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DESCRIPTION

One Step Removal of Unwanted Molecules From Circulating Blood

Ficld Ol Invertion

This mnvention relates to technology for reducing the presence of unwanted
molecules, Including those related to disease states and those involved in rejection of
transplanted ovgans and tissue, from 4 host's blood. In patticulir, the invemion discloses &
method and 2 system for reducing the presence of unwanted molecuics, such as anti-A and
anh-B antibodics, by a one step removal pracess. 1t also discloses blood substantially free

of nnwanted antibodics, antigens, and the like.

Backeround Of The nvention

Traditionally, organ or tissue fransplantation requires ABQ  blood typo
compatibility in order to preveni grafi rejection. Normally, the host’s blood conlains
ciroulating antibodics against foreign bleod type antigens. Transplantation across thesc
ABO hlood groups leads to hyperacute rejection of the graft within the first 24 hours
{Kuby I: lmmunclogy. New York, W.H. Freeman and Company, [9497). Circulating anti-
bodies bind to blood antigens present in red hlood cells. epithelial cells and endothelial
cclls found o the graft organ or tissue. These antibody-antigen complexes activate the
complemeni system of Lhe host. resulting in infiltration of neutrophils inle the grafl organ
or tssue. The neutrophils release Ivtic enaymes thar destroy the graft endothelial cells,
providing a surface of injured tissue to which plaelets can adhere. Massive blood clets
form within the graft capillarfes, and wds whole inflammatory reaction prevents
vascularization.

Curren! treatments to teduce rejection include administering a regimen of
innunosappressant drugs before and after the ransplantation surgery. Smdiss have been
performed on metheds that remove antibodies specific to ABO antigens. These methods
have alsa shown bencficial cffects in reducing hyperacuie rejection of the wansplanted
organ or hgsue, These metheds are important because they may lead to a methed which
will relax the requirement of donorfrecipient ABO compalibilily, which in tuen can greatly
expand hoth the living dener and cadaver organ or tissuc pools.

Current iechniques {o remove the ABO antibodies inciude plasma exchange
combined with inlravencus admisistration of soluble ABO antigens {Alexandre GPJ,
clal,, Neth | Med 28:231-234, 1985); separating plasma from the whele blood by either
centrifugation or doukle {iftration plasmapheresis (DFPP) followed by immunoadsorption

JP 2004-500154 A 2004.1.8
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using concentrated red bloed cells (Slapuk M, et.al., Transplantation 31:4-7,1981); and
BFPP followed by celumn immunoadsorption of anti-A and B antibady using A and B
anttigen bound to silica beads (Tanabe K, et al,, Transplantation Proceedings, 27(1) 1020-
1023, 1995).

These prior art methods have serious problems which have prevented lheir
adeption as the standard of cave, Tirst, there is the nsk of infection. Because plasma
exchunge by centrifugation requires replscoment by ptasma protein solution, risk of viral
wansmisston i prescnt.  Moreover, these technigues described above involve first
separation of plasma from whole blood then an additional pracedure to remave ABO
amibodies from the plasma. Scparated plusma can then be stripped of pre-existing anti-A
and B antibodias by immuncadsorption  with ABD antigens linked to silica beads on a
column.

A study on renal transplansation has shown that ABO-incompetible grafted patients
who received onc or two sessions of DFPF and three or four sessions of column
mmmunoadsorption showsd no significant difference in survival rates when compared to
patients who received an ABO compatible grall (Tanabe, supra).  Additionally, onc case
has been reported in which hyperacute rejection following accidental ABO-incampatitle
renal transplant was reversed using plasmaphercsis followed by immunoadsarption with
red blood cells (Slapak, supra).

Summary Of The Iipventign

This invention provides a methad and system for reduction of a host’s rejection of
a nonh-autologous organ or tissue transplant caused by the presence of foreign antipens in
and on the organ ar tissuc. This is accomplished by providing a method for one-step
removal of antibodies in the host’s bloogd thul arc dirccted to the foreign antigens.  For
example, cross-ABQ rejection can be climinated by removing anti-A and/or anti-B
antibodics, in one step, from the host’s blood. This is done by moving blood oxtracted
from the host along a pathway, which is optionally semi-permeable, having antigen
specific to the anlibodies, such us anligens that bind to anti-A and anii-B antbodies,
attached 1o the pathway, and retuming the bleod to the hest intcmizl elreulation.

In another embodiment, this invenion provides a mellwod for removing, in ene
step, cxcess antibodies, such as are present in certain disease stales, from o hest's blood
by moving the blood extracted from the host on a pathway, optionally semi-permesble,
heving antigens or anti-antibodics specific to the wnwanted anuibodiss immobilized in the
pathway, and returning the blood to the hast’s internal eircalation.

JP 2004-500154 A 2004.1.8
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w

In vet anolber embodiment, unwanted antigen is removed trom a host’s blood m
one step by moving the blood cxtracted from the host on a pathway, optionally semi-
permesble, having antibodics specific to the amigen immobilized in the pathway. and
retumning the bloed to the host’s internal circulation.

[n another emhodiment, this invention provides hlood that is substantially free of
undesired molecules, such as anti-A and anth-B antibodies, wherein A and B arc blood
type antigens.  The undesired molocules may alse be antibodics associated with a discasc
statc comprising an cxcess of antibadies in the hlood, virions, and other undesired
anligens.

In the preferred practice of the invention, & hollow fiber has attached A and B
blood type untigens that are capable of sequestering the antibodies specific to A and B
antigens from the Aewing blood. In another preferred practice of the invention, the hollow
fiber with attached antigen has semi-permeable pores that allow dialvsis or plasmapheresis
of the blood to occur at the same time. In a {urther preferred practice of 1he invention, the
hollow fiber is coupled to a plurality of perpendicutar membranes having attached antiger.
Alternatively, this plurality of membrancs can also be longitudinally placed inside and
along the length of the fiber. In the most preferred embodiment, the antigens are attached
to the wall of the hellow fiber. In further practice of the inventien, the hallow fiber can be
replaced by a f{lat membrane in a closed contatner that the blood cun Jow zlong or pass
through. In this cmbodiment. an optional semi-permeable membrane is present to divide
the flowing bleod from & siurry that will induce the blood components, such as antibedies,
to exchange across the membranc.

The invenlion alse provides a method to increase the organ or lissuc pools
avatlable for transplant by removing in one step, from the host’s biood, antibadics speeific
to foreign antigens present i3 Lhe Lransplanted organ or tissue

The invention also provides a one-step system for remaving antibodies to specific
antigens ftem hlood in one step.

The invention also provides a one-step system for harvesting amibodies 10 speciiic
antigens from blood.

