A METHOD FOR THE PREPARATI ON OF A H GH TEMPERATURE STABLE

OXYGEN- CARRI ER- CONTAI NI NG PHARMACEUTI CAL COVPCSI TI ON AND THE USE THEREOF
Cross- Reference to Rel ated Application: [0001] This application clains
priority of U S. provisional patent application nunber 61/348,764 filed on
May 27, 2010 and U.S. patent application serial no. 13/013,847 filed on 26
January, 2011, the disclosures of which are incorporated by reference.
Techni cal Field [0002] The present invention relates to a nethod for the
preparation of a high- tenperature stable oxygen-carrier-containing
pharmaceutical co sition and th 0osition d h rocess. The
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oxygen- d¥? T¥HE USE THE and organ preservation for humans and ot her

ani mal s. Background of Invention [0003] Henogl obin plays an inportant role
in nost vertebrates for gaseous exchange between the vascul ar system and
t i ssue. UrbssiRefesswo hsRidhtedf Appliationi ng oxygen fromthe respiratory system
to the body cells via blood circulation and al so carrying the netabolic
wast e praodadt cakibapplitaton cdeinavyaiority 6NUIS0giovieinkBpdient ifyslich @GPhUmEed! Y
system where the carbon dioxide is exhaled. Since henoglobin has this
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can be stabilized ex vivo and used in vivo. [0004] Naturally-occurring

henogl ohj Bgi anerq; Whi 0% Wi I present within
red bl oggagg%%);’ %%é%‘?%%%sﬁzt ur aﬁ?ﬁng%%ﬁ%%?r@r%rﬁ%ﬁ'obi nis renoved
fromred blood cells, it becomes unstable in plasma and splits into two
a-13 dimers Each of these diners is approximately 32 kDa in nol ecul ar

wei ght . . These %u rs may cause substantial renal injury when filtered
throughTF 3t hggs and excreted. The breakdown of the tetraner |inkage
al so negatively inpacts the sustainability of the functional henpglobin in
ci rcul a&?O@Hl [ OBl Presers rigesntiop 15RaEsselqt @ Bredlada Sinthe Prenseatioat Hamdigh-r ecent
devel opments i n henogl obi n processing have incorporated various

cr oss- | famicrajure e stablequsseancrasiaeataimmg divireghegal beweresitiorhiepd t the
tetramer as well as internol ecul ar bonds between the tetramers to form
pol yner cempesiigl mbimby Teeprpedser Taetpreseaicinesntiohallsopelayasepithe henwigthobi n i s
the preferred formin order to increase circulatory half-life of the

henogl ohigh-tetipsBMes stalds otRiet kiirizedomyinina@hphesenical dnepdkioibs forahysmrer i c
henogl obin nore readily converts to mnet-henogl obin in blood circul ation.

Met - hemggitRRh) ok@EEH0deplivibO ¥ MERRr aRdl driler AlQirPatioANRL thudkkg aR@totnd | SSUe.
Therefore, the cross-linking taught by the prior art that causes the

formati gn.@f; pol yneric henoglobin is a problem There is a need in the art
for a technique that permts intranol ecular crosslinking to create stable
tetramers without the sinultaneous formation of polyneric henogl obin.

[ 0006] Further problens with the prior art attenpts to stabilize henogl obin

i ncl ud eBackground of Invention

[0003] Hemoglobin plays an important role in most vertebrates for gaseons exchange
between the vascular system and tissue. It is responsible for carrying oxygen from the
respiratory system to the body cells via blood circulation and also carrying the metabolic
waste product carbon dioxide away from body cells to the respiratory system, where the
carbon dioxide is exhaled. Since hemoglobin has this oxygen transport feature, it can be

used as a potent oxygen supplier if it can be stabilized ex vivo and used in vivo.



production of tetrameric henoglobin that includes an unacceptably high
percentage of diner units; the presence of dinmers makes the henogl obin
conposition unsatisfactory for admnistration to manmmals The dinmeric form
of the henogl obin can cause severe renal injury in a mamualian body; this
renal injury can be severe enough to cause death. Therefore, there is a
need in the art to create stable tetranmeric henoglobin with | ow unwant ed
dimeric formin the final product. [0007] Further problenms with prior art
at t enpt 400Q¢] cr e Mabrralivatricarrimgrhgiosksibm isrckwareertwhiclh iseespere By steblordteei n
inmpurities such as inmunogl obin G that can cause allergic effects in
manmal s.présher efitbmeredt hipod ¢dlsa Rewdvirn whise matirall wocanpigobeasglobinclh can
produce stable tetraneric henogl obin w thout protein inpurities.

[ 0008] Otrbygbvddr @b e88 bddNcelis] Rbeddhesh@NRBIORI NadiL PRI G0 o WG |dige
vasoconstriction following transfusion in manmmals It has been indi cated

that t higm¥aseeanst fleed 'dﬁﬂy%ﬁr:; 3 %ggrg&&ﬁag%ghﬁﬂg% e ElrE A iBhaX g act or

binding to reactive sult ups o I'n nol ecul e us,
there is.a.n eg in the art.to create, a stabi i%ﬁg tet.raneric he | obi n
that doduRed e shibe' Bl ke FRER fnfh TG0 A BEHAETE RS poSTRE

addition.tq t abo problens, there is a need in the art_ for
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production on _an industrial scale. Summary of Invention [00010] The
presentﬁWﬁ@éﬁﬂﬁﬁﬁoﬁ@BWﬂHé%“dm#ﬁ%hod for produci ng hi gh-tenperature stable,
purified, cross-linked tetraneric henogl obin suitable for use in manmal s
wi t hout [@¥33$i nglns evder go reraednt | rpakdgwnvelsthgl tetrantet, riepmn tdeivclepienss Sp or

ot her severe adverse effects (including death). The invention al so

i ncl udesemhgobingbrotexiperlatvar mcspatated, varions fdresd;linkings echnigkes drot @tstanmer i c
henogl obi n and the use of the henogl obin for oxygenation of in vivo and ex
Vivo ti $stienoleculadBoddd withe tetiBedndrnelwWeess st&hdidciag bomisedrbenOfhe
manmal i an whol e bl ood including at |east red blood cells and plasma. Red

bl 00d celtdatned] Qo SRRAT ASISReFiE OMBtdMou. 2S The | frid: NGt MREIRY | @ \rbg@’%‘?f)i%l ood

followed by filtering to obtain a filtered red blood cell f The
filteregehsdothoRdaselletdtc@Ch-RN; e | cpr ot.ein
inpurit?gs.b% e maghegkreg ng%dnkéﬁﬁgggrgmggg{Eg?é%nﬁgﬁggggﬁfggﬁked
hypotonic lvsis for a tinme,sufficient to lyse red blood cells w.thout

| ysi ng n Ilﬂ?%lgf%l?‘oo “é{aef’sasidr?%eé U eﬁs ya%‘? pé?ff%tl Vs Oré’p%og}”ﬁfrbcsh%?oég’% ow rate
of at 50-1000 Jiter/hr. Filtration i.s_perfornmed to repove at |east a

por t1 onTEFS [REIGESTEHT 6 BSHAFEORIP B iR ALPOR FERNEtoD Mor Sempelicamas
solution is extracted fromthe [ysate. [00012]A first ultrafiltration

pr ocess PINd FEEFLIHEUCTEITR Gaunet OFYEeaRte| tsFu: | DIFTiPTe; te Gomflinginedarahd renove
impurities having a higher nolecular weight than tetraneric henogl obin and
t o furt hethernsiopee thahpaugey the dermmtidn pEptidwatic vastalobiviserprablemf (mctihe fir st
henogl obin solution to obtain a second henogl obin sol ution. Fl ow hrough
col um e meahsttbg papirya ieshpgud thanpamon ittreendeoian drdas mikgdgobi dieasodtatiie on t 0
renove protein inpurities, dineric henoglobin and phospholipids to forma
phospholdpindrsfwigRuaihd sinQiltafibd® foriemog bopoipmeed kdhdilobif second
ultrafiltration process is perfornmed on the phospholipid-free and | ow

di mer hgymog] obi Myt HobRAsUs it Shelpridr |k edireGPRf o QLB e R EIBUCink BT | L1 es
resulting in a concentrated purified phospholipid-free and | ow di nmer

hemogl Oﬁoﬁuctﬁﬁg%ﬁ t@@m&&oﬂ%ﬁ@%i}l WY ATH 0@ P oL cpBETP R e HRLEGYI €S are

bl ocked | concentrat

dimer units; the presence of dimers makes the hemoglobin composition unsatisfactory for

administration to mammals. The dimeric form of the hemoglobin can cause severe renal

mjury in a mammalian body; this renal injury can be severe enough to cause death.



purified phospholipid-free and | ow di mer henogl obin solution by a

sul fhydryl reagent in a fully oxygenated environnent. The resultant
henogl obi n nol ecul es each have at | east one cysteine noiety including a
t hi ol -protecting group such that the henogl obin nolecules are incapable
of binding endotheliumderived relaxing factor at the cysteine site.

[ 00014] At | east the a-a and/or 13-B subunits of the thiol-protected
henogl obin are cross-|inked by bis-3,5-dibronosalicy fumarate to form
hi gh- t erferefongr thest Bbt @eat os thel arh ke dreptet stabie tétenteeindghnilobinvivithdut t he
formati on of polyneric henogl obin such that the nol ecul ar wei ght of the
r esul t antnvwented slithérinkfodn trethe ditel proddvenogl obin is 60 - 70 kDa. A suitable
physi ol ogi cal buffer is exchanged for the cross-linked tetraneric

hermogl oD007]ANY FafBdrGuietlci R16HRRS alti Akt LraBite REARGARIR LRI any
residual chenmicals are renpved by using tangential-flow ultrafiltration
N acet ylihe¥stSi } éﬂ#&%%ﬂ q i - 9 - 1
cross-1i nkgd te?rgg}!nngi [o herﬁ?)%T %ﬁ?%gg%&hﬁa‘?ér}#%ﬂrclpt%atlocéa\a/g?u%éql%%%c-%%ﬁ%gI obi n
bel ow 59 o .phd-free W, di thi ol -praqtected

hi gh-t e%g}%ﬁ@%”@?ﬁ%ﬂ%&'&hﬁ&%ﬁ I}eﬁﬁg%thtg &3P Iiogesﬁé‘%ﬁ% BRiPROUSe SRR added
to a phq&g&g@gﬁ&&@llg.ac e iab%e carrier; the pharmaceutically acceptable
carrier ¢an be a Bﬁffqﬁé%ﬁigﬁ)%ﬂF?@Fnﬁi wat er. [00015] Foll owi ng this

pr ocedur he resul tant henpgl obin is optionally packaged in air-tight

pol yet hiﬁ%‘ﬁ‘ , efﬁ}ﬂf erfEORIFRY | “Elet RUET  atihyiamelaiihy PrapEsne  pRdeEVA,
EVOH) infusion packages. The packagi ng prevents oxygen contam nation which
resul t s YRPIPCOREIGgRniRllpHigofranshizeed ve niasmie nolgbebibeen [ighe1s] e this

hi gh-tenperature stabl e cross-1inked henogl obi n produced by the above

met hod ivesaggesiridtion ishdud re adndethelioh-dedrédudacagcectsr dietingso | readtieni a,

col orectal cancer, lung cancer, breast cancer, nasopharyngeal cancer and
esophagealithyelayl gesups Die hemob@birsioleollc dThtis, Aydrd1 G £aRAH 1621t & dréatd @ | Mprove
oxygenation in tunor cells, thereby enhancing the sensitivity towards

radi ati enpbAREd chemiheRRREb: aganiises Hhe Queh-vasd SAREERIUTEIGHAR! e
cross-linked tetrameric henoglobin is also used for preservation of organ
tissue guhifdgod ransplant or for preservation of the heart in situations
where there is a | ack of oxygen supply in vivo, such as in an :
oxygen-ﬁﬁR@'ved h rd SCIi:pLI f. the draw ngs.[00017]Fl G
depicts't he!l ani 1nnoa%gtg:tl}ocril tg et}(ﬁeﬁé}?]ogjg pg?}flg%\l?feqﬁ?rgé a&‘F?‘?SIr @ﬁtﬂgthfg ﬁg%l#zﬁé.
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industrial scale.

Summary of Invention

[00010]  The present invention provides a method for producing high-temperature
stable, purified, cross-linked tetrameric hemoglobin suitable for use in mammals without
causing severe renal injury, vascular detrimental effects, or other severe adverse effects
(including death). The invention also includes the high-temperature stable, purified,
cross-linked tetrameric hemoglobin and the use of the hemoglobin for oxygenation of in

vive and ex vivo tissue.



I nvention. [00019]FIG 3 schematically depicts an instant cytolysis
apparatus used in the process of the present invention. [00020]FIG 4 is a
graph showi ng the reaction of henoglobin with sul fhydryl reagent in
oxygenated and in deoxygenated environnments. [00021]FIG 5 depicts high
performance |iquid chromatography analysis for cross- |linked tetramer c
henogl obi n. [00022]FIG 6 depicts el ectrospray ionization mass
spectronetry (ESI-MS) analysis for the cross-linked tetrameric henogl obin.
[ 00023] FO@®11T7 sHbewmethodiinadudean sthrtdiy matsrial ((EB)anspdiah mdwtdpyodimalugsigs f or
(a) purified henogl obin solution and (b) cross-linked tetrameric

henogl ohit ieast[r80BR4d E¢I(s and pidimas Rddslediastlls senspiritzd foanhe blaesh $n ol
cross-linked tetrameric henoglobin in vitro. [00025]FIG 9 depicts the

| mpr ove mRAhmAfanOXKIEPRbA Blidwrd Bt flink k& SHEMUSHIRGed RE WSS fdkEd

tetranmeric henogl obin of the present i1 nvention.
The filtered red blood cell fraction is washed to remove plasma protein impurities. The
washed red blood cells are disrupted by a controlled hypotonic Iysis for a time sufficient
to lyse red blood cells without lysing white blood cells in an instant cytolysis apparatus at
a flow rate of at 50-1000 liter/hr. Filtration is performed to remove at least a portion of
the waste retentate from the lysate. A first hemoglobin solution is extracted from the
lysate.
[00012] A first ultrafiltration process is performed using an ultrafiltration filter
configured to remove impurities having a higher molecular weight than tetrameric
hemoglobin and to further remove any viruses and residual waste retentate from the first
hemoglobin solution to obtain a second hemoglobin solution. Flowthrough column
chromatography is performed on the second hemoglobin solution to remove protein
impurities, dimeric hemoglobin and phospholipids to form a phospholipid—free_and iow
dimer hemoglobin solution. A second ultrafiltration process is performed on the
phospholipid-free and low dimer hemoglobin solution using a filter configured to remove
impurities resulting in a concentrated purified phospholipid-free and low dimer
hemogiobin solution.
[00013]  Sulfhydryl groups of hemoglobin molecules are blocked in the concentrated,
purified phospholipid-free and low dimer hemoglobin solution by a sulfhydryl reagent in

a fully oxygenated environment. The resultant hemoglobin molecules each have at Ieast

one cysteine moiety including a thiol-protecting group such that the hemoglobin



[00026] FIG 10 shows the inprovenent of oxygenation in an extremely
hypoxi ¢ tunmor area using the cross-linked tetranmeric henogl obin of the
present invention. [00027] FIG 11 shows the nmean arterial pressure changes
in a rat nodel of severe henorrhagic shock after the treatnent with the
stabilized cross-linked tetraneric henogl obin of the present invention.
[00028]FIG 12 is an elution profile for flow hrough col um
chromat ogr aphy; the henogl obin solution is in the flowhrough fraction.

[ 00029] mRlguics3arg dimanatilé of bindingegidotheliamédeowed rebaxgiy Givtoc @t tencysteine
chromat ogr aphy systemw th ultrafiltration for an industrial scale
operatiere. [ 00030]FIG 14 is a conparison between sul fhydryl reaction in
an oxygenated environnent and reaction in a deoxygenated environmnent.

[ 00031] Fb§d1415 iAg l@asﬂf}ﬁﬁﬂoﬂﬁmsﬁ-ﬁ%%){ﬁﬂﬁt SehBeRb1-SofRIc! He¥aoRlobidGre

cross-linked tetrameric henogl obin of the present” invention~conpared to
ot usi o Sag Rt oF ka7 RISl SonhBet & Rt R R AR e ant
est t ndkst RRETBH B aRroReH e o o UGBS oA Bheict o t he
rate of net-he | objn formation for_polyneric, henogl obin and the
i nvent i V& WBQB‘&DF%‘H?‘ i heeesuligh prestinksed ipiramerichenpgiokin 8 $0DeELkPHL i on of
| nventi on [[00035] Henogl obin is an iron-contai ni ng oxygen-transport protein
in red B gB@bledibysiological buffer is exchanged for the cross-linked tetrameric hemoglobin.
Any residual non-cross-linked tetrameric hemoglobin and any residual chemicals are
removed by using tangential-flow ultrafiltration. N-acetyl cysteine is added at a
concentration of 0.2-0.4% to the cross-linked tetrameric hemoglobin to maintain a level
of met-hemoglobin below 5%. The phospholipid-free, low dimer, thiol-protected high-
temperature stable cross-linked tetrameric hemoglobin is then added to a
pharmaceutically acceptable carrier; the pharmaceutically acceptable carrier can be a
physiological buffer or water.
[00015]  Following this procedure, the resultant hemoglobin is optionally packaged in
air-tight polyethylene, ethylene-vinyl-acetate, ethylene-vinyl alcohol (PE, EVA, EVOH})
infusion packages. The packaging prévents oxygen contamination which results in the
formation of inactive met-hemoglobin.
[00016]  The high-temperature stable cross-linked hemoglobin produced by the above
method is used for the treatment of various cancers such as leukemia, colorectal cancer,
lung cancer, breast cancer, nasopharyngeal cancer and esophageal cancer. The

mechanism for destroying cancer cells is to improve oxygenation in tumor celis, thereby

enhancing the sensitivity towards radiation and chemotherapeutic agents. The high-



of the blood of mammal s and ot her ani mals. Henogl obin exhibits
characteristics of both the tertiary and quaternary structures of
proteins. Mdst of the am no acids in henogl obin form al pha helices
connected by short non-helical segnents. Hydrogen bonds stabilize the
hel i cal sections inside the henogl obin causing attractions within the

nol ecul e thereto fol ding each pol ypeptide chain into a specific shape. A
henogl obi n nol ecul e is an assenbly of four globular protein subunits. Each
subuni t ¥RPLHHFoERRe srosg lgksd, rigiicHe hemaskebiay is shgewsef fpopigsergatiosfola- hel i x
structural segnents connected in a "nmyoglobin fold" arrangenent with an
enbeddedrgrarisser Supng tfaoadas]or forpthsementign of thedwad i sisuapibnawhére theratsom hel d
in a heterocyclic ring, known as a porphyrin. The iron atom bi nds equally
to all fadenk afiokygapemppitydrsivosuties imeintoaygant ddpheed haagt. whi ch lie in one

pl ane. Oxygen is then able to bind to the iron center perpendicular to the
pl ane of the porphyrin ring. Thus a single henogl obin nol ecul e has the
capacity to conbine with four nol ecul es of oxygen. [00037] In adult

hunans, Hi\g deR$iptoa BIRe 4o herpgl obin is a tetraner called henogl obin
A consisting of two a and two f3 non-coval ently bound subunits designated

as az2B2, : : . am i: I Lyely. The
o 20 and ST Lot s A i A e S L BB SRRSO ¥, ey
Each of ubgpi ts: h cul.ar weight of.about 16.l.cDa for a total
nol ecul g?db%v\éfghﬁﬂ%ff%shagﬁ?vg"tcg%rrgerpl%%nga Sut"ves’ ?f(f[%l?mﬁf’é of hﬁrpr??g?typepti de
chains are gound to each other by salt bridges, hydrogen bonds and

hydr ophdbi®t"¢ht er acti on. The structure of bovine henpglobin is sinilar to
human henogl obin (90.14% identity in a chain; 84.35%identity in B chain).
The di f{@ﬁgﬂbe FIG- Pregherpaicalindeniets amipgiapt cxielytiparnemtisisehmihapropesiogl obi n
are positioned at B Cys 93, while the sulfhydryls in human henogl obin are
at posi of Beresent lavenyign.104, B Cys 93 and B Cys 112 respectively. FIG 1
shows the am no acid sequences alignnent of bovine, human, canine,

por ci ne{@Wa0equiFie. hsmggidlkhnwirgekpeatiotedfihemabebdyil; sdthyiyt P, and E. The
unl i ke am no acids fromvarious sources are shaded. FIG 1 indicates that
human hesgeltdboxysehaed sndiinglosygehdiad edwroninehs bovi ne, cani ne, porcine and
equi ne henogl obi n when conparing their am no acid sequences. [00038]1n

nat ur al fgooeecurFicNG BEARY WAl pertishale HEsd laiu%%td‘g?éph?,anﬁl%s gssQpkation of

an a chain wth its corresponding 13 chain is very strong and does not

disassogh&gqmﬂﬂgg(ﬂggxgkghggicaI conditions. However, the association of
one al3 diner wth another aB diner is fairly weak outside red bl ood

cells. shbon n Ssplit into t aB_ di ach .
approxiﬁg?%?b ggﬁﬁﬁgﬁq%ﬁ%ggaﬁﬁﬁéif?%ﬁmﬁPﬁEF§SQ%%“@%@Wﬁ%Sgﬁﬁgﬁnggﬁﬁe
filtere t he kidneys and be excreted, with the result being potenti al
renal iﬁf%&V”&ﬁdugﬁ%g%ﬁﬁFF8P9§°§8EWeased i ntravascul ar rétention tine.

