
Copyright Statement

As a registered E-materials Service user of the EBMT Annual Meeting in Marseille March 26-29th 2017, 

you have been granted permission to access a copy of the presentation in the following pages for the 

purpose of scientific education. This presentation is copyrighted material and must not be copied, 

reproduced, transferred, distributed, leased, licensed, placed in a storage retrieval system, publicly 

performed or used in any way, except as specifically permitted in writing by the presenter or, as allowed 

under the terms and conditions under which it was received or as permitted by applicable copyright law 

or rules of proper citation. Any unauthorised distribution or use of this presentation, a subset of it or 

graphics taken from the presentation may be a direct infringement of the presenter’s rights.



www.ebmt.org#EBMT17

How is HLA data in the registry database 
being used by EBMT?

Johannes Schetelig, MD, MSc

TU Dresden Germany & DKMS Clinical Trials Unit

Marseille, March, 28, 2017



2#EBMT2017

Outline

• What are Human Leukocyte Antigens (HLA) and why are
they so important in the context of alloHCT?

• Typing methods for HLA

• Nomenclature(s)

• How is HLA data entered into the registry?

• How is HLA data used by EBMT?

• What‘s next?
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HLA (human leukocyte antigen)-Moleküle
MHC (major histocompatibility complex)

Abb. 24. MHC-Moleküle 
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Presentation of antigen peptides
via MHC class I molecules

Abbas et al.: Cellular and Molecular Immunology, 7e, modified

In „healthy“ individuals
- cytosolic protein might be a viral protein produced during a viral infection

In stem cell recipients
- cytosolic protein might be a protein, that differs in the amino acid sequence

between recipient and donor



Discrimination between ‘self‘ and ‘foreign‘

Donor T cell:
specific T cell receptor

recognizes ‘foreign‘ peptide

Recipient T cell:
T cell receptor does not 
recognize ‚self‘ peptides

Leukemia cell:
HLA class I + peptide

Recognition!

NO Recognition!
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MHC complex on Chromosome 6p21

so urc e : wikipe dia

Numbers of alleles for the
respective loci:

A 3,830
B 4,647
C 3,382
DRB1 2,252
DQB1 1,054

∑ class I +II =16,251

http://hla.alleles.org
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Heritage of MHC Haplotypes

Haplotype (a) (b)

A 24:02 03:01

B 15:01 08:01

C 03:03 07:01

DRB1 13:01 03:01

DQB1 06:03 02:01

Haplotype (a) (c)

A 24:02 01:01

B 15:01 57:01

C 03:03 06:02

DRB1 13:01 07:01

DQB1 06:03 03:03

(b) (c)

03:01 01:01

08:01 57:01

07:01 06:02

03:01 07:01

02:01 03:03

(c) (d)

01:01 02:01

57:01 14:02

06:02 08:02

07:01 01:02

03:03 05:01

(a) (c)

24:02 01:01

15:01 57:01

03:03 06:02

13:01 07:01

0603 03:03

(a) (d)

24:02 02:01

15:01 14:02

03:03 08:02

13:01 01:02

06:03 05:01

Patient

ident

?

haploident haploident

? (d)

30:02 02:01

07:02 14:02

07:02 08:02

15:01 01:02

06:02 05:01

Sibling 1 Sibling 2 Sibling 3 Stepbrother, ‐sister
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Typing methods for HLA?
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Methods for HLA-Typing

Serologically Genetically

•PCR-SSO
•PCR-SSPPCR-SSP
•Sequencing
(Sanger or NGS)

Positive probesNegative probes
rSSO

--AGTTGGCCTAATGATTGGGCCTGACCACAT--
TCAACCGGATTA*
TCAACCGGATTAC*
TCAACCGGATTACT*
TCAACCGGATTACTA*

--TCAACCGGATTACTAACCCGGACTGGTGTA--

--AGTTGGCCTAATGATTGGGCCTGACCACAT--
TCAACCGGATTA*
TCAACCGGATTAC*
TCAACCGGATTACT*
TCAACCGGATTACTA*

--TCAACCGGATTACTAACCCGGACTGGTGTA--

SSP

SBT

NGS
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Comparison of G and P Codes

