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Allogeneic Stem Cell Transplant Therapy

Donor Stem Cells Lineage-CD34-CD38

/A\

HLA-matched  Cord Blood Haploidentical

g

Conditioning

Recipient (Chemotherapy/Radiotherapy)

Immune suppression

Bone marrow engraftment



What 1s HLA? What 1s 1t for?

 Human Leukocyte Antigen
* Discovered: m mice (1937), humans (1954)

* Function: to present peptides to T cells, thus
allowing elimination of foreign particles and
recognition of self (so m transplants this has to be

modulated)



$* complement activation ¥

e infected
0 cell

inflammatory response (C3a, C4a, C5a)
opsonisation of pathogens (C3b, C4b)

gl

PAMP PRR

pJ

synapse formation (cells touch)
perforin, granzymes, granulysin

:_ *§ induction of apoptosis : 3 )

:gf MAC complex pathogen lysis (C5b-C3) L

udend@ %c cell

NF

KB activation 11 costimulatory

molecules e.q. B7
IL-2 IL-4 IL5

_» 11CRP

—p fEver

¥
proinflammatory cytokine release
IL-1 IL-6 IL-8 IL-12 TNFu

A/ ¢ \ chemotaxis

micro- increased
coagulation capillary
to prevent  permeability
spread of - ocedema and
infection swelling

cell-mediated
immunity

memory
cell

BEEKY MEDICS '~ .

B L JWatson 2014

neutralise toxins
opsonise pathogens

F > antibodies - < ™ factivate :nmplanmnlﬁl
Igh > 1gG Igh IgE ™ B activate effector cells

©




MHC class | expressing
cells

Peptide-binding — Peptide
‘ cleft : _-;./

32-

microglobulin

CD8 binding
site

i Disulfide bond -----
Transmembrane lg domain : )
region o

MHC class Il expressing
cells

Peptide

/—Pep’[ide—binding cleft

Bl

Disulfide bond

lg domain



HLA class | : HLA class i
o~ : HLA-DR
O\ |
o2 S _‘j) :- ™ :
, | |
AT |
| J o y Wigd |
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7/ - I
& :
- |
|
|
|
- Top view : Top view
154'818 peptides > 2000 peptides
length 810 10 aa length 12-24 aa



-

—MHC 1s the most highly polymorphic
gene system in the body and hence in the
population.

—This extensive polymorphism of MHC
genes makes it very unlikely that two

random individuals will express identical

."h"




T cell contact

resi::!ue of
peptide T cell receptor "
3 5 7 ﬂ Contact sites
F'alyérnnrphlc &9\ &fﬁeptide * M r_:* on TCR for
residue N , polymarphic
of MHG/ i 2| peptide g| LA reaicus
Anchor P Paptide
residue f . : anchor
of peptide E?Hﬁ'lf‘ﬂ" D';_‘Hﬁ'l'f“ﬂt residue
"F'D(:ke’[" Gf MHG modacula malecula
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Short arm
HLA region
6p21.1-21.3
Class |

Class Il

Chromosome 6

Long arm

C E A G F

Ajf
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C4 C2 Hsp70 TN

or |

DM DQ

DP

/R




HLA class Il region "Ceniral” MHC HLA class | region

I I | | |
Chromosome DP DQ DA ;
6p21 — a e rhr-"'TalnmEm
mcB |BC E A" T

TNFo/f MICA

C4A C4B 1BC2

EIPIBE Ell'IB1 DGIEE’ DIJIB1
ok | . E| E

DRE subregion gene organization

DRB1 wDRB
OR1,10 = =]

DRB1 wDRB DRES
DR15.16 = e} =

DRB1 wDRB DRB3
DR35S q—q_h‘_—

DRB1 wDRE wDRE DAB4
DR47.S o el fe] e e— O
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DREN
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HLA Class |

= found on all nucleated cells

exoh 1 2 3 4 5 6 7 8
peotsin & w M c¥T  3UT

HLA Class Il

- restricted to cells of the
immune system

Polymorphism located in exon 2

BXOn i 2 1 4 5

i1 - achsingene
roteln .
gﬂmﬂm L o o TWCYT  S'UT
exon 1 2 3 45 B

——1 fchaln gens
roteln .
inkest L By - TM CYTIUT
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"ﬁ" Immuno Polymorphism Database

hosrvisy TMOTHI A KT PAHC MHETR

Welcome to IPD IPD Resources

Jan 2023, build 72 - Submission
IPD was developed in 2003 to provide a centralised system for the study of polymorphism in e MFST AT
genes of the immune system. The IPD project was established by the HLA Informatics Group of B Cilations
the Anthony Molan Research Institute in close collaboration with the European Bioinformatics T Contact
Institute. & supporl

Lt K @ B ]



the international ImMMunoGeneTics project (IMGT)

@ IPD-IMGT/HLA

Crecrvimsy “Haly = { HEA

4 Versions in a year

Version report - 3.55 (2024-01) | (Jan, April, July, Oct)

| b Toallomning sequances bave been subnmilled [o The Nomsnclalore Commillee sincs The previous reledse amd bave been assipgnsd

plhcial allale designalions.