[ 00039] Therefore, it is necessary to stabilize any henoglobin that is used
out si del®P23led Hloddhews p sirgranfligtypiser(CLD sp¢eUamoPE aPElYSiS LoTH® nyridedss f or
produci ng the stabilized henoglobin is outlined below, an overview of the
pr oces shepogiefin peledeanind (hy eass-ked detpmessiedemgdgionint he fl ow chart of FIG 2.
[00040] Initially, a whole blood source is selected as a source of

henogl ol¥0A24]r onIGe 8 shdveooidie chérhs servhimtidn efecistudlcasblinked tesarsealicect ed

i ncluding, but not limted to, human, bovine, porcine, equine, and cani ne
whol e bheaaskiobthe: ¥ied. bl ood cells are separated fromthe plasma, filtered,
and washed to renove plasnma protein inpurities. [00041]1n order to rel ease

t he henﬁ)@b@fqi N GO/ ddpeetd 8t RAROdkntat log ox{RBated In AR 08 Wink¥Bed-
g

Al t hou vari ous techni ques can be used to Iyse red blood cellsS, the

Pr esent ohaWigikel QiR ES nb¥SLBbMANHSHe URAT AYLfAisaONdi tions in a manner which

can be



precisely controlled at volunes suitable for industrial-scale production

To this end, an instant cytolysis apparatus as seen in FIG 3 is used to

| yse the red blood cells. Hypotonic lysis creates a solution of |ysate

i ncl udi ng henogl obin and a waste retentate. To enable industrial -scale

production, the lysis is carefully controlled such that only red bl ood

cells are lysed without Iysing white blood cells or other cells. In one

enbodi ment, the size of the instant cytolysis apparatus is selected such

that t hd00@s] bl 60G. t@lshows may afmsevétiai AIPRRYBEHdoh fn ARREKAYIMEBL Blpbxi20

seconds and the instant cytolysis apparatus includes a static ‘m xer.

Dei oni zeatmardesisid tht @R sWBhRS tie§arﬂn§r%eﬂ§)gﬁ)bm’m}19gtie$en§ fAlvuldgn. O course

it is understood that the use of ot her hypot oni ¢ 50 utlons(%aving

differe in onc ' : tJn different ti eriods for
r[bO@@:l e1E.OofY Stk %ﬁ%ﬁg érgfs}ﬂée dc]:1&11 €5 in a1 E ggyﬁl?feg@?eg

red bl ood cell lysis. Because the cont i's pr gKs the

I
red blo onl t ite blogod.cells or..cellul ar. ter, it
m ni i zglgmgﬁleﬁgicel Hodk, dliet tt\égi ‘%éea;%‘%"‘%’%%e?’"ht@, h‘ﬁhﬁ%‘b‘%ﬁ 6F<8§'518£ea AIFH whi t e
bl ood c%klg @Fd ?%her cellular matter. A hypertonic solution is added
i nmedi alSPYERPPE e RN ®hat s, after the red bl ood-cell containing
SO|UtiOE(ﬂﬁ$ traversed the static_m xer portion of the instant cytolysis
appar at 1%2%he uld Bt Rleher IPsdile pradowthrugheolumn chrpmaregrapbywethe| evel s
of contam nants such as undesired DNA and phosphol i pids than henogl obin
resul t elfempglabipspligonistpithd fesitbraugh fimbttpres. Undesired nucl eic acid from
white bl ood cells and phospholipids inpurities are not detected in the
heanIoHNW2§bluFKbnﬁmyimmmymﬁWak$kmhaHhmﬂ&@&ﬁhdeﬁﬂﬁhﬁﬁthﬁﬂmk%ﬁ%& = 64 po)
and HPLC (detection limt = 1 ug/nL) nethod respectively. [0004 ]%mo
ul traf i bysteh with upraditesRasonieinperfiasomeopoagnhi ch renoves inpurities
havi ng nol ecul ar wei ghts greater than henogl obin before flowt hrough col um

chr omat p@aghy, Fandi a0 bhesmWhiseh Hearm SRy il v | ar
wei ghts | ess than hennglobf%&g%terefIOM/thrgﬁgcho gﬁgﬁéﬁﬁgﬁﬁg%gégphy. The

| at t ' ' t ; the h | obi n.
mbodi mont oy B Rlon Bl DA e AR R {7 ST Ut rai 11 trat i on,

enbodi nents, a 100 first ultrafiltration, while

a 30 k bt ergqd ed for the second ultrafilfration. [00043]

Fl owt hP@)t?g%hcolli}rtr;sﬁ f(:ﬁri?soﬁa%rgﬁ}rl a%ﬁl)?n?%atﬁ%t&etkl?a? é?‘?%a@’ pﬂ?o %icﬁoﬁs‘r}ﬁ%ﬂe‘?ti es in
t he purkaggd.hgnqghq$in ol uti on such as i mmunogl| obin-G al bum n and

car boni € ARRVAPHERIOTR OE rPreSHY SHTHERR Sompased o TioR A herneglpbishy i s carri ed
out by H@i%ﬂ og% or a conbination of commercially available ion exchange
col umslO adlG- HEke cBrmwie depigtion Phsminfusirheg ferghe iross-batednn, etc. The
pH for colum chromatography is typically from6 to 8.5. In one

enbodi nERmeEc kqrgnglohinafthe OMsewlinventiohr onat ogr aphy step is used to renpve
protein inpurities at pH 8.0. Enzyne-linked i mmunosorbent assay (ELISA) is
per f or n¥8033d dédtlecl7 istreschembiid depiariou roif ki @ppaastts 120 sphel thpifelsmatiesss ni ng in
the sanple after elution fromthe colum chromat ography. This uni que

f | owt hrotgheneelabimizclw-@nat ogr aphy separati on enabl es a conti nuous
separation schenme enabling industrial-scale production. The ELI SA result
shows tfbat341he AEDURL dohicish@RE rit Il u | adl v iquekn the

el ut ed [Igr os4g-l i nked tetgé aneric h?ﬁ%%n%%?xﬁm(@%l%ﬂ?%m%@{%?ﬁé Fﬁ%ﬁ\cg/ m.;

al bum e : I dr. : ). The protein

i muri ti %ﬁ%ﬁ%@%%?ﬁﬁ‘@%@ﬁ@g{ BB Gpatir ot WG T | e B oLt er ent
pH val ues are shown in Table 1 below. [00044] Table 1: Renoval of
different protein inpurities using different ion-exchange colums Col um
(pH condi.tio L .Renmoval percentage (% Carbonic

anhydr gg%ﬁleé{}%fsﬁ Fipfion sEbisefons

[00035]  Hemoglobin is an iron-containing oxygen-transport protein in red blood cells

of the blood of mammals and other animals. Hemoglobin exhibits characteristics of both



DEAE (at pH 7.5) 68 29.8 DEAE (at pH 7.8) 60 50.9 CM (at pH 6.2) 32
21.8 CM (at pH 8.0) 5.6 53.2 66. 4

the tertiary and quaternary structures of proteins. Most of the amino acids in hemoglobin
form alpha helices connected by short non-helical segments. Hydrogen bonds stabilize
the helical sections inside the hemoglobin causing attractions within the molecule thereto
folding each polypeptide chain into a specific shape. A hemoglobin molecule is an
assembly of four globular protein subunits. Each subunit is composed of a polypeptide
chain arranged into a set of a-helix structural segments connecied in a “myoglobin fold”
arrangement with an embedded heme group.

[00036]  The heme group consists of an iron atom held in a heterocyclic ring, known
as a porphyrin. The iron atom binds equally to all four nitrogen atoms in the center of the
ring which lie in one plane. Oxygen is then able to bind to the iron center perpendicular
to the piane of the porphyrin ring. Thus a single hemoglobin molecule has the capacity to
combine with four molecules of oxygen.

[00037]  In adult humans, the most common type of hemoglobin is a tetramer called
hemoglobin A consisting of two « and two B non-covalently bound subunits designated
as a2B2, each made of 141 and 146 amino acid residues respectively. The size and
structure of a and B subunits are very similar to each other. Each of the subunits has a
molecular weight of about 16 kDa for a total molecular weight of the tetramer of about 65
kDa. The four polypeptide chains are bound to each other by salt bridges, hydrogen
bonds and hydrophobic interaction. The structure of bovine hemoglobin is similar to
human hemoglobin (90.14% identity in a chain; 84.35% identity in B chain). The
difference 1s that the two sulfhydryl groups in the bovine hemoglobin are positioned at
Cys 93, while the sulthydryls in human hemoglobin are at positioned at a Cys 104, B Cys

93 and B Cys 112 respectively. FIG. 1 shows the amino acid sequences alignment of



Hydr oxyapatite (at pH 7.5) 4.5 23.5 22.8 [00045]In order to prevent the
bi ndi ng of endotheliumderived relaxing factor to a cysteine site of the
henogl obi n causi ng undesi rabl e vasoconstriction, the henoglobin is
subjected to a reaction with a sul fhydryl reagent under oxygenated
conditions. This is in direct contrast to the teachings of the prior art
whi ch enphasi ze reacti on between henogl obin and a sul fhydryl reagent under
deoxygenat ed conditions. The present invention denonstrates that the

sul f hydriylvinechgesi, ciiias tpordiasindreqaind HemogRI, edsh@tivilytiiheldaen rgactp,ve

sul fhydryl groups of henogl obin under an oxygenated condi tion. The

react i onp@fE. SEHef iHE Yonifi AGRN oW TdHomy Ishivvel ¥k sﬁéd%!dpﬁl@f 1 ReRAmekahin

produces iodide. Therefore, the conpleteness of the alkylation reaction
can be nRBAL kS PYb; ﬁe@ Lipg, sgl u urse
experiment, the alkyla %%n ﬁeaEﬁﬁﬁt S per g%?e é#ggﬁ W%g&
efficie tI X nate envi.r onment when conpared to a deoxygenated
enV|ron2% ?Og?‘@ﬁ’ﬁ%a eﬁngn BB qﬁﬁﬂﬂﬁﬁfsl4 The reaction tine

require each conpl etion i under urs i n an oxygenated
et rondgiBehnoi & "@V@&C%ﬂ&iaeaggﬁeﬂae e R PPd R o et
reaction tinme is _very inportant for an industrial-scale process. It also
reduces PéatRiloiEh étéﬁgl’é%FPB?dlﬂgnﬁ/éh?}éds VeRyUtoRs aad dopsmof disessecatagvdarse
effects in the final product. [00046] Follow ng the sulthydryl reaction

pr ocess phyielogispiefindbions.i Boweisjreeedseantmnaofaony of dBn® wrthsmothenkBng by

bi s- 3, 5-di bronosalicy fumarate (DBSF). In order to prevent formation of
pol ymer idemérembgiip bicak otthide relddbodaells sTieavoafi ks y temdadcyad kil inth tao af
deoxygenat ed environment with a nolar ratio of henbglobin to DBSF between
1: 2. 5 t dirdérd.dacls Wpprokinaitely 132 KPS UT@B tundesdre@NTners Be BnliogSubh Wk ed

henpgl obin is tetrameric henogl obin having a nol ecul ar wei ght of 60-70

kDa, dem@&ﬁrt@tﬂt@%&d@ﬁé aRPhY BRrbi6d, PP SR} hendDdteRiL3ERT i injy &nyi el d of
the DBSF reaction is > 99% and t he di mer conhcentrati on the final

pr oduct sﬁl?'steln‘tﬁ‘ﬁy&&réa@@d;ﬁﬁ bl pyggyent fon, | ow di mer cont ent_means

| ess t han 5/6and nor e ess than 2% diner. In one enbodinent

t he cros selected Su L i nk Iobln is
o at e ?‘#3” IS L, it Gest s bt b s rfewsé U o

anot her e 0oss- | i nkin sel ected such_that the B—B
cross-|{ 80 gﬁgsgt’%% 10%%“1511' safiy tgat R5pessh &0t I paHcinghe tsfabplized
conditions can be selected such that the B-B cross-I|inked henoglobln is

gr eat er NERaHOMB o Grtlingg belsy | an @terdme 9t chedrsgison the PTereRteinventios s

evi dence that B-B cross-1linked henogl obin may have a | ower oxygen affinity
t han a- aresemsebin|thgResd chast o&lér 2c henpgl obin. Therefore, there may be
situations in which a higher percentage of B-B cross-linked henpoglobin is
pr ef er r EW0H0] a- mitallyss wholelobebdhemeg iodziatdias enbane of hidmeopbftin Gomney of
oxygen transport. Further, B-B cross-linked henoglobin may result in fewer
a- B di melosd while hMiseithaliad S#iodd biobd e skledttlincRidaly, baxidt ilned[00QMdN- acet yl
cysteine is added at a concentration of 0.2-0.4%to the a-a and/or B- B

cross- | bakad St)etﬂeae@ml& 2HE UREhORhAC tbtbolaalﬂteawblao& 8R! arOfcpBBilcatRIARY! ODI N
bel ow 5% 0048] Dependi ng upon the fi nal appllcatlon of the henogl obi n,

the purMel @zgmacﬁﬁ’eﬁéd a]nJi pgl?eg tg?%ﬁ(ﬂg%"ldsﬁl&'b?gt? ﬁx?{urﬁ e%f the present

i nvention |s opt i onal ackage an air package in a deoxygenated
environ T ckagi d i i nr, ts n the
a-a andpgmag Bq%rgg%rﬁgnkeagtﬁt gﬁ@?ggbﬁeﬁﬁ ‘ﬁ@‘wg ??gbl nor e

t han two ¥ﬁars vgfrasg t.he | obi n of the present |nvent|on
conver t SRR lsnlgé‘t TAveh yatys) t8 S PFUPSISRR fhivie rdvbiopd cellsdber

oxygenated conditions. Prior art henoglobin solutions have been packaged
i N’ PVC PieSet dRYSOHAN BISE & sha JadeiH@RIORISy EOHITHMNS oRy % apanperr miihi #ant e t hus

shortening the life span of the product.
precisely controlled at volumes suitable for industrial-scale production. To this end, an



[ 00049] I n many enbodi nents of the present invention, the
oxygen-carrier-containing cross-linked henogl obi n-contai ni ng
pharmaceutical conposition is delivered by intravenous injection.
Therefore, the packagi ng design and material choice are directed towards
i ntravenous injection applications. A nmulti-|ayer package of EVA/ EVOH
material is used to mnimze the gas perneability and to avoid the
formati on of inactive net-henoglobin. A 100 nL infusion bag designed for

use W t Hnsthe cpialysfsi :@paraiel 2 € 526 $n Fichkad uieine gseihdre@bidda@e . ?E@%pjcnvent ion
is made froma five layers EVA/EVOH | ami nated material with a thickness of

0.4 mm thal cRass 2RILNNIENRARE TRARIAG fomMiothh 0P u%sé%&eﬁgﬁ, PR ekl SQuare
i nches per 24 hours per atnosphere at room tenperature. Is material is a
a VI i fi i n USP< . whi ch ts the jn-vi

205 o inflABALE ARGt ol USEHR oMM IR IR o 05ed M K0 o o

Bi ol ogi ca y Tes s1 co-Chem ca

f fabrjcating. i nf usi o f i_nt injecti. .. Th
or 1 mary Bagor L By Rl 8P <ol GRIRELE B onF smappbpl s or | ©

cross-lipnked tetrameri c henogl obin solution from|ong term oxygen exposure
that cadB® B¥ECNOUAk FRAAmE slestrdustonythay thected blpad chlly Hpetits the
properties. [ 00050] For secondary protection of blood products, it has

been kn@RPAIRYS {2 APRIOEMRaEIFN 3OV eacomdspandothy ribtted tcyi) wiih sppapste clules ai r

| eakage and to maintain the product in a deoxygenated state. However,

t her e i stafic poxentDadnizid guidnlisidled svaian is eed ak ahypotonicwselwivap Of katrse Gnpr oni se
its air tightness and nake the product unstable. Therefore the present

i nventi on welestoad thatahdaisy pAckiagi hgpachial wiitue Baweiomdafierpauedlinehi ch
prevents oxygenation and al so prevents |ight exposure. The conposition of

the overwhcpirRos WoulClesdes QfOkRithobedls Y6t Y beidd kBl RRNBashat fc( PET) ,
0. 007mm of al um num (AL), O 015mm of nylon (NY) and 0. Inm of pol yet hyl ene

