Annual Meeting Education Program

October 25-28, 2014 | Pennsylvania Convention Center | Philadelphia, PA

(9104-TC) Blood Group Systems Update: JR,
LAN, VEL

October 25, 2014 <> 10:30 AM - 12:00 PM

2]
s
=
©
g=
=
S
=
=
©
-
S
e
=
O
2]
)
-
=¥

2]

Advancing Transfusion and
Cellular Therapies Worldwide




Event Faculty List

Event Title: ~ (9104-TC) Blood Group Systems Update: JR, LAN, VEL
Event Date:  October 25, 2014
Event Time:  10:30 AM - 12:00 PM

Director/Moderator

Gregory Halverson, BS, MT(ASCP)SBB, DLM
halvergy@ucmail.uc.edu

Disclosure: No

Speaker

Lilian Castilho, PhD
Professor and researcher
Hemocentro, Unicamp
castilho@unicamp.br
Disclosure: No

Speaker

Thierry Peyrard, PhD, PharmD, EurClinChem

Director of the French National Immunohematology Reference Laboratory
National Institute of Blood Transfusion

tpeyrard@ints.fr

Disclosure: No

Speaker

Jill Storry, PhD, FIBMS
Region Skne
Jill.Storry@med.lu.se
Disclosure: No



Blood Group Systems Update: JR, Lan, Vel

JR Blood Group System

el Lilian Castilho, PhD g

31/10/2014

Disclosures

Relevant Financial Relationship

None

" Lilian Castilho
2.® Hemocentro-UNICAMP-Campinas-Brazil

JR Blood group system {

Overview

@ History and terminology
® Antigens and antibodies
® Molecular basis

® Gene and alleles

@ Structure of ABCG2 protein and function




JR Blood group system I

History and terminology

S 1

Year 1% antigen reported 1970 (Stroup and Macllroy, 23 AABB Annual
Meeting)
How 1%t antigen was found An antibody to a new high prevalence antigen
Naming of 1% antigen After the first maker of anti-Jr?, Rose Jacobs
1990: ISBT 901.005
Naming of the system Jr* was promoted to a system in 2012 when it

was shown that ABCG2 null alleles define the
Jr(a-) phenotype
ISBT System name, symbol, number R, JR, 032

31/10/2014

JR Blood group system |

JR antigens *

Common (all populations: >99%) Jr?

Basis of antigen expression Not reported
Cord blood cells Fully developed
Effect of proteases Resistant

Effect of thiol compounds Resistant

Rare JR phenotypes
Jr(a-) and Jr(a+%/-)

Human monoclonal anti-Jr?, clone HMR0921 (Miyazaki and colleagues , 1994):
Jr(a-) occurs in 0.07% of Japanese donors

Jr (a-): Various populations (Northern European extraction, Bedouin Arabs and
one Mexican) but is found most often in Japaneses and other Asians. No data
are available on the frequency of Jr(a—) phenotype in African blacks

Atypical: Jr(a+"/-)
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JR Blood group system

Jr? antibody o+ &K
4 J

Immunoglobulin class IgG mare common than IgM

Optimal technique for detection |AT

Complement binding in vitro Some

Autoantibodies Not reported
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JR Blood group system

Clinical relevance of anti-Jr® m
-
Transfusion reaction Rare because antibody is rare

Type & severity Anti-Jr* may cause moderate hemolytic
transfusion reactions, mostly as DHTR

RBCs for t fusi Hemagglutination and DNA predictions
Type Immune destruction
Severity Mild to severe; rare fatal cases of HDFN

31/10/2014

JR Blood group system l

N -
-
Attempts to define the Jr? antigen

For many years, numerous laboratories, using various
techniques have failed to characterize Jr?

Attempts to immunoprecipitate and immunoblot the antigen
using human anti-Jr? were unsuccessful until 2012
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JRis carried on ABCG2 transporter and encoded by ABCG2 gene

Zelinski and coworkers (Nature genetics 2012; Saison and coworkers (Nature genetics 2012;

Genetic approach Biochemical approach
H ity-by-descent ing study to HMR0921 MoAb weakly reactive with human
identify the chromosomal region containing RBCs but strongly reactive with
the gene responsible for Jr? expression cat RBCs
an?

Four candidate genes were found but only the Immunoprecipitation of cat RBCs with
product of ABCG2 was known to be expressed F 1 enabled the i ification of a
on RBCs protein, identified by mass spectrometry as

abcg?, encoded by the cat ortholog (abcg2) of
6 Jr(a—): 3 different mutations in ABCG2 the human ABCG2 gene

18 Jr(a-): 8 different mutations in ABCG2
¢.376C>T (Asians); ¢.706C>T (Gypsies)
42 years later: Jr? is carried on the ABCG2 transporter and encoded by ABCG2
Promoted from ISBT 901.005 to a blood group system (JR or ISBT 032)
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JR Blood group system

JR gene and alleles

Gene name JR (ABCG2]
Entrez Gene ID; GenBank #s 9429; NM_004827.2 (DNA)
Chromosome location 4922.1

38 i3 Pogiid
Number of exons and size 16 exons spread over approximately

68.6 kbp of gDNA

1 A6 345 10 112131415 16

Type of null alleles (in order of  Nonsense, deletions, insertions
decreasing frequency)

Type of mod alleles Missense
[«
JR Blood group system I
23 different null alleles of ABCG2 have been reported to encode the rare Jr(a-)
Alleles Nucleotide
ABCG2*01N.01 €.376C>T (4) GIn126X Asian Zelinski et al, 2012
ABCG2*01N.02.01 ©.706C>T (7) Arg236X Caucasian  Zelinskietal, 2012
ABCG2*01N.02.02 €.34G>A(2), 706C>T (7) Val12Met, Arg236X Asian Zelinski et al, 2012
ABCG2*01N.03 ©.736C>T (7) Arg246X Caucasian  Zelinskietal, 2012
ABCG2*01N.04 €337C>T (4) Argl13X Caucasian  Tobitaetal, 2013
ABCG2*01N.05 €.784G>T (7) Gly262X Caucasian  Hue-Royeetal, 2013
ABCG2*01N.06 €34G>A (2), 1591C5T (13) Val12Met, GIn531X Caucasian  Hue-Roye etal, 2013
ABCG2*0IN.07  c.187_197delATATTATCGAA (2) lle63TyrfsX Caucasian  Saison etal, 2012
ABCG2*01N.08 €.542_543insA (6) Phe182ValfsX Caucasian  Saison etal, 2012
ABCG2*01N.09 €.7300>T (7) GIn244x Caucasian  Zelinskietal, 2012
ABCG2*01N.10 €.791_792delTT (7) Leu264HisfsX Caucasian  Saison etal, 2012
ABCG2*0IN.11 €.875_878dupACTT (8) Phe293LeufsX Caucasian  Saison etal, 2012
ABCG2*01N.12 €.1111_1112delAC (9) Thr371LeufsX Asian Saison et al, 2012
ABCG2*01N.13 €.34G>A(2), ¢.244_245insC (3)  Val12Met, Thr2HisfsX Asian Zelinski et al, 2012
ABCG2 €27T>C (2) Met1Thr Asian Tanaka et al, 2014
ABCG2 €.263+1G>A (Intron 3) rspl? Asian Tobita et al, 2013
ABCG2 €.289A5T (4) Lys97Ter Asian Tobita etal, 2013
ABCG2 €.565_566del (6) Gly189fs Asian Tobita et al, 2013
ABCG2 €1515delC (13) Gln141lys, Ala505fs Asian Tobita etal, 2013
ABCG2 C.421C>A (5), c.1515delC (13) Gln141lys, AlaS05fs Asian Tanaka et al, 2014
ABCG2 €1723C5T (14) Arg575X Asian Tobita etal, 2013
ABCG2 €.1789_1790insT (15) Ala597fs Asian Tobita etal, 2013
ABCG2 27-kb deletion in the promoter region om a ABCG2*01W.01 Asian  Ogasawara etal, 2014