Genetic Code
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HLA Typing Level

Low resolution Intermediate High resolution,
resolution Exon 2+3 class I

or Exon 2 class II

A*02 oder A2 A*02:01/02:09 A*02:01/ A*02:01:01:01       
B*44 oder B44 B*44:02/44:05 B*44:02/ B*44:02:01:01

DRB1*04 oder DR4 DRB1*04:03/04:07 DRB1*04:03/DRB1*04:03:01
NMDP B*44:BE NMDP B*44:ENWF1

genetically or genetically genetically
serologically

Allele groups Alleles Alleles

1HLA-B*44:ENWF = B*44:02 / 44:02S / 44:19N / 44:27 / 44:66
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Nomenclature(s)
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High resolution HLA typing or not?

HLA-A*02:01:01G

HLA-DPB1*04:01:01:01

HLA-A*01:01:01:01

HLA-A*02:ACMGD

HLA-DQB1*02:01:01G

A*02:01P

HLA-A*02:AEGCS

HLA-C*01:03

HLA-A*02:AAAUW

HLA-A*02:AEMYN
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Nomenclature of HLA Alleles

Suffix:
N = “Null” alleles
L  = “Low” cell surface expression
S  = soluble “Secreted” molecule
Q  = “Questionable” expression
C  = present in “Cytoplasm” only
A  = “Aberrant” expression
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G-codes for reporting of ambiguous 
allele typing

A*02:01:01G
02:01:01:01/02:01:01:02L/02:01:01:03/02:01:01:04/02:01:01:05/02:01:01:06/
02:01:08/02:01:11/02:01:14Q/02:01:15/02:01:21/02:01:48/02:01:50/02:01:79/
02:01:80/02:01:89/02:01:97/02:01:98/02:01:99/02:01:104/02:09/02:43N/02:66/
02:75/02:83N/02:89/02:97:01/02:97:02/02:132/02:134/02:140/02:241/02:252/
02:256/02:266/02:291/02:294/02:305N/02:327/02:329/02:356N/02:357/02:397/
02:411/02:446/02:455/02:469/02:481/02:538/02:559

29.10.2015

G-code  identical nucleotide sequences across 
exons 2 and 3 (class I) and exon 2 (class II)

Problem 1: Null alleles
Problem 2: Number of alleles varies

A*02:01:01G
A*02:01:01:01/02:01:01:02L/02:01:01:03/02:01:08/02:01:11/02:01:14/02:01:15/
02:01:21/02:09/02:43N/02:66/02:75/02:83N/02:89/02:97/02:132/02:134/02:140

24.06.2010

http://hla.alleles.org/alleles/g_groups.html
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G-codes for reporting of ambiguous 
allele typing

Problem 3: *02:01 vs. *02:02

DQB1*02:01:01G
02:01:01/02:01:08/02:02:01:01/02:02:02/02:04/02:06/02:09/02:10/02:48/02:59
/02:64

http://hla.alleles.org/alleles/g_groups.html

G-code  identical nucleotide sequences across 
exons 2 and 3 (class I) and exon 2 (class II)
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P-codes for reporting of ambiguous 
allele typing

