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Preparations Field of the Invention 5 This invention relates to < hi0V 2006
stabilization of conpositions containing proteins, in parti cular to the
use of hi rdfied reconbi nant human serum al bumi n tabilize
conposi ti g‘&ls%c/géﬁétéal ning proteins, parficularly proteins O%B%%aﬂg

reconbi nant nethods. In particular enbodi nents, the invention rel at es to

t he use ifd.ed. bilize conpositions containing

r econbi nyfalre -8B il - i § Background of the Invention Factor
VI (F- VIII) is a plasma protein that is involved in, and is essential to,
t he 15|lppqrtl?t process. Deficiency in F-VIII Ieads to the '
congeni ta—ﬁ—i?—eé%r%&—@? sorder Haenophilia A Patients with gross
deficiencies of F-VIIl (eg of the order of 1-2%of normal |evels) may

suf f from spont aneous bl eedi ng and severe bl eeding follow ng traunma.
Such ol e@aﬁﬁa})ﬁnﬂ%réﬁ%ﬁ&% S alietion of ﬁ@m&avov%cwa'ﬁmgﬁm@mw of
nor bi di tyartiuistetheake %ﬂﬁ@hr%%nﬁ@mnﬁmﬁaﬁt AR d&tURGaIbunth! (HHA] 8
characterised in terns of F-VIIl "activity", expressed |nterms of

| nt er nat$tahilize cpmpasiliong)contaieing protaiasdeaitinelarhyrateiss whidingd yeal t h

Organi z of;

appr oxi %Fglﬁgﬂgﬁﬂg%&@g%t kllne %@\gglﬁpg?@@@%’figa@?)ﬂv\{emoﬁloun Stdnﬁﬁf ‘"W° of fresh
pool ed zﬁhmh‘rnnur)ﬂl%dsmrw to stalglizencarnpositivris cqntaigiogireemibieardiwEctirstifat i on of a
certg (Ip y? r of IUto a patient and it is therefore clearly desirable
for the ated F-VI1I activity of a conposition to be a reliable

i ndicator of the true F-VI1I activity. In other words, it is desirable for

t he F- Vlé3 Ftd v t% to be. constant, and not to change between the tine of
rranufactn%ﬁc%—r%e—%%%%m on and the tine of admnistration to the 30
patient. Effective treatment of Haenophilia A involves replacement of the
g‘l Zzldingdf%%rﬁamé}ﬁr\léghggtltsllrg%afpe%g@g%at lg lrllv%lvuesdllr?nan llstesgéntlavto %seponse to
15 blood clotting process. Deficiency in F-VIIl leads to the congenital bleeding
disorder Haemophilia A. Patients with gross deficiencies of F-VIl (eg of the order
of 1-2% of normal levels) may suffer from spontaneous bleeding and severe
bleeding following trauma. Such bleeding into enclosed areas of the body is a
" major cause of morbidity in such patients.
20
Compositions comprising F-VIll are characterised in terms of the F-VIIl “activity”,
expressed in terms of International Units (IU). One IU, as defined by the World
Health Organization standard for blood coagulation F-VIll, human, is
approximately equal to the level of F-VIII activity found in 1 ml of fresh pooled
25 human plasma). A clinician will prescribe the administration of a certain number of
IU to a patient and it is therefore clearly desirable for the indicated F-VIII activity of
a composition to be a reliable indicator of the true F-VIII activity. In other words, it
is desirable for the F-VIII activity to be constant, and not to change between the
time of manufacture of the composition and the time of administration to the

30 patient.

Effective treatment of Haemophilia A involves replacement of the missing Factor

VIt clotting factor by infusion, either in response to bleeding or in a regular
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Repl acenent Factor VII| was originally obtained by isolation frontAulih2008
pl asma. However, nore recently attenpts have been nade to produce rF-VIII.
Factor VI I{yd fRbRc£CONMbIi nant sources may be beneficial | L, avoids
potential cont a% nants that may be present in blood 5 prggﬂcpg%oolgé wel | not
being subject to potential limtationS on supply associated wth materi al

i sol at ed donat,ed.hl aod. Cl earl si nce maj or.. benefit of rF-VIII is
that it ipgcgéﬁq’}ea@%%iad'ﬁwsgrﬁg?&sc%’ﬂfaarﬁlérﬁ)é?ﬁeéne”[t%ﬁ?tohvgh‘f"aﬁg'%’%@ent in

mat eri al obsohat Bdisbroon RoLAimart plasméeHeadlet rheve r@BYNtAOatEPIOBET4 ONn i N
which the rF-VI]I ‘is fornul ate be simlarl gipfree of material of blood

dt
origin. Wé}?réa_rd,e tpprocyice gnvd!l ﬁaﬁ'ﬁ%éc\/ﬂlif Fem kaempipand 3qurees Beybehat unst abl e
and  haspanfidit %a%lﬂ%{/c‘%igi b%%m@&@ﬁ&%ﬁ%& the rﬁgﬂﬁg%é&eﬁme&@b! em

serumderived albumn een I ncorporated Iin T conpositions to act
as a Bt abBradusts as bigll not breisg sebject iochatestiah limitstionsfoncampinissatiata.

Al bum n- {ree. tgﬁ%@étgg%np&y&tg& %%0%5 been proposed, w th additional
materials such as varrous 1onic salts, sugars and amno acids as
stabilisers. However, in order to achieve satisfactory stabilisation of

the fornmul ation these.additi. cipients_my,need.to b resent in
rat her nﬁi'eg%ﬁfycgH%%ﬂﬂ%?f“@ﬁ?’f“p‘gﬁtﬁ‘\z@ys@“ﬁ?‘é? fr??%ﬁ?%?ﬂ%?' C&P%ﬁ'ﬁ@%ﬂﬁ?ages such
uns uihaab?i@httbﬁ pfr9$e|rit}'/r0r}nb'téria$ &toileg@clj &oth ble@d}ﬁtfé Pésntébll@for%aySi ][n | ar .
ts a ..not  an to_t stabilisation of forrmulations of rF-VIII but
wornﬁ?rggP%H%” @f"ﬂ}‘g{@r‘?ﬁ‘:h\gﬁt's Bm“é%tﬁ@ tPhegintaly freq elnpigsalafso been.
pr oposedblasdariginabiidvicer, iff i9FolPiheirBci@RasiFtYIANS sorBdivhhOurddife ar® NO
formul atjon 3f JTFE-VIlI_ has been devel oped which s satisfactory for

commer ci &PS aligied shelufec i alamarnte qvarcuee fispplesasergnrmearsd of t he

I nvent i oglbdfid hadBSeipMsrB8RRed RLFdYN&Im SNy P HEd 44 §%%a,rbm§eri, pupffective in
stabilising formulations of proteins, especially reconbinant proteins, and

in parti G @intiadlees 8 risk gheprdgminadings Apurgiptisedaimueptignshavegites some or

all 0f th&errhRyesst WithgrioRhl maldils dicPavARbagRMiCiaRNonJ£99h9s of the
prior art. 3 1 Novenber 2006
amino acids as stabilisers. However, in order to achieve satisfactory stabilisation

as
co
to

of the formulation these additional excipients may need to be present in rather
high concentrations, and may suffer from other disadvantages such as
unsuitability for lyophilisation and reconstitution.

20
Similar comments apply not only to the stabilisation of formulations of rF-VIll but to
formulations of recombinant proteins in general.

rHA has also been. proposed as a stabiliser for protein compositions, but to date
25  no formulation of rF-VIIl has been developed which is satisfactory for commercial
use and which contains rHA as stabiliser.

Summary of the Invention

30 It has now been found that highly purified rHA is effective in stabilising
formulations of proteins, especially recombinant proteins, and in particular rF-Vill,
and overcomes or substantially mitigates some or all of the above-mentioned or

other disadvantages or shortcomings of the prior art.




In accordance with a first aspect of the invention, there is provided A
conposition conprising F-VIII, the conposition further conprising a highly
purified rHA in an anmount sufficient to preserve or naintain the F-VIII
activity of the conposition, wherein the highly purified rHA exhibits one
or nore of the follow ng properties: 3(i) extrenely |ow{gyRhbePb006
colourants; (ii) extrenely lowlevels of, or is essentially free o

alumnium lactate, citrate, netals, non-al bumi n human proteins, such as

i mmunogl obul i ns, pre-kallikrein acti vator, transferrin, al-acid

gl ycoprotein, haenoglobin and blood clotting factors, prokaryotic

pr ot ei ns,In faba@mientév\mﬁ adfiretagpuct of theThVerdidar m&espr@meao& YOpSEsitioh
endotoxin, bili rup_é% haem yeast proteins, animal proteins and Vviruses,;

(iii) at PR rFBﬁ&ﬁﬁ\ﬂOé*t'QHdU@hﬁfé?qwﬁmgea ewﬁ{ purfisslaintA i ary 100%
nononer i "an%%t@hffﬁ:fén‘f’ to éu‘e‘éerv% SH RKRkaih B ‘:e\gﬁ a]cf?wg) @fstﬁe tcgﬁ'@)o%ﬁ’gﬁg’ based on

one gram of albumn; (v | ycation | eve preferabl y
| ess t hawherain,the highly purifedotiA exhibits hwosefom@bétmrfonce/vmgamopmmstr ed in the

Amador i m?gg%(t@%%ﬁ,\/lg\g(%\/%%g} é@g 90% or 95% preferably at | east 96%

nore pre re preferably at |east 98% even nore

pref er abl(l) at ekeesiclyI8hbleveiost, opiebesariially FobSF amimmiln, 156Q%, ditrdtee al bunin
nol ecul es e;{ave an ntact C- termnus; (vil) a content of Concanavalin

A- bi ndi n§€PISuRPR Um'ewm%wotﬁ'e% \ﬁﬁ,'mnwf@g&baww pred@llikiRin 0. 3% 0. 2%
or 0. 15%ggtifatbt, 'tﬁan@fé‘rﬁ@%%@@bly@@ﬂrbﬁﬁ l’i’éerﬁé g%doolt%_ﬁ clggﬁg 0.75, 0.7,

0.65 or Q.60 nole H nol e proteln en meas usi ng man' s Reagent
(i x) sub&aciars, arql@rmi!ccpreteﬁw Tagmeats of albumin, amen@ggtqwm by acidic

270" nPEVRSS! SRR B R SR eins. BFimidblata i g

honogeni virusegpeci fi cal I y a nolecular weight distribution of at |east 50,
60, 70, 80, 90, 95 99, 99.9 or, substantially 100% of al bum n

nol ecul ez hi t t53%9§g%1 %‘P”%\e@ﬁtangrfﬁ@ﬁﬂc eretﬁ’@%lV&ss%’Hﬁqyﬂoﬁ? Novenber 2006
2000, 15@6bnohiéHb arPdimedRO, 700, 600, 500, 400, 300, 200 or fewer daltons

when
(iv)  a nickel ion level of less than 100ng, based on one gram of albumin;

(v)  aglycation level of less than 0.6, preferably less than 0.10, 0.075 or 0.05
moles hexose/mole protein as measured in the Amadori product assay;

(vi)  atleast 90% or 95%, preferably at least 96%, more preferably at least
97%, even more preferably at least 98%, even more preferably at least 99%,
most preferably substantially 100% of the albumin molecules have an intact C-
terminus;

(vii)  a content of Concanavalin A-binding albumin of less than 0.5% (w/w),
preferably less than 0.3%, 0.2% or 0.15%.;

(viii)  a free thiol content of at least 0.85, 0.8, 0.75, 0.7, 0.65 or 0.60 mole
SH/mole protein when measured by using Ellman’s Reagent;

(ix)  substantially no C18 or C20 fatty acids, when analysed by acidic solvent
extraction and gas chromatography of free fatty acids using a C17:0 internal
standard; and

(x)  a high degree of molecular weight homogenity, specifically a molecular
weight distribution of at least 50, 60, 70, 80, 90, 95, 98, 99, 99.9 or substantially

100% of albumin molecules with a molecular weight spread no greater than




determ ned by nass analysis using el ectrospray mass spectronetry. In
accordance with a second aspect of the invention, there is provided A
conposi tion conprising a non-albumn protein, the conposition further
conprising a highly purified rHA in an amount sufficient to stabilise the

non- al bumin protein and a polyethylene glycol, at a |evel,siphr sdagt.
following reconstitution of the conmposition with water, the concentration
of polyethylene glycol is in the range O to 10ng/m . In accordance with a

third as2000, 6600,MO00N 60} 830),700h60E 509, HOOVIGE R0 dTeNEsGalfoPs wHMe

preparatipn of a conmposition. conprising a non-albunin recombinant protein,
whi ch pr HETIRedRY | 3 Sést%%ggﬁecg SRAYINARP sPeOMatansformed with a

nucl eot i dg age6rdaREs wiAdH SonbeasPRBr GtRY TAVRNti6 S CRBRL RafpbyviBs®hel N to express
t he non-al bum n reconbi nant pr oS{bei n; and b)n lésoﬁgﬁ ngﬂa\ﬁ'g%(gr purifying the

non- al burfeAMRAsHiemAanpTising @D@hrﬁ,lbwmi@rmoieirsﬂb@Campﬁaﬂiborfum&rp b) f i ng\a_r ried
out int . I far . whi I,r.st formof r IS

| ess purte&%{rﬁgﬁ % sglggﬂ;}ld&frj)ﬂre%sro @Iﬁ a'ﬁ%’u@tel@gﬂ%\?r?tﬁa Siqpél'ﬁestb?&f)@a and/ or

puri fi ed aftanmial grotgimapd atpeilyetiopére giydol| at s lesel fbuchdfrfaqrfbncfvgné!rst fo;ﬁg} of t
rHA; and d) c i ni the isal.ated and/or purified non-al bum n reconbi nan
protein \KF%‘?{'S%BR'(Q"SOE%&GOWBP 13 Wﬂpiﬁ("agﬁrd t'?f%??'aﬁ%!twowo{ Rolyethylenexci pi ent s

i n order glyzoPisaM tifke rahgess @b{@ngmﬂposi tion. In accordance with a fourth
aspect ofg the invention, there is provided A nethod for preserving or

mai nt ai nihgoeerdanceith adbird @spgctai the twepiw, thene is pnopided A@r@c;netsvg?n , th c S
i i . LSl ng.anmpu
puri 1 ea L PR ran o e dio P b b SRR PR, of ' e

f ol | owi nghictoprecesesompiisesthiersteps §f | ow | evel s of f col Iour ants; (: i) t
extrenely,low.l evel s.0f, or is essentjially free of, alumnium |actate,
citrate, %) ﬁé?ﬂpg? %ﬁﬁ[aé"lsmfmeﬁ " HUHPB{'#%‘]‘{WWWQ Wﬁ]}?@gﬁ'l@lﬂﬁlﬂ ns,
pre- kal | rddomhbinaMQirotei & expre a8 tetidn-Abumin AofhihXfGReRieiaRg haenogl obin
and blood clotting factors, prokar%’gt ic proteins, fragnments of al bumn,

al buni n Ry eEiRGSNAAT puifingBieReEAlbROTE regeenlyinantsprotainiendot oxi n,
bilirubin, hagiereisafp & b step BY I Brridd 8hEh e PPékence of a first form
of rHA, which first form of rHA is less pure than a second form of rHA;

c) separating the isolated and/or purified non-albumin protein obtained in step b)
from the first form of rHA; and

d) combining the isolated and/or purified non-albumin recombinant protein with
the second form of rHA and optionally with other excipients in order to provide a
stable composition.