JR Blood group system

Alleles encoding Jr(a+W/-) or unclear Jr? status
4 different alleles of ABCG2 have been reported to encode the rare Jr(a+"/~) phenotypes
9 different alleles of ABCG2 have been reported to encode unclear Jr® status

Phenotype Alleles Nucleotide
change (exon/intron)
Jr(a+v/-)  ABCG2*01W.01 €.421C>A (5) Gln141lys Caucasian’?
Ir(a+vi-) ABCG2*01W.02 c.1858G>A (16) Asp620Asn Caucasian®
Ir(a+wi-) €.383A>T (5) Asp128Val Asian?
Ir(a+wi-) .1859G>A (16) Asp620Gly Asian?
Unclear C.421C>A; 440G>A(5)  GIn141lys; Argl47GIn Asian?
Unclear €.421C>A; 458C>T(5)  GInl4dlys; Thri53Met Asian?
Unclear €.455T>C(5); 1819T>C(16) Met152Thr; Cys608Arg Asian?
Unclear ABCG2*01N.14 €.1017_1019delCTC (9) Ser340del Caucasian®
Unclear €.1384G>A (12) Glya62Arg Asian?
Unclear €.1714AC (14) Ser572Arg Caucasian?
Unclear €.1819T>C (16) Cys608Arg Asian?
Unclear €.1820+1G>A (Intron 15) r.spl Asian?
Unclear c.1841T>G (16) Leu614Trp Asian?

1Hue-Roye, 2013; ?Tobita et al, 2013
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JR Blood group system I

Summary
JR alleles encoding Jr(a-), Jr(a+%/-) or unclear Jr? status

Mutations in ABCG2

2012: 14 ABCG2 null alleles: (11 in Caucasians and 3 in Asians)

Zelinski et al, 2012; Saison et al, 2012; Hue-Roye et al, 2012

2013: 6 ABCG2 null alleles in Asians, 4 ABCG2 “weak” alleles (2 in Caucasians
and 2 in Asians) and 9 ABCG2 alleles with unclear status: (2 in Caucasians and
7 in Asians)

Tobita et al, 2013; Hue-Roye et al, 2013

2014: 3 ABCG2 null alleles in Asians

Tanaka et al, 2014; Ogasawara et al, 2014

JR Blood group system l

Predominant alleles encoding Jr(a—) and Jr(a+"/-) phenotypes

Mutations in ABCG2
¢.376C>T nonsense mutation in ABCG2 is the most frequently
detected mutation in Jr(a-) individuals

1.7% of Japaneses: “high”-incidence of the Jr(a—) phenotype
€.706C>T and ¢.736C>T nonsense mutations in ABCG2 are more
frequently detected in Caucasian Jr(a—) individuals

€.421C>A, ¢,1714A>C and ¢.1858G>A) in ABCG2 are linked to weakned
expression of the Jr? antigen
The majority of Jr(a—) individuals is homozygous for a single mutation

31/10/2014
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DNA-based genotyping to identify Jr(a—) individuals

DNA-based genotyping
PCR assay for c.376C>T: 90% of Japaneses Jr(a—)

High-throughput genotyping assay targeting frequently occurring mutations in
ABCG2 (c.376T, c.706T and ¢.736T) that cause the Jr(a—) phenotype

Haer-Wigman et a, Transfusion 2014, 54:1836-46

The extended heterogeneity of mutations causing Jr(a—) phenotype in most
populations makes genetic screening for the Jr(a—) phenotype inefficient
Genetic screening for a specific mutation that causes the Jr(a-) in speci
ethinicities can be more efficient

Bl ol
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Haer-Wigman L, Ait Soussan A, Ligthart P, de Haas M, van der Schoot CE.
Molecular analysis of immunized Jr(a-) or Lan— patients and validation of a
high-throughput genotyping assay to screen blood donors for Jr(a-) and Lan-
phenotypes. Transfusion 2014;54:1836-46.

Investigation of copy number variatiol

No copy number variation was detected in ABCG2

Negativity is not due to loss of heterozygosity of ABCG2, but to the presence
of two affected alleles of ABCG2

31/10/2014
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JR Protein (ABCG2)

Name(s) Jr glycoprotein, ATP-binding cassette, su mily G, member 2
[ABCG2]; breast cancer resistance protein [BCRP]

protein with 6 predicted passes

Structure Glycoprotein of 655 amino acids with one nucleotide binding
domain with Walker A, Walker B, and Signature motifs oriented to
the cytoplasmic surface followed by one membrane spanning
domain. The functional molecule is likely a homodimer in the
membrane

M, on SDS-PAGE 72,000 reduced; 180,000 non-reduced

Predicted topology of ABCG2 protein with location of amino acid changes encoded by nonsense and missense alleles [

. JR Blood group system

m=m— ABCG2 Protein

In other High expression in placenta

tissues Low expression in epithelial cells of small and large intestines, liver
ducts, colon, lobules of the breast, endothelial cells of veins and
capillaries, and brain microvessel endothelium, stem cells, lung and
in the apical membrane of proximal tubules of the kidney
Unregulated in breast and brain tumors

An ATP-dependent transport protein of a broad range of substrates

Involved in multidrug resistance in tumor cells, particularly in breast cancer
Function in the defense of normal cells against toxic agents

Arole in folate homeostasis

isease The GIn126Stop and GIn141Lys variants of ABCG2 are associated with an
ssociation increased risk for gout
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c.421C>A GIn141Lys

allele frequency
° 02 04 o8 08

African
African-Amarican|
Jnexican-American
Caucasian

Japanese

Chinese

lziC(:uT) AHAQIIK)
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To date, more than 1,000 synonymous and non-synonymous single-
nucleotide polymorphisms (SNPs) in the gene sequence of ABCG2
have been described (http://www.ncbi.nIm.nih.gov/snp)

Additional diversity within the JR blood group system is still
expected

Jr(a-) individuals provide a large cohort of “natural knockouts” for
ABCG2 (ABCG27)

Opportunity to study the exact role and function of ABCG2 in
humans under normal physiology and pathologic conditions

kA
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The Lan antigen: a 50-year old mystery

van der Hart & al
1961

Lan for
«Langereis »,
name of the first
proband
(Dutch origin)




The Lan antigen

The 901 series of high incidenc.

