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HLA Discovery, 1958 
The Nobel Prize in Physiology or Medicine 1980 
Baruj Benacerraf, Jean Dausset, George D. Snell 



HLA Complex, Chromosome 6 
. 
 
  

Klein and Sato.  NEJM, 2000 



Antigen Processing 
 
 
  

Klein and Sato.  NEJM, 2000 

Panel A shows the principal pathways of generating peptides for 
loading onto HLA class I molecules 
Panel B shows the processing of extracellular proteins. 



Antigen Presentation 
 
 
  

Neefjes et al. Nature Reviews, 2011 



The HLA-A, -B, -C, and -DRB1 loci are the most 
polymorphic genes in the entire human genome 

Data were taken from http://www.ebi.ac.uk/imgt/hla/stats.html; accessed January 12, 2017. 

http://www.ebi.ac.uk/imgt/hla/stats.html


The majority of polymorphic residues that distinguish different alleles of  
class I and class II molecules are located in positions that influence  

Peptide binding or interaction with T-cell receptors.  

Edus H. Warren et al. Blood 2012;120:2796-2806 



Map of genetic loci that can influence  
histocompatibility in the allogeneic HCT setting  

Edus H. Warren et al. Blood 2012;120:2796-2806 



Copelan.  NEJM, 2006 



Match Likelihoods According to  
Racial and Ethnic Group and Age 

  

Gragert et al.  NEJM, 2014 



Match Likelihoods According to  
Racial and Ethnic Group and Age 

  

Gragert et al.  NEJM, 2014 



Minimal Requirements for Histocompatibility  
& Immunogenetics laboratory 

Personnel Qualifications 

Quality Assurance 

Testing Methods 

Laboratory Accreditation 



Personnel Qualifications 

• The laboratory must employ one or more 
individuals who meet the qualifications and fulfill 
the responsibilities of the Director, and Technical 
Supervisor 

• The number of staff must be large enough to 
carry out the volume and variety of tests required 
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Quality Assurance 

• Facilities 
• Specimen submission and requisition 
• Laboratory Procedure Manual 
• Proficiency Testing and Competency Evaluation 
• Records and test reports 
• Testing referred to other laboratories 

Minimal Requirements for Histocompatibility  
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Quality assurance 
Facilities 
• Sufficient space to all procedures carried out 
• Proper maintenance of equipments, instruments and 

test systems (with ample records)  
• Laboratories performing amplification of nucleic acids 

must use physical and/or biochemical barriers to 
prevent DNA contamination 

• Adequate lighting and ventilations 
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Quality assurance 
Specimens issues 
• The laboratory must have available and follow 

written policies and procedures regarding 
specimen collection 

• The laboratory must assure adequate information 
contained in the requisition form 

• The laboratory must maintain a system to ensure 
reliable specimen identification 
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Quality assurance 
Laboratory Procedure Manual 
• All procedures in use in the laboratory must be 

detailed in a procedure manual, and immediately 
available 

• Each procedure must be reviewed periodically 
(according to standards) by the Director and 
written evidence of this review must be in the 
manual 
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Quality assurance 
Proficiency Testing 
• The laboratory must participate in External 

proficiency  Testing (EPT) program (s) to cover all 
the accredited  laboratory applications (HLA 
typing, antibody screening and identification, 
crosshatching, etc.) 
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Quality assurance 
Competency Evaluation 
• The laboratory Director and the technical staff 

must participate in pertinent continuing education 
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Quality assurance 
Records and test reports 
• The laboratory must maintain records of subjects 

tested for a period dictated by national laws and 
accreditation standards 
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Quality assurance 
Records and test reports 
• The report must contain: 
• a. Name of the individual tested or unique 

identifier(s) and relationship to the patient if 
applicable.   

• b. Date(s) of collection of sample(s) 
• c. Date of the report  
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Quality assurance 
Records and test reports 
• The report must contain: 

d. Test results.   
e. Techniques used.  
f. Appropriate interpretations and the signature of 
the Laboratory Director, or, in his/her absence, by 
a designee 
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Quality assurance 
Testing referral 
• An accredited laboratory may engage another 

laboratory to perform testing not done by the 
primary laboratory 
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Testing Methods 

• Serological vs. Molecular-based HLA typing 
• HLA Nomenclature 
• Resolution level 
• Haplotype assignment 

• Chimerism studies 
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HLA Nomenclature, old 

Bhadran Bose et al Transplantation Antigens and Histocompatibility Matching,  2013 



HLA Nomenclature, new 

Bhadran Bose et al Transplantation Antigens and Histocompatibility Matching,  2013 



HLA Typing Methods 

1950
s 

• Discovery of HLA system 
1960

s 
• Serological typing  

1980
s 

• First HLA genes cloned, sequenced 
1990

s 
• DNA/PCR based HLA typing 

1999 • Sequence entire MHC (HGP) 
2000 • Database of all HLA alleles 
2000

s 
• SBT, Luminex SSO 

2013 • Next Generation Sequencing 



Levels of Resolution 

• same serotype group (e.g. 
A*02) 

Low resolution  
(2 digit) 

• identifies alleles that have 
common sequence  (e.g. 
A*02:05/08/22) 

Intermediate 
resolution  

(allele string)  

• identifies single allele e.g. 
A*02:05 

High resolution 
(minimum 4 

digit)  



 





• 5.6 micron (non magnetic) or 6.5 micron (magnetic) beads 
 

• Up to 100 (500) different beads/well 
– Bead color = spectral address 
– A combination of red and infrared (& orange red)                                     dyes 

distinguishes one bead set from another 
 

• Small bead size allows: 
– Liquid suspension assay with 

• a high surface-to-volume-ratio 
• fast kinetics (liquid-phase behaviors) 

 

xMAP® Technology,  Multi - Analyte Profiling 



xMAP® Technology,  Multi - Analyte Profiling 







 

R. Carapito et al. / Human Immunology 77 (2016) 1016–1023 



Sequence-based Typing 

Journal of Human Genetics (2015) 60, 665–673 



Targeted regions of the HLA by NGS approaches 

 

R. Carapito et al. / Human Immunology 77 (2016) 1016–1023 



• NGS can reduce the ambiguity rate, cost, and TAT for HLA typing.  
• Validation of NGS for clinical HLA typing is challenging due to the 

numerous issues, including: sample types, complexity of the HLA 
genes, reliance on software for accurate HLA typing, and many 
more. 





Am J Clin Pathol 1997;107:292-298. 



STR-PCR-based chimerism testing 









Laboratory Accreditation 

• To certify that the laboratory is meeting the 
minimum requirements as per given sets of 
standards 
• ASHI 
• EFI 
• CAP 
• ISO 15189 
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Thank you 
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