T another embodiment, the present invention prevides circulating blood that js
substantially frec of vnwanted molecules, wherein these molecules are capablc of binding,
either specifically or non-specifically, to 4 binding partner capable of being irmmobilized
on & pathway. Tn pacticular, this invention provides circulaling Blood that is substantially
free of anti-A bicod protein and anti-B blood protein aniibodies.

JP 2004-500154 A 2004.1.8
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Brief Description Of The Drawings

Fig. 1 is 2 longitudinal cross scction view of an antibedy removal system in
accordance with & first embodtmeni of the present invention.

Fig. 2 s a lengitudinal perspective section view of an atibody removal system
accordance witl # second embodiment of the present invention.

Fig. 3 s a lengitudinal perspective section view of an antibody removal system m
accordance with a thicd embodiment of the pressnt tnvention.

Fig. 4 is longitudinal perspective section view of an antibady removal sysiem in
accordance with a fourth embodiment of the present tnvention.

Fig. 5 s a top perspective view of sn antibody removal system in accordance with
a [ifth embodiment of the present invention.

Fig. & shows the resulis of an assay using the method of this invention o remove
anti-A and anti-13 antibodies from blood.

Fig. 7 shows the results of an assay using the method of this invention to remove
anti-A antibedies from bloed, showing the high capacity of the preduct.

Fig. 8 shows the resulls of an assay using thc method af this invention o remove

anti-B antibodics from blood showing the high capacity of the product.

Degajled Description O The Prefecred Embodiments

This iuvention provides 2 method and a system for one step removel, from the
bast's blood, of antibody specific to foreigr antigens present in a lransplanted organ or
tissue, This is done by moving bleod extracted from the host along an enclosed pathway
such as a hollow fiber or fiat dialyzer comprising bound or immobilized specific antigen,
and returning the bleod o the kest internal civeulation. The blood componenis are
dialyzed across the membrane of the pathway, while a1 the same time amtibodies are
removed from the blood through binding to the immobilized antigen. The binding can be
specific, as when the anfigens are chosen to bg the specific binding partners of the
antibodies, or nonspewilic, as wher a peneral binding meolecule such as protein A or
protein G is used to bind the antibodies,

The antibadies. along with undesired small molecules {urea, creatinine, anunonia),
are thus removed from the host’s bloed.  Additienally, these antthodies can be collected by
releasing them from their binding pariners.

Cxpanding on this technique, the invention also provides a means for removiag
other unwanted molcgules from & host’s blood. For example, virions present i the blood
due {0 a viral infection of the host can be removed by utilizing immobilized antibodies,
either monoclonal or polyclonal, to the virion.

JP 2004-500154 A 2004.1.8
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Materials:

Epclosed pathway

The present invention comprises an enclosed pathway that allows the flow of blood
and the trapping of one of the hinding partners of a binding pair, such as an antibody and
an antigen. ‘The deviee can be made out of a variety of substances, incloding but not
limited to nitrocellulose, ccllulose, nylon, plastic, rubber, polyacrylamide, agarose,
polyvinylaleoho(-co-gthvlene), and the like, and combinations thereof. The material is
preferably seti-permeable 1 allow the passage of small molecules out of the pathway.

The device can be formiad in a vartety of shapes, including but not Jimired (o & flat
dialyzer, a semi-permeable raembrane, @ semi-permeable hollow fiber, 4 eoil, a dialysis
membrane, a plastmapheresis filter, and multiples and combinations thereaf,

The preferred embodiment as shown i Fig, 1 uses a semi-permeakle hollow fiber
1 for commercial dialysis with the entigen 3 attached to the wull 4 of the tubing with or
withaut a linker motecule, for example PEG (polyethylene glyeol). conneeting ong to the
other.  Usc of dialysis membrancs with attached antigen allows direct membrane
fmmunoadserption of the speeific antibody § and plasmapheresis to occur at the same
time.

Altematively, other anchors for the unmobilized binding partner can be nscd alone
or in combination. For example, the hollew fiber 1 ean bave a plurality of flat reembranes
9 thal are placed longitudinally aleng the fiber tength (Fig. 3) or perpendicular to the fiber
(Fig. 2). The antigens 3 which are von-difTustvely linked W this plurality of membranes 9,
sequesier the specitic antibodies § from the blood as they piess long the hollow fiber 1.
The membrancs 9, prefercbly hi-flux membranes, zllow blood cells and components
pags hrough so that no cloggng oceurs. The tubes themselves may be dimpled. twisted, or
otherwise modificd (o inerease mixing and binding of pathogen and antigen.

Fig. 4 shows another embediment of the hollow fAber § where the antigens are
linked to free Moating permeable spheres 11 [ocatsd inbelwsen (he plurality of membrancs
9. These spheres are trapped between the hi-flux membranes because of their size. The
antigens 3 on the spheres 11 sequester the specific antibodies 5, thus removing them from
the blood. Air or other non-toxic gas may be added at 2 Tower elevation as small bubbles
to further mixing and binding, and then the gas can be removed with a standard bubbic
trap at a higher elevation {not shown). The gas-induced mixing can occur on either the
shell side or the tube (hmen) side.

Fig. 5 shows another embodimen( of the invention, where the antigens 3 are
altached o flat semi-permeable membranes 13 of a flat plate dialyzer 15 instead of a

JP 2004-500154 A 2004.1.8
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holfow fiber.  Biaod plasma (as shown by downward arows 17) passes through the
membrune by conveclion but the specific antibodies are retained at the membrane. The
hlood travels along the pathway, continuously or temporarily interrupted, from lelt to right

in the figure.

Binding Pair

This invention can be used with any binding pair, inclading but not Hmited 10 an
antigen and an antibody, a receptor and ligand, an anti-amiibody and an amtibody, or
binding portions of these molecutes. By the term “binding portians™ is meant any porlion
of the moleculs that is capable of binding, either specifically er non-specifically, 10 a
partner molecule so as either to be removed or to remove the binding pariner from the
blood.

In the preferred embodiment of the invention, the ABOQ blood group antigens are
bound Lo the lumenal surface to remove their corresponding antibedies from bloed. The
antigen‘antibody binding pair can be reversed wherein the unlibody is hound to the
Tumenal surface and the antigen is removed from the blood. Other antibodies, anti-
atibodies, and anligens, such as major histocompatibilily complex (MI1IC) molecules, or
parts of these molecules, can be used 1o trap antibedies specific to these molecules. The
antigen‘antibady pair can further be replaced wiitk @ny members of sefs of binding pairs
that would have specific affinitics. Examples are ligands and reccptors with some
specificity Lo u pathogen.

