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HLA-antibodies. The first trial to cross the ABO barrier in transplantation was started in the

15 early 1970°s grafting blood group A; cadaveric kidneys to O recipients.l.ln the 1980’s, using
A, and B donors Alexandre performed the first series of ABO incompatible living donor
(LD) renal transplantations and obtained graft survival similar to those of ABO compatible
cases. The immunosuppressive protocol encompassed pre-operative plasmapheresis to
remove anti-A/B antibodies, donor platelet transfusion, splenectomy and induction therapy

20  with anti-lymphocyte/thymocyte globulin, injection of blood group A or B substances
extracted from porcine stomach and Cyclosporine-Azathioprine-prednisone. Since then, more
than 500 cases of ABQ incompatible LD renal transplantations have been reported
worldwide, mainly from Japan (reviewed in 1Y, and the importance of reducing recipient anti-
A/B antibody levels before grafting to avoid rejection has been well documented.>” The graft

25  survival in these series is good (1 year graft survival of about 85% for A, and B donors) but
slightly inferior to that of ABO compatible grafts due to single cases with severe anti-A/B

antibody mediated rejection.4'5 Recent data on ABO
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specifically binding with said anti-blood group antibodies bound to the blood group antigens
and the presence of labeled ligand bound to the anti-blood group antibodies is detected to
determine the presence or absence of said reactive antibodies. The ligand is for example an

25  antibody or fragment thereof. The antibody is a monovalent antibody fragment such as Fab
or Fab’ fragment. For example the Fab or Fab’ fragment is an anti-Fc antibody fragment, an
anti-kappa light chain antibody fragment, an anti-lambda light chain antibody fragment, and a
single chain antibody fragment. The label is for example a fluorescent label. Labeled ligand
is detected by methods known in the art such as flow cytometry or luminex.

30 Blood group reactive antibodies in a sample are removed by comprising by providing
a collection of microbeads of different subtypes, where each subtype is coated with a
different blood group antigen. The sample is contacted with the collection of microbeads and

incubated for sufficient time for anti-blood group antibodies in the sample to bind to the
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20  Unless otherwise defined, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Although methods and materials similar or equivalent to those described herein can
be used in the practice or testing of the present invention, suitable methods and materials are
described below.

25

Other features and advantages of the invention will be apparent from the following

detailed description, and from the claims.
30

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic representation of the vectors used to produce the fasion

proteins carrying blood group antigens.
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Figure 9 is a series of scatter plots showing IgG and IgM blood group A antibodies in
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DETAILED DESCRIPTION OF THE INVENTION

20 The invention is based in part in the discovery that blood group epitopes can be
specifically expressed at high density and by different core saccharides chains (e.g. type 1,
type 2, type 3 or type 4) as either free saccharides or on mucin-type protein backbones. It
has been discovered that using blood group antigens carried by the different core saccharides
chains when used in combination are more efficient at removing anti-blood group antibodies

25  from blood prior to transplantation. Additionally, the compositions of the invention are
useful diagnostically and prognostically to determine the presence of blood group reactive

antibodies in a subject.

In one aspect the invention provides a composition contains at least two different
blood group antigens ( i.e., oligosaccharides) where each blood group antigen is expressed a

30 different core saccharide chain (i.e., glycan precursors). These oligosaccharides are referred
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the B epitope or the H epitope. Alternatively, the ABO fusion protein
carries two epitope for blood group antigens. For exanple the ABO fusion
protei n owonveziskath the A and B epitope. In sone aspectsTibBmoAlRsiuusi on
protein carries all three epitopes (i.e., A B and H). The ABO fusion
proteins of the invention expresses the A, B, or H epitope on different

gl ycan 10precursors, e.g., type 1, type 2 or type 3 precursor chains.
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or plasma prior to for 15 exanple, an ABO inconpatible qrgan, bone marrow
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chai r/1.-hla.c§'ﬁ§§hcl,rﬁlifulo\:fein£ BEABR S iRh@RpRARISItHE Al, B, B0 EResitdpecinatiffemnt glycan
carbohydrate nolar basis in 25 renoving or, binding anti-bl ood group

Hht i bogisoras.Lonpad ety PE e t¥RR3 REFCHERE CB30%i | d type AS determ nants. The
ABO fusion peptide binds 2, 4, 10, 20, 50, 80, 100 or .rmre-.fnglﬁg %reaﬁh‘gr
nunber of Qpiianalyobe AJPQRbizaracchuiles o1 she ARG BN PToteips HgHnFe Nt SeDunt

of free saccharrij -\ R& ‘.q]q;g%[,g‘ﬁgﬂpg%odfrhe ABO ol i gosacchari des
and ﬂ%?ﬁtgizg%%ﬁogtgg?%sméﬁéﬁg so"lrjsl ful in a nmethod of 30 bl ood typing. The
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universal donor plasma.. The ABO oligosaccharides or ABO fusion protein absorbs 50%,

60%, 70%, 80%, 90%, 95%, 98% or 100% of anti-blood group ABO antibodies from

recipient blood or plasma.

The ABO oligosaccharide is more efficient on a carbohydrate molar basis in
20 removing or binding anti-blood group antibodies as compared blood group oligosaccharide
expressed on a single core saccharide chain. The ABO oligosaccharide binds 2, 4, 10, 20, 50,
80, 100 or more-fold greater number of anti-blood group antibodies as compared to an ’

equivalent amount of free saccharides expressed on a single core saccharide chain.

Similarly, the ABO fusion peptide is more efficient on a carbohydrate molar basis in

25 removing or binding anti-blood group antibodies as compared free saccharides of wild type
AB determinants. The ABO fusion peptide binds 2, 4, 10, 20, 50, 80, 100 or more-fold

greater number of anti-blood group antibo'dies as compared to an equivalent amount of free

saccharrides of wild type AB determinants.

The ABO oligosaccharides and ABO fusion proteins are also useful in 2 method of
30  blood typing. The methods of the invention are superior to current blood typing methods as it
allows quantification of blood group antibodies of different classes and subclasses. In

particular it allows for the detection of chain-type specific antibodies. This is clinically
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rel evant as the i mune system can respond specifically to bl ood group
antigens on different core chains. Mreover blood group antigens on

di f f er entwoaone/sghaiins are expressed in a cell and tissuecspsmiof/hassmnner .
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depen e I nner core saccharide chain.' As an exanple, both A B and

1 antvilj daseavechyprpreesgeitctinnt ype 1 (Gl (31, 3GlcNAc), 15type 2

(Gal 131,43 cNAc), type 3 (Gl f31,3Gl NAca) and type 4 (Gall3l, 3Gal NA43)
chai ns. TWBH AisahbloedABoantiigess are only found |ipid-bound. H antigens
are produced by the addition of a fucose in an al,2 |inkage to the

di f f er ent TherABHhaitigen ewrfioandionglmostallgeain i wrasskedypBthMErand the B
antigens are produced from t i -H Ry j Ao Brate nature and
Nacegg}'ﬁﬁli%ﬁbcﬁggog?ﬁ' 5"%’A?m81rn%ép'ga %@%\%gété(‘%) Tﬁ%d%gre\ dg%?gj‘ﬂh?nkqge to the

t er Mapabuigalpast diserent BBy cafgtmosdessts, ansénzyawe sddiogpoenispeahariop upligin a

bi osynthesis of A and B antjgens require the npr. al, 2-fucose
1Qr senentishmapnarie ﬂiﬁe‘?‘?ﬂ'ﬁélflg’lﬂgaeggtc&l%%gré’%% g&gﬁ%@%ﬂ%ﬁ&@ tose,
respegtdoégloharides can belpriéd byl ﬁfdtéials by ligdsPionchn bd f@nfdfresipl tadarfbfids ases
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ne i(e.gebrgatiadiley” t he H | ocus (FUT-1) and the other 25by the secretor (Se)

| ocus (FUT-11). The PUT-1 gene product is resgo sible for er tergggc%)f/ut,igeH
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prodlf ‘s eXxpre y sall acinar cells as well as epithelial
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acetylgalactosamine (A) or a galactose (B) in an o1,3 linkage to the terminal galactose. The
20 glycosyltransferases responsible for the biosynthesis of A and B antigens require the presence

of the a1,2-fucose for addition of the terminal N-acetylgalactosamine and galactose,

respectively.

Two structurally distinct a1,2-fucosyltransferases enables the biosynthesis of the H
antigen as initially described by Oriol.'° One is encoded by the H locus (FUT-I) and the other
25 by the secretor (Se) locus (FUT-II). The FUT-I gene product is responsible for erythrocyte H
antigen expression and acts predominantly on type 2 chains, but activity towards type 1
chains has also been shown. In contrast, the FUT-II gene product is expressed by salivary
gland acinar cells as well as epithelial cells lining the gastrointestinal, reproductive and

pulmonary tracts, and acts mainly on type 1 chains but probably also on type 3 and 4 chains.

30 The gene products responsible for A and B antigen expression have been shown to
have a common origin.!! Mutations leading to the substitution of four amino acid residues in

the A as compared to the B encoded gene product result in a shift in the donor sugar
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nucl eoti de preference from UDP- N acetyl gal actosam ne to | MP-gal act ose. The
serol ogically naned 0 phenotype | acks expression of both of these gene
product s woeodm3ss7irane shift nutation in the original AcahiBso®oo2asd hence
do not express A or B determ nants.” The bl ood group A has been subdi vi ded
into serologically distinct groups, the nost frequent subgroups 5 being A
and A2.12 These A subtypes are produced by two different

ot 1, 3- Nacet yl gal act osam nyl transferases, one with a preference for Htype 3

and 4 antigens (Al) and ot her th a I 2 (A2)
ant |fgl§#1\%0“dFHEeﬁeFﬁ3’6th‘é’r%gt'§?"Wett¥ a&'r?é?“&ﬁet? ein % o‘ﬁe %/%ﬁ?% er a tions
are genef @l Inen6hak Mlke ek pR8siBY of bbfVbfahésenichy peddutt mlendrarfgammmlrrough this
may seem | rratl onal, it provides the basis for aéast on/o;furﬁl1 eﬂorﬁat is
essemtagonun des ongipal Aladglce and Befgido RATEXREES A &) Sast h
changeabl e r Lipé, RESRIORE Frequidht b o and
oth 88%8%@/ egltsgggf\/? ?’HBR’ %g(?lg%h%ﬁg\gg&{ﬁcg?% ?I ycosyl at ectltl | g]gfrg‘ésmHl gher
af fi Béxh%@& ;andhen'? itesed, subtypeb arenarodnesdducormpdifiernd ody3the use of

| t Th di f jty t
ey R EBERIOB B SIS RS AR B O o e R £ 4 B ERd 1Y)

i ncr gasanaf withe paétkidntct Yor Exaien] asd of(Apantigehent i nteractions include the
bi nding of mcrobes (viruses, bacteria or bacterial toxins) to a cell

surface, cell-cell bindi n? ﬁland bi ndi ng of pol yval ent nol ecul es, such as
ant i bodi edretigparieata o EEERSY | nhibition of poI yval ent interactions with

nonoval ent inhibitors is usually i neffec %/v‘%a en IeIlR&ha.elog)é}ﬁ {)[9 ofCtivity

of the i nwrarqmrarhaquaé@d“%%%‘r’ & AL SR cordi ng a nunber
P(F bd'b r]c(ﬁlrl R GHis a(ézéeﬁ} irR@lonas iﬁﬂr@ﬂiﬁé@theﬂﬁpi&lfdﬁﬁ fasboxl/iofferasfellhams
um n, rs an

cycl odextrins) have been ckbones for
mul tlersﬁleeuplrmwhrs@nglc@? conshidonsaasdt allewdiadatiahie ]é( q‘éf‘%“é”??@?i FUEEr eat e

nul tival ent, ' di Jiger T @ARMYAFa%e binAihgdprotimbdridvbeir
appré%c?ﬁcurnvo %}'g’s&%orgz 3%931 @ﬁ{‘;"gzésgg“@. ati orn of the I|lrl with the head

gr ougdydosylateddigans., Hugbnrtrrfﬁne@sowhem hegdedyaredp aatuze Q‘S’PH%P lished B dhegiset hese
gl ycogonj ugat es ries ener gd 10- to
000 o GRU e aF el oE Phes el avarior Chare iy Prish o anerd

agti %h?ﬂo%%dfﬂ@f] hg&ii;ds@h dhbﬁfea,atagrrbmlng zph@-le(ﬁlOOgoldahcrpam@ﬂ the effinibhyd (r]I ate
interactions has been achi eved. i ses S
pr eseﬁﬂa&ml%ﬁr\Of(l?Ollé"al?rltg%‘ﬁWCQPP%H‘(cﬁ}fcg’ tLEiB’tﬂda mlcr %e%@&zlrﬂ% E:E%:(g‘lr:]ﬂéggl?r ucture

and 'hﬁt: {al wx%s') kd g0 selirsdeapaeil bindeng,raamu;rrehﬁg mﬁyolgf/alpnmerwu}eg, sulk
car bo rate Owas m mcke in as nuch detail Eja(Cgloss

Recordsranahodlﬁmdﬂ asellisutface” (Tohiditien glraly wlettipERIgRs &é‘he'f‘?‘?%"aé%’t‘ absor bers
of ant 1t01[sbi%rl]1¥9e{lﬁ;3 1%eﬁ”@5ti\%°éveﬁ§f the“ﬁ%&ggZétl@%gfjtﬁgx&ﬂx%&&?ds%%%

Muci Hn tel are nornmm found at nucosal surfaces and are
gbar mﬁeturzreﬁ opymizdedi Acadrdingiynta rmrglbqrmé differprtmelgenlen (4 S\RNYATHRBILEt o

E:g_:. L%@?pg{’ @%gh%&r%r&gfb&gﬁgg# 211:51 and Jlggéfcltﬁﬁsg\fﬁbg Eet{ §seg'~é‘§ bafkBdies

D ress ng vari ous gl ycosyltransferase
C DNAstoWintu i pleréBehtafiohg of iyocan dlegc!samhaeded’latmmmgt torazeatp myltivalent

5gl ycans such that it carries seygera i.es of bi oJo i cant
cgr )t;dnyamat@ R EUFHHPARMING "eGER QIR SAW” &F ﬁgpr(?%?rmrvﬁ ‘Féglno}{(f% 8?‘%&% A

det ere{E'P{)‘ 33tiSn BEME 1@%@@ wiSie 3884 gr&w i npbsdmbsamtambbdmabr otien punsadasé with
high efficacy 1. I'm fact, nucin-based absorbers of anti.-blood ﬁ?éﬁu'%

26t i bkl swcers o therealy casORIMIZAISH VaKETRE M/ Senera) ghe Rffiaity 5 PRhADFeY APRI  ( as
cal cu @ Fol? ds %&?ﬁ%ﬂ?ﬁ Orhor?é\%@gltgﬁ@%uénéjqth%rﬂihaﬂxata'i)actxﬂmbk Atbstgftant i -

antib group A trisaccharide |inked via a sp cer
di r ectharadteriziggpbgsiologamb pat¢inscaripohydeate interactions has been achleved ina

cases'? by optimising ligand presentation (i.e. ligand structure, degree of valency, backbone
structure and intra/inter-ligand distances), i.e. nature’s way of presenting the carbohydrate

30 was mimicked in as much detail as possible.

Recombinant mucins with tailored glycan-substitution as efficient absorbers of anti-

carbohydrate antibodies.



arrangenment of G ucosorb). This, is explained by the fact that several
copies of the A determinant is expressed with for Ab-binding optimal

spaci ng onoQue/mEiiN-type carrier protein' . Likew se, recenbiooans2ssuci ns
carrying the carbohydrate epitope, Glcxl, 3Gl (a-Gl), have been shown to
be very efficient absorbers of anti-Gal antibodies; the main hurdle
15preventi ng successful pig-to-man xenotranspl antati onl547. Thus, nucins
are very efficient scaffolds for optimal presentation of bioactive

car bohydrat es. The inportance | oqd. ar | : As
descri bedVHsHE PEII B Sg"FSBB”}&%;-Y g)é?]grah nu§§ %%Q%f%&%g ngg?% %ﬁ?fnﬁeﬂ‘?yer ent

cor etﬁl%ﬂ'%%hﬁ(ﬁﬂrﬁ' ©-ghRkASubshitass (v secomd to thiddintine scid) Ipptd $0 & of geiri but i on
in the human body,” and 20 the inportance of fhe individ q}a ARH anti gens as

t ar geolagslas sygight is gpe %‘t*‘P-CBTQS’de@%WS&BWOQn VﬁBEﬁXBEeSF@%no nown.

S LREbNrddstiris MODNAIW, eGhlGh- T oyaétd adirardfic gleatiotls aihits Oody

repertoire 1Is heterogeneous, i.e. et her subpopul ati on 8f t hese

ant i pydiresuchhatiistarnguseierdd sppige af bh’éogj{iﬁlbé?lé%@c%‘&ﬂﬁaﬂffz’é' te ABET anti gens

and actually r ire nore. € hs d beent aade xad

tri s&%‘ﬁﬁ%ﬂr”f’%‘@' ﬁ‘o 'Sov%i%‘gq%s%éréﬂ Hgfﬁ g&g%gg§%§d§@19?§[§?2v 25suf ficient to

use %"fﬂ“”% td6ind aag.tﬁo@% AP AVt ot mghaadscaclpt i Imfagf, rmn—ah&th?ém@sf%ﬁfec: Ij ic
or 00 roup A or B antigen respecti-ve . g u

be ¢ PR PRTETPEP ASDBECIIGF RS BrappoaIar ol (PiEBonbRobmcue oL ¢

the g&@&ﬁ&g R Hubfer SPlolRRbup A deterRfsit) ia bialinphati amitwdidsithad ent

anti body adsorption and detection usin ifferent sub S, {. .eq..carried by
0 f f ehreclripod graupsAddsaseharidedintieds)ia 8P égﬂsﬂ?%TO&%ﬁr‘&Fg’ég&aﬁ%é‘Fdse‘r%‘?.