(PE). Tf&@gﬁﬂ%ﬂv!{yﬁ@ Jr&éga%ﬁga@ma{st fhle KB G So Okl &ﬁg}gﬁ&%ﬁ% 9&Ms or

transm ssion rate of 6 cnB per 100 square | es per hour s per

T B gS08rh AITRGRL A S SR BERD RN R
Bl MG R R s IR a

spectrosco are used to analyze and characterjze the a-ct and/or B-B
cross- | iaﬁ?{g%o FEOPLIERt s idieb diomdrelogbrelhcpprining selugen hep (aresedrbg, 5
shows the conposition of the product in terns of nolecul ar weight

di stri bS@ReMEy i@ ainthe yastant cxelysme_@parstisy t Theatesyhisnhbemogonis dds eo det ect
t he amount of tetraner and di mer respectively. The nobil e phase for HPLC
anal ysi Sigberpuitnsndiegrekivelsot bonpamigent§ QuchSMpnddsiredh Dt asiepgmsetiobipalis ner
uncross-linked tetraner, and stabilized a-a and/or B-B cross-1linked

t et r anerthanBemoplobimatiuligd iengliaboibediysis Gehaigien Undésdred natiei sicidnagnesi um
chloride is approximately 30 tinmes nore effective than sodi um chl oride at
t he sanehiteriigods tElBNgid phd HREBRHESpHEiA! éx@vvﬁattdb@ec%aalwaieshaﬂo%@&ﬂ | ar ge
nol ecules. It is an ionization technique that analyzes the high nol ecul ar

o SSRGS N0k 1 S G, B s SPASh Ly) on

protei n based on rass/charge ratio. ar wel gﬁt and
the protetn i i . determ ned accurately. In FIG 6, ESI-M
anal ysi Esn%%tesh %@Lﬁ%&(ggﬁrse&feﬂg{j&%he size of stabilized tetramer is 65 | cDa.
The far ectra from 190 to 240 nmreveal the secondary structures
of gl obl a5t THRE of PN Rergr st e PR, 77 BTG GHENE: SRYITSP ¢ he
spectra, of the purified and cross-|inked henoglobin reveals that the
herogl ofFRE HAPISE IS, Svelgtls e B1egter ofbafe ahameaiotr ¢ Beforeh dlosvbrouch | slymy by
DBSF. The CD result shows that the cross-Iinked henogl obin has around 42 %
of al phelrABpiography aylgmoper atithersmoves Bupgrisies havias tiecubmaveghtodess random
coil. It further confirns that cross-linking step with DBSF to form

cr oss- | ihak dgmoglobanefidr dldvethogich Fohimto elsronetogadphec t Thehkatisrevlomtlbwagiost r uct ur e
of henogl obin. [00053] The purified cross-linked tetrameric henogl obin
produced by the process of the present invention has a nol ecul ar wei ght
of 60-70 IcDa and has at | east one cysteine noiety wherein said cysteine
noi ety includes a thiol-protecting group such that the henoglobin is

i ncapabl e of binding endot hel i um deri®ved rel axing factor at the cysteine
site. Further, the cross-linked tetraneric henoglobin is non-pyrogenic,
endotoxin free (< 0.05 EU/nlL), and stroma free (< 1% . [00054] The process
of the present invention is applicable to | arge-scale industrial
production of cross-linked tetraneric henoglobin. In addition, the
cross-linked tetraneric henoglobin in conbination with a pharnaceuti cal



content environnment (e.g. heart transplant). The dosage of cross-I|inked
tetraneric henoglobin is selected at a concentration range of
approximately 0.3-1.3 g/kg. [00056] For use in cancer treatnent, the
oxygen-carrier-contai ni ng pharmaceuti cal conposition of the present
invention serves as a tissue oxygenation agent to inprove the oxygenation
in tunor tissues, thereby enhancing cheno-sensitivity (e.g., sensitivity
to chenot herapy) and radiation sensitivity. [00057] FIG 8 denonstrates the
enhancedraksnynsenisics ithd igmagloleanoesome wmbodipednissa 169 kB fappisyisad foa
conposition including cross-linked tetrameric henoglobin in vitro. Five

di f f er eniie frandesfileetidn, hhites 30ADalflkds & usell Gtkienicadnd (IBMHKESCL ( Esophageal
cancer), (C) COL0O205 (Col on cancer), (D) A549/Ci sp (Lung cancer) and (E)
MCF- 7/ ADMUBY eaBlovwdidBe@l dol@hs chivaai@dapiytiiuiedih aisoveeoRinnapaRastihc agents
alone, or in conbination with the cross-1linked tetrameric héenogl obin of

the pre i J nhLBEL ft -l 1S t 1:ned by
the ATP Uy Teh s gonl hllibh el e P o B S e sl S BP0
A549/ Ci - 7] A cel | lines) ;or MIT cell proliferation assay (for
ricesc 1 oY, Mool AR LR mibinER i sRERL hEP MR- Shiy

enhanced by,addition of the inv i.ve cross-linked tetr ric henogl obin
Tl bRt et Rl TRl PootEae B HEND LSS ca

MCF- 7/ ADM ich are highly resistant to chenotherapy. The results in FIG
8 show {4 eolgmnabydsatyepatys Colnpmerfahicatd! EnenyEBAremapeppriys amirallyon of

the cross-linked tetraneric henogl obin, the treatnment efficacy for

| eukeni dogef |te 8. dpphagedbdicmant e lewhirengh| CMgeademe shropmtdgsaphy stapriscancer
cells, and breast cancer cells is greatly increased. [00058]1n addition,

t he abi upadytoofenidve proteanimpeites ogspH ik e Erzetedimked dmhenogitent nassag i nprove
oxygenation in normal tissues (FIG 9) and in extrenely hypoxic tunor

ti ssue (KIESG) islfrfofdhudranddias erhabyigaguritay GidphoehoGHd? Yomaihise dempnst r at ed
in this invention. The representative oxygen profile along the tissue

track okamplbUiBIelEiE 8 RYEATini BretANBSbHyN THis GnighQ -foRE8Eh BHidhh al

pressure within the tunor mass is directly nonitored by a fiber-optic

oxygen éﬁﬂﬁﬁfqg{a%gf g%r%'rnréﬁm)%s Li dhti&bhs %gdépe{d%ﬁ AL %nlrile gnagh:gé E%iﬁ%ﬁhl% ihgni ng

system (DTl Li'mited) ter 1ntravenous injection

cross-| inked tefr i.C | obi th di an 2 | ue.rises fromo.2
v 1o SO PR EERIR RN Soorts" Bl A0eBilCel B ampiFRoeS " even
in the mgs oxi c.regions,, the oxygen carrigr-containin har maceut i cal
Conposi ?‘%8%?“%%&& E)é” gt ggeeﬁ]flﬁ”idn?@?ﬁ']i“ﬁ%gs?@ﬂ??qccgﬂ?qgi‘%%émg@%@&%i en
tension. No other simlar _comrercial products or any existing technol ogies
show as*h? ghe/ B s yO-Rh ety Rbmeareaict hyR@ss x§lge riebak) i Bre BEER ni ng
phar maceutical conposition prepared in this invention. [00059]For the use
in the tREWEGSERMOR! msyliewsip grifopat ikinds dif solugar wih diffarer adt valpgseer vat i on,
t he oxygen-carrier-containing pharmaceuti cal conposition of the present

i nvent i gwwenvebledsbedowl ood substitute providing oxygen to a target organ.
In sonme enbodi nents, the conposition is used as a cardiopl egic solution
for heart preservation. [00060] The nean arterial pressure changes in a
rat nodel of severe henorrhagi c shock (see Exanple 12b) after the
treatnent with 0.5 g/kg of the cross-linked tetranmeric henogl obin of the
present invention are showed in FIG 11. In a rat nodel of severe

henorr hagi ¢ shock, the nean arterial pressure is returned back to a safe
and stable | evel and maintai ned bel ow the baseline after treatnent with
the stabilized cross-linked tetraneric henogl obin. Follow ng treat nent

wi th the henogl obin of the present invention, the reaction tinme for the
mean arterial pressure to return to normal is even shorter than that
foll owi ng adm nistration of rat whole bl ood which serves as a positive
control. The above results indicate that the vaso-active event after the
transfiision of the inventive henoglobin is beneficial to naintain a
stabl e and henodynam c state. Prior henogl obi n-based oxygen carriers
caused many vasoconstriction events. For exanple, the Henopure(r) product
(Biopure Co., USA) resulted in higher nean arterial pressure (124 9 mrHg)
when conpared to the baseline (96 nmHg) as disclosed by Katz et al.,
2010. [00061] Use of the inventive h gl obin for infusion increases the
survival rate in a shock nodel in nouse (from18%to 75% and beagl e dogs
(from46%to 979 . The survival rate of a severe henorrhagi c shock ani nal
nodel is significantly increased by infusing different amounts of the
cross-linked tetraneric henogl obin (see Exanple 12). Thus the inventive
henogl obin is used as a treatnment for henorrhagi c shock



Exanpl es [00062] The foll ow ng exanples are provided by way of describing
speci fic enbodi nents of the invention without intending to limt the scope
of the invention in any way. [00063] Exanple 1 [00064] Overall|l process

[ 00065] A schematic flow diagram of the process of the present invention is
illustrated in FIG 2. Bovine whole blood is collected into an encl osed
sterile container/bag containing 3.8% (wWv) ti-i-sodiumcitrate solution
as anti-coagulant. Blood is then inmediately m xed well with tii-sodium

Ci trate[6@)44fi omable 1t RBinbVdl o iFesert bedtsin ilpe itk agidy affdrént (FABGRIchaiR

i solated and col lected from plasma and other snmaller blood cells by an
apher esicgsmihani sm A "cell washer"” is used for this procedure wth ganm
sterilized disposable centrifuge bow. RBC are washed with an equal vol une
Of 0 9 ___________ o othoT i 75’;’7”;’77*’; """" oo vashHetRpeC-—atre—Tyset—t 0

rel ease henmogl obi n content by mani pul at RAYOHY BEtSAE8eEHdck to the RBC cel

menbr an;olpwugdpH comdition) i nstang cytolysis apparatus for RBC |ysis device
depicted in FIG 3 is used fégﬁrg?‘?#?nbﬁaﬁgge. I‘%‘(ﬁf’ﬂw ng Hgﬁ'ﬂnﬁé" 1,:1-&
henogl obi T Mot ecul es—are—rsotated—fromotter—proterns by—tamgent+at—=1f | ow
ul traf i IREAE{(@®BuEHhg 100 kDa menbrane. Henogl o8n in the fil%¥ate is
col | ect r f ﬁ%hrough col um chromat ography and further concentrated
to 12-1 E“E%P B30 kDa nmenbrane= Col um chr ot ogr aphy i %4rried out

to renmo the ein inpurities. [00067] The congentrated h | obi n
solutioxﬁﬁégﬁﬁféginndified by a sulfhydryl reagggt (alkylatﬁgﬁgreaction)

under n r.al enated condition,.then the co nents are cted with
DBSF to%#%#%ﬁgf%éfe a-a and/ or 133§50ross-linke%£$etraneric ehogl obi n
68

nmol ecul : e 2 [0006Y Ti ne & Cont | ed otopiL lysis and
filtrat ?ﬁ’rﬁlr(; G070 h!_e h , ' sh ﬁ')% . S ¢ anepor t ed
under a cool condition. The red blood cells are separated fromthe plasm
via a cell washer and subsequently with a 0.65 umfiltration. After

washi ng [RU965T e dIrbbwled tocpielent (tRB@ndfrigl ¢ff atdethwlidd dori@9b shdxingefactohe hi l trat e
is disrupted by hypotonic lysis. The hypotonic lysis is perfornmed by using
t he i nstgiding yitobythe Hemppidbit ¢afsite phaésteble Vafdebnstdetiohh@e ihRGlogldbinCyt Ol ySi s
apparatus includes a static mxer to assist in cell lysis. A RBC
suspenskgijedtéd 1 a reaction with a sulfhydryl reagent under oxygenated conditions. This is in

direct contrast to the teachings of the prior art which emphasize reaction between
hemoglobin and a sulfhydryl reagent under deoxygenated conditions. The present
invention demonstrates that the sulfhydryl reagent reacts faster and in completion with
the reactive sulfhydryl groups of hemogiobin under an oxygenated condition. The
reaction of sulfhydryl reagent with sulfhydryl groups of hemoglobin produces iodide.
Therefore, the completeness of the alkylation reaction can be monitored by measuring the
1odide release. During a time-course experiment, the alkylation reaction is performed
faster and more efficiently in an oxygenated e;nvironment when compared to a
deoxygenated environment, as indicated in FIG. 4 and FIG. 14. The reaction time
required to reach completion is reduced to under 5 hours in an oxygenated environment

when compared to a deoxygenated environment. A shorter reaction time is very

12



control |l ed henogl obin concentration (12-14 g/dL) is mxed with 4 vol unes
of purified water to generate a hypoton ¢ shock to RBC cell nenbranes. The
period of hypotonic shock is controlled to avoid unwanted |lysis of white
bl ood cells and platelets. The hypotonic sol ution passes through the
static m xer portion of the instant cytolysis apparatus for approxi mately
30 seconds. The shock is termnated after 30 seconds by mxing the |ysate
with 1/10 volunme of hypertonic buffer as it exits the static m xer. The

hyper t orhogigdt Ui &NindSaeall2ald.pkdleb OB RINRL BaRYE t&E ok Akl ylunwidicd- 4. The

instant cytolysis apparatus of FIG 3 can process at 50 to"1000 liters of

|ysate pepubanAIch RLEELARAG absastpAR [ ters per hour in a

conti nuous manner. [00071] Follow ng the ysis, the lysate of red bl ood
cells i iltered,by. a 0.22 u filter to obtain a, henogl abin sol ution.
Nucl ei Cs[g@(lhgﬁ fr ﬂ%k\’/%ln?éh%ﬁuﬁgﬁdn%leﬁeﬁglogr?ﬂoﬁfﬁ%gﬁﬁﬁf‘ioﬁiogglIF §944 te&-Gr e not
det ect ed hp b&f henpgl .obi n_sol ution by polynerase chain reaction

(det ect i38fYOF P £ross-6akipg Py Birdd - poibeomperatipy: fineasate (RBBE X Ip oudgriie prefeathod
respectively. Afirst 100 kDa ultrafiltration is performed to renove

i mpur i t ifesndtigni g§ eelwngtie r hevetsbehin, athavaicgtitont francabeduliyg| @ivitnliedA ifii ewt hr ough
col um chromat ography is followed to further purify the henogl obin

sol ut i onleoxvgsedahch@@nkbat with rahdibt ratid o hemsglbbiano PR SFobdredert b2 5ag0ve
impurities having a | ower nol ecul ar wei ght than henogl obin and for

concent ria4.0 aich [tRHA0HE] reE@AP oo JankiRP 0F 8] MossAlinkeli SRIRBEBirS i @iraBtric
stroma-free henogl obin solution [00074]1n order to denonstrate the safety

of the peoduichin® M Bi SofeBUEN e of RO M SRRy bigld tigs0f (1)
0. 65 n1diafgltratioﬁgste%eangn?%§£18g k Da EP%rg I ?gyﬁbﬁmé 8F ar'e
denonst g %_ v -V US vggi at . u his.is.gﬁgg 3% t he del.i berate
spi ki ng hg#“g og%v%%}ét ared” ver: %ﬁ Og%het 2 %ret%orblrs 3 O/Wrﬁl‘fg?ip‘ﬁ’?eér ent
model viruses (encephgl onyocarditis virus, pse%%o abi es virus, bovine
viral di'SPFREE MW%%%H%@Fhﬁ 1857 oG proext "E‘ﬁilg"%‘flﬂﬂyl,owf gigiert ypes of
viruses (see the follomﬁn%ntable 2) were used. These viruses vary in their
bi ophys PEMFtafganst test tthimio % eadymse Jreferarby lasssiany2% daerat fownen
resi stance to physical and chenical agents or treatnents. [00075] Table 2
Tar get VIMpo@imybildhe yopunkiex snwwetederomshabttn 8 Bueress-linked hemoglobin is

greater than 50% of the total cross-linked tetrameric hemoglobin. In another embodiment,

the cross-linking is selected such that the 3-8 cross-linked hemoglobin is 60% or greater

of the total. Further, conditions can be selected such that the B-B cross-linked

hemoglobin is greater than 70% of the total tetrameric hemogliobin. There is some

evidence that B-f§ cross-linked hemoglobin may have a lower oxygen affinity than o-o

cross-linked tetrameric hemoglobin. Therefore, there may be situations in which a higher

percentage of -8 cross-linked hemoglobin is preferred to o-a cross-linked hemoglobin

to enhance the efficiency of oxygen transport. Further, B-8 cross-linked hemoglobin may

result in fewer -8 dimers which would assist in reducing renal toxicity.

[00047]  N-acetyl cysteine 1s added at a concentration of 0.2-0.4% to the a~-o. and/or B-

B3 cross-linked tetrameric hemoglobin to maintain a level of met-hemoglobin below 5%.
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Size imm Stability* Hepatitis Cvirus (HCV) Bovine viral diarrhea virus
(BVD V) Flaviviridae ssRNA envel oped 40-60 | ow Encephal omyoearditis virus

(EMCV) Pi eor navi rus

[00048]  Depending upon the final application of the hemoglobin, the purified, cross-
linked tetrameric hemoglobin of the present invention is optionally packaged in an air-
tight package in a deoxygenated environment. The packaging used in the present
ivention results in the o-o and/or B-B cross-linked tetrameric hemoglobin being stable
for more than two years. In contrast, the hemoglobin of the present invention converts
into mactive met-hemoglobin rapidly within few days under oxygenated conditions. Prior
art hemoglobin solutions have been packaged in PVC or Stericon blood bags which have
high oxygen permeability, thus shortening the life span of the product.

[00049]  In many embodiments of the present invention, the oxygen-carrier-containing
cross-linked hemoglobin-containing pharmaceutical composition is delivered by
intravenous injection. Therefore, the packaging design and material choice are directed
towards intravenous injection applications. A multi-layer package of EVA/EVOH
material is used to minimize the gas permeability and to avoid the formation of inactive
met-hemoglobin. A 100 mL infusion bag designed for use with the purified and cross-
linked hemoglobin of the present invention is made from a five layers EVA/EVOH
laminated material with a thickness of 0.4 mm that has an oxygen permeability of 0.006-
0.132 cm® per 100 square inches per 24 hours per atmosphere at room temperature. This
material is a Class VI plastic (as defined in USP<88>), which meets the in-vivo
Biological Reactivity Tests and the Physico-Chemical Test and is suitable for fabricating
an infusion bag for intravenous injection purpose. This primary bag is particular useful to
protect the o-o and/or B-f3 cross-linked tetrameric hemoglobin sohution from long term

oxygen exposure that cause its instability and eventually affects its therapeutic properties.
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ssRNA non- envel oped 25-30 medi um Parvovins B19 Bovine parvovirus (BPV)
Par vovi ri dae ssDNA non-envel oped 18-26 very high Hepatitis B virus (HBV)

Pseudor abi es virus

[00050]  For secondary protection of blood products, it has been known to use
aluminum overwrap to protect against potential air ieakage and to maintain the product in
a deoxygenated state. However, there is a potential of pin holes in the aluminum
overwrap that compromise its air tightness and make the product unstable. Therefore the
present invention uses as secondary packaging an aluminum overwrap pouch which
prevents oxygenation and also prevents Iight exposure. The composition of the overwrap
pouch includes 0.012mm of polyethylene terephthalate (PET), 0.007mm of aluminum
(AL}, 0.015mm of nylon (NY) and 0.1mm of polyethylene (PE). The overwrap film has a
thickness of 0.14mm and an oxygen transmission rate of 0.006 cm’ per 100 square inches
per 24 hours per atmosphere at room.temperature. This secondary packaging lengthens
the stability time for the hemoglobin, extending the product shelf-life.

[00051]  High performance liquid chromatography (HPLC), electrospray ionization
mass spectrometry (ESI-MS), and circular dichroism (CD) spectroscopy are used to
analyze and characterize the a-a and/or B-f cross-linked tetrameric hemogiobin. For a
bovine blood source, FIG. 5 shows the composition of the product in terms of molecular
weight distribution by HPLC analysis. An HPLC analytical method is used to detect the
amount of tetramer and dimer respectively. The mobile phase for HPLC analysis contains
magnesium chloride (0.75M) which can separate dimer, uncross-linked tetramer, and
stabilized ¢~ and/or B-B cross-linked tetramer. For promoting hemoglobin dissociation
mto dimers, magnesium chloride is approximately 30 times more effective than sodium
chloride at the same ionic strength.

[00052]  ESI-MS allows the analysis of very large molecules. }t is an ionization

technique that analyzes the high molecular weight compound by tonizing the protein, and
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(PRV) Herpesviridae dsDNA envel oped 120-200 Low to medi um [00076] The
virus validation schene is briefly shown in the follow ng table 3.
[00077] Table 3 Diafiltration Utrafiltration Cell Washing 1 Virus

spi kl ng

then separating the ionized protein based on mass/charge ratio. Therefore, the molecular
weight and the protein interactions can be determined accurately. In FIG. 6, ESI-MS
analysis result indicates that the size of stabilized tetramer is 65 kDa. The far UV CD
spectra from 190 to 240 nm reveal the secondary structures of globin portion of the
hemoglobin. In FIG. 7, the consistency of the spectra of the purified and cross-linked
hemoglobin reveals that the hemoglobin chains are properly folded even after the cross-
iinking by DBSF. The CD result shows that the cross-linked hemoglobin has around 42
% of alpha-helix, 38 % of beta-sheet, 2.5 % of beta-turn and 16 % of random coil. It
further confirms that cross-linking step with DBSF to form cross-linked tetrameric
hemoglobin does not affect the secondary structure of hemoglobin.

[00053]  The purified cross-linked tetrameric hemoglobin produced by the process of
the present invention has a molecular weight of 60-70 kDa and has at least one cysteine
moiety wherein said cysteine moiety includes a thiol-protecting group such that the
hemoglobin is incapable of binding endothelium-derived relaxing factor at the cysteine
site. Further, the cross-linked tetrameric hemoglobin is non-pyrogenic, endotoxin free (<
0.05 EU/mL), and stroma free (< 1%).