The Lan antigen used to
belong to the 901 series

Terminology

an (901,002

Occurrence

Lan-is arare

All populations: >99%

The Lan~ phenotype occurs in about | in 20000 people; found in Blacks,

Crncasans ind ares blood type
[77] Effcet of enzymes/chemicals on Lan antigen oninsce RBCs W OT|ldWid e
| ‘ Ficin/papain Resistane AAA
|| Toypsia Resistant
! a-Chymotrypsin Resistant
| Pronase Resistant

Sialidase Resistant

DTT 200mM Resistant

31/10/2014

" Acid Resistant @

What is the 901 series?

= Antigens with a prevalence >90% in most
populations, that do not fit into any system or
collection

= In 2012, this series included 8 antigens
officially recognized by the ISBT Working
Party on Red Cell Inmunogenetics and Blood
Group Terminology

The 901 series of RBC antigens in 2012

N° Name Symbol | Prevalence
(%)
901002 Langereis Lan > 99
901003 August At > 99
901005 Jr* > 99
901008 Emm > 99
901009 Anton AnWj > 99
201011 Sid sd* 90
901014 PEL > 99
201016 MAM > 99




Why studying Lan?

= 30 Lan- people in the French National
Registry of People with a Rare Blood Type,
most originating from the Maghreb area

(North Africa) “

= 25/30 with anti-Lan

= Anti-Lan considered a clinically significant
alloantibody

31/10/2014

Clinical significance of anti-Lan

Hemolytic disease of the newbom caused by anti-Lan, anti-Jka, and antic.
Shertz WT. Garty L, Wolford F
Transtusion 1987 Jan Feb 21(1) 117, No atstract avaiatic.

Clinical significance of ani-Lan.
wonieks A, Stener EA

Mild to moderate HDFN

Hemotytic disease of the newbem due to anti-Lan

3 PpagePt Mild to moderate hemolytic
s transfusion reactions

Haemotytic disease of the newbom caused by ant-Lan antboSY,
Smitn DS, Swation F, Johnson T, Brown R, Howed P, Riches R
BeMed 4 1905 M 12N5062) W02

PAD. STO0273 [Puthiod - mdexed for MEDUNE]  Fres PMC Artcle

[Lan antigen of erythrocytes and clinkcal significance of anti-Lan antibody).
5 Kudniorz-Alojski G, Wiacek B
Acta Moemaiol Pol. 1903 2402) 16575, Poish

How did we find out the molecular basis
of Lan?

- 1a — »
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OSK43 monoclonal anti-Lan: the key to
elucidate the Lan mystery?

XVIlith Regional Congress Asia - ISBT, Hanoi, Vietnam, 2007 P-071
ESTABLISHMENT AND CHARACTERIZATION OF
HUMAN MONOCLONAL ANTI-LAN
Tanietal.

Japanese Red Cross Osaka Blood Center, Osaka, Japan.

Monoclonal anti-Lan OSK43 (human 1gG1lxk)

2 TN

Agglutination Flow cytometry We! lot
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Immunoprecipitation with monoclonal
anti-Lan OSK43

= Immunoprecipitation of the Lan
carrier with OSK43 from a RBC

lysate

= Analysis of the immunoprecipitate by ...
electrophoresis and protein silver - -
staining .

= Band cutting on the gel =>
identification of candidate carriers by
mass spectrometry, after trypsin
digestion

OSK43 immunoprecipitates the ABCB6
human transporter of human RBCs

NVIPTLADI 1I1GI IYFSIF

Lysate ®
o T o ABCB6
[ = —
- MVTVGNYCEAEGPVGPAVINODGLSPCFFFTLVPSTRVALGTLALVLALPCR
RRS R QLLLATLQAALPLAGLAGRVGTARS
LPSYLLLASVLESLAGACGLULLVVERSQARGRL KFRHSPGLLLL
6 WTVAFAAENLALVSHNSPOWINARADLGQQVOFSLWVLRYWSGGLFVLGL
97_ . - WAPGLRPQSYTLQVHEEDQDVERSQVRSAAQQSTWRDFGRKLRLLSGYLWP
Lan? RGSPALQLVVLICLGLUGLERALNVLVP I FYRNIVNLLTEKAPWNSLANTV
B s TSYVFLKFLQGGGTGSTGFVSNLRTFLIIRVQFTSRRVELLIFSHLHELS

LRVHLGRRTGEVLRIADRGTSSVTGLLS!
FNAWFGLIVFLCNSLYLTLT IVVTEWRTKFRRAVNTQENATRARAVDSLLN
FETVKYYNAESYEVERYREA I IKYQGLENKSSASLVLLNQTONLVIGLGLL
AGSLLCAYFVTEQKLQGDYVLFGTY I IQLYMPLNNFGTYYRMIQTNFIDH
ENMFDLLKEE TEVKDLPGAGPLRFQKGR I EFENVHFSYADGRETLQDVSFT
VNPGQTLALVGPSGAGKSTILRLLFRFYDISSGCIRIDGQDISQVTOASLE

5 l ) ot
. CYRTOVGERGLKLSGOEKGRVAIART ILKAPG1 ILLDEATSALDTSNERAT
- |- . QASLAKVCANRTTIVVAHRLSTVWNADQILVIKDGC IVERGRHEALLSRGG
™ VYADMWNQLQQGQEETSEDTKPQTMER
s | -
- | < 18]

Mass spectrometry analysis

Silver-stained gel High confidence level: 17 peptides
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The ATP-binding cassette (ABC)
transporter family

|‘fu|l transporters" “half transporters’
ABCB6
n N N
JUHUY il
LA IAA4 P VI ; UUU

ATP-binding cassette transporters actively
facilitate the transmembrane flux of numerous

31/10/2014
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ABCBG6 is absent in the membrane of all
tested Lan- RBCs

Lan- are « Lan null »
and can be
considered

« human knockouts »
for ABCB6

4

Examples of null alleles of ABCB6
identified by genomic DNA sequencing

ABCB6 (2036)

101112 13 14

15 16 1718 19

= Frameshift e
= Nonsense mutations (stop codons)
= Missense mutation (point mutation)

: o




Missense ¢.574C>T mutation in ABCB6

VoxSanquinis  Vox sang 2013;104:159-65

ORIGINAL PAPER PS——

The ABCB6 mutation p.Arg192Trp is a recessive mutation
causing the Lan— blood type

€. Saison,"", V. Helias,"* T. Peyrard,' L Merad,” J.-P. Cartron" & L Arnaud’

Porss,
Groups (CNRGS), Pori
éres, France

= Accelerated degradation of ABCB6?

= Occurred in several ethnic backgrounds
(France, North Africa, Poland, ltaly...)