300 ia%@ﬁgecrﬁ%}ﬁroif@ﬂﬁcwohﬂ@)t Phis Of @ p e ¢ adtithe sehdahncopis «fthe & ent
absorbers of anti- carbohydrate antibodies. Fol | ow n% fromthe
di scudserminaabiespressed withifer b-tinding opjigtal spAGiRgOHPRR BURK-YDP carrier

oha RESteRo i Edseo s Rel HRedRIaogl i P saish Bt filpe g Gaecchart de
het elRILREIE YeedHownrdsRl verp etficiatiebssrbpmrdfantieGafantihodicsythe muin badles

Usi ng different conbinations of glycosyl.trgnsferase ge , .
Afici mreventing gressssinhpigrsrman ﬁ??ﬁtg’i‘%p A RN T L AT ;%/f%céﬁrétr al

gﬁg: ;éga}l’?(%lﬁgg%jcggﬁﬂg?r%/s%ﬁ&%ow&Bi&%iib@@&bb ateand outer core saccharide

urther elongated with the ABH determ nants. 5 Thus,

reconbi nang, QY 5384 sokidd simk@est ructural |y di verse bl ood group
A or B'nugzlt‘hneéﬁ%r}gg CJ;n be%ﬁ%’ke% t(l)éI adsorb a broad repertoire of anti-A or

- B anti bodj £§..BbOPR FROY ANEL N Bt it idanARlaRiEe carried by different core

saccharide chains. These have a cell- and tissue-specific distribution in the human body, and
20  the importance of the individual ABH antigens as target molecules for anti-blood group ABH
antibodies is not known. Similarly, it is not known whether the anti-blood group ABH
antibody repertoire is heterogeneous, i.e. whether subpopulations of these antibodies can
distinguish between the different subtypes of ABH antigens and actually require more of the
carbohydrate chain than the terminal trisaccharide for binding. Some data suggests that it is
25  sufficient to use only the A or B trisaccharide for adsorption of all antibodies specific for
blood group A or B antigens, respectively, indicating that this would be true also for
detection of these antibodies'®?. However the data of the present invention show that it is
possible to obtain more efficient antibody adsorption and detection using different subtypes

(i.e. carried by different core saccharide chains) of the ABH blood group antigens.
30 Oligosaccharides with tailored core saccharide chains as efficient absorbers of anti-
carbohydrate antibodies.

Following from the discussion above, a mixture of mucin-type fusion proteins or

oligosaccharides carrying the ABH determinants on different core saccharide chains (to
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In various aspects the invention provides blood group antigen

ol i gosacchari des. Bl ood group antigens include (A B, and O (H. The bl ood
group antwogens/sseispecific for all 10 the bl ood group sabtigmes002830 bl ood
group subtypes it is neant that the blood group antigens are expressed on
different core saccharide chain types. Core saccharides chain types include
type-, type-2, type 3 and type-4 glycan precursors. Exenplary blood group
antigen oligosaccharides include the follow ng: Blood group A antigens on

types 1-4 A type, 1Gl NAcal, 3(Fucccgl 1131, 3G WP . .

Lo RABHR A BEETARRE 0 S Brort PARR gy ot ani-a/B dicbdiis. Using

3Gal Nigakns CoHbRatRnGabp laigéal MsaferReAgtnepe thGainNsinaipBtFagielinlin) Gasion

i?é;'_i ifGS_ItLgN;(A &3&@§%i££gg ft.c\p)?g?_r&%g&a%nt 'ggoEB?eF%g éfg-){i%l%gd %l-y%anst letﬁ defined inner and

2Gal ( i OTRNAC L3 bR falBer ¥BRgated with the ABH determinants.

3Gal %3:%%3%&%%%?%%@%‘1“%36& Nacal -R type ° ,

48al alhu3( feacmbinGeerhBela@Eaantearser to ywakeoumcuzaiby diverse PIRod 6794 2s%0B
Wherein .R represents th ' : QUBr a0 hh@ddiés carried on a
f usi d'ﬂucd?%twgﬁﬁl} C?'h%e B%ﬁdﬁ&orggg&lgtat’%?ﬁ?é%t%rm){g%q?ﬁg ol Ii.gosacchétri de is |inked
to a solid support, or nothing when the oligosaccharide is a free
saccBroole GROBEUSNOGHRCDYREPSACUEBR RIDES | n vari ous aspects the invention
provides fusion proteins that include a first polypeptide containing at

| east a point vadivustisgectd theopyesttion provides bload grrupansigey pbigpsagehasitetat i vel y

i nk tqQ a second pol i de. i p i EOf

i raleed gt anpent fattieae o AR HIE TS ercf shiigo R hebStcAEtorall
qm)fer adhi veloa érb?ﬂi@ﬁbty@%sﬁ mhpb}dmgrﬁuplﬂpmy%qsépisim@ﬁt] that mwlnoé)gtwgéés'
refers to a pol ypeptide having a ucin donain. e | 3 as
e, | RERPIEREGEN SRR Car. SEREHICF OFIPE rtie oG poctifh BB incifad
poLyfﬁ'?E-i,qué-.glfﬁﬁ%ﬁﬁ@@%m@&&wm@“ zed by an am no acid sequence
subst 't uted wi -

Exemplary blood group antigen oligosaccharides include the following:

Blood group A antigens on types 1-4

} A type 1 GalNAcal,3(Fucol,2)Galp1,3GicNAcB1-R
A type 2 GalNAco.1,3(Fucal,2)Galpl,4GicNAcB1-R

20 A type 3 GalNA;o; 1,3(Fucal,2)Galf1,3GalNAcal-R
A type 4 GalNAcocl,3(Fﬁcocl,2)Ga1[31 ,3GalNAcB1-R
Blood group B antigens on types 1-4

25
B type 1 Galal,3(Fucal ,2)GalB1,3GlcNAcB1-R
B type 2 Galol,3(Fucal,2)GalB1,4GlcNAcB1-R

30 ' B type 3 Galol,3(Fucal,2)Galf1,3GalNAcal-R

B type 4 Galo.l,3(Fucal,2)GalB1,3GalNAcB1-R

9



gl ycans. For exanple a nucin polypeptide has every second or third am no
acid being a serine or threonine. The nucin polypeptide is a secreted

prot ei n. wbteemasirvel y, the nucin 15pol ypeptide is a celpcTasidacesspr ot ei n.
Micin domains are rich in the am no acids threonine, serine and proline,
where the oligosaccharides are |linked via N acetyl gal actosam ne to the

hydr oxy am no acids (0- glycans). A nucin domain conprises or alternatively
consists of an O-linked glycosylation site. A nucin domain has 1, 2, 3, 5,
10, 20, 50, 100 or nore O-linked glycosylation sites. 20Alternatively, the
muci n domai n conprisds or alternatively consists of an N-linked

gl ycosylation site. A mucin p o or 100%
of its ma¥herEd R SeRTRRENE (e “Clﬁvﬁﬁ teb]o 58_{;9 dﬁ %éqs ‘g%ﬁ‘ﬁgq’f&%ﬁ@e ’

enco%e(qmm{he 1,:;{ dldteagianent(whén t,heI\v!H@o%a,chdm 1s|w€3dtcea soljd fdpperthat i vel y, a
muci n pol ypeptide is P-selectin glycoprotein ligand 1 ( PSG.-1), CD34,
CD43 notbidas whepge, ol gojrmiarige lﬂm&@ﬁﬁc&gmﬂ% bl ood cel | 25gl ycophori ns.
Preferably, the nucin is PSG.-1. Wiereas a "non-mucin polypeptide" refers

? aFQR;W[PPBU{QEPﬂBEW“' ch at least less than 40%of its mass is due to

thin an ABO fusion protein of the invention the nucin

po' ypep“ 46 v%ﬁBu&erpfeeeﬁﬁélﬂxJeauaJx bré¥ided fREbh pesteink teatrinctude piiostei n. | n one
enbodi nent, an fusion protein conprises at |east a portion of a nucin

pr ot e:loiupe‘pmie t@asltmnag pdeast erporiien penaly COMRICIIfes-nd M PIPSRIES: i de

contains at, I eas e A8 ubked héBinOa HUBKGp@kaia0BY clrheric Si t e) .
In on&® eaﬁ%ld lmek ?tgtgﬁsg nmuc nggro!tdgl n gorrprl sels t he exIt)raceI | ul ar por.tion of

the nﬂbtﬁnﬁ*nhtldées ﬁdtasexamﬁm OEMmUMQiymFIQQ@BPWa&eeb’dW§%§ nofgnucin

extrac | ul tion o / 7 3 The
Pr stpoi’éﬂ 3& F\grémfcs“ BP(V(P r&f r%y ﬁ&;ééﬁrﬁr%r%ﬁ&g E&Q &oﬁcgg%rga?s] ferases.
The frhli&h pBRIpLPEMS h&bories t\gb,ytm&yﬁaé aén,byedty &, mérmumrcbﬂbﬂlllf@dr herougin

transferases. G ycosylation js sequential or consecuti |y
gl ycoM)yReptige is %“chiM%‘tﬁrP@h‘P Cmm?taﬂ Y fn gming 4c1Q ReaRePtY %‘hﬁ#tﬁ%dr]gﬁth@ For

exa gTath erdy dxanpROh YRR b %Fbﬁtlcw h‘a@@b’ﬂyas‘ee&lcb&r thirdlanzino acid being a

5f uc transferase, such as or ene enco

f ucosserine antireonises ThEmueh! pelypentide is 3@6@9? rPéﬁ'sef‘erﬁgE‘s‘aH?’%lyFm? ™ n Bank
0984 1; AT455028 d NMD0148 d FUT2 Gen Bank

A@C ‘R‘g ﬁf%gé%ac‘%k%i%%?ég&%gggw and ASGOgg) Al ter na% ?\r/]el Y, the(fi Pstan

POl YDER | 05 OGRS i darl R AHAE! D O omns s e a1, 3

gal act osam e age one aspects, the ol ypeptide is
gly CO@Yécﬁh&ﬁ:ah&eMb hinked aia R- afcaqagwctmmmhetca@@ tarddow qm@omlds (O-

acetyl gal act osam nyl transferase or.a a
Wt e Gemeiindoataen rorprac SN RS R EA R BLATen
i ndi cgtee A hddcid B6mbinmiss 13203 5800000054, 1pe pt ides Cahek@hglwwﬂﬂtsﬂnl siteked (most

typically via a covalent bond such, as ti.de band) er that
agq O\Aéltﬁmﬂtll‘?)elb’r Hrdaugn fogeyn ﬁ?TBﬂsﬁfor?ﬁE‘p"PP?(%l?' C}?Bf'ﬁ?e (ﬁ' hg? en used to

refer fQ,held GtedA BRichEObBStid HadS09%) 609, \BRTRII0%8, 95% or 1609 ofisrmassvel y
due to the glycan. A mucin polypeptide is any polypeptide encoded for by a MUC gene (i.e.,
MUCI1, MUC2, MUCS3, etc.) Alternatively, a mucin polypeptide is P-selectin glycoprotein
ligand 1 ( PSGL-1), CD34, CD43, CD45, CD96, GlyCAM-1, MAdCAM or red blood cell

25  glycophorins. Preferably, the mucin is PSGL-1. Whereas a "non-mucin polypeptide” refers

to a polypeptide of which at least less than 40% of its mass is due to glycans.

Within an ABO fusion protein of the invention the mucin polypeptide can correspond
to all or a portion of a mucin protein. In one embodiment, an ABO fusion protein comprises
at least a portion of a mucin protein. “Atleast a portion™ is meant that the mucin

30  polypeptide contains at least one mucin domain (e.g., an O-linked glycosyiation site). In one
embodiment, the mucin protein comprises the extracellular portion of the polypeptide. For

example, the mucin polypeptide comprises the extracellular portion of PSGL-1.
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| i nked neans that a nucleic acid encoding the nucin polypeptide and the
non-muci n pol ypeptide are fused in-frame to each other. The non-nucin

pol ypept iwe 20em3be1f used to the N-term nus or C-term nueCcefiBido®orEEs N

pol ypeptide. In a further enbodinment, the ABO fusion protein may be |inked
to one or nore 20additional noieties. For exanple, the ABO fusion protein
may additionally be linked to a GST fusion protein in which the ABO fusion
protei n sequences are fused to the Cterm nus of the GST (i.e., glutathione

S-transferas sequences. Such shon praotein L L]

purificat irrgﬁ?%?t pﬂ%@’elpﬂg? &gﬁf%styi’iﬂﬁé B)&IOB &rha olriélg{%?; G %ﬁ%ﬁ ké@%&%{)gbgr otein
may ﬂ%bbiﬁ@ﬁiié%s%@ ddsplaesdl 12 23,901 oiped prouparansfesasesl Gdyesplation 1sar e
known to those ski Y.ed in the art. Such.25conpositions can facilitate

r enpseguentialgrcongcytive. RTPRIAYRLY Bbirradatien,is Cg’gﬁ'rlﬁﬁ?'g,ortrﬁ% RBGFUSi"On protein
s |'inked p ' gRge ; ROIRAWds 131 | i ca, | atex,

pol yﬂ%rlpicgla%(éf(gerri gﬁ 1;”gzlnﬁ'iﬂcrot ?%Poﬁflpg?%c;lérﬁitgﬁcocgl I uluf)ysjefl or nylon or a
oMbk ieanteekeafuch i eheBOof Sai gene pnotdeidres! 2 fudesyltrapsterases.i BXYUP¥BY t are

used as an absorber to renmpve antj-hl ood gro i I,8S .a bi ol ogi cal
sanprd;2 Bgesyluansiergsrs as¢ FH HstRzen Bep Rﬁ‘h %@8@%&?@3’?5 :Oﬁggﬁ’usi on
pr ot %iﬂsiséﬁé tgﬁél HER60 R1hSICEOTO I BhtiNAbc. 2661 FEINGe6{ BAG 11638 pDBIFEIridd e

a

sequence 't I's not pfesent in a polypeptide encoded by a nmucin nucleic
aci dASE098) Alrpasivelyn ke firss pobpsppdeis glyrosniatedy bdn signal sequence can

be renoved, and repl,aced with I gnal t @leFirsd N
cor t GFHY HELE BRI D FET e B B R A R e B S 2 o
¢6! | %,blypgﬁgagﬁgs%l%sgﬁ@é(pmy B6EI Rt d D fadosphitappfepisedad@an3 e i ncreased t hr ough
use of "a heterol ogous signal sequence. An chinmerjc or fusion protein of the
i nvenrtétylgatantosominy lTaNRie@soor 3 F?ﬂé‘?lélcmsamlf‘&@%éeﬁaéﬁt DNA t echni ques. For

exanpl e, DNA fragnents coding for the different 5polyp | de ,se ces are
| i gat ed t OWeéthiretheifnsipn areteing thecletn dapriati vily H“E%ﬁéh‘?%ﬂ&% tqlégﬁﬁgéﬁgtst,gee. g.,
by enpl oyiing bl unt.- ; .r;llskfadﬂ I kkalifyOFia lai c@RhleAboddasichi cti on
enzyI%St "éle‘%{:? &npélggé;ﬁgf\%f’gée oe?ﬁggﬁ rgpri an{laﬁg gprﬁrlr%ani)?h?ial ling-i n0 of cohesive
ends s8% Rpridepoiditia a mhkakr it aflows fonOdsked byaoseiation Of Seofidt BelYRSRHS| e

| 0i ni.ng, and enzymatic .ligatjon. L.n her | ' gene can
B B A S g SN

synt hﬁgéeaehﬁanﬁhﬁﬁf H@e{l}éi\é%w erRORingtht infuctmpolgpemidegmdahé nagmeudis can be
carried out using anchor prinmers that_give rise to caonplenen erhangs
polypeptide are fused in-fram'g to each other. Tlge non-muc?n polypeptide can ttaeafl}ée&) ¥s {hg 9

N-terminus or C-terminus of the mucin polypeptide.

In a further embodiment, the ABO fusion protein may be linked to one or more

20 additional moieties. For example, the ABO fusion protein may additionally be linked to a
GST fusion proteih in which the ABO fusion protein sequences are fused to the C-terminus
of the GST (i.e., glutathione S-transferase) sequences. Such fusion proteins can facilitate the
purification of ABO fusion protein. Alternatively, the ABO fusion protein may additionally
be linked to a solid subport. Various solid support are known to those skilled in the art. Such

25  compositions can facilitate removal of anti-blood group antibodies. For example, the ABO
fusion protein is linked to a particle made of, e.g., metal compounds, silica, latex, polymeric
material; a microtiter plate; nitrocellulose, or nylon or a combination thereof. The ABO
fusion proteins linked to a solid support are used as an absorber to remove anti-blood group

antibodies from a biological sample, such as blood or plasma.