FMaor a comploto reloasa list, pleaso visit the release list pogdo

MNew alleles Summary

M allides
Fulle] e SreeEssiun Sssiened Dale CMOLY Genbank Cumimieenls Fa s

] Fadifed alldas 125
AT HI G MEAS 7 TR ennmiEs Semuenen

Soalliz ot s O
AT HI a=iild = MEdE 7 L LTI B P Irr=nnmiEs Semunnen

13nlederd allcdes 117

AT T HI G401 223 MEXS ¥ s Tl e T Eennamis Sequenan
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Database Growth

The IPD-IMGT ILA Databasa was first reloasod in
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The latest vorsion has

38909 distinct allelic variants,




HLA class I

Gene

Alleles

Proteins

Nulls

HLA Alleles Assigned as of January 2024

8098

4741

420

9656

5745

339

8084

4470

362

S

140

10

91

17

158

48
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HLA class II

Gene

Alleles

Proteins

Nulls

DRA

67

15

HLA Alleles Assigned as of January 2024

HLA class IT - DRB Alleles

Gene

Alleles

Proteins

Mulls

DRE1

3628

2343

124

DRB DQA1
4581 722
3019 351
200 21

DREB2 DRB3

1 488

0 369

0 24

DQA2

42

11

DRB4

250

157

27

DQB1

2510

1524

111

DQB2

DRBS

201

150

41

DPA1

639

311

26

DRB&

DPA2

DRET

DPB1 DPB2
2486 7
1447 0
130 0
DRB& DRBY
1 6

0 0

0 0

DMA DMB DOA
59 82 93
9 9 14
0 0 1

DoB

63

16
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SEROLOGICAL TYPING



Serological Typing

Lymphocytes are HLA-typed by crosshatﬁhing_tn
panel reactive antibodies (PRA) using the
complement-dependent cytotoxicity (CDC) test.

' Complement
anllbnd*_.r |

= 2 |
l
§if l!..l—
-S4 P-:rs itive reaction to antlhu-dz.-'

A kills cells. Dead cells pick up dye.

.- 3O

Buffy coat Negative reaction to antibody:
from patient cells survive and exclude dye
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Anti-HLA B27
antibodies
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e ¥ mmplement
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T Anti-HLA B40
antibodies

Mo lysis
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Pos. | Serum Anti-HLA Reaktion Pos. | Serum Anti-HLA Reaktion
Well| Lot Reaction Well Lot Reaction
14 11T HOTS0 Pas. Control JA 1 304 H 0DS0 A3l
18 110 H 0040 neq. Control /B _ F04H 0310 A32+25
1C 109 H 0400 Al+36 7C 105 PO180 A32(23) stk
10 109 HOOT10 Al JD 0 303 P 10500 A32+74+1+3+11+36,
1E 109 H O30 Al /E 106 P 02350 A33+H10 (28 11,B63)
1F 110 H0Q70 A 7F  110HO0610 233434
2F 110 HOOE0 Al sk 106 HO410 AZ3+3T (2w
2E 105 P 0430 Al+RY HE 204 P D850 A33
20 | 306 HO390 A3 8D 204 P 1700 A3
2C 204 H 0250 AZ aC . 110 H 0430 B 51
: 2B 109 P 0220 A SB _ 108 H O30 B 51
< 24 109 PQ110 A 23 gaA  11THO130 B5[51+52]
o | 3A 109 P 0120 A 23 94 1049 H 050 B3 [51+52]
— [ SB 403 H 1040 AB[23+24]+ 80 =]z 105 H 0540 BE[51+452]+53 (219, a5
W 3C [ 111 HO190 A24+2403 st 9C 106 H 0580 BY
m| 3D 208 HOT60 A 2442403 9D 110 H 0130 B7
< 3k 110 PO210 A 25 QE _ 105 H 0820 B/ +27+81+734+42
>~ | 3F 110 H 0260 A 25 SF 110 H 0280 B&
< 4F 112 P Q200 A10[25+26+ 344B6]+43 T0F 106 H 0550 BE-+50
E 4E 112 HO310 AZ25+26+66 10E _ 106 HO530 BE+14+39
40 104 H 1340 A 26+wk 66 10D 110 P 0250 B 44
E 4 105 P 0350 A 26 10C 110 HOLT0 B 44