A*02:01P
A*02:01:01:01/A*02:01:01:02L/A*02:01:01:03/A*02:01:01:04/A*02:01:01:05/A*02:01:01:06/A*02:01:02/A*02:01:03/
A*02:01:04/A*02:01:05/A*02:01:06/A*02:01:07/A*02:01:08/A*02:01:09/A*02:01:10/A*02:01:11/A*02:01:12/A*02:01:13/
A*02:01:14Q/A*02:01:15/A*02:01:17/A*02:01:18/A*02:01:19/A*02:01:21/A*02:01:22/A*02:01:23/A*02:01:24/A*02:01:25/
A*02:01:26/A*02:01:27/A*02:01:28/A*02:01:29/A*02:01:30/A*02:01:31/A*02:01:32/A*02:01:33/A*02:01:34/A*02:01:35/
A*02:01:36/A*02:01:37/A*02:01:38/A*02:01:39/A*02:01:40/A*02:01:41/A*02:01:42/A*02:01:43/A*02:01:44/A*02:01:45/
A*02:01:46/A*02:01:47/A*02:01:48/A*02:01:49/A*02:01:50/A*02:01:51/A*02:01:52/A*02:01:53/A*02:01:54/A*02:01:55/
A*02:01:56/A*02:01:57/A*02:01:58/A*02:01:59/A*02:01:60/A*02:01:61/A*02:01:62/A*02:01:63/A*02:01:64/A*02:01:65/
A*02:01:66/A*02:01:67/A*02:01:68/A*02:01:69/A*02:01:70/A*02:01:71/A*02:01:72/A*02:01:73/A*02:01:74/A*02:01:75/
A*02:01:76/A*02:01:77/A*02:01:78/A*02:01:79/A*02:01:80/A*02:01:81/A*02:01:83/A*02:01:84/A*02:01:85/A*02:01:86/
A*02:01:87/A*02:01:88/A*02:01:89/A*02:01:90/A*02:01:91/A*02:01:92/A*02:01:93/A*02:01:94/A*02:01:95/A*02:01:96/
A*02:01:97/A*02:01:98/A*02:01:99/A*02:01:100/A*02:01:101/A*02:01:102/A*02:01:103/A*02:01:104/A*02:01:105/
A*02:01:106/A*02:01:107/A*02:01:108/A*02:01:109/A*02:01:110/A*02:01:111/A*02:01:112/A*02:01:113/A*02:01:114/
A*02:01:115/A*02:01:116/A*02:01:117/A*02:01:118/A*02:01:119/A*02:01:120/A*02:09/A*02:66/A*02:75/A*02:89/
A*02:97:01/A*02:97:02/A*02:132/A*02:134/A*02:140/A*02:241/A*02:252/A*02:256/A*02:266/A*02:291/A*02:294/
A*02:327/A*02:329/A*02:357/A*02:397/A*02:411/A*02:446/A*02:455/A*02:469/A*02:481/A*02:538/A*02:559

• P-code  identical protein sequences across exons 2 
and 3 (class I) and exon 2 (class II)

• But synonymous substitutions at nucleotide level may occur

Benefit: no null alleles included
Necessary requirements: whole exon amplification or typing by serology 

http://hla.alleles.org/alleles/p_groups.html
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MAC-codes (NMDP-codes) for reporting 
of ambiguous allele typing

• MAC code denotes Multi Allele Code, equivalent to former NMDP-
code

• short hand alphabetic notation to capture DNA based allele 
combinations

• No information about resolution of the HLA typing immediately 
apparent 

A*02:ACMGD
02:01/02:01L/02:01Q/02:09/02:43N/02:66/02:75/02:83N/02:89/02:97/02:132/02:134/02:140/02:241/
02:252/02:256/02:266/02:291/02:294/02:305N/02:327/02:329/02:356N/02:357/02:397/02:411/02:446/
02:455/02:469/02:481/02:538

A*02:01:01G
02:01:01:01/02:01:01:02L/02:01:01:03/02:01:01:04/02:01:01:05/02:01:01:06/02:01:08/02:01:11/02:01:14Q/
02:01:15/02:01:21/02:01:48/02:01:50/02:01:79/02:01:80/02:01:89/02:01:97/02:01:98/02:01:99/02:01:104/
02:09/02:43N/02:66/02:75/02:83N/02:89/02:97:01/02:97:02/02:132/02:134/02:140/02:241/02:252/02:256/
02:266/02:291/02:294/02:305N/02:327/02:329/02:356N/02:357/02:397/02:411/02:446/02:455/02:469/02:481/
02:538/ 02:559

http://www.marrow-donor.org/cgi-bin/DNA/dnatyp.pl
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Useful links to web-resources

Link to MAC-codes
https://hml.nmdp.org/MacUI/

Link to „G- und P-Nomenclature“
http://hla.alleles.org/alleles/g_groups.html
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How is HLA data entered into the
registry?

