLA tissue type matching for class | antigen(A, B, C) and
class Il antigen(DR).

Type
— Matched related sibling donor(MSD)
— Matched unrelated adult donor(MUD)

— Partially matched or haplo-identical related
donor(haplo)

— Unrelated cord blood cells(UCB)
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Immune system

* HLA match
o T-cell

Human Chromosome 6
P arm qQq arm

HLA Region
6p21.1-21.3

HLA

+« Human leukocyte Antigen

+ The genes for the HLA proteins are clustered in the
major histo-compatibility complex (MHC), located on the
short arm of chromosome 6.

+ More polymorphic than red blood group
< ABO: 4 possible combinations (A,B,O,AB)
« HLA: >1 million combinations

LA -C HLA-B HLA-DR HLA-DQ HLA-DP
e o e
o — - T
Class | Class I
2 class

Class | (HLA-A HLA-B,HLA-C)- graft rejection
Class Il (HLA-DR,HLA-DQ)- GVHD

_— HLA molecule

A cell in
the body




The likelihood that two siblings are HLA
identical (i.e., share both parental haplotype
HLAhaploidentical (i.e., share only one of t

two parental haplotypes ) Hr#verse (i.e.,
share neither of the two parental haplotype
IS 25%, 50%, and 25%, respectively.




Hematological Malignancies
with HSCT indications

I

If Matched Sibling Donor
Available?

/\‘

Yes

h 4

Matched
Sibling
Donor

No

h 4

Alternative

Donors
*
' }
Family HLA 8-10/10 Cord Blood
Haploidentical Unrelated Especially
Donor Donor for Children

* MRD+ Leukemia or Elderly patients with young offspring donorsin experienced centers




Patient and Family Typing

/‘\

HLA Identical Sibling: No HLA Identical Sibling:
HSCT Allele typing for A,B,C,DRB1, DOB1

Search for an unrelated donor in bone marrow registries

and cord blood banks
HLA 9/10 or 10/10 Unrelated cord blood . T
matched unrelated donor: =3x107, TNC/kg & 1-2 HLA Eglgt.re_rd Haploidentical:
HSCT MM: HSCT

Adapted from EBMT 2012 Handbook page 102
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Patient undergoes high resolution HLA typing and anti-HLA antibody testing
et minimum for HLA-A, -8, -C, -DRB1, -0P81, optimally for 11 Joci)

HLA typing for related donors
(siblings: at minimum for HLA-A, -B, -DRB1; other related donors - optimally for 11 loci)

+

Matched Related Donor is identified

consider; danor's age and sk far the disease

¥

No
—_—

&/8 Matched Unrelated Donor is identified
consider: DPE1 matching/permissive mismaotching {with core alleles)
For AML, ALL, MDS consider: o permissive DPBI against o highly
expressed reciplent’s allele

J

Haploidentical Donor is identified,

4---""'"'"—‘- If 6/6 MRD nr&:‘:ﬂf MUD is not available -..._____“‘

For 7/8 MMUD consider:

Permissive MM

consider: HLA D5A and Donor's age

For AML, ALL, MDS Haplo-HCT + PTCy consider:
DRE1 mismatch
B leader match

For UCE consider:
HLA match
THC and CD34+ dose
Unit quality
HLA O5A
B-leader genotype
B-leader matching

Direction of M
Number of MM at LEL
HLA D54
B leader genotype
B leader matching
Age
Chy
ME
ABO

DPB1 non-permissive MM
C match

Chay
AR

Gender
MALC ws. RIC




Indication for allogeneic hepatopoietic cell transplantation

| Search for HLA-identical sibling donor*' | _|

Search for unrelated donor* |

I |

One donor

Two or more donors

No donor

Only partially HLA-
compatible UD

Two or more fully One fully HLA-
HLA-compatible UD compatible UD

Transplantation

Selection by:
- Age

— Sex

- CMV

Either

Selection by: Transplantation

— Age (decades)
— HLA-DP

— Sex

- CMV

— Blood group

If transplantation is urgent, the
following can be considered:

*! Simultaneous search for sibling

and unrelated donors

*2 Extended family typing in parallel
to unrelated donor search

partially HLA-compatible Or
UD (possibly with a haploidentical related (Optionally, umbilical
single HLA difference) donor* cord blood)
Selection by: Selection by: Selection by:
— HLA-DQ difference —No DSA — Cell count
—-Age — Age/performance — HLA compatibility
— No DSA status —No DSA
— Sex — Number of
- CMV HLA differences
— Viral status
— Blood group

** Selection of a haploidentical re-
lated donor before completion of
the unrelated donor search

Flow chart for stem cell donor selection. The chart shows the currently employed modus operandi, corresponding to the state of knowledge explained and referenced
in the text, which formed the basis of a larger-scale consensus statement on stem cell donor selection (10-12). Factors marked in red should be considered with priority;

the remaining factors are listed in random order. CMV, Cytomegalovirus; DSA, donor-specific antibodies; HLA, human leukocyte antigen; UD, unrelated donor
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Transplantation and Cellular Therapy 30 (2024) 939-941

Transplantation and
Cellular Therapy /ASTC

American Society for
Transplantation and Cellular Therapy

journal homepage: www.astctjournal.org

The Bottom Line

Picking the best mismatched donor in the age of '
posttransplant cyclophosphamide
Dennis L. Cooper

Montefiore Einstein Cancer Center

The introduction of PTCy
for graft -versus-host
prophylaxis has been one
of the most positively
disruptive strategies in

the history of bone

marrow transplantation.
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The efficacy of PTCy and the fact that more patients have a HID than a matched sibling,

HID transplants have now surpassed matched sibling donor transplants in frequency and have
helped the transplant community to begin to address racial and ethnic disparities in access to
transplant.

The initial application of PTCy for HID transplant showed that HLA mismatch was no longer an
insurmountable batrrier.

Subsequentiythe efficacy of PTCy for decreasing acute and chronic GVHD has been established
for the full spectrum of donor scenarios except for umbilical cord blood.

the most recent CIBMTR summary statistics, 45% of Black patients received HID transplants
compared to 16% in White patients.
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How to choose a hapladentical
donor??
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Donor characteristics
Influencing outcomes
of haploidentical stem
cell transplantation

Donokspecific ant
HLA antibodies

S. 0. Ciurea et al.
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]

= 0o o o

[47-57]. The ability of DSAs to cause primary graft failure
seems to depend on both antibody levels and activation of
the complement system. The MDACC group demonstrated
that DSAs that activate the complement system, detected
by the clq assay, associate with high antibody levels and
a very high likelihood of developing graft rejection,
underlining the importance of antibody detection prior
to HHCT [48]. Considering these evidences, EBMT now
recommends routine testing for DSAs before choosing
haploidentical donors for transplantation. Using hemato-
poietic stem cells from a donor without the corresponding
HLA antigens is an ideal option for a recipient with HLA
antibodics. However, if there arc no such donors available,
recipients with DSAs should undergo desensitization treat-
ment prior to transplantation to prevent graft failure. Current
approaches have been detailed recently in the recent EBMT
consensus guidelines for detection and treatment of patients
with DSAs in HHCT [58].
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