In accordance with a fourth aspect of the invention, there is provided A method
for preserving or maintaining the F-VIll activity of a composition comprising F-
VI, which method comprises adding to the composition a stabilising amount of
highly purified rHA, wherein the highly purified rHA exhibits one or more of the
following properties:

(i) extremely low levels of colourants;

(ii) extremely low levels of, or is essentially free of, aluminium, lactate, citrate,
metals, non-albumin human proteins, such as immunoglobulins, pre-kallikrein
activator, transferrin, as-acid glycoprotein, haemoglobin and blood clotting

factors, prokaryotic proteins, fragments of albumin, albumin aggregates or




viruses; (iii) at least 99.5% nononeric and dineric, preferably essentially
100% nononeric and dinmeric; (iv) a nickel ion level of |ess than 100ng,
based on one gram of albumn; (v) a glycation |evel of |ess than 0.6,
preferably | ess than 0.10, 0.075 or 0.05 noles hexose/nole protein as
measured in the Amadori product assayg,(vi) at |east QO%Qéve%‘ggzd%eferabl y
at least 96% nore preferably at least 97% even nore preferably at |east
98% even nore preferably at |east 99% nost preferably substantially 100%

of the algolymersiot endotedn sileibi) haehdGeast pro®ind, Anfmal(ptbicdingak@nt ent  of
Concanaval in A-binding al bumin of less than 0.5% (ww), preferably |Iess

than 0.3%M8S% or 0.15%; (viii) a free thiol content of at |east O0.85,

0.8, 0.7%iy0. Gt 89 85, RoRBnigr dihiERke ' LieRydr ed by using
El | man’ s%ig)eagent_%s?i X @sﬁgstgantﬂicgﬂ y Ino 'é’l%r%f)ér}ggg%#gﬁ% yaC| $, when
anal ysed mgneioert anddimerist  extracti on and gas chromat ography of free fatty

id ' 700 | d: d hi gh f | |
e gnt - nodged Tekel ke los AR fHloRa, Saied Slo e dhein of Atbitnon of ot
| east 50(v)60, aiflyceion |&@l oPrss ¥dan 0%, pPSFefbly 688 Brnemt0ab loy 5 ok @94 of

al bumin nolecules with a npl ecul ar wei ght spread no greater than 2000,
1500, 10(5’@9'9§583(°%?\2%’9 e?@@fe'%éé,m%tﬁ}‘,redlﬁbt,heég@?deloﬁméﬂcf%Wé\y; dal t ons when

det er ni negl) by 0PRSSt m‘&@@&,%&Waﬁ 1B BEAY n@éﬁg?fgﬁfbtli afiebsy. In

accordance ' wth a fifth aspect of e Invention, t s’ provided The use
of  hi ghBy %pavenireererpagferably abloast 88%y, emen niose prafbrably &t least@I%yvity of a

iti ISl =Vl | ' ._hi ghl ified exhibits
one o more SERRIharatA 008 B Felub it e eR S e BunfaEler s ot
col our anteamiqus;) extrenely low levels of, or is essentially free of,

| um ni .l act at ' te, t - -al bum n h roteins, such as
minog! U1 + RO SRl A Apamin ahiesinan D5t (b
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(viii)  a free thiol content of at least 0.85, 0.8, 0.75, 0.7, 0.65 or 0.60 mole
SH/mole protein when measured by using Eliman’s Reagent;

(ix)  substantially no C18 or C20 fatty acids, when analysed by acidic solvent
extraction and gas chromatography of free fatty acids using a C17:0 internal
standard; and

(x)  ahigh degree of molecular weight homogenity, specifically a molecular
weight distribution of at least 50, 60, 70, 80, 90, 95, 98, 99, 99.9 or substantially
100% of albumin molecules with a molecular weight spread no greater than
2000, 1500, 1000, 900, 800, 700, 600, 500, 400, 300, 200 or fewer daltons when
determined by mass analysis using electrospray mass spectrometry.

In accordance with a fifth aspect of the invention, there is provided The use of
highly purified rHA to preserve or maintain the F-Vill activity of a composition
comprising F-VIII, wherein the highly purified rHA exhibits one or more of the
following properties:

(i) extremely low levels of colourants;

(ii) extremely low levels of, or is essentially free of, aluminium, lactate, citrate,
metals, non-albumin human proteins, such as immunoglobulins, pre-kallikrein

activator, transferrin, as-acid glycoprotein, haemoglobin and blood clotting




factors, prokaryotic proteins, fragnents of al bum n, album n aggregates or
pol ynmers, or endotoxin, bilirubin, haem yeast proteins, aninmal proteins
and viruses; (iii) at |east 99.5% nononeric and dineric, preferably
essentially 100% nononeric and dineric; (iv) a nickel ion level of |less
than 100ng, based on one gram of al bwgn; (v) a glycationndemebr fos! €ss
than 0.6, preferably less than 0.10, 0.075 or 0.05 noles hexose/nole
protein as neasured in the Amadori product assay; (vi) at |east 90% or 95%
pr ef er abifactarts, pedsrydisdprotainse fragmbetsaquc adbargllid,aaﬁiml in@dYregenonor e

preferably at |east %. even nofe prefera .at | east 99% nost

or ef er abPYYIIRIS: A ri“%%’)‘}”*%ﬂ@%@f F'?Wg' é{?%?frﬂrﬂ%’l‘ﬂﬁ’ apimaloreteins ad i ntact
term nusyir(yed;) a content of Concanaval in A-Dbinding al bumin of |ess than
0.5% (Ww), preferably less than 0.3% 0.2%or 0.15%; (viii) a free thiol
content &f) at af least 9@5&’6!“009819”9.aTﬂQ,d'm.efﬂQ, webBably essetiaty|1€0%sH nol e

protei n WosRh&as by using Ell man's Reagent; (ix) substantially no C18
or C20 fatty aci désjtl,idag er{lcanal ysed by acidic solvent extraction and gas
chr onat ofivhaphg ridkel iarelef/altdf yessdhais 106nhgghasedlon 6né gitapn bablbustigndar d; and

o) gt o T Biefeafion ol St leRS i saretogotsse b G a0, G875 eb ot o ar
subst ant hdléy hedddeImefe Erotuiirhe nidsacad ﬁ\sthéﬁﬁtrha@orn%oegé't' #Asqyei ght spread no

D

greater than 2000, 1500, %000, 900, 800, 700, 600, 500, 400, 300, 200 or
fewer dal¥bnsaldeant 9k 9% nsrelsjabiv atleashP§%i mone prajersbiscatrleastr ay nmass

spect r ongysy ever '%Q‘gefﬁp%ﬁ{ RE6ESb, Pé?’é}ﬁ%gé ?Equl%bg/ at[?gésqidgeo Descri ption

of the Invention co tion accot e invention 1s 'normally
used i n tiost prafenably substardigilye 608%safl the iatbunoin rselspdas have ahidnteeeC,; t he

conposi tl(?@‘.rg@l(_ be made up to such a formonly imediately or shortly
prior t o UsESrhe conposition may be supplied and stored in a powdered

form eg(wi) powdentdpit epEondarivality ARBIhHingadb@Rin of less than 0.5% (w/w),
preferably less than 0.3%, 0.2% or 0.15%.;
(viii) a free thiol content of at least 0.85, 0.8, 0.75, 0.7, 0.65 or 0.60 mole
SH/mole protein when measured by using Ellman’s Reagent;
(ix)  substantially no C18 or C20 fatty acids, when analysed by acidic solvent
extraction and gas chromatography of free fatty acids using a C17:0 internal
standard; and
(x)  ahigh degree of molecular weight homogenity, specifically a molecular
weight distribution of at least 50, 60, 70, 80, 90, 95, 98, 99, 99.9 or substantially
100% of albumin molecules with a molecular weight spread no greater than
2000, 1500, 1000, 900, 800, 700, 600, 500, 400, 300, 200 or fewer daltons when

determined by mass analysis using electrospray mass spectrometry.




reconstitution with water being carried out prior to admnistration of the
conposition to a patient. Such procedures are conventional in t nitsNPV 08,
and will 10 be famliar to those skilled in the art. Typically, the
conposi ti [ plied in the formof a |yophilised (fr = Adr i ed)
powder, i ﬁwg"i"é‘i ed vial. The corrposiéci on is reconsti tutlggl%(\?\?og{%)bggspeci fied
volume of water for injection, nost tomonly 2.5 5 or 10m of water. 15
When reconstituted with water, the conposition according to the first or
the second aspect of the invention will typically conmprise fromabout 0.1
my/ M upphRiedodtcRRiontithe MyvBRioh purified rHA, nore commonly up to about
10 ng/ M and may typically conprise up to about 7ng/m, or up to about
5ng/m, or up to about 1 20 ng/m highly purified rHA. In addition to the
non- a1 DuOoARBbaldh ba8diba W o n@iih e nBLAB YT i Elh tdhon L e
conposition may optionall'y“contal n one or nore of a nunber of further

st abid i saqugpouagehitisn andustdnesionexXtivventthe cdndegitibhenayshaimalde sibrig agent s

t hat may_be included. are,. not. ed, abov ioni,e salts,.. anming acids,
o 8 i B R S bR SR P  neg a e 2Bl e 171 6

parti cul audpilepred etdredirt Habwibedsain, ssgsh pulvdebpred@resihyeipb sitllidationm pot assi um
chloride, sodjumchloride and cal cj um chl ori ge. In ,su% a case, the
concent r&EPEHUSIONMIRVALRE DREY, CafTdtd ol HIpT te eEmEYSHAICN htG th water, may be
in the regRiddottpaici®! 8lich prbbeMirEY af006nvaNER/ iR &GS 8did Psrd (R03/ 00474 6

Where am no acids are present, it is particularly preferred that the am no
aci d0 shrsufamitias te Heossrskifisddn 8fe #it-sti di ne, 1ysine, glycine and arginine. The
overall concentration of anmno acid(s) in the reconstituted conposition

may vary over a wde range, eg fromO0.1 to 100ng/m, nore preferably 0.1
t o 50ng/ hipicadindhawpnresiios dhsiridiealbl $hel fowrof adyprifised dieszstdrd) on may be

e o B o8 81 P oI Q1oL MO Ml MEtRad el e
of water for injection, most commonly 2.5, 5 or 10ml of water.
15
When reconstituted with water, the composition according to the first or the second
aspect of the invention will typically comprise from about 0.1 mg/ml up to about
20 mg/mi highly purified rHA, more commonly up to about 10 mg/ml, and may
typically comprise up to about 7mg/ml, or up to about Smg/ml, or up to about 1

20  mg/ml highly purified rHA.

[n addition to the non-albumin protein (eg rF-VIIl) and the highly purified rHA, the
compaosition may optionally contain one or more of a number of further stabilising
agents and other excipients.

25
Further stabilising agents that may be included are, as noted above, ionic salts,

amino acids, sugars, detergents and polymers.