[00054]  The process of the present invention is applicable to large-scale industrial
production of cross-linked tetrameric hemoglobin. In addition, the cross-linked tetrameric
hemoglobin in combination with a pharmaceutical carrier (e.g. water, physiological
buffer, in capsule) is suitable for mammalian use.

[00055]  The cross-linked tetrameric hemoglobin of the present invention is used for
tissue oxygenation, for cancer treatment, for the treatment of an oxygen-deprivation

disorder such as hemorrhagic shock, and in heart preservation under a low oXygen
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1 Diafiltration 1 Virus tests Virus Virus Utrafiltration spiking I 1
tests [00078] The summary of the log reduction results of the 4 viruses in
(1) 0.65 pmdiafiltration and (2) 100 kDa ultrafiltration is shown bel ow
in Table 4. Al four viruses, BVDV, BPV, EMCV and PRV, were effectively
renoved by 0.65 umdiafiltration and 100 IcDa ultrafiltration.

[ 00079] Tabl e 4

content environment (e.g. heart transplant). The dosage of cross-linked tetrameric
hemoglobin is selected at a concentration range of approximately 0.3-1.3 g/kg.

[00056]  For use in cancer treatment, the oxygen-carrier-containing pharmaceutical
composition of the present invention serves as a tissue oxygenation agent to improve the
oxygenation in tumor tissues, thereby enhancing chemo-sensitivity (e.g., sensitivity to
chemotherapy) and radiation sensitivity.

[00057]  FIG. 8 demonstrates the enhanced chemo-sensitivity of cancer tumor cells
after applying a composition including cross-linked tetrameric hemoglobin in vifro. Five
different cancer cell lines (A) Jurkat (leukemia), (B) HKESC1 (Esophageal cancer), (C)
COLO205 (Colon cancer), (D) A549/Cisp (Lung cancer) and (E) MCF-7/ADM (Breast
cancer) are treated with various chemotherapeutic agents alone, or in combination with
the cross-linked tetrameric hemogiobin of the present invention. Inhibition of tumor cell
growth is determined by the ATP tumor chemo-sensitivity assay (ATP-TCA) (for Jurkat,
COLO205, A549/Cisp, and MCF-7/ADM cell lines) or MTT cell proliferation assay (for
HKESCT cell line). The results show that the chemo-sensitivity is highly enhanced by
addition of the inventive cross-linked tetrameric hemoglobin in all cancer cell lines
inchuding two cell lines, A549/Cisp and MCF-7/ADM, which are highly resistant to
chemotherapy. The results in FIG. 8 show that as a result of the enhanced chemo-
sensitivity by addition of the cross-linked tetrameric hemoglobin, the treatment efficacy
for leukemia cells, esophageal cancer cells, lung cancer cells, colon cancer cells, and
breast cancer cells is greatly increased.

[00058]  In addition, the ability of the inventive cross-linked tetrameric hemoglobin to

improve oxygenation in normal tissues (FIG. 9) and in extremely hypoxic tumor tissue
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Viruses BWDVv BPV EMCV PRV Run 1.2 1 21 2

(FIG. 10) (human nasopharyngeal carcinoma (CNE2)), is demonstrated in this invention.
The representative oxygen profile along the tissue track of a human CNE2 xenograft is
showed in FIG. 10. Oxygen partial pressure within the tumor mass is directly monitored
by a fiber-optic oxygen sensor (Oxford Optronix Limited) coupled with a micro-
positioning system {DT] Limited). After intravenous injection of 1.2 g/kg of the cross-
linked tetrameric hemoglobin, the median pO2 value rises from 0.2 mmHg to 3.9 mmkg
in 3 hours and 10.6 mmHg in 6 hours respectively. Even in the most hypoxic regions, the
oxygen carrier-containing pharmaceutical composition of the present invention
significantly increased oxygen tension. No other similar commercial products or any
existing technologies show as high an efficacy when compared to the oxygen-carrier-
containing pharmaceutical composition prepared in this invention.

[00059]  For the use in the treatment of oxygen-deprivation disorder and in heart
preservation, the oxygen-carrier-containing pharmaceutical composition of the present
invention serves as a blood substitute providing oxygen to a target organ. In some
embodiments, the composition 1s used as a cardioplegic solution for heart preservation.
[00060] The mean arterial pressure changes in a rat model of severe hemorrhagic
shock (see Example 12b) after the treatment with 0.5 g/kg of the cross-linked tetrameric
hemoglobin of the present invention are showed in FlIG. 11. In a rat model of severe
hemorrhagic shock, the mean arterial pressure is returned back to a safe and stable level
and maintained below the baseline after treatment with the stabilized cross-linked
tetrameric hemoglobin.  Following freatment with the hemoglobin of the present
invention, the reaction time for the mean arterial pressure to return to normal is even

shorter than that following administration of rat whole blood which serves as a positive
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12 0.65 urn Dafiltratron 2.69 3.20 3.73 3.53 3.25 = 3.90 2.67 2.63 100
kDa Utrafiltration =4. 68 =4. 38

control. The above results indicate that the vaso-active event after the transfusion of the
mventive hemoglobin is beneficial to maintain a stable and hemodynamic state. Prior
hemoglobin-based oxygen carriers caused many vasoconstriction events. For example,
the Hemopure® product (Biopure Co., USA) resulted in higher mean arterial pressure

(124£9 mmHg) when compared to the baseline (96 10 mmHg) as disclosed by Katz et

al., 2010.

[00061]  Use of the inventive hemoglobin for infusion increases the survival rate in a
shock model in mouse (from 18% to 75%) and beagle dogs (from 46% to 97%). The
survival rate of a severe hemorrhagic shock animal model is significantly increased by
infusing different amounts of the cross-linked tetrameric hemoglobin (see Example 12).

Thus the inventive hemoglobin is used as a treatment for hemorrhagic shock.

Examples

[00062] The foliowing examples are provided by way of describing specific
embodiments of the invention without intending to limit the scope of the invention in any
way.

[00063] Example 1

[00064]  Overall process

[00065] A schematic flow diagram of the process of the present invention is illustrated
in FIG. 2. Bovine whole blood is collected into an enclosed sterile container/bag
containing 3.8% (w/v) tri-sodium citrate solution as anti-coagulant. Blood is then
immediately mixed well with tri-sodium citrate solution to inhibit blood clots. Red blood

cells (RBC) are isolated and collected from plasma and other smaller blood cells by an
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5.87 5.92 3.60 3.43 =6J05 3.27 Cunul ative maximum= 7.88 9.65 = 7.50
8.72 Cunul ati ve m ni num

apheresis mechanism. A “cell washer” is used for this procedure with gamma sterilized
disposable centrifuge bowl. RBC are washed with an equal volume of 0.9% (w/v sodium
chloride) saline.

[00066]  Washed RBC are lysed to releasc hemoglobin content by manipulating
hypotonic shock to the RBC cell membrane. A specialized instant cytolysis apparatus for
RBC lysis device depicted in FIG. 3 is used for this purpose. Following RBC lysis,
hemoglobin molecules are isolated from other proteins by tangential-flow ultrafiltration
using 100 kDa membrane. Hemoglobin in the filtrate is collected for flowthrough coiumn
chromatography and further concentrated to 12-14 g/dL by a 30 kDa membrane. Column
chromatography is carried out to remove the protein impurities.

[00067]  The concentrated hemoglobin solution is first modified by a sutthydryl
reagent (alkylation reaction) under natural oxygenated condition, then the components
are reacted with DBSF to form stable a-« and/or B-8 cross-linked tetrameric hemoglobin

molecules.

[00068] Example 2

[00069]  Time & Conirolled Hypotonic lysis and filtration

[00070]  Bovine whole blood is freshly collected and transported under a cool
condition. The red blood cells are separated from the plasma vig a cell washer and
subscquently with a 0.65 um filiration. After washing the red blood cells (RBC) filtrate
with 0.9% saline, the filtrate is disrupted by hypotonic lysis. The hypotonic lysis is
performed by using the instant cytolysis apparatus depicted in FIG. 3. The instant

cytolysis apparatus includes a static mixer to assist in cell lysis. A RBC suspension with
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= 7.07 9.40 6.68 5.90 Annota on: no residual infectivity determ ned
[00080] Exanple 4 [00081] Flowt hrough colum chromatography [00082] A CM
colum (conmercially available from GE healthcare) is used to further
renmove any protein inpurities. The starting buffer is 20mM sodi um acetate
(pH 8.0), and the elution buffer is 20mM sodi um acetate, 2M NaCl (pH 8.0).
After the equilibration of the CMcolum with starting buffer, the protein
sanple is |oaded into the colum. The unbound protein inpurities are

et i gl O 8 LT Y LT Bl 1,

Pl owt b oo PrebRie YRl Rk GURRC AR a Ty ORI RO

?881))8/51]6 .Clisgg 1E85L!:osn'?\:foﬂ-f|3- eto ra%gl | Elr?wgnrteed IlynsgsI gta Exfeh?telbQOédhgelisolulldO\{j\Qape et;[.a".lf)'kllee >
hypotonic solution passeé through the static mixer portion of the instant cytolysis
apparatus for approximately 30 seconds. The shock is terminated after 30 seconds by
mixing the lysate with 1/10 volume of hypertonic buffer as it exits the static mixer. The
hypertonic solution used is 0.1M phosphate buffer, 7.4% NaCl, pH 7.4. The instant
cytolysis apparatus of FIG. 3 can process at 50 to 1000 liters of lysate per hour and,
preferably at least 300 liters per hour in a continuous manner,
[00071]  Following the RBC lysis, the lysate of red blood celis is filtered by a (.22 um
filter to obtain a hemoglobin solution. Nucleic acid from white blood cells and
phospholipids impurities are not detected in the hemoglobin solution by polymerase
chain reaction (detection limit = 64 pg) and HPLC (detection limit = 1 ug/mL) method
respectively. A first 100 kDa ultrafiltration is performed to remove impurities having a
higher molecular weight than hemoglobin. A flowthrough column chromatography is
followed to further purify the hemoglobin solution. A second 30 kDa ultrafiltration is

then performed to remove impurities having a lower molecular weight than hemoglobin

and for concentration.

[00072] Example 3
[00073]  Viral clearance study on stroma-free hemoglobin solution
[00074]  In order to demonstrate the safety of the product from this invention, the virus

removal abilities of (1) 0.65 um diafiltration step and (2) 100 kDa ultrafiltration step are
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Protein inpurities | munogl obin-G Carboni c anhydrase Al bum n Before CM
colum 1320 ng/nL 860.3 ug/ nlL 435.2 ng/ nL Fl omt hrough (cont ai ni ng

henogl obin) 44.3 ng/nL 81.2 lig/nmL 20.4 ng/nL [00085] As the henogl obin
solution is in the flow hrough fromthe CM col unmm chromat ography at pH 8
(not in the eluate), it is a good approach for continuous industrial scale
operation. The first ultrafiltration set-up is connected directly to the
fl owmt hrough CM col unmm chromat ography system and the fl owt hrough tubing
can conrfeansizstediy wasortdatoprsaidyl Thiatis dmedetthaigelfboratd spikisg of alowsal e
operation. The schematic industrial process configuration is shown in FIG
13. scaled version of these two processes with different model viruses (encephalomyocarditis

virus, pseudorabies virus, bovine viral diarrhoea virus and bovine parvovirus). In this
study, four types of viruses (see the following table 2) were used. These viruses vary in
their biophysical and structural features and they display a variation in resistance to

physical and chemical agents or treatments.
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[00086] Exanpl e 5 [00087] Sul fitydryl

[ 00088] (5a) Sul f hydryl
bet ween henogl obi n and sul f hydryl
in contrast to the teachings of the prior art,
reaction typically takes place in an inert atnosphere such as nitrogen.
al kyl ati ng sul f hydryl
groups of henogl obi n.
sul f hydryl

envi r onnent

r eag

r eagent

ent is

reaction and cross-|inking
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[ 00095] (5b-1) El ectrophoretic analysis on cross-Ilinked henogl obi n using
15% SDS- PAGE [00096] Cross-Ilinked henogl obin solution was m xed with an
equal vol une of reducing sanple buffer (62 nM Tris-HCl (pH 6.8), 10% (Vv/V)
gl ycerol, 5% (v/v) nercaptoethanol and 2.3% (wv) SDS), and heated at 95C
for 10 mm The sanple m xtures were resolved using a 15% acryl am de sl ab
gel with a 4% stacking gel. The el ectrophoresis was run with a constant
current of 60 mA. After electrophoresis, the SDSPAGE gel was stained with
0. 1% (w[090Qpomdskicd bl ue R350, 20% (v/v) nethanol, and 10% (v/v) acetic
acid. The intensities of protein bands expressed in Black Light Unit (BLU)
were quantified using Bio-Rad Quantity One Software. [ 00097] (5b-2)
Trypsin|Di gesgi on of prlotein _hands| exci sed trpm 15% SDS- PAGE [ 0009
Prot ei n|bands ' W&FE excilsed From the SDEPBAGE gel ,FMYY into cBBEs (1 X 1
mm) , degtai nedgyd th 10% mgt hanol/ 1D%jacdti ¢ aci d. [The, defTa ngd gelj were
H it h

P 1 O A DTT faY A DI and ol ld of o H 1
r educed fwitt =16 BF — 25N ES8—ang—aeate th—s5rM-Hdoacet am de

in 25qu‘|\megmufnmmﬁal N nebn| dask, | and tthers i hsgel! dizggst edsmijt he2d ng/ ul
nodi fiedtrypsin in 25nM NHACOR at| 37C gvernight. |After frypsiin di gestion,

the trypsi J . pept j _wer.e racted p i|ff fusiop_intd %y (v/v)
acet oni {r iopgﬂg%g%%%?ttog/ V)A_%re o8, ogﬁt i cts'g"ci dg'(sq'FA) %[ oooﬁgf ( 5%?73
Mat ri X- assusllAck hamem dl ssociat i onf 1 oniggation - f7se of | TT1ght; nas$s

spectrotbﬁr){uk(ﬁwﬁ%u;d MB)_apal ysi s ofy jgrypsfi n-diggested profgin bands
[ 000100 - } ges-t—ed—pe-pt-md-es—ex-t-LacLed_LLom_L.th.alg_.wbaf wer e

spot t ed BREB%nchor chip pl ate, which was pre-spotted with 1 utL of matrix
solution (2 r‘fﬁ?eﬁf“a{—‘ﬁ%&, ]t’%ﬁtf”i’fﬂlﬁ? ed in 50% acetonitrile/ 0.1% TFA, and
allowed to air-dry. After drying, the sanple spot was washed with I OrV
rmnopho/s&ghate buffer and recrystallized using a solution of EtOH. acetone:
0. 1% TFADQWOE: 1 Examplpd  vALDI - TOF M5 anal ysis was performed with a Bruker
Autoflex 11l (Braker Daltonic GrbH, Brenen, CGernmany) operated in the
ref | ect 18kbdeFprdhraugd cojumy gimpmnadég@0by 3500 Da and the paraneters were
set as follows: ion source 25kV for peptide mass fingerprint (PMF), and
refl ect 6P00B8] 3 R\CK¥orhENH comxteeriabl avadhblb fratd GB hedcpe) & asdted fushang Br uker
Peptide M x Calibration Standard. The peaks with ratio of S/N over 4 were
aut omat iraAdeyank pbetbinetphytidsl Tie Anaihy SuFerl(iBROMR sdaalnh atige @HDELD),BLemen,
Germany) The MS data was further anal yzed t hrough MASCOT 2.2.04 and

Bi ot 00! $helelidticHOfRAILRMNAWiRM JRIatOPNENGTDHE BOEMBR: 1Rl iondRd t hese
data were searched agai nst Manmmal i an proteins in NCBI nor u- edunt ant

(NGB! e et ebiaasin vEheschl SITB0 URALAIRY LAV RabBS O ababase

searches: nonoi sotopi ¢ nassS accur 50 “ppm ~paren

cl eavaggs, dﬁt?@éﬂﬁﬁ%&%& %Lh%g Dih SRIE S Bnam J&Fﬁﬁg Pg‘%)tgﬁl”{“é %ﬁ,fféqﬂnbr otein

ed

U7

oxi dation o ne as vari apl e noditi¢atl

score e than.67 =,0..05 ased o VE idered as positive
dent i { HESEMBRN it e 2a0 QRO AT SRt bt B ABREES hat ¢ he
protein tch shoul d have at | east 15% sequence coverage and match at

| east 4Tg§6f“i’“8%é’?‘0 He s Aritler 1&otkeihsmogiohm: ydutionds yis ths favghtough from (a)
15% SDS- PAGE and (b) MALDI - TOF M5, the conposition of cross-1linked

henpgl obp#fidts determined. Fromthe results, 70% of cross-Iinked hermpgl obin
is p-p linked [000102] Exanple 6 [000103] Maintaining a | ow | evel of

i nact i vE0Og83} hehgbwisy rofi flowtheuph douton af telydd royufialSiAo Thie Gea10 4dre When
conpared to other oxygen carrier pharmaceutical products or a product
formed imicacdan derfoBowing lmbid® net hods di scl osed in US patent 7494974 B2
and US patent 7504377 B2, the product fromthis invention contains |ow

| evel s of inactive met-henogl obin nolecules. In this enbodi nent, an
anti-oxi dant such as N-acetyl cysteine is added at 0.2%to the
cross-linked tetraneric henogl obin. Wthout adding the anti oxidant,

i nactive net-henoglobin is found at a high level (12-20% . The product
fromthis invention has a |ow | evel of inactive net-henoglobin (< 5% and
it is high-tenperature stable resulting in greater efficacy when used in
treatnment. [000105] To denonstrate the stability of the product fromthis
i nvention, a heat
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stability test is perfornmed at 80C. The results are depicted in FIG 15.
The product made according to US patent 7494974 and US patent 7504377,
shows a hi gh net-henogl obin content (22-28% . However, the product of the
present invention shows a | ow |l evel of net-henoglobin (< 5%. [000106]
Exanpl e 7 [000107] Packaging & Product stability [000108] Because the
product of the present invention is stable under de-oxygenated conditions,
t he packaging for the product is inportant to mnimze gas perneability.
For i nt rayggagus Ta@pRlsi cation a custom designed, 100 nL infusion bag is nade
froma five Tayers EVAN EVOH | am nated material with a thickness of 04 mm

t hat hgs—amoxygenpermeabit+ty—of—6-0666to—06-132-erB—per—1+00—Seuare

\WAV) LU, U, 1oL 4
i nches |per 24 hours per |at mosphere at réBﬂ?FEﬁE@FHf%re. Thi s specif|ic
material is a Cass VI plastic{asdefined in USP<88>) which neetg the
i n-viva biol ogical react|ilEypoglebinsGanfathqaicsrpydras- cAtmminl test and are
suitablle_for fabricating. . containers for intravenous | njection purpdse
(not e t|HBaforgttd coliomns of 1338mkagfl ng cafob? pgade from £36.5ngalleri al las wel
dependi|jng upon the desirled application). A secondary| packagi ng al uni num
over w aFipethedughs al so applied to thejprimary packagl ng | nfusion bgg that
provi dgs additional barrjiier in mnimzgzing |ight exposure and oxygen
diffusiqannﬁhﬁgconpositiQﬂ;g%%ﬁme pou:@ng@ﬁﬁ§ts of : | $h B of
Pol yet hyl ene terephthal ate (PET), 0.007mm of Al um num (AL), 0.015nmm of
Nyl on (Néhongm,-1"“10f Pol yet hyl ene (PE). The overwap filmhas a
t hi ckngss of O 14nm and |oxygen transm ssion rate of [0.006 cnB per 100
squar e Trctres—per—24—hotrs—per—atnosphere—at—+room-tenrperatue—A-schenmati c
depiction of the infusion bag is depicted in FIG 16. The overall oxygen
perneabiék} for each infusion bag fromthis present invention is 0.0025
cn8 per | Sﬁburésdg?IﬁFﬁﬁgﬁﬁbP@ﬂ%ﬁ”F%Bhi&%ﬁﬁ@ﬁﬁ@ﬁ@eﬁ“%O@@ﬂ@@qCﬁpgmabiIity
study is perfornmed on the above packaging material at 40 t and 75%
rel at i vehiuegrany aTpld 8r(aeiintlke dvatc)dipi cewd dpproatlefor cbrtomwbnyintedstid 6. The
results denonstrate that the packaging material maintains a |ow | evel of
met - hemsedlo bperaioore (Tharfirexylenfectige sétog. is dofBRIHOJirctablke tie Howdbidughy St udy
Condi tions: Tenperature 40 +/- 2 C, Relative humdity 75 +1-5% Package
Mat er i alCMi debunio clfoma(oaphip) system, and the flowthrough tubing can connect to the

second ulirafiltration set-up for industrial scale operation. The schematic industrial

process configuration is shown in FIG. 13,

[00086] Exampie 35

[00087]  Sulfbydryl reaction and cross-linking

[00088]  (5a) Sulfhydryl reaciion

[00089] In the present invemtion, reaction between hemoglobin and sulfhydryl is
performed in an oxygenated environment in contrast to the teachings of the prior art, in
which the reaction typically takes place in an inert atmosphere such as nitrogen. An
alkylating sulfhydryl reagent is added to alkylate the free sulthydryl groups of

hemoglobin. In this embodiment, the molar ratio of hemogiobin to sulfhydryl reagent is
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Test Itens Total Hb Met-fib Oxy-Hb Endot oxin (g/dL) (A (/0) (EU M)
| nfusion Bag & Al um num Over w ap

1:2 to 1:4. This reaction can eliminate the binding of endothelium-derived relaxing factor
which reacts with hemoglobin sulfhydryl groups. Endothelium-derived relaxing factor
has been demonstrated to bind to the reactive sulfhydryl groups of hemoglobin, which
may account for the increase of blood pressure observed after the infusion of earlier
generations of hemoglobin-based oxygen carriers. The completion of the sulfhydryl
reaction can be monitored by measuring the release of product or the residual sulthydryl
reagent (by UV spectrometry, at 265nm). FIG. 14 is a comparison between reaction in an
oxygenated environment and reaction in a deoxygenated environment. FIG. 14 shows
that the residual sulfhydryl reagent levels off at 3 hours in an oxygenated environment
during a time-course experiment. In contrast, a lot of unreacted sulfhydryl reagent
remains in a deoxygenated environment. The yield of the sulfhydryl reaction in an

oxygenated environment is high (92.7%) after 4 hours of reaction.

