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How does all of this work?

http://www.huffingtonpost.com
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HLA?!

1980 Nobel Prize Laureate 

Jean Dausset (1916-2009)

First HLA Antigen, 1953



HLA??!!!



http://what-when-how.com/wp-content/uploads/2012/04/tmp4C9.jpg



https://www.astro.org



Database Release 3.34.0 (10/2018)



HLA-C*07:02:01:17N
Locus Type Silent 

Substitution
Expression

Signifies 
DNA

Subtype

Differences outside 
the coding region 

(introns)

What is Nomenclature?

Corresponds 
to the 

serologic 
antigen or 

family



B*15:01        = B62
B*15:02        = B71
C*03:03        = Cw9
C*03:04        = Cw10
DRB1*03:01 = DR17
DRB1*03:02 = DR18
DQB1*03:01 = DQ7
DQB2*03:02 = DQ8



Database Release 3.34.0 (10/2018)




 AA Pos.                    10         20         30         40         50         60         70         80         90        100 

 A*01:01:01:01      GSHSMRYFFT SVSRPGRGEP RFIAVGYVDD TQFVRFDSDA ASQKMEPRAP WIEQEGPEYW DQETRNMKAH SQTDRANLGT LRGYYNQSED GSHTIQIMYG 

 A*02:01:01:01      ---------- ---------- ---------- ---------- ---R------ ---------- -G---KV--- ---H-VD--- ---------A ----V-R--- 

 A*03:01:01:01      ---------- ---------- ---------- ---------- ---R------ ---------- ------V--Q -----VD--- ---------A ---------- 

 

 AA Pos.                   110        120        130        140        150        160        170        180        190        200 

 A*01:01:01:01      CDVGPDGRFL RGYRQDAYDG KDYIALNEDL RSWTAADMAA QITKRKWEAV HAAEQRRVYL EGRCVDGLRR YLENGKETLQ RTDPPKTHMT HHPISDHEAT 

 A*02:01:01:01      ----S-W--- ---H-Y---- ------K--- ---------- -T--H----A -V---L-A-- --T--EW--- ---------- ---A------ --AV------ 

 A*03:01:01:01      ----S----- ---------- ---------- ---------- ---------A -E---L-A-- D-T--EW--- ---------- ---------- ---------- 

 

 AA Pos.                   210        220        230        240        250        260        270        280        290        300 

 A*01:01:01:01      LRCWALGFYP AEITLTWQRD GEDQTQDTEL VETRPAGDGT FQKWAAVVVP SGEEQRYTCH VQHEGLPKPL TLRWELSSQP TIPIVGIIAG LVLLGAVITG 

 A*02:01:01:01      ------S--- ---------- ---------- ---------- ---------- --Q------- ---------- -----P---- ---------- ---F------ 

 A*03:01:01:01      ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- 

 

 AA Pos.                   310        320        330        340 

 A*01:01:01:01      AVVAAVMWRR KSSDRKGGSY TQAASSDSAQ GSDVSLTACK V      

 A*02:01:01:01      ---------- ---------- S--------- ---------- -      

 A*03:01:01:01      ---------- ---------- ---------- ---------- -  





HLA Class I
Gene A B C Total
Alleles 4,638 5,590 4,374 14,592
Proteins 3,172 3,923 2,920 10,015
Nulls 224 169 171 564

Database Release 3.34.0 (10/2018)



HLA Class II
Gene DRA DRB DQA1 DQB1 DPA1 DPB1 Total
Alleles 7 2,693 100 1,316 73 1,097 5,286
Proteins 2 1,908 36 878 32 728 3,584
Nulls 0 84 4 35 0 34 157

Database Release 3.34.0 (10/2018)




 AA Pos.                    10         20         30         40         50         60         70         80         90        100 

 A*01:01:01:01      GSHSMRYFFT SVSRPGRGEP RFIAVGYVDD TQFVRFDSDA ASQKMEPRAP WIEQEGPEYW DQETRNMKAH SQTDRANLGT LRGYYNQSED GSHTIQIMYG 

 A*02:01:01:01      ---------- ---------- ---------- ---------- ---R------ ---------- -G---KV--- ---H-VD--- ---------A ----V-R--- 

 A*02:02:01:01      ---------- ---------- ---------- ---------- --RR------ ---------- -G---KV--- ---H-VD--- ---------A ----L-R--- 

 A*02:03:01         ---------- ---------- ---------- ---------- ---R------ ---------- -G---KV--- ---H-VD--- ---------A ----V-R--- 