30 In another embodiment, the fusion protein is includes a heterologous signal sequence
(i.e., a polypeptide sequence that is not present in a polypeptide encoded by a mucin nucleic
acid) at its N-terminus. For example, the native mucin signal sequence can be removed and

replaced with a signal sequence from another protein. In certain host cells (e.g., mammalian
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bet ween two consecutive gene fragnments that can subsequently be anneal ed
and reanplified to generate a chineric gene sequence (see, for exanple,
Ausubel ewoabo71Gsds.) CURRENT PROTOCOLS | N MOLECULAR Bl @c@@Ey2009002830N | ey &
Sons, 1992). Moreover, many 15expression vectors are conmmercially avail abl e
that encode a fusion noiety (e.g., an Fc region of an inmunogl obulin heavy
chain). A glycoprotein Ibcc encoding nucleic acid can be cloned into such
an expression vector such that the fusion noiety is linked in-frame to the
I mmunogl obul in protein,

: X BO f.usion pol ' | st as
ol i gl £8lls)s eHesOnRRAiPESCCrioRAT §’°§’rpe§BH%8%‘} %ér)rglrc}sl%ﬁgé ggggggpy? the ABO
fusi g&e&% &ggﬁ%lﬁ@sé@eﬁc@i mer. The first pol ypeptide, and/or nucleic acids
encodi ng tthe fiTst pol ypeptide, can be constructed using rucin encodi ng

sequences gy &ilﬂé@i\eg)_r iffsibi Brtéih-of Bt invBh@orS @4i Beprotiocedbi btangrrtly pept i des and
n

nucl ei ¢ acids encodi ng nuci n pol ypeptides incl ude GenBank: Agccessi on Nos.
NP6 68625 bamcht INLAS68011quGADF06 252 18PIg: 1&%#8&5‘?“)‘(@%@9‘8 r &Wdﬁ%r 40694,

XP000S0T. ARtk SROSEAT, 2Ng, APRARRES I rant iNMROSUaIcd GRReGhYeIoNal and are
i*hcoPPSPERAEF P& 15Y° réterence in their entirety, . . In some .
enbogichBiRuss, 4 fiebyremptoyieg Yinependtsl oritaggpr-esdgst unin doplsatiana FESEIMuci n

pol ypepti de having a mu lon in.the natucally- L LO sequence

Cui | vy sicerien Rediamide P arhropuigderint SHMAEREtend fUPLD, SETETTT e
non- gpbRbAdtes RIKAARE Phespﬁaraséaaemmnt & aidié undesimble joining 3pdlepprpatice
conprised additi ona O-Linkedﬁgﬁgcos Iatiop si%Fs.Qp &ggekgoﬁﬁe w | d-type
muci higaer.cmanqtien gmbadigents thetHpiop, genf S PG REPTT o e “conpr | ses an ami no aci d
§6’qu$%@1§id(;ﬂé} A d1 9% ¢ LN AIMALES PN 4 sy ithédizdrC perantivalyrPER ahpEcative, oftgeneoni ne
or 007 135571§CT/182007/002 30 praline resjdues as, conpared Lo, wld

t ype fragoientyeaAnhreparied outnifing AHFEEE RE BT CRAbSING dise £ COBRIEIHY P VBE A8k essed
B S g et
pol ype ptictatenmitimericgepe ssquinde Gsedov axample, Auesibel i (R ptGRRENIYi ng
mutat]ons in the natur al Yo o5& Tohl WilHFE S GRATGISE Mdfebled ¥Ry that
15  expression vectors are commercially available that encode a fusion moiety (e.g., an Fc region

of an immunoglobulin heavy chain). A glycoprotein Ibo encoding nucleic acid can be

cloned into such an expression vector such that the fusion moiety is linked in-frame to the

immunoglobulin protein.

ABO fusion polypeptides may exist as oligomers, such as dimers, trimers or

20 pentamers. Preferably, the ABO fusion polypeptide is a dimer.

The first polypeptide, and/or nucleic acids encoding the first polypeptide, can be
constructed using mucin encoding sequences are known in the art. Suitable sources for
mucin polypeptides and nucleic acids encoding mucin polypeptides include GenBank
Accession Nos. NP663625 and NM145650, CAD10625 and AJ417815, XP140694 and

25  XM140694, XP006867 and XM006867 and NP00331777 and NM009151 respectively, and

are incorporated herein by reference in their entirety.

In some embodiments, the mucin polypeptide moiety is provided as a variant mucin
polypeptide having a mutation in the naturally-occurring mucin sequence (wild type) that
results in increased carbohydrate content (relative to the non-mutated sequence). For

30 example, the variant mucin polypeptide comprised additional O-linked glycosylation sites
compared to the wild-type mucin. Alternatively, the variant mucin polypeptide comprises an

amino acid sequence mutations that results in an increased number of serine, threonine or
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results in a mucin sequence nore resistrit to proteolysis (relative to the
non- nmut at ed sequence). In sonme enbodi nents, the first pol ypeptide

i ncl udes wol2heAsegth PSGA.-1. Alternatively, the first pecypspbi/odessonprise
| ess than full-length PSG.-1 pol ypeptide such 10 as the extracellul ar
portion of PSG.-1. For exanple the first polypeptide | ess than 400 am no
acids in length, e.g., less than or equal to 300, 250, 150, 100, 50, or 25
am no acids in length. Exenplary PSG.-1 pol ypeptide and nucleic acid

sequences i nclude GenBank Acc. No; XP00p867.. X and
XML ARIGGRS roPHieS 88 STy AT T PE S Y5 P ERRET % A bt aped S HiAke
embodini&itin bk Asses adbp&ihlRapt peteinne lcathehydrasequiendehe haucinf bici | i t at es
associ ati on of the ABO fusion pol ypeptide with a second nucin pol ypeptide.

| n pmetheds kaowipdepssekilled ip e &kcond pol ypeptide includes at |east a region
of an i munogl obul i n pol ypeptide. "At |east [ LS meant to i.nclude

€ a region’
any port i bnsaane embpdimendsytohurin - Relyeerfids mg{?&)hgsggongd PP BNE BN APR  heavy
ai Doy B H B! fof0! bethrfh W'ﬁé&ﬁﬂﬁ&! (Wil fype) that
Sqmmﬂ?%?%iﬁ%ignﬁ%h &‘5@%“8@%’%@8t“.§¥féﬁl Oa?e rﬁngg)wn ill’_l the art and are descri bed
in eregults S Matenteqiesce Ho%IGsisBAL topro@slysBarelativeow the@on-mytatedgy:
5,714, 147; and 5, 455, 165. In sone enbodi nents, the second pol ypepti de
conpfGER° ful | -1 engt h i mrunogl obul i n pol ypeptide. Alternatively, the

second pol ypeptide conprise Less than.fulls]|en ' opulin
pol ypeplto i &)é/?"'g?ﬁ?“?)o g ?fﬁ%héﬁ% ,Oh’lple Wﬁe E’ﬁg}dﬁs%g’%‘;ﬂ aggéhﬁg or Fc. 25
Pr ef ali@RlaYively) ercSES0 polypeptideapiipiBeilas thateful k- hagtheBSGLechpolnperitidersuch
|m’runoc1J\]eobuI i'n pol ypeptide. Mre_preferabl gahe slecontdd Olssytﬁg{?tcidbe i ncl udes
ihe retheegiraecibflanportinfoh 5§50l Fﬂ“ﬁﬁ‘l‘?fﬁ%fﬁ/‘i et polypept anot her aspect of
the 5@Y.%‘d‘§éi&’§"i&1@80&69%(!gesla%yrp&mcjudﬁofm, hees15. 1601 30, of @5 amiinmatidain t he .

0

ef fector function®of e region of a wld-type i munogl ob Iinn?fe ch chai n.

Fc 30engftf.cBtomplaunESGbnal polvpeptide agrnusicierprid sepeencet Bistusie Genta g’,gc o58

co Lxat i T i ivity. (see for exanple, US
mh@?ﬁ@oo&?@é@%@% €8] 4068 RhENNI4GgY4 Vi LY. ( np

Pat e t’hods of assaying T cell depleting activity, Pc

effector fuynction d I i bl Hi 1 decohdd one WO
2007/ 1355#ﬁﬁ??%B@gPB@%égggéﬁ%%ggﬁge%ﬁlixhgr{ 5%’%%%*3@8‘3‘?‘;?3%2 deecﬁas | ow or

09 afbiypeptidd miclides akequance phofacilinteamssddaiomef the AdHD Seriowpelypepitdesecond
pol ypeptide has | Qqw oy no.affinity for conpl i Qg :JAnot her
as ped’f'ﬁb? sgoqad muAR PPORER (?"t' aﬂnr?ge%geggﬂ%g E}s)r?grgg’gb%f%a%ltn)ﬂ/ Hgl regtslcsi?a\on vectors,
5CONtiRd1fdddtt FeREE k&Jisn BE hlirRMAAEIBBUINMIPOIYpetidep € pttilees a regioneisi medritves,
fragnments, anal ogs or honol ogs thereqof. In vari usl&%sp cts the c\ﬁ%Ct %Et
cont andiedeamupersios of endmereglabylia ‘?R]E?‘He’p'*b‘F?ﬁ%&q t(‘fﬁ%‘l“aB‘_Fagyyl ikedto an
nucl ?{%%1 RO x%gﬁ)%‘? 9 %Bn'om{m%%m fhBred@! YRERiAdEEebdin fSioh\palypeptide
frag P& hal gs or ﬁ nmol ogs” t her eof Additional | g t he ve% gég.conprl ses a
a0c| erckamvairethecutt ayl arciseswibedrin g tYaReteat Nos- 3ath98E 2224138
fucosylld Pt 812382, 8734137 8nd 5,455, 165.
In some embodiments, the second polypeptide comprises a full-length

immunoglobulin polypeptide. Alternatively, the second polypeptide comprise less than full-

length immunoglobulin polypeptide, e.g., a heavy chain, light chain, Fab, Fab,, Fv, or Fc.
25  Preferably, the second polypeptide includes the heavy chain of an immunoglobulin

polypeptide. More preferably the second polypeptide includes the Fc region of an

immunoglobulin polypeptide.

In another aspect of the invention the second polypeptide has less effector function
that the effector function of a Fc region of a wild-type immunoglobulin heavy chain. Fc
30 effector function includes for example, Fc receptor binding, complement fixation and T cell
depleting activity. (see for example, US Patent No. 6,136,310) Methods of assaying T cell

depleting activity, Fc effector function, and antibody stability are known in the art. In one
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10acet yl gal act osam ni nytransferase, a al,3 gal actosyltransferase or any
conbi nation thereof. The bl ood group transferase facilitates the addition
of bl ood woeu@/dses7er m nants on the peptide backbone of theaser/m2psrti on of
the ABO fusion protein. As used herein, the term"vector"” refers to a

nucl eic acid nol ecul e capabl e of transporting another nucleic acid to which
it has been linked. One type of vector is a "plasmd", which refers to a
circular double 15 stranded DNA | oop into which additional DNA segnments can

be ligated. Another type of vector is a yiral_ v r.ei ddi ti onal

DNA embpRiftest thgrfepen P‘E}é{’é’%‘&‘qe aé?‘?‘ﬁé’r OP?ﬁlm e?%?r@% ?%g?c\tégféﬁ' ?/rg%'?ors are

Capablsn @y AHORRMRHE thERcbAapbERehiichdAas arell affintip fmhiariplement ar e

i ntroduced (e.g., bacterial vectors having a bacterial origin of

repl ppagindHgand epi somal manmal i an vectors). Qther vectors (e.g.,

non- epi somal mammal i an vectors) are integrated 20i ni)g t he geno%? of a host

cel | upon Anotherdspact ofi theringentinn pes@insda VECtorh TIPS ¥ RIPEIPLHI¥At ed al ong
ith the. host NQNE., v . [~Q¢: ; 82 ént®fandiogeot i Ng

\tlgwe EXPPELH %Hg(gf:'cgaechde%/'?{ogs)ﬁ'{hgﬂ%ﬁ?wegpg&ggg? grtl%_/tgll y- I ?égted. Suct% vectors

are hekoldeedhdreofdheiafioas atjeeprths sedor cataios g nucleic i eneadinga FUEEY| on

vectors of utility in reconbi nant t i ' far m of
pl asBPlyPepldp ?Ff?éa'é?’é‘é‘é(ﬁ t%B‘éBF&F'@&%%QC%HJ&%aasm g“ g%%&%%ﬁc%%?%%@gan be
used gkt ANehAPAAAG Y adSlok6r RbrasIEES tesedfh A duiisenatiyntherieptar semprisesa of
vector. However, the irirntion is intended to igc‘fl ude tsuc{nergstehg&rlf ms of
expr egsleisraoidenending a higedaroyp rapsicrass & Yt u?(éseﬂ TR0 Gefecti ve
troviryses, adenovi ¢ | bk bH$ 85 hbinatlbs theredty e
iﬁui \?8?lét%taiearcﬁ°rlséﬂl%'ﬂ {.rg%ﬁgl%?%c%gxnﬁlgggﬁtc égilg‘?gifgﬁgﬁ vec?or s of the invention
conpIitedléou@upitenafeabedhicilinges3be additnn obhldod gropp ARCENINAAI® ther
expression of the pycleic acid i 3 i.C fiB8n
recorPGPH%'PaCé‘?BP%QEH@H“V@&PSF%O'\ %c@fu%?%rﬁ%%'ﬁ pg%é@g ggg%afgﬁgy&?ghgqtuences,

sel eat,gdoPetdieidaniderl acidimolRale phble of rabspartieg ahotheexynies gfidrfe that is

operatively-linked to the nucleic acid sequenge 1o, be.expre (thin a
r econ@ﬁniq@ﬁthag)bgg@ggk% Qae e, otw&ﬁtgr 154 )pﬁgﬁrﬂlgledwhcg e R4 c‘?i?c%‘iiar &gui)m

%307/ sl‘r%ﬁégcf'Bgﬂ H%%qggﬁ QRZR3AdiHnaNORAh s ndedcddisd ligdred Mmdtkerttypeosequence
0 s [1nked t

i nteres o the reqgul atory sequence(qs) .in a manner, Ehat al | ows
for eveptoessi oirabiectdre wheudieodditionaldpArfesmeatsgan herdiggted ipte fhevira
transcription/translation systemor i fic&@hlin WRRt EdIEinke hth théy

i nt ro%ﬁ'}egﬁ' i%?ﬁ‘@"f KEREH© Sae‘%lal%ief toeAdt?%(%r%t}g?e%ul atlgry_ se_quelrlllce". i s jntended
to i ngbieodREedTs. 8! acteniflarcairs havidg etbheteriekgnigiosif seplicsHon and epispmat

(e.g., polyadenyl atiaqgn, signals). Such r I o i bed,
For " ramplban RCieBRatne! VaEree Kriosr oRe FRERORR RES TR PR o ooy
1%)5, i‘%ﬁﬂﬂ)@@eﬁoﬁ%%?%hé@&lﬂxﬁtﬂﬁm:@&hdtfon 100098 hosReiybad dreyebyeage eelisatedne| ude
those that direct constitutive expression of a nuctgleo{ride tsngqﬂgnce in many
t ypesalohg hitbtthe Bpst SEOaME- YBLEVEh SEER VESPISALF ARG AT SFSFHE licl eot i de

sequep ' 4 &/ e&ddefativBlydlinkdd. SR \@pRES hieaefeegd|taherein
seque%’%’zgsggmnﬁ#%nﬁf{%ghgggﬁi%?at edg by t}ﬁ%ﬁée skilled in the arbﬁ{gat t he
desi gis wiptessiopwpcosi dn geaetebexpiession NeFArsH WK 11 ECOBIPINaL choi ce of
the host cell to_be.transfor : I CERatien, "Hlashi@t sadd

desi r gghnigpes ar‘l”ﬁ’gegﬂﬁF}éesioln%n&l\i)g%stn]g?g 1511?[ ‘ﬁtg é&{eﬁf\?@éﬁti on 1can@E)aes i ntroduced

i 0 hastortehh Be tised inesrelmngpatilsas chepplasreidris thy mesiprdrpasnly yed fRffh

vector. However, the in‘\/ention is intended to include such other forms of expression vectors,

such as viral vectors (e.g\, replication defective retroviruses, adenoviruses and

adeno-associated viruses), which serve equivalent functions.

The recombinant expression vectors of the invention comprise a nucleic acid of the
30  invention in a form suitable for expression of the nucleic acid in a host cell, which means that
the recombinant expression vectors include one or more regulatory sequences, selected on the
basis of the host cells to be used for expression, that is operatively-linked to the nucleic acid

sequence to be expressed. Within a recombinant expression vector, "operably-linked" is
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15fusion proteins or peptides, encoded by nucleic acids as described herein
(e.g., ABO fusion polypeptides, mutant fornms of ABO fusion pol ypepti des,
etc.). wo2007li3ssmeconbi nant expression vectors of thepcmuBmbi/onssian be
desi gned for expression of ABO fusion polypeptides in prokaryotic or
eukaryotic cells. For exanple, ABO fusion polypeptides can be expressed in
bacterial cells such as Escherichia coil, insect cells (using 20bacul ovirus
expression vectors) yeast cells or mammalian cells. Suitable host cells are

di scussed further in CGoeddel, GENE EXPRES : >ulMeHCDS | N
N VBRGS0 B Hys A e S O 0 o o PO Ao o f ve .
the L GaONRIHINE AL ERE allows Eérasxpeasiohef thansiedtiledegnencer(ags imerd: i n
vitro, for exanple using T7 pronpter regulatory. sequenc .

pol yvitrodrasciB Do asiition SYFtept 8F i st ﬁggwgﬁauﬂ?o‘{%“i" i'8 ”ﬁt‘g%}u%g?fn-e[% terried
out l|1 tlc:rél?)heri chia coli with vectors containing constitutive or inducible
pronoters directing the expression of either fusion or non-fusion proteins.