Where ionic salts are present, it is particularly preferred that the salts should be
30 selected from potassium chioride, sodium chloride and calcium chloride. In such a
case, the concentration of chloride ion, following reconstitution with water, may be

in the range 0.05 to 2 mg/ml.




particul ar, pol yoxyethylene sorbitan esters (pol ysorbates). Pol yoxyethyl ene
(20) 10 sorbitan nonool eate (Pol ysorbate 80) is particularly prefledt\eps
The concentration of detergent in the reconstituted corrposi tion may be very

low, eg |eqp dshas: 1 mo/m, nore preferably less than O. g 0.001
to 0.1 ng/ m. Synt hetic poI ynmers, especially hydrophilic syn@ﬁ fﬁ
polyners, may al so be 15 incorporated into the conposition. A preferred

cl ass of vRILURACLR0L WIeE Lo Rl YT BYLADE ALY Sk FAC RpbYRRF Pref erabl y

has an average nol ecur ar €ss ons, nore
prefer ablslyomlem dnleaum naore@H h!?kadjmenl$3|nw‘1@lyetna anslyamihieei d’hpcdvymélr is present
in the recons ute onposjtion, its con tratl 91/ romO0.1 to 10

mg/ m, of°T F'O%ap@rﬁ}é‘o BhP B ‘%ﬁﬁ’“ﬁ%‘ ané%%s Pﬂa{ﬂa Varﬁd’vﬁb?m eg 0.01

to | nmyl wde th@%@t#@@@n@d%@ﬂgﬁﬂdﬂd@ pre&mb@@r’p@mmﬂmt seyapeg be
selected from mannlto sucrose, fructose, |actose and maltose. The

concent r pRiFerably ey e the eansepbainnsiay (RedasT BRBISM/h e9d) Mse i n t he

range 1 [,ag,é(b@g{(m@ grhie preferably 25 1 to 20 mg/m or 5 to 15 nmg/ni, but
may be consi derably rPower eg 0.1 to 5 ng/mM. Oher excipients that may be

present in the conposition include buffering agents, for exanple salts of

ci {110 29lifre REIROUIWIELLEANeno PRyl Do e AR o PIents and/or

further ISl agen referred are option be
appr eci apadictlagtpotyoayetbpleea soditaoesteis smmYsoa@aiafe S Fi'qhycrﬁyethy?eelecﬁﬁ&)t | t ut ed

t h th ) ] d b
O LRGeSV i P T R R S ™, o
]'cl'hus, 1 bﬁéte&%@ﬁm tM@rék&in@ﬁt?%ﬂcdﬁ@'dsﬁﬁ?ﬁh@@b@&ew loWhegd)amsdBir_urﬁtl ;)n Irrf[ay 'blel
rom zer e u referre i m i gher Wi
al so be iﬁ‘ﬁ?’@cm%gpéﬁ@tb YdesehaB e B]Qérﬁf§%#g@8ﬂ@a(?ﬁ %/éﬁced |%to the 5
conposition, general I y at | ow | eveI s, by vi rt ue of being present in, for
i ations of rHA may

i nstance Qsition. ar

e bt s b1, SOMROP! U gt Pgparat fons, of, 1 Ha 1
therﬁ@f)bncbl'p@‘ﬁﬁb&"n{th@&ﬁ%\stﬁHn Mgte&é@@@tla%sl@hsﬁﬁhé?ﬁlwﬁﬁ@age 80. Such
addi tional excipients are general 6}/Ei;raﬁresent at rather lowlevels and their

concent r BeBRYIERS GHEOk | Had p%ﬁﬁb@i ly(has an average molecular weight of
less than 10,000 daltons, more preferably less than 5,000 daltons. Where a

synthetic polymer is present in the reconstituted composition, its concentration
may be from 0.1 to 10 mg/ml, or lower, eg the concentration may be less than 1

20  mg/ml, eg 0.01 to 1 mg/mi.

Where sugars are included in the composition, they may be selected from
mannitol, sucrose, fructose, lactose and maitose. The concentration of sugar in
the reconstituted composition may be in the range 1 to 50 mg/ml, more preferably

25 1to 20 mg/mlor 5 to 15 mg/mi, but may be considerably lower, eg 0.1 to 5 mg/ml.

Other excipients that may be present in the composition include buffering agents,

for example salts of citric acid, eg sodium citrate.

30 Since the additional excipients and/or further stabilising agents referred to above
are optional, it will be appreciated that the concentration of such agents in the
reconstituted composition may be less than the lower limits quoted above, and

may be zero (or effectively zero, by which is meant below detectable limits). Thus,




10 which the concentration of rHA may only be of the order of 0.5% wll be
correspondi ngly | ower again. Expression of the non-al bum n reconbi-fanty 08
protein in the third aspect of the invention (or for use in the

conposi ti ol B ﬁtﬁpﬁ second or third aspects) nmay be P&)/}#%Mmz_gout_ by

met hods that w e famliar to thos skllledlnthe ar onbi nant
cells may be eukaryotl C or prokaryotic. The recombinant cells my be
bact eri a, for {am‘?l e Es E’rl chia coil or Bacillus subtilis), yeasts (for
exanpl e % ULEITRIONHAY 58 Hod 20 dn Hio Hieds PlakyTes! limiby avqted aByve (ohe genus
Kl uyver opyges. (eg K lactis) or the genus Pichia (eg P. pastoris)),
filamentous fungi (for exanple 20 Aspergillus), plants or plant cells,
animals or aninmal cells (which may be transgenic) or insect cells. In a

preferregd g @Clﬂe%&ﬁpre&é} d e o@lté?lé%l %QHHO&JC%?%’[B By be derived

froma funga | um obt ai ne ungus” transf or ned
wi th &an caBpagiiengenatady ehb&dev@s rtnycvldoelodéemgqpmeawem forandtemaeetiteat i on

medi um . S resses t rotein and secret es it into the
medi um %ﬁﬁsg%bnutg %ﬁwogg pmtmrgu% rﬁ%{aﬁ%c%ﬁé'ﬁ L nyANkEner gi | | us
S]E)emhes c@taﬁen&imh;eoftd@&anofdﬁt@dl@orlaﬁsait yeesdr), N\@Eeﬁ;ﬁ@y@bﬁmﬁb@?’ t he fungus I(S
of the genus Sacchar ces eg S t he genus Kl uyveromyces (eg
K. Iactig‘%e@e ﬁ%g'b ny_;;i)r@ {e8Q-egu g%% 'bajé‘@f*’ieé‘sar?&?ﬂ%ﬁ”bn
puri f i capreesnedqtdaBeprRiwaty &8 aff tﬁé}ﬁcd}@én&bbéﬁﬂnfthéﬂﬁ@l@inﬂﬁﬁtﬂoﬁf ptein may

b t echni ques that are known se hose skllled in the

al so, be carried
art. 16) W '@)@BO %trQWWQfHMmPE’PF@%PBWQMd%’ Ofﬂlﬁ%b‘ﬂtﬁwedescrl bed above

W th parédr?éélp@hdlh?lfy%\ﬁ&ﬁ%aﬁ@ rE-VI11, other proteins nay be stabilised
using highly puriftiedr in accordance with the invention. Exanpl es of

such reconbi nant proteins include all or part of an enzynme, an enzyne

| nhi DI t Ofypras@Bn BRI RR-alBin ANELARINanPp LR R tHird B5IE4 of iAol ved in the

control of coagulation, an Int egﬂeron a cyt O@I ne({ e |nt erl euki ns, but
al so t hehyention (anfos uphinhesomnesttionalof tmq@omosthsrd(ﬁspetzm malgibedi ng to the

recepy Ortﬁrébghtteib%u?h?rr(e%ﬁ%rs théﬂﬁnﬂ%@%r’%‘ﬂ@r % ﬁ\%)se ﬁ/f‘%g‘?'” t¥a% % and for

exanpl e the” macropha roterns & like], of a
grow h frec@reblr@ntlceﬂbrmw b@euberrymm/tm p/rehianyntmeﬂhe thcbﬁﬂremtt ceitsi raay [ and f or

be bacteria (for example Escherichia coli or Bacillus subtilis), yeasts (for example

a yeast of the genus Saccharomyces (eg S. cerevisiae), the genus Kluyveromyces

(eg K. lactis) or the genus Pichia (eg P. pastoris)), filamentous fungi (for example
20 Aspergillus), plants or plant cells, animals or animal cells (which may be

transgenic) or insect cells.

In a preferred embodiment, the non-albumin recombinant protein may be derived
from a fungal culture medium obtained by culturing a fungus transformed with an
25  appropriate encoding nucleotide sequence in a fermentation medium, whereby
said fungus expresses the protein and secretes it into the medium. The fungus
may be a filamentous fungus such as an Aspergillus species. Preferably, the
fungus is a yeast. More preferably the fungus is of the genus Saccharomyces (eg
S. cerevisiae), the genus Kluyveromyces (eg K. lactis) or the genus Pichia (eg P.

30  pastoris).

Isolation, purification and separation of the non-albumin recombinant protein may

also be carried by techniques that are known per se to those skilled in the art.




10 exanple the transformant growh factors (TGFs), the blood cell
differentiation factors (erythropoietin, MCSF, G CSF, GV CSF andf iNo® s
like), insulin and the growth factors resenbling it (IGFs) or

al ternati vglsfeédsss Perneability factors (VPF/ VEGF), and of a
factor mvolv@ In the genesis /resorption of bone ti ssues ?H"Iﬁﬁ]

osteospontin for exanple), of a factor involved in cellular noti I|ty 15 or
mgration [and for exanple autocrine notility factor (AMF), mgration
stinmulating factor (MSF), or alternatively the scatter factor (scatter

factor / AnRe@dPEy¥dRibeA ¢ %‘%\Vb witeeb@ichbr réferendeaec renig dlar wotedntmépngal
factor, of a chenotactic factor Md for exarrpl e pl atel et fact Ok);l (PF4),

or aIterﬁatstaﬁéﬂs@dt%@%%i&@ﬂéﬂ% it 2GORE NG WiBRhEi it tienop
neut r ophi} actor %) E}tP%.%m&m@@%n(&%ﬁ)@f@%z&% aﬁehk%ﬁ&mt@&toa

cytostatlc exa he "protei ns whi ch bind

gal acbot shadedyen,amn :mttbloel&rmh@amef @rfaiémampb’e@djhthwqolné'b‘r@ﬁ?@a@lé{@tl%
fibrinog n the |ike t cliA, ronectin
and the Iapkrg ggﬁﬂ)ﬁ'eglcﬂel&Q@J&ecu@hg%&%r% ﬁl#sﬁ?ﬁygﬁ%ﬁéwﬁ&f%rgrrrlg}qr%ln
extracel bplagonistd ofitheis bindingab ties reatpioe(sy, tharBiStepei d@useanemetedwu ch is an

ol ved i a4t B rRangle hhiEh s Dy MRl PR g AR ' "

i nvol ved! t

conpar t megid t&e?rtﬁ of GowexRIERr anti her 4 facratinwivead inaset eliffeaéntation {wmidus t hr onbi ,
cancer ous netastases, tunour ang % ﬁ_@aga i,nf | anmat aut oi nmune

di sed8es ex@gRle tHAdapsiosnartgrewi ,ac & biped Pﬁ'gd%ﬁ?@ atfﬂf)] The

non- al bugd i, BN ek&irBpseRd NITIMes.-DRYe BNIUBF Sndas |ike),ahauialing theconbi nant 'y
pr oduced. Thus a pol ynucl eot i’ de encodv?ggt he protein ls transforned into a

cel | andrepredeedestmhineifEEssiobalts A call BeRPRARIY {58 idi ng bact eri a,

yeast s, P Lant: P%bbﬁ/ daniHEderfls /resahslioh ks B6he Cel I S, i
NOV 2006(\/]!\)/\(5%@‘* gé%gﬁlw% /GBOS/O 8 SorLgra%ees gf rHE\tﬂProcesses for the

pr epar at itissvesf(QiFandiosteosporfifer é*aﬂblé'et &1hia fagloy inveveA s eelylarmyi n - 5 the
art gad gl: fh %ﬁg&%&tﬁq‘o é%mb!@%h%ﬁﬁe rﬁ&l!lma%@r%lﬁﬁ rﬁt@%tt\ﬂ‘@s@@/u%ﬁ 2. Ina

preferre resent invention an initiral rHA solufion is
derived faabn MSR})ngadaItaméhttV@bfethﬁ@d&ﬁﬁﬁf@@@a(%@ﬁeb@c@uI/b@?@tﬁ@’t%tgquﬁbus

transf or Vrtréio(?orgbot i\ bg&etttfé‘ale&%%mup\gal%gt 205 HenSRAUENCEA cioR [Ahdft§F ment ati on

medi um
example platelet factor 4 (PF4), or alternatively the monocyte chemoattracting

peptides (MCP/MCAF) or neutrophil chemoattracting peptides (NCAF), and the

20 like], of a cytostatic factor (and for eXamp!e the proteins which bind to
galactotsides), of a plasma (and for example von Willebrand factor, fibrinogen and
the like) or interstitial (laminin, tenascin, vitronectin and the like) adhesive
molecule or proteins involved in formation of extracellular matrices, or alternatively
any peptide sequence which is an antagonist or agonist of molecular and/or

25 intercellular interactions involved in the pathologies of the circulatory and
interstitial compartments and for example the formation of arterial and venous
thrombi, cancerous metastases, tumour angiogenesis, inflammatory shock,

autoimmune diseases, bone and osteoarticular pathologies and the like.

30 The non-albumin protein used in the invention is most preferably recombinantly
produced. Thus, a polynucleotide encoding the protein is transformed into a cell
and expressed. Many expression systems are known, including bacteria, yeasts,

filamentous fungi, plant cells, animal cells and insect cells.