Substance A and B antigens can bhe procured from Dade Intemational in
Swilzerland {trade name: Neulr-AR). This mixture of Substance A and B antigen] can be
from a varicty of natural sources, including but not limited to cows, pigs, horses and
humans. These antigens, in (heir mosi reduced form irisaccharides, can alse he made
synthetically. A higher affinity for the antigen will exist when the antigen matches the
original antigen (o which the anttbodies were produced. Likewise, the more purified the
antigen is, the stronger the reaction.

The more anligen is present, immobilized directly on the Jumenal surface or
attached by a linking mofecule in the enclosed pathway, the more specific antibody can be
removed from the flowing bood  Likewise, the larger the surface arca of the coated
metbrane, the higher the capacity for binding the desired antibody. For instance, 100mg
of antigen non-diffusively limked (0  hollow Gber can significantly reduce the anti-A and
anti-B titers of 300 1o 400wl of blood with from average to high titer. Fig 6 shows the
capacity of a modificd hollow fber to saquentially process 140m] of hanked human blood.
Tiler 15 determined by using a standard hemagglulination assay. This shows that

JP 2004-500154 A 2004.1.8
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membrane-beund antigen can specifically remove anti-A and anti-B antihodies, and that
this removal takes place in the first 15 minutes of flow {sheut 3 passages of the blood aver
the membrane), regardless of orginal lter,  Alternatively, one autigen type, such as
Substance A or B, can be used.

Figure 7 shows the capacily of ftiters modified with A amtigen for anti-A
antibedies. Figure 8 shows the same using B antigen for anti-B antibodies. Consecutive
szamples of blood were passed over the membrane until the membrane was saturated. At
thig point the fiter of antibody ir the hilood samples no longer decreased upon passage over
the membrance. The anti-A coated membrane had u capacily of around 300-400 ml. of
average 10 high titer biond. The enti-B coated membrane had a capacity of around 600 ml.

Funiher purification of the standard antipens leads to al least a six fold increase n
capacily o remove anti-A and anti-B antibodics per mg of antigen.  Purification is
achieved by removing components having molecular weighl helow 12,000 daltons from
the cammercially available antigen solution by dialysis. For example, the anti-A aotibody
capacily of a dialysis filter modified with appreximatcly 40 mg of purified antigen reduced
the anti-A titer of each of six 150 ml bluod sumples (o 2 or betow. The standard nan-
purified antigen-modified Gller reduced the anti-A titer of the first sample rom 32 1o 8,
and caused no titer reduction of the other five samples. The results were similar for the
anli-B antibodies. Hence we expect that a dialysis filter modified with 106 mg of puriiied
may be able to sipnificantly reduce the anti-A and anti-B titers of 1.5 to 2.4 L of average
1o high liter blood,

Linking of binding pariner to the enclosed pathway

The antigen, antibody, binding pair member, ligand, or binding parts thereof, can
be linked o the enclesed pathway by & variety of standard linking techniques. including
but not limited to chernical modifications, covalent bonding, strong ionic or hydregen
bonding, use of a linker, ete. The preferred method uses standard cyanogen bromide
(CNBr) linking which starts by treating the enclosed pathway with CNBr followed by
incubation of the antigen and the medificd pathway. The N-terminus of the antigen
protein will covalently atiach to the CNBr linker. Qther compounds for trezling the
enelosad pathway includc, but are not limited ta, hydrogen peroxide, sodium periodate,
epichloroftydrin, 1,4-butanedioldiglycidol ether, cyanuric chloride, carbonyldiimidazole,
substituted sulfonyl chiorde, or fluoromethy] pyridinium salls, and antigen applicd in the

same way. Standard chemical lmkers such as avidin and biotin can also be used.
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Process

Filtration

Filtration of unwanted molecules from hload can be achicved using standard
Xidney dialysis type equipment which rcmaves bload from one arm and rcturns it to the
other. Alternatively, any pumping systcm connected to the patient at two sitcs, so as lo
draw blood frem one sitc and retum it te the other, will work. The blood is passed through
the enclesed pathway having immobilized binding partners. The binding partners
sequesler the unwimied molecules as they move along. Several passes of (he bload along
the pathway might be required to completely remove the specific unwanted molecules,

The {low rate of blood moviny through the pathway musi be [asi enough io prevent
copagulation, yet not so tast as to damage the blood cclls. Examples of ranges are from
ahant 10 to a2bout 1000 ml of hicod per min., preferably between about 5¢ and about 750
ml/min., and most preferably the flow rate for removal of antibodies using the inventien 1s
between about 109 and about 500ml/min. Heparin can also be added to the bload to
prevent coagulation.  Processing of an entire host's blood valume {(~5L} would require
appraximatcly 2.5 hours 1o achieve complete removal of antibodies or other undesired
motecules from the blood.

The flow can be contimuous.  Alternatively, the flow can be interrupted to increasce
the interaction of the unwanted molecules with their immobilized binding partners.
Likeswise, the shapc of the device having the immabilized binding partnors can be such
that it will crcaurage some swirling and/or backflow to tncreasc the inraction time
between the unwanted molecules and the immobilized binding partners.

Uses

The current invention can be used in reducing organ or lissue transplant rejection
by removing speoific antihodies against farcign antigens found in the transplamed organ
or tissue and providing circulating blood subsiantialiy free of these untibodies. The
invention can also be used as part of a quantitative aseay for specific antibedies found in
the bleod. For example, a whole bedy sssay for the titer of anti-A and wnti-B antibodies
can be performed. First, the antibodies from the blood can be removed by the flirauon
described above,  Sccond, the bound antibodies are released by competing with free
floating anligens or with other very low lonic strength buffers to provent binding.  Thurd,
released antibodies can he titered using a method such as a hemagglutination assay.
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Also, the invention can be used to preparatively purify specific antibodies from the
blood without the need to plasmapherese. The steps are similar (o (he quantification assay
described above,

Additianally, the invention can he used to remaove oxcess amounts of amibodics
present in (he blood.

Furlher, the invention can he used ta identify, quantify andfor remove other

molecules having binding partners, such as virions or bgands, from the host’s bload.
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Claims
1. A method for reducing the presence of unwanted molecules in a host’s

blood in a single step, comprising:

1} extracting blaod from the host;

b} moving the extracted blond in 4 comtinuous or temparartly Interrupted flow
along an enclosed pathway, wherein the pathway has immobilized binding molcoules
specific to the unwanted molecuies atiached along the pathway, and the binding molecules
arc capable of binding to the unwanted mofecuics in the blood of the host; and

c) returning the blood to the host's intemal circulation.