Busi on Ve%? [P e Aaldy uefte'aliNen & ©BSnélad@ pRirabels) estitmoera cnt fodirezi n,
Usually to the am fo tefm hus of the recombi nant protein. Such fusion

vect exgessyqi caitto) ekearants (ehg. cpolpadapytasion signals) o SPeR Feead RO ITARERSEH Aot

reconbi nan rotein, .(il [ SRlYBEN: MET@bpERe r econbi nant
pr ot ggst‘?,“%'é‘ﬁrofgff”falrﬁl&?b&a‘? d%%l,k%gﬁl%%?%gbﬁ?n of tBEIg Irv}e‘lacorrtl))i rllant. protein by
act i pgzagiotobl 88dALNekit iPrédsy SmuDidgos Erlibif 1990t Aegulatonyssnasncex Biclylsi on

vectors, a proteolytic cleavage site is i.ntroduced a i i f the
ool BroshrihosHiropt Pt Y R RHAR T bABEPHTE e AEEE o Hhal) Bk BEASPEP

[$COURE BRRE (i AbBENEXF QRIS the! Bli€1BotiER setjiencAOnRP OV ¢k BB RORCENS 82007/ 002530

subsequent to Purification of the fusion protein.,K Such.enzynes eir
cognéisaierspeoiivi regwatosy qwg@s,). iItn‘(‘,‘IIUEFeaHPé%‘i'?ﬁeg kﬁ,th?ﬁﬁ qcﬁ%gﬁﬁ art ?‘hnaq tlrlep

ent eroki na | Rl REGH Qf2hRELRI S the eheide op HhosRindl torei a
Bi oté%?w‘v?r??}&e }q}bp‘lf?gg’rl?d‘fe Or%§g§§9<£1988_ Gene 67: 31-40), pMAL (New Engl and

Bi ol alaasfoRavd thy Jevibhetexpressibmdi ProteiPaesiisda?ifa ThpiedpEssiRAy RS PY MY hat fuse

5gl ut at hi.one S-tr.ansferase I i,ndi EptideR! inBhidid N A,
r espdRYeRLgn ycan ks 'Pﬁgd?(§ dgEo(%;%el %éb\%}éa Egéguggb%eﬂﬁ.%%g‘t#pl es Féo_f ®
s8li t ghdien bRsteiak B peptitiesf etvbded By aocleicacitsassicsrribasdchasein (2801 ARE PR

Amrann et al., (1988) Ge 9:301- 315 d T.lid (Studier et al., GENE
&pmymim@wm@%fwsw@%ﬁ%%ﬁ%, Acfatdem' c Press, San
Diego, Calif. (1990) 60-89). e strate t.0 im j.nant
pr otg'.J ein ex"ﬁ?ee@g%ﬁi'%ﬂﬁt EFPrE%fI“?“ Y&CP1§ ogg}ﬁl@g%'ﬂf%ggﬁgrboet &e%%?érﬁ@nggr %@g%gg@gct eria
with o%rkégﬁf@.éil:)ﬁ go%ggﬁ(')élés)ﬁntp?ol@efr?&t?@&ﬁ/édkﬁ@lduy: elleaVer &tmnplecABD fusion
proteln. ee, e.g., ttesman, GENE EXPRESS|I ON, TECHNCL : MVET, S. | N
ENZYNolgeptidessantraekpressepirebacteriy gelly @%,aSc%?Ffl‘f’.‘g(j%@g%i%-"i US%ot her
?hr at ea%l | Sk 8¢ Heb §0n %ﬁo:JsZQHz&lt eLi%s SGhSmaRAHE 36Es. FuithBR Hydttedisaraci d to be

serlf olvhrf"%e)é%reexpres& oh”vector so that the individual codons for each
am najiggissedafueththins@ogaide!, diEvr ExPHESSION TEGHPLOG YEMEQDS (I ENZYMOFOGY\£a (g,

et al_., 1992. Nucl. Aci Re 0; 1 elPURR raldrssiaidt@rprissiBHCl ei ¢
aci d @q(}@ﬁé 1cgifre§s|,|§ap ﬂﬁ%%‘fls%a}ll%c%rgla(%% Acgérrgllgé\édg’ut thy standar d-DNA
synt hgsis daf BaMaaEESbed and translated in vitro, for example using T7 promoter regulatory

sequences and T7 polymerase.

25 Expression of proteins in prokaryotes is most often carried out in Escherichia coli
with vectors containing constitutive or inducible promoters directing the expression of either
fusion or non-fusion proteins. Fusion vectors add a number of amino acids to a protein
encoded therein, usually to the amino terminus of the recombinant protein. Such fusion
vectors typically serve three purposes: (i) to increase expression of recombinant protein; (ii)

30  to increase the solubility of the recombinant protein; and (iif) to aid in the purification of the
recombinant protein by acting as a ligand in affinity purification. Often, in fusion expression
vectors, a proteolytic cleavage site is introduced at the junction of the fusion moiety and the

recombinant protein to enable separation of the recombinant protein from the fusion moiety
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I n anot her enbodi nent, the ABO fusion polypeptide expression vector is a
yeast 20 expression vector. Exanples of vectors for expression in yeast
Sacchar omyoesowssi7yi sae i ncl ude pYepSeel (Baldari, et alpcridf970026080 J. 6:
229-234), pMrFa (Kurjan and Herskowitz, 1982. Cell 30: 933-943), pJRY88
(Schultz et al., 1987. Gene 54: 113-123), pYES2 (Invitrogen Corporation,
San Diego, Calif.), and picZ (InVitrogen Corp, San Diego, Calif.).

25Al ternatively, ABC fusion polypeptide can be expressed in insect cells

usi ng bacul ovi rus_ expressi gn .vectors. .Bacul oviru ar i for
ex prsBbssqyanige pyridication Of 'ﬁ’e%m‘?ﬁ PEQICIN, SUER epznpes: %%dvtég*r C§§BQ‘§ZH‘%?h?’rﬁ’cl ude

the . en%§£,i'ﬁ ué??«‘h&t}r x&! thfdmbinl¥@%nd¥Bkina&e| TypiBildbsiod expeSGoR ¥6@prsand t he
pVL 'séries uc

ow and Summers, 1989. Virolo 7Q: 3)-39) N anot her
enbadnélimde pGEX (Rivirmiaciadtipgching &ﬂﬁm%@HQ*@ﬁo‘P’g%é%p&@’%%éﬁsﬁﬁA%p%‘%raI i an
cell s using a i | ?\Eﬁ* i aiR| rscaefwAyR NR) thaw fiesepr essi on
vect( ?FH‘%‘F%?W?%@ZW%%%%{B tusr)(glhgz_Q: 8402_anvéﬁgMT2lb3C )g\KaLﬁ man, et
3l . ,gliQ&HonENRANferfie (G815 oseVlh bindingproteinRimTaleihA - Espeiveiy do the

expression vegtor's control W) 2007/ 135571PCT/ 1 B2007/ 002530 functions are
of t dATESE ERFOTEUNHY PIRIFYEt regul atory el ements. For exanmpl e, commonly used

pronoters_are derived from ona. adepoyi : i and
si m an vi Egamalss OIESV“EH’FHW“E@b%ﬁ%‘f’gusé?(npg'eésgsllf %ﬁarés;nsﬁ%% orqllldt;‘z{)(%ib‘%’rc okaryotic

and E%l:lj%@arn)ﬁ% ot CIsRY GeRE 69:800-315CARPHET Sl 186 Sardierk? abf GBNREXEBRSSIAY at
MOLECULAR CLONi NG A LABORATORY MA .5 2nd, ed. : i ng or
LaboFBESY¥GLO®GINMEBHRRSTY E%YWLOLCQ%E#%QM”E}%?&?& %@‘gﬁﬁ%ﬂﬁér 2)? N. Y.,

&ng(}gg Anot her aspect of the invention pertains to host cells into
whi ch a %econbinant expression vector of the invention has been introduced.

The terms 5 hast Lol mAndizeBEbinaa Brolkds bxfietsion ar B i to axmestthngeabl y
herein. It I's understood that such ternms refer not only to the rtlngul ar
subj poteindh b Hoat bk Wish ahémpaisebeapasity &qulmcaﬁﬁ@éﬁ 1 recqERIEnt e | |

Because cerdai n nmpdificali Bk ITdUNDLSEReMETBoBS e ERZY DS 0dNe O
ei t hBPOHIt 2ffdhéo Ogﬁwgndnrren El |E‘g ﬁences, such progeny may not, in fact,

be i denticalntio Ptde, farRiegoc@lif, (90) 418-128i IAnathes|straegy s (nilierthe scope of
the term as used here

L Lai el A
be expfiesascedddnt asitcath ahiehdia asditbsapreferenidlly, utiliveddn £ ebliéseeyedst or
Col | 9yadaehik, 162t MiploARG1eecid 2 Lh NI SRR LIS S he art.
sequences of the invention can be carried out by standard DNA synthesis techniques.
In another embodiment, the ABO fusion polypeptide expression vector is a yeast
20 expression vector. Examples of vectors for expression in yeast Saccharomyces cerivisae
include pYepSecl (Baldari, et al., 1987. EMBO J. 6: 229-234), pMFa (Kurjan and
Herskowitz, 1982. Cell 30: 933-943), pJRY88 (Schultz et al., 1987. Gene 54: 113-123),
pYES?2 (Invitrogen Corporation, San Diego, Calif.), and picZ (InVitrogen Corp, San Diego,
Calif.).
25 Alternatively, ABO fusion polypeptide can be expressed in insect cells using
baculovirus expression vectors. Baculovirus vectors available for expression of proteins in

cultured insect cells (e.g., SF9 cells) include the pAc series (Smith, et al., 1983. Mol. Cell.
Biol. 3: 2156-2165) and the pVL series (Lucklow and Summers, 1989. Virology 170: 31-39).

In yet another embodiment, a nucleic acid of the invention is expressed in
30  mammalian cells using a mammalian expression vector. Examples of mammalian expression
vectors include pCDM8 (Seed, 1987. Nature 329: 840) and pMT2PC (Kaufman, et al., 1987.

EMBO J. 6: 187-195). When used in mammalian cells, the expression vector's control
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Vector DNA can be introduced into prokaryotic or eukaryotic cells via
conventional transformation or transfection techniques. As used herein, the
terms "trwobermedzmon” and 10"transfection" are intendedctraBiwf/ensio a
variety of art-recognized techniques for introducing foreign nucleic acid
(e.g., DNA) into a host cell, including calcium phosphate or cal ci um

chl oride co-precipitation, DEAE-dextran-nedi ated transfection, |ipofection,
or electroporation. Suitable methods for transform ng or transfecting host

cells can be found in, Sanbr.ogk, et al. (MLECULAR ; TORY
MANERRCtiopp gresefien pigvifed y; ‘Hb“?%%%ﬂ’%?le B 4% F§?‘9L€??é“§%‘r°%€%§fﬁor
Lab %F(?rh&re}[s HeRRFive@Ploth %ﬂﬂfbﬁ‘ﬁ, &denbotrus N Ktomdi8Yirusanad sinkien virabdPat ory
mandal s. For st abl [

e transfection of rrar‘r‘gal t i s known

. ' | | i
t hatFor gthsenuitaie epprestipr sysigpekuiboh pEkeBotL AR t%“k%gff’ﬁg FT:IZénseltee%ﬁn | que used,
A )g{gap%rrr%ll {5) raafl 9%d¢ %'ﬁa-g&frr](t)clﬁ? 51 lzlh,gﬁbdl«:&t)@&{ et SniNgR Af DA EOROTdRYMARUALL hei 1

gen er to i sel ect these integrants, a gene 30t hat
gnconddg Cuat Sprial|Harbar karorgteryy Cold Sprisg &tashon leabormtrpy Biese Hold gpb‘éﬁer ally
i ntrod ceg\l' tl%@the host cells along.with the gene of interest. Various
sel d&4T88%: & rar s include those that confer resistance to drugs, such as

(418, hygrornyci n and t hot r.exate.. Nuc| ej | cqdi ctabl e
mar ker can™BEer AtRes ctgg i O%pf’:ﬁ s goeh%t%ﬁﬁﬂ?go g@r?r@d%/%%? f(;)hrb %gisn%t hat WD

200 ZxbRR5ibARECEH ok B2 @7 n08REIhaneedlimepdyicgd ofhotars "hbewelllishdn pol ypept i des
or can be introduced on a separate vector.. I.Is stabl [ d with
© he eor DR RN B 9° e MR AREe AL NET T o ihyndiriigod b PG RERES W

el | Vi® ROt Esledi 811 TRk aBbablie pragkeyr ognentidl iprogamy\dfve, whi | e
't%he %ﬁﬂ‘?ﬁgﬂﬁlltgtg?g?ﬁ 55\ hlgg? cell of the i np\slfgntion, such as .a A1) aryotic

or euichrayetli Bdvesse eelain ngdifigptiopemay gRCH N FUeFeH PSRRI flugto bress)
ABO fusi.on pal L A&S: Ll Yoo ddiEmhMHEN i Ridt, Telibdificaptcotides

met h'B’Hgat 8rdeﬁpgﬁggéﬁggiﬂgﬁgﬁ%%génﬁp(g)ly?/%ept i dgs using the host cells of the

i nvepdremrcelll buioare setthodidehtithinitbe searecdf the s asaised BPER-i ng t he host cel |
of invention (into which a reconbi nant expression vector encodi ng ABO

fusi on polayRepteidesn basnppmkaddticrnreokaryety celh Hosenamme.clyeaproieinsibeh t hat
ABO fusion polypeptides is produced. .l.n anat her di od

o RSTONCRABRIRISE. PRbPaETRTESERE POTGPEREN ST B g MR cell Vool 00

cel | mammatian cENE (4RA s ¥ehiA, OAINRERimsesovary cbits (CHDMbe COcklhr Offierd i n
accordance with conventional conditions, such as extraction, precipitation,

chr oswtably aget gelladeikmowp toskaseskileddpabhd ™ el ect rophoresis or the |ike. For

exanmpl e, the imunogl obulin fusion . . . ional
Vector DNA can be introduced into prokaryotic or eukaryotic cells via conventiona

transformation or transfection techniques. As used herein, the terms "transformation" and

50 "transfection” are intended to refer to a variety of art-recognized techniques for introducing
foreign nucleic acid (e.g., DNA) into a host cell, including calcium phosphate or calcium
chloride co-precipitation, DEAE-dextran-mediated transfection, lipofection, or
electrdporation. Suitable methods for transforming or transfecting host cells can be found in
Sambrook, et al. (MOLECULAR CLONING: A LABORATORY MANUAL. 2nd ed., Cold Spring

25  Harbor Laboratory, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989),

and other laboratory manuals.

For stable transfection of mammalian cells, it is known that, depending upon the
expression vector and transfection technique used, only a small fraction of cells may integrate
the foreign DNA into their genome. In order to identify and select these integrants, a gene

30 that encodes a selectable marker (e.g., resistance to antibiotics) is generally introduced into
the host cells along with the gene of interest. Various selectable markers include those that.
confer resistance to drugs, such as G418, hygromycin and methotrexate. Nucleic acid

encoding a selectable marker can be introduced into a host cell on the same vector as that
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proteins may be purified by passing a solution through a col um which
contains imobilized protein A or protein G which selectively binds the Pc
portion olotbe/Mesiion protein. See, for exanple, Reis, KcTdB200eb028s0, J.

| munol . 132: 3098-3102 (1984); PCT Application, Publication No. WZ87/00329.
The fusion pol ypeptide may the be eluted by treatnment with a chaotropic
20salt or by elution with aqueous acetic acid (1 M. Al ternatively,
an ABO fusion pol ypeptides according to the i nvention can be chemcally

nt he ed ng met ho kno n. the art
;S))cl)l ypn;bf%;lgéprg@t‘tﬁ%gg‘qrhpo Eép"d’“de%o(/%\arr\ i V“ glu%? o?%. sagﬁi" E’S%log met hods
ar € &QHl‘Rgblgr{r%nQ uh R MtoRBcMRCNES h&idwahbg i@erERAi tadray lélhetsmrz er.

em stry, A Practical Textbogk, 25Bod Yoo
Spr| nggr eallksrthaq;avw@@rpmtad theéq:lgcta%ureﬁéser geqie: wilsuryiyg, WE@%@)@ '%%fr any, et
’ﬁd Peptide Pntein Res. 30: 705-739 (1987); Kent, Ann. Rev.
B| ocﬁ '?)7 957-989 (1988), and Kaiser, et al, Science 243 187-198 (1989).

The pol ypg)é' %I%E% ngﬁb 1%&%#1(%1 sich ésrha]})rokggl%u@ro? eﬁk‘&?Eﬁ@BbﬁlcEN ih E@euref

cheni cal et ehem ca st and peptide puri fication
t echgigibe 5sethbq)rb@ngL(ag € eXpriebd B0 Bislon piqiwp@ﬁec hénmfdingbw dhe y§REOR

ot her. 30 chem cal s’ I ude i ons tide

i's sé‘ﬁé}?“éﬂ’é‘ﬂ‘“fl?sorﬁf'@ﬁg %fa‘?mg‘r“fé) @(?i O %@&BQ&%E%&C Irhslwﬁ sg? e%??@%ﬁm ved

in the SuBhNeSbee Shbbithdnenthé dRthddcopngrisesboliurimgthe ttdmecdlmfguagmon
"substantially free of chem cal precurs OtI her ng 8 as/bd l]ludes

pr epdimge whith %&CQ@!H%CMS’W@ yesdyr et“l‘fﬁa “§b%%p HHON PR RFPYIREI IS Y 5?

?Qemu?t duc¥>$0.%% ﬁﬁeﬁ%%f@i{ JBR A/ DDBFIA R OB epancs io protakedept ardneher

em ca re pre era | ess than about 20% chemi cal cursors or
non- mmoudaemhmmmahed fmhdrlcoml?rlée%)‘ﬁ@‘ﬁﬁﬁ&leﬂ%p PeLpepHAs T rﬁg’o‘E? MEHETRRE i cal
precuE ﬁrs non- pepti de chem cals, and nost preferably |ess than about 5%
chenmitt&pe Fgl(l,ursors ‘or non- pepti de cheni cal s. 5Chenical synthesis of
pol ypept i des facilitates the incorporation of nodified or unnatural am no
aci ds, i nclrhedAB® MDsam pdypantidss map betisrdated pad IPué‘fl@ﬁn‘i‘ acGppanch vdth

Repl acenent o e nore L-
cor r SOPYSHHINNG ‘E?fg‘m{b* sugh slego%fﬁ%?)g%cﬁ Aetn)l?scg girﬁeaggﬁr?he resi stance
Ci]fj E%Férﬁ&%gﬁph?rmiyﬁ%pmréhtyﬁdéxaihy&ke chmkatrqnl@nhmgnmumomlﬂnﬂxswnpr operties
of bi ol ogi ca active pepti des in
ot ermugiedhs mu be purifien banisshe o blutiSa thyoSEER kB M|A%onktghbfRz |
T

ri
Pept . emnmﬂealﬂtlﬁé%J 42 al. 35 dmzygol ﬁé@&?@ﬁé%&%ﬁ R&a‘gp li“é’é? %R}‘Cal’:?
Res dsdo, L GG o gybaﬁgd& AUFtRhbe SRERPLY trBkmenbivtha qhaptrbpie

sequeﬁ8e can con ormati onal 5t opographi cally constrain the

ol ypaptdrdy diadibwith aqiibows setianedy(ldh be used to devel op peptide anal ogs
of the fusion polypeptides with increased potency, selectivity and

st abi | i ty. ARenntiselyt he ARD faviompolypeptides taceqryling toghe invepdopeht Pee i s | ower

than its I|near counter art tion.o ccur
ut £ ehesmist e Ea e MEPRS R T i e AR FEilrhich SR T ORI P
anal og,defdiffealy, é’@klAﬂgar'idtji‘ of pﬁﬁenememgysxé metllmdschrengommoel ih sheprrabneluding

Macrocyclization Is often acconpli shed r ween t he
pept i nthesipIsing & Paptide SYREIGRIZER 3°% Fde %éap %Hgftﬁye &%C%T%r?%ﬁ?us

Ddreitiel & tSel EBRtanii-2i (996); 1Barany, et
5%32 Eg%sln?k ﬁ%ﬁ@%@@&veﬁh@ 1938 6l &5 (Selence 3 gg n

96 t d side ch
RS O K e
i nt ro?@%%glanﬁtxi déérQ%%{lo Qi S 189198 P@S‘) t P’I"%‘l!er ofl &bebéd drk yurifie@ so ¢hagy.