10 said fungus expresses rHA and secretes it into the nmedium The. fungus
may be a filamentous fungus such as an Aspergillus species. Prefet aflo0s
the fungus is a yeast. Mre preferably the fungus is of the genus
Sacchar omigB8%9340&8kS: cerevisiae), the genus Kluyveromnyc £80l, 1 acti's)
or the genus Pichia (eg P. pastoris)g 15 Preferably, at ast sone of the
rHA i s produced by a cell which conprises a reconbinant al bum n codi ng
sequence wherein the 3 end of the reconbinant al bum n codi ng sequence
conprises two or nore in-frame translation stop codons, and preferably

t hree i nSburaae of rldéis| ati on stop codons, or by a process conprising 20
culturing a fungal cell expressing a reconbinant al bum n codi ng sequence
and obtaining the rHA, wherein the cell has a genetic nodification which

causes t Pwcessdd fot thdwrepatioh eAHA a'rnriﬁ@é(h%dal(béﬁmﬂibyy @fth&’d‘m&%' ation of
ressed al bumi n and where culture mediumis at

t he r conbi nant | p

Ieast 1, @Q@rtl?”!dré‘? ‘gerﬁ?”'i)%d foyr ingtppce; iy VO 9@9‘)37{51:;@ ﬁf@c\ﬁfl%@(?{éﬂncel s may be
eukaryotic or prokaryotic. The reconbinant cells my be bacteria (for
exanple F. coli or Bacillus subtilis), yeasts (for exanple a yeast of the
genus Sabcharefarasbempediment ekthepreseas)nveniien ge fisal kHo: w%ﬂ@mes (eg K
lactis) @ (for
exanpl e v[eggrogrr‘?ﬁlfﬁ é? %Dh@rﬁant é“%rogﬁﬁﬁ‘g bil:?)ll'turrlgl g%%ig%gpéfgﬁﬁénal cells
(whi ch nwijh be rlﬂAmgémgm)Jcmottd@swen@ehm g.ferneidNor20@6ium\@hessy66681

PCT/ B03 | e ficabio referably means
any gajppér g@éﬁéué%xgé% %@ﬁ&’ /%Ig ﬁﬁ% ‘%t?g# @rewgg'ph‘ﬁ]ﬁ%@ngﬂsemgy %50%/ e bases
or of a ﬁlaragmrteus fmigusmmfasr@adxsneegd/us[»#b@mljémﬁs&ab(y&mehur@n% BC
rmdlflc din.v on is DNA) or in
situ, awﬁfé/prl‘f;/?e%@%g%? HNOHGi 'Srﬁfté&?rgﬁg faﬁ%(ge%?egz%/ exposi ng t he
fungal cﬁré\ss;tae mﬁg@em/C/ugg@amcemalgaacm)@gw@enusrm/b/ud@eg‘Br exanpl e
phy5|cal }»?55 such as energetic rays (X-rays, y-rays, W/, etc) or
chem cal g”é 's capable of reacting with different functional groups of

Preferably, at least some of the rHA is produced by a cell which comprises a
recombinant albumin coding sequence wherein the 3' end of the recombinant
albumin coding sequence comprises two or more in-frame translation stop codons,
and preferably three in-frame translation stop codons, or by a pracess comprising

20 culturing a fungal cell expressing a recombinant albumin coding sequence and
obtaining the rHA, wherein the cell has a genetic modification which causes the
cell to have at least a reduced capacity of mannosylation of the recombinantliy-
expressed albumin and wherein the culture medium is at least 1,000 litres and is
of pH5.5-6.8.

25
The recombinant cells may be eukaryotic or prokaryotic. The recombinant cells
may be bacteria (for example E. coli or Bacillus subtilis), yeasts (for example a
yeast of the genus Saccharomyces (eg S. cerevisiae), the genus Kluyveromyces
(eg K. lactis) or the genus Pichia (eg P. pastoris)), filamentous fungi (for example

30 Aspergillus), plants or plant cells, animals or animal cells (which may be

transgenic) or insect cells.




DNA, such as al kyl ating agents (ethyl nethanesul phonate (EMS), : o
4-nitroquinoline N-oxide (NQ, etc), bisalkylating agents, int erchiNgi 089
agents, etc. Cenetic 10 nodifications nmay al so be obtained by genetic

di srupti ongofi9tesgq@pl € according to the method disclos t-hstein
eta/. [Meth. OI':Znﬁz()yrml. 194 (1991), 281p301]. According tgéi{/ %“’53’%%%0(1, part
or all of a gene is replaced, through honol ogous reconbination, by an in

vitro nodi.fj -sian. . d G WA i C 0.h obt ai ned by any
mut at i ona L{sﬁgg%féﬁ@rﬁ;@é\ﬁtl%ﬁ&%@ﬂg&éﬁ%@ﬂg&%@?&gﬁQ%rés %a%g%ég%s‘rﬁ@’ 15 phages, etc.
It is knewpstiuiah, delptien or addiiidn cfdriccrransrecihasas gpof afraguicat bthe can be
reversed.or ., att ated by cellul ar chani sos. Such difications may not
provi de {%a%eéltﬁﬁggggﬁ?n%/e& %Cﬁfgeﬁﬁﬁgm%ﬁ%@gﬁ@%ﬁ“%&% t@i‘?fi@ Wi

phenot ypidireptppe soledsd MRA)Rtn BRY, 26 Meibls balleRetides@neimgl v, it is

prefer rede(q%hat the genetic nodification(s) are stably inherited and/or are
non- ravelaAGUEH AT BY expesibiie) Teags) cellyionmbtagieniccagentsn (\¥ytageeic agemisr al | v

obt ai nedjRy;qa i6led @A 8 pRYsi ' td nreaky, mutant,’ and
gramat i cal vari ant s&t ﬁegségaf'%\%gtsfgﬁgfﬁge%ﬁ?%ﬁ{rgﬁ &%%2& r eéB}I\/f froma
partial P&l peehantiedl ageotngansable pirasetingavitodifiefert fienoliphal-argyps dfunction.  The

genetic it i : I I be... in a
doding Dhgh chcias ARmafithebEtte MrllifepSiphRig (% Fyt 5 hGs,

af f ect i ny-axie BIQD e std)obisalgylating egents Nbieecpiatirtg aadnds, lejc. Ganaticnodi fi cati ons
wll,generaldly. aff he. _cqdi.n 0 _region or the region respagnsible for or
i nvo1c\gedﬁ1|0§lﬂf3 %%O%gxr%%%g%ﬂ;%ﬁ cgo?a@%%%%geﬁ%ﬁ;oeglsalgﬂgg,ef%ggaéngﬁ6%@@‘@&0pr oduct s
are enzyimesnéthvotiselbsed bydutostginadtiad ivielth. OENz\208619MD903), 286881,

PCT/ GB03400474 11, .The, reduced c city of the fupgal cells to mannosyl ate
pr ot ei nsAﬁ%%;g'PglicF@fsoW?thor egﬁﬁtor ﬁ(% Of8e bt E?d)dfcctepoﬁ“g%‘fgh ?%E?'Pwsenzyrre)s/ due
t 0 structegombinatioh,ary arc enfips rddifedalergbangesetid reAficBsony @@Usdd on of
enzymes i fromthe absence of

ving altere i ol ogi cal properties,
product i @ﬁa@ﬁggéiaﬁygﬁ% ] ”gstertfor“oqﬂ [EJH FYPEBERT CHEM 2B 288R¥OBRzy mes at | ow
| evelss. Jigebustgal cell mannosyl ation pathway invol ves attachnent of a
first mannosyl residue to the hydroxyl group of seryl and/or threonyl
am no acids of proteins or peptides, and then the extension to 0O-linked

di - and old GREARAAIHERS mRMifications such as point mutations can be reversed or
attenuated by cellular mechanisms. Such modifications may not provide the most
useful forms of modified fungal cells since their phenotypic properties may not be

20  very stable. Accordingly, it is preferred that the genetic modification(s) are stably
inherited and/or are non-reverting and/or are non-leaky. Such modification(s) are

generally obtained by a deletion or a gene disruption.

By a "leaky mutant” and grammatical variants thereof, we include mutants that

25  result from a partial rather than a complete inactivation of the wild-type function.

The genetic modifications carried by the fungal cells may be located in a coding
region of the DNA sequences of the cell and/or in a region affecting the expression
of a gene. More particularly, said modifications will generally affect the coding

30  region or the region responsible for or involved in the expression of one or more

genes whose expression products are enzymes involved in mannosylation.




10 subsequent addition of mannosyl residues. The first mannosyl resi due IS
transferred fromdolichol nonophosphate mannose (Dol -P-Man) to the pﬂ' & 2005
in the endoplasmc reticulum and the additional mannosyl residues are
transferregqo §hoseaGD-Man in the golgi. 15 In a pref erreg £ehedioimnt . the
nodi fied fungal cells carry genetic n?dl fications in ?east one gene
whose expression product is invol ved |n t he attachnent of a mannosyl

resi due Jﬁo the h roxyl grou of ser or threonyl am no acids. In another
preferre %Fﬁ?@&? Aracity &t Hﬂgﬁléﬁ“ff 6@“”@@”?@ PEtRing r@@h@@refor@o

modi f i caldsQRrohTthaloro®Ribn BNRaIRAS WHRRE RIPHYRLORIRAMKCt 1S invol ved in

the transfer of a mannosyl residue fromthe Dol -P-Man precursor to the
hydr oxy| Cajtfeapationgl abenges, giom Hteemwctm efenayings hagng lalteredrbgolpgiedler abl y,

one of t BEMD 4, PMIS, PMI6 or
PMI7) . Fé}g)ﬁ grrt%gr}?&n lt%e%? gen %%u@%%fr%\@%ﬂﬂeg e%%%”btgw growt h medi um
of pH6. OerédEction djeaeifenzynlemamlctvekenelsof host cell integrity during |arge
scale fernmentation. In addition to nodifications in a gene involved in the
attachnent of mannosyl 30 residues to the hydroxyl group of seryl or

t hr eony| Tiadiungalagdiidsanriosigadn pethlay nmblveil;l Steachichyofiist heahb§ps in the
genes invo] ved in subse uent ddlLlons mannosyl residues leading to di-

or ol i gdSaELRAR r@e@'dr@? ylgoupied setyhaRd/Sr §reeny RN 91 Profedas eues donor
(Dol - P- '\@é‘ﬁtldes TartiVer? hkfextMRiAB{005ARAd BCHNGBNgL QR4 dridek nyPref erably, the

fungal cell has a 8enet|c nodification wthin a PMI gene or a gene which
af f 46t s YUbseygiit @ddition obmappewhEesidiesa W‘@Hﬁén”‘)ﬂb@ﬁ?éﬂ\ﬁw ch affects the

expresswpghs@ér@w dBRERI mopﬁgpggﬁam'nﬁo AELVERNG gﬁ@gm.nt level s or

5 PMI product |evels. The tun can osen ment ous fungi
and yeaghs ene@@ﬂeﬂeﬁayculmmean ellewsidetroeayee@ﬂ@syl fQﬂfdl@)Saﬁﬁ@Itr@nafetfeést of the

genus Saggh Q%g?? cerevisiae), the genus Kluyveronyces (eg K
| actis) or t e genus % Pa (eg P. 10 pastoris).

15 In a preferred embodiment, the modified fungal cells carry genetic modifications in
at least one gene whose expression product is involved in the attachment of a

mannosyl residue to the hydroxyl group of seryl or threonyl amino acids.

In another preferred embodiment, the modified fungal cells carry genetic

20 maodifications in at least one gene whose expression product is involved in the
transfer of a mannosyl residue from the Dol-P-Man precursor to the hydroxyl group
of seryl or threonyl amino acids. Still more preferably, one of these genes is a
PMT gene (eg PMT1, PMT2, PMT3, PMT4, PMT5, PMT6 or PMT7). Preferably
the PMT gene is PMT1, PMTS or PMT7.

A growth medium of pH6.0-6.8 is beneficial in terms of host cell integrity during

large scale fermentation.

In addition to modifications in a gene involved in the attachment of mannosyl

30  residues to the hydroxyl group of seryl or threonyl amino acids, fungal cells may
also carry modifications in the genes involved in subsequent additions of mannosyl
residues leading to di- or oligosaccharides, or in the synthesis of the mannosyl

residues donor (Dol-P-Man).




Preferably, the fungal cell expressing the reconbi nant al bum n codi P%B]r
sequence is cultured in a culture mediumof at least 5,000 litres, 2006
preferably at least 7,500 Ilitres. 15 In one enbodi nent, the fungal cel |
expr essi ngwlohBE@§C i nant al bunmi n coding sequence |s c '%Hi}(%%oiﬂ a

cul ture nediumwhich is maintained in,the range of

preferably pH6.3-6.5. Preferably, thé‘?pH of the cul ture mediumi s

mai nt ai ned using a pH controller set at a pH between pH6.3 and pH6. 5,
preferably 20 at a pH between 6.35 and 6.45 and nore preferably at about

pHG. 4. Prefiataf the fuh§a o@h"hgé’atg'éﬁlsh@hddﬁuc‘é%ﬁ WRrhinedppirtJeing 39 a&n‘ér 0.10 pH
units of anx pH val ue wi t hi any one of the aforenentione ranges or

wi t hi n owbigh @ffegtstige swr@ﬁw@@ opprogHiet &f.a PIMY g&neal A gemawhich 8é‘|¢b’©dh®rent t he

range of STE T B PAE o Rar ol RS R et B PR a0 o
pH5. 40- 5PB0 . prodedtéevalid.y, the | ower control set point is betvveen pH5. 40 and

pH5. 60, preferably between pH5.45 and pH5.55, and preferably the | ower
control set point is about pH5.50. 30 Characteristics of Hi ghly Purified

rHA Hi ghtiye fungif dedictant® @fosus&ohqnmam@afdmrm@gnanﬁryeta&g iPRyfeRbiD ey exhi bi t
one or re of t e follown erties: 1 N OV 2006 V\DO3/066681
DOt R0 b 78 VAAE, (05 AT e RS SUNE GOBEE S RSP B R S The Cor m

" col our agHrévigise)) IRSIgHRIEK DY vémapéesa(\% #&.0aBesy Bl thehd iis 7944y Al bumi n. For
exanple, a pignent 1s a col ourant ich arises fromthe organi sm such as

yeas v@ﬁs 'S)s used to prepare 5 reconbi nant al bum n, whereas a dye is a
col ourant which arises from chronat ographic steps to purify the al bum n.
(ii) extremely low levels of, or be essentially free of, alum nium

| act at e, Pr@fﬁtraéwefhe feigah cell exrspssinding nechTRNgNp pbtBIMendirgistrussce is

' mmnlecQJlRHlléoniﬁ a Qli€y é‘ﬁle[ilukr{ & aﬁll é%c(?dovlﬂPé%r n}oté%?%%r%lgl'a@iﬁggh %ﬁbd

gl ycoprotein, aean obi n and otting ors pr oka
protelnémeﬁragnents of al bum n, al bum n aggregates or polyners or
endofsoxi n, bilirubin, haem yeast proteins, aninmal proteins and viruses. By

In one embodiment, the fungal cell expressing the recombinant albumin coding
sequence is cultured in a culture medium which is maintained in the range of
pH6.2-6.7, more preferably pH6.3-6.5. Preferably, the pH of the culture medium is
maintained using a pH controller set at a pH between pH6.3 and pH6.5, preferably
20 ata pH between 6.35 and 6.45 and more preferably at about pH6.4. Preferably,
the pH controller is controlled within 0.20 or 0.10 pH units of any pH value within
any one of the aforementioned pH ranges or within 0.20 or 0.10 pH units of pH6.4.