[00090]  (5b) Cross-linking reaction to form stable tetramers

[00091}  The o-a and/or B-B cross-linking reaction is carried out in a deoxygenated
environment. Bis-3,5-dibromosalicy fumarate (DBSF) is added to the hemoglobin
solution to form cross-linked tetrameric hemoglobin that includes a-a cross-linking
and/or B-p cross-linking within the tetramer. Optionally, some a-B cross-linking is
included within the tetramer.

[00092]  In this embodiment, the molar ratio of hemoglobin and DBSF is between
1:2.5 to 1:4.0. The DBSYF stabilization procedure stabilizes the tetrameric form of
hemoglobin (65 kDa} and prevents dissociation into dimers (32 kDa) which are excreted

through the kidneys. In this cross-linking process, only tetrameric hemoglobin is formed;
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no polymeric hemoglobin is formed. This process is carried out in an inert atmosphere of
nitrogen to prevent oxidation of the hemoglobin to form ferric met-hemoglobin which is
physiologically inactive. The completeness of DBSF reaction is monitored by measuring
the residual DBSF using HPLC. The yield of DBSF reaction is high, > 99%.

[00093] 1In one embodiment, the cross-linking reaction is carried out in a
deoxygenated environment (dissolved oxygen < 0.lmg/L) at room temperature (15 —
25°C). DBSF is added to the hemoglobin solution to form cross-linked tetrameric
hemoglobin; this cross-linked tetrameric hemoglobin is characterized as set forth below.
Note that this characterization is based on onc cmbodiment only. The various
proportions and types of cross-links within the tetramer can be controlled by the amount
of DBSF used, the time and temperature of the reaction, and other process conditions.
[00094]  When changing the molar ratio of hemoglobin and DBSF to 1:5.0, the
percentage of octamer (130 kDa) is sharply increased to 18%.

[00095]  (5b-1) Electrophoretic analysis on cross-linked hemogiobin using 15% SDS-
PAGE

[00096]  Cross-linked hemoglobin solution was mixed with an equal volume of
reducing sample buffer (62 mM Tris-HCl (pH 6.8), 10% (v/v) glycerol, 5% (v/v)
mercaptocthanol and 2.3% (w/v) SDS), and heated at 95°C for 10 min. The sample
mixtures were resolved using a 15% acrylamide slab gel with a 4% stacking gel. The
electrophoresis was run with a constant current of 60 mA. After electrophoresis, the SDS-
PAGE gel was stained with 0.1% (w/v) Coomassie blue R350, 20% (v/v) methanol, and
10% (v/v) acetic acid. The intensities of protein bands expressed in Black Light Unit

(BLU) were quantified using Bio-Rad Quantity One Software.
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<0.02 3 6.3 0.86.6<0.02 66.30.65.2<0.02 [000111] Exanple 8
[000112] Toxicity Study [000113] Experinents are carried out to evaluate

t he potenti al

toxicity of the purified cross-linked tetraneric henogl obin

of the present invention. 10 nale Sprague-Dawl ey rats are assigned to 3
groups, 3 in control group, 3 in |ow dose group and 4 in high dose group.

Normal saline (control),

purified cross-linked tetrameric henoglobin at a

| ow dose (5.52 g/kg), purified cross-linked tetranmeric henogl obin at high

dose (6.19609%
i ntravenous |nfu5|on fath

9) (34 SUBBIALEL ST SSREELINELY:LA ey Fatp ot Aogont | nuous

rvelna

/'kgl hr. [66@)8‘]” ug’r&&%%aﬂgsn%e%ce%%gslélcll %0 theWPA?}E ge‘? cut into cubes (1 X 1

mm), destained with 10% methanol/10% acetic acid. The destained gel were reduced

with 10mM DTT in 25mM NH,CO; and alkylated with 55mM idoacetamide in 25mM

NH4COj3 for 45 min in dark, and then in-gel digested with 20 ng/uL. modified trypsin in

25mM NH4CO; at 37°C overnight. After trypsin digestion, the trypsin-digested peptides

were extracted by diffusion into 50% (v/v) acetonitrile and 1% (v/v) trifluoroacetic acid

(TFA).

[00099]

(5b-3) Matrix-assisted laser dissociation/ ionization — time of flight mass

spectrometry (MALDI-TOF MS) analysis of trypsin-digested protein bands

[000100} The trypsin digested peptides extracted from the gel cubes were spotted onto

Anchorchip plate, which was pre-spotted with 1 pL of matrix solution (2 mg/mL HCCA,

saturated in 50% acetonitrile/ 0.1% TFA, and allowed to air-dry. After drying, the sample

spot was washed with 10mM monophosphate buffer and recrystallized using a solution of

EtOH: acetone: 0.1% TFA (6:3:1 ratio). MALDI-TOF MS analysis was performed with a

Bruker

Autoflex Il (Bruker Daltonic GmbH, Bremen, Germany) operated in the

reflectron mode over the m/z range of 800-3500 Da and the parameters were set as

foliows: ion source 25kV for peptide mass fingerprint (PMF), and reflector 26.3 kV for

PMF. External calibration was performed using Bruker Peptide Mix Calibration Standard.

The peaks with ratio of S/N over 4 were automatically labelled by Flex-Analysis (Bruker

Daltonic GmbH, Bremen, Germany). The MS data was further analyzed through

MASCOT 2.2.04 and Biotools 2.1 softwares (Bruker Daltonic GmbH, Bremen,

Germany), and these data were searched against Mammalian proteins in NCBI
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following table 7. The cross-linked tetraneric henoglobin is infused to
the rats for up to 33.3 hours. The aninals are closely observed for the
duration of 9 days. [000114] Table 7 Study G oups Control (n=3) Low Dose
(n=3) Hi gh Dose (n=4) Day -7 to Day -6 Surgery on aninals and then NS

i nfusion for 24 hours Day -5 to Day -1 Daily injection of heparin Day O

nonreduntant (NCBInr) database. The following parameters were used for database
searches: monoisotopic mass accuracy < 250 ppm, parent charge +1, missed cleavages 1,
carbamidomethylation of cysteine as fixed modification, oxidation of methionine as
variable modification. The results with protein score more than 67 (p = 0.05) based on
PMF was considered as positive identification. Other criteria for confident identification
were that the protein match should have at least 15% sequence coverage and match at
least 4 peptides.

[000101] After combination the analysis results from (a) 15% SDS-PAGE and (b)
MALDI-TOF MS, the composition of cross-linked hemoglobin is determined. From the

results, = 70% of cross-linked hemoglobin is B-f3 linked.

{000102] Example 6

[000103] Maintaining a low level of inactive met-hemoglobin in the product after
fermulation

[000104] When compared to other oxygen carrier pharmaceutical products or a product
formed in accordance with the methods disclosed in US patent 7494974 B2 and US
patent 7504377 B2, the product from this invention contains low levels of inactive met-
hemoglobin molecules. In this embodiment, an anti-oxidant such as N-acetyl cysteine is
added at 0.2% to the cross-linked tetrameric hemoglobin. Without adding the anti-
oxidant, inactive met-hemoglobin is found at a high level (12-20%). The product from
this invention has a low level of inactive met-hemoglobin (< 5%) and it is high-
temperature stable resulting in greater efficacy when used in treatment.

[000105] To demonstrate the stability of the product from this invention, a heat

stability test is performed at 80°C. The resulis are depicted in FIG. 15. The product
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Random zati on and Acclimatization, NS infusion for 24 hours Day 1

Met abol ic Analysis (Water and Urine) collection. NS Infusion Mtabolic
Anal ysis (Water and Urine) collection. 26.7 hours Hb infusion and then
21.3 hours NS infusion Metabolic

made according to US patent 7494974 and US patent 7504377, shows a high met-
hemoglobin content (22-28%). However, the product of the present invention shows a

low level of met-hemoglobin (< 5%).

[000106] Exampie 7

[000107] Packaging & Product stability

[000108] Because the product of the present invention is stable under de-oxygenated
conditions, the packaging for the product is important to minimize gas permeability. For
intravenous application a custom designed, 100 mL infusion bag is made from a five
layers EVA/EVOH laminated material with a thickness of 0.4 mm that has an oxygen
permeability of 0.006 to 0.132 cm’ per 100 square inches per 24 hours per atmosphere at
room temperature. This specific material is a Class VI plastic (as defined in USP<88:>),
which meets the in-vivo biological reactivity tests and the physico-chemical test and are
suitable for fabricating containers for intravenous injection purpose (note that other forms
of packaging can be made from this material as well depending upon the desired
application). A secondary packaging aluminum overwrap pouch is also applied to the
primary packaging infusion bag that provides additional barrier in minimizing light
exposure and oxygen diffusion. The composition of the pouch consists of: 0.012mm of
Polyethylene terephthalate (PET), 0.007mm of Aluminum (AL}, 0.015mm of Nylon (NY)
and 0.lmm of Polyethylene (PE). The overwrap film has a thickness of 0.14mm and
oxygen transmission rate of 0.006 cm’ per 100 square inches per 24 hours per atmosphere

at room temperature. A schematic depiction of the infusion bag is depicted in FIG. 16.
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Anal ysis (Water and Urine) collection. 33.3 hours Hb infusion and then
14.7 hours NS infusion Day 2 Metabolic Analysis (Water and Urine)
collection Day 3 Metabolic Analysis (Water and Urine) collection Day 4
Stop NS infusion Day 5 Renove jacket and seal the tube, return animals to
normal cages Day 8 Move Animal to netabolic cages for urine collection,
and water consuned record

The overall oxygen permeability for each infusion bag from this present invention is
0.0025 cm’ per 24 hours per atmosphere at room temperature,

[000109] A stability study is performed on the above packaging material at 40 °C and
75% relative humidity. The results are depicted in the following table 6. The results

demonstrate that the packaging material maintains a low level of met-hemoglobin over an

extended period.
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Day 9 Metabolic Analysis Euthanasia Collection of blood Mjor organs
(Water and Urine) collection of renmaining aninmals (for both serum and

pl asma) preserved in formalin NS: normal saline, Hb: cross-Ilinked
tetramenc henogl obin [ 000115] Bl ood sanples are collected fromall study
animals for clinical pathology evaluations on Day 9. Uine is collected on
Day O to Day 3 and Day 9 for urinalysis. Teiininal necropsy is conducted
on Day 9. Paraneters eval uated include clinical observations, body

wei ghts, body wei ght changes, water consunption, clinical pathol ogy
(chematol ogy, clinical chemstry and urinalysis), organ weights,

or gan- t ¥ Wgig)tg ratio, organ-to-brain weight ratio, gross pathol ogy
and hi stopat h%l ogy. ﬁl'r eatnent with the cross-linked tetrameric henogl obin
of the RY; nt ) ventlon does not result in nortality or adverse clinical
findi ngs—ﬁ—ﬁ%ﬂé@ kabl e effeq,ts on body wei ght changes and wat er
consunpt T YHLEeas; F'é‘perzftﬁfﬂ)‘l(ﬁ%’]' 27heRelative hrmidity Tot/s S¥anges observed on
clini cal—chemst Ly and_hemat ol ogy par aneters related to the treatnent.

Uri ne ekam nation shows that the concentration gIE Ior| de and potassi um
is lower in treatnmeni{ group than that of the co EFB e'ﬂ?oup on Day 2. B ood
stainin hi gher pr ot eT{h@paﬁﬁntr 1.0 n ce n url e
are fou 'Jl%a‘ikﬁg? Matgrigint YheHAS t ﬂi‘h"“tfq H@R‘i o I'Q % ﬁ“
observations all soon recover tqg nor mal. No Si gn| filcant di ff erence i s
observed between | ung-to-body wei gH&/datig. Dited ng [t he(¥hudy| (BU/mL)
unexpected..deaths and.no obvious clinical |signs_of [toxicity are observed.
Addi tiopal ly, gross pat h0|é)gl cal| and FI stal ogi.cal anal yS| s reveal s no
maj or apnormalities {n all’organs i ntfuding Iddg, theart’3 Iiver, <§fReen and
ki dneys| (such abnormalities are attripbuteg to toxi¢c sideeffgcts—of
i nfusioh). [000117] Exanplle 9 [Q00118} Heart pesernvaticen [P00x49p
Cr oss- | k dte}%tgargge e henrgg! obhin can helused as a cardi 0p| gi(‘ sol ut)i on
in a nod fon or eseryat i on duripg cardi ggul npnary pypass i eag| e
P VAL ¥ &8 68 %4 9 o8

Overwrap

3 6.3 0.8 6.6 <0.02

6 6.3 0.6 5.2 <0.02

[000111] Example 8

[000112] Toxicity Study

[000113] Experiments are carried out to evaluate the potential toxicity of the purified
cross-linked tetrameric hemoglobin of the present invention. 10 male Sprague-Dawley
rats are assigned to 3 groups, 3 in control group, 3 in low dose group and 4 in high dose
group. Normal saline (control), purified cross-linked tetrameric hemoglobin at a low dose
(5.52 g/kg), purified cross-linked tetrameric hemoglobin at high dose (6.90 g/’kg) are
administered respectively to the rats vie continuous intravenous infusion vig the jugular

vein at an infusion rate of 3 mL/kg/hr. The drug treatment scheduie is shown in the
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dogs are randomy divided into 3 groups: sham St. Thomas' sol ution (STS)
and 0.1% of cross-linked tetrameric henogl obin groups. Cardiopul nonary
bypass is established in a standard fashion with cannul ati on of the
ascending aorta, superior and inferior vena cava, and |left ventricle for
venting. Except for the sham group, STS without (STS group) or with 0.1
g/ dL cross-linked tetraneric henoglobin (0.1%fib group) are infused into
the aortic root after aortic clanping to achieve cardi ac arrest that is

mai nt ai rf@ﬂovfrﬁé A0 7 MU B85 1inkRE t&.@lﬁ%@q’leﬁlﬁ@%ﬁnqg 1111"!15&9":6’ e Ga

out put, pulnonary artery pressure, pulnonary artery wedge press re mean
artery Wseﬁlgdﬁ&dﬁh‘éﬁﬁh{a?é ar?&%?éfioﬁ’ée%?eﬁ%ﬁhéﬁgr P& b date and the bl ood gas
are measure uring reperfusion and BasEPPne. The rel ease of
cardi ac enzynes, including creatine klnase MB, | actate dehydrogenase and
Tr oponi 10Q01dAE dlable Treasured as surrogate markers of cardiac injury.

Hemat oxyl i n and eosin staining and cardi ac water content detection are

per f or red tro—determine-the—norphological—and-pathological—changes of
myocar di um|120 Btwdyt es af t erCangpdr f usi onLow(B&220] | UndEigh Daee basal

condi tion, the(hmagmres of tlwe=3ardi gc fun@bﬁpn the oxygam consunption
and the rel cat g-acenzyaes-af g-the-3-groups. During
reperfusioriﬂ?hg%%gﬁyt at%mgggfﬁﬁﬁgn%ﬁﬁﬁupagﬁgIE%ﬂP?ngﬁéﬁBﬁs pressure
are greatlymscseaped-1 N the STS gr odpy Wiedios 0FRaAd T0 The shain group.
However, the—heart-ratel cardi tral venous pressure and

ac_output, cent
on are gr@dppizafioand AelnieHzaiony, Ho gr olp, which
ic

cardi ac oxygen E@gaunpt
is simlarjtot e of the sham gr oug ;nflGnGHPSERdIKed tetraner
henogl obi n H-n-.STS al so greatly reduces the appearance of | actat
dehydrogenase, creatine|ldnase MB and tr dftahiohic| when Menlpdiced to the STS
group. Moneover, the cellular swell ijngpalyss(Y¥athapgeslesdWwal i ne changes
are significantly | essedetabalict Amnipisl% f atel Grim)p when andbipiaced {o t he STS
group. The ot her neasur g&Watenaldidiimg puIaﬂhﬂnglarterycpn&ﬂsmre, pul nonary
artery wedge pr@%%bre, neamoﬁaﬁmny prie égg an he cgﬁdlaﬁwmater cont ent,
do not have significant ﬁ%e, nces ano E%r %BF t he| neasures
inthis stydy of the 0.1% ﬁﬁ%ﬁﬁ hav@ 5m§P6 c'q “H@P#gF@n,e as
conpared t¢ the sham group. The 0.1 g/ dl-tP¥EsNE| nkkd’ b

g car di opul non hipBistong bette' cardi ac

SHF Bfer |
hemogl obi nfin STS durin ary BjsREs ex : :
protective| effepkyghan t hat maawmhﬁlﬁw(wagraﬁa@@ﬂ.@fﬁ)uea{o%' optegi ¢
is also conparable t he _sham group. | [ 000121]
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(control g'oup)?aﬁ%rough i ntravenous,.injection.. The concentrati
profile of | pl asma henogl obin is de?%QH?%EH“ﬁ?n?%ﬁﬁ@ﬁeTM phot ome
6, 24, 48 hours and conpared with the baseline readi ng. The net
based on ppotonetric measur &Esholie ok ek andene whectivancen
henogl obinjis directly |read out F | pressur
the hind | eg mBol® of |buffal o r?ﬁ%ﬁ?%ﬁ%@%ﬁﬁ?ed by the
ti ssue oxypenation and temé}oél?@m%mosidfor(ombfsem@ﬁmlmmk Li
are anesthetized by intjra- per't3@@94m‘Q&Sﬁ&kﬂ%dﬁﬁgﬁgaEQ ng/ kg

pent obar bi t one solutlon fol | one sertion o e oxygen sen
the ijCle hy DAt atrayv?2 dat o ::pq

