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The human leucocyte antigen (HLA) molecules are 
encoded by a series of closely linked genes on the short 
arm of chromosome 6 and are part of the major histo-
compatibility complex (MHC).  The HLA genes encode 
antigen presenting proteins of the immune response 
molecules, HLA-A, -B, -C, -DRB1, -DQB1, -DPB1 which 
have a crucial role in the adaptive immune system.  The 
HLA system is the most polymorphic gene system in 
the human genome, now termed hyper polymorphic, 
more than 18,000 HLA alleles have been described on 
The International Immunogenetics Information System 
(IMGT database).  http:/www.ebi.ac.uk/ipd/imgt/hla/
stats.html 

The importance of HLA allele matching in haema- 
topoietic stem cell transplantation (HSCT) has been 
described in many publications over the past 3 
decades.1-6  Over this period of time, HLA typing meth-
ods and technology has evolved from serological and 
cellular typing methods to  molecular methodologies 
achieving greater definition of the HLA antigens and 
alleles.  HLA nomenclature has similarly changed 
from an antigen based nomenclature (serology) to a 
HLA allele based nomenclature evolving over time to 
accommodate the increasing variation identified at the 
molecular level.  The development and application of 
next generation sequencing (NGS) has enabled HLA 
nucleotide sequence to be described across all exons 
and introns characterising an unambiguous HLA allele 
result at the 4 field level for up to 11 HLA genes.

Assessment of matching and outcome risk for stem 
cell transplantation varies depending on the source of 
stem cells e.g. sibling donors with inherited compati-
bility to unrelated or cord blood donors with matching 
based on individual HLA loci or estimated haplotypes.

In the past, HLA typing methods were aimed at 

detecting variation across the antigen recognition site 

(ARS) coded by exon 2 and 3 for HLA class I and exon 2 

for HLA class II.  HLA variation across the ARS influences 

the specificity of bound peptides and the interaction of 

ligands including the T cell receptor and KIR impacting 

on the immune response in the recognition of self and 

non self.  Therefore, HLA variation across this region 

is clinically significant for matching in HSCT.

The WMDA guidelines for matching published in 

19997,8 indicated a minimal assessment of loci to be 

considered in matching were the HLA -A,- B, -DRB1 

loci only.  However, few stem cell transplant units would 

limit HLA matching assessment on these 3 loci today.  

Risk assessment of a potential stem cell donor using 

HLA typing data by NGS has provided a broader concept 

of matching or mismatching but it is not yet clear the 

clinical impact of this level of resolution.

HLA typing

	 The hyper polymorphism of the HLA genes 

has presented significant technical challenges for HLA 

typing. HLA typing by serology was dependent on 

allo-antisera or monoclonal antibodies and limited to 

known polymorphisms in the HLA-A,-B,- DRBI and some 

-DQB1. Serology was quickly superseded by molecular 

methodologies in the post PCR9 era and the number 

of HLA alleles described increased dramatically. Initial 

molecular methods such as sequence specific primer 

(SSP) or sequence specific oligonucleotide primers (SSO) 

were practical and robust but limited to identifying 

specific exons and technically difficult as the HLA 

alleles increased.
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The development and application of sanger sequenced 

based typing (SBT)10 methods for HLA typing enabled 

further characterisation of the HLA alleles and has been 

a reliable workhorse for HLA typing over many years.  

Sanger SBT was the catalyst for the update of the HLA 

nomenclature to HLA v3 as many new alleles were 

described using this methodology.

However, Sanger SBT had several drawbacks includ-

ing sequencing for short range segments, heterozygote 

phase ambiguity and does not detect variation across 

exons or introns outside of the ARS.  Consequently, some 

combinations of HLA alleles were ambiguous and it was 

not possible to detect HLA alleles defined outside the 

ARS making it difficult to accurately determine HLA 

type.  Additional sequencing methods were required 

to finalise a result.

The development of NGS11,12 or massively parallel 

sequencing technologies provides cost effective and 

accurate HLA allele assignment through elimination of 

phase ambiguities and multiplexing of samples enabling 

specific assignment of HLA alleles.  As NGS detects 

variation across the whole HLA gene, many new HLA 

alleles have been identified making assessment of match-

ing in HSCT more complex. 