HLA DICTIONARY

= Serologic : B15: B62, B63, B75, B76, B77 Molecular: B¥15
= Serologic: B70: B71, B72 Molecular: B*15

= Serologic: A28: A68, A69 Molecular: A*68 or A*69

= Serologic: B40: B60, B61 Molecular: B*40



LIMITATIONS



MOLECULAR TYPING METHODS

f—

n||||

||r|Ilt' 'i Lnlﬂmh'n

Query database for match
and allele call

A SSP B. S50 C. Real-Time PCR
— j — —
e — e — l, — —_—
| | ;7 4 \
-
Amplification No Amplification - ! — — Emm L
2 | i |
1 il
E o | Cpertrod Band l /_‘
D.  sanger Sequencing E.  Next-Generation F. Targeted Typing by
- - N —,  Sequencing Linkage Disequilibrium
Esind Exond Exnrd

T T o, I, B Ly O —

= AT T W T TR | Ak TR A T O e 7
1

Query database for match
and allele call

B L4-8"15:02 g

e flon-g415:02 g
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PCR- SEQUENCE-SPECIFIC PRIMERS

(PCR-SSP)

Primer #1 matches allele

Amplification
Control

Allele-Specific
Product

—» | Amplification

— No
S — Amplification

SSP

Primer #2 does not match allele
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Polymerase chain reaction Sequence-
specific Oligonucleotides Probes
(PCR-SSOP)
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PCR amplification "
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Enzyme-based Protocols HLA Typing by S50 using Fluorescence
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Polymerase chain reaction-
Sequencing Based Typing
(PCR-SBT)



DNA-Based Typing Methods: Sequence-
Based Typing

* Sequence-based typing (SBT) is high resolution.

* Polymorphic regions are amplified by PCR and
then sequenced.

Reverse PCR primer

’

Forward PCR primer d—

N —

Sequencing primers

31



B_ampF

B_2F B_3F

B _aF

Exon 4

Exon 3

HLA-B gene —— Exon2
B8 B_3R

nce-Based Typing (SBT) Sanger
saguencing (chaln-lerminalion method)

Single mirandsd DA b ba asquence=d
Ay DR sorp e i

3 . , ¥ dATP ddATF
|1 | e ST

- i

A T T & C dTTE JJ7TTP

LT o L] e

. L
deprary malarras

Nimg

B_4R

BE_ampR

OiCH; 0 Base

Dideoxynucleotide (ddNTP)

EFEE)—ocH: o Base

OH H

Deoxynucleotide (dNTF)
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Next generation sequencing
(NGS)



Roche/454 FLX
Pyrosequencing

lon Torrent

lllumina
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ROCHE/454 FLX
PYROSEQUENCING

= The GS FLX system utilizes forward and reverse PCR primers fused to adaptors that enable
the capture of a single-stranded DNA to a bead in the well of a picotiter plate (PTP).

= The PTP has 1.6x106 wells, one bead per well where water-in-oil emulsion PCR occurs.
= After PCR, each well will contain millions of copies of the same DNA strand.

= A number of enzymes (polymerase, luciferase, sulphurylase and apyrase) are added to the
wells by the GS FLX system followed by sequential addition of nucleotides.

= Incorporation of one or more nucleotides results in the release of pyrophosphate, which is
converted to ATP by sulphurylase. ATP is used by luciferase to create light.

= The sequential addition of nucleotides and the release of light are monitored by a CCD
camera, and a flowgram is produced, similar to a sequencing chromatogram, showing the
orderof A,C,G, T.

= Through clonal PCR and massively parallel pyrosequencing, unambiguous HLA typing is
achievable.



JON TORRENT

=lon Torrent’s Personal Genome Machine~ detects H. released
upon the sequential addition of (unlabelled, natural) nucleotides.

=Release of a proton causes a change in pH, producing an
electrical signal that can be measured.