2. A method in accordance with cluim 1 wherein the unwanted molecules wre
antibodies specific 1o foreign donor aatigens present in a transplamted organ or tissue,

3 A method in accordance with claim 1 wherein the unwanted maolecules are
virions o sub-pariicles thereof.

4, A method in accordance wiih claim 1 whercin the wwanted molecules are
antibodics associated with 2 disease state compnising an excess of antibodies present in the
blaed.

3 A method in accordance with claim 1 whercin the puthway is selected from
the group consisting of a flat dialyzer, a semi-permeable membrane, a semi-permeatle
hollow fiber, a coil. dialysis membeanc, a plasmaphcresis filter, and combinations thercof.

&. A method in sceotdance with claim 5 wherein the pattoway is al Joast
partially dimpled, twisted, or otherwise modified to increase mixing and binding of

unwanted molecules.

7. A methad ir accordanee with claim 5 wherstn the patlnvay is composed of
2 material selected from the group cunsisting ol nitrocciluloese, cellulose, nylon, plestic,
rubber, polyacrylamide, agarose, poly(vinylalcohel-ca-cthylene), znd combinations

thereof.

B. A metihod in accordance with claim 1 wherein the specific binding
molecules arc selected fiom antigens, aptibodies, anti-antibodies, ligands, receptors,

binding portions therect, and cambinations thereof.
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9 A method in accordance with claim § wherein the antigens are selected
from the group consisting of A blood 1ype antigens, B blood iype anligens, pretein A
muolecuies, protein G mwelecules, major histecompartibility complex molecules, binding
portiong thereof, and combinations thereol.

10. A method in aceondance with claim 1 wherein the antigens we aftached
along the semi-permeable pathway by a process selected from the group consisting of
cheniea) modifications, covalent bonding, strong lonic bending, hydrogen bonding, and
use ol a linker.

1L A method in accorlance with claim 10 wherein the chemical medification
is accomplished by trcaiment with a compeund selected from the group consisting of
eyanogen  bromide, hydropgen peroxide, sodiumt periodete, epichiorohydnn, 14-
buranedioldiglycidel ether, eyanuric chlorvide, carbonyldiimidazole, substituted sulfonyl
chioride, and (luoremethyl pyridinium salts.

12, A mathed in accordance with claim | whersin (he antigens are aitached
along e enclosed pathway by avidinl or biotin linkers.

13, A melhod in accordunce with claim 5 wherein the specific antigens are
attached to the wall of a semi-permeable hollow fiber.

14 A method i aceordance with clatm 13 wherein the hollow fiber 1s coupled
with a plurality of enclesed parallel membranes.

15. A methed in uccordance with claim 14 wherein the plurality of enclosed
paratiel membranes are amanged perpendicular w the hollow fiber.

16. A method in accordance with claimn 14 wherein the pluality of enclosed
parallel membranes ars kngitudinally amranged inside and along the length of the hollow
fiber.

17. A merthod in accordance with claim 14 wherein the plurality of parallel
membranes have antigens attached to them.
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13. A method in aceordance with claim | wherein the blood is moved into,
atong an euclosed pathway within, und out of a conlainer, wherein the container is closed
cxeept for entranec and exit openrings, and wherein the container comprises

@) @ slumry having immobilized binding partners attacked to the slurry
particles, and

b) al least one flat semi-permeuble membrane, the membrane dividing the
flewing blood from the slurry,

wherein the biood components ean exchange with the slurry across the membrane.

19. A method in accordance wiih claim 18 wherein the flat semi-permeahle
membrane is made of a materizl gelected from the group consisting of nitrocellulose,
cellulese, nylon, plastic, polvasrylamide, agarose, poly(¥inylaleohol-co-cthylenc), and
rubber.

20. A method in accordance with claim 18 whersin at least one additional
membranc is present in the portion of the container where the bleod flows, and wherein
the additional membrane or membrines are arrayed either perpendicularly or horizontally
to the hicod flow.

21. Circulating blood substantially froc of wnwanted molceules, wherein the
motecules are capable of specific or non-specific binding to a binding pariner.

22, The cireulating bloed in accordence with claim 21 wherein the unwantcd
maolccules are anti-A blood protein and anti-B blood protein antibodies.

JP 2004-500154 A 2004.1.8



JP 2004-500154 A 2004.1.8

(25)

WO 00/74824

2 NHJQSwM
o= a—

7 T

|,;Ji. —
M R T TS R R T A S
[~ ;

5
t
[ I |
\M A4 * Wy L””}Tlimajmr

L T T T T S N T T T (|



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 00/74824

I

(26)

PCT/USN0/40049

JP 2004-500154 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 1074824

nti-A
‘iter

12
64
56
48
40

32§
24 £
16 +

27)

PCT/US00/40049

3 /5
I!—-’A—« e !
I ]
n_
£ \ 1 1l # ESA Control
\ \ ‘ B Standard Antipen
IR R -
L VT
e (& [V ‘
100 100 106 100 100 100
Sample Volume (mi)
100 200 300 400 500 600

Cumulative Volume (ml)

FIGIRE 7

JP 2004-500154 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(28) JP 2004-500154 A 2004.1.8

WO a0/74824 PCTAIS00/40049

Titer

Tirte (min)

FIQURE €



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(29)

WO 0)/74824 PCTAIS00/40049

36
32 ﬁ‘%‘l

28 £ { -

Anti-A g4 _\\ \\ \ J[

Titer 3 .
e T - i
12 __l\ \\ \ \”‘ 4 Purified Antipen
N i AR
D1E A 2 i 1 + K

150 150 150 150 156 150
Sample Volume (i)

150 300 45¢ 60¢ 750 900
Cumnulative Volume (ml)

FIGURE &

JP 2004-500154 A 2004.1.8



L T e T e T e T e T e T s T T T e T e T s T e T e T e T e T e T e T e T e B e R T e T e T e T e T e R e T e B e

(30)

uboobooboboobdooboooboooboaoadao

00/074824 A1l

WO

(1) INTERNATKINAL APPLICATION PHELISHED UNDER THE PATENT COOPERATION TREATY (POT)

|CORRECTED VERSHON|

{19) Werld Intell

clusl Frope riy Dreganization
T al Rurc

{430 Interuatioonal Publication Date
14 December 2000 (14.12.2000)

PCT

TNV L OO AV

(1) International Publication Nomber

WO 00/074824 A1

{50) Incernntionsl Patent <lassiflcation™ BOID 61/00,

AGIM 1730, 1438
121) Internatinaal Application Number:  PCT/ATSOM0049
122) Toternational Eiling Date: 21 Mayg 2000 ¢24. 0520000
{25) Filing Language: Cowlizh
{26) Puhlicorion Lenguaye: Tinglish
{30) Priovity Data:

WY 3707

05365.510

Fdorwe (990 (OR00 1P TS
& My 2000108.05.2000) TS

{71) Applteant ifor off desimuned Staes oxeepr LS AD-

VARNCED ENTRAVASCULAR STEMS [US/LN]
2 IO 1SS L Wisstuoad Boclevsne, Tos Anpeles. O04
iUs

oty

{72) Investor; and

{75) Tventor/Applicant ifoe T35 paiv: BRISTOW, Duke, k.
[USAIS]. Kuile 11001551 Warslwrsad Beolevand, Los A
geles, CA 0023 (US).