Rose ern rn 37: sberg etal. i ocl zem
Bi ophyeyRes subsrmially f#6:of chemical precursors or other chemlcals using standard peptide

purification techniques. The language "substantially free of chemical precursors or other

30  chemicals" includes preparations of peptide in which the peptide is separated from chemical
precursors or other chemicals that are involved in the synthesis of the peptide. In one
embodiment, the language "substantially free of chemical precursors or other chemicals”
includes preparations of peptide having less than about 30% (by dry weight) of chemical
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505-512 (1982). Furthernore, the replacenent of cysteine residues wth
penicillamne (Pen, 3-nercapto-(D) valine) has been used to increase the
sel ecti viwp 2067/3esm@ opi oi d-receptor interactions. Li pkowghiBzododase
Peptides: Synthesis, Structures, and Applications, CGutte, ed., Acade’rri C
Press pp. 287-320 (1995). 30 COVPCSI TI ON AND KI TS Al so included in
the invention are conpositions containing at |east two blood group antigens
(e.g., ABO oligosaccharides ) were each blood group antigen is expressed on

a different core saccharide chain type. . The b | [ A
ant i Q@ﬁPrSSYSB’TA&?P:rlﬁé’HEB F i@’camﬁ ?}I#%rggl?'gﬁﬁb’ %@gB‘%i}%’%% ggédh%? HI Zn? |n gen.
The GQL SRR ABahemIcRS siil nfork pRdferhblyletsy/then 2boat 10fpehdnisal a type 4.
The tonposition contains 2, 3, Qll ood group

_ ) 4, 5,6, 7, 8 or re different.

ant i pemstsoBx@MeInapaptige sBemifiabupad st Q@FFga‘PlHdFﬁfc}H}‘)‘E ﬁ%%”é 5%8}?‘?%‘8 above.

Opt i Bpe%ltxlrsér%&m%ngﬁgtﬁ#'cgeﬁ?&@ar' des or the ABO fusion proteins are |inked
to avsoll support. The l'inkage is covalent. Alternatively, the linkage is
% nrrb coval G&Hegugéﬂ Géyﬁ@,ggig of ggﬁggﬁti&&rfaaﬁtatéﬁhe EYREPdatioR obdifigdesi n,

_ rane of "di Sk,”or "any sol’id” support mat erial suitable for nethods of the
i nveqhharal Breiesdss, yncludingddiaiming agigoand pthenspal @rgagigmolegplesopead. The

size of the bead is not c¢ritical. . Typi - | beas
01 T RePHCET SRR e TS Lapy i relo oL SGio it o MRS cpndtle DaRfino b
g/bsg igﬁg,fngg @%ﬁé Jlsgg t%oﬂhﬁ@di%s tlghgfésﬁtaihicanépmﬁcb‘s taboaymaticlity drelyisis anddRanpl e,

, 3, 4, 5, 10, 15, 20, 25, 30, . 4 50 pimdi am ‘s
be medBansE OREIO MU RERAFTIES odnploesally st mé%ggfef,,gr%%t%ﬁlg@i@gr s va,
hrgt e>%u.;?&ia£1.9i %mﬁcM&hci&oaf £8iol. (92e fe. AR DRheaty, d1ail.all 98D dudd Chem. 36:

e sol1d support” may carry functional %%5 % § ch .as hydr I E%g.rbgtxyl,
o danset v o0 . e Gl R BeS ueri vl (0% peBdTa:
o R R e e B ot on of "Lhe support .

For emaopiksu,u9edandd BuppBes 23mby7-He9treated with a pol ymer carrying one or

such functional groups, such as pol yurethane together with a pol yglycol to
Introduction of covalent cross-links into a peptide sequence can conforma ionXl?y Xn(?

15  topographically constrain the polypeptide backbone. This strategy can be used to develop
peptide analogs of the fusion polypeptides with increased potency, selectivity and stability.
Because the conformational entropy of a cyclic peptide is lower than its linear counterpart,
adoption of a specific conformation may occur with a smaller decrease in entropy for a cyclic
analog than for an acyclic analog, thereby making the free energy for binding more favorable.

20  Macrocyclization is often accomplished by forming an amide bond between the peptide N-
and C-termini, between a side chain and the N- or C-terminus [e.g., with K3Fe(CN)gat pH
8.5] (Samson et al., Endocrinology, 137: 5182-5185 (1996)), or between two amino acid side
chains. See, e.g., DeGrado, Adv Protein Chem, 39: 51-124 (1988). Disulfide bridges are also
introduced into linear sequences to reduce their flexibility. See, e.g., Rose, et al., Adv

25 Protein Chem, 37: 1-109 (1985); Mosberg et al., Biochem Biophys Res Commun, 106:
505-512 (1982). Furthermore, the replacement of cysteine residues with penicillamine (Pen,
3-mercapto-(D) valine) has been used to increase the selectivity of some opioid-receptor
interactions. Lipkowski and Carr, Peptides: Synthesis, Structures, and Applications, Gutte,

ed., Academic Press pp. 287-320 (1995).

30 COMPOSITION AND KITS

Also included in the invention are compositions containing at least two blood group
antigens (e.g., ABO oligosaccharides ) were each blood group antigen is expressed on a

different core saccharide chain type. The blood group antigen is an A antigen, a B Antigen or
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provi de hydroxyl groups or a cellul ose derivative to provide hydroxyl
groups, a polyner or 20coliolynmer of acrylic acid or nethacrylic acid to
provi de owokoxyissgnoups or an amni noal kyl at ed pol yner t oppras2deo@sino
groups. US Pat No. 4,654,267 describes the introduction of many surface
coat i ngs. Preferably each different ABO oligosaccharides or ABO
fusion protein is on a mcrobead of a different subtype. By subtype is
meant that each mcrobead is detectably 25di sti ngui shabl e such as by being

of different sizes or i stingui shabl.e |
di f f &t Brantiges; 188 Cﬂﬁecsf“s%lé'é@g gP‘WB PULRNES 1r 4 t?g%g%ls‘s‘ﬁgﬁg Ay §f4‘ofhe
fl UO%&H P&4ifdn %At@iwszt@e; isjent, § bemoroaifieasht blocslegranpandgersi dif f erent beads

exanple, flow cytonetry The enti on%éugt her provides kit for the
separ ati oﬁmmpﬂaiérbqudlgfawwt@e“m% f—‘g%infeF’é V€ anti bodi es from a

sanpl e aceqy ShAtfads e the W B fugion prBRik dre Bdkehtea sslida
col | ectlon@ogm%ﬂ%’ro eIaESD %g%?fferent sub@ipes eacph sub pe is coated with

& di N;ﬁfoeml‘hékagd g@s'a&lch'arAhem@tW?iBohﬁd age ismongiayaleabt j onal |y the kit
cont ai ns 0 bel |of dpyRElidg an
anti - bl Oogthﬁrs(? a H?org%anabe fgrd e)lc? E.da G@aﬁa@s ‘H{Gn%ﬂﬁﬁé &¢ @iak ] or daynrdiiag

n antibo exanpl é, ligand is an antibody
or fg HinatehRl SwifableTioe nadnmd:somfyha rnvfenagmreﬁteerhb}YeﬂTe SodidBURRRTHE) Dnal

anti bo Al ternatively, .the i b g onal
VIO 2667, TR BOG H50T88 B PSS UGt 1 SRLT Y e ne 4 iy T s

r eco%hﬁ?@ dlél%debwim a JHRcRA Ay td FOan nbdinppesferredighint psfahblasheeb,

Fab' otmfragnents. By "specifical lt;: bi nd" or " n%ji% ?ﬁpwéﬁ

D@ anbehdwitad heiaamtdrioddhoutaht® simikon esp@PEs 2rbrke ahﬁ;)l]gJ% e ts of
the desired antigen and does not react (i.e., bind) with other polypeptides
or biMwygiamettiach | ower affinity 5(L i > 10-6) with other  pol ypeptides. The

anti body i-pyepdRnayPbeade of metal cBhpobiatie ilich slatexy pelybermmogetsledr 20
facilitate 1dentification and/or quantitation of at%rget Label s are
di r esilicp, biteeevrly Ber ﬁ‘#d%‘LﬁOéEFdo‘?’“P Adnstalen PetahePRMR Yy neasured. Label s

e e, i S by o sk by gom memmas etk

he viguaihy gedgar \Téld soppqreaglurtgcpqﬂttwly charge, negatively chargecli opgygcfrophoblc
Functionalized coated supports for use in the present invention may be prepared by
modification of the support. For example uncoated supports may be treated with a polymer
carrying one or such functional groups, such as polyurethane together with a polyglycol to
provide hydroxyl groups or a cellulose derivative to provide hydroxyl groups, a polymer or

20  copolymer of acrylic acid or methacrylic acid to provide carboxyl groups or an
aminoalkylated polymer to provide amino groups. US Pat No. 4,654,267 describes the
introduction of many surface coatings.

Preferably each different ABO oligosaccharides or ABO fusion proteinisona

microbead of a different subtype. By subtype is meant that each microbead is detectably

25  distinguishable such as by being of different sizes or having distinguishable labels. Such a
use of differently sized microbeads or microbeads labeled such as with fluorophores allows
the identification and/or separation of different beads by, for example, flow cytometry.

The invention further provides kit for the separation of identification of blood group

reactive antibodies from a sample according to the methods of the invention. The kit

30  contains a collection of microbeads of different subtypes each subtype is coated with a
different ABO oligosaccharide or ABO fusion protein. Optionally the kit contains at least
open labeled ligand capable of specifically binding an anti-blood group antigen antibody.
For example, the ligand is an antibody or fragment thereof. The antibody or fragment thereof

is a monoclonal antibody. Alternatively, the antibody or fragment thereof is a polyclonal
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a spectrophotoneter; spin |labels that can be neasured with a spin |abel

anal yzer; and fluorescent noieties, where the output signal is generated by
t he exci twbi20ev/@6s7a suitabl e nol ecul ar adduct and that eambmoviesal i zed by
excitation with light that is absorbed by the dye or can be neasured with
standard fluoroneters or inmaging systens, for exanple. The 15l abel can be a
' um nescent substance such as a phosphor or fluorogen; a biolum nescent
substance; a chem | um nescent substance, where the output signal is

generated by chem cal nodifjcation of. the sianal ;s :

et oty o ORPGALL0s RSO R EgHE UGG THEPRTRRY s dn anibody
enzyﬁg%q%esggﬁgg FEEQNART I JefResmbnoN BYf “spegfiadlly sindhonSinthendreastat i on of a
colored product froma colorless substrate. The |l.abel ma I%p Egié?xret he

f or nwigh” & whaitballthe Aty seReRIdR) Oner mere;3aueenis deterpnants of e SPHE G Ut

not 1iMhSalRe bl Ahdat Ol IESAEPRRYBSdRYBALIES dofriuch dbwémdlighyi C
crysPHIES At

such as nan stal s"or phosphois (see, e.g., Beverloo, et al.,
Anal (KB 00fipwith208er [R2peptdd¢si992) ). The term | abel can also refer to a
"tag" or hﬁpten. tgat can bivn]d tsel ectively to a | abel ed nol ecul e such t hat
the | abel ethSAIROHY &S 2 MPERYAG8ed subsequently, is used to generate a

detectabl ¢ signal.. For instance, ope. -Hse. i of i LIRS bfha OF
dest hi obi thieﬁ%?fg iy A% SUOHRPPAERS ﬁ%@%gﬁﬂ%\}l %ﬁﬁ@g{r}%? ?%/étﬁ gvi din conj u%at e of
hor sgigali Shates @i diRgay cbiiRyed or bieathrédot idireetly obsedvadwrmensared. EAPYfogeni ¢

bstrat .g., tetr thyl b i di fl I h
Ao EvchRied b araof i AT Gt e Reasi PR faRBbiRhe POCC o0
% HBEvicg;?%rﬁérlxt&’ dyeB®r bar 6RdNSEeds Raptanberisailly geser{el g. meatugakvigbni n) ,

and an enz tical Iy, fluorescently, or radiqact i.vil% | a eleerd 35) ant i body
can bepegerbhotoretar spin lebrls thag cambrEesyerer ) 2 Sip dabE) UMY MR0se of skil |

int %H%rs%:erﬂqgoiieﬁ%, WiRre &gtou?ﬁtﬁ siifal Isl gEnbRed By tRaxtit@idbof 4 sulmbscent

dyes aptens, enzynes and their “chronogenic, fluorogenjc, and
cher midledulmestient arsithst cattesyisuaiited biyexcitaiing With kight Babispdseed &y P4 t he

Mol ecul ar Probes Handbogk O . F I; SRRk WO Th
20077885 94bPS FBsYE m@%@tﬁﬂé&2‘%@%@%@9‘?%@??9%?%’3?3F§ﬁf3¥’ 6th Ed.,

13 996)bel 288 b b JuSidesesty eibstatice sach ts @phasphodphfladiogemia bighnwesestued on CD
Rom in Novenber 1999 and Ma

. y, 2001, respectiyel t { jich are
i ncorspbytanced 2ishendpaYRaTeent SHRRIARGE: Wé%)ﬁ‘ﬁl?b’}lﬁuéﬁiéﬂ‘a{s]%%% gg’é&!&ﬁ% ?{Jecr)}rﬂg%lhor eis
any 9@&{'{}1%@&01{7@? @k ¥i dnPeorRyAlina b M- an g substaRod; buan beyyme, WE80 nm  and
when covalently attached to a | abeling reagent retﬁi nslbit zﬁlergttgoarll fa
pr opdh¢re@scuif|ansmapmerdegendeot sRRONANY SragTatoR A SLENRD FUC aSpE??F I NeT ddi ng
any of ,the co ' rd | Asekoardorm df.aSheRital oNo.
5, 132:,0}1%@?,pg%({nd’cgﬁ?ﬁ?%é@%g,ggaéuﬁg%éﬁgﬁgﬁﬂﬁg?pg%sl acridine, a stilbene, an -
ip0dol Boehentieslz bnatoirert Eantidzanoluding buaer Gruted|te coboidnl gpld) migpspheres,

e A . o eI A bR pevanantre

09/ 96§, 333).. Bidck&h bxo3y 30643d (1992)). The term label can also refer to a "tag" or hapten
that can bind selectively to a labeled molecule such that the labeled molecule, when added
subsequently, is used to generate a detectable signal. For instance, one can use biotin,

75  iminobiotin or desthiobiotin as a tag and then use an avidin or streptavidin conjugate of
horseradish peroxidase (HRP). to bind to the tag, and then use a chromogenic substrate (e.g.,
tetramethylbenzidine) or a fluorogenic substrate such as Amplex Red or Amplex Gold
(Molecular Probes, Inc.) to detect the presence of HRP. Similarly, the tag can be a hapten or
antigen (e.g., digoxigenin), and an enzymatically, fluorescently, or radioactively labeled

30 antibody can be used to bind to the tag. Numerous labels are known by those of skill in the
art and include, but are not limited to, particles, fluorescent dyés, haptens, enzymes and their

chromogenic, fluorogenic, and chemiluminescent substrates, and other labels that are

described in the Molecular Probes Handbook Of Fluorescent Probes And Research
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(i ncluding any correspondi ng conpounds in U S. Ser. Nos. 09/557, 275;

09/ 969, 853 and 09/968, 401; U.S. Pat. Nos. 4,981,977, 5, 268, 486; 5,569, 587;
5, 569, 766w5o20eB656516; 5, 627, 027; 5,808, 044; 5,877,310; @Cc@AB2000802530

6, 004, 536; 6, 008, 373; 6,043,025; 6,127,134; 6,130,094; 6,133, 445; and
publications WO 02/26891, WO 97/40104, WD 99/51702, WD 1501121624; EP 1 065
250 Al), a carbostyryl, a porphyrin, a salicylate, an anthranilate, an

azul ene, a perylene, a pyridine, a quinoline a borapol yazai ndacene

(i ncluding any corre ndi.n un

4 77GhangalshyRiEhowGE. Faugiaity 5 L. &}62 ‘?S S‘%ﬁécﬂ’fg ?56{‘1%%" %}lgﬁitgtﬁene

(i nc%ﬂgbﬁ'gp&ﬁ& Lok LSPOTIRBS i NPRLHES 109 ﬁlhd)Minl 1001 UreSped@ively, Moo

6, 162, 931 130, 101; 6, 229, 055; 339, 343, and UL S. Ser. No. 20

09/ 9Q<2nt@BSPfW&WM&Z?%P‘PT&F?&Il?)’oﬁeff‘de%‘i‘i’ya'&‘gf"r%é‘ﬁbﬂ 11594 9 ETds di scl osed i n