=This technology therefore does not require any optical
detection system or enzymatic amplification cascades and thus
eliminates sources of sequencing errors while delivering highly
uniform genome coverage in a very short time (2h)

(4]
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A new generation of molecular sensing technology ﬂAN OPORE

Expiora tha nancpors poriiclo of liow czis, compatibls devicss, memual snd sulomstzd ibrery prap, snd dels analysis sciuions. Techrclogies

(i) PREPARE r—
\_"_/ your library

=N 4

(7,) SEQUENCE
\___/ with flow cells & devices

(Q ANALYSE

your data




MinlON Smidgl(N
Size: W 105, H 23, D 33 mm
(A) Weight: 87 g (B)

GridlON PromethIOMN
Size: W 365 H 220 D 360 mm Size: W 440, H 406, D 240 mm

{C:I Weight: 11 kg {D:I Weight: 40 kg

©



@mmmdnmm,a
Array of . double-stranded DNA (dsDNA) malecule (or
skoroscalioide an RNA-DMA hybid duplex) is first unwound.

A MinlON ficw cell containg 2,048 nanopores used o
sequence DNA or RNA. The wells are inserted into an
eectrically resistant polymer membrang supported by an
array of microscaffokds connecled 1o a sensor chip. Each
channed associales with a separale slaciroce in the sensor
chip and & controlled and maasured indridually by the
application-specific inlegration circuil (ASIC).

characiedistic cument change is measured and is
usad to detarming the coresponding nicheotice
SEUSNGE,
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OXFORD NANOPORE
TECHNOLOGY

= Oxford Nanopore Technologies (Oxford, UK) utilize an engineered protein nanopore,
alpha-haemolysin, adapted so that the identity of DNA bases can be ascertained as
they pass through the nanopore by measuring variations in an ionic current passing

through the pore.
= The company is developing two methods —‘exonuclease’ sequencing where individual

bases are cleaved by the enzyme and passed through the nanopore in sequence and
‘strand’ sequencing where an ssDNA molecule is ratcheted through the nanopore by

the enzyme

(5]
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DNA Isolation:
Blood, Buffy Coat, Buccal Swab

]

|

PCR Amplification:
Gene Specific, Barcoded

'

Cleanup:
Magnetic Beads

|

Loci and Sample
Pooling

!

Library Preparation:
End Repair, Adapter Ligation

MinION 1D? —
Sequencing

!

10? Basecalling:
Albacore / Guppy

!

L

Demultiplexing:
Porechop / Guppy

A

|

Analysis:
GenDx NGSengine

Analysis:
151 SegPilot NGS

.-'"'f

{ Interpretation and Allele Calling ]
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A Traditional NGS MNanopore (MinlON) B (i) Enzyme-based library preparation

PER Add barcode | ——— . i ii‘ ' | I | I ” l|1 Tl
ImeTinﬁml

juimolar:
[Add adaplor & barcode] | ]
.. podiing

Second PCR iy ' Allelel: B*27-05:02
" il 2 'R¥E9- : -
=T I* i 2 Allele2- 'B*52-01-01-01

(1) Nanopore (MinlON)

N V== | e 0 s - Al — -— W
Seqguencing [Sequencingl suTR Exont Exon2 Exon3 Exond Exons Exon6 Exon? JUTR




HLA Allele Nomenclature

HLA-A * 24 02 01 01
HLA - A*240201 02 L

' Non-coding Intron, N = null

Locus Asterisk Allele family Amino

(serological acid (silent) 3 ord L = low
where difference polymorphism polymorphism S = Sec.
possible) A= Abr.
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HLA inheritance and familial matching

Q o} *‘Haplotype’: a combination of
| . alleles at adjacent loci on a
. '| g ; chromosome that are inherited

rapienes together.

Class || HLA slieles |
oR.0P0Q |

*Breeding between two
heterozygous individuals results
in children with 4 possible

genotypes

*Thereisalin 4 chance of a
complete match between two
siblings
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Linkage Disequilibrium

Father Mother An example: Haplotype A1-B8-DR3
a b c d e
AT A3 A2 AZ9 o i f::ect.:_d of A1-B8-DR3 = 0.0015
B8 BY E44 B44 - Fobserved = 0.025
DR17 DR15 DR4 DRY
Child 1 Child 2 Child 3 Child 4
a c a d b ¢ b d
Al A2 A1 AZ29 A3 A2 A3 A29
B8 B44 B8 B44 B7 Ba4 B7 B44
DR17 DR4 DR17 DR7 DR15| |[DR4 DR15 DR7 @
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Classic HLA loci

High expression loci (HEL)

Low expression loci (LEL)

= DRB3

= DRB4

= DRB5

=DQAI

=DQB1

= DDPA1

= DPB1



Matched sibling donors

= Primary low resolution typing for all available first
degree relatives.