€ trax2—data ition
systen1(VbrI£N§rgén¥¢ “?A%@‘ﬁ%ﬁﬁ?¥‘?ﬁ“ﬁﬁ?@%ﬁﬂ?¢ “ranner . [OOOHZE]IAS
seen in FIG 9,

injection of 0.2 g/kg cross-linked tetraneric henogl obin
sol ution denonstrate a correl ation between the pharnacokinetic (plasma
henogl obi n concentrati on) and pharnmacodynam c (delivery of oxygen to
muscul ar tissue) properties of the inventive cross-linked tetrameric
henogl obi n solution Inportantly, a significant increase in oxygenation is
observed for a longer period of tine conpared with the plasma henogl obin
| evel . Pl asma henpgl obi n concentrati3én is seen in graph (A) and oxygen
delivery to nuscle is seen in graph (B). [000126] (10b) I nprovenent of
oxygenation in extrenmely hypoxic tunmor area [000127] Inprovenent of
oxygenation in an extrenely hypoxic tunor area is evaluated by a human
nasopharyngeal carcinoma (CNE2) xenograft nodel. The CNE2 cell line is
obtained fromthe Laboratory of Cancer Genetics, University of Hong Kong.

sor into




[ 000129] Cancer treatnent study (Cheno-sensitization effects of
cross-linked tetraneric henogl obin) [000130] The chenb-sensitization
effects of the inventive cross-linked tetraneric henogl obin are eval uat ed

in different cancer cell lines. Leukemi a cell line (Jurkat), colon cancer
cell line (COLO205), cisplatin-resistant |lung cancer cell line (A549/C sp)
and adrianycin-resi stant breast cancer cell |ine (MCF-7/ADM are obtained

from Chi nese Acadeny of Medical Sciences Cancer Institute. 8000 Jurkat
cells, L cie]o] i S | I s.and 3000 .MCF- 7/ ADM cel | s
are seeé[gg&llﬁi \%:f %ﬁa?ﬁ;}; 1iésnart%r(fop eég(gt%{é),% 8%5%1%5 %’é@&élfg}f ﬁﬁ%l{’ Paiology
attachnen cells are.ipcubated. at 37C with various, chenot herapeutic

agent s aﬁvélr’lfgt,mng r ﬂa% ghpcﬂlﬁsﬁ 8ﬂlqﬂef1kpngl_3g h’d?’ ﬁl}_ayc} 8¢ Day 1k fow urigtlysibrer i ¢
henogl ob%%mso‘ ution. Jurkat cells are treated with vincristine sulfate at
0.31, 0. e3nngl gcropsys is wonduetady oggPay ; 9 CPrerpewrse ev4luated dnelndearchvioali t h 5-
fluorouracil at 0.78, 1.56, 3.13, 6.25 and 12.5 gg/nlL; A549/C sp cells are
t r eat ed SREEHALOMS o8y Meights, Godo weghvehangess §ateBodiBymBti@s chnidaljditblagy/ Nl and
MCF-7/ ADM cells are treated with adrianycin at 0.39, 0.78, 1.56, 3.13,

6. 25 andchematolegy, relinisklt drentisten e ntipalysis)n bigah tweghtgforg@noedodgabdiglgr owt h i s
determ ned by the ATP tunor chenp-sensitivity assay (ATP-TCA). [000131]
Esophageatic, cagamen-teah | wéighteratitERGsslpdtsol OBt @i&ﬁi@toﬁétﬁ@ﬂo??@bﬁremw wath Cancer
Genetics, the University of Hong Kong. 2000 cancer cells are seeded onto a
96- viel | tid atd3s-liAkdde tet@hieAis B alo 8 | Jf Sthe M fedeBC HRREESH Abe3 4Gt %SEII? :-f“ﬁl splatin
alone, at 0.08, 0.4, 2, 10 and 50 pg/nL, 'or in conjunction wt ng/ nmL
cross- | igRkead L i r i ti,on

cyt ot oxi Ci tyb{?%\?ﬁ?ﬂ?&%ﬁ%@lﬁ% ‘?H##Aé i Feéﬁ%e%ﬁo"r? %(sagg‘%lglﬁé%ﬁgf’% show

that addjfLQn, g(gqﬁg[lgggéﬂétﬁrg{si ve cross-linked tetraneric henogl obin

significantly enhan enb-sensitivity in various cancer cell lines

i ncl udi /g sp _and -7/ADM cel I's that are highly resistant to
chenot h E@gg\géﬁs%ﬁg afeﬁlolﬂl\é%:oug )cﬁ\ar[gﬁﬁﬁ}isﬁﬁ]ea ershrd chompshygnd Bgmatelegy nent  of
Acut e Severe Henorrhagi c Shock [000134] (12a)Treatnent of Acute Severe
Hermor r hQ@IiaE‘e%g’Eﬂt? topihg greatradiysU e oEsERatipReshpyye diat jthe cancorymtin vk ed
tetramerjc henoglobin is used as a resuscitation agent in a nodel of Acute
Severe FBRBAT Qasstygrk [pWerBa dighenctbgroup GonBes g thedwgiobgreuyr amBeyd v
divided into 4 groups according to resuscitation agents, 15 dogs in each
group. POoBOrgejeiGngubigher Pesdix aomdehiegni and Boret fedl Blodd BALIR] urldeltp 2:

Ani mal aut ol ogous bl ood (Positive Control) [000138] G oup 3: Low Dose

Tr eat meifitun(iGn 8Batment @oeps| thak eshtio® bfoapwhi May ey TR bHservalfiod Qi so¥ei ght )

[ 000139] G oup 4: Md Dose Treatnent (1.05 g cross-linked tetrameric
henogl ohicatdego alorbad Wonging it dnt [POQLAR] is ABUrBSEMRES nﬁg%_ﬁ)ta@gwg@}zock i's
establ i shed by wi thdraw ng ani mal whol e bl ood at a vol tine of” 50 1L/ kg body
wei ght . ralieND ;AL ter [ i she xtr.an (50

m./ kg), ani nal autg %Tugg’olﬁ}sm%%%géd%gﬂhﬁﬁ%f&%%f% gbiecﬁlt % 5k esoxcl)?% aré
cross-1} t e N (5 [-kg, 15 nL/fk are infused into

t he ani &%&g@%&@gﬁ%@g (%Egslrgoalgd El%gégl%aﬁ oagg&lﬂfﬁﬁlﬁ%l&%t aalg feivﬁﬁ?'lé’ﬂurﬁ@%i nis
set at %0 m./.kal h. reafter, all experinental anjnmals are observed for 7
days. A%bﬁlé)gr:\%?ﬁ%fg a?linoégaé]rssmicg‘%gﬁs@We&‘e%dhﬁ?{al%ﬂf% Adr kdgexeheudt udy
period inclu ints:l survjival, body weight, electro-cardiography (ECG, blood
pr essur SPROFRYHES peadribpied &7 1ox1q side effeets of Beyoenper at ure, pl asma

henogl obi n concentrati on, hematol ogy, arterial blood gas, urinalysis,
clinical chem stry, coagul ation, physical conditions and adverse events.
Anmong all, survival is the primary end point After seven days of

t r eat nel®001 the Exapsde Pi nked tetrameri c henogl obin treatnment group has a
much hi gher survival rate conpared with the normal group and the

aut ol ogi®081 I¥l] o dkagt praseivatieoshown in the follow ng table 8).
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[ 000141] Table 8 [000142] Canine study in henorrhagi c shock nodel
G oupSurvival no. after 7 daysSurvival rate after 7 days (n=15) (%
Dextran Negative Control 7 46 Dog's Autol ogous Blood 12 80 Low Dose

Treatnent 14 97 M d Dose Treat nent

[000119]  Cross-linked tetrameric hemoglobin can be used as a cardioplegic solution in
a model of heart preservation during cardiopulmonary bypass in Beagle dogs. 18 Beagle
dogs are randomly divided into 3 groups: sham, St. Thomas’ solution {STS), and 0.1% of
cross-linked tetrameric hemoglobin groups. Cardiopulmonary bypass is established in a
standard fashion with cannulation of the ascending aorta, superior and inferior vena cava,
and left ventricle for venting. Except for the sham group, STS without (STS group) or
with 0.1 g/dL cross-linked tetrameric hemoglobin (0.1% Hb group) are infused into the
aortic root after aortic clamping to achieve cardiac arrest that is maintained for 120
minutes. The cardiac function, including cardiac output, pulmonary artery pressure,
pulmonary artery wedge pressure, mean artery pressure, central venous pressure and
heart rate, and the blood gas are measured during reperfusion and compared to baseline.
The release of cardiac enzymes, including creatine kinase MB, lactate dehydrogenase and
Troponin-1 are also measured as surrogate markers of cardiac mjury. Hematoxylin and
eosin staining and cardiac water content detection are performed to determine the
morphological and pathological changes of myocardium 120 minutes after reperfusion.

[000120] Under the basal condition, the measures of the cardiac function, the oxygen
consumption and the release of cardiac enzymes are similar among the 3 groups. During
reperfusion, the heart rate, cardiac output and central venous pbressure are greatly
decreased in the STS group when compared to the sham group. However, the heart rate,
cardiac output, central venous pressure and cardiac oxygen consumption are greatly
preserved in 0.1% Hb group, which is similar to those of the sham group. The cross-
linked tetrameric hemoglobin in STS also greatly reduces the appearance of lactate

dehydrogenase, creatine kinase MB and troponin-I when compared to the STS group.



15 100 [000143] (12b) Treatment of Acute Severe Henorrhagic Shock in Rats
[ 000144] The inventive cross-linked tetrameric henoglobin is also used as
a resuscitation agent in a nodel of Acute Severe Henorrhagi c Shock in
rats. 80 SpragueDawl ey rats are randomy divided into 5 groups according
to resuscitation agents, 16 rats in each group. [000145] G oup 1: Lactate
Ringer's solution (Negative Control) [000146] G oup 2: Ani mal autol ogous
bl ood (Positive Control) [000147] G oup 3: Low Dose Treatnent (0.1g
cross-1i e e henmgl qhin/ i ght 000148]. G.oup 4:

M d Dos eﬂﬁﬁgg%rhgﬁfg%@%g CT 0S%- t:% Igié%gt%%ta?g%'raﬁ% %gm) 8% 85 A C%’?tpybody

wei ght) 14 Q 5. Hi Dose Treat 0.5 cross-1inked

t et ranerlfzicsg%gn%gtfl %glr# EB %?upog’g?l ﬁ%rfl%?‘¥% ?%%Tlé@ﬁouﬁ\c Ceotagn @pasures,

henor r ha ic.shocgais establ i shed by wi thdraw ng 50% of ani mal whol e bl ood,
whi ch i s‘g@’g@lﬁ%ﬂ“ 0Ly FECTY PRESSUST RN YIREY WREEe PreseHTEs MeRR dftery
henorrhagi ¢ shock established, Lactate Ringer's solution, animal

aut ol ogdUsssSHcaHe therardiap sigter goriest. 8¢ net bavs-figmfiendt didercanes ot gl obi n
(0.1 g Ho/kg, 0.3 g Ho/kg, 0.5 g }{b/kg) are infused into the animls. The
i nf usi orgreupse AF ther owssurdsnkee this etndanef ke Adbodlbobionpi mvsedo aignficaty h,
hereafter, all experinental animls are observed for 24 hours. A panel of
par anet elifferemceobs epmpdredned draklyme chriy. | Mhe tohie wdludyospeinked tkthadi ng
survival, henodynam cs, nyocardi al nmechani cs, cardiac output, cardiac
functi orherdoblobth BASTS Wdufifyl CardtpdRRbrEAR) bYSIsY cfhibRNSHENRE bARiac tirSSMfve
perfusion & oxygen tension (liver, kidney and brain), liver & renal

functi onsrhamm Heoboays (RluAes: éfiﬁ&&?éa}dﬁb%ﬁ% E&ﬁpﬁ%%h Hle 5&?0%5 Rl

control rate (liver, kidney and brain). a survival 1s the primry

end poi ny, Ler I f observation, the inventive cross-Ilinked
tetranerigmﬁ%nng?ééfﬁggﬁ%gﬁhent group has nmuch higher survival rate

conpared with the normal group and the autol ogous bl ood group (shown in
the followng table 9). [000151] Table 9 G oups

[000121] Example 10

[000122] Studies on Tissue Oxygenation, normal and cancerous tissues

[000123} (10a) Improvement of oxygenation in normal tissue

[000124] Some studies for the normal tissue oxygenation by cross-linked tetrameric
hemoglobin are carried out (as shown in FIG. 9). A comparative pharmacokinetic and
pharmacodynamic study is conducted in buffalo rats. Male inbred buffalo rats are
individually administered with 0.2 g/kg cross-linked tetrameric hemoglobin solution or
ringer’s acetate buffer (control group), through iniravenous injection. The concentration-
time profile of _plasma hemoglobin is determined by Hemocue™ photometer at 1, 6, 24,
48 hours and compared with the baseline reading. The methods are based on photometric
measurement of hemoglobin where the concentration of hemoglobin is directly read out
as g/dL. Oxygen partial pressure (pO2) in the hind leg muscle of buffalo rats is directly

measured by the Oxylab™ tissue oxygenation and temperature monitor (Oxford Optronix

36



Survival no. after 24-hour (n=16) 24-hour survival rate (% Negative
control 3 18.75 Low Dose Treatnent 6 37.5 (0.1 glib/kg) M d Dose

Treatnent 8 50

Limited). Rats are anesthetized by intra-peritoneal injection of 30-50 mg/kg
pentobarbitone solution followed by insertion of the oxygen sensor into the muscle. All
pO2 readings are recorded by Datatrax? data acquisition system (World Precision
Instrument) in a real-time manner,

[000125] As seen in FIG. 9, injection of 0.2 g/kg cross-linked tetrameric hemoglobin
solution demonstrate a correlation between the pharmacokinetic (plasma hemoglobin
concentration) and pharmacodynamic (delivery of oxygen to muscular tissue) properties
of the inventive cross-linked tetrameric hemogiobin solution. Importantly, a significant
increase in oxygenation is observed for a longer period of time compared with the plasma
hemoglobin level. Plasma hemoglobin concentration is seen in graph (A) and oxygen
delivery to muscle is seen in graph (B).

[000126] (10b) Improvement of oxygenation in extremely hypoxic tumor area

[000127] Improvement of oxygenation in an extremely hypoxic tumor area is evaluated
by a human nasopharyngeal carcinoma (CNE2) xenograft model. The CNE2 cell line is
obtained from the Laboratory of Cancer Genetics, University of Hong Kong.
Approximately 1 x 10° cancer cells are injected subcutaneously intc 4- to 6-week-old
inbred BALB/c AnN-nu (nude) mice. When the tumor xeno graft reaches a diameter of 8-
10 mm, oxygen partial pressure within the tumor mass is directly monitored by the
Oxylab™ tissue oXygenation and temperature monitor (Oxford Optronix Limited).
Oxygen partial pressure is measured along a tissue track with a fully computerized
PTS30 Micro-positioning system (Discovery Technology International). All pO2
readings are recorded by the Datatrax? data acquisition system (World Precision

Instrument) in a real-time manner. When the pQ2 reading is stabilized, 1.2 g/kg the
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(0.3 glib/kg) H gh Dose Treatnent 12 75 (0.5 g Hb/kg) Rat' s Aut ol ogous
Bl ood 10 62.5 *Hb: cross-linked tetrameric henogl obin [000152] Exanple
13: An In vitro net-henoglobin formation study [000153] The prior art has
stated that high nolecular weight polynerized henpglobin solution is
preferabl e because it results in longer persistence in circulation.
Therefore, the stabilized cross-linked tetrameric henogl obin of the
present invention is conpared to high nol ecul ar wei ght polynerized

henogl obinmeritive widss-dinkal wramgre hsaplobintsplition 49 Ngédtd DOitrat dhdlisi Ko
circulation conditions. The test circuit is depicted in FIG 17. 1n the

et - henogk odii veid of fRtrhied aBY 1RAGELE b ypehdtionAs hitaddd&l, SRE@% @d&ﬁéﬁs&mg B I's
the sanple outlet port, Cis the punp, Dis L qui-Cel contactor is

sanpl e cobdiggdnt QRrdASd BE oRF r%éngtldnsmathém fr?ﬁ?!o% Sl abea TA ﬁ&' 1%8“56%06115

met - henogl obin formati on of the cross-1i tetrameric
conpar ed . wi 0 c
avai| ;‘Bﬁgﬁ%ﬁ%ﬂﬁ%ﬂeﬁ%&ﬁo fg‘ﬁ’se eﬁ%‘ir%n%ﬂg? hemo,%ﬁobgbr}‘?o%eﬁﬁf}éf{im ?ésr -
or.e
20! e o P B SRR i PRSP SRAL TR oL S0P ER, 2

t t. The
sanpl e rQ§ervo&ﬁG_h8ﬁ1the sanple inlet por

OWH 1In

[000128] Example 11

[000129] Cancer treatment study (Chemo-sensitization effects of cross-linked
tetrameric hemoglobin)

[000130] The chemo-sensitization effects of the inventive cross-linked fetrameric
hemoglobin are evaluated in different cancer cell lines. Leukemia cell line (Jurkat),
colon cancer cell line (COLO205), cisplatin-resistant iung cancer cell line (A549/Cisp)
and adriamycin-resistant breast cancer cell line (MCF-7/ADM) are obtained from
Chinese Academy of Medical Sciences Cancer Institute. 8000 Jurkat cells, 4000
COLO205 cells, 3000 A549/Cisp cells and 3000 MCF-7/ADM cells are seeded
individually in triplicate, onto a 96-well plate. Afier attachment, cells are incubated at
37°C with various chemotherapeutic agents alone, or in conmjunction with 0.5 mg/mL
cross-linked tetrameric hemoglobin solution. Jurkat cells are treated with vincristine
sulfate at 0.31, 0.63, 1.25, 2.5, 5 and 10 pg/mL; COLG205 cells are treated with 5-
fluorouracil at 6.78, 1.56, 3.13, 6.25 and 12.5 ng/ml; A549/Cisp cells are treated with
cisplatin at 0.39, 0.78, 1.56, 3.13, 6.25 and 12.5 ug/ml and MCE-7/ADM cells are

treated with adriamycin at 0.39, 0.78, 1.56, 3.13, 6.25 and 12.5 pg/mL. After treatment,
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liquid punp rate is set at 30 nL/mn, and the sanple is allowed to fil

the circuit. Throughout the experinent, the tenperature of the sanple
reservoir is maintained at 37C. To neasure the net-henoglobin |evel, 02 nL
of test sanple is collected fromthe sanple collection point for
co-oxinmetry (1L-682, Instrunentation Laboratory). Conpressed air is then
passed through the |iqui-cel nmenbrane contactor at flowrate 2.0 niL/ mn
to start oxygenation of the sanples A0 2 nL sanple is collected at