T4 Agent: LVON & LYON LLP: Schneider. Clare’. AL Sulle
4700, 633 Wes Tifth Sireet, Los Angeles, Ca 90071 260
(115}

81y Designnted Srates imu
A BABE B ERB
R LGB, LGNSR, EILL
M. T NI, I KE KG KR KRR, EZ, 1O 1K 1R 1S
LT LU LAY MAL MDY, MG M SN, MW, XL M. RO,
NZ,PL,PT R(% RIT, S0 SR SG, SLSK 8L TILTM, TR,
TLTLUA UG US, UZ W, YU, ZA ZW,

(3d) Designated States i ARTPO patert (G1L GR.
EH, LS, MW, M2, 512, 8L, 52, T4, UG, W), Hurasian
et AR, AV BY.KG K MU RELTL T, Pirspen
patent (AT, 31 CHGCY D0 DR LS. L PR GELGR
TT. LT MO ML P SFL OAPT pident fBE, B). CT G
£1LUM. GA,L G ML MR KE SNCTIE T,

Published;
— WA crRanonod searek repest

(48) Date of publication of this covrected version:
# Aupus| 2002

(15 information abow Correction:
see PUT Giozelte Me, 322002 of K Angast 202, Section 1]

ahbreviations, refer o fre “Gind-
8 NDRS T aRPOET g Gt the Begin-
et of i POT

o of s rugnlie i

54) Title: ONE STEP REMCAAL OF UNWANTED MOLECTLES FROM CTRCULATING BLOOL

157) Absn
Do usii
that wauld atherwse ¢

prowsdue. The wiw
se hast rajection af tai
unwanted! mwlecules miy

owanzzd mele
Vor witi B o pr

1 pisees from 2 saares Faving a different AR blood Tepe. The
alsor e ez s antilochis, o vidans., Present $n & disdied hon

JP 2004-500154 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

30

G

WO DIOTIRZY POT/USHNG004S

DESCRIPTION
QOne Step Removal of Unwanted Molecules From Circulating Blood

Ficld Of Invention

‘Ihis inveniion relwies (o techuolopy for reducing the presence of unwanted
maoleculcs, including these related to disease states and those involved in rejection of
transplanted organs and tissue, from a host’s blood, In particular, the inventton discloses a
methed and a system for reducing the presence of unwanted mulecules, such as anti- A and
anti-B antibodies, hy a one step remeval process. It alao discloses blood substantially free

of unwanted antibedies, antigens, and the like,

Background O The Tnvention

Traditienally, otgan or tissue transplantation requires ABO blood type
compatibility in order to prevent graft rejection. Nermally, the host’s blood contains
circulating antibodies against foreign blood lype antigens. Travsplantation across these
ABO blood proups lcads to hyperacute rejeciion of the graft within the Lrst 24 hours
(Kuby J: ITmmunology. New York, W.H. Frseman and Company, 1997). Circulating anti-
hodics bind to blood antigens present in rzd blood cells, epithelial cells and endothelial
cells (ound in the graft organ or tissue. Thess antihody-antigen complexes activate the
comploment system of the host, resulting in infiliration of neutrophils into the graft organ
or \issue, The neutrophils release Iytic enzymes that destroy the graft endothelial cclls,
providing a surface of jnjured tissue to which platelels can adhere. Massive blood clols
form wathin the gralt capillaries, and this whole inflammatory reaction prevents
vascularization.

Curment treatments to reduce rejection include administering a regimen of
immunosuppressan! drugs before and after the transplantation surgery. Studics have been
performed on methods thet renove antibodies spetific to ABO antizens. These methods
have also shown beneficial effects in reducing hyperecule rejection of the transplanied
organ or tissue. These methods are important because they may lewd (o s wethod which
will relax ihe requirsment of donovireeipient ABQ compatibility, which in tum cun greatly
expand bolh the living donor and cadaver organ or tissue pools.

Cuwrent techniques to remove (he ABO aatibodies melude plusma exchange
combined with intravenous wdministration of soluble ABO antigens {Aloxandre GPJ,
ctal, Neth T Med 28:231-234, 1985); separaling plasmia from the whole bluod by either
centrifugation or double filtration plasmaphcrcsis (DFPP) followed by immunoadserplion
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using concenirated red blued cells (Slapak M, ct.al, Transplantation 31:4-7,1981); and
DFPP followed by column imemuncadsorption of anti-A and B antthody uging A snd B
antigen bound ta silica beads (Tanabe K, et al., Transplantation. Proceedings, 27(1) 1020-
1023, 1995).

These prior art methods have serous problems which have prevented their
adoption as the siondard of care. Tirst, there is the risk of infeetion. Beeanse plasma
exchange by centrifagation requircs replacerent by plasma protein solution, rislk of viral
fransmission is present. Moreover, these techniques deseribed above involve first
separation of plasma frem whole Blood then an additional procedurs to remove ABO
antibodies fiom the plasma. Separated plasma can thetl b stripped of pre-existing anti-A
and B antibodics by immunoadsorption with ABO antigens linked to silica beads on &
columan.

4 stdy on renal transplaniation has shown that ABO-incempatible grafied patients
who received onc or two scssions of DFPP and flwree or four sessiens of column
immunocadscrption showed no sigmficant difference in survival rates when compared to
patients who received an ABO compatible graft (Tanabs. supra).  Additionally, one case
has been reported in which hyperacure rejection foliowing aceidental ABO-incompalible
rcnal transplant was reversed using plasmapheresis followed by immonvadsorytion with
red blood cells (Slapak, supra).