In an alternative embodiment, the fungal cell is cultured in a culture medium which

25 is maintained in the range of pH5.30-pH5.90, preferably pH5.50-pH5.90, pH5.40-
pHS.90 or pH5.40-5.60. Preferably, the lower control set point is between pH5.40
and pH5.60, preferably between pH5.45 and pH5.55, and preferably the lower
control set point is about pH5.50.

30 Characteristics of Highly Purified rHA

Highly purified rHA of use in accordance with the invention may exhibit one or

more of the following properties:




"essentially free" is meant bel ow detectable levels. 15 (iii) at |east
99. 5% nononeric and dineric, preferably essentially 100% nononerielaked 2006
dimeric. Up to 0.5% preferably 0.2%trinmer is tolerable but larger forns

of al bum oS erally absent, (iv) a nickel ion |evel t han
100ng, bag‘ggoo/g&gﬂe gram of al bum n, 1§s 20 neasured by ‘E‘t"*‘%ﬁ’ﬁ“é defi ned

in WO 00/44772. (v) a glycation |evel | ess than 0.6, preferably |ess
than 0.10, 0.075 or 0.05 noles hexose/nole protein as neasured in the
Amadori product assay, a mcroassay for glycated protein. The nm croassay

measur eZ(r?t he e%%r@Fh'e%/ IWQ\%Ié of@ol@&r@ﬁi‘éctTr(eAt%}mf“Qél%r%fwt”ga'sﬁfst%g‘?\gc[ﬂ otein, by
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ncetyl acaronam AiofeBRRLASEY Pty e dsTR b s R ERFY LEPPUE samp es
are éssayednameeraldemai twhegeassa d@ B dPbaloomeit avhieb-atile¢ GdMm Sephadex) 30
colum and then th les is re-quantitated by the

Br adf or ¢ %?W@@%%ﬁ F‘lblpurif 5%’5‘{’? Bi ochem , 72, 248-254) and 10ny

al bum n assayed. A fructose p05| tive control is incl uded, and the
absorbances are read on 1 NOV 2006 WO 03/066681 PCT/ GB03/ 00474 14 a
Shi madzuluv 2XHeMeyeedoPbrEPR essRNUY five AERUBIERY. IasiRle. siralfexose one

nol e of rﬁ@@@hbn%‘f&%ﬁﬁthuhﬁanfﬁbféﬁ% Stﬁé’d s ﬁﬁmhﬁ@@&b@@@ Bfc-2pkeipr ef erably at

| east 96% nore preferably at |east 97% even nore preferably at | east
98%! Oevé\@t!ﬁ@ipé tl@rnéfeémramwacai glvmetegg%emgioblrp@@d blpamojpttwﬁgt:tam. ally 100%

of the %%g C nt ent of
Concana?a in A— bi nding a PE@% n %l&%@séitbﬁ%@ W ‘%’\H"‘ pre (eb(rpabl y | ess
t han 0. 3Hoxg/mdirulon, 1ssem, Geastapratedls, @nmﬁfelwﬂtem)s Pidndisisé® Ryl ecul es whi ch

contain . syl and sterically related
&8s n‘t@@f‘@ é"&?e%% be@w%e‘?é&ﬂ&&%%vaé@ .

resi dues. can be assSayed using Con A Sepharose (Pharnacia,
Cat. No. 17-0440- 01) afflnlty chromat ography of rHA in order to determne

t he .gont o8y l. bum, n. ' wWv) with 145nM
sod|1§m ?POI’I deg?{: f’: %ES\AQ’P%‘ grﬁd &mﬁrpﬁpr%ﬁ%&ﬁ%&gn% 801 SOdI um
monomeric and dlmeric. Up to 0.5%, preferably 0.2% trimer is tolerable but larger

forms of albumin are generally absent.

(iv)  anickel ion level of less than 100ng, based on one gram of albumin, as
20 measured by the method defined in WO 00/44772.

(v) a glycation level of less than 0.6, preferably less than 0.10, 0.075 or 0.05
moles hexose/mole protein as measured in the Amadori product assay, a
microassay for glycated protein. The microassay measures the stable Amadori
25  product (AP) form of glycated protein, by oxidation of the C-1 hydroxyl groups of
AP with periodate. The formaldehyde released by periodate oxidation is
quantitated by conversion to a chromophore, diacetyldihydrolutidine (DDL), by
reaction with acetylacetone in ammonia. DDL is then detected colorimetrically.
Samples are assayed after desalting using a Pharmacia PD-10 (G25 Sephadex)
30  column and then the albumin in the samples is re-quantitated by the Bradford
method (Bradford, 1976, Anal. Biochem., 72, 248-254) and 10mg albumin

assayed. A fructose positive control is included, and the absorbances are read on




15 acetate, 85nmM sodi um chloride, 2nM magnesi um chl oride, 2nmM manganese

chl oride, 2mM cal cium chloride pH5.5). 100ng rHA is then | oaded ofttl NAX 2006
equi librated 2nml Con A Sepharose colum which is then vvashed (5 X 4nml) with
Con A equipls; @&hﬁn buffer (100mM sodi um acetate, 100mM g I ori de,

1mM magnesium chloride, 1nM manganefe chloride, 1nmM cal CI um or| de
pH5.5). 20 The colum is eluted with %m Con A elution buffer (100n1\/| sodi um

acetate, 100mM sodi um chl oride, 0.5M net hyl - a- D- mannopyr anosi de pH5.5).
Mbnoner i & Shimasizei W 20 espeatephaiomeatedat ZéJHbr bpreanemale 08&IPRE t he

sanpl e &ﬁﬂLt%A%é&%rPdgg&g %fo%\ fhe standard curve) is quantified by the

Br adf or od usl nmg/ M al bum n standard curve, and the Con A
bi ndi ng al bum n nonomer 25 recovered in the eluate is expressed as a

per cent he d, (yii free thiol, c ent 00.85, 0. 8,
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By neasuring the increase in absorbance at 412nm and dIVIdI‘ﬁkby the NOV 1

zoos WO @8) 066681teROTCeROBIDELT A-binding PN {sssdPrdA-CodM Wi ent of the
TNBZ i o r@%er?&i'ﬁ@s tﬁé}?%tfée ?"/”56 ffg"%' cRREEMin K (cdiarBiRgde cal cul at ed.

(i x) substan atty acids, when anal ysed by acidic
sol vént mBIeBMltesarduafmvraand %@@WW@QV@S@QMWW@@%H@W steica using a
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chloride, 2mM calcium chloride pH5.5). 100mg rHA is then loaded onto an

equilibrated 2mi Con A Sepharose column which is then washed (5 x 4mt) with

Con A equilibration buffer (100mM sodium acetate, 100mM sodium chloride, 1mM

magnesium chloride, 1mM manganese chloride, 1mM calcium chioride pH5.5).

20 The column is eluted with 6mi Con A elution buffer (100mM sodium acetate,

100mM sodium chloride, 0.5M methyl-a-D-mannopyranoside pH5.5). Monomeric

albumin in eluate (diluted as appropriate to make sure the sample falls in the

middle of the standard curve) is quantified by the Bradford method using a 0-0.12

mg/ml albumin standard curve, and the Con A binding albumin monomer

25 recovered in the eluate is expressed as a percentage of the load.

(viii) a free thiol content of at least 0.85, 0.8, 0.75, 0.7, 0.65 or 0.60 mole
SH/mole protein when measured by using Ellman’s Reagent, 5,5"-dithiobis-(2-
nitrobenzoate) (DTNB), which is a specific means of detecting free sulfhydryl

30 groups such as cys-SH (Cys-residue 34 in the case of rHA). The reaction
releases the 5-thio-2-nitrobenzoate ion TNB* which has an absorption maximum

at 412nm. By measuring the increase in absorbance at 412nm and dividing by the




15 such as acetonitrile or nethanol supplemented with acid, such as 0. 1-10%
(v/v) formc acid for positive ion electrospray or with base such B0V 200
0.1-10% (vl v) anmoni um hydroxi de for negative ion electrospray. Protein

sol utions entrations optimal for the enployed io L typically
1-50 pM a?ltgoslﬁér%troduced into the electrospray ion sour cgcgfo’ﬂ(gg’g‘%pri ate

flowrates of typically 20 0.01-100 6[5/ m n usi ng standard net hods such as
continuous flow, |oop injection, or, off-line, using a syringe punp, a HPLC
punp or malvekéndticospetigient af therlddpedar aled \2nnike free sulthvent cant@hyser/s are

tuned fo t] ission and resolution (the latter should exceed
500, as éfer%n%ﬂ?}%@@é |dhe separation of 500- 501 nmlz) and calibrated

using a local protocol and a suitable calibrant typically a 25 protein (eg

horse nypgl obi n) or. surfact PEG) . Spectra are acquired aver aged
and pr oc@gseosutbétaé‘hﬁﬁ’r%%bg%&r}l&)ﬁ%ﬁﬁaiﬁ@: WEWEB‘H{V%% a?c,'g'géﬁ[vﬁm d peaks,
measwyy e gRaktiandndgesrMRIntkteg@ddh of Ped FAtEUSCITRSSNG 6 @ 1. VIFit®gal appropriate
software known in the art and comrercially avail able. One exanple protocol
(Bert ucc$taggardt | 2001, Biochinica et Biophysica Acta, 1544, 386-392) 30
utilises dilution in H20/ CH3CN 50:50 with 5% HCOCH, to a final albumn
concentration of 40-50pM and anal ysis by | onspray Mass Spectronetry,
carried (xut @high degrde of - aewlaserigit penopeneityr spacdicglivarmglerdaass
spectro SCi Thom J. | } d%\cggb i culhat ed
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uni t . Thiﬁggg?(ﬁ&%agé&g%dcﬁl%ragﬂén%%)I ??@'h@rﬁ’@f&é‘éﬁdﬁ?@?#ﬁg‘%( MCA) node
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20y ety oned B CEL 055 .0 BESIeADTRIRSHER, M LGN g apae, of o400
t he mai nfopARkacabloabbsiavd Bh dedit@blay dronegpasoiiehdy 0.1HAORS (weual |y within
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concentrations optimal for the employed ion source, typically 1-50 uM, are
introduced into the electrospray ion source at appropriate flow rates of typically
20  0.01-100 ul/min using standard methods such as continuous flow, loop injection, or
off-line, using a syringe pump, a HPLC pump or nanoelectrospray vial
respectively. The instrument analyser/s are tuned for optimal transmission and
resolution (the latter should exceed 500, as defined by baseline separation of 500-
501 m/z) and calibrated using a local protocol and a suitable calibrant typically a
25 protein (eg horse myoglobin) or a surfactant (eg PEG). Spectra are acquired,
averaged and processed to subtract baseline noise, smooth signal, centroid
peaks, measure mass and deconvolute data to a true mass scale using
appropriate software known in the art and commercially available. One example
protocol (Bertucci et al, 2001, Biochimica et Biophysica Acta, 1544, 386-392)
30 utilises dilution in H,O/CH3;CN 50:50 with 5% HCOOH, to a final albumin
concentration of 40-50uM and analysis by lonspray Mass Spectrometry, carried
out on a Perkin-Elmer SCIEX APl I triple quadrupole mass spectrometer (Sciex,

Thomill, Canada) equipped with an articulated lonspray interface, operated using




the case of HSA, the theoretical mass is 66,438 daltons), In one
enbodi ment, the mass profile is determned by el ectrospray mass =1 NOV g
spectronetry (ESI-M5) with a span of 1000 daltons either side of the main

peak. The RiQblbgsd S scrutinised for the presence of rripéf}épgzﬁ(ﬁg?ggenei ty
observed as discretely resol ved corrpopéﬁnts or 15 alternatively as a

broadening in the mass peak widths at thalf height. The relative abundance
of resol ﬁﬁg&ggggonents may be neasured as relative ion count and expressed

as perce Y39 RYAPELETE i IBPSPrah ¥OlFSSt 3-P & Vo PrifiGeginltac SRoGssani@ngeHA  as

used in t@opIRBHeRksd MMBNEPNirhS stapd; GabdiMticH > HeRsds Lﬁﬁt%ﬂ{%oé’d@ec?rg%.%% 90%
or nore simlar to native (unm)dlfled)@grlmary structure conposition. The

rel ati ve 20 agBuirRIbiA AU ighagpafrsaeisiton (VM Gh pmoge RombdenadssantA may be

addi tion T [ : i i v ni s, 4 ncl ydi ng
neut r al ?lor{gygﬁg%ﬁﬁﬁg?d;éy Q%ﬁg‘tugﬁééwﬁg c')étéelgl?esg%}r%‘;gﬁgﬂa?f/ '{f‘rgﬂﬂgglé!absor bance
in the UZLZrsagnoe ptbertarvagd Abparatiss, Sba@bNatck, Ghk)ansTomin fow rate5 All335- 341) .
25 The h ej of a population of rHA nolecul es, nmay be determ ned by
o ect ropfor et Ehata i PuliEl SF A APe et i o~chiSR e e PoBhE PACE: 1oy
be per f ohoethgestogs SEAMAA kavesthodisthe lapoad rrwmb@@dnbérc@h@%géioﬁ éi??{ PAGE

nol ecul ar si ze
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separ at ed gr_ot ein conponents are visualised g)/ chem cal staining nethods
(eg CHonHIsiRUaaly WPEsy-OSvinimdie sreallyawiED & .0 Jepbibeitbeoretigalteassi(in ypi cal | y

greater tHamL & ok [ ' i ; 66681
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of the tabtingdgdae of resolved components may be measured as relative ion count and

expressed as percentage (%) composition. The profile of highly homogeneous rHA

as used in the present invention is typically at least 50%, 60%, 70%, 80%, 90% or

more similar to native (unmodified) primary structure composition. The relative

20  abundance of components in highly homogeneous rHA may be additionally
measured using other quantitative techniques, including neutral coated capillary
zone electrophoresis with detection by absorbance in the UV region (Denton &

Harris, 1995, J. Chromatog. A., 705, 335-341).