4

Missense ¢.574C>T mutation in ABCB6
o
4 o argrezTp ‘: } : . e
e :
ABCBE6 B w22 - -
o-— - ¢ phpiinee
= - i ‘

Variant alleles of ABCB6 responsible for
Lan- and Lan weak phenotypes

LT——
The LAN blood group system: a review

Immnino,hemalology
¥y N

31/10/2014




Variant ABCB6 alleles

Alleles officially recognized by the ISBT
Working Party on Red Cell Immunogenetics
and Blood Group Terminology

= 15 null alleles responsible for a Lan- phenotype
ABCB6*01N.01 to ABCB6*01N.15 => difficult to
implement Lan testing on the current genotyping
platforms (which one(s) should we choose)

= 4 alleles responsible for a Lan weak phenotype
ABCB6*01W.01 to ABCB6*01W.04

31/10/2014

Table 1. List of reported ABGES null akiias that encoda the Lan- phenatype’

ek samer

- tneatn spesnd by 11
<197_19804G Eonl  pASSsGly s stop

85_8740TTC Ewnt p Prezo

<3764l Eonl  pVallZ6Serfs stop

e [ Ag192Tp

€1533_15434:pCGGCTCCCTGE w09

1858_1559naT Exond ABCBEOINIZ

©1709_171046AG Exon 11 ABCBE0INOS
.1680_1691dolAT Exon 11 L

€ 1967delinsAACAGGTGA Eron14  pGi623Asnis sto

61842851 B AgE48 siop

©1985_198640TC PLougs2P

RNAS,

©2256 + 2139

Table 2. List of reported ABCES allales that encada th Lan woak phenotype’™

Necleslde chasge Location  Presieted rolea chasge  Ethac
82657 Ewnd P Aig278TrD Cavcasias Red
1028654 Eons pAIIGn Al

€1762G3A Exon 12 pGlys88Ser

52216624 Exon 16 pAGTIOHS

48C88°01W04 @

Variant ABCB6 alleles: Update 2014

Novel alleles to be considered by the ISBT
Working Party on Red Cell Immunogenetics
and Blood Group Terminology

= 13 null alleles responsible for a Lan- phenotype
reported in 2013 and 2014

= 3 alleles responsible for a Lan weak phenotype
reported in 2014

= 6 alleles with unclear status reported in 2013 and
2014

: o




13 novel ABCB6 null alleles (1)

¢.301_302ins G p.Ala101fs
c.459del p.Leul54fs
c.459del p.Leul54fs
c.718C>T p.Arg240ter
c.881_884del p.Thr294fs
c.1617delG p.Gly539del

Yamamuro Y, Vox Sang 2013;105(Suppl 1):230-231

31/10/2014

13 novel ABCB6 null alleles (2)

Exon 1 clA>C p.0

Exon 3 c.827G > A p.Arg276Glu
Intron 4 c.971-1G>A r.spl?

Exon 13 c.1825G > A p.Val609Met
Exon 14 c.1912C>T p.Arg638Cys
Exon 16 €.2155C>T p.Glu719Ter
Intron 17 c.2351+1g>a r.spl?

Lonneke Haer-Wigman et al. Transfusion 2014

3 novel ABCB6 alleles encoding a Lan
weak phenotype

Exon 1 c.317A>G p.Tyrl06Cys
Exon 15 €.2206G > C p.Ala736Pro
Exon 1 c.403C > A p.Arg135Ser

Yamamuro Y, Vox Sang 2014;107(Suppl 1):186-87




6 novel ABCB6 alleles with unclear
status with regard to Lan expression

Exon 1 c.20A> G p.Tyr7Cys

Intron 3 c.869-2A> G r.spl?

Exon 6 €.1199_1210del p.lle400_Tyr404del
Intron 16 c.2256 + 1G > A r.spl?

Exon18 €.2383_2385del p.Leu795del

Yamamuro Y, Vox Sang 2013;105(Suppl 1):230-231

31/10/2014

What to do if you find out a novel
ABCBG6 allele? (1)

What to do if you find out a novel
ABCBS6 allele? (2)




What was unexpected with the
discovery of the molecular basis of Lan!

= ABCB6 was not considered to be present on
RBCs (only described on outer mitochondrial
membrane and Golgi apparatus)

= ABCB6 reported to be an essential protein in
erythropoiesis, especially through
mitochondrial porphyrin uptake

However, Lan- people, who may be considered
human “knockouts” for ABCB6, appear to be
healthy!

31/10/2014
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Biological data in Lan- people

= Four Lan- subjects were tested for porphyrin
levels

v RBCs 21pumol 0.2 N:0.1-1.9
v Plasma <5 nmol/l N: 6.5 -20.0

= Slight increase in RBCs but not comparable
at all to porphyria!
=> Probable compensatory mechanism
= Four Lan- subjects were tested for blood
count, since Lan was described to be
essential for erythropoiesis: nothing
abnormal

Biological data in Lan- people

=l Jora 123 139 129 129
et a 360 40,1 409 396
oy L 824 830 1005 876
e 281 290 ¥ 285
cHe L 340 7 320 326

Jio'n | 45 | 49 [ 59 | 5%
Pratoios 107 | T T T T
jwec [ron [ 710 575 T8

10 373 4,00 am 521

031 0.10 [ 028

0.03 0.00 0.02 0.02
[Lymphacytes |10' 23 210 120 166
[Monocytes  10° 043 0.30 0.42 065
Inoutophis % 546 6.0 655 65

[Ecsinophi's % 45 20 59 36
[Basopt %

Lymphocyes [> 2 380 209 212
20 IMonocytes [ 63 10 73 84 Q

10



Publication of the work

LETTERS

Receivod 6 May 2011; accopted 9 December 2011; published online 15 January 2012; doi: 10.1038/ng. 1069

nawre
genencs

ABCB6 is dispensable for erythropoiesis and specifies the
new blood group system Langereis

o Takahashi®, Hideo Takahashi®,

Virginie Helias!, Carole Saison!, Bryan A Ballif?, L
ga Pham

Mitsunobu Tanaka*, Jean-Charles D e
Pierre-Yves Le Pennec!, Yoshihiko Tani?, Jean-Pierre Cartron' & Lionel Arnaud'

13
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Lan is the 33 blood group system

(Lan) LAN was officially elevated to the status of
339 human blood group system by the ISBT
Working Party on Red Cell Immunogenetics and
Blood Group Terminology in July 2012
(ISBT Meeting, Cancun, Mexico)
901 series before July 2012

w wame  Symbol| revaence
e

901002 Langereis Lan |> 99 mmm) 33" blood group system
w2 ™
921005 a*
wiw =
wims | aeme sy

s | =

T

= o

Variant ABCBG6 functional alleles and
diseases (1)
ARTICLE

hen Liang,!
Periasamy Sundaresan,” Barry H. Paw,%¢ Dean Y. Li,%!%% John D. Phillips,'> and Zhenglin Yang23.*