Summary Of The [nvention
This inveniion provides o method and yystem for reduction of a host’s rejection of

a non-autologous otgan or tissue transplam cansed by the presence of foreign antigens in
and on the organ or tissue, This is accomplished by providing a method for onc-step
removal of antibodies fn the host™s blood that are directed (o e loreign anligens. For
example, cross-ABO tgjection ean be eliminated by removing anti-A andfor anil-B
antibedies, in anc step, from the host’s blood. This is done by moving blood exiracted
from the hosi along u pathway, which is optionallv semi-permeable, having antigen
specific to the antibedies, such as wnliens that bind to ami-A and anli-R antibedies,
allached to the pathrway, and rcturning the bleoed to the host intarnal cireulation,

In ancther embediment, this invention provides a melbod for removing, in voe
step, exvess antibodics, such us are present in certain disease states, from a host’s hlood
by moving the hlood extracted fom the hest on a pathway, optionally semi-permeable,
having antigens or anti-antibodies specific to the unwanted walibodies inmehilized in the
pathway, and retiming the hlood to the hosl™s internul circulation.
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Tn yef another cmbodiment, unwanted antigen is removed frome a host's bloed in
one slep by moving the blood exiracted from the host on @ pathwray, optionally semi-
permeable, having antibodies specific to the antigen Inumobilized in the pathway, and
returming (he blood 1o the hest’s internal ciroulation.

Ih another embodiment, this invention provides blood that is substamially fec of
undesired molecules, such as anti-A and anti-B antibodies, wherein A and B are blood
type antigens. The undesired molsculss may also bz antibodiss associated with a diseuse
gtate comprising an cxcese of antibodies W the blood, virions, and other undeswed
antigens.

In the prefeired praclive of the invenbion, a hellow fiber has attached A and B
blood type antigens that arc capable of scquestering the antibodies spevific to A and 3
antigens from the flowing blood. o mmotler prelerred practics of the invention, the hollow
[iber with attached antigen has somi-permeable pores that allow dialysis or plasmapheresis
of the blood 1o occur at the same lime. In a further preforred practice of the invention, the
hollow fiber is coupled o a pluratity ot porpendicular menbrenes having attached antigen.
Allernatively, this plurality of membrancs can alse be longitudinally placed inside aod
along the length of ths fiber. In the most preferred emboediment, the antigens are attached
to the wall of the hollow fiber. In further practice of the invention, the hollow fiber can be
replaced by a flai membrane in 4 closed contuiner (hat the bluod ¢an Mow along or pass
throngh. In this embediment, an optional semi-permeable membrang is present o divide
the flowing blood from a shury that will induce the blood components, sueh as antibodics,
to exchange across the membrane.

The lovention also provides a methed to ingrease the orpan or tissue pools
available for transplant by remeving in one step, fiom the host’s blood, antibedies specific
1o foreign sntigens present in the transpianted organ or tissuc

‘I'he invention also provides u one-step system for removing antibodies to specific
amtigens from biood i ove step.

The invention also provides a onc-step aystem for harvesting antibedies to specific
antigens from blood.

Tn another embodiment, the present invention provides cireulating bloed that is
substantially free of unwanted molecules, wherein these melceules are capable of binding,
either speeifically or non-specifically. o @ binding partner capable of being nnebilized
on a palhway. In particular, this invention provides circulating blood that is substantially

free of anti-A bload protein and anti-B blaed pratein antihodies.
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Brief Deseription Of The Drawings

Fig, 1 is a longiiudinal cross seclion view of an sntibody removal system in
accordance with a frst embodiment of the present invention.

Fig. 2 is a longitudinal perspective section view ol an antibody removal system in
accurdance with 4 second embodiment of the prescnt mvention.

Fig. 3 is a longitudinal perspective section view ol an antibody removal system in
sccerdance with a third embodiment of the present invention.

Fig 4 is longitudinal perspective section view of an antibody removal system in
accordance with 4 fourth embodimeni of the present invention.

Fig. 5 is a top porspective view of an aniibody removal system in accordance with
a filth embodiment ol the present invention.

Fig. & shows the resulls of an assay using the mcthod of this invention 1o remove
anti-A and anti-B antibedies from blood.

Fig. 7 shows the results of an assay using the method of this invention to remove
ami-A antibodies from blood, showing the high capacity of the product.

Fig. 8 shows the results of an assay using the method of this invention to remove

unti-B sntibodies from blood showing the high capacity of the product.

Detailed Description Of The Preferred Embodiments

Thiz invention provides & method and o systeun for ene step removal, from the
host’s blood, of anfibody specific to foreign antipens present in a transplanted organ or
tissne. This is done by meving blood exiracted from the hest along an enclosed pathway
such as a hollaw fiber or flat dialyzer comprising bound or immobilized spacific antigen,
and returning the blood fo the host interual circulntion. The bBloed eomponeats are
dialyzed zcross the membranc of the pathway, while at the same fime zntibodies arve
removed from the blood through binding to the inimobilized antigen. The %inding ean be
specific, as when the antigens are chasen to be the specific binding partners ol the
untibodies, ar nonspecific, as when a general hinding moleeule such as protein A ot
protein G is used to bind the antibodies.

The antibodies, along with undesired small melecules {ures, creatinine, amimonia),
ure thus removed [fom the bost’s bloed. Additionally, these antibadies can ha collected by
releasing them from their binding partners.

Expanding on this technique, the invention alse provides a means for removing,
other unwinted moleeules from o host’s blood, For example, virions present in the blood
dug to a viral infection of the host can be removed by wilizing inmiobilized antibodics,

gither maneclonal or polyclonal, to the virion.
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Materials:

Encloscd pathway

The present invention compriscs an enclosed pathway that allows the flow ofblood
and the trapping of ong of the binding, partners of a binding pair, such as an anlibody anrd
an antigen, The deviee can be made oul of u variely of substances, meludmg but not
limiled to nilrocellulose, czllulose, nylon, plastic, mbber, polyaerylamide, agarose,
poly{vinylalcohol-eo-ethylenc), and the like, and combinations thereof. Thc material is
preferably semi-permeabls to allow the passage of smali molecules out of the pathway.

The device can be formed in a varely of shapes, including but not limited te a flat
dialyzer, » sumi-permenhle membranc, a semi-permoable hollow fiber, a coil, a dialysis
merabrane, & plasmapheresis filter, and mulliples and combinations thereofl

The preforred embodiment as shown in Pig. 1 uses a semi-permeable hollow fiber
1 for commercial dialysis with the untigen 3 aitached to the wall 4 of the tubing with or
witheut a linker melecule, for example PEG (polyethylene glycol}, connecting ons to the
other, Use of dialysis membranes with aitached antigen allows direct membrune
immunoadsorption of the specilic anlibody 5 and plasmapheresis to ocenr 3t the same
lime.

Aliernatively, other anchors for the immobilized binding parter can be used alone
or in combination. For cxample, the hollow fber 1 cam have o phurality of flat memlbiranes
9 that ure placed longiludinally along the fiber length (Fig, 3) or perpendicular to the fiber
(Fig. 2). The antigens 3 which are non-diffusively linked to this plurality of membyanes 9,
sequester the specific antibodics 5 from the blood as they pass along the hollow fiber 1.
The membrancs 4, preforably hi-flux membranes, allow blood ells aiel components to
pass through so that no clogging oecurs. The tbes themselves may be dimpled, twisted, or
othersise modified to increase mixing and binding of pathogen and antigen.