25  The homogeneity of a population of rHA molecules, may be determined by
electrophoretic and chromatographic techniques. For example, SDS PAGE may
be performed using standard methods. Local protocols should employ PAGE gels
capable of separating proteins within the 20-200 kDa molecular size range. Native
PAGE is optimised to yield focusing and separation of proteins with differing mass

30 and/or charge. Electrophoretically separated protein components are visualised
by chemical staining methods (eg Coomassie Blue dyes), which should have
detection limits of typically greater than 0.1ug. Quantitation is achieved by




10 Usual Iy, when anal ysed by SIDS PAGE, native PAGE and gel perneation
chromat ogr aphy, a hi ghly honmogeneous rHA preparation will display-dnéd\0pygs
two of the following features (a) at |east 99% preferably 99.9% of the

protein nmofRGH n the population 15 will be rHA (b) han 10,
9, 8, 7, 6, 5 )0%%8%% preferably no re than 2% of %%Gﬁ%@f)%e

nol ecul es in the population will be dineriec. The hom)genel ty of

opul ati gn_of so be an 20 el ectrospray nass

E pgct r on%??%?%ﬁ%”%ﬂ@%@ aﬁég%ya%e REPPI gV hgagbrﬁ%q 893 RER8YI ment, when
anal ysedstaydE9WE and peptide mapping, a highly honogeneous rHA preparation
w Il have the correct native primary sequence of full length HSA or a
fragnent thereof as defined above and will not have post-translational

modi f i CaG‘ePBérme%@oh '&h%?et@ﬁ@ﬁﬁiy E%Hrforﬂ'e@h]s‘/né‘é’@?gﬁﬂ g/H%e yhithas at |east

two or three of the features (v), (vii ned above. One of
t he fatserEalipyrapgefoéadvee kD(ax‘;\olenuleomenamci wﬁhmalwxqahémmnstm of features

(V) and gyichlinan?Bubdted aaéédﬁgmﬁ oL Aalabedl TEBl ¢ 02,1 ol Y

purifiedrr |scarac errze I"ow'ng i ha

char act eandeiutisg c()nn)aoaerrmheacdetacte\dmygmsocbatcenrbm oV refioat Peglast 90, and
nore pref statlal 00% of al bum n

nol ecul e%ﬁwagﬁ%g l%qcﬁ%}ieggy\%go%%ogrﬁpé grf %%?Jé aq% 8566681

PCT/ GB0O3dtaAdards bBthentesigi@at er t han 1000 daltons, or nore preferably no
greater than 900, 800, 700, 600, 500, 400, 300, 200 or fewer daltons, when

det etni ned by mass analysis wusing electrospray nass spectronetry; (ii) a

gl ycat i opslhfivehef ah@l?é?ect haspe. lﬂ&@Eaﬁﬁlh\f@MGEr@foegea bymégpn than 0.075 or
0.05, 5 noles hexose mole protein; and (iii) a content of Concanavalin

A- bi ndi nﬁ"ﬁi"ﬁﬁﬁﬂrﬁo ajhighdy h%ﬂg@\%(rwﬁ\,@repamon will display one or two of

the following features —

(a) at least 89%, preferably 99.9%, of the protein molecules in the population
15 will be rHA.

(b) no more than 10, 9, 8, 7, 6, 5, 4, 3%, preferably no more than 2%, of

albumin protein molecules in the population wifl be dimeric.

The homogeneity of population of rHA molecules, may also be analysed by

20  electrospray mass spectrometry (ESMS) and by peptide mapping.
In a preferred embodiment, when analysed by ESMS and peptide mapping, a
highly homogeneous rHA preparation will have the correct native primary
sequence of full length HSA or a fragment thereof as defined above and will not
have post-translational modifications.

25
In one embodiment, highly homogeneous rHA has at least two or three of the
features (v), (viii), and (x) as defined above. One of the features may be feature

(X) in combination with one or two of features (v) and (viii).

30  In a particularly preferred embodiment, the highly purified rHA is characterized by
the following combination of characteristics:
(i) a molecular weight distribution of at least 90, and more preferably 95, 98, 99,
99.9 or substantially 100% ,of albumin molecules with a molecular weight spread




nore preferably less than 0.2% or 0.15%

r HAcol our ant col our ant r HAr HAr HAr HAr HA - Hi ghl'y purified rHA of use r’ri‘ NOY 2006
present invention nay be prepared by various 10 processes, including the
fol | owi ng:whigkedeedir 0CeSS for Preparing Highly Purified r process
for prepar\:vng h% gﬁly purified rHA cor&rl ses the step of gﬁbﬁ%ﬂ pﬁ% a 15
first rHA solution of pH8.0-9.5, and avi ng a conductivity in the range of
1to 75 nS/cm to an affinity chronatography step which is run in negative
mode wi trie greatspduan A0 dadtonsoranerewnferalily npisseafeainaafoPndaly 7RBit ri x

conpri si I Y Y, ng a purified
r HA sol U@I%O%MD OPrbg ngOé)g 'J}fg/%ﬁéﬁgﬂfg’odfm%]% |rsr{e@w gl)gi snrg is pH8.0-9.0,
and nor eisproedlectadspyay rmlaiBs 3p$ﬂ+l8>nﬁatrylt is preferred that the first rHA

solutio |s buf f er ed WI avin f nti oned
or1 rangdl S ebErTIEry Cridhs Tt pab anshier Betablyibie noicrg ) 65
concent rrﬁélb@ﬁe@dselrﬂo@(}ﬂm&n adg preferabl y 25-200mM and nore preferabl y
50- 150mM.__ Pr eferabléﬂt he am no acjd

i ne. Preferabl t he buffer
conpr i sél) & CrBieaYal entcanatal BhAzi’E”déﬂgc%’hH@% Pé??%waé‘fo 3%- g’t{f@&hﬂ”dpr ef erably

25- 200, RN ;y‘sgf“%‘rﬁ@b%é%mmw Preferably, the 30 nonoval ent
cation is sodium Tpreferably in the formof NaCL Accordingly, in a

pr ef er r sdAepipbENRaRurEAEHBUTAGATDAMA i ses NaCl at a concentration of

0- 500mV | NOV 2005
WO 03/ Oég%@g%&@%&%gﬁggq% p%ggPer a%?ti%{r]e%ﬁ %Lﬁt?%&eég rlic')suess a dival ent
cat i16n arocessendeditidiagittnfoddwhg250nmM  preferably 10-100nmM Preferably, the
divalent cation is calcium preferably in the formof CaCl2 . Accordingly,
in a preferred enbodi nent the buffer conprises CaC 2, at a concentration
of 5- 25kt PpreetefalitrgpddrdlioiandV Pwbified ridApar ti cul arly preferred enbodi nent
the first rHA solution and/or buffer conprises about 100mM gl yci ne, about
100mM NaCl and about 50mM CaCl 2. Preferably, the conductivity of the first
rHA sol utfirenprapeéofor brddeeinginighlpdliedBHancorifrismsdhentep gisebjectaly y 18- 22

S/ G 1%1 first rtHA solution of pH8.0-9.5, and having a conductivity in the range of 1 to 75

mS/cm, to an affinity chromatography step which is run in negative mode with

respect to the rHA and which utilises an affinity matrix comprising immobilised

dihydroxyboryl groups, thereby obtaining a purified rHA solution.

20 Preferably, the pH of the first rHA solution is pH8.0-9.0, and more preferably
pH8.3-pH8.6. It is preferred that the first rHA solution is buffered with a buffer

having a pH within the aforementioned pH ranges.

Preferably, the buffer comprises an amino acid at a concentration of 10-500mM,
25 preferably 25-200mM, and more preferably 50-150mM. Preferably the amino acid

is glycine.

Preferably, the buffer comprises a monovalent cation at a concentration of
0-500mM, preferably 25-200mM, and more preferably 50-150mM. Preferably, the

30 monovalent cation is sodium, preferably in the form of NaCl. Accordingly, in a
preferred embodiment the buffer comprises NaCl at a concentration of 0-500mM,
preferably 25-200mM, and more preferably 50-150mM.




Advant ageously, the concentration of the rHA in the first rHA sol utlon S
in the range of 20-120g/l, preferably 70-120g/l, and nore prefera‘bﬁ IV 2008
10010g/1. Preferably, the rHA is |loaded in | ess than 0 5 col um vol unes,
nore pref 15 less than 0.35 col unm vol unes. i e matrix
conpri sesqgal@&c{%géﬁic acid. The term "acid" as used her e| n mc‘%ud‘g t he
salts thereof. Advantageously, the bdonic acid is bonded via a triazine
or a substituted triazine, for exanple to form nonoborotriazine or 20

di bor ot rﬁrabraftﬁy, the baﬁ@u}mmrtses activaisntagptipo s a ene¢wriratisinyf 5t3%@mdbr oni ¢ aci d

s am ngophen ubl. i c S sto
phenyl b@f%‘%?ﬁ ) P@—&@ﬁmg@ ale?%ﬁg It(?e qil\%algsucﬁttpﬁsugaéﬁarg &fg'ra%’l”:‘ ggends

i ncl ude fégapEBaCY.. A@t:or@itngﬁyl%ﬁbre]‘erréﬁilIecmbod&ﬁént t8d buer @fnprSesghal , R P. et
at (1991) J. Chro t 1994) 687, 61- 69.

Sui t abl aqlmqt@\,gOﬁgerﬂtF?élOquf 5&%%“@%’@%&(?% @ph@jtrg ep the purified rHA
solugion is subjected to further purlflcatlon preferably further
chronatographlc purification. 30 Prefe the rHA is further purified

usi ng cat AGRrSAaTkmiefeEke GRRasiPapHye é‘Ffd/rHP\ %?I“rit@ﬁ BT YET chr omat ogr aphy.

The ord £ tal i changed
ahi 1 o s DTS o o oA o O R PR B M 2k =

PCTI GB03/ 00474 20 objectives. Froman operational point of view, a better

I nt egfag%gfﬁ aobgg%ﬁsczﬁ St gg& thgﬁgs@ﬁgg%oﬁn{oﬂ%ggr@ﬁaggfm&& wegL Ry ani on

exchang to ra ita urif | ution produced
accdodi m@dtr@o:’erpeefpram;e%-mesﬁkcnbed 5 above undergoes one or nore of:
buf f er exchange; concentration; dilution; dialysis; diafiltration;

pH adj ustnent (preferably to a pH greater than pH2.0 or pH4.0, and

pr ef er alldyahi@gaoty, ltes sohdearapbil Of O rHA ieahentiret riditsbiugion édindhaig agent  (eg

as descri bed 16 uration tre ng. (e ith charcoal);
heat i ngr?”gr‘?cq’{% %)92 8?‘%@%’% %)699'08811 |”?%e(?fefabe$(§¥ 5({)(%_“1%@/“ 10 Second
Process Hreferd¥e e g idHogbéy infusd fHaed. 5 U&uﬁW&&meprmO%QefmbI;DW i fying an

rHA solution to a formsujtable for use in the
15  less than 0.35 column volumes.

Suitably, the matrix comprises a boronic acid. The term "acid" as used herein
includes the salts thereof. Advantageously, the boronic acid is bonded via a
triazine or a substituted triazine, for example to form monoborotriazine or

20 diborotriazine, to a support such as agarose. Preferably, the boronic acid is

aminophenylboronic acid.

Publications that cover alternatives to phenylboronate, such as aliphatic and
substituted aromatic ligands, include Adamek, V. et al (1992) J. Chrom. 625, 91-

25 99, Singhal, R.P. et al (1991) J. Chrom. 543, 17-38 and Liu, X. et al (1994) 687,
61-69.

Suitably, following the affinity chromatography step the purified rHA solution is

subjected to further purification, preferably further chromatographic purification.
30 Preferably, the rHA is further purified using cation exchange chromatography

and/or anion exchange chromatography. The order of the cation and anion

exchange steps can be inter-changed while still performing their purification




present invention conprises cation exchange chromatography and anion 15
exchange chromat ography, wherein the thus purified rHA sol ution opti &% 1088
under goes one or nore of: buffer exchange; concentratlon di lution;

di al ysi s; I0@hdskdr ation; pH adjustnent (preferably to l[.)Il—/IG r than
pH2.0 or pYY&Og/ 6Et§nld pr ef erably to an%h | ess than pH10. 0 g‘(yj’%tg%gn of
t

reduci ng agent; decol ouration treat (eg with charcoal ); heating
(including steril | sation); cooling; or 20 conditioning. The cation exchange

chromat o est Biphay Op@raﬂ@mﬁitmtaqﬁuvmw extetien geegretedopratesy iaphyorst ep, or

VLR ver Shchin g Siahbloo bilf EANLQRpERNANARLL A OUBLAGIARNY, ST ep | S

foll owed by the anlon nge c ograp erably, between
t he ani on and cation exchange st eps there is no further purification step,

al t hough ¢ i b' t ed t ffer exchapge etc as noted above.