Oxular coloboma is a developmental defect of the eye and is due to abnormal of incomplete closure of the optic fissure. This disorder
displays genetic and clinial heterogenity. Us pproach, we identified a mutation in the ATP-binding cassette
(ABC) transporte y affected by autosomal<dominant coloboma. The Leu811Val mutation was identified
in seven affect “generations. A LOD score of 3.2 at
= 0 was calculat exons from 116 sporadic
cases of microph .
three patients with MAC. These two mutat
transiently transtected, Myc-tagged ABCBS in retinal pigm
and Golgiapparatus of RPE cells. RT-PCR of ABCBS mRNAin
and RPE cells. Using zebrafish, we show that alcb i expressed in the eye and CNS. Morph

Immunostaining of
wdoplasmic reticulum
man cell lines and tissue indicated that ABCB6 is expressed in the retinae

nockdown of abcbé in axbrafidh

produces a phenotype characteristic of coloboma and replicates the clinical phenotype observed in our index cases. The knockdown
phenotype can be corrected withcoinjectionof the wiki-type, but not mutant, ABCES mRNA, sug: hat the phenotypes cbserved
in zebrafish are due to insufficient abob6 function. Our results demonstrate that ABCEG mutations cause ocular coloboma,

The American Journal of Human Genetics 90, 40-48, January 13, 2012

: e
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Variant ABCB6 functional alleles and
diseases (2)

Research Article

Missense mutations in the ABCB6 transporter cause dominant
familial pseudohyperkalemia

Immacolata Andolfo,? Seth L. Alper,®** Jean Delaunay,® Carla Auriemma,'-? Roberta Russo, 2
Roberta Asci,! Maria Rosaria Esposito,! Alok K. Sharma,*5 Boris E. Shmukler,>** Carlo Brugnara,”
Lucia De Franceschi,® and Achille lolascon®#*

Am. J. Hematol. 88:66-72, 2013.

Variant ABCB6 functional alleles and
diseases (3)

Journal of Dermatological Science

31/10/2014

This illustrates the “gain-of function
mutation” concept

It sometimes appears to be much "better" not to
have the protein at all than having an altered
form of the protein!

=> This defines the so-called "gain-of-function
mutations”, that change the gene product such
that the protein gains a new and abnormal
function (also called “neomorphic mutations).
Such mutations usually demonstrate a dominant
trait.

w o
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ABCB6 and anticancer drug resistance

AN TICANCER RE SEARCH ANTICANCER RESEARCH 34: 4767-4774 (2014)

International journal of Cancer Rescarch and Treatment
ABSUFACL. A previously established arsenite-resistant cell

line. KAS. is also resistant fo a variety of anticancer drugs.
Expression of ABCBS Is Related o Resistance i reitenee oo of EAS ol choniond
to 5-FU, SN-38 and Vincristine the expressions of ATP-binding cassette (ABC) transporters
I— and found that the ABCBS and ABCCI/ multidrug resistance
BT, o ooutin T (ABCCITMAR ) e baased, ARCCHMRDT
e e e e e
spectrum of KAS cells and several reports have suggested
puarey byl gl
e e
X0 outy aot ADCOTommeti A3 bl
i e vetion eehamges sectmsmce e S usreanoet (3

[ 3 NOUHIT KAMUO,
FUMITD HORIKUCHI', MASATA
MASAYUKI NAKAGAWAY, NAOHIG
KAZUNARS ARIMA®, YASUO TAKEDA” 3

¢ _and metal

olecutar Onclogy rex
Mo

FU), SN-58 and vincristine (Ver) bul mot 1o arsenie
ells
and

Comversely, down-regulation of ABCBS in KAS
increased the sensitivity of KAS cells to 5-FU, SN-3

Are the Lan- people more sensitive to 5-FU anticancer drug?
37Could the usual dose of 5-FU be toxic in Lan- patients (overdosage)? &

INSTITUT NATIONAL DE LA TRANSFUSION SANGUINE
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Blood group system update:
The Vel blood group system

Jill R. Storry, Ph.D.
Associate Professor

Chair, ISBT Working Party on Red Ce
Immunogenetics and Blood Group nomel

10/31/2014

Case study 2014-10-15 SR

¢ Female; born 1944, admitted for cardiac ablation
— In OP, "low risk” for bleeding

¢ Tx 2006 with 2 x B+ RBCs, 2 x Plts
— Negative type and screen

¢ Tx 2004 with 2 x Plts

¢ 15/10: screening cells 3+ IAT-gel

¢ Blood grouping:

—
Anti-A Anti-B Anti-D Anti-D Alc Bc

0 4+ 4+ 4+ 4+ 4+ C‘

Acute antibody investigation %
1 § |
Provi.datum 5T bttt 2 l
Tostery |IAT |Pop |WATI |AT |Naci | Testory | AT [Pop [T |AT |Nsct
lost oot PG |oe |or low | [Pe [me [
s1 | T 1 1
LR ETaE™ | sz | # I
K2 | | HF | | H 22 |
a3 | [ 4] | CXI I N |
aca Lur g | || B2 !
AKS | e | | | | B3 | | |
AKE | |4y | | | B4 | | |
AKT | | | | | | Kontr. | |
P 7 O N ™
e | | N SatiLast | | |
acio L || | 1 | [Fenotypa ] I
AT | [t || Antigen ] |
Vot <575 "7 | | | Pos |
Bt | i | | | Neg | |
satast | /KA | | | Suspl |— | | [
DAT _ |Rsr |Gol |ig6 C€3d cligel | Susp2 |
| | | | Datum i3 Jro] | | | |
Datum | Sait |0 | |
SatList | | Last G |
NOTERNG UTLATANDE |




Antibody investigation contd. %=

10/31/2014

Metod U Antigen
Tester Nadl| gt | g\ | |
e + | - || Group O cord RBCs
1;%-‘_-? * |+ | || Group O cord RBCs

g [+ | | &-oier
Datum | ), [i5h
Satt | &ela
Last Gr

. . AN

Further testing showed: SiANE

¢ Patient typed Vel-, E-, s-, Fy(a-)
¢ Other antibodies excluded

¢ Antibody was completely inactivated with
10 mM DTT: IgM!!!

¢ Titre: 2 with untreated RBCs, 64 with papain-

treated RBCs

Case #2 SRR

¢ Positive antibody screen prior to elective surgery on a
group B RhD- 72 year-old woman

¢ Investigated 8 years previously at another regional
hospital 8 years when treated for a hip fracture

¢ Previous investigation looked like an autoantibody:
— DAT-positive
- Positive auto control

— Hemolysis with papain-treated RBCs

¢ Untransfused, pregnancy history unknown C‘
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Case #2 Serology B

Current investigation:

¢ Strong reactivity with papain-treated RBCs in gel
- Negative autocontrol

¢ 8 av 9 panel RBCs reactive with gel-IAT
- Reactivity from +% to 2+
- Negative autocontrol