 A*02:04            ---------- ---------- ---------- ---------- ---R------ ---------- -G---KV--- ---H-VD--- ---------A ----V-M--- 

 A*02:05:01         --------Y- ---------- ---------- ---------- --RR------ ---------- -G---KV--- ---H-VD--- ---------A ----L-R--- 

 A*02:06:01:01      --------Y- ---------- ---------- ---------- ---R------ ---------- -G---KV--- ---H-VD--- ---------A ----V-R---





 A*02:608N          ---------- ---------- ---------- ---------- ---R------ ---------- -G---KV--- ---H-VD--- ---------A ----V-R--- 

 A*02:609           *--------- ---------- ---------- ---------- ---R------ ---------- -G-------- ---H-VD--- ---------A ----V-R--- 

 A*02:610           *--------- ---------- ---------- ---------- ---S------ ---------- -G---KV--- ---H-VD--- ---------A ----V-R--- 

 A*02:611           *--------- --T------- ---------- ---------- ---R------ ---------- -G---KV--- ---H-VD--- ---------A ----V-R--- 

 A*02:612           *--------- ------S--- ---------- ---------- ---R------ ---------- -G---KV--- ---H-VD--- ---------A ----V-R--- 

 A*02:613           *--------- ---------- ---------- ---------- ---R------ ---------- -G---KV--- ---H-VD--- ---------A ----V-R--- 

 A*02:614           *--------- ---------- ---------- ---------- ---R------ ---------- -G---KV--- ---H-VD--- ---------A ----V-R---





Groove-Domain Cytoplasmic TailTM

Class I

Class II

1 5 6 87Exon 4Exon 3Exon 2

1 4 65Exon 3Exon 2



On June 26, 2000 President Clinton, with J. Craig 
Venter, left, and Francis Collins, announces completion 
of "the first survey of the entire human genome."

$ 3 Billion (2000)

10 years (1993-2003)



Schuster, Nature Methods 2008



BGICC - Precision Medicine Session I  |  Jan 19, 2017



van Dijk et al, 2014

Initially

At Time of Pub

0.0000008 Sanger’s
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Title headline here
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Allosensitization



HLA Allosensitization

Allosensitization is defined as the 
development of HLA antibodies following 
exposure to a sensitizing event such as:

Pregnancy, 
Blood/product transfusion, and 
Organ transplantation.  



Morin-Zorman et al, 2016



Ciurea et al, 2015





HLA Mismatches & Donor Source

https://web.stanford.edu







How To Measure 
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Parameters / Characteristics
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Taxonomy Ab Detection Assays

Bray et al 2004
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lymphocytes
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Bray et al 2004

Taxonomy







LUMINEX







Grab your cape.

DSA vs. XM
• Positive DSA: Recipient has HLA antibodies that correspond to 

the donor mismatched HLA antigens detected by solid phase 
assay

• Positive Crossmatch: Recipient has antibodies that react to 
antigens on donor lymphocytes (HLA or Non-HLA including 
autoantibodies)



Orandi et al, 2014



http://www.onelambda.com







Leffell et al, 2015



Grab your cape.

HLA Ab Identification
Prediction of Crossmatch results (Virtual XM; vXM)
Presence of DSA predicts Pos XM
Absence of DSA Predicts Neg XM
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Genotype Frequency as a Search Prognosis Tool

Grab your cape.

• ≥ 3 10/10 donorsGood

• 1-2 10/10s or
• No 10/10s and
• ≥ 3 9/10 donors

Fair

• No 10/10s and
• < 3 9/10 donorsPoor

Genotype 
Frequency

Tool

Patient HLA Type

Wadsworth, K. et. al. Bone Marrow Transplant 2016 Nov;51(11):1476-81

HLA-A HLA-B HLA-C HLA-DRB1 HLA-DQB1

11:01 18:01 07:01 01:01 05:01

68:02 35:01 04:01 14:01 05:03

+ Patient Ethnicity





Grab your cape.

So What? Who Cares?

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=bRDdS3bRKETvzM&tbnid=aISMcsrRSbVmkM:&ved=0CAUQjRw&url=http://cartoonsy.com/cartoons/bank-cares-dirty-business-customer-service-735&ei=0ppfUqSgDpSK9QTopIGgDA&bvm=bv.54176721,d.eWU&psig=AFQjCNFeKUv80G0QxZ70_V0bQgQ-9Eayqg&ust=1382083291968065
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Lee et al, 2007







Lee et al, 2007



Lee et al, 2007



GRFS



OS GVHD

Lee et al, 2007



B*44:02~C*05:01 (Top 3)
B*44:03~C*16:01 (Top 5)



Grab your cape.