Fig. 4 shows another embodiment of the hollow fiber 1 where the anligens ure
linked to fiee floating parmenble spheres 11 located inhetwoen the plurality of membranes
9. These apheres ave trapped between the hi-flux membranes because of their size. The
antigens 3 on the spheres 11 sequoster the specitic antibodies 5, thes removing them fiom
the blood. Air or other non-luxic gay may be added af a Tower clevation as small bubbles
w further mixing and binding, and then 1he gas can be removed with a standard bubble
trap al a higher elevation (not shown), The gas-induced mixing can occur on cither the
shell side or the tubc (lumen) side.

Fig. 5 shows another embodiment of the invention, where the antigens 3 arc
attuched to flat semi-permeable membranss 13 ot a flat plate dialyzer 15 instead of a
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hollow fiber. Blood plasma (as shown by downward arrows 17) pusses lhrough the
mambrane by convecticn but the specific antibodies se retained at the mendrans. The
hlood travels along the pathway, continuously or tempararily interrupted, from left 1o riglt

in the figure.

Bindiny Paje

This Invention can be used with any binding pair, including but not limited 10 an
antigen and an mbbody, a receptor and ligand, an anti-aniibedy and an antibedy, or
binding portions of these molecules. By the term “binding portions™ is meunt any portion
of the moleeule that is capable of binding, either specifically or non-gpecifically, 0 a
parlner molecule so as cither 1o be removed or to remove the binding pariner fram the
bload.

Tn the preferred embediment of the invention, the ABO blood group antipens arz
bound to the lumenal surface o rernove their corresponding antibodies from blood. The
antigen/antibody binding pair can be reversed wherein the antihody is bound lo the
homenal surface and the antigen is removed fiom the blood. Other sntibodies, anti-
antibodics, and antigens, such as mujuor histocompatibility complex (MHC) malecules, or
pans of lhest molecules, can be used to trap antibodies specific to these molecules. The
antigen/zntibody pair can further be replaced with any members of sets of binding pairs
that would have specific affinitics. Examples wre ligands aud receptors with some
specificily o a puthugen.

Suhstance A and B antigens can be procured from Dade Infernatiomal in
Switzerland (irade namc: Neutr-AB). This mixmre of Substance /A and B autigen] cun be
from a varicty of natural sources, including bul net Jimiled to cows, pigs, horses and
Tumans. These antigens, in their most reduced form trisaccharides, can also be madc
synthetically. A higher affinily for the antigen will egist when the antigen matches (he
original atigen to which the antibodies were produced. Likewise, the more purilied the
antigen is, the stronger the reaction.

The more antigen is present, immobilized directly on the lumenal surface or
atlached by a linking molecule in the enclosed pathway, the mors spsuific anlibody can be
removed from (he flowing blood. Likewiss, the larger the surface arca of the coated
wmemhbrane, the higher the capacity for hinding the desired antibedy. For instance, 100mg
of antigen non-diffusively Lnkad to 2 hollow fiber ean sipmficantly rediee the anti-A anid
anti-B titers af 300 to 400m1 of blood with from average to high liler. Fig, 6 shews the
vapacity of 2 madified hollow fiber to sequentially process 100ml of barded buman blood.

Titer is determined by using a standard hemagglutinetion assay. This shows that

JP 2004-500154 A 2004.1.8
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membranc-heitnd antigon can specifically remove anti-A. and ai-B antibodies, and that
this removal takes places in the first 15 minntes of flow (ahout 3 passages ot {he blood uver
the membrang), rogardless of original titer.  Alternatively, one mligen lyps, such as
Substance A or B, can be used,

Tigure 7 shows the capacity of filters mudified with A antigen for anti-A
antibodies. Figure 8 shows the same vsing B antigen for anti-B antibodies. Consecutive
sampics of blood wore passed over the membrans wntil the membrane was satarated, At
this point the titer of antibody in the bload szmples no longer decreased upon passage over
the membranc. The anti-4 coated membrane had a capacity of around 300-400 ml. of
average fo high ter blood. The anti-B coated membrane had a capacity of eround 800 ml.

Further purification of (he standard antigens ieads to at least a six fold inercase in
capacity ta remove ant-A and anti-B antibodies per mg of antigen, Purification is
achieved by removing components having meleeular welaht below 12,000 daltons from
the commercially available amtigen solution by dialysis. For example, (he anti-A antibody
capacily ofa dialysis flter modified with approximately 40 mg of purified antigen reduced
ihe anti-A titer of each of six 150 ml blood samples to 2 or below, The standard noxn-
purificd antigen-medificd filter reduced (he anti-A titer of lbe first sample from 32 o 8,
and causad no titer reduction of the other five saaples. The resuls were similar for the
anii-B antibndiea. Henee we expeet that a dialysis filter modified with 100 mg of purified
may be able to significanily reduce the anti-A and anti-B titers of 1.% to 2.4 L of average
to-high titer bloed.

Linking of binding partner to the enclosed pathway

The antigen, antibody, binding parr member, ligand, or binding parts thorcof, can
he linked 1o the cnclosed pathway by o variety of standard linking techniques, inciudiug
yr not limited to chemical medifications, covalent bonding, strong ienic or hydrogen
honding, use of a linker, etc. The preferred method uses standard cyanogen bromide
[CNBr) linking which starts by treating the enclosed pathway with CNBr followed by
incubaiion of the antigen and the wwdified pathway. The W-terminus of the antigen
motein will covalently attach 1o the CNBr limker, Other compounds for treating the
enclosed pathway include, but are not limited to, hydrogen peroxide, sodiun periodate,
epichlorohidrin, 1,4-butanedioldigiyeidol ether, oyanuric cbloride, carhanyldiimidazole,
substituted sulfonyl chloride, or fluoromethy] pyridinium salts, and antigen applied 1n the

same way. Standard chemical linkers such as avidin and hiotin can alsa he used.
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Process

Filiration

Filirastion of unwanted molecules frem hlood can be achicved using standard
kidney dizlysis type cquipmenl which remeves Blood fiom one ann and returns it to the
other, Alternatively, any pimping system counected to the patient at two siles, so us o
draw blood from one site and relum it o the olher, will work. The blood is passed through
e enclosed pathway having immobilized binding partners. The binding pariners
sequesier the unwanted molecules as they move along, Several passes of the blood along
the pathway might be tequired to completely ronove the specific unwimied molecules.,

The flow rate of blood tmoving (hrough the pathway must be fast cnough to prevent
coagulation, yet nat so fast as to damage the blood cclls, Examples of ranges are from
about 10 to about 1000 m] of bleod per min., preferably between about 50 and about 750
ml/min., and most preferably the flow rate for removel of antibodies using the nvention is
between aboul 100 and shout 500mi/min. Heparin can also be added to the blood to
prevent coagulation. Processing of an entits host’s bleod velume (~5L) woudd require
approximately 2.5 hours to achicve complete removal of antibodies or other undesired
molecules from the blood.