30 By cond'htSP'é{ nggﬁ@gﬁ"’aﬁ'ﬁ”m Y5 WPW&‘%@HB‘?PH@%F@ESWG% i mproves

t he énvrarbomrendiergoestomlelbt more of: butfer é)ltbhahgé doh@erﬁtﬁaﬂonsﬁﬁtﬂroﬂf the process
i nclude the addition of an al bumin

or for fln u (fionltlonln ca
st abi | i s&° %Suscrgsaggra 88t%’ﬁc?ﬂ‘égt’gﬁﬂt’@feféfar%‘rtofaa@*t")@f%?ﬁfhaﬁmtﬁ @era C6 or
Ct_70 fapty. Gi@nd,préféra%%d!o‘é’fbﬂqt@és\’t'hahJpH‘t@*@oﬁ’@atm\éQt %h%%gﬁ&ag%%r@()?’loolwll

21 tryp o ate or mandel ate. Conditioni'ng can also i nc e addition

of sal ts t‘ e%@eﬁﬁyEPrﬁ@I ) a‘éﬁ%qrﬁ@r’th@atmnﬁmwm thyarobali;he r HA
sol ut | onnedite GRAichl SYARANGR) b Lififdial and second aspects of the
may be

present invention n in"hegative or positive npbde with respect
to thé rHA In a preferred enbodi nent the cation exchange step is run in

negat i vesggp(ej Wotcgssre)epeg ade Ll B edAgMant ageously, the conditions are
so chosen re strongly to the cation
exchange mat er| aI t han non- gl ycosyl ated album n. 10 The cation exchange
chr onmat Oﬂhétﬂgy d aspect t’?dj the present
i nvention rray %I se ghn*gm%ie 'é‘f E OF HX® §U6R as SP-
present mventron comprises catron exchange chromatography and anion
15 exchange chromatography, wherein the thus purified rHA solution optionally
undergoes one or more of: buffer exchange; concentration: dilution; dialysis;
diafiltration; pH adjustment (preferably to a pH greater than pH2.0 or pH4.0, and
preferably to a pH less than pH10.0); addition of reducing agent; decolouration
treatment (eg with charcoal); heating (including sterilisation); cooling; or
20  conditioning.

The cation exchange chromatography step may follow the anion exchange

chromatography step, or vice versa. Preferably, the cation exchange

chromatography step is followed by the anion exchange chromatography step.
25

Preferably, between the anion and cation exchange steps there is no further

purification step, although the rHA may be subjected to buffer exchange etc as

noted above.

30 By conditioning, we mean any non-purifying handling step which improves the
environment or condition of the rHA for the next step of the process or for final
use. Conditioning can include the addition of an albumin stabiliser such as

octanoate and/or other fatty acid, such as a Cs or C1.1g fatty acid, or sodium acetyl




Sephar ose FF, SP-Spherosil, CM Sepharose FF, CM Cel | ul ose, SE-Cellul ose or
S-Spheradex. Preferably, the cation exchange step utilises a matrt3 MY Qi0s
15 conprises i mmobilised sul fopropyl substituents as cation exchangers.

Preferably d&%sé&% sol ution which undergoes cation exch togr aphy
has a pH o?v 6.0, nore preferabl yefIapH of 5.0-5.6, anggg/ePGMOW
preferablyapH of 5.2-5.4. 20 Pref bly, the rHA solution which

under goes _cation exchan chr gmat ogr aph as. an rHA concentration of
10- 2509/IS[ p&@@@?‘é*bw lefRig/ %Ongwgmﬁﬂr‘é p?il]%q BFIYEE yne saditigy pf sajts

Pr ef er ables, drdkma 0L LA LLrNARH TSN AMA BBuEXGhange chr omat ogr aphy
has an octanoate 1on concentration of 2-1I5nmV preferably 5-10mM and nore

preferably 6-9nM Conveniently, prior to the cation exchange step, the rHA

sol uti on yRAeH; H%§ S%Qp Qﬂhg'?hq Qb di6nd 3#&‘% Eﬁhgrpgtggegﬁfﬁ/&n{i%r%d

pH adj ust nent (pr e reater
pr ef ePablnyayt be sirpiH nleesavet WmoqﬁH@On@de withirgspeshioghé ridai dma préﬁe'rrieid

R e T

oct anoat €
sodi um ac:lelAyIAd-vﬁnNgeonM;Q&he YEnDEI6468Db MGELHRAR H0RELAazA albuript ophanat e or
mandel at tern ti V@Hé or .addi thonal | r HA sol uti on under goes one

. th
nor e HU‘Prfe rogglyHa My catien fxcnange aflaéerr@; N A9V FeYRiedn;  treat nent

WI th a r@dwamﬁg agent; decol ouration treatnent (eg with char coal );
heating; cooling; or conditioning. 5 CGenerally, any nodification involves
addi { ons, not renovals. Preferably, the pH of the rHA solution is

adj ust ed Ty dahen @Maﬁ?@@hﬂi‘mﬁ@@ﬂa‘pﬁs%@@ﬁ thE @fe ‘éﬁ@%&oﬁdﬂ'éﬁﬁ JdR orgpLution is

concentrated by ultrafiltration ani on _exchange chromat ography step
of the fPrasenaye’indnay Helisect corpmetdiel caype saehangavealtixshchay Siti | i se a

COMMEr Ci @lopfAh erosil .,
DRAE. S phefgdei?%@%g@@&%ﬁ% Cx SSfias 12, CRRRRAIBSS, SE.coilibsSer
S-Spheradex. Preferably, the catlon exchange step utilises a matrix which

15 comprises immobilised sulfopropyl substituents as cation exchangers.

Preferably, the rHA solution which undergoes cation exchange chromatography
has a pH of 4.5-6.0, more preferably a pH of 5.0-5.6, and yet more preferably a pH
of 5.2-5.4.

20
Preferably, the rHA solution which undergoes cation exchange chromatography
has an rHA concentration of 10-250g/l, preferably 20-70g/l, and more preferably
50£10g/l.

25  Preferably, the rHA solution which undergoes cation exchange chromatography
has an octanoate ion concentration of 2-15mM, preferably 5-10mM, and more

preferably 6-9mM.

Conveniently, prior to the cation exchange step, the rHA solution undergoes one
30  or more of the following processes: (i) pH-adjustment (preferably to a pH greater

than pH2.0 or pH4.0, and preferably to a pH less than pH10.0); (ii) concentrétion;

(iii) diafiltration; or (iv) conditioning by addition of a stabiliser such as octanoate

and/or other fatty acid, such as a Cs or C+q fatty acid, or sodium acetyl




QAE-cel | ul ose, or TMAE, DMAE, or DEAE Fractogel. Preferably, the anion
exchange step utilises a matrix which conprises inmobilised -F NOV 2008
di al kyl am noal kyl (for 15 exanpl e diethyl am noethyl) substituents as anion

exchanger sywd §3,094361 Pref erred enbodi nent the anion exchanggT/&EWJ};g;pgr aphy
step of the processes described above is run in negative node wth respect

to the rHA. 20 Preferably, the rHA 48l uti on which under goes negative node
ani on exchange chromat ography has a pH of 4.0-5.2, nore preferably a pH of
4. 2- 4.9, Iryrephanate ﬁbﬂﬂéng@'@ﬁ%r%‘l@l’rgﬁtueg’lﬁobﬁd@.ﬂgnaﬂyﬂhePlriéfs@ﬁtﬁll@hy, the rHA

solutio | Nyl e Ghe aphy,.. .25 has a

conduct ﬁjvﬁ%&%fsu{)}gegé%ﬁ%n&%%ﬁ%? g%ﬁﬁ %&g%éa?)%iség%ma%gnbonducti vity of
1. 00. 5 nS#ameahditly atreducieg pyeftedadolouratiObOedtrmeddt (o wiCoovaenoaht |y, prior to
t he ani gn c%.xc,hanqq.e _stgg), é.he. r HA sol uti on undergoes pH adjustnent and/or
di | uti on'SAYH GT8L: OBCSFEPARPy, the pH of the rHA solution is 30 adjusted
withscetic acid. In another preferred enbodi nent the ani on exchange

chr omat o(gra%h step of the processes. described above is run in positive
nmode wi t'AEH §E§>éanytr6oc{'i*@tfpmvoh-e§ addifiong NYAGCTSYB 6 BEEfePEY: S1s0R 00474 23
Sui t abl ythé'ﬂﬁA@d@t@ﬁ'inH@QteWQﬁe HAdiEHE R BcPRShdid. Ve BBy aikied A XChange
chromat ogr aphy has a pH of 6.0-8.0, preferably a pH of g 5-7.5, and yet
nore pridfdioats goacastrasgd Iy, @tre@tration. preferably, the rHA sol ution has been
pH adj usted 5 using orthophosphate ions. In one preferred enbodi nent the
rHA concentration is 10-100g/1, nore preferably 25-80g/l, and nost

pr ef'ér ablhe BUoseythangerabf@natbfspphy steconidiadirstvant geodna dspeactdfof thel ution is

1.0-2.0 Nl r - - . 10 i Lt r is eluted
fromt hﬁgéné%{)pﬁm}é%@hgng rl}{l\lf\n&? % cém&%?%gﬁperx?@%ﬁr%%%tpx égﬁﬁ{/ﬁt@f» ef erably
30- 70mV Sapthanareel Br @év-aiphgroSh DEBYEVBph eepdeloQpihyarer ©, BEAE-cshldse, f or exanpl e
sodi um phate. Pr t he s eluted fromthe anion exchanger
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exchange step utilises a matrix which comprises immobilised dialkylaminoalky! (for

15 example diethylaminoethyl) substituents as anion exchangers.

In one preferred embodiment the anion exchange chromatography step of the

processes described above is run in negative mode with respect to the rHA.

20  Preferably, the rHA solution which undergoes negative mode anion exchange
chromatography has a pH of 4.0-5.2, more preferably a pH of 4.2-4.9, and yet
more preferably a pH of 4.5-4.7.

Preferably, the rHA solution which undergoes anidn exchange chromatography
25 has a conductivity of less than 4.0 mS/cm, and more preferably a conductivity of
1.0£0.5 mS/cm and yet more preferably 1.05+0.1 mS/cm.

Conveniently, prior to the anion exchange step, the rHA solution undergoes pH
adjustment and/or dilution with water. Preferably, the pH of the rHA solution is
30 adjusted with acetic acid.

In another preferred embodiment the anion exchange chromatography step of the

processes described above is run in positive mode with respect to the rHA.




It is particularly preferred that the processes descri bed above qﬂrmm .
preceded by one or nore of the follow ng steps: fernentation; pri “‘y’mﬁ
separation; centrate conditioning; cation exchange chromatography,

pref erabl ywiashigesu! f opropyl substituents as cation exc;@ﬁﬁg({s%mﬁni on
exchange chromat ogr aphy, preferably 20 using diethyl am noal Kyl substituents
as ani on exchangers; or affinity chéémat ogr aphy, preferably using an
affinity matrix which conprises an immobilised al bum n-specific dye,
preferably a C bacron Blue type of dye. A preferred process for purifying
rHA Conprshﬁﬁﬁy EH@rH@E&IB%N@h%ﬁ%ﬂﬁér %és%@%iti%gm&%térﬂgn gQ%wra ,solution to a
cation exchange chronmatography steg run 1n positive node Wth respect to

t he r HA; cifroinatedrbeley hagaahl ofld0-6dnpeafaiably eatH off.8xchandeeehoat e; (c)

bj ect i [ | uat e, t ' h 0
chr omat oBBHG Y Bl T 6 Pt paar Y rBte s YL BT S PR, (a)
col | e&t i ngn@orthtphesphid ibhelg ani on exchange el uate; (e) subjecting the

ani on exchange eluate to an affinity chromatography step run in positive
node with respect to the rHA; | NOV 2006 WD 03/066681 PCT/ GB03/00474{ 24

() col | pedregretirddhnBomi@hheIHATdoinBbhiatfdH i@ W@tﬂWgﬂFm}ére%Hé%tr%ly( 9)
subj ecti ng the affinity chronmat ography eluate to anaffinity chromatography
step run?¥-fA0%bqad vestrialeratilt RO-BRgpetelembinéhe sandustvitypffusiHA ve node with

respect § eleols]] l»a m n and/ or glycoproteins); 5
(h) coll e@@%ﬁ?ﬁgﬂﬁ%@&ﬁﬁgﬁ%ﬁgﬁgﬂ?g) chr omat ogr aphy flowthrough; (i)

subj E¢ting the affinity chromatography flowthrough to a cation exchange

chr omat ogy; F j ' ' - e rHA, Q
ol 1 ot i s 15 G T RIS, A0 B o e Wi er SOk s sty ect i ng
t he cat i Yimix piedengdlyf 3G andyh oteopraferably &%-@bcoMeaofgephobphaiu amiat ogr aphy
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15
Itis particularly preferred that the processes described above are preceded by one
or more of the following steps: fermentation; primary separation; centrate
conditioning; cation exchange chromatography, preferably using sulfopropyl
substituents as cation exchangers; anion exchange chromatography, preferably
20  using diethylaminoalkyl substituents as anion exchangers; or affinity
chrématography, preferably using an affinity matrix which comprises an

immobilised albumin-specific dye, preferably a Cibacron Blue type of dye.

