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Definition for HLA

Å! ǎŜǘ ƻŦ ǇǊƻǘŜƛƴǎ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜ ƻŦ ŜǾŜǊȅ ǇŜǊǎƻƴΩǎ ŎŜƭƭ 
called HLA

HLA stands for Human Leukocyte Antigen
ωIǳƳŀƴ Ґ ƘǳƳŀƴ
ω [ŜǳƪƻŎȅǘŜ Ґ ǿƘƛǘŜ ŎŜƭƭ
ω !ƴǘƛƎŜƴ 
ςsomething the immune system reacts to
ςantigens on cell surfaces can act as flags

ÅFlags the immune system to determine if something is an 
invader
ÅA small change in the protein can extremely make large 

difference in the immune system
ÅThe immune system looks for differences in HLA to see if 

there is a need to react.



Characteristics and Classification 

ÅHuman Leukocyte Antigen (HLA) is the major histocompatibility
complex in humans, an integral part of maintenance of 
immune surveillance 

ÅHLA are codominantlyexpressed 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

ÅThe MHC is divided into class I, II, and III antigens; class I and II 
are critically involved in transplantation immunology

ÅNine classical HLA genes, HLA-A, -B, -C in the class I region and 
HLAςDPA1, -DPB1, -DQA1, -DQB1, -DRA, -DRB1 in the class II 
region

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


Structure of HLA



HLA Alleles 

Nine classical HLA genes

ÅClass I region- HLA-A, -B, -C 

ÅClass II region- HLAςDPA1, -DPB1,
             -DQA1, -DQB1, -DRA, -DRB1



Role of HLA in Immune response

ÅHLA class 1: Expressed on all 
nucleated cell . Presentation 
of endogenous antigens to 
CD8+ cells leading to 
activation CD8+ cell and 
cytotoxic effect on Antigen 
Presentation cell

ÅHLA Class 2 : Expressed on all 
Antigen Presentation cell -
Monocytes, macrophages, 
dendritic cells and B cell. 
Presentation of exogenous 
antigens to CD4+ cells.



Targeting Polymorphic Exons (ARD)

Å Class I receptors display antigens 
for recognition by cytotoxic T cells
Å Highly polymorphic peptide 
ōƛƴŘƛƴƎ ǊŜƎƛƻƴ ŦƻǊƳŜŘ ŦǊƻƳ ǘƘŜ ʰм 
ŀƴŘ ʰн ŘƻƳŀƛƴǎ
Å h о immunoglubilin-like domain 
involves in CD8 binding.

Å Class II molecules present 
exogenously derived antigenic 
peptides to helper T cells like 
dendritic cells, macrophages, B cells 
and a few other types
ÅHighly polymorphic peptide binding 
ǊŜƎƛƻƴ ŦƻǊƳŜŘ ŦǊƻƳ ǘƘŜ ʰм ŀƴŘ ʲм
Åh н ŀƴŘ ʲн ŘƻƳŀƛƴ ƛƴǾƻƭǾŜǎ ƛƴ /5п 
binding



HLA diversity

Gene No. of alleles

Class I

A
7354

B 8756

C
7307

Class II

DRB1
3094

DQB1
2193

DPB1
1909

*As per http://hla.alleles.org/nomenclature/stats.html 

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


HLA polymorphism



HLA Nomenclature



omenclature Indicates

HLA the HLA region and prefix for an HLA gene

HLA-DRB1 a particular HLA locus i.e. DRB1

HLA-DRB1*13 a group of alleles which encode the DR13 antigen or sequence homology to other DRB1*13 alleles

HLA-DRB1*13:01 a specific HLA allele

HLA-DRB1*13:01:02 an allele that differs by a synonymous mutation fromDRB1*13:01:01

HLA-DRB1*13:01:01:02an allele which contains a mutation outside the coding region fromDRB1*13:01:01:01

HLA-A*24:09N a 'Null' allele, an allele which is not expressed

HLA-A*30:14L an allele encoding a protein with significantly reduced or 'Low' cell surface expression

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

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

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



Capture HLA genes for gold standard 
Resolution

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

ÅTo get the gold standard resolution bidirectional sequencing of Exon 
1-4 of HLA A and B , Exon 1-7 of HLA C and Exon 2-3 of class II gene 
need to be achieved

ÅThis Exon-centric analysis is successful in determining genotypes after 
consulting with the IMGT/HLA database to detect the closest HLA 
gene sequence

Ånon-coding regions that may have impact on gene regulationor 
mRNA splicingare ignored.  



Types of HLA typing resolution
ÅAllelic resolution: DNA-based typing result is consistent with a single allele

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

ÅLow resolution: DNA-based typing result at the level of the digits 
composing the first field or the serological equivalent.