U S. Pat. No. 4,714,763) or a benzoxazine azine ncl u y
corresponei ﬂgor@ghm wRiYfherlicad appiety t[njatgx’h’jafq an[\%)soq)t T((jfn%cégl)ugn Q%'o%ﬁ

phengyenon kg 1721160 rEHBROREAIAYi LS SpFROAD ites] osed in
S o R R M LR 15y " oa benzof ur an

(i ncFlgiropghoses oiudss pdtitiunmieHppumpyens Garyeu 3ny Qi the corespoRANE 4 603, 209

25 and .4, 849, 362 benz & el AlMracohd, a5RpAtalkGe, an

conp arhﬁeglva.cgmp(s)égg a'ﬁc% gp "Pg?4 %ﬁb% 58 i@g)n&and derivat i ges t hereof. As
used ab@difé. b stlB&d, ﬁﬁSndd‘ie buﬂmmx&km tﬁ:lmwllemlbgdzwgz@ﬁya #3038 pbndi ng
conpounds, di scl o

ed.in No. .5, 2 05
di ambﬁW‘aEF?{é’saimn? i“r“OBSWZ% °§‘ﬂbs?“% alf%oed ana?o“x‘g/z‘1 &o{tﬁ%}%}l?% ™he kits
?ﬁnt %bﬁésp%n@ﬁr%' donYfoudds Rewes.isee. N@S’JDDL%SWOIMFOW%%SS&)W caboEyaniBOusi ng
|

Samplinchnainy eeseaRdingcoTERIRATNS- B NIRRT T ey sot e i For

%8%% %Wa&gﬁ& | £641 0, @%334865 5&E0T5B7Y §C569§V|66§35 486%66 Vo

002530 agents are e arate
cont &,689,627; 6 8@8 04436, 5917, s é@@H&Oﬁd@OB‘i’f 5,3\@% PO ?) 9?% ‘%Eﬁ] hi‘?pbound
to a 33X ck swtp ahemto
t he r@ﬁﬂl (%JT% éo%ﬁ' Fél egﬁ%a%&%gg?@?iv%gggn%??ﬁ%g%| ve) gglgirl\z@%'rwa | abel ed
li5gamd/2 I%ZWEEHGE%SZESOI'REA'EI mmrpaﬁ\rﬁmwe ANTHEORY, MEBRNERDAtRART

REJECTI ON Al so i.ncl uded i | nve treating or

pr eveXtieng BPATYIS88y2 H%Hﬁi‘é?f’e?jq‘ﬁp Q‘Fe’ Oé%qo af‘%i’%& Wélmqgra ggn transpl ant

re] eGloh@Bponditdlcdhpdidiiisaiiéctoded Gh uns lhiﬂINas &, 7ibt,339; mtsadz&&; 5k24c8ﬁe3;2,, liver,

ski n, pancreas, cornea, or heart, is meant to nclude a d?s@fd? ﬂi/
acting a

medi o528, Ghafand 5ed B89N Bynthere @%@P‘b‘l“g Y C?FFESWHW?%(T“ S °con
10 bi 19's°%r[° ?Jge%%%'é%lf o802 014822610594 6,330,362 A0 DB gasatLhizSdrdNoor ABO

f usi on"pepti of th

20  09/922,333), an oxazine (including any corresponding compounds disclosed in U.S. Pat. No.
4,714,763) or a benzoxazine, a carbazine (including any corresponding compounds disclosed
in U.S. Pat. No. 4,810,636), a phenalenone, a coumarin (including an corresponding
compounds disclosed in U.S. Pat. Nos. 5,696,157; 5,459,276; 5,501,980 and 5,830,912), a
benzofuran (including an corresponding compounds disclosed in U.S. Pat. Nos. 4,603,209

25  and 4,849,362) and benzphenalenone (including any corresponding compounds disclosed in
U.S. Pat. No. 4,812,409) and derivatives thereof. As used herein, oxazines include resorufins

(including any corresponding compounds disclosed in Pat. No. 5,242,805), aminooxazinones,

diaminooxazines, and their benzo-substituted analogs.

Optionally, the kits contains a positive or negative control or both, instruction for
30 using the kit (e.g., written, tape, VCR, CD-ROM, etc.), sample collection means. Sample
collection means are well known to those skilled in the art. For example, the sample

collection means is a CPT vacutainer tube.
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I nvention. The biological sanple is for exanple, blood, i.e., whole blood
or plasma. The sanple is known to or suspected of conprising an anti body,
e.g., an wotwedizsxxd group anti body. In sonme aspects, thechimiogieasl sanpl e
is withdrawmn fromthe subject prior to contacting the sanple with the ABO
ol i gosacchari de or ABC fusion pol ypeptide. The 15biol ogical sanple is
contacted with the ABO oligosaccharide or ABO fusion peptide under
conditions to allow formation of an ABO ol i gosacchari de or ABC fusion

peptide- anti- blood grqup antibody conplex. The: ' > j or ABO
fusi on peptf a@gEBﬁﬁF%g?&aﬁegf%?@ﬁf&? &1 lblgr)rgaff‘éd%ﬁ%l%ﬁé&%ﬁgﬁq%%ﬁéﬁgs anmpl e
to eysm it (8RR bbaktl @PMs@idmprrdrigackiged sapatatehe wiithakaggntaforsanpl e i s
reinfused into the subject. 20AMR is al so treated or revcﬁntegbgl)é

adm hingiregr theg tpéh%l”@mﬁ)eéFOEWOlAB@%Q%H‘VS&%ﬂﬁga%V rapdor a bt on. The
subj ﬁg}m({:an be e.g., any mammal, e.g., a human, a prinmate, nouse, rat, dog,
cat, €ow, horse, pig. The treatnent is admnistered prior to the subject

receiyl : 'Wﬁ{lﬁl&ﬁ RS PMBbiaTRDICRARE RESEYTION eat nent i s
aﬁm’ Mé%'g%cﬁ%’r“gv%agj ec rec[gdl;%gg an 25 ABO inconpatible transpl ant.
The Di ol Ogs'tlcc?lnc%ﬁ%'iﬁ ukéin“vgﬂttié‘ﬂn%%%m sMfeaABP o IpkoRnang hatibsly or ABO
fusion pr I n"by nmethods known to those skilled in the art. For exanple,

pl as rRARREEgiast fecesh (AMR) ereadrghmtranplins oeipetiarn SUE S@Rsplants jclugdy but

di sorder, which is etiologically |ink ti : | g eaction
i s céFFs‘i“HéV%‘ée‘Qﬁ‘r‘éﬂg‘B?ye?'tVS'qﬁggbg%?ﬁr%ans’ %?m%%, ot?‘;ﬁg%?'ne%?ﬁy}&w%&g%@w%g% ed or

Pr eveny awissiyt Mediatedvirialrejestién by thelrecipiepanThe sedpidainciudss eereagtene & han an
organ transplant not treated by th thod of the i ' . jval
181 o hinlogiel ke BRI SHgeorLl HeraB oheopurp ot rb AGRr B plcE YT et
B2007/ 002530 ThE BSIBLRAE sdnSplb & RfeR&mpIE, bloedSias) whelktbléat oreplasma.eThAMR i s
treated or prevent when the transpl ant suryives at |eas 4 or 8 weeks

. 1,, 2
af t ersamplnis inawnitoor SPNSEed 45cpmpEike SanARSBPAYte- & Uity f‘?fé'i’l%o,d O3 mpnt hs.

More preferaply, & L ABLicSNAMINIE S Withdtawd fRSm IRy Qubjé@apsior METHODS OF
REI\/D\?I"’QIED ' %EB%%&Q@%E%@P l&%‘lusrés pFR.C]\/I A Sg\\l’\v/PLE_ BA so b?r]clpﬁded in the

i NVenjonoiatiag ehenmiripde svi i the ddQiobigosccliisiestri AGOLtsion pobdePHf® U Msnt | bodi es
froma sanmple. The sanple,is bi i ' : i@ udedsma.
Ab ernaloRvl yimalnes SSTREe pindng A GHiEGacpidid o oA hpRpuds wllefn T

| i Veredndgoms to 8libw fo@hation of an ABO oligosaccharide or ABO fusion peptide- anti- blood

group antibody complex. The ABO oligosaccharide or ABO fusion peptide-complex, if

present is separated from the biological sample to eliminate the anti-blood group antibodies

and the biological sample is reinfused into the subject.
20 AMR is also treated or prevented by administering to a subject an ABO fusion
polypeptide of the invention.
The subject can be e.g., any mammal, e.g., a human, a primate, mouse, rat, dog, cat,

cow, horse, pig. The treatment is administered prior to the subject receiving an ABO-

incompatible transplant. Alternatively, treatment is administered after a subject receives an
25  ABO incompatible transplant.

The biological sample is contacted with the ABO oligosaccharide or ABO fusion
protein by methods known to those skilled in the art. For example, plasmapheresis or
extracorporeal immunoabsorption.

Essentially, any disorder, which is etiologically linked to an antibody mediated

30 reaction is considered amenable to prevention or to treatment. AMR is treated or prevent

when the survival rate of the organ transplant is greater than an organ transplant not treated

by the method of the invention. By survival rate of the transplant is meant the time before the
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ki dney tissue. The method includes contacting a sanple with the ABO

ol i gosacchari de or ABO fusion peptide of the invention. The sanple is

cont act edwei2bév/t3821ABO f usi on peptide | M under conditi orsThB20@i/b@28s0

formati on of an ABO ol i gosaccharide or ABO fusion peptide- anti- bl ood
group anti body conpl ex. The ABO fusion peptide-antibody conplex, if present
is separated fromthe biological sanple to renove or deplete the anti-bl ood
group anti bodi es. This method is useful to produce universal donor

pl asma. METHODS OF BLOOD TYPI NG 15Al sg i i i i are

met HERISPIPt 151reisatet\PY; R THRIGR) g@f ?XW%ﬁb‘ﬁgc%l%ﬁge%%ho%g&te;%d éynotlci‘}f::)nt acting a
S %ngsurvmeﬁﬁmaﬁrl,\@hmoe sbiexkd afteomuesptanbipecPrefirablyathegrdngplanbn of

m cro eg s of different subtypes. Each su%yge cont%id).r% & dilff%rar%nt bl ood
gr ougureines Jeh. 1 3Thenths-o NPT PETIErakht tifeiransRiant RUNPEE sz o’ ' Ferant core
saccharide chain types The m crobeads and sanpl e ara%&rﬁt ed, e.g.

i nc UMBETBODSIAF REMOYIRG ANTHBLOAN GROYPANIBIBIES FEONM, ti-bl ood group
anti bodi es present in the sanple to bind, e.g., forg a1 .bl ood b?rod‘?ro

ant i gen- aAlscdiodipded irptheinvensionrpse Bleshngls f SRIPOURE °G ERRICHAS ARR TP CF S8R ads.
Afterntfb%ﬁpés?ﬁori.%r (o6 Q’@J@bio%/ﬁ?@éllfﬁmgd& AaAbedoppRs®E. NOre times

to renove unbound plfasma conponents. ternatively unbound plasma
conpanefiasivelyetheaspapat sc Hiplogicahéssviecoishag heps) tisales HvaT ipug M ati on step

in which the m.crobead,ar 5r I ABO SERGLEHaBe bf
perfB&dHﬁH“Wené[tﬁﬁdﬂ%tﬁ%HWﬁ“ﬁ?eﬁ Ct%ﬁ%\éggggss%ghfey; tlig%}t)ri f ugg%%on. _aThe .

M cr ABRAESIGH Septide i ge BOBhRG. e Theishinpke ik abethtted witaderd BOHusion pepiids cal | y
bi nds the ant)]-bl ood group antibodj hat is bound 1610 _ahe

1 cr Bodstgendiiensis FTMAPTAILSRGTGHEOS B S P ED $B 0 HEraReRe

| abel IbodV RS niiSS ETRE AWO AksaNEHtiat-antibodyntombleaod pyessup i|nt i bdi es
in thk&gm%& Ot%enngiat erm ned by detecting the 30l agel i r})g rtx(e?ageegt.
Det estpapated &oduthe biglogisahsrimplR (o irneYe qrfieplets the aaf-Bleof SrYPRRtbo  Siet ry or

| umi nex WD 2007/ 135571PCT/ 1B2007/ 002530 The invention al so provides
for the déthecmethodds usafiit fomreduer nixgrerl dogPHRIFSEAL i bodies in a sanple. By
multiple anti-blood group antibodies it is nmeant not only anti bodies

spec METHODS OB B 00X TYRNGh| ood groups (i.e. ABH) but antibodies specific
fro bl ood group antigens of different ofiﬁgosacchari de core chaj S.

Mil tiple tAisgaicudedenitieitvientied atsymetbadaed blagd RN BSBYISH: éﬁ‘?@gﬂbggew th
Cpec PR e bR Eon RS B RPN Ll B dascr | be
abovoliE@ionefanietsbeads of different subtypes. Each subtype contains a different blood

group antigen. The blood group antigens are expressed on different core saccharide chain

types The microbeads and sample are contacted, e.g. incubated, for a sufficient amount a time
20 to allow the anti-blood group antibodies present in the sample to bind, e.g. form an blood

group antigen-antibody complex, to the blood group antigens on the microbeads.

. After complex formation the sample is optionally washed one or more times to
remove unbound plasma components. Alternatively unbound plgsma components are
separated from the micobeads by performing a separation step in which the microbead are

95  removed from the sample. Seperation is performed by methods known in the art such as
centrifugation. The microbeads are further contacted with a labeling reagent that specifically
binds the anti-blood group antibodies that is bound to microbead. The microbeads are
optionally washed one or more times to remove unbound labeling reagent. The presence or
absence of the anti-blood group antibdies in the sample is then determined by detecting the

30 labeling reagent. Detection is done my methods known in the art such as by flow cytometry

or luminex
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subsets of m crobeads are prepared wth distinct blood group antigens,
e.g., blood group antigens that are distinguished by core oligosaccharide
chai n t ypgo.2000hsssviicr obead subsets are then added to thechiBlogowato sanpl e
containing in a controlled ratio. 10In alternative methods, subsets of

| abel i ng reagent are prepared with distinct |abels, e.g., fluorophores that
are distinguished by their em ssion spectra, e.g., one that emts in the
green spectra and one that emits in the red spectra. The | abeling reagent
subsets are then added to .the_biol ogi cal cont ajni Gt |

reagent - LBF uEenEgRAfsapERVides fpr élg%gég?tfoéldosf?ma uple ;Se{{l{gﬁlo%'td \r%o a%'?@dgg%

| abelyi Nk a9 BY mlRiple antDbRPE geds sitibaliaridisanenpaot onlientbhdies sgecifiabel i ng
r eagent (e.g., red em ssion) per tarn?gt bi ndi nig &n?bl bo(pé/. N ghi S hay t he

i nmrufesleagiepEiiedbogst eseups Hemn Ptﬁﬂh@étdl igodigs seaeitic frablagd EHoPP ARUEHI

I MmuRoe | . L - . Nl SretiBéntTidddhyneédntidingahe coul d
be- d?lgﬁef%gg)lhlgﬁse%gwgﬁn%?ﬁgEgﬁggglgél}er%\? rlt;llﬁgeet't%gécﬁ%ed target. e . e

@ot i biodddiyal s2mpB; with aBditi®pal7det@;tion reagengy fth@wgdtw(%*gltgmb RbsHpg §agentyy e

detected. i 20 e . . ' ' heckHaex i
o i et Ry R et gl SRR et v,
who! g,deb@ed. migestRads alprepared Witk digirdvo ibodfgrompantigeant ¢-8n binodwdraes
signi ficant advantages over existing technol.o f or 0 j
SpecpREgeas (thatjare dispipgrishes by e ‘?8%1%@?{ ! C“Sﬁﬁ%@eg'rﬂfp&gcﬁta?{%é‘n%%?ﬁbt ypes.

Mor egyahen hiGedBlho8mladitAWaliple hRaiginy infa catiotlad edtid.he di fferent bl ood
group antigen subtypes 1n a sanple to be determ ned. The detection

f®agent i §,31ENTROYREHEARL subsets B MYeling resgefcarkipiapdryd bithdlistinet hebelst ood
group anti bodi es bound to the m crobeadd. The detection r{_er%gent Ls.sel ected

based.garflucephiss thabiareatiginguishrd bydbei eMTIERGERT 48 PRY Rk EREP & 6°

pol y%ﬁe% 'sggcéz?l&ﬁh e thal &hASin gﬁ%& fsff)&:tr%QTﬁé‘Idb@ﬁﬂg’ ré¥geht AGEEBard theneof . - As
used®herern, e term "anti body"” refers to i munogl obulin npl ecul e nd

i muaddabiochk bjvlagicalVsmude towaming détegtinnogheanii jareet CoMPIRNCE &L f £90U¢ !eg. ,

nmol ecul es that contai .antige indi I it ¢ bi nds
(1 s &er S Qi e DT e L4557 B RHbRoD ORI T e me 1
ant i boagdiias reaehtdeg., pol gmissia) permargecbindalg, antibodpringhissvagthe iomaine: Feb,
Fab' and F0202 fragments, .and an Fab expression |i : . i, fically
bi nd'tabsled ¢omplgEeEEEtRe Yhet 40 g?@“%ﬁ‘ﬁgmtﬁﬁpo B! W?éﬁ#ﬁyel?cgé% él%g\n%t&{géone or
mor & AAHLd E%ka%aﬁ%ieeﬂhmo?@ma? ket dR1dIBS bisafgEbiddRomane sulsequeraly daented (Le.
bi nd) wth other polypeptides or binds at nuch lower affinity 5(Kd > 10'6)
wi t h tofgher pol ypepti des. Monocl onal anti bodies are particularly
advant ageous in practici ng t he met hods of the present invention,.Cenerally,
monoc! onal Optiendiyd2ed, 4deonbré 95 A SF Maye blord SEpRR pRtEEs AFRIYETHE bRl
? ti bsor%i S - In addition, unlike polyclonal antibodies, which depend upon

e I°6A@Nity of the animal producing the antibody, the supply of

ronocl onal TRY Ez{n%)lg'l? aeijirﬁad to include any material that may contain ablood group antigen

Typically the sample is whole blood, sera or plasma.