30- m nutighibRg 2 ( rs, the met-he | obi n
fractions of the %%\%?A\%Hlt%em@{ {ggfgfg i nkeégyttg ‘gg?reu%l?%r %S%ﬁf%%ﬁlﬁg’g%fﬂti on and
t he conqgh%{fb ﬁvailable product (Oxyglobin ) increase to 8.7% and 16. 4%
respectiverly. % is denonstrates that the inactive net-henoglobin formation
rate for I ric he |l obin is substantially greater than that for the
 nvent | VAOZL S Bsompecit ercenerll ke fﬁ%ﬁﬁﬁrbEiOHtwaéonaéaborftem&a]ncwi le the
foregoi ng invention has been described wth respect to various

enmbodi ngticss e UsivBGHY mé HlangaKeng 02090 pdncemeglls Numreseded ovtrd &6vatls and
nodi ficati ons woul d be understood by those of ordinary skill in the art.
Such varnlziei dviksr aathmenk £é¢lbadre orebard acHii€iwiér esblatn fiend, nchwdeol4vd t hi n t he
scope of the followng clains. Wat is clained: 1. A nethod for the

pr epar atlilomdaf0 ge/hilght yo perirfotien vaithd3 higght t@seReMREL fe@rafcAb hemoglobin
oxygen-carrier-containing pharmaceutical conposition, the _
oXygen- Galutiber -Afdtiatubaiich, R HBERHTT SalufQMRORITT @é%)ﬂﬁif&%&g adigyrogl obi n,
t he net hod conpri si ng: a) providing mammal i an ol e bl ood 1™ncl udi ng
at | eastrds@es khowdieae! 4aditRd oP! &S Myvent JRERA &AMt Rl ood
cells fromthe plasm inltheonanna |g%“ﬁhgﬁgggﬁ%%hféﬁhﬁgm g§m§§g?§ring t he
red bl oqg, & hat .ed fromthe plasma to.optal filtered
red blogg’ceﬁ#§¥%act$%§?&n§§8%h§§ d%gﬁ%HE°Fﬁ§P%$f¥%?é%ﬂ$§%?65€%8“8e|
fractio pl as rotein inpuritjes, resujtfing. in shed red

bl ood cé %&éﬁ%wec)eﬁ%{@r%ﬁﬁgﬁ %eﬁ‘gpavﬁg ﬁb‘an‘?%ﬁa@f Gg‘b“’%& Y& By a
controll ed hypotonic lysis for a tinme sufficient to lyse red blood cells

w thout lysing white blood cells in an instant cytol ysis apparatus at a
flowrate of at 50-1000 liter/hr to create a solution conprising a |ysate

of di srifRBE2Y eBxpmBlsdcel | s; f) perfornming filtration to renove at
| east a portion of the waste retentate fromthe |ysate; g)
extract (9133 ] i Freatinemafl Sohitn Sedi-e Heowrflagin $SHvek| ysat e; h)

performng a first ultrafiltration process using an ultrafiltration filter
confi guf@di84] r@awye i Meatbicnt eSAhaY SagralbhgRelgidSHRE it BEagiedqght than
tetrameric henoglobin to further renove any viruses and residual waste
retentate fromthe first henogl obin solution to obtain a second henogl obin
sol uti of00135] The inventive cross-linked tetrameric hemoglobin is used as a resuscitation

agent in a model of Acute Severe Hemorrhagic Shock in Beagie dogs. 60 Beagie dogs are

randomly divided into 4 groups according to resuscitation agents, 15 dogs in each group.
[000136] Group 1: Dextran (Negative Control)
[000137] Group 2: Animal autologous blood (Positive Control)

[000138} Group 3: Low Dose Treatment (0.35 g cross-linked tetrameric hemoglobin/kg

of body weight)
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i) performng flow hrough colum chromat ography on the second henogl obin
solution to renove phospholipids, protein inpurities and dineric

henogl obin and to form a phospholipid-free, |ow protein inpurities and | ow
di mer henogl obi n sol ution; j) performng a second ultrafiltration
process on the phospholipid-free, low protein inpurities and |ow di ner
henogl obin solution using a filter configured to renbve inpurities
resulting in a concentrated purified phospholipid-free, low protein

i mpuritigso | s B nogl.oRi N soAuL i on: . k). bl ockj ng .t he
sul f hydr@;é gr oups 05? hﬂigﬁrr%gﬁo | r?%%loqme@u(#}s:% CHO§? {lﬂgdémg’ﬁmﬁf‘)gﬁ‘lﬂf&i ed
phosphol i pid-Tre | ow protein inpurities and | ow di ner henogl obi n
solutioﬁhg$8§“?ﬁﬁphydryl reagent in a fully oxygenated environnment such
t hat the henogl obi n nol ecul es each have at | east one cysteine noiety

1 udh o do ok L EE AR ALAVGSYSD Lt e DEgpal obLn ol scpl o5 are

i ncapabl e of binding endot erived relaxi t ei ne

ite; - | Fnki t hi ol - tected h | obin b
bi o<, 5.740% R oF SRR o i T Pl stmanng shock

cross-lin tetraneric h | obin w thout the formation of polyneric
henog| obﬁsﬁgg%ﬁ’ @W%t%nt(ﬁ%“ﬂig&’gﬁﬂua?l e lpERus Grood el mbdig)y different doses ofi nked
tetrameric genqglobin,is 60 - 70 kDa and consists essentially of
nonpol yrfEPSLingrd &dramierik dgmpglobianSr b/ Mse Ad anlobinare infused imjo teciimgsng a
sui t abl e physi ol ogi cal buffer for the cross-linked tetraneric henogl obin;
n) renmoVihsgnfusign raisiof gedss-hokedcicosmeti¢ hiredglblen naseni ¢0 henbghohirsfend any
resi dual chem cal s by washi ng; 0) adding N-acetyl cysteine at a
concent radtdxperiméntd. adintald Metobsdrel for Iskiys.i Alpank] o bhan®lckCis begmpalohian to
maintain a | evel of net-henogl obin bel ow 5% and addi ng the | ow
di mer, phalgpdiofiirpigdhé smey peRd@lcRidHLairedal body Heme !é%&&-%aﬁi?@% GvuUp to a
I free orh 5

tenperature of 80 C cross-linked tetrameric henoglobin ol yneric

henogl oREQGH,BiGodtadsIRCRAH 6@ Tk iRGRaRLADY ' 1) sfigd for
the preparation of the oxygen-ca?rier-cohﬁgyﬁgﬁgﬁgﬁg?Ha%%%?%%ggomn

compost LBl bt 0 LS\ ARG GGl ARRST ALRLDST v0ee @

static m xer. . preparatrion

oxygen- -1.er - i nin har maceujical conpositjop of claiml wherein
said cr %ggéﬁa?r?ﬁlg(gg{’ et&?nétirragirvl'g'r ° LY OBRe iag’ g%”iv@le’d ¢ BFHOBBY FRePOIBbY ci ne,
cani ne 2gﬁeguine1henﬁgjobin. 4. The method for_ the preparation of the
oxygen- EAiT EF B RCh PRy MsRabracrestinked ewwpels hanngldin spatmentemier ei n t he
col um ;hronato raphy conprises one or nore cation-exchange colums and
ani on- eXthafgehcehisgrviva ratprromparadowith ghe nprenap igeqgr atdi ba wofolédoes
oxygen-carrier-containi ng pharmaceutical conposition of claim4 wherein

t he ionbE&éﬁ&h@éa%ﬁwﬁﬁﬁggaﬁémDWag@&km@re DEAE col um, CM col um and/ or
hydr oxyapatite colum. 6. The nethod for the preparation of the
oxygen-carrier-contai ning pharmaceuti cal conposition of claim1l wherein

t he henogl obin cross-1inking by bis-3,5-di bronpbsalicy fumarate includes at
| east a-a and/or - cross-linking 7. The method for the preparation of an
oxygen-carrier-contai ni ng pharmaceuti cal conposition of claim®6 wherein

the cross-linking conditions are selected such that - cross-linking is
greater than 50% of the total cross-1inking
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8. The method for the preparation of an oxygen-carrier-contai ning
phar maceuti cal conposition of claim®6 wherein the cross-1linking conditions
are selected such that - cross-linking is greater than 60% of the total
cross-linking. 9. The nethod for the preparation of an
oxygen-carrier-contai ni ng pharmaceuti cal conposition of claim®6 wherein
the cross-linking conditions are sel ected such that - cross-linking is
greater than 70% of the total cross-linking. 10. The nethod for the
preparati on of an oxygen-carrier-containing pharmaceutical conposition of
cl ai m 1 Whek4di n Talke $har maceuti cal |y acceptable carrier is a physiol ogical
buffer or water. 11. The nethod for the preparation of an
oxygen- dafdlidei - ctunlied shidgindieaidrRb st bittk medaposi tion of claim 1 further
conpri sing packagi ng the prepared conposition in a nultilayer, flexible
i nf usi onzpagkage having an oX : LY Of ol N 0-0025-CVB per
24 hours atﬁanbi ent conditi ongg%fﬁz)%%ﬁ%%ﬁy& pur?‘*r?%glrg{nég)ﬁﬁ%}.é »

/@al conposi tion

tenmperature stable oxygen carrier-cgnigi ni ng phainiaceu%
conpri si ng henogl obin, the henogl obin consisting essentially of

nonpolngﬁhgn@kgaﬁ%kkﬁﬁgp retraneri c ;henoglopr nm formed b¥6Lh€=pfﬁtess of
claim1. 13. A nethod of oxygenating tissue conprising providing the

conposi th,on i to the tissue,either in vivo or Vi vo.
P2739PO&?_°S%‘§E%’§J§§|‘%?‘1%%9.txt SEQUENCE LI STI NG <110> Bing Lou KWK,
Sui Yi <120x A IETHOD FOR THE PREPARATI ON OF HI GH TEMPERATURE STABLE
OXYGEN- é&ﬁ?&ﬁ%ﬁ KNI NG PHARMACEUTFEAL COMPOSI TI ON ANDYTHE USE <130>

< >
P3P Bt Trdament 2011/ 032994 100

[000143] (12b) Treatment of Acute Severe Hemorrhagic Shock in Rats

[000144] The inventive cross-linked tetrameric hemoglobin is also used as a
resuscitation agent in a model of Acute Severe Hemorrhagic Shock in rats. 80 Sprague-
Dawley rats are randomly divided into 5 groups according to resuscitation agents, 16 rats

in each group.
[000145] Group 1: Lactate Ringer’s solution (Negative Contro})
f000146] Group 2: Animal autologous blood (Positive Control)

[000147]  Group 3: Low Dose Treatment (0.1g cross-linked tetrameric hemogiobin/kg

of body weight)

[000148] Group 4: Mid Dose Treatment (0.3g cross-linked tetrameric hemoglobin/kg

of body weight)
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<141> 2011-04-15 <160> 9 <170> Patentln version 3.5 <210> 1 <211> 141
<212> PRT <213> Bovine <400> 1 Val Leu Ser Ala Ala Asp Lys Ay Asn Val Lys
Ala Ala Trp @y Lys 151015 Val Gy Gy Hs Ala Ala Gu Tyr Ay Ala Gu Al a
Leu Gu Arg Met 202530 Phe Leu Ser Phe Pro Thr Thr Lys Thr Tyr Phe Pro Hi's
Phe Asp Leu 354045 Ser H's Ay Ser Ala Gn Val Lys Ay Hs Ay Ala Lys Val
Ala Ala 505560 Ala Leu Thr Lys Ala Val Qu H's Leu Asp Asp Leu Pro Ay Ala
Leu 65707580

[000149]  Group 5: High Dose Treatment (0.5 g cross-linked tetrameric hemoglobin/kg

of body weight)

[000150] Acute severe hemorrhagic shock is established by withdrawing 50% of
animal whole blood, which is estimated as 35 ml/kg of body weight. Ten minutes after
hemorrhagic shock established, Lactate Ringer’s solution, animal autologous blood,
different doses of cross-linked tetrameric hemoglobin (0.1 g Hb/kg, 0.3 g Hb/kg, 0.5 g
Hb/kg) are infused into the animals. The infusion rate of cross-linked tetrameric
hemoglobin is set at 5 mL/h, hereafter, all experimental animals are observed for 24
hours. A panel of parameters is observed and analyzed during the study period including
survival, hemodynamics, myocardial mechanics, cardiac output, cardiac function, blood
gas, tissue oxygen delivery & consumption, tissue perfusion & oxygen tension (liver,
kidney and brain), liver & renal function, hemorheology (blood viscosity), mitochondrial
respiratory control rate (liver, kidney and brain). Among all, survival is the primary end
-point. After 24 hours of observation, the inventive cross-linked tetrameric hemoglobin
treatment group has much higher survival rate compared with the normal group and the

autologous blood group (shown in the following table 9).
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Ser Qu Leu Ser Asp Leu H's Ala H S Lys Leu Arg Val Asp Pro Val 859095 Asn
Phe Lys Leu Leu Ser Hi's Ser Leu Leu Val Thr Leu Ala Ser H's 100105110 Leu
Pro Ser Asp Phe Thr Pro Ala Val His Ala Ser Leu Asp Lys Phe 115120125 Leu
Ala Asn Val Ser Thr Val Leu Thr Ser Lys Tyr Arg 130135140 <210> 2 <211>
142 <212> PRT <213> HOMO sapi ens <400> 2 Met Val Leu Ser Pro Ala Asp Lys
Thr Asn Val Lys Ala Ala Trp Ay Page 1 P2739PC01_Seguencel i sti ng. t xt

151015
[000151] Table 9

Groups Survival no. after 24-hour 24-hour survival rate
(u=16) (%)
Negative control 3 18.75
Low Dose Treatment 6 37.5
(0.1 g Hb/kg)
Mid Dose Treatment 8 50
(0.3 g Hb/kg)
High Dose Treatment 12 75
(0.5 g Hb/kg)
Rat’s Autologous Blood 10 62.5

*Hb: cross-linked tetrameric hemoglobin

[000152] Example 13: An In vifro met-hemoglobin formation study

[000153] The prior art has stated that high molecular weight polymerized hemoglobin
solution is preferable because it resulis in longer persistence in circulation. Therefore,
the stabilized cross-linked tetrameric hemoglobin of the present invention is compared to
high molecular weight polymerized hemoglobin iz vitro to analyze stability in conditions
that simulate circulation conditions. The test circuit is depicted in FIG. 17. In the met-
hemogiobin formation by-pass circuit, A is the sample reservoir, B is the sample outlet
port, C is the pump, D is Liqui-Cel contactor, E is a sample collection point and F is a
sample inlet port. Time course met-hemoglobin formation of the cross-linked tetrameric
hemoglobin solution of the present invention is compared with a commercially available
product (Oxyglobin®), which contains approximately 68% of polymeric fraction
(128,000 MW). Before the experiment, all samples are diluted to 5 g/dL. and 50 mL of

diluted sample is introduced into the sample reservoir from the sample inlet port. The
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Lys Val Gy Ala Hs Ala Ay Qu Tyr Gy Ala u Ala Leu Ju Arg 202530 Mt
Phe Leu Ser Phe Pro Thr Thr Lys Thr Tyr Phe Pro Hi s Phe Asp 354045 Leu Ser
Hs Ay Ser Ala A n Vval Lys Gy Hs Ay Lys Lys Val Al a 505560 Asp Ala Leu
Thr Asn Ala Val Ala His Val Asp Asp Met Pro Asn Ala 65707580 Leu Ser Al a
Leu Ser Asp Leu His Ala H's Lys Leu Arg Val Asp Pro 859095 Val Asn Phe Lys
Leu Leu Ser H's Cys Leu Leu Val Thr Leu Ala Ala 100105110 H's Leu Pro Al a
G u Phe Thr Pro Ala Val H's Ala Ser Leu Asp Lys 115120125 Phe Leu Al a Ser
Val Ser ligird einp lrelg iFract 8680 Lpk/niiyy and ¢hel 8OEES Ix6llowed to fill the circuit.

Throughout the experiment, the temperature of the sample reservoir is maintained at
37°C. To measure the met-hemoglobin level, 0.2 mL of test sample is collected from the
sample collection point for co-oximetry (IL-682, Instrumentation Laboratory).
Compressed air is then passed through the ligui-cel membrane contactor at flow rate 2.0
ml/ min to start oxygenation of the samples. A 0.2 mL sample is collected at 30-minute
intervals. After treatment for 5 hours, the met-hemoglobin fractions of the inventive
cross-linked tetrameric hemoglobin solution and the commercial available product
(Oxyglobin®) increase to 8.7% and 16.4%, respectively. This demonstrates that the
nactive met-hemoglobin formation rate for polymeric hemoglobin is substantially greater
than that for the inventive cross-linked tetrameric hemoglobin (FIG. 18).

[000154] While the foregoing invention has been described with respect to various
embodiments, such embodiments are not limiting.  Numerous variations and
modifications would be understood by those of ordinary skill in the art. Such variations

and modifications are considered to be included within the scope of the following claims.
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<210> 3
Lys Thr
Tyr Ay
Thr Tyr
Hs Gy
Asp Leu
Leu Arg
Thr Leu

<211> 141 <212>
Asn |l e Lys Ser
Gy Gu Ala Leu
Phe Pro Hi s Phe
Lys Lys Val Ala
Pro Ay Ala Leu
Val Asp Pro Val
What iC¥Ridks:

PRT <213> Cani ne <400> 3 Val Leu Ser Pro Ala Asp

Thr Trp Asp Lys 151015 Ile Ay Gy Hs Ala Ay Asp
Asp Arg Thr 202530 Phe G n Ser Phe Pro Thr Thr Lys
Asp Leu 354045 Ser Pro Gy Ser Ala dn val Lys Al a
Asp 505560 Ala Leu Thr Thr Ala val Ala His Leu Asp
65707580 Ser Ala Leu Ser Asp Leu His Ala Tyr Lys

859095 Asn Phe Lys Leu Leu Ser H s Cys Leu Leu Val

1. A method for the preparation of a highly purified and high-temperature stable

oxygen-carrier-containing pharmaceutical composition, the oxygen-carrier-containing

pharmaceutical composition including hemoglobin, the method comprising:

a) providing mammalian whole blood including at least red blood cells and

plasma;

b) separating the red blood cells from the plasma in the mammalian whole blood;

¢) filtering the red blood cells that were separated from the plasma to obtain a

filtered red blood cell fraction;

d) washing the filtered red blood cell fraction to remove plasma protein impurities,

resulting in washed red blood cells;

¢} disrupting the washed red blood cells by a controlied hypotonic lysis for a time

sufficient to fyse red blood cells without lysing white blood cells in an instant cytolysis
apparatus at a flow rate of at 50-1000 liter/hr to create a solution comprising a lysate of
disrupted red blood cells;

f) performing filtration to remove at least a portion of the waste retentate from the
lysate;

g) extracting a first hemoglobin solution from the lysate;

h) performing a first ultrafiltration process using an ultrafiliration filter configured
to remove impurities having a higher molecular weight than tetrameric hemoglobin to
further remove any viruses and residual waste retentate from the first hemoglobin

solution to obtain a second hemoglobin solution;

45



100105110 Page 2 P2739PC01_Sequencelisting.txt H's Pro Thr du Phe Thr
Pro Ala val Hs Ala Ser Leu Asp Lys Phe 115120125 Phe Ala Ala Val Ser Thr
Val Leu Thr Ser Lys Tyr Arg 130135140 <210> 4 <211> 141 <212> PRT <213>
Porci ne <400> 4 Val Leu Ser Ala Ala Asp Lys Ala Asp val Lys Ala Ala Tyr
Gy Lys 151015 Val dy Ala Hs Ala Gy Qu Ala Ay Ala Gu Ala Leu Ju Arg
Met 202530 Phe Leu Ay Phe Thr Thr Thr Lys Thr Tyr Phe Pro H s Phe Asp Leu

i) performing flowthrough column chromatography on the second hemoglobin
solution to remove phospholipids, protein impurities and dimeric hemoglobin and to form
a phospholipid-free, low protein impurities and low dimer hemoglobin solution;

J) performing a second ultrafiltration process on the phospholipid-free, low
protein impurities and low dimer hemoglobin solution using a filter configured to remove
impurities resulting in a concentrated purified phospholipid-free, low protein impurities
and low dimer hemoglobin solution;

k) blocking the sulthydryl groups of hemogiobin molecules in the concentrated
purified phospholipid-free, low protein impurities and low dimer hemoglobin solution by
a sulthydryl reagent in a fully oxygenated environment such that the hemoglobin
molecules each have at least one cysteine moiety including a thiol-protecting group such
that the hemoglobin molecules are incapable of binding endothelium-derived relaxing
factor at the cysteine site;

1} cross-linking the thiol-protected hemoglobin by bis-3,5-dibromosalicy
fumarate to form high-temperature stable cross-linked tetrameric hemoglobin without the
formation of polymeric hemogilobin such that the molecular weight of the resultant cross-
linked tetrameric hemoglobin is 60 — 70 kDa and consists essentially of nonpolymeric
cross-linked tetrameric hemoglobin;

m) exchanging a suitable physiological buffer for the cross-linked tetrameric
hemoglobin;

n) removing any residual non-cross-linked tetrameric hemoglobin and amy

residual chemicals by washing;
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354045 Ser Hs Ay Ser Asp Qu val Lys Ala Hs Gy GQu Lys Val Al a Asp
505560 Ala Leu Thr Lys Ala Val Gy H's Leu Asp Asp Met Pro Ay Ala Leu
65707580 Ser Ala Leu Ser Asp Leu His Ala His Lys Leu Arg Val Asp Pro Val
859095 Asp Phe Lys Leu Leu Ser His Cys Leu Leu Ser Thr Leu Ala Val His
100105110 Leu Pro Asp Asp Phe Thr Pro Ala Val H's Ala Asp Leu Asp Lys Phe
115120125 Leu Ala Asp Val Ser Thr Val Leu Asp Ser Lys Tyr Arg 130135140

<210> 5 <211> 142 <212> PRT
o) adding N-acetyl cysteine at a concentration of 0.2-0.4% to the cross-linked

tetrameric hemoglobin to maintain a level of met-hemoglobin below 5%; and
p) adding the low dimer, phospholipid-free, thiol-protected high-temperature
stable up to a temperature of 80° C cross-linked tetrameric hemoglobin free from

polymeric hemoglobin to a pharmaceutically acceptable carrier.