¢ Rouleaux in saline 4°C and RT

¢ DAT negative

¢ 6 av 10 RBC concentrates compatible by gel-IAT

. A N
Antibody ID panel SKANE
D|C|E|c |e |M[N|S|s [P |K |k |Fy |Fy |Jka |Jk | Gel |Pap-
1 IAT 37C
1 + |+ |+ [+ |+ [+ [0 |+ [0 ]O [0 |+ |O + + + 2+ 3+
2 00 |0 [+ |+ |+ |0 |O |+ [+ |+ |0 |+ + 0 + 2+ 3+
3 0|+ [0 [+ |+ [+ |0 |0 |+ |0 [0 |+ [+ 0 + + 1+ 3+
4 0|0 [+ [+ |+ [+ |0 |+ [+ |+ [0 ]|+ |0 + + 0 2+ 3+
5 + [+ |0 |O |+ [+ |+ |O |+ |+ |0 [+ |+ 0 + 0 2+ 3+
6 + [0 [+ [+ [0 |0 [+ [0 |+ |+ |0 |+ |+ + 0 + 14sv |3+
7 00 [0 [+ [+ |+ |0 [+ |+ ]|0]|+ |+ ]0 + + + 1+sv | 3+
8 + |0 |0 [+ |+ |0 |+ |0 [+ |+ [0 |+ |+ + 0 + 0 +
9 0o fo [+ [+ o[+ [0+ [+ ][+]+ [+ o [+ |o 3+
Egna 0
g . AN
Additional testing SKANE

¢ Papain autoadsorption was ineffective
- Performed based on previous report

¢ Not inhibited by pooled plasma
— AK8 known to be Rg- and Kn(a-)

¢ Surgery started despite low Hb
— Deemed low bleeding risk
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Investigation cont.d e

Enzyme- and DTT-treated RBCs:

Gel-IAT
Papain 3+
Trypsin 3+
a-chymotrypsin 2+
Pronase 4+ ?
200mM DTT e
Interpretation R
SKANE
Papain | Trypsin a-ct Pronase DTT Probable specificity
0 0 0 0 + Ch/Rg, Xg*
0 0 0 0 0 In, JMH
0 0 + 0 + MN, En®TS, Ge2, Ge4
0/+ + 0 0 + ‘N, Ss, Fy*/Fy®, Fy6
o/+ + 0 [] 0 Yt*
0 + + 0 + En?FS
+ 0 0 0 L Lu, MER2
+ [] 0 + W Knops
+ + + + 0 Kell
+ + + +/0 0 Sc
+ [] W [] 0 Do, Ge3
+ + 0 0 0 Cromer,
+ + e 0 0 w
+ + + + Jk3, Fy3, Di° ,Co?, Ge3; Ok?, P, LKE, At?,
Cs?, Emm, Er?, Jr?, Lan, Vel, PEL
Reid, Lomas Francis & Olsson: The blood group antigen factsbook 3rd ed. 2012 Academic Press

The patient was transfused... &«

¢ Postop day 1: the patient suffered from heart
complications due to her anemia
- Transfused with one of the compatible units

¢ After ~50 mL, the patient suffered from chills and
vomiting

¢ Transfusion stopped and samples sent to the lab

=>» The serological picture combined with the clinical
reaction made us suspect anti-Vel...




*
Why anti-Vel... e

¢ The patient’s plasma reacted more weakly with DTT-
treated RBCs

¢ Rainer T. et al. The effects of dithiothreitol-treated red
blood cells with anti-Vel. Transfusion 2004;44:122A
(Suppl.)
- 4/10 anti-Vel showed weaker reactivity with DTT-

10/31/2014

treated RBCs

Confirmed in Lund SR
Untreated DTT-treated
Vel+, K- | Vel-, K+ | Vel-, K- | Vel+, K- | Vel-, K+ | Vel-, K-
Antibody
1.Vel + K 3+ 2+ 0 3+ 0 0
2.Vel 3+ 0 0 2+ 0 0
3.Vel + K 1+ 3+ 0 0 1+ 0
4. Vel 2+ 0 0 2+ 0 0
5.Vel 3+ 0 0 TR 0 0
. . . ey
Antibody confirmation SKANE

¢ Patient's RBCs typed Vel-neg
¢ Plasma was compatible with 3 examples of 3 Vel- RBCs
¢ Patient also had HLA antibodies

The patient refused further transfusion

&




Vel antigen varies considerably  st=
on normal RBCs

D|C|E|c |e M|N|S|s |P|K |k |[Fy |Fy |Jk |J [Pt |Kand
1 anti-
Vel

1 + |+ |+ |+ [+ [+ o[+ oo o |+ o [+ [+ [+ |2+ |3+

2 00 |0 |+ [+ [+ ]o]o [+ [+ |+ |o|+ [+ [o [+ |2+ [3+

3 0+ o |+ [+ [+ ]ofo[+]o o |+ |+ [0 [+ [+ [1+ |2+

4 0o |+ |+ [+ [+ o[+ [+ [+ o |+]o [+ [+ Jo |2+ |2+

5 + |+ fo o [+ [+ |+ o[+ [+ [0 |+ [+ [0 |+ |o |2+ [2+

6 w0 [+ [+ oo |+ fo|+]+]o]+]+ [+ [o [+ [1e]2+

7 010 0 + + + |0 + + 0 + + 0 + + + 145V | 24t

8 + 0|0 |+ [+ |0 [+ [0 |+ |+ |0 [+ |+ + 0 + i 0 1+ |

9 00 [0 |+ [+ |0 [+ |0 [+ [+ |+ |+ |+ 0 + 0 {w 2!
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Bakground
Vel: a 60-year-old puzzle

LY
SKANE

(3

Anti-Vel described in 1952 by Sussman and Miller

- Patient with antibodies to an unknown high-prevalence antigen who suffered a
severe hemolytic transfusion reaction

(3

Anti-Vel are often a mixture of IgG and IgM
- Hemolytic in vivo and in vitro
- Evidence that perhaps it was a carbohydrate antigen

(3

Clinically important in transfusion and in hemolytic disease of the
fetus and newborn

¢ In Sweden, 1in ~1700 individuals lack the Vel antigen
- Prevalence in other European populations is 1 in ~5000

A clinical problem that has long e
awaited a solution

¢ Difficult to perform Vel phenotyping:
- No commercial reagents
- No monoclonal antibodies

- Well-known variability in Vel expression

¢ Global shortage of Vel-negative blood
- In southern Sweden, we had only one active Vel-negative donor...
-~ Umea, in Northern Sweden has provided Vel-negative blood world-wide

¢ We have searched for the Vel molecule and its gene for a




Classification of blood group antigens - %,
2012

E

'7 339 antigens —|

Low prevalence
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”Orphan” blood group antigens

¢ 42 of 339 known blood group antigens do not belong to a system
because the genetic background (locus) is unknown
— Genotyping is not possible
— Cannot be recombinantly produced

¢ These antigens are divided between:
— Collections (200-series) n=18 Pl \/e| collection = 200212
— LFA-series (700-series) n=18 g Vel
— HFA-series (901-series) n=6 4

¢ In most cases, the carrier molecule is unknown

¢ Vel is the most clinically important antigen of these “orphans”

Homozygosity for a null allele of SMIM1 defines the
Vel-negative blood group phenotype géurlleetics
CRIE Lo a; ]

[
%, Bo Akerstrom’,

Britt Thuress:

IE L)
Jill R Storry'#, Magnus Jéud'-*#, Mikael Kronborg Christoph
Birgitta Nilsson Sojka*, Bjorn Nilsson' %7 & Martin L Olsson'=

SMIM1 underlies the Vel blood group and influences
red blood cell traits

Disruption of SMIM1 causes the

— W (e EMBO ‘
vel bIOOd type Molecular Medicine
Brya irgin 21, Thierry 23, ¢ en °, Carole
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Turned to SNP arrays.... e

Hypothesis
The Vel-negative phenotype is caused
by a homozygous founder mutation
surrounded by an identifiable SNP
signature

Umea

&

Sample cohort for SNP analysis with
. . - SKANE
lllumina HumanOmni 2.5M BeadChip
Sample Vel Sample Vel
nr. phenotype  Source nr. phenotype  Source
17 Vel- unrelated donor Umea
18 Vel- unrelated donor Umea
19 Vel- unrelated donor Umea
20 Vel- unrelated donor Umea
5 Vel- Umea sibling donor 21 Vel- unrelated donor Lund
6 Vel- Umea sibling donor unrelated donor Umea
7 Vel- Umea sibling donor
8 Vel+ weak Umea sibling donor
9 Vel- patient with anti-Vel
10 Vel- patient with anti-Vel
" Vel- Unrelated donor Lund
12 Vel+ unrelated donor Umea
. T - W Y S RN Ay
14 DNA 20 Vel="individuals amilie
15 ~Unrelated donor Umed | 3T Velrweak  unrelated dondrko
16 unrelated donor Umea Vel+ weak unrelated donor Lund




Vel expression by flow cytometry on

RBCs from Lund & Umea families SKANE
8] 12 Daughte 4 Control ra.
Br?ms r i1, Son LIS
.81 b | 1 '
8

)
29 3 Vel- siblings
X

<

Umea family

10/31/2014

Control
(pp cells) m-
I
« ~
102 : 10° '\u‘
1gG1 FITC
Results of SNP analysis with ERNE

Illumina HumanOmni 2.5M BeadChip

0gle)

4 5 6 78 SWM 13 15 78 2

Craomosome

Candidate genes

N
SKANE

Candidate (Akl;\}a) Protein product Function/localisation
cepc2r ?ssm Coiled-coil domain-containing protein |\
78 y
SMIM1 @ Uncharacterised protein Type 1 transmembrane protein
583 Leucine-rich repeat-containing - :
LRRCAT | (&' protein 47 RNA-binding, phenylalanine-tRNA ligase
925 i
CEP104 (104.4) Centrosomal protein 104kDa Centriole; cytoskeleton
338 DNA fragmentation factor, 40 kDa, ”
DFFB (39.1) beta polypeptide Nucleus, apoptosis factor
Cccpe27 SMIM1 LRRC47 CEP104 DFFB
) _ i -
[ u F 1 7 11
| | [
2
& ] 1 T d
—




SMIM1 consists of four exons with an opeti:=
reading frame contained within exons 3 & 4

1 2 3 4

—— ——

Non-coding D

B Coding
SMIM1 mRNA found in:
- peripheral blood
- erythroleukemia cell lines of CML origin (e.g.
- Primary bone marrow from healthy volunteers
towards erythroid cells

Sequence analysis of SMIM1 in -
Vel-negative individuals

P

& All Vel- samples have the same 17-bp deletion (c.64-80) in exon 3!
- Gene sequenced in 43 Vel- individuals
— Predominantly Swedish but also from USA, UK, Switzerland, Israel

10/31/2014

What does SMIM1 encode?

¢ NCBI = uncharacterised protein
-~ Ensembl = No gene product

¢ No homology with other human proteins!
~ No known functional motifs => no known function

¢ However — high homology with all other mammals
- 56% homology i zebrafish

Humans

Mouse.

10
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SMIM1 -
SKANE
* 78 amino acids
* Type 1 transmembrane
protein
0000 x‘
Figure: Anja Nylander
SMIM1 can be detected by -
med Western blot SHAnE

¢ Four overlapping peptides synthesised to the extracellular domain
- Inhibition studies showed partial inhibition with some anti-Vel

¢ Polyclonal antibodies raised in rabbits to peptides 1 & 3
- High specificity by Western blotting
- Very high titre, especially antibody to SMIM1 peptide 1

W Anti-SMIM1 vs Vel+ RBCs
. Anti-SMIM1 ‘

Anti-GAPDH

1:50000
1:20000
1:10000.

Transfection of K562 cells show Vel
expression is dependent on SMIM1 ~ **

& cDNA from Vel+ or Vel- 12 ki
individuals was cloned into z 10
the pEF1a-IRES-ZsGreen1 § 8
expression vector g g
2
& Transfected into K562 cells é :
[}

¢ Analysed after 48 hours with
flow cytometry with human
anti-Vel

Mock  mut. cDNA  wt cDNA
T T 1koa
-21
- -
¢ Analysed by Western blot 64
using anti-SMIM1 /|

@

Anti-SMIM1

11



Disruption of SMiM1 causes the
Vel— blood type

Bryan A Balif™, Virginie Helias™, Thierry Peyrard™”
Nicole Lucien”, Sébastien Bourgouin®’, Maude Le

écile Menanteau™’, Carole Saison’

Jean-Pierre Cartron®, Lione! Armaud™*
A =DTT +DTT B Purified Vel carrier
£l =
w 252

55— -
37-. v- @
3= N-"-

- < 2 - <
- -

Vel-
=
g

D]

——— —
MQPQ! ESHVH'V C‘TG KLGI IA&A

SMIM1 (LOC388588)
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Normalized SMIM! expre ssion value

Tiss w0 15 20 28 30

(oot cam oay

In addition to erythroid cells,
salivary gland and testis showd
expression above background

Genotyping for the SMIM1 deletion SRne

Control band
hilete-specific band

wild type mutant

520 southern Swedish donors screenet
30 heterozygotes (1/17)

Vel+ o, — R
Vel

12



Genetic screening for Vel individuals %=

Normal donor
DNA ladder

Multiplex PCR for alleles to high prevalence blood
group antigens identifies Vel- donors (2/1800)

10/31/2014

Zygosity for the 17-bp deletion SRNE
correlates with Vel antigen expression

—mar

3 n

ooy

T %

3 M

2

5

2%

]

S

g 2

)
m/m w/m wiw
n=1 n=16 n=21

Anti-Vel

Other nucleotide variations that =%
affect Vel antigen expression

¢ 152 T>A/IG Met51Lys/Arg

Cvejic et al. Nat. Genet 2013;45:542-5
Storry et al. Transfusion 2013;53:40A
van der Schoot et al. Vox Sang 2014;107 (Suppl):16

¢ Weakens Vel antigen expression, confirmed by
transfection studies in HEK-293T cells (van der
Schoot)

& Rs1175550, located in SMIM1 intron 2 C‘

13



Testing at the NYBC

-
SKANE

¢ to determine if the same 17-bp deletion is associated with the

Vel- phenotype in a multi-ethnic population
- African-American - Caucasian
— Hispanics