#EBMT2017



22

Mismatched relative

#EBMT2017

HLA match

- Identical sibling
- Syngeneic
- Matched other relative
- Mismatched relative
1 HLA locus mismatch
≥2 HLA loci mismatch unknown
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Unrelated donor

Unrelated donor

Donor registry
Identification of donor in 
registry
Identification of patient in registry

Give allway full string code!
Never drop initials!
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HLA DNA

#EBMT2017

HLA DNA typing

Report the whole string
code!

Don‘t drop letters!
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How is HLA data used by EBMT?

#EBMT2017
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HLA-compatibility is a Risk Factor

Pidala et al. Blood 2014

∆ ~8%
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HLA-compatibility is a Risk Factor …

• Thus due to it‘s strong impact on GVHD and survival HLA-
compatiblity is an almost universal confounder (alike
comorbidity & disease risk ) and needs to be considered in 
almost any statistical analysis comprising unrelated donor
transplantation.

• To specify partial matches is most relevant in unrelated
donor transplantation.

• Due to the Mendelian laws, siblings are either HLA-identical
(i.e. share two haplotypes) or haploidentical (i.e. share one
haplotype) or non-ident but only rarely (<2%) partially
matched.
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HLA is key to improve donor selection

Fleischhauer et al, Lancet Oncol 2012
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HLA is key to improve donor selection …

… even when it is about secondary factors

Kollman et al, Blood 2016

Donor Ages
A, 28-32 yrs
B, 33-50 yrs
C, >50 yrs



Presentation of ‘mutated‘ peptides

Abbas et al.: Cellular and Molecular Immunology, 7e, modified

In patients with NPM1-mutated AML the cytosolic protein might be a leukemia-specific
protein

While the patient immune system did not recognize this mutated protein the donor
immune system could be capable.



Discrimination between ‘self‘ and ‘foreign‘

Donor T cell:
specific T cell receptor

recognizes ‘mutated‘ peptide

Recipient T cell:
T cell receptor does not 
recognize ‚self‘ peptides

Leukemia cell:
HLA -B + mutated NPM1

Recognition!

NO Recognition!
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HLA and Disease associations
… here NPM1mut AML

#EBMT2017

Kuzelova, PLOSOne 2015
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Natural Killer Cell (NK) Immunoglobulin-
like Receptors (KIR)

Facettes of HLA interactions:

• KIRs interact
with groups of 
HLA alleles (e.g. 
C alleles can be
divided into C1 
and C2

• NK cells are 
potent mediators
of disease
control

modified from: Jones et. al, Nature Immunology 2001
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Summary

02.12.2016

• HLA data is key to any high quality publication on allogeneic stem cell
transplantation

• Ask your immunogeneticist or your doctor when you are uncertain what
you should report

• Donor and patient may be HLA compatible even when the string code or
number code differ. The statement on HLA-compatibility on the report of
the immunogeneticist is binding.

• Don‘t drop letters (G-, P-, L-, …) from the HLA-codes.

• Don‘t change the donor ID and the patient ID from the number or string
code.
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HLA DNA typing
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HLA DNA typing – patient

HLA A
HLA B
HLA C
HLA DRB1
HLA DQB1
HLA DPB1
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HLA serology typing

#EBMT2017

HLA serology typing – patient

HLA A
HLA B
HLA C
HLA DRB1
HLA DQB1
HLA DPB1
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HLA DNA typing

#EBMT2017

HLA DNA typing – donor

HLA A
HLA B
HLA C
HLA DRB1
HLA DQB1
HLA DPB1



40

HLA serology typing

#EBMT2017

HLA serology typing – donor

HLA A
HLA B
HLA C
HLA DRB1
HLA DQB1
HLA DPB1