OS GVHD





OS DFS

Grade 3-4 aGVHD TRM











Shaw et al 2007

















Groove-Domain Cytoplasmic TailTM

Class I

Class II

1 5 6 87Exon 4Exon 3Exon 2

1 4 65Exon 3Exon 2

Hickey et al, 2016



Non-Coding Sequences



Courtesy of Marcelo Fernandez-Vina





Polymorphismsim the putative miRNA binding sites in the 
3’UTR of HLA-C

Kulkarni et al 2011



Kulkarni et al 2011











Petersdorf et al, 2015



Patient 
Testing

HLA 
Matching

KIR

Engraftment

Patient 
Testing



KIR











KIR Nomenclature



Rajalingam, 2002

KIR Nomenclature



KIR Nomenclature

Rajalingam, 2002



KIR Nomenclature

Rajalingam, 2002



Rajalingam, 2002

KIR Nomenclature



KIR Ligands

Kulkarni et al, 2008



KIR Ligands

Kulkarni et al, 2008



KIR Ligands

Kulkarni et al, 2008



KIR Ligands

Kulkarni et al, 2008



Farag et al, 2002



Sun, 2010



KIR Alleles
Gene 2DL1 2DL2 2DL3 2DL4 2DL5 2DS1 2DS2 2DS3
Alleles 59 31 59 65 51 16 23 16
Proteins 34 13 34 37 22 8 9 7
Nulls 2 0 1 0 0 0 0 1

Gene 2DS4 2DS5 3DL1 3DS1 3DL2 3DL3 2DP1 3DP1
Alleles 35 23 137 39 158 126 40 29
Proteins 16 17 84 22 109 69 0 0
Nulls 0 0 3 1 1 0 0 0

Statistics for Release 2.7.0 (July 2017)
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Cooley et al, 2010



Cooley et al, 2010



Cooley et al, 2010
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Bader et al., 2005



Short Tandem Repeats (STR)





Engraftment Analysis (STR)

D3S1358 TH01 D21S11 D18S51 Penta E

D5S818
D13S317

D7S820
D16S539 Penta DCSF1PO

Amelogenin
(sex-typing)

VWA D8S1179
TPOX FGA

blue panel

Overlay of all 4 colors 
(including internal size 

standard)

yellow panel

green panel

red panel
ILS600 DNA sizing standard

200 bp 300 bp100 bp 400 bp 500 bp
325 350 375 425 450 475225 250 275120 140 160 180

Figure 5.5, J.M. Butler (2005) Forensic DNA Typing, 2nd Edition © 2005 Elsevier Academic Press















Method Comparison

Bader et al., 2005



OR27: Novel Next Generation 
Sequencing Based Chimerism Assay for 

Engraftment Monitoring in 
Hematopoietic Cell Transplantation



Artificial Mixes
• Samples of known chimeric status, ranging from 0%- 100% recipient DNA

y = 0.9989x + 0.2047
R² = 0.9977
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Artificial Mixes

Value Patient % 95% CI (Lower) 95% CI (Upper) # Markers Limit of Detection
0 0.00 -0.07 0.06 15 0.14

0.5 0.56 0.41 0.71 10 0.12
1 1.13 0.97 1.30 13 0.15
2 2.16 1.95 2.37 16 0.07
3 3.10 2.78 3.41 21 0.12
4 4.02 3.63 4.40 20 0.15
5 5.65 4.58 6.71 14 0.11

11 11.35 10.26 12.44 16 0.13
21 22.63 21.08 24.18 23 0.20
50 51.54 49.95 53.14 31 0.17
95 95.31 94.89 95.73 10 0.16

100 100.06 100.01 100.10 28 1.16



Precision
Tech 1 Tech 2 Tech 3

0.56 0.53 0.57
1.13 1.52 1.24
2.16 1.94 2.43

3.1 3.08 3.73
4.02 3.58 4.19
5.65 5.41 5.01







Summary

• Matching at HLA-A, -B, -C, and DRB1 remains to have the highest 
impact on clinical outcomes 

• There is accumulating evidence of clinical relevance of DP, DQ and 
non-coding sequences

• Advances in sequencing technology will continue to reduce cost, 
increase HLA typing resolution, precision of engraftment monitoring

• Presence of donor HLA specific antibodies are associated with failure 
of engraftment and can be managed proactively



Thank you! 

Email: Medhat.Askar@BaylorHealth.Edu
Tel: +1 (214) 820-4602

mailto:Medhat.Askar@BaylorHealth.Edu
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