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• Basics of HLA – UCB not covered !

• Current Guidelines for donor selection

• Q & A – You ask , I answer !

• MCQs – I ask , you answer !
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Sung Yoon Choo. 
Yonsei Med J. 2007 

Ruth Hickman. HLA Typing: Origins, Innovations, and Ongoing Questions. ASH 2023

• Major histocompatibility complex (MHC) =  [Histo-: Greek root "histos" means "tissue“ + Compatibility: Latin-derived 

word for a state of mutual tolerance or ability to coexist without conflict]

- MHC are a set of cell surface proteins essential for immune system to recognize exogenous molecules in vertebrates, 

which determines histocompatibility. Human MHC is called the HLA (Human Leukocyte Antigen) system because these 

antigens were first identified and characterized using alloantibodies against leukocytes. 

- HLA is located on short arm of chromosome 6 and is the most polymorphic genetic system in humans.

- Significance of HLA 

i. Genetic diversity – Human HLA is extremely polymorphic in nature with a vast number of different variants (alleles). 

This high genetic diversity ensures that humanity, as a species, can recognize and mount immune responses against a 

huge variety of evolving pathogens.

ii. Primary biological role of HLA class I and class II molecules is to present processed peptide antigens so that foreign 

peptides can be eliminated and self antigens preserved. This is crucial for adaptive immunity.

iii. Plays a crucial role in success of transplantation or transfusion of cells or tissue through donor –recipient pair 

HLA compatibility.  

iv. Disease Association: Specific HLA alleles are strongly associated with susceptibility to certain autoimmune diseases

What is HLA  or MHC ?  

Jaramillo, Andrés, Hacke, Katrin. The Human Leukocyte Antigen System: Nomenclature and DNA-Based Typing for Transplantation. 2023. Publisher IntechOpen 

https://www.intechopen.com/chapters/1128877

https://pubmed.ncbi.nlm.nih.gov/?term=%22Choo%20SY%22%5BAuthor%5D
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Jaramillo, Andrés, Hacke, Katrin. The Human Leukocyte Antigen System: Nomenclature and DNA-Based 

Typing for Transplantation. 2023. Publisher IntechOpen https://www.intechopen.com/chapters/1128877
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The human HLA is divided into three regions 
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What are HLA haplotypes and its inheritance patterns in humans ?

Jaramillo, Andrés, Hacke, Katrin. The Human Leukocyte Antigen System: Nomenclature 

and DNA-Based Typing for Transplantation. 2023. Publisher IntechOpen 

https://www.intechopen.com/chapters/1128877

• HLA genes are closely linked and the entire MHC is 
inherited as an HLA haplotype in Mendelian fashion from 
each parent. 

• Segregation of HLA haplotypes within a family can be 
assigned by family HLA studies (Figure). 

• Two siblings have a 25% chance of being genotypically 
HLA identical, a 50% chance of being HLA haploidentical 
(sharing one haplotype), and a 25% chance that they 
share no HLA haplotypes.



ISBMT RESIDENTIAL PHYSICIANS TRAINING 
CASE PRESENTATION

6

How do you read the HLA or its nomenclature !

HLA alleles are characterized by specific combinations of single nucleotide polymorphisms (SNPs) and insertions/deletions within single-phased sequences. A distinct 
nomenclature system is employed to meticulously define these alleles, a comprehensive database of which can be accessed at IPD-IMGT/HLA database 
(https://www.ebi.ac.uk/ipd/imgt/hla/align.html) and HLA Nomenclature (http://hla.alleles.org/nomenclature/index.html



What are the different methods of HLA resolution ?
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Nunes E, Heslop H, et al. Definitions of histocompatibility typing terms. Blood. 2011

Nunes E, Heslop H, et al. Definitions of histocompatibility typing terms: Harmonization of Histocompatibility Typing Terms Working Group. Human Immunology. 2011

N. P. Mayor et al. HLA typing: A review of methodologies and clinical impact on haematopoietic cell transplantation. Best Practice & Research Clinical Haematology 37 (2024)
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Different methods of HLA typing ? 

https://geneticeducation.co.in/what-is-first-second-and-third-generation-sequencing/
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Choi H et al. A walk through the development of human leukocyte antigen typing from serologic 

techniques to next-generation sequencing. Clin Transplant Res 2024.
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Little Ann-Margaret et al. BSHI guideline: HLA matching and donor selection for haematopoietic progenitor cell transplantation. Int J Immunogenet. 2021
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Types of Allogeneic Transplant
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1. Matched sibling allogeneic transplant (MSD) – 
6/6 or 10/10 or 12/12

2. Matched unrelated allogeneic transplant 
(MUD) 10/10 or 12/12

3. Single mismatched donor allogeneic transplant 
– 9/10 or 11/12

4. Haploidentical stem cell transplant (Haplo) – 
6/12 to 10/12 
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Fleischhauer K, Kröger N. Donor Selection for Allogeneic Hematopoietic Cell Transplantation. Dtsch Arztebl Int. 2023

How do you choose the right donor ? There are established guidelines – NMDP, CIBMTR !!