Ref: Eduardo Nunes et al., 2011



High Resolution HLA typing

ÅάCǳƭƭ ƎŜƴŜ ǊŜǎƻƭǳǘƛƻƴέ with allele codes of 4 
numerical fields separated by colons (eg, 
A*02:01:01:01).

ÅάAllele-ƭŜǾŜƭ ǘȅǇƛƴƎ ǿƛǘƘ tκD ƎǊƻǳǇǎέ with 2-field 
typing discriminates among HLA genes that encode 
cell-surface proteins that differ in the amino acid 
sequence of their antigen recognition domain (ARD).
Å¢ƘŜ !w5 ƛǎ ǘƘŜ άŀŎǘƛǾŜέ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ I[! ƳƻƭŜŎǳƭŜ ǘƘŀǘ 

binds peptide antigens and interacts with T lymphocyte 
and natural killer cell receptors
ÅARD 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

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

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

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

ÅPerfect matching increases the Likelihood of successful transplantation

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

ÅReduces 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

 

Term Matching Status Donor Recipeint 

Matched Antigen Matched 
Allele Matched

HLA-A2
HLA-A*02:01

HLA-A2
HLA-A*02:01

Allele Mismatched Antigen Matched 
Allele Mismatched

HLA-A2
HLA-A*02:01

HLA-A2
HLA-A*02:05

Antigen Mismatched Antigen Mismatched 
Allele Mismatched

HLA-A2
HLA-A*02:01

HLA-A1
HLA-A*01:01



Inheritance of HLA Alleles

25 % chances of Identical sibling



HLA impact on haploidentical HSCT

Ref: Lorentino et al., Blood 2017



Non-Inherited HLA alleles 

Ref: Hirayama et al, Frontiers of Immunology 2012



Related Donor Matching 

Ref:Kanakry et al., clinical oncology,2015



Impact of NIMA/NIPA in Haplo-HSCT

Ref: Tang et al., Bone Marrow Transplantation, 2021



Unrelated Donor selection

Ref:Dehn et al., Blood., 2019



Likelihood of Finding a matched donor in NMDP registry

Asian Indian Ethnicity



Impact of donor type on one-year 
mortality after HSCT done in 2016-2018

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



HLA impact on overall survival

Ref: Lee et al., Blood 2007 



KIR genotyping

Å The killer-cell immunoglobulin-like receptor 
(KIR) genes regulate natural killer cell activity

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

Å possess the ability to eliminate recipient T cells 
and antigen-presenting cells (APCs), to prevent 
graft failure and GVHD

Å Cooley et al. showed that unrelated donors 
with KIR-B haplotypes conferred a significant 
relapse free survival (RFS) benefit to patients 
with AML undergoing T cell-replete HSCT



Role of HLA B leader peptide in donor selection

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

the human genome

ÅHLA-B, the leader sequence encodes methionine (M) or threonine (T) at position -21 and can 

give rise to TT, MT, or MM genotypes. 

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

Ref: Ray Sajulga et al., Blood Advances 2022



Mechanisms of Leukemia Immune Evasion

Ref: Pier Edoardo et al., Front. Immunol 2020



HLA LOH

Ref: Luca Vago et al., seminoncol 2012



Down regulation of Class II in Relapsed AML Cells 
after Allogeneic Transplantation

Ref: M.J. Christopher et al., NEJM 2018



Take Home Messages 
ÅHLA plays a vital role in immune response
ÅHLA Class 1 (A, B, C)  and HLA Class 2 (DRB1 and DQB1) 

typing is significant for HSCT
ÅHigh resolution HLA typing is very important for HSCT
ÅAllelic resolution helps in identifying precise phenotype 
ÅPerfect matched donor improves overall graft survival
ÅThe compatibility between donor KIR and the recipient 

HLA ligand may provide more convincing results 
regarding relapse and survival.
ÅFull gene HLA-B typing in crucial to select HLA-B leader 

compatible donor 
ÅHLA 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
Director BMT and Academics
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Fir st tr ansplant team of I ndia
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The principle of allogeneic hematopoietic cell 

transplantation

 Eradicating the underlying hematologic malignancy along 
with replacement of the patientôs (blue) hematopoietic 
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.  
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The likelihood that two siblings are HLA-
identical (i.e., share both parental haplotypes), 
HLA-haploidentical (i.e., share only one of the 
two parental haplotypes ) HLA-diverse (i.e., 

share neither of the two parental haplotypes) 
is 25%, 50%, and 25%, respectively. 
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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 barrier.

Subsequently, the 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 haplo-identical 
donor??
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Donor-specific anti-HLA antibodies
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Donor characteristics 
influencing outcomes 
of haploidentical stem 
cell transplantation

Donor-specific anti-
HLA antibodies 
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DONOR AGE 
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