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Valorisation 

Economic and social relevance 
Hematopoietic Stem Cell Transplantation (SCT) is one of the possible curative medical 
treatments for certain blood or bone marrow malignancies. Patients suffering from 
such malignancies are transplanted with stem cells originating from an autologous or 
allogenic source. To achieve a full HLA match between patient and donor, the most 
ideal donor for an allogeneic SCT is a HLA identical sibling, however, only a small 
percentage of patients have such a sibling available. Currently a NK alloreactive 
haploidentical SCT is considered when no identical sibling is available. However, for the 
largest percentage of patients needing a SCT, a search has to be performed to find a 
suitable Matched Unrelated Donor (MUD) in e.g. the BMDW stem cell donor database 
of possible voluntary donors (1-8). 
 
To minimize transplantation related complications it is necessary to select a donor 
whose HLA alleles match with the patient HLA-A, -B, -C, -DRB1 and -DQB1 alleles, 
according the current matching procedures (4, 9). However, the functional relevance 
of polymorphism located outside the peptide binding groove is still mostly not studied 
due to the low percentage of known exonic nucleotide sequences and their 
polymorphism outside the exons encoding for the peptide binding groove. Generating 
full-length nucleotide sequences will enable the study of the function of polymorphism 
located in the exons outside exons 2 and 3 for HLA class I and exon 2 for HLA class II. 
The ultimate aim of optimizing HLA matching procedures is improving SCT patient 
survival by functional matching. 
 
Most molecular HLA typing techniques focus on polymorphism in the exons encoding 
for the peptide binding groove, resulting in a high number of partially known HLA 
genes. However, polymorphism outside this region has varying effects on the 
immunological reaction as shown for HLA class I and II loci, and for the  
non-classical loci HLA-E, -F and -G (10-16). Furthermore, certain polymorphism lead to 
alternative splicing of the mRNA template resulting in an aberrant expression profile of 
the HLA molecule. Therefore, determining and mapping these polymorphism is 
relevant in a transplantation setting since they may have a functional effect when they 
create a HLA null allele.  
 
This thesis describes HLA RNA sequencing approaches that generate allele-specific  
full-length nucleotide sequences using a limited number of amplification and 
sequencing primers. The resulting full-length nucleotide sequences will further 
improve HLA matching procedures as it will enable the study for the functional effect 
of HLA expression levels, full-length HLA polymorphism and alternative mRNA splicing, 
on SCT outcomes and survival. HLA expression levels have an effect on the 
immunological defence against pathogens and is an important consideration factor in 
SCT (17, 18). 
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Activities and products 
In chapters 2 and 3 we provide an improved and validated RNA Sanger sequencing 
method for the HLA class I loci HLA-A, -B and -C, and the HLA class II locus  
HLA-DRB1. The direct applicability of RNA approaches in determining full-length HLA 
polymorphism was shown in full-length nucleotide sequencing of a panel of HLA class I 
and HLA-DRB1 alleles having an unknown nucleotide sequence in the IMGT/HLA 
database. Since a large percentage of HLA alleles have incomplete nucleotide 
sequence in the IMGT/HLA database, it is highly likely that a multitude of new alleles 
will be discovered when full-length sequences are determined. RNA sequencing is ideal 
in these settings as full-length sequences are accessible in a single or two PCR 
amplification reactions, compared to a separate reaction for each additional exon 
when using DNA. 
 
Besides generating full-length sequences, RNA sequencing is able to directly visualize 
alternatively spliced mRNA variants produced by polymorphism dependent alternative 
splicing mechanisms as reviewed in chapter 4. This mechanism was visualized by  
HLA-class I RNA sequencing of the HLA-A*23:19Q allele which previously had an 
unknown expression pattern. This allele has now been assigned as A*23:19N, and RNA 
sequencing showed the presence of multiple alternatively spliced mRNA transcripts, as 
shown in chapter 5. Furthermore, RNA sequencing of the HLA-C locus led to the 
identification of an alternatively spliced HLA-C mRNA transcript, of which the presence 
was shown to be dependent on the HLA-C allele group, as shown in chapter 6. 
 
The results described in this thesis illustrate the direct applicability and additional 
value of RNA sequencing in HLA typing strategies. The here described RNA approaches 
reveal not only the full-length cDNA sequences but also address the presence of 
alternatively spliced mRNA products and RNA expression levels. Translating these 
methods to next generation sequencing approaches will introduce even more 
possibilities as it will enable the study of the complete HLA transcriptome (19). 
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Implementation in clinical practice 
The RNA sequencing approaches for HLA-A, -B, -C and -DRB1 described in this thesis 
can be applied to only 5 x 106 cells. Our preliminary results showed that besides using 
RNA isolated from PBMC, RNA isolated from sputum could also be used for the  
RNA-SBT approach of HLA-DRB1 alleles. Furthermore, studies have shown that RNA of 
a suitable quality could also be isolated from dried blood spots or buccal epithelial cells 
(20, 21). 
 
RNA sequencing has an additional value as it enables the study of the influence of 
polymorphism outside the HLA peptide binding groove. Incorporating this RNA-SBT in 
the clinic will enable the collection of large patient sample data that identify functional 
single nucleotide polymorphism that require a match for the best SCT outcome.  
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