The methods of the invention provides significant advantages over existing
technology for blood typing. Specifically it allows for the detection of blood group antigen
25  subtypes. Moreover, the methods allow for the qualification of the different blood group

antigen subtypes in a sample to be determined.

The detection reagent is a compound that is capable of specifically binding the blood
group antibodies bound to the microbeadd. The detection reagent is selected based on the
desired target. The detection reagent is for example a polypeptide such as a target specific

30 antibody or fragment thereof. As used herein, the term "antibody" refers to immunoglobulin
molecules and immunologically active portions of immunoglobulin (I1g) molecules, i.e.,

molecules that contain an antigen binding site that specifically binds (immunoreacts with) an
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10i ndefinite. Polyclonal antibodi es however, are useful when it is
necessary to use antibodies with nultiple isotypes, as generally nost

nmonocl onalw@mgr;,l@gghes are of the IgGI subcl ass. As usedciggRiivozdshe
ternms "inmunol ogi cal binding,” and "i mrunol ogi cal bi ndi ng properties”
refer to the non-coval ent interactions of the type that occur between
an I mmunogl obul i n nol ecul e and an antigen for which the

i mmunogl obulin is specific. The 15strength, or affinity of

i mmunol ogi cal binding in actiqgns can_b ,h
(i 3 OFER oRPRAGHEIEERES [RI oo A I e Ry £ R TR r
repr egRINt S )2&’1*@1%%&@ ﬁn@-ﬁﬁ FRiekresdismitsratyo gi  dpebifinaliyniging? gpém@grquts

R R e T

bi ndi fifieeh hed asds R FeaeONR, Bind) Qﬁﬂi&i{h@@o@qﬂpﬁﬂamblmlaomucmee affinity
t hose rates depend on the 20 concentrations of the conpl ex partners,
tHe affaniqy "O‘Fh piher P‘P\‘@’B‘?%‘@F? on and geometric parameters t hat

equal ly inf]uence the n di rectlon §

rate const¥prec PR’H“E‘)"“BH%‘%? fi& P"“CS ﬂFi gv%mi&%t ant ln ic“?é)c Srpess e
det er ple8a ifn6ah.COkadra0y] midnotlbaalcaribedies akalrmcn's samtuterwdamsr@cr thant es

of association and dissocjati o The
r at | oPIycIRBRlaRfiRpCE nACELIon,Un E‘&EPEEW“F%{'F i IHFDO 3 %§§%r§§1 ?g)l)che

rel at ﬁﬂlg&ﬁtﬁcﬁff shél bhivnal @fuiiubislgemmiuba@ ahd fieptli s&ocnca:!c»maharctmogteglm K4.
(See, generally, Davies

1990
THG | et P PRl oS e B en s T D e afadide) -
EXAMPLE L nuI GRS ISk s\:daeraBX s SRt IMET EoRGbdies are of theHgGexpraassi on
vector carrying P-selectin glycoprotein |igand- 1/nouse 1g02b (PSG.30
1/ m g&b)  alNhedBerein eief temah ‘hmm@ﬁlogical mndmgt"eamdk‘nmmseoi(ﬁﬁl@l Hihding age

site. This sjte can be used f 6 e

G PRI IR0 T E TR G SRdppe PSRy Pl SPLDE
gr gup #Mgagqomlﬂ& ﬁ@le)tm%raﬁh&%n @hﬁgem foewbichahe {rRER)oghoipitinfis eppcyict ThONA
made from tota

gihdup Sengaiyer affinity ofl l%%u?nto oolcaii B{I?d{n% :niNidRs S5 e éxbﬂe@sedam Gerfdi®riter0d

dissociation constant (Kg) of the interaction, wherein a smaller K4 represents a greater

affinity. Immunological binding properties of selected polypeptides are quantiﬁed using
methods well known in the art. One such method entails measuring the rates of antigen-
binding site/antigen complex formation and dissociation, wherein those rates depend on the

20 concenirations of the complex partners, the affinity of the interaction, and geometric
parameters that equally influence the rate in both directions. Thus, both the "on rate constant”
(K,,) and the "off rate constant” (Korr) can be determined by calculation of the concentrations
and the actual rates of association and dissociation. (See Nature 361:186-87 (1993)). The
ratio of Ko /Kon enables the cancellation of all parameters not related to affinity, and is equal

25  to the dissociation constant Ka. (See, generally, Davies et al. (1990) Annual Rev Biochem
50:439-473).

The invention will be further illustrated in the following examples.

EXAMPLE 1: CONSTRUCTION OF EXPRESSION VECTORS

The expression vector carrying P-selectin glycoprotein ligand- 1/mouse IgGa, (PSGL-~
30  1/mlgGa) cDNA was modified to contain an enterokinase (EK) cleavage site. This site can

be used for down-stream release of the mouse 1gGap part.
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was PCR anplified off cDNA made fromtotal RNA isolated fromthe HuTu80
cell line. The expression vectors used to generate stable transfectants are
bi di rect iwoabo7/se€15 schematic figures. The PSG.- 1/ M gGRbTagmoes®issn vect or
has the EFl a pronoter upstream of a polylinker, a splice donor and acceptor
site, and the bidirectional poly(A) additional signal of SV40. Opposite in
orientation to this transcription unit, using the poly(A) signals fromthe
opposite direction, is a second transcription unit consisting of the HSV TK

ronoter foll owed by the coding sequence for, puronyci tvlt.r rase
E)PAC) . Si Fn¢ huingn b!(%’?él groun ﬁg@&%ﬁ%ﬁ@&@ﬁ%cbﬁ ﬁ%@%@ﬂ@@ﬁg@?lﬁgﬁﬁ or
cont gl L& Ehm?tﬁg% ;?if@%%éol%é RS el kg 48 @EH e Carfdihe isodEony  gene

resi stance geeﬁe he FLI T2 (Se-gene) expression_vector contains the
samewsePCRranysltfidaoniE cDINA nvide Hranh eot@\RN r iaatatesk fremdbe B THEB A5 1L 1IRSY esi st ance
gene. The Gal NAcT (A-gene) and the Gl T (B-gene) expression vectors contain
the COW pTheekpession vedtershisad ite gentrate seblestranséectaun are pdygctiongh sggT1

(Hgene) and the Ac.T6 3 ) ' ter

i tovema B0 e e PRNTe tHMeT s ot YA Mg BRA @ pRorkrSy EMGEOD S e

SNVX RpBRMhREr, AR li&lh@dﬂﬁtﬁ'ialﬂﬂ apbephuite] drabthle tﬁdiaﬁmifogabwgyg%)@d(t@ma) signal The
sequences of the expressioqn vectars were verified, by,

sequefheVAg. OQIQPSE)’(AWPEE"@F]ODETEWrWPERP%#“%&'JgJW% @%A)%%%E@mﬁa NG

PEST 1 i NEEh X ' f
PSQL. %sﬁ% g?égﬁ%ﬁp%gsléMHaﬁﬁgcrlﬁ{mmﬁﬁﬁg e HSV EX[premsieon o

cul ture supernatants S degf 1 ned. usi SDS- PAGE
and Wkvedrbybihgtcoiling. seguensiedsr mgpglyf:ulrﬂfﬁwlﬂal\{%%aa‘? é&%@gﬁéy’?ﬂﬁvi trogen)
| VBERULIRETLAONS LOGRR) oxprithiSE DEia! ShhOHR) BISI ¢piombieaidhp botieti cal |y
ot g Enltroce ul' os

onto menbr anes gl nvi trogen). Fol | ow ng bl ocki ng
for teduence for tBYmbmuycie resstamezgena fNpo) BEAFUT2 LEPENPR Y€ sal i ne

(B oMt o 2260 4550 B0xsbRe WIPIRR AL LEoRERREAA TR ndbrki rlsciroo

sé-conj uga at anti-nouse | dgG Fe antibody
(Si gB)e. iUt AN AT A@Bnd)mnkdl the il (gt h@rexpiéssiomereotan eontaiarthe ¢d¥ed t hree
times with PBS containing 0Q.2% Tweeg 2Q, a&_qJJEggﬁd an i‘p‘P i.es were
vi su@romelgr ayd 85 RlauaHdin residansene (Bihyhede & i mer ham Bi osci ences),
corgi JRE Rbn&in the ANVt proffoter 0@ the zeocin resistance gene,
%07/@%@9@% ﬁ?letcéZOO?/rglggSw%O o The li'cel | ul ar | ocal i.zat 'hon Q

f.
PSGL 2l theyGal Srapreisiasr YACKEEOBIRIN HeiGMM PIOMALFANIBHR08ER PROSPROFPRY co| | s

seeded on cover i M six-well .plates were transiently transfected with
t he E@Gﬁt{é'i Fr%f%rdff ﬁ%bgfipressi on vector using Lipofectam ne 2000 (Invitrogen),

accor di ng 40, e IANUHASTH IR XrARhEIOURre FORfiod By htbroiar s after S

transfection, wa wth PBS and fixed in 30% acet one/ MeOH.
Fol | aaguechigocki ng for 30 mnutes in 1% BSA in PBS, PSGA.-1/m g&b protein
was detected using a FITC conjugated goat anti-nouse |gG Fc anti body

081 grEyaMPLrLeDETERQINATION GRS G- L/MIGE2B EXPRESSION USING WESTERN

BLOTTING AND INDIRECT IMMUNOFLUORESCENCE

Expression of PSGL-1/mIgGyy in cell culture supernatants was determined using

SDS-PAGE and Western blotting. Samples were run on 4-12% gradient gels (Invitrogen) in
MES buffer (Invitrogen), and separated proteins were electrophoretically blotted onto

25 nitrocellulose membranes (Invitrogen). Following blocking for 1 hour in 3% bovine serum
albumin (BSA) in phosphate buffered saline (PBS) with 0.2% Tween 20, the membranes
were probed for 1 hour at room temperature with a peroxidase-conjugated goat anti-mouse
IgG Fc antibody (Sigma) diluted 1:4.000 in blocking buffer. The membranes were washed
three times with PBS containing 0.2% Tween 20, and bound antibodies were visualized by

30  chemiluminescence using the ECL kit (Amerham Biosciences), according to the

manufacturer’s instructions.
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Cell nuclei were stained with 4, 6-di am di no2-phenylindole (DAPI). The cover
slips were nounted on slides with Vectashield Munting Medi um (Vect or

Labor at orwepe7/1Ski7des were 10 exam ned using a DVRXA ni eceaBap@ossi ca
Corp.), and digitally imged using a Hamamat su C4880-40 CCD canera
(Hamamat su Phot oni cs Norden AB), the Openl ab software package

(I mprovision), and Adobe Phot oshop software (see figure). EXAVMPLE 3:
ADAPTATI ON OF CHO K1 CELLS TO SERUM FREE MEDI UM The CHO K1 cell
line (ATCC CCL-61) was adapt fre Ex-cell 15302 (JHR

_ ( < g)gmferﬁgr arrediuig] Xacel

Bi osci enc&he reitular IgealizatiPh @f £ e/ mighizs ¥et drtsFmiet Ry P ons. EXAVPLE 4:
DNA -Lﬁﬁmﬁﬁvﬁﬁ F%h @NALe1 RReEGd §A: lips HGX KlelCslates vadaphesdertly
serumiree meél umcg\)\\lle@r}e@hseedeld in 75 cn%veégéﬁz and ﬁv}%erlg.tr ected with the
PSGLtrdrisfidageedivithalxp PEGE+ Hnlg et aPressiony Setgp dF et RPITE s 5e %@?(E | nvi trogen),
an api mal ory gi.n- & ' ’ {oRg. @hiBowE anturer' s

i nstaﬂgi?riog%é)l.’ gé(g)ll—%lrn ?3" fé%ﬁ?hlﬁ%{a@ge raS?it?l g‘?ﬁ(?irdzglgsl?(gﬁ i&gn, cells were incubated
SN plssRcion; cantwineiwaghed it PBS and tikedrin 30/g/aceipne/MeOEe FelleVsg medi um was

changed ever hi.rd da I. r 2 , I NRi ved
usi n%loﬁié‘éé fé?(ﬁ "ﬁ‘é‘t’f’ﬁ?/ﬁ?/l%ﬁ%‘%é%%%g ’ ?Eﬂ%%&)ﬁ@%&éﬁ %lltaec )“,gdgglg%gir,égi_t%lgﬁgf"got he
ManukpERtbRfugstel pBh! altl-iRise 140 Fe andbddy @egma)kdihgre 1280 indlesking puffge- wel |
pl ates, and expanded in sel ectiof dj um fqr rOX .2 Week culture
E e Al pies wiet BaASh Ao SR CREh B arE BTy D ARG P 5 cob. wms
asS egRaieVorEZLEGrith VEREsHiTHUIGERInR aVibdia G s@Yectdrlilabbyatoses). Slidss ocat  bel ow,

using a goat anti-nouse |1gG Fe anti body (Sigma). The cel] clones wth the
) ghesamine@Seing B/ IMRCEH reiepIs68RY Urei i@ Pon 8RG AIZGHY JRABHLTYRE 2 EXAMPLE
5: NTI FI SRl gﬁrg noN'e i H&h AUSERNOPENIED 30 USI NG
ELI gﬁémamat%%_g\?e@e sgé{gg% in %5 cnﬂhgl:agis@ﬁ?ﬂ%r- 1X1(l)ﬂ2 cel IL?/HET-L). Cel |

cul t ysfewsieneichages(hpromisien)hand dsiobel Phdtoshopsaftware (F¢figidkent rati on of

PSG.- 1/ m g&b produced by the cell clones was WO

2007 B35 A b AZOATON GFICHMEKclccId $ TY/SERUM-TREEMERJIFM munosor bent assay
(ELI SA). Ninety-six-well ELISA plates (Costar 3590, Corni ngci_ were cgQated
for 2 hourkhevCHD-Kn cafl linsi(ALGLOAL-6t) wavadaptad tosegrmfteearedingaixc8llgna) at

B £ R 0Bl P T s B SR P AGHBIoHE 126 B [ P for
ver 6 BHORB GDRe B ELaTT P S oBAB BT U T S0t Jant i< nbuse TG
o S A 0 PO G s n v
5' - t gl el ez EEOE- 1inyGs, eaplasiol @etoi gstay Lifdfecmennt 2&hClas st opped
with 2°MH2SO4 and the plates were read at 450 om rhgnm?fgct%ye}r%qﬁgueu%tions.
m cr dphatr@gq'réaqjezpm(rg] gugi@kfree formulation, according to t
20  Forty eight hours after transfection, cells were incubated in puromycin-containing selection
medium (6pg/mL). The selection medium was changed every third day. After approx. 2
weeks, dead cells were removed using Dead Cell Removal MicroBeads (Miltenyi Biotech),
according to the manufacturer’s instructions. Live cells were single cell-cloned in 96-well
plates,' and expanded in selection medium for approx. 2 weeks. Cell culture supernatants were
25  harvested and the concentration of hPSGL-1/mlgGa, was assessed by enzyme-linked
immunosorbent assay (ELISA), see protocol below, using a goat anti-mouse IgG Fc antibody

(Sigma). The cell clones with the highest hPSGL-1/mlIgGa, expression were chosen for
expansion.

EXAMPLE 5: QUANTIFICATION OF PSGL-1/MIGG23s CONCENTRATION IN SUPERNATANTS

30 USING ELISA

Cells were seeded in 25 cm? flasks (~ 1x10° cells/mL). Cell culture supernatants were

harvested after 4 days. The concentration of PSGL-1/mlgGy, produced by the cell clones was
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[0 Instrunents). The PSG.-1/m g&b concentration was estimated using as a
standard a dilution series of purified mgG Fc fragnents (Signa). The

hi ghest pwodueimgszeel | cl one (-25/1g/ nL) was chosen for ptunBier/002530
transfections, as described bel ow. EXAMPLE 6: GENERATI ON OF PSG.- 1/ M G&X26
SUBSTI TUTED W TH BLOOD GROUP A/ R TYPE 3 ANTI GENS 15The stable CHO K1 cell
line with the highest PSG.- 1/ mlg&b expression was transfected with the
FUT2 (Se-gene) expression vector, as described above, and selected in

ol dereree BBy T B RGbIBL Pk gy ekt HEe g oottt BPI BN 11 be
tr angf.gtk 89ou é{knﬁ{.gt) Redre EdiRed R WA Aigieneffiaity-patified Bogears)-még@Fessi on

vectors, and selected in blasticidine- 20contai ni ng rrc\%gi un} e@é}gerate
cel lantibodg (Sigma) pt adoecenbrber of) 1@ us/mLakbe plates yegte blq ?9’{”&@‘% thti gens
on P +1/ 2 Kol Mpbde séri BREHGN OF
paGEs Ifﬁ’rc&%u@fm gﬁ%@%"n%ﬁ%%%%m@%% 5 ANTI GENS The stabl e
61- 1MlodiGhs Gaffer hidimcubathd fore howhdsallovgag washingahs Riaips wieEs iBRuiped tor

25transfected with.thel 31, 63 cNACT] i i
oxpr Lbeva e oot datrgouuen e i hERh S RERE MR Y R S amY 1

cell lzﬁlqumﬂlé&kiﬁ%muﬂﬂérghe&hd peloatdave-conjupated ahtibbdypas Pisnatidegerith 3",
PSG.-1/m g&b will be transfecte i.th either the al A- gene) or
al, 3 Xdgrapghybhsazidmesdipudp ngﬁﬁ%ﬁg’,"g‘a IEATHN B ?tﬁp&a& Bl 2 :

bl asf,ebghAeieaNh@E WeRtreR® i 450 nkdn @aRAIGH#eC alitroplateratiae@ipfleluce bl ood
group A and E 30respectively, type 2 antigens on PSG.- 1/ m C%b Be8

tO anbfsvotieots)sErreRSE L- ExlaPrron cortpaorRATeNtaR 91 g P f E%Egaf @IE?&%L?EJTED
WTH B T SENS). 024 HREREURCIA B3RO IHREAD)

The %eéh%glp@%@%qﬁgﬁﬁ%%{( rel a)tti vegi%unber of bl ood gr oupﬁl’il%type 3
ant i gasshosenASCiurteming@dectionis| 4s drscribethbglewt ed with the 131, 3GLlcNAct (core
3 enzyne) and Gal TS5 expression vectors, and selected in nedium caontaining
Ze0CHXAMINE G| GEeEri TIDNIORP G HRYMIGGa: SUBYVRITHIRD ¥HTHBLOODSRYRAMP EIl type 1
antigens_on PSGE-1/mMg&b wll be transfected with 5 either the al, 3

Gal X?E?A-Iﬂ‘éﬁ@)lsor al, 3 Gl T (B-gene) expression vectors, and selected in

bl asti ci di_pe- cqnt aj ni .um . ner gt Il | e : uce bl ood

B oup A arheaaile o Rry B s b B ARG Il PR rpeigR PR C"

tranghretlb@n vﬁﬂ‘h@i&‘-ﬁUTﬂg‘H\?ﬁhﬁ) Ox prebiRbir b EADE, @GbldE¥erRECBNBYANT selected in

H PSA.- 1/ EICM GRu Cel | culture supernaf ants wil | b‘_g I ear ed fn]ibo'fn gdebris by
b

cent G4l Seantaininganedipms@atL /minn L8e GR! 51008 WHhthe g §o!

goat anti - nouse

| 9G Mkf& ' &) artgRh OGS PEEILIIZGAl Wl bueshifagetiith &BSr theound hPSGL-
1/ EKj)r n g%fgpvlfwebea e[uted with 3M ﬁlaSCN and di al yzed %g!ai nst distilled

wat eGallNa clefogend) onGabT §Braeae) Rirgrson st Heelectadnaglasiiciiee) 1 g2b

20 containing medium, to generate cell lines that produce blood group A and B, respectively,

type 3 antigens on PSGL-1/mIgGas (see transfection scheme).