= | ow or high resolution confirmatory typing of the

patient and phenotypically matched donor
based on HLA pedigree.

= |n most cases high resolution typing is not
needed.



Matched other related donors

= [yping of second degree relatives or beyond
based on infra familial marriages.

= Low or high resolution confirmatory typing of the
patient and phenotypically matched donor
based on HLA pedigree.

= In most cases high resolution typing is needed.

o



Resulls

= Dverall, outcomes for patients treated from a 1-antigen/allele
mismaich related donor were significantly worse than from a MUD,

primarily because of increased NRM.

= Overdll survlval [O3) rates ot 3 yvears for 1-antigen/allele
mismatched related donor and MUD fransplant recipients were 17%
and 45% (P =.007), and NRM rates were 40% and 24% (P =.05),
respectively.

= FPoflents with class | mismeatches appedared to have poorer O than
did patients with class || mismatches,

= A higher incidence of graft rejection was identified in the
mismatched related donor group (P=.02).

e



An Apparently 8/8 But Really Haploidentical Donor

= Patient and his uncle:

A*02,724; B*35,751; C*04,%16; DRB1*11,%12
/ =High resolution HLA typing results:

= Patient: A*24:02:01 B*35:01 DRB1*11:04

= lUncle: A*24:02:01 B*35:02 DRB1*11:01

©



Split HLA Antigens

=AO: A23, A24
=A10: A25, A26, A34, A66

=A19: A29, A30, A31, A32,
A33, A74

=A28: A68, A69
=B5: B51, B52

=B12: B44, B45
=B14: B64, B65

B15:
B77

=B16:
=B17:
=B21:
=B22:
=B40:
=B7/0:

B62, B63, B/75, B/6,

B38, B39
B5/, B58
B49, B50
BS54, B55, B56
B60, B61
B/1,B/72

o)



Linkage Disequilibrium/ Haplotypes

« LD: Alleles occur together with a greater frequency than
would be expected by chance

— B/C strong, DR/DQ strong, A less strong, DP weak

— e.g. B*0801 - 99% willbe Cw*0701
— ButB*1801 either Cw*0501, *0701

— e.gDRB1*1501 - willbe DQB1*0602
— But DRB1*0401 either Cw*0301,*0302

« Haplotype: A group of genes inherited together
— e.2g. A¥0101,B*0801,Cw*0701.DRB1*0301,DQB1*0201

©



Example

e Patient:
— A*0201, B*1801, DRB1*0401

* Finding a donor:

— Less strong LD - therefore * NOT predictable’
1.e. equal chance of C being *0701, *0501,
*1203; DQBI1 50/50 chance of *0301, *0302

— At low resolution (A2, B18, DRB4) unable to
predict this will match

©



G CODES FOR REPORTING OF AMBIGUOUS
ALLELE TYPING

= HLA alleles that have identical nucleotide sequences across the exons encoding the
peptide binding domains (exon 2 and 3 for HLA class | and exon 2 only for HLA class
|l alleles), will be designated by an upper case ‘G’ which follows the first 3 fields of
the allele designation of the lowest numbered allele in the group.

= The group designation will contain a minimum of six digits.

©



A*02:071:01G

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* 02:01:01:07/A* 02:01:01:08/A* 02:01:01:09/A* 02:01:01:10/A* 02:01:01:11/A*02:01:01:12/A* 02:01:01:13/A*02:01:01:14/A* 02:01:01:15/A*02:01:
01:16/A*02:01:01:17/A*02:01:01:18/A*02:01:01:19/A* 02:01:01:20/A*02:01:01:21/A* 02:01:01:22/A* 02:01:01:23/A* 02:01:01:24/A* 02:01:01:25/A* 02:01:01:26/A* 02:01:01:27/A* 02:01:01:28/A* 02:01:01:29/A* 02:01:01:30/A* 02:01:01:31/A* 02:
01:01:32/A*02:01:01:33/A*02:01:01:34/A* 02:01:01:35/A* 02:01:01:36/A* 02:01:01:37/A* 02:01:01:38/A* 02:01:01:39/A* 02:01:01:40/A* 02:01:01:41/A* 02:01:01:42/A* 02:01:01:43/A* 02:01:01:44/A* 02:01:01:45/A* 02:01:01:46/A* 02:01:01:47/
A*02:01:01:48/A*02:01:01:49/A*02:01:01:50/A* 02:01:01:51/A*02:01:01:52/A* 02:01:01:53/A* 02:01:01:54/A* 02:01:01:55/A* 02:01:01:56/A* 02:01:01:57/A* 02:01:01:58/A* 02:01:01:59/A* 02:01:01:60/A* 02:01:01:61/A* 02:01:01:62/A* 02:01:01:
63/A*02:01:01:64/A*02:01:01:65/A* 02:01:01:66/A* 02:01:01:67/A* 02:01:01:68/A* 02:01:01:69/A* 02:01:01:70/A* 02:01:01:71/A* 02:01:01:72/A* 02:01:01:73/A*02:01:01:74/A* 02:01:01:75/A*02:01:01:76/A* 02:01:01:77/A*02:01:01:78/A* 02:01:
01:79/A*02:01:01:80/A* 02:01:01:81/A*02:01:01:82/A* 02:01:01:83/A*02:01:01:84/A* 02:01:01:85/A* 02:01:01:86/A* 02:01:01:87/A* 02:01:01:88/A* 02:01:01:89/A* 02:01:01:90/A* 02:01:01:91/A* 02:01:01:92/A* 02:01:01:93/A* 02:01:01:94/A* 02:

01:01:95/A*02:01:01:96/A*02:01:01:97/A* 02:01:01:98/A* 02:01:01:99/A* 02:01:01:100/A* 02:01:01:101/A*02:01:01:102/A* 02:01:01:103/A* 02:01:01:104/A* 02:01:01:105/A* 02:01:01:106/A* 02:01:01:107/A* 02:01:01:108/A* 02:01:01:109/A* 02:

01:01:110/A*02:01:01:111/A*02:01:01:112/A*02:01:01:113/A*02:01:01:114/A* 02:01:01:115/A*02:01:01:116/A*02:01:01:117/A* 02:01:01:118/A*02:01:01:119/A* 02:01:01:120/A* 02:01:01:121/A*02:01:01:122/A* 02:01:01:123/A* 02:01:01:
124/A*02:01:01:125/A*02:01:01:126/A*02:01:01:127/A* 02:01:01:128/A* 02:01:01:129/A* 02:01:01:130/A* 02:01:01:131/A* 02:01:01:132/A*02:01:01:133/A* 02:01:01:134Q/A* 02:01:01:135/A* 02:01:01:136/A*02:01:01:137/A* 02:01:01:138/
A*02:01:01:139/A*02:01:01:140/A*02:01:01:141/A*02:01:01:142/A* 02:01:01:143/A* 02:01:01:144/A* 02:01:01:145/A* 02:01:01:146/A* 02:01:01:147/A* 02:01:01:148/A* 02:01:01:149/A* 02:01:01:150/A* 02:01:01:151/A* 02:01:01:152/A* 02:01:
01:153/A*02:01:01:154/A* 02:01:01:155/A* 02:01:01:156/A* 02:01:01:157/A* 02:01:01:158/A* 02:01:01:159/A* 02:01:01:160/A* 02:01:01:161/A* 02:01:01:162/A* 02:01:01:163/A* 02:01:01:164/A* 02:01:01:165/A* 02:01:01:166/A* 02:01:01:167/
A*02:01:01:168/A*02:01:01:169/A*02:01:01:170/A*02:01:01:171/A* 02:01:01:172/A*02:01:01:173/A* 02:01:01:174/A* 02:01:01:175/A* 02:01:01:176/A* 02:01:01:177/A*02:01:01:178/A* 02:01:01:179/A* 02:01:01:180/A* 02:01:01:181/A* 02:01:
01:182/A*02:01:01:183/A*02:01:01:184/A* 02:01:01:185/A*02:01:01:186/A* 02:01:01:187/A* 02:01:01:188/A*02:01:01:189/A* 02:01:01:190/A* 02:01:01:191/A*02:01:01:192/A* 02:01:01:193/A* 02:01:01:194/A* 02:01:01:195/A* 02:01:01:196/
A*02:01:01:197/A*02:01:01:198/A* 02:01:01:199/A*02:01:01:200/A* 02:01:01:201/A* 02:01:01:202/A* 02:01:01:203/A* 02:01:01:204/A* 02:01:01:205/A* 02:01:01:206/A* 02:01:01:207/A* 02:01:01:208/A* 02:01:01:209/A* 02:01:01:210/A* 02:01:
01:211/A*02:01:01:212/A*02:01:01:213/A*02:01:01:214/A*02:01:01:215/A* 02:01:01:216/A* 02:01:01:217/A*02:01:01:218/A* 02:01:01:219/A* 02:01:01:220/A* 02:01:01:221/A* 02:01:01:222/A* 02:01:01:223/A* 02:01:01:224/A* 02:01:01:225/
A*02:01:01:226/A*02:01:01:227/A*02:01:01:228/A*02:01:01:229/A* 02:01:01:230/A* 02:01:01:231/A*02:01:01:232/A* 02:01:01:233/A* 02:01:01:234/A* 02:01:01:235/A* 02:01:01:236/A* 02:01:01:237/A* 02:01:01:238/A* 02:01:01:239/A* 02:01:
01:240/A*02:01:01:241/A*02:01:01:242/A* 02:01:01:243/A* 02:01:01:244/A* 02:01:01:245/A* 02:01:01:246/A*02:01:01:247/A* 02:01:01:248/A* 02:01:11/A* 02:01:14Q/A* 02:01:15/A* 02:01:21/A* 02:01:48/A* 02:01:50/A* 02:01:79/A* 02:01:80/
A*02:01:89/A*02:01:97/A*02:01:98/A* 02:01:99/A* 02:01:104/A* 02:01:130/A* 02:01:131/A* 02:01:132/A* 02:01:133/A* 02:01:134/A* 02:01:135/A* 02:01:136/A* 02:01:143/A* 02:01:148/A* 02:01:149/A* 02:01:151/A* 02:01:154/A* 02:01:156/
A*02:01:159/A*02:01:160/A*02:01:161/A*02:01:163/A*02:01:164/A* 02:01:166/A* 02:01:167/A*02:01:168/A* 02:01:169/A* 02:01:170/A* 02:01:181/A* 02:01:182/A* 02:01:183/A* 02:01:184/A* 02:01:185/A* 02:01:186/A* 02:01:188/A* 02:01:
191/A*02:01:192/A*02:01:193/A* 02:01:194/A* 02:01:195/A* 02:01:196/A* 02:01:197/A* 02:01:198/A* 02:01:199/A* 02:01:200/A* 02:01:201/A* 02:01:202/A* 02:01:203/A* 02:01:204/A* 02:01:205/A* 02:01:206/A* 02:01:208/A* 02:01:209/A* 02:
01:211/A*02:01:213/A*02:01:215/A*02:09:01:01/A* 02:09:01:02/A* 02:09:01:03/A* 02:09:01:04/A* 02:43N/A* 02:66/A* 02:75/A* 02:83N/A* 02:89:01/A* 02:89:02/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* 02:305N/A* 02:327/A* 02:329/A* 02:356N/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/A* 02:607/A* 02:608N/A* 02:614/A* 02:629/A* 02:642/
A*02:665/A*02:675N/A*02:685/A* 02:686/A* 02:687/A* 02:689/A* 02:690/A* 02:691N/A* 02:692/A* 02:704/A* 02:716/A* 02:719/A* 02:720/A* 02:722/A* 02:724/A* 02:726/A* 02:739/A* 02:740/A* 02:742/A* 02:744/A* 02:753/A* 02:755/
A*02:761/A*02:762/A*02:763/A* 02:765/A* 02:776/A* 02:779/A* 02:786/A* 02:792N/A* 02:793N/A* 02:794/A* 02:795Q/A* 02:810/A* 02:812/A* 02:819/A* 02:820/A* 02:823/A* 02:824/A* 02:825/A* 02:830:01/A* 02:830:02/A* 02:832N/A* 02:
834/A*02:836/A* 02:839/A* 02:844/A* 02:846/A* 02:852/A* 02:853/A* 02:857/A* 02:862/A* 02:864:01:01/A* 02:864:01:02/A* 02:865/A* 02:866/A* 02:868/A* 02:869/A* 02:870/A* 02:871N/A* 02:874/A* 02:875/A* 02:884:01/A* 02:884:02/
A*02:894/A*02:896N/A*02:899/A* 02:915N/A*02:916/A*02:917/A*02:919/A* 02:928/A* 02:930/A* 02:939/A* 02:942/A* 02:950/A* 02:956/A* 02:957/A* 02:969/A* 02:970/A* 02:974/A* 02:975/A* 02:978/A* 02:983/A* 02:987/A* 02:989N/
A*02:995/A*02:1005/A*02:1006N/A*02:1007Q/A*02:1008/A* 02:1009/A*02:1011Q/A*02:1012/A* 02:1013/A* 02:1034/A* 02:1035/A* 02:1036/A* 02:1040/A* 02:1043/A* 02:1047/A* 02:1049/A* 02:1053N/A* 02:1055N/A* 02:106 1N/A* 02:

1069/A*02:1073/A*02:1078N/A* 02:1080/A* 02:1089/A* 02:1093/A* 02:1102/A*02:1103/A* 02:1111/A* 02:1115/A* 02:1120/A* 02:1124/A* O 2 . 1 1 2 5
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| HLA-& HLA-B HLA-C HLA-DRB 1 HLA-DRE345 HLA-DOE] HLA-DPEL
[Ar0L:04N* WD JR*076TN WD |C*O2EEN WD JDRE1*07:10N WD JDREATOL0R0L02N® WD JDOB1*CR:18N WD JDPE1*61:01N WD
[a01:158  wo JB*o7:181N wD [c*zsan  wD |DRE1*07:268 WD |DRB4*01:18N WD |DOB1*0220M WD |DPB1*64:01N WD
la*oLieN  wD JB*14:07N WD |C*O4:09N* | IDRB1*12:24N WD |DRB4*02:01N WD JDOR1TC3I1EN WD JDFBE1*120:01N WD
lA*oLsTN WD JE*15:00:00:02N* WD |c*0423N WD DREA*03:01N WO DOB1I*0eR6N WD JDPE1*154:01N WD
Iﬁ.*'Dl:ilE‘-.l WD fBY15749N WD |C*0485N WD DRES™01:08M* WD |DOBI*O0STEN WD JDPE1*161:01N WD
la*oz:5an wD Je*1s:181N WD JC*ISH0IN | DRBS* 01:10M WD JDOBL*06:7IN WD JDPBL*218:01N ‘WD
[A*o2:B3N* wD [B*15:190N WD JC*05:09N WD DOB1*06:144N WD |DPE1*357:01N WD
laxo2:2an wD JB*35:165N WD |C*05:16N WD DFEL*570:01N WD
far02:113M WD [B*37:03N WD |C*0eT9N WD

far0:1250 WD [B*37:42N WD |C*OFE2N WD

022278 WD JB*39:40N WD JC*O733N WD

ja*02:514 WD JB*40:22N WD |C*OF:55N WD

(A*03:21N* WD JR*A0:142N WD |C*OFsiN WD

[A*11:21N* wD |B*40:155N* WD |CROF: 10N WD

[A*11:109M wD Jer44:23N WD JC*O7:198N WD

|.u*23.:?_1m WD JBE*51:11N* WD |CRO722YN WD

ARILIEN WD CrO7ASIN WD

*RA0ONT WD C*0B:127N WD

fA*20:11N" WD CRLS1EE2N WD

lat24:36MN WD CrIB30N WD

la*z4:54N WD

[a*24:20M WD

fA*24:252M WD

lar2502n WD

lar3o7om WD

[A*30:78N WD
[A*31:14N* WD
[Ar3160M WD
far32:27N WD
[a"3z:45M WD
[a*34:10N WD
la"6z18M WD

@



H LA d Isease aSSOCIat ion IPanel Disease or Hypersensilivily "age Associaled
# # HLA Allele
1 3 HLA B*37:01
2 Allopurinol [Typersensikivily 4 ITLA %5801
) Spondyloarthropathics (Ankylosing )
3 Spondylitis, lleactive Arthritis, Juvenile 7 HLA-B27
Arthritis)
Eve Dizegse HLA Association (Acute Anterior HLA-BZT
4 (Mveiti=lTLA-B27, Behgel's Disease HLA-TIRT, 11 TILA-TIST, ITLA-AZD
Birdshot chorioretinopathy THLA-AZ9)
ITLA-IE* 1502, TT1LA-
a Carbamaxzepine lTypersensitivily 16 A*31+01
MLA-TAT and TTLA-
6 Coliac Disease (Coliac Genoelbics) 18 DB lassociated alleles
and N 2/T0R
) hoeterodimers
TLA-THMIRT* 0602,
7 Marcolepsy 24 DOAT*01:02
Pediatric Acobe-onsel Neuropsyehiatric ITLA-II3E, TITA-TIS,
H Svndrome{ PANST 27 MLA-TIST, MMTA-TRSZ,
TI.A B27, TTLA-Tawd
I'soriasis 29 HLA-BAY, HLA-Cwi
4
HLA-DIB1715:01, |
10 11.-1 and 11.-6 inhibitors ITvpersensibiviky 34 HLA-DRBSZHIL;01
ITLA-TMD1T*0a: 02,
ITLA-TM)AT*DT:02,

©
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Current
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