The flow can be continuous. Aliematively, the flow can be interrupted fo increase
the interaction of the unwanted melecules with their immebilized binding partners.
Likewise, the shape of (he device having e immobilized binding partners cen ba such
that it will encourage some swirling and/or hackflow to increase the interaction time

between the umwanted molecules and the immebilized hinding pariners.

Uses

The cunent invention san be used in reducing organ or tissue transplant rejection
by removing specific antibodies against foreign antigens found in the transplanted organ
or tissue and providing circulating blood substantially free of these antibodies. The
invenlion ean also be used as part of a quantitative assay for specific antibodies found in
the Pleod. For example, a whole body assay for the titer of anti-A and anti-B antibodics
van be porformed. First, the antibodics from the blood cun be removed by the (itration
Jescribed above.  Second, the bound antibodies are released by competing with fres
floating antigens or with other very low ionic strength buffers to prevent binding. Third,

releascd antihodies can be titercd using a method such as a hamagghntination assay.

JP 2004-500154 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(39)

WO 0T824 POT/USHY0042

Also, the invention can be used to preparativety purify specific antibodizs from the
blood witheu! the nved 1o plasmaphercae, The steps are similar to the quantification assay
described above.

Additionally, the invention can be used to romove excess amounts of antibodies
present in the hlood.

liurther, the invention can be used to identify, quantify and/or remeve other
mnlecules having binding partners, such as virions or ligands, rem the host’s hlood.
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1. A, method for reducing the presence of wowanied molecules Tn a hoat’s
blood in a single step, comprising:

a) culracting blood from the host;

b) moving the exfracted bload in a continnons or temporarily interrupied [ow
along an cncloscd pathway, wherein the pathway has immobilized binding moleciles
specific to the unwanted molegules altached along the pathway, and the binding molecules
ars capable of binding to ihe unwanted molscules in the bluod of the bost; and

<) returning the blood to the host's intermal cireulation.

2 A method in accordance with claim 1 wherein the imwanted molecules are

antibodies specific to foreign donor antigeos present in a transplanted organ or tissue.

3. A method i aceordance with elaim | wherein the unmwanied molscuies are

wirions or sub-particles thereof.

4, A melhnd in aecordance wilh clain | wherein the unwanted moelecuies are
antibodies associated with a diseass state comprising an excess of antibodies present in the
blood.

5. A methad in aceordance with claim 1 whereln the pathway is selected from
the group comsisting of a flat dialyzer, a semi-permeabls membrane, a semi-permeabie
Liollow {iber, a coil, dialysis membrane, & plasmapheresis filicr, and combinations thereof.

a. A methed in accordance with claim 5 whercin the pathway is at lvast
partially dimpled, twisted, or ofherwise medilicd fo incrcase mixing and bmding of
unwanted molccules.

7. A method in accordance with elaim 5 wherein (he pathway is composed of
# material selected from the group consisting of nitrocellulose, cellulose, nylon, plaste,
rubber, polyacrylamide, agarose, poly({vinylslcohol-co-eihylene), and combinations
thereof.

8. A method in uccordance with claim 1 wherein the specific binding
molceules are selecled fom antigens, entibodics, anti-aniibedics, ligands, receptors,
binding porticns thereof, and combinations thereof,
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& A melhod in accordance wilh claim 8 wharain the antigens are selected
from the group consisting ot A hlood type antigens, I3 blood {ype antigens, protein A
molecules, protein G molecules, major histocompatibility complex molceules, binding

portions thereof, and combinations thereof.

10 A method in accordance with claim | wherein the antigens are attached
along the scmi-permeable pathway by a process selected from the proup sonsisting off
chemical modificotions, covalent bonding, strung isnic bonding, hydrogen bonding, and

uze of 4 linker.

11. A method in aceordunce with claim 10 wherein the chenvcal medification
is uccomplished by treatment with 2 compound selected from the group consisting off
cyanogen bromide, hydrogen peroxide, sedium periodate, epichlorchydrin, 1.4-
butanedioldiglycidol ether, cyanuric chioride, carbonyldiimidazole, substituled sulfonyl

chloride, and fluoromethyl pyridiniurm salts.

12. A method n accordance with claim 1 wherein the antigens are aitached
along the enclosed pathway by avidin or biotin linkers.

13. A meihod in accordance with clam 3 wherein the specific antigons are
attached to the wall of a scni-permeable hollow fiber.

14. A method in accordance with claim 13 wherein the hollow fiber is conpled
svith a plurality of enclosed parallel membranes,

15, A method in accordance with claim 14 wherein the plarality of snclosed

pavallel membranes are arranged perpendicular to the hollow {iber,

6. A method in aceordance with claim 14 whercin the pluralily of enclosed
parallel membranes ara iongitndinally arranged inside and along the length of the hollow
fiber.

17. A method in accordance with claim 14 wherein the plurality of parallel
membranes have antigens attached to them.
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18. A method in accordance with claim 1 wherein the blood is moved into,
along an cncloscd pathway within, and ot of a contalner, wherein the centainer is clased
except for enlvunce and esit openings, and wherein the container comprises

a) a slumy having immobilized binding partnsrs attached to the shurry
parlicles, and

) at least onc flut semi-permeable membrane, the membrane dividing the
llowing bluod from the slorry,

wherein the blood components can exchange with the sharry acrass the membranc.

1%, A method in aceordance with claim |8 wherein the flat scmi-permeable
membrane is made of a material selected from the group consisting of nitroccllulose,
cellulose, nylen, plastie, polyacrylamide, agarosc, poly(vinylalcohol-co-ethvlene), and
rubber.

20, A method in accordancs with claim 18 wherein at loast onc additional
membranc is prescut in the pertion of the conlainer where te blood Mows, and wherein
the additional membrane or membranes are arrayed. either perpendientarly er horizontaliy

1o the blood flow.

21, Circvlating blood sabslantinlly free of unwanterd melecules, whersin the

molecules are capable of specitic or nam-apecific binding to a binding partner.

22.  The cirenlating blood in accordance with ¢laim 21 whersin the unvuned
molecules are anli-A hlood protein and anti-B blood protein antibodics.
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