EXAMPLE 7: GENERATION OF PSGL-1/MIGG 2z SUBSTITUTED WITH BLOOD GROUP A/B TYPE
2 ANTIGENS

The stable CHO-K1 cell line with the highest PSGL-1/mlIgGa, expression was
25  transfected with the B1,6GIcNACT1 (core 2 enzyme) and FUT1 (H-gene) expression vectors,
and selected in medium containing G418 (400ug/mL). The cell clone with the highest
relative number of H type 2 antigens on PSGL-1/mlgGy;, will be transfected with either the

al, 3 GalNAcT (A-gene) or o1, 3 GalT (B-gene) expression vectors, and selected in
blasticidine-containing medium, to generate cell lines that prodpce blood group A and B,

30 respectively, type 2 antigens on PSGL-1/mIgGas (see transfection scheme).

EXAMPLE 8: GENERATION OF PSGL-1/MIGG2; SUBSTITUTED WITH BLOOD GROUP A/B

TYPE 1 ANTIGENS
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may be further purified by gel filtration on a H Prep 16/ 60 Sephacryl S 200
HR col um ( Anersham Bi osci ence). 15Coval ent coupling to sepha rose and

col um pawbi20@r/135571 Purified blood group A and B nucipas/mtdob/odesscoval ent
coupl ed to sepharose fast flow beads using standard bi oconjugation

chem stry. Foll ow ng coupling, the sepharose will be packed in the plastic

contai ner constituting the actual columm. Adsorption efficacy and

bi oconpatibility testing of the prototype colum. 20The titres of

anti - bl ood gro ABC anti hadi e L t ft i ; | ed
bl olod gr o@ﬁgﬁeﬁg%w i Ftlleqﬂgtl‘eégEegélév(?é’cru‘“ﬁﬁbegrtnogr?z%orﬁérgﬁg%g{y%%?%hrt\%g?ﬁc ni6ques
inc |t pggnguprgg@g,l gd{_,vm baaﬁhﬁectlawgbit}hhﬁe B(m{jsiaéelstfmzl\iﬂ‘r(bbfegal alnykie) atnélﬁaJT?l asma
roteins, 1ncluding inmunogl obulins an C
1P act SYIEISICI VRAPTS. {lg't%s,el , '“@%ﬁ‘“@&%‘l‘ﬂgﬂ“@@&"%%‘}‘; ﬁlb?‘rﬁ@ﬁs w&%f’ 3@% fSt and
Coagwlﬁﬁ\ge%rf.l?&rtcﬁrb? dd& %Jé)hg H §peuhn@EBhdlon PEGL-10ERG,, WilDbe frarsfdagd adat i on
W al'l %e a

products ured by standard techni ques. The specificities of
a8ls oeioiedt the1 Ll £3 GatNACT{Ah-ponerds ol ba GakB(B asnpheressian Yeciers andiseletisded by

ELI SA usi ng reconbi.nant rnucins carryi . j

def i Hbﬁ'aﬁt&g@@éﬁ‘f’é‘%?'inéén?ﬁ%?]h? %?Pef)af/g%ér}gyﬁésg@%%glfﬁ%%? g%d a‘%%;ﬁ)sl(ﬁﬁ;is ed
over kaped  tPe Mah6FerRWil PSGU- 1Al G, (seet amafdcyion s¢hiems). bl ood group A and
B glycolipids are used. WO 2007/135571PCT/1 B2007/ 002530 EXAMPLE 10:
PRODEGRIVY. £ IRRAPR: AAoRIJFERONBISLWRESIFSCLAERU/RIGER DETERM NATI ON OF
ANTI BODY TI TERS Beads of different sizes and col ours were produced m cronod

Parti kel t gedinaliagk SusdrkAtants win He@tdaredROMBdBbraY @onjfugatied and phisedd gr oup
antigens of different types. 5 Beads \Mére agere]ll \t/)ieed 5% rovv(ﬁplgrtnngA and
$8ovelerogelod colph GORtBIIMHEIR ARGARAUSA JES GholrolesP ) reeie Y E At ¢ %)yr Usi ng

this w%bﬂ%%tﬁ PBS, Bﬁén%i RPSGLO/BREM B, XU dMited wit B9 NaSDN randfdidigzes
conj ugat ed wer e eac

Sl ze-col our intensity conbination rs%gfiﬁ%%/s 2G
speciagainstdistidedywotep Bntaneie lewprelssular sieight sparppnty Gire Wy gré-
EXAVPLE 11: TECTI. c20¥ a@kernar e dil uted
1: 10 T %@r%f ﬁ%.'%ﬁ’%ﬁ%@gum n&gtn %@ggg%\%&%&?gﬁ@m crobead (4.6
p. M (ASndrilgingl Byosstinght.) carrying bl ood group antigen oligosacchari des.
Serum and m crobeads are incubated at_ roomtenperature for 30 m nutes and
dhen washedowilent couphinsmsiephgose pnd cpbaml RACkIG i - human | gM and PE | abel ed

I gG i s added o t he washed cr obeds and anal yzed flow cyto .15
J Purified blood group A and B mucins will be covale¥lt couplféld to sep ar%se EE% fidw

beads using standard bioconjugation chemistry. Following coupling, the sepharose will be

packed in the plastic container constituting the actual column.

Adsorption efficacy and biocompatibility testing of the prototype column,

20 The titres of anti-blood group ABO antibodies prior to and after adsorption of pooled
blood group O plasma will be assessed by standard blood banking techniques including
hemagglutination and the indirect anti-globulin test. Plasma proteins, including
immunoglobulins (IgG, IgM and IgA), complement factors/fragments (C3, C3a, C3d, C4 and
sC5b-9), immune complexes, and coagulation factors (FVIII, prothrombin, fibrinogen, fibrin

25  degradation products) will all be measured by standard techniques. The specificities of
adsorbed and eluted, and nonadsorbed ABO antibodies will be determined by ELISA using
recombinant mucins carrying blood group A/B antigens on defined core saccharide chains or
by an thin-layer chromatography-based overlay assay in which purified and structurally

defined blood group A and B glycolipids are used.
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EXAMPLE 11: DETECTION OF BLOOD GROUP ANTIBODIES

L0 Serum samples are diluted 1:10 in PBS with 0.5% human albumin and mixed with
latex microbead (4.6 um; 18 ug dry weight) carrying blood group antigen oligosaccharides.
Serum and microbeads are incubated at room temperature for 30 minutes and then washed
with 0.5% HAS/PBS. FITC labeled anti-human IgM and PE labeled IgG is added to the

washed microbeads and analyzed by flow cytometry.
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5:145-8. OTHER EMBODI MENTS Wil e the invention has been
described in conjunction with the detailed description thereof, the
foregoing description is intended to illustrate the scope of the

15i nvention, which is defined by the scope of th RGN | ai nms.
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OTHER EMBODIMENTS
While the invention has been described in conjunction with the detailed description
thereof, the foregoing description is intended to illustrate the scope of the
15  invention, which is defined by the scope of the appended claims. Other aspects, advantages,

and modifications are within the scope of the following claims.
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B type 4@l al, 3(Fucal , 2)Gal [ 31, 3Gal NAc1-R wherein R represents a

point suitable for attachnent to a sol
conprising the conposition of claiml.

d support 202. An adsor ber
3. The conposition of claiml

or the adsorber of claim2 further conprising a solid support to

whi ch said bl ood group antigens are att
support
claim1 further conprising a collection
subt ypes, wherein each subtype is coate
antigen, including: A type 1Gl NAc
A type 2Gal NAcal, 3(Fucal, 2) Gal | 31,
3Gl NAcal, 3( Fucal , 2) Ga1131, 3Gal NAcal - R,
4Gal NAcal, 3(Fucal , 2) Gal | 31, 3Gal NAcf I | -
1Gal al, 3( RucalAZPURPIen corpPHNAE biged groun

2Gal al, 3( Fucalap; I[31{ﬁ@¢§&ﬁqﬁﬁkd%%§;
3@l ccl, 3(Fucal ,2) Gl f31,3Gl NAca | -R

4Gal al, 3( FucalAZc}J@éﬁr P1l, Ao Fadz1,

presence of bl ood group reactive antf@%
sai d method coppfieSi N9° GaNAcal,3(Fucal,2)G

is a bead, preferably a m crobead.

ached and wherein the solid
4. The conposition of

of m crobeads of 25different
d with different bl ood group

,.3( Fucal, 2) Gal [ 31, 3GLcNAc( 31- R,

tosi

31-R, 30 A type
A type

R Bt

Y gfrgfﬁ:gcefudin g
831, JORNACBI-R,
and B type

apfuariaggi-Ror determining the
dies in serumof a subject,

al31,3GalNAcal-R,

attached and wherein the solid support is

Atyped GalNAco1,3(Fucal,2)Gal 1,3GalNAcBI-R,
.10
B type 1 Galal,3(Fucael,2)Galp1,3GlcNAcB1-R,
B type 2 Galeel,3(Fucal,2)Galp1.4GleNACBI-R,
15 B type 3 Galael,3(Fucal,2)Galp1,3GalNAca1-R, and
B type 4 Galoel,3(Fueal,2)GalB 1,3GalNAcB1-R
wherein R represents a point suitable for attachment to a solid support
20 2 An adsorber comprising the composition of claim 1.
3. The composition of claim | or the adsorber of claim 2 further comprising a solid
support to which said blood group antigens are
a bead, preferably a microbead.
4. The composition of claim 1 further comprising a collection of microbeads of
25  different subtypes, wherein each subtype is coated with different blood group antigen,
including:
Atypel GalNAcal,3(Fucel,2)Gal1,3GIcNAcB1-R,
Atype2 GalNAcal,3(Fucal,2)Galp 1 4GleNACBI-R,
30 '
Atype3 GalNAcal,3(Fuce1,2)Galp1,3GalNAcal-R,
A type 4 GalNAcal,3(Fucal,2)Galp 1,3GalNAcB1-R,
B type | Galoul,3(Fucee1,2)GalB 1,3GleNAcBI-R,
35 B type 2 Galol,3(Fucael,2)Galp1,4GleNAcB1-R,
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a) providing a collection of mcrobeads of different subtypes as
defined in claim4; 10b) adding said serumfromsaid subject to said

col l ection of m crobeads; c) incubating said serum and
m crobeads for sufficient time for anti-blood group antibodies in
said serumto bind to said blood group antigens; d)

i ncubating said mcrobeads with at | east one | abelled |igand capabl e
of specifically binding with said anti-blood group antibodi es bound
to said blood group 15anti gens; and e) detecting the presence
of |abelled |igand bound to said anti-blood group antibodies to
determ ne the presence or absence or said reactive antibodies. 6.The
net hod of cl ai Ai&Pe Jaher QW’S%FEF%@@EW%Q“N\C% R POV cytometry or

| um nex. 7.The nmethod of claimb5, further nBr|S|ng the step of
renovi ng said §éﬂﬁﬁi20c6ﬁ$@ﬁgﬁv%ﬂWHQ@ﬁlé@ﬁﬁww YBecifically bind with
sai d bl ood group antigens presented on said mcrobeads prior to step
(d), oP further conprising the step of renoving | abelled |igand that
is not bound to said anti-blood group anti bodies prior to step (e).
8. The net Isod ofa métbddfaﬁdetmemqg'me p@bahcd ofdevd graipaeactivd einb'bdyem'n

f ragnment there tional.ly wherein said antibody is a

nd oRtd Al
nnnovalentQEWffﬁggym?Sggﬁgﬁf BRE"FTRt her 250ptionally wherein said
nmonoval ent ant ajmdyidifig agofention o nsiciebdndoof difityentfsnidgres s def@cdinelaiet hod
of claim@8, wherein said Fab or Fab' fragnment is selected fromthe
group conststing of an anti-Fc antibody fragnment, an anti-kappa |ight
chai n iant i body bj xdd'gigeaiti seram feomt $aid subjedicto kaidballectira of nderebdadely

fr agm.e“t , and a) mcur?) i1 salla !arrillmaan gﬁ%ﬂadg f%%(ﬁﬁ&em tliane fé: %ﬂtﬁ@‘ﬁ% (%rrcfmb

removi ng bl ood group reactive ant | es 1 n serum sail
conpr i si ngntibodies in said serua) tofhiraMb daid hload gwhp esigewn of m cr obeads of

diiterent SublYPRS.Rindeld REbkdls Gliftafllead one jabelled ligand ofPabfQR! 2CL 1 NG
said serumw th’ sai on of m crobeads;
specifically binding with sazd ant| blood group antibodies bound to said blood group
15  antigens; and
e) detecting the presence of labelled ligand bound to said anti-blood group

antibodies to determine the presence or absence or said reactive antibodies.
6. The method of claim 5, wherein said detection is by flow cytometry or luminex.

7. The method of claim 5, further comprising the step of removing said serum
20 components which do not specifically bind with said blood group antigens presented on
said microbeads prior to step (d), or further comprising the step of removing labelled

ligand that is not bound to said anti-blood group antibodies prior to step (e).

8. The method of claim 5, wherein said ligand is an antibody or fragment thereof,
and optionally wherein said antibody is a monovalent antibody fragment, and further

25  optionally wherein said monovalent antibody fragment is a Fab or Fab' fragment.

9. The method of claim 8, wherein said Fab or Fab' fragment is selected from the.
group consisting of an anti-Fc antibody fragment, an anti-kappa light chain antibody
fragment, an anti-lambda light chain antibody fragment, and a single chain antibody

fragment.
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c) incubating said serumand m crobeads for sufficient tinme for
anti-blood group antibodies in said serumto bind to said bl ood group
anti gens; d) separating said mcrobeads fromsaid serum
10t hereby renoving said reactive antibodies fromsaid serum 11. The
conposition of claim3 or 4, or the nethod of clains 5 or 10, wherein
the m crobeads are |atex. 12. The conposition of claim3 or 4, or the
met hod of clainms 5 or 10, wherein m crobeads of at |east one bl ood
group antigen subtype differ from m crobeads of at |east 15one ot her
bl ood group subtype by being selected to have different dianmeters or
different colors. 13.The conposition of claim3 or 4, or the nethod

of ¢l ai 18 15 OF A T 1S EhBuing bihE ERRF AL ol ARk SailhRBGa 0T OUP

subt ype di rommcro at” ['east one ot group
subt ype byobpisng: | abel l ed with different |abels, and optional ly

wherein 20t he @3;?& n@h Sol eét%gx][o aiaiseahgwlﬁ%&é%@ﬁs GOdBRQ éd ol o OF

claim3 or 4, alns rern t m cr obeads
are approkimately 5 pmin dianeter, or wherein the nlcrobeads range

in diameter frQ)rgogtaamgtsgﬁdjséruﬁ)lruzi@{]aic&roﬂécﬂaﬁg% Micflobgéﬂs,t 0 10 pm. 25

¢) incubating said serum and microbeads for sufficient time for anti-blood group
antibodies in said serum to bind to said blood group antigens;
d) separating said microbeads from said serum

10 thereby removing said reactive antibodies from said serum.

11.  The composition of claim 3 or 4, or the method of claims 5 or 10, wherein the

microbeads are latex.

12.  The composition of claim 3 or 4, or the method of claims 5 or 10, wherein
microbeads of at least one blood group antigen subtype differ from microbeads of at least
15 one other blood group subtype by being selected to have different diameters or different

colors.

13.  The composition of claim 3 or 4, or the method of claims 5 or 10, wherein
microbeads of at least one blood group subtype differ from microbeads of at least one
other blood group subtype by being labelled with different labels, and optionally wherein

20  the labels are fluorescent labels.

14.  The composition of claim 3 or 4, or the method of claims 5 or 10, wherein the
microbeads are approximately 5 pm in diameter, or wherein the microbeads range in

diameter from 2 ym to 15 um and preferably 4 pm to 10 pm .

25
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