In addition, there are variations of workflows us-

ing NGS.  For example amplicon based NGS is a high 

throughput cost effective protocol for HLA typing.  How-

ever, amplicon based NGS protocols do not sequence 

the whole HLA gene.  The result may be reported as 

an NGS derived high resolution result but the range of 

sequencing is limited highlighting the importance of 

defining the level of HLA typing in results.

Defining levels of HLA typing

The definition of allele level resolution11 has changed 

with the implementation of NGS for HLA typing.  HLA 

typing by NGS questions the definition of a high reso-

lution result, which until recently was the HLA allele 

characterised by the nucleotide sequence across the 

antigen recognition site but should now be the HLA 

allele characterised by whole HLA gene sequencing. 

A generic result remains as a 2 digit or 1 field HLA 

result describing the antigen group e.g. HLA-B*44.  This 

is sometimes described as a serological equivalent, a 

legacy from serology HLA typing era.  A high resolu-

tion typing can currently be performed by either Sanger 

SBT or NGS and the result for both technologies can be 

reported as 2, 3 or 4 field e.g. HLA-B*44:02, 44:02:01 or 

B*44:02:01:01.  The definition of a high resolution result 

is evolving and moving towards a definition where full 

HLA gene typing by NGS is used to define a specific 

HLA allele.

Assessing ‘Matching’ for HSCT using NGS

Assessing HLA mismatching for HSCT in the NGS 

era has created new challenges as patients and their 

potential donor(s) can be matched across the ARS but 

mismatched in their high resolution specific HLA alleles as 

determined by NGS.  As the clinical implications of HLA 

variation outside of the ARS are not yet determined,13,14 

it is difficult to assess the impact of mismatching for 

potential donor and recipients in HSCT.  An excellent 

review by Hurley et al14 suggests that risk assessment 

of matching for HSCT should remain within the ARS 

for now.  A decade of Sanger sequencing established 

the current understanding of the differences in HLA 

alleles and therefore assessment of mismatching for 

related and unrelated stem cell donors or cord bloods 

based on the ARD.

The International Histocompatibility Workshop HSCT 

project was established for the 13th IHIWS held in 2003 

and lead by Prof Effie Petersdorf.  The aim of the project 

was to accumulate a large, population diverse data set 

for HSCT to assess the effect of mismatching across 

HLA alleles or loci and aimed at identifying permissive 

mismatches.  This international collaborative group of 

the IHIWS has continued to accrue data across 14th, 

15th, 16th and 17th IHIWS and comprises an extremely 

large data set to assess HLA compatibility with trans-

plant outcome.
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NGS data was used for the first time in the 17th IHIWS 

HSCT project and may provide some information about 

whole HLA gene variation and the impact on HSCT 

outcomes.  NGS challenges the traditional approach of 

reporting matches per loci.  To date publications on 

HSCT reports on 8/ 8 or 10/10 when comparing matching  

across the HLA loci: HLA -A,-B,-C, -DRB1, -DQB1 and 

-DPB1.  However, this approach has historically referred 

to HLA allele matching across the ARS.  If the patient 

and unrelated donor are HLA typed using NGS, it is 

possible that the alleles will be different and matching 

reported as 4/8 but 8/8 across the ARS.  As laboratories 

implement NGS as the routine method for a high resolu-

tion HLA typing for HSCT, the compatibility assessment 

between the patient and donor needs to state what part 

of the gene is included in the assessment.15

Recent discussions with our HSCT clinical colleagues 

as to how we should report recipient and donor compati-

bility has suggested that HLA tying reports using NGS 

data should report the specific HLA alleles for donor 

and recipient and qualifying matching or mismatching 

at the ARS.16  A recipient and donor may therefore be 

HLA allele mismatched but matched across the ARS 

(this should be stated) and any assessment of number of 

loci matched or mismatched remain within the current 

assessment of sequence homology across the ARS.  This 

would ensure consistency with the current understand-

ing of risk assessment in the HSCT setting.