Remember, there is nothing called as the “Perfect Donor”
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Jimnex et al. Allogeneic Hematopoietic Cell Donor Selection: Contemporary Guidelines from the 

NMDP/CIBMTR. Transplantation and Cellular Therapy July 2025

“The Perfect donor may not exist, but these guidelines 

are closest to being perfect as per available evidence”  

- We still get GVHD !

- We still get graft failure !
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Guidelines for Unrelated Donor selection for MUD HSCTs

Dehn J et al. Selection of unrelated donors and cord blood units for hematopoietic cell transplantation: guidelines from the NMDP/CIBMTR. Blood. 2019
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Blood (2016)

• Permissive and non-permissive HLA-DPB1 mismatches are classifications used in hematopoietic stem cell 
transplantation (HSCT) to predict the risk of complications. 

• The Crivello algorithm refines the definition of permissible and non-permissible mismatches for the HLA-DPB1 protein 
by calculating a "functional distance" between different DPB1 alleles, based on amino acid variations in key 
polymorphic regions.  This classification is based on a T-cell epitope (TCE) algorithm that groups different HLA-DPB1 
alleles based on their T-cell.

• This approach aims to balance the risks of graft-versus-host disease (GvHD) and the beneficial graft-versus-leukemia.

• Problem: Most unrelated donors won’t match at DP.   
• Solution: Permissive mismatches: Low immunogenicity (less likely to trigger GVHD).
•Non-permissive mismatches: High T-cell reactivity → higher risk of GVHD, Higher TRM and Inferior OS (Pidala et al 2014 
CIBMTR Study).

• Utility: Helps stratify risk when a perfect DP match isn’t feasible.
•HLA-A, -B, -C, and DRB1 remain most critical.

Pidala et al. Nonpermissive HLA- DPB1 mismatch increases mortality afte rmyeloablative unrelated allogeneic hematopoietic cell transplantation. Blood, 2014

         Little Ann-Margaret et al. BSHI guideline: HLA matching and donor selection for haematopoietic progenitor cell transplantation. Int J Immunogenet. 2021



16

• There is no consensus regarding which of the HLA-A, B, C, DRB1loci are more detrimental to mismatch.

• HLA-A and HLA-DRB1 mismatching were reported as being less well tolerated compared with HLA-B and HLA-C 
mismatches in a NMDP study with all mismatches reducing OS at 1 year by 9%–10% (Lee et al., 2007).

• In contrast, the Japanese registry reported transplants with HLA- A and HLA- B mis-matches had worse survival than 
HLA-C and HLA-DRB1 mismatches(Morishima et al., 2002), with single DRB1- mismatched unrelated donors being 
preferentially selected if a matched unrelated donor is not available (Atsuta et al., 2019)

• HLA-B mismatches were associated with a higher risk of aGVHD II–IV in an Italian study of 805 patients transplanted for 
haematological malignancies (Crocchiolo, Ciceri, et al., 2009) whereas HLA-C antigen mismatches were as-sociated with 
lower leukaemia-free survival (LFS) and increased risk for mortality and grade III-IV GvHD in an NMDP/Centre for 
International Blood and Marrow Transplant Research (CIBMTR)study of 1933 patients transplanted with 
haematological malignancies (Woolfrey et al., 2011)

• More recent analysis of transplant data held by the ‘International Histocompatibility Working Group in HPCT’ has 
demonstrated individual locus- specific risks. In this analysis, HLA-A, HLA-B and HLA-C mismatches were more 
detrimental than HLA-DRB1 and HLA-DQB1 mismatches for all endpoints with exception of relapse. Mismatching at 
each locus (compared with HLA-DQB1) was detrimental and risk increased with higher mismatches (Petersdorf et al., 2020).

ISBMT BMT MASTER CLASS – FACULTY

Which is the single HLA mismatch which shows the worst outcomes in HSCT ? 
                                                                                                          Ann-Margaret Little et al. BSHI guideline 2020 
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Hurleyet et al. The impact of HLA unidirectional mismatches on 
the outcome of myeloablative hematopoietic stem cell 
transplantation with unrelated donors. Blood 2013

Little Ann-Margaret et al. BSHI guideline: HLA matching and donor 
selection for haematopoietic progenitor cell transplantation. Int J 
Immunogenet. 2021

Unidirectional – HVG or GVH or Bidirectional HLA 

Donor and patient HLA mismatches may be bidirectional, that is GVH and 
HVG or unidirectional.