2. The method for the preparation of the oxygen-carrier-containing pharmaceutical

composition of claim 1 wherein the instant cytolysis apparatus includes a static mixer.

3. The method for the preparation of the oxygen-carrier-containing pharmaceutical
composition. of claim 1 wherein said cross-linked tetrameric hemoglobin is derived from

bovine, porcine, canine or equine hemoglobin.

4. The method for the preparation of the oxygen-carrier-containing pharmaceutical
composition of claim 1 wherein the column chromatography comprises one or more

cation-exchange columns and anion-exchange columns.
5. The method for the preparation of the oxygen-carrier-containing pharmaceutical

composition of claim 4 wherein the ion exchange columns are one or more DEAE

column, CM column and/or hydroxyapatite column.
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<213> Equi ne <400> 5 Met Val Leu Ser Ala Ala Asp Lys Thr Asn Val Lys Ala
Ala Trp Ser 151015 Lys Val Ay Gy Hs Ala Gy Qu Phe Gy Ala Qu Ala Leu
G u Arg 202530 P2739PCO0lI _Sequencelisting.txt Met Phe Leu Ay Phe Pro Thr

Thr

Lys Thr Tyr Phe Pro Hi s Phe Asp 354045 Leu Ser Hs Ay Ser A a

Lys Ala Hs Gy Lys Lys Val Gy 505560 Asp Ala Leu Thr Leu Al a Val
Leu Asp Asp Leu Pro Ay Ala 65707580 Leu Ser Asn Leu Ser Asp Leu H's Ala
Hs Lys Leu Arg Val Asp Pro 859095

6. The method for the preparation of the oxygen-carrier-containing pharmaceutical
composition of claim 1 wherein the hemoglobin cross-linking by bis-3,5-dibromosalicy

fumarate includes at least a-o and/or - cross-linking.

7. The method for the preparation of an oxygen-carrier-containing pharmaceutical
composition of claim 6 wherein the cross-linking conditions are selected such that B-B

cross-linking is greater than 50% of the total cross-linking.

8. The method for the preparation of an oxygen-carrier-containing pharmaceutical
composition of claim 6 wherein the cross-linking conditions are selected such that -

cross-linking is greater than 60% of the total cross-linking.

9. The method for the preparation of an oxygen-carrier-containing pharmaceutical
composition of claim 6 wherein the cross-linking conditions are selected such that -

cross-linking is greater than 70% of the total cross-linking.

10. The method for the preparation of an oxygen-carrier-containing pharmacecutical

composition of claim I wherein the pharmaceutically acceptable carrier is a physiological

buffer or water.

11. The method for the preparation of an oxygen-carrier-containing pharmaceutical

composition of claim 1 further comprising packaging the prepared composition in a
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Val Asn Phe Lys Leu Leu Ser His Cys Leu Leu Ser Thr Leu Ala Val 100105110
H's Leu Pro Asn Asp Phe Thr Pro Ala Val H's Ala Ser Leu Asp Lys 115120125
Phe Leu Ser Ser Val Ser Thr Val Leu Thr Ser Lys Tyr Arg 130135140 <210> 6
<211> 145 <212> PRT <213> Bovi ne <400> 6 Met Leu Thr Ala Au GQu Lys Al a
Ala Val Thr Ala Phe Trp Ay Lys 151015 Val Lys Val Asp u val Ay Ay Gu
Ala Leu Ay Arg Leu Leu Val 202530 Val Tyr Pro Trp Thr G n Arg Phe Phe Qu
Ser Phe Ay Asp Leu Ser 354045 Thr Ala Asp Ala val Met Asn Asn Pro Lys Val
Lys Al anhiii§lafdry 1bMBle infusion package having an oxygen permeability of less than 0.0025

cm’ per 24 hours at ambient conditions.

12. A highly purified and high temperature stable oxygen carrer-containing
pharmaceutical composition comprising hemoglobin, the hemoglobin consisting
essentially of nonpolymeric cross-linked tetrameric hemoglobin formed by the process of

claim 1.

13. A method of oxygenating tissue comprising providing the composition of claim 12 to

the tissue either in vive or ex vivo.
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1505560 Lys Val Leu Asp Ser Phe Ser Asn Gy Met Lys His Leu Asp Asp Leu
65707580 Lys Ay Thr Phe Ala Ala Leu Ser Qu Leu H's Cys Asp Lys Leu H's
859095 Val Asp Pro Gu Asn Phe Lys Leu Leu Gy Asn Val Leu val Val Va
100105110 Leu Ala Arg Asn Phe Gy Lys Au Phe Thr Pro val Leu Gn Ala Asp

115120125 P2739PCA Squ éﬁcgﬁgg g uqr)qe11%0m95@<¢o H's 145 <210> 7 <211>
147

<110> WONG, Bing Lou
KWOK, Sui Yi

<120> A METHOD FOR THE PREPARATION OF HIGH-TEMPERATURE STABLE
OXYGEN-CARRIER-CONTAINING PHARMACEUTICAL COMPOSITION AND THE USE

<130> P2739pPC01

<140> PCT/US2011/032594
<14i> 2011-04-15

<160> 9

<170> PatentIn version 3.5
<210> 1

<211> 141

<212> PRT

<213> Bovine

<400> 1

val Leu Ser Ala Ala Asp Lys Gly Asn val Lys Ala Ala Trp Gly Lys
1

val Gly Gly His Ala Ala Glu Tyr G;y Ala GTu Ala Leu Glu Arg Met
20 2 30

Phe Leu ser Phe Pro Thr Thr Lys Thr Tyr pPhe Pro His Phe Asp Leu
35 40 45

Ser His Gly Ser Ala GIn val Lys Gly His Gly Ala Lys val Ala Ala
50 55 60

Ala teu Thr Lys Ala val Glu His Leu Asp Asp Leu Pro Gly Ala Leu
65 70 75 80

Ser Glu Leu Ser Asp Leu His Ala His Lys Leu Arg val Asp Pro val
85 90 95

Asn Phe Lys Leu Leu Ser His Ser Leu Leu val Thr Leu Ala Ser His
100 - 105 110

Leu Pro Ser Asp Phe Thr Pro Ala val His Ala Ser Leu Asp Lys Phe
115 120 : 125

Leu Ala Asn val Ser Thr val Leu Thr Ser Lys Tyr Arg
130 135 140

<210> 2

<211> 142

<212> PRT

<213> Homo sapiens

<400= 2

Met val Leu Ser Pro Ala Asp Lys Thr Asn val Lys Ala Ala Trp Gly
Page 1



<212> PRT <213> Hono sapiens <400> 7 Met Val H's Leu Thr-Pro Gu GQu Lys
Ser Ala Val Thr Ala Leu Trp 151015 dvy Lys Val Asn val Asp u val Ay dy
GQu Ala Leu Ay Arg Leu 202530 Leu Val Val Tyr Pro Trp TimGn Arg Phe Phe
G u Ser Phe Ay Asp 354045 Leu Ser Thr Pro Asp Ala Val Met Gy Asn Pro Lys
Val ' Lys Ala H s 505560 G §273p8Clly Seyanckéist@hy.vita Phe Ser Asp Gy Leu Al a
Hi s1Leu Asp 65707580 Asn Leu Lys &y Thr Phe Ala Thr Leu Ser Qu Leu Hi s
Cys Asp Lys 859095 Leu His Val Asp Pro Qu Asn Phe Arg Leu Leu Ay Asn Val
LeuL¥alval Gly QAa His Ala Gly Glu ggr Gly Ala Glu Ala ggu Glu Arg

Met Phe geu ser Phe Pro Thr Thr Lys Thr Tyr Phe Pro His Phe Asp
5 40 45

Leu ser His Gly Ser Ala Gln val Lys Gly His Gly Lys Lys val Ala
50 55 60

Asp Ala Leu Thr Asn Ala val Ala His val Asp Asp Met Pro Asn Ala
65 70 75 80

Leu Ser Ala Leu Ser Asp Leu His Ala His Lys Leu Arg val Asp Pro
85 90 95

val Asn Phe Lys Leu Leu Ser His Cys Leu Leu val Thr Leu Ala Ala
100 105 110

His Leu Pro Ala Glu Phe Thr Pro Ala val His Ala Ser Leu Asp Lys
115 120 125

Phe Leu Ala ser val Ser Thr val Leu Thr Ser Lys Tyr Arg
130 135 140

<210> 3
<211l> 141
<212> PRT
<213> Canine

<400> 3
¥a1 Leu Ser Pro Ala Asp Lys Thr Asn Ile Lys Ser Thr Trp Asp Lys

Ile Gly Gly His Ala Gly Asp Tyr Gly Gly Glu Ala Leu Asp Arg Thr
20 25 30

Phe Gin Ser Phe Pro Thr Thr Lys Thr Tyr Phe Pro His Phe Asp Leu
35 40 45

Ser Pro Gly Ser Ala GIn val Lys Ala His Gly Lys Lys val Ala Asp
50 55 60

Ala Leu Thr Thr Ala val Ala His Leu Asp Asp Leu Pro Gly Ala Leu
65 70 75 80

Ser Ala Leu Ser Asp Leu His Ala Tyr Lys Leu Arg val Asp Pro val
85 90 95

Asn Phe Lys Leu Leu Ser His Cys Leu Leu val Thr Leu Ala Cys His
100 105 110
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100105110 Cys Val Leu Ala Hs H's Phe Ay Lys GQu Phe Thr Pro Pro Val Gn
115120125 Ala Ala Tyr A n Lys Val val Ala Ay Val Ala Asn Ala Leu Ala Hi s
130135140 Lys Tyr His 145 <210> 8 <211> 147 <212> PRT <213> Porci ne <400>
8 Met vVal His Leu Ser Ala Qu Gu Lys u Ala Val Leu Gy Leu Trp 151015
Ay Lys val Asn Val Asp @A73%ed01GhsgquehyeGisuing.axteu Gy Arg Leu 202530
P2739PCA _Sequencel isting.txt Leu val Val Tyr Pro Trp Thr G n Arg Phe Phe

A W2ebrSRer RN PSP Thr Pro Ala val His Ala Ser Leu Asp Lys Phe
115 120 125

Phe Ala Ala val ser Thr val Leu Thr Ser Lys Tyr Arg
130 135 140

<210> 4
<211> 141
<212> PRT
<213> Porcine

<400> 4
val Leu Ser Ala Ala Asp Lys Ala Asp val Lys Ala Ala Tyr Gly Lys
1 5 10 15

val Gly Ala His Ala Gly Glu Ala Gly Ala Glu Ala Leu Glu Arg Met
20 25 30

Phe Leu Gly Phe Thr Thr Thr Lys Thr Tyr Phe Pro His Phe Asp Leu
35 40 45

Ser His Gly Ser Asp Glu val Lys Ala His Gly Glu Lys val Ala Asp
50 55 60

Ala Leu Thr Lys Ala val Gly His Leu Asp Asp Met Pro Gly Ala Leu
65 70 75 80

Ser Ala Leu Ser Asp Leu His Ala His Lys Leu Arg val Asp Pro val
85 g0 25

Asp Phe Lys Leu Leu Ser His Cys Leu Leu Ser Thr Leu aAla val His
100 105 110

Leu Pro Asp Asp Phe Thr Pro Ala val His Ala Asp Leu Asp Lys Phe
115 120 125

Leu Ala Asp val Ser Thr val Leu Asp Ser Lys Tyr Arg

130 135 140
<210> 5
<211> 142
<212> PRT

<213> Equine

<400> 5

Met val Leu Ser Ala Ala Asp Lys Thr Asn val Lys Ala Ala Trp Ser
1 5 10 15

Lys val Gly Gliy His Ala Gly Glu Phe Gly Ala Glu Ala Leu Glu Arg
20 25 30
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354045 Leu Ser Asn Ala Asp Al a val
Leu A n Ser

505560 Gy Lys Lys Val
65707580 Asn Leu Lys @y Thr
859095 Leu Hi s Val

1191590138 el ene

130135140 Lys Tyr

Leu Sgr His Gly ser Ala Gln
5

ASp

65

Leu

val

His

Phe

Ala

Ser

Asn

Leu

Leu
130

<210
<211>
<212>
<213>

<400>

Leu

Asn

Phe

Pro

115

Ser

6
145
PRT

Met Gy Asn Pro Lys Val
Phe Ser Asp Ay Leu Lys Hs Leo Asp

Lys Ala H's

Phe Ala Lys Leo Ser Qu Leu Hs Cys Asp G n

Asp Pro Ju Asn Phe Arg

PQQ%}S QH$

T

Thr Leu Ala

Leu

Lys

100

Asn

Ser

Bovine

6

Met Leu Thr Ala
1

val

val

Thr

Lys

val

Leu

Phe

Lys

Tyr

Ala

50

val

Gly

Asp

Ala

GIn

val

Pro

35

Asp

Leu

Thr

Pro

Asp

20

Trp

Ala

Asp

Phe

Glu

100

Asn

val

Ser
85

Leu

Asp

val

Glu

Glu

Thr

val

Ser

Ala

85

Asn

Phe

val

70

Asp

Leu

Phe

Ser

Glu

val

Gln

Met

Phe

70

Ala

Phe

Gly

Ala

H s 145

55

val

Leu

Ser

Thr

Thr
135

Lys

Gly

Arg

Asn

35

Ser

Leu

Lys

Lys

Gly

pi:

VaT

val Lys Ala His

Gly

His

His

Pro

120

val

Ala

Gly

Phe

40

Asn

Asn

Ser

l.eu

Glu

120

val

His

Ala

Cys

105

Ala

Leu

Ala

Glu

25

Phe

Pro

Gly

Glu

Leu

105

Phe

Ala

Leu Asp
75

His Lys
90
Leu Leu

val His

Thr Ser

val Thr
10

Ala Leu
Glu Sser
Lys val
Met Lys
Leu His
90

Gly Asn

Thr Pro

Asn Ala
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Leu Leu Gy Asn Val

SF;lf' B9 .AX

P O ¢

Gly Lys Lys
60

ASp

Leau

Ser

Ala

Lys
140

Ala

Gly

Phe

Lys

60

His

Cys

val

val

Leu

Leu

Arg

Thr

Ser

125

Tyr

Phe

Arg

Gly

45

Ala

Leu

Asp

Leu

Leu

125

Ala

Pro

val

Leu

110

Leu

Arg

Trp

Leu

30

Asp

His

Asp

Lys

val

110

Gin

His

Il e Val

Phe Asn Pro Asn val
PREAn Ala Leu Ala His
<210> 9 <211> 147 <212> PRT <213> Equi ne

val

Gly

Asp

25

Ala

Asp

Gly

15

Leu

Leu

Gly

Asp

Lel

95

val

Ala

Arg

Gly
Ala
80

Pro

val

Lys

Lys

val

Ser

Lys

L.eu

80

His

val

Asp

Tyr

Gn



<400> 9 Met Val G n Leu Ser Ay QQu GQu Lys Ala Ala Val Leu Ala Leo Trp
151015 Asp Lys Val Asn Qu Qu Qu Val Ay Ay Gu Ala Leo Gy Arg Leu
202530 Leo Val Val Tyr Pro Trp Thr Gn Arg Phe Phe Asp Ser Phe Ay Asp
354045 Leu Ser Asn Pro Ay Ala Val Met dy Asn Pro Lys Val Lys Ala Hi s
505560 .G,y Lys Lys Val \y_é@?%m@e?ewcq g t&ty Val His His Leo Asp
657075& Asn Leo Lys d hr Phe Ala Ala Leu Ser Qu Leo H's Cys Asp Lys
859095 Leo His Val Asp Pro Gu Asn Phe Arg Leo Leu Gy Asn Val Leu Va
100?3?110

<210> 7

<211> 147

<212> PRT

<213> Homo sapiens

<400> 7
Met val His Leu Thr Pro Glu Glu Lys Ser Ala val Thr Ala Leu Trp
1 5 10 15

Gly Lys val Asn val Asp Glu val Gly Gly Glu Ala Leu Gly Arg Leu
20 25 30

Leu val val Tyr Pro Trp Thr Gln Arg Phe Phe Glu Ser Phe Gly Asp
35 40 45

Leu Ser Thr Pro Asp Ala val Met Gly Asn Pro Lys val Lys Ala His
50 55 60

Gly Lys Lys val Leu Gly Ala Phe Ser Asp Gly Leu Ala His Leu Asp
65 70 75 80

Asn Leu Lys Gly Thr Phe Ala Thr Leu Ser Glu Leu His Cys Asp Lys
85 90 95

Leu His val Asp Pro Glu Asn Phe Arg Leu Leu Gly Asn val Leu val
100 105 110

Cys val Leu Ala His His Phe Gly Lys Glu Phe Thr Pro Pro val GIn
115 120 125

Ala Ala Tyr GIn Lys val val Ala Gly val Ala Asn Ala Leu Ala His
130 135 140

Lys Tyr His

145

<210> 8

<211> 147
<212> PRT
<213> Porcine
<400> 8

Met val His Leu Ser Ala Glu Glu Lys Glu Ala val Leu Gly Leu Trp
1 5 10 15

Gly Lys val Asn val Asp Glu val Gly Gly Glu Ala Leu Gly Arg Leu
20 25 30
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P2739PCA _Sequencel i stin9.txt Val Val Leta Ala Arg His Phe Gy Lys Asp Phe
Thr Pro Qu Leu @ n 115120125 Ala Ser Tyr A n Lys val Val Ala Ay Val Al a
Asn Ala Leu Ala H s 130135140 Lys Tyr Hi S 145

P2739pPC01_Sequencelisting. txt
Leu val val Tyr Pro Trp Thr GIn Arg Phe Phe Glu Ser Phe Gly Asp
35 40 45

Leu Ser Asn Ala Asp Ala val Met Gly Asn Pro Lys val Lys Ala His
50 55 60

Gly Lys Lys val Leu Gln Ser Phe Ser Asp Gly Leu Lys His Leu Asp
65 70 75 80

Asn Leu Lys Gly Thr Phe Ala Lys Leu Ser Glu Leu His Cys Asp Gln
85 90 95

Leu His val Asp Pro Glu Asn Phe Arg Leu Leu Gty Asn val Ile val
100 105 130

val val Leu Ala Arg Arg Leu Gly His Asp Phe Asn Pro Asn val Gin
115 120 125

Ala Ala Phe Gln Ltys val val Ala Gly val Ala Asn Ala Leu Ala His
130 135 140

Lys Tyr His
145

<210> 9
<211> 147
<212> PRT
<213> Eguine
<400> 9

Met val Gln Leu Ser Gly Glu Glu Lys Ala Ala val Leu Ala Leu Trp
1

Asp Lys val Asn Glu Glu Glu val Gly Gly Glu Ala Leu Gly Arg Leu
_ 20 25 30

Leu val val Tyr Pro Trp Thr Gln Arg Phe Phe Asp Ser Phe Gly Asp
35 40 45

Leu Ser Asn Pro Gly Ala val Met Gly Asn Pro Lys val Lys Ala His
50 55 60

Gly Lys Lys val Leu His Ser Phe Gly Glu Gly val His His Leu Asp
65 70 75 80

Asn Leu Lys Gly Thr Phe Ala Ala Leu Ser Glu Leu His Cys Asp Lys
85 20 95

Leu His val Asp Pro Glu Asn Phe Arg Leu Leu Gly Asn val Leu val
100 105 110
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P2739PCO]1_sequencelisting.txt
val val Leu Ala Arg His Phe Gly Lys Asp Phe Thr Pro Giu Leu Gln
115 120 125

Ala ser Tyr GIn Lys val val Ala Gly val Ala Asn Ala Leu Ala His
130 135 140

Lys Tyr His
145
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