Searching for unrelated donors and cords in the NGS era

Stem cell registries contain very large databases 

of donor HLA types acquired over many years and  

characterised using different HLA typing methods.  The 

detail of a HLA result will vary depending on the testing 

protocol used.  Not only has the donor or cord blood 

been HLA typed with differing methods over time, how 

these are reported in registries can vary.  A HLA result  

can appear to be a high resolution result but has only 

been detected using a molecular method such as 

SSO or SBT without qualifying the limitations of the 

technology.  Whilst most transplant centres request 

verification typing to ensure an up to date HLA result 

the cost of selecting donors for verification can limit the 

number of potential donors any one centre can request.

The HLA G group nomenclature provides a short 

hand format grouping together HLA alleles, which share 

sequence homology across the ARS but may be different 

outside of the ARS region.  Some registries have utilised 

this HLA nomenclature format so that donors who are 

matched across the ARS can be found and further  

assessed for a recipient.  This G code smart approach 

has provided a practical solution for registries as the 

patient may be HLA typed using NGS and therefore 

express a HLA allele expressing variation outside of 

the ARS and therefore not identify potentially matched 

donors.16  HLA alleles which are designated new are not 

able to be searched in registries without an assigned 

allele nomenclature. 

NGS data analysis

There are several excellent commercial kit options 

for HLA typing by NGS.  All kits provide good cover-

age of the HLA genes and are able to assign a high 

resolution HLA allele result with their software.17  There 

are also software providers who can assist with data 

analysis for in house protocols.  Whilst there may be 

some variation on the laboratory workflows in testing, 

it is really up to the individual labs to assess their 

requirements based on sample numbers and throughput 

as to particular kit selection.  In addition to laboratory 

workflows considerations, NGS generates a lot of data 

and analysis time can be critical for testing requirements 

in the routine tissue typing laboratory.18  Laboratories 

test turnaround times (TAT) are measured as part of 

laboratory accreditation requirements and slow data 

analysis can negatively impact on test turnaround times. 

It cannot be emphasised enough that when imple-

menting NGS for HLA typing there should be sub-

stantial consideration on the server type, configuration 

and capacity for data analysis19 and storage.  NGS will 
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generate several orders of magnitude increase in data 

compared to Sanger SBT and as more and more HLA 

sequences are characterised using NGS, reference data 

bases are increasing in size. In HSCT testing, TAT can 

affect verification typing and donor selection as delays 

potentially impede the transplant going ahead. 

Future technologies

The complexity of the HLA system and its appli- 

cation in transplantation or immunogenetics and 

genomics will continue to drive development of newer 

technologies.  How the HLA typing result is determined 

can characterise the level of resolution or impact the 

perceived structure and function of the HLA molecule 

as determined by nucleotide variation.  Initially only the 

exons of the HLA gene structure was thought to be 

important but our knowledge on the interactive effect 

of the whole HLA gene on expression of the alleles or 

other HLA loci is rapidly growing. 

HLA typing by NGS has provided as insight into 

the potential importance of the degree of polymorphism 

in transplantation and HSCT in particular.20  Assessing 

transplant risk with HLA mismatching will most likely 

change as the technologies advance and more detailed 

results can be generated in short timeframes enabling 

donor selection to be more rapid and more specific.

Conclusion

The HLA system is one of the most polymorphic gene 

systems in the human genome.  HLA allele mismatching 

has a well described clinical impact on transplant out-

come in HSCT.  Assessing the risk of HLA mismatching  

in HSCT is dependent on an accurate and timely HLA 

typing method.  Until recently HLA typing was mainly 

focused on defining variation across the nucleotide 

sequence which coded for the ARS for a number of 

key genes.  In the era of NGS full gene sequencing 

is now possible.  Consequently, the concept of HLA 

allele mismatching has changed.  However, there is not 

yet sufficient evidence to assess the clinical impact of 

nucleotide variation outside of the ARS.  NGS provides 

a cost effective and accurate method for HLA typing 

but more work is needed to fully understand the clinical 

impact of variation across the whole HLA gene.  Coupled 

with historic HLA typing data in bone marrow registries 

and cord blood banks, assessment of HLA matching or 

mismatching had become more complex.
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