& 40 samples selected from 77 in NYBC archives

- 11 patients with anti-Vel -7 SCARF
- 15 donors (7 Black, 2 Hispanic, 6 Caucasian) - 7 referred from other centers

& 11 originally identified as VEL:—1,-2 or VEL:—1, 2 at NYBC

Anti-Vel 2, a New Antibedy Showing [eteragencity of
Vel System 4.::1..2.: ' 1968, Issitt, Oyen, etal.
: Vox Sang 15:125
swatp frvet, Jomern K Lo,
o B Ak, Jedal W ) Kuuss®

b sz, T e oek b Lareoe
ty Subeck of Mrdalna, fee Yool

ha Vol pren. T

10/31/2014

AN
Results SRne
22 Vel -1 -2 homozygous 17 bp deletion | del/del
14 Vel -1-2 ? variant? | heterozygous 17 bp deletion | WT/ del
4 Vel -1-2 ? variant? | no deletion WT/WT
- The so-called VEL:—1,-2 samples associated with homozygous (del/del)
- The VEL:-1, variant ? samples were heterozygous carriers (WT/del)
- have weak expression of Vel antigen
- 4 samples without deletion WT/WT
1- heterozygous for Met51Arg change
- 3-no changes by sequencing exon 3, 4. Under investigation
- 17-bp deletion present in samples from African-American and Hispanics
- Molecular background is the same as that reported in Europeans
- 10/11 patients with anti-Vel were homozygous for the deletion (del/s
- One with no changes in exon 3, 4 is under investigatio
AN
SKANE
Resul
V.S. 2006 [Paul. N. Q. 1982/D.W. 1996
1970
Vel+ wtiwt Vel+ 4+ 2+ 2+ 2+
+control
\VEL:-1,-2 |del/del (RE) |Vel- 0 0 0 0
\VEL:—1,-2 |del/del (CW) Vel 0
IVEL:=1,2  |del/wt (RY) |Vel+weak 3+ 2+ 1+ 0
\VEL:-1,2  (deliwt (TK) |Vel+weak 3+ 2+ 1+ 0
\VEL:=1,2  (del/wt (JM) Vel+weak 3+ 2+ 1+ 0

« Performed cross-testing of 4 anti-Vel with genotyped samples

« RBCs from samples with two copies of the deletion (del/del)
were non-reactive

« RBCs from samples with one copy (del/wt) were positivi

14



The SMIM1 gene and SNPs in intron 2 &

Table 1 | Genomic loci associated with red blood cell phenolypes

Regon Sedtel Postion Al O Pt EMA(SD P Gt geess
[ (%) (o)

-wQ;;Pes]m Gh 02 NOC
I BIORE  GA 011 MH
82 M O48R0 GA 07 MOV
3 nEEe lseRIm o7 0M

T R s
SMIML gene: 3,187bp / -

— \b\,

CER o

& o W3

%’\ %6\ ‘Q}

&

*
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)
&
N NN
S (‘9 @
) 3 3
cA oA AG oA ciA
GhiP-sedq Transcription Facior binding ses (ENCODE)
AT~ | —
o7
.
L ——
-z
s —————————————————

SNP rs1175550 e

& Major rs1175550A and minor rs1175550G
alleles

¢ Situated within a non-canonical binding motif of
GATA-1:
-TAGATTGG-
-TAGGTTGG-

=T - e

- GATA-1 binding moli from JASPAR database

¢ Presumably, the G allele disrupts this GATA-1
site

= less SMIM1 expression?

Material & Methods SR

¢ 150 samples from Swedish blood donors
— Screened for the 17 bp deletion to include
only samples that were homozyous wild type
¢ Prepared nuclear extracts from the
erythroid HEL cell line for EMSA

Tissue/material Application

Genomic DNA Sequencing
Extracted mRNA RT-gPCR
Peripheral blood Flow cytometry

RBC membranes | Western blot
Nuclear extract Electrophoretic Mobility Shift Assay
(EMSA)

15



Sequencing

¢ rs1175550 allelic distribution, n=150:

v i
iCCT G ATTGGGE JCCTAGGTTGGGCH
AA 60,7%
i o, ?ﬁ ? T
I /’ul‘ AG 33,6% f\‘!
GG 5,7%

& Comparable to the frequencies reported by

1000Genomes
- 76% A and 24% G

-
SKANE

e

10/31/2014

e o o

qPCR and flow cytometry show high Be
expression linked to rs1175550G

120% SMIM1 transcript levels in blood
o

100%

m GG

AG

80% AA
60%
40%
20%
0%

Relative Quantitation (2 44°r)

120%

100%

80%

60%

40%

20%

Relative Mean Fluorescence Intensity

0%

Vel antigen expression levels on RBCs

°
°

°
R2=0.6366,n=141 o

GG AG AA

rs1175550G => highest transcript level and anti-Vel reactivity

rs1175550A => lowest transcript level and anti-Vel reactivity
63% of variation in anti-Vel reactivity can be contributed to rs1175550
(in the absence of the 17-bp deletion)

rs1175550 as a candidate e
regulator of SMIM1 expression

& None of the other SNPs showed any correlation
between SMIM1 expression and genotype

‘b\@'s '\'?399 «‘3’@ fw)’:ffc «‘J"@
@,\\ ‘4,6 ~ \&b« @.\&
s 9 (o) ¢ ?
CIA GIA| G CIA ca = HIGH

cia Gia| A CiA cA = LOW C‘

16



Function?

10/31/2014

SMIM1 knockout zebrafish

LY
SKANE

Cvejic et al. Nat. Genet. 2013;45:542-5

«Anemic
«Fewer erythrocytes

Role in Hb/heme/Fe metabolism ? C‘

Malaria ligands and RBC
receptors

& i

Mesraminkdsse 5 5 8
Chmotypsin R 8 A
Trypsia s A s

"
L —r =
Tham WH, Healer J, Cowman AF. Trends in Parasitology, 2012;28, 234:‘

zem
ErES
3w
Hoow
P}
asg
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Is SMIM1 the chymotrypsin-sensitive %
Plasmodium falciparum receptor?

KANE

0.1% papain
0.001% papain
N'ase + O'ase

Untreated
O'ase

Anti-SMIM1 vs. protease-
treated erythrocytes

10/31/2014

Conclusions R

¢ Expression of the Vel blood group antigen is controlled by the
erythroid gene, SMIM1

¢ The majority of Vel- individuals are homozygous for a 17-bp deletion
in exon 3

- Vel-individuals are human "knock-outs” and lack SMIM1

& SMIMT1 is expressed at the RBC surface although the function is not
yet known

(3

The sequence is conserved throughout evolution, which implies that it
is a functionally relevant protein

& We can screen for Vel-negative donors using a simple DNA-based
method

These data form the basis of evidence that elevates Vel to W

-

blood group system, number 34

Classification of blood group antigens

SK‘A‘N E
2014

,7 342 antigens —|

303 r 39 "orphans”

High prevalence

Low prevalence

’ LEiilktions
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