The effect of direction of HLA mismatch has been investigated within a 
cohort of 2,687 unrelated donor transplants in patients with malignant 
disease. In multivariate analyses, patients receiving a 7/8 (HLA-A, B, C, 
DRB1) matching graft with unidirectional GVH mismatch and patients 
receiving a 7/8 bidirectional mismatch had significantly worse TRM; OS and 
DFS compared with patients receiving a 8/8 matched transplant. 

This worse transplant outcome (compared with 8/8 transplants) was not 
shared with patients receiving a 7/8 matching graft with unidirectional 
HVG mismatch.

These findings support selection of a 7/8 HVG mismatch over a 7/8 
bidirectional or 7/8 GVH mismatch unrelated donor for patients with 
malignant disease. This finding has not been reproduced in patients with 
nonmalignant disorders. For patients at risk of graft rejection, avoidance of 
HVG mismatches is desirable. 
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• HLA DSAs are preformed antibodies in recipient directed against donor’s class I and/or class II HLA antigens. Partially 

HLA-mismatched donors allows for the possibility of DSAs, which can predispose to graft failures and Inferior OS/EFS. 

• Examples include exposure to non-self HLA antigens, through transfusion of blood products or intrauterine can trigger 

development of anti-HLA antibodies. Thus, HLA antibody evaluation requires reassessment over time.

• Using mean fluorescence intensity (MFI) of 500, reported incidence of anti-HLA antibodies and DSA ranged from 20-25% 

and 11-18%, respectively. Other studies reported an incidence between 20-70% and 10-30%, respectively, when using MFI 

of >1,000.

    Lastly, HLA Antibodies called the Donor Specific Antibodies 

Gladstone DE, Bettinotti MP. HLA donor-specific antibodies in allogeneic hematopoietic stem cell transplantation: challenges and opportunities. ASH. 2017 Dec

P. Kongtim et al. ASTCT Consensus Recommendations on Testing and Treatment of Patients with Donor-specific Anti-HLA Antibodies. Transplantation and Cellular Therapy 30 (2024)
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Take Home Messages -

We need our own guidelines to have more clarity and 

currently, as current practice varies based upon institution.

<2000 MFI has minimal impact on graft outcome, but ATSCT Guidelines 

recommend repeated DSA testing within 2 weeks of starting conditioning 

regimen in transplant recipients with previous history of low level DSA 

(1,000 MFI for CBT and >2,000 MFI for haploidentical and unrelated 

HSCT might serve as a threshold to initiate desensitization

> 2000 MFI has a poor graft 

function, graft failure, and worse 

survival
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Yeh NIMA/NIPA kya hai !!

ISBMT BMT MASTER CLASS – FACULTY
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One possibility is that RSAs contribute to the creation of a pro-inflammatory environment in the period 

immediately following transplantation, amplifying tissue damage triggered by conditioning regimens or 

subclinical allogeneic reactivity. 

In particular, RSAs capable of binding complement may have greater pathogenic potential, suggesting the use of 

functional assays, such as the C1q binding test, to identify clinically relevant cases. RSAs could thus act more as 

immunological “modulators” rather than direct barriers to engraftment, influencing the threshold for the development of 

GVHD, endothelial dysfunction, or chronic graft failure.

Several studies have demonstrated that NIMA-mismatched haplo-HSCT is associated with a significantly lower 

incidence of acute graft-versus-host disease (aGVHD) compared to NIPA-mismatched transplants.

The EBMT consensus recommendations (Ciurea et al., 2020)concluded that NIMA-mismatched siblings may be 

preferred overNIPA-mismatched ones in T- cell replete haploidentical donor trans-plants with ATG but that it remains 

unclear whether this immuno-logic tolerance is associated with better outcomes in either T-cellreplete haploidentical 

donor transplants with PTCy or T- cell depletehaploidentical donor transplant.

Pasi A. et al Recipient-specific antibodies in HSCT: current knowledge and future perspectives. Front. Immunol., 03 July 2025

Little Ann-Margaret et al. BSHI guideline: HLA matching and donor selection for haematopoietic progenitor cell transplantation. Int J Immunogenet. 2021
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Sibling 1 = 24 years , Elder brother Male, 

8/10 match

Sibling 2 = 32 years, Elder sister, 

multiparous,  10/10 match

Patient has a high risk acute myeloid 

leukemia and post induction in CR and needs 

to undergo an allogeneic transplant 

Please help us to choose the right donor !

Q and A – You ask, I answer, then I ask, you answer !!

Question 1 
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Mention type of match ?
Explain the direction of HLA ! 
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Question 2 
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Describe the two HLAs on the degree of resolution given  - Ex --- Allele match, 
antigen match or both allele and antigen match

Three donors available

1.Available HLA - A2, B18, DRB1 04

2.Available HLA - A*0201, B*1801, DRB1*0401

3.Available HLA - A*0201/05, B*1801, DRB1*0401

Question 3 
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Thank You
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