A preferred process for purifying rHA comprises the following steps:

25
(a)  subjecting an rHA solution to a cation exchange chromatography step run in
positive mode with respect to the rHA;
(b)  collecting an rHA-containing cation exchange eluate;
(c)  subjecting the cation exchange eluate to an anion exchange
30 chromatography step run in positive mode with respect to the rHA;

(d)  collecting an rHA-containing anion exchange eluate;
(e)  subjecting the anion exchange eluate to an affinity chromatography step run
in positive mode with respect to the rHA;




exchange matri x an ani on exchange el uate wherein the anion exchangs @ﬁe@
is run in positive node; 15 and wherein any of the respective purl i MOY 2095
steps are optionally preceded or followed by one or nore of: buffer
exchange; w@Rsedikfation; dilution; dialysis; diafiltratjopeeRldsdg] ust ment
(preferably to a pH greater than pH2.0 or pH4.0, and preferably to a pH

| ess than pH10.0); treatnent with a ?éducing agent; 20 decol ouration
treatment (eg with charcoal); heating (including sterilisation); cooling;
or condi tfi onignjectmgcan dildgbptainingaffoity ¢hroatdtegraphepkiaimy or may not be
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posi ti vellhodeSUpiacHing 8xpaidnitt ehreRelaaraphy #yw-HyPreittq Agaten PHghatemt ai ni ng
cation_ exchangey ahugkainy(dp AbhFELLAL fBAcGHH BEpSEbARGRAC! Uate o an

ani on exchange 5 chromatography stép run in positive node with respect to
the rHA; () (d)collestingdhe migAzapntaiang eaticll exengnanillow-tesxuighnge el uate; (e)

subj ecti t ki te b LNkt ogr aphy step run
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anion exchange step is run in negative mode; or cluting from the anion
exchange matrix an anion exchange eluate wherein the anion exchange
step is run in positive mode;
15
and wherein any of the respective purification steps are optionally preceded or
followed by one or more of: buffer exchange; concentration; dilution; dialysis;
diafiltration; pH-adjustment (preferably to a pH greater than pH2.0 or pH4.0, and
preferably to a pH less than pH10.0); treatment with a reducing agent;
20 decolouration treatment (eg with charcoal); heating (including sterilisation);

cooling; or conditioning.

Accordingly, the purification steps may or may not be separated by one or more of:
buffer exchange; concentration; dilution; dialysis; diafiltration; pH-adjustment;
25 treatment with a reducing agent; decolouration treatment; heating; cooling; or

conditioning.

When any step is run in the negative mode for rHA, washings may be collected as
well as flow-through.
30

Another preferred process for purifying rHA comprises the following steps:




respect to glycoconjugates; (h) collecting the rHA-containing affipigtygy 2005
chromat ography flowthrough; (i) subjecting the affinity matrix °
fl owthrough to an ani on exchange 15 chronat ography step run in negative or

positive nRsibdsty respect to the rHA; (j) collecting tperEfsgpeatai ning
ani on exchange fl owthrough wherein tpg ani on exchange step I1s run in
n

negative node; or eluting fromthe an exchange matri x an ani on exchange
el uat e wher.ei nu:Dhet.ani on gxch n%e 20 step is run in positive node; (k)
subj ect i n§‘>t heUPIgRtRG ¢ H r?obﬁ'roi fip 8PN Erehangedh reR iR cHerofrtiBgr aphy

step to a catimRiteyeRaRORite PEBIBIRaRAX: step run in negative node with
respect to the rHA; (I) collecting the rHA containing cation exchange

f1 owt hr ofgh: cobectngcrrtié-epmatmig eitionrchergredltdtee purification steps are
opti onal |y pregeled - : er exchange,;
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(pref &rably tsheomiograpay stent harin pbitide orodehiittrespeat to piefréx.ably to a pH

| ess tha H1 i T ith a.reducing agent; 30 decol ouration
treat msngd?eg%\yﬁ%%méhag'?rté{oﬁg%r}tyﬂkgﬁ%ﬂ‘ ?fﬁ@ngaie Qterilisation);: cooling:
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the purification steelps Haﬁ{tgr ma%C noth b?_‘ separated by: buffer exchange;
concent rati on:" BPF0{S 'GRIC GRITGERLE Wyingr TV v r ati on; pH- adj ust nent; treat nent
with a reduci ngllagiegtan recedrainm Hmity @rbmBRraphgalidag; cool ing; or

condi1 iogi ?g. 5 Preferably, prior to the positive npde cation exchange
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positive cati 6iFPEcERaHY©CerIEgales; washed 10 with a high salt sol ution (eg
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(i) subjecting the affinity matrix flow-through to an anion exchange

15 chromatography step run in negative or positive mode with respect to the
rHA,

() collecting the rHA-containing anion exchange flow-through wherein the
anion exchange step is run in negative mode; or eluting from the anion
exchange matrix an anion exchange eluate wherein the anion exchange

20 step is run in positive mode;

(k) subjecting the rHA solution purified by the anion exchange chromatography
step to a cation exchange chromatography step run in negative mode with
respect to the rHA;

H collecting the rHA-containing cation exchange flow-through:

25

and wherein any of the respective purification steps are optionally preceded or

followed by one or more of: buffer exchange; concentration; dilution; dialysis;

diafiltration; pH-adjustment (preferably to a pH greater than pH2.0 or pH4.0, and
preferably to a pH less than pH10.0); treatment with a reducing agent;
30  decolouration treatment (eg with charcoal); heating (including sterilisation);

cooling; or conditioning.




acetate) before being eluted. Preferably, the rHAis eluted in the gﬁt\)@&;
exchange step using a buffer containing 15 a conpound having a s‘p@ i
affinity for albumn, especially an acid, for exanple octanoate or another
fatty aci dwof9hssgganpl € C6 or C10. Suitably, the rHA is péﬂ%ﬁ?o(ﬁﬁmthe

ani on exchanger, of the first anion exchange step, with a bu fer
containing a high level (eg at | east 2860nM preferably 50 20 200mM for
exanpl e 80-150m\M of a boric acid salt, for exanple sodiumor potassium
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C4-6, eg C1.5 and nost preferably C4 I ength, preferably having a, wdi am no
substitution. Preferably, the matrix is the "Delta Blue Agarose" (DBA),
prepd edraserdBl ¢ pidrad thapd¥RIRGHIIS EatiorB8xcHaingd s eessA sslutireigar i ng Hi ghly
Purified rHA Anot her process for purification é)f %n r HA sol uti on,

parti cul ENHHNG aﬁ@&’&@?ﬂﬁf?‘cﬁ'@ v ipepciBnogiedkafdebineratn tad firdla sol ution,
conpr i segridRir8edd Fdrdr 8bs it 18RIMIEhEhd BHASs adilistAGo ¥héR0L -5 03/ 066681
PCT/ (B03100474 27 pHof 2.5 to 7.5, preferably 2.5-6.0, and renoving

ni ckel ions. Preferably, the rHA solution is subjected to a pH of 4.0 to
7.5, pre . ] : . re

prefer ab;i@;agﬂ% .eé)ﬁts Q %&rﬁé\%gﬁﬁgﬁ@g@@g‘%g H'W%CQ‘SM? gte? C;S M%E%&?S

Pr ef'ér abiijh a dighhsalt plvivedsg Odnp.OVsEeClbuff¢ret rapHEP tagkd rmeefesatuéf er of

pH2. 5- 6. I | [ k .1 R C .
Bt or erertioubed AR W b doBHl BB S BoR Al BB BP0 Spdumy i eve
usi ng gedcepaejreeipreobeing blutatat ogr aphy with a buffer having a pH within one
of the above-listed pH 10 ranges. Gel perneation chromatography nay be
performed using Sephacryl S200 HR Preferably, the buffer conprises

acet at e Ruethreblynabaté is efuted inAh¢ eatiat exalangetshgr esing a bufféi einegihinuf f eri ng
Capa1%| t Y éérgp%tﬂn%]atv?ngagjsgeséiﬁct Qf%ni?yl_*o?%gbumin, especially an acid, for example

octanoate or another fatty acid, for example Cg or Cqp.

Suitably, the rHA is eluted from the anion exchanger, of the first anion exchange
step, with a buffer containing a high level (eg at least 50mM, preferably 50-
20 200mM, for example 80-150mM) of a boric acid salt, for example sodium or

potassium tetraborate.

Preferably, the positive mode affinity chromatography step uses a resin comprising
an immobilised albumin-specific dye, such as a Cibacron Blue type of dye,

25 preferably immobilised on the resin via a spacer such as 1,4-diaminobutane or
another spacer of Cy.g preferably Cy5, eg Ci1.5 and most preferably C4 length,
preferably having a,w-diamino substitution. Preferably, the matrix is the "Delta
Blue Agarose” (DBA), prepared as described in WO 96/37515.

30  Third Process for Preparing Highly Purified rHA

Another process for purification of an rHA solution, particularly for reducing the

level of nickel ions in an rHA solution, comprises subjecting the rHA solution to a




performdiafiltration/gel perneation chromatography with water. 15 ﬂlﬁv
ni ckel ions can alternatively be chelated and renoved fromthe rHA" THY Q008
can be achieved using a chelating agent such as imnodiacetic acid

i nobi |'i se@oQBussoaPhar ose (Chel ating Sepharose, Phar naci ot her
pol ymer (such as Chelex, Bio Rad Laboratories) at a |ow9%‘i4‘,%°6?°§ Eérably pH

4.0to 6.0, nore preferably pH4.0 t024.5. 20 Pref erably, when the product
fromthe Erocess just described is subjected inmmediately to negative
cation exdR&hge BHrmEieEAPRY-6.0, 4nd red\éng aidkeltians. t RreferpblgctaesHaonpr i ses

subj ecti n i i t;] -5 versely, n the
pr oduct ffaé%nﬁhlg'égtr)%géeegstb?&I—i%{&g%‘{é@; Zﬁgf%#éﬁpgggri r?%rerpé%fﬁ\fgg\?ye ani on 25
exchange Rit-Briebdyyeaphyrd prefesaply oHdra edpltifiat andeost pRESGIDEIBHUIES
subj ectings the rHA solution to a pH of 4.3-4.9. A purified rHA solution
prepared as descri bed above nmay be further processed. For exanple, it may
be ulttrafiltered through an ultrafiltration nmenbrane to obtain 30 an

nt at e havi ng,an rHA concentration of at |east about

uItrafiItigaéaiéo retﬁ - H (
10g, pref'ef "f‘@y’a&‘tuc EIPCOHFTLVNPIIRSE dligfiistianaganshpdufegotpHz Bl Gear litre,

ith th i - : i hehd Lagt at least 5
Wi e agalrist afdukrer ﬁéw@arpﬁ@mﬁuﬁb-ﬁle@iﬁ%%@%%rgb‘ﬁ%@%g%g%% aoees

retentate equival ents of water. 81

PCT/ GB03/VGAE Vo, niskel demeralian heneriéevesi ustng/og wermeation HA for use in
accor dancgrovhidat : [ t [ f.ro i mpure rHA
sol ution. 'rl'he pgé@ﬁgéﬁﬁ%ﬂﬁf?g%&l eé ‘gﬁé’ﬂ@/ﬂ ?rrger g‘%? at%ﬁgeii%ﬁea]@\?dqng st eps:
cul t UPi ngangesa Felmesnealidroshraeaiagiarhysmey bepetiogaad seingrespshoyed with a
nucl eot i i ) i uence aof human al bum n;
pref er abf%oggigg?gr%%ﬁg&?ﬁgbn%%g% Q?gﬁ é%%s%%#%g%ﬁﬁﬂ)ém q%tterf%ﬁlﬁ' ati on medium
condi t i offiltegatidely niberauimsufficiant befsrirycafanity framt feX to qujustihe ptispa; passi ng

et e o e bl bR EBRu B R Mg TTo urtrar 11 ter od
product through a further chromatography step; ultrafiltering/diafiltering
15 The nickel ions can alternatively be chelated and removed from the rHA. This can
be achieved using a chelating agent such as iminodiacetic acid immobilised on
Sepharose (Chelating Sepharose, Pharmacia) or another polymer (such as
Chelex, Bio Rad Laboratories) at a low pH, preferably pH 4.0 to 6.0, more
preferably pH4.0 to 4.5.
20
Preferably, when the product from the process just described is subjected
immediately to negative cation exchange chromatography it is preferred that the
process comprises subjecting the rHA solution to a pH of 5.0-5.6. Conversely,
when the product from the process is not subjected immediately to negative anion
25  exchange chromatography it is preferred that the process comprises subjecting
the rHA solution to a pH of 4.3-4.9.

A purified rHA solution prepared as described above may be further processed.

For example, it may be ultrafiltered through an ultrafiltration membrane to obtain
30  an ultrafiltration retentate having an rHA concentration of at least about 10g,

preferably at least 40g or more preferably about 80g, rHA per litre, with the

ultrafiltration retentate being diafiltered against at least 5 retentate equivalents of
water,




again before purification through two further chromatographic step
final wultrafiltration/diafiltration. Preceding or follow ng any of Nﬁg 2006
process steps described above, the rHA solution 15 may undergo buffer

exchange, GBRksEALI on, dilution, heating (including sLefiki j,on),
cooling or may have salts etc added to the rHA sol ut ?on \Aﬁlghbﬁn@;‘/ﬂ 120r
exanpl e, condition or adjust the pH &2 the sol ution. Optionally, the rHA
may be treated with a reducing agent or may undergo a decol ouration step.
The invention will now be described in greater detail, by way of exanple

only, whi de%&hggi%&gcﬁah@ p%ﬂﬁ%(g %A? e@éb PR gﬁnc@aﬁ{httﬁ@pr%%ﬁmanyl ng

draw ngs, oWs measured F-Mil:C activity for
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hi ghly purifi.ed rHA b I :
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b{ OE?c'lfﬂ. | hg@@)?rﬁa:ﬁ\xdmﬁra@gfoeméd ghm\ll_lﬁéncr@ébmmamtdwnge datadifigthecaniposictd ons
stabilised w serum
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of F-VII pu@ﬁqatr@ntpassméh%@@mrif@?ﬁﬁ mﬁéwihﬁ@ﬂﬂh YEshyGcsedve 5 The sanpl es

were st Oﬁﬁgdﬁtogrgppgggpé qgt?é'ﬁge'nhﬂ;o%lh@mb Heehrvalis Bé{e%rlng?tl’iée“ od of 48
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ultrafiltration/diafiltration.

Preceding or following any of the process steps described above, the rHA solution
15 may undergo buffer exchange, concentration, dilution, heating (including

sterilisation), cooling or may have salts etc added to the rHA solution which may,

for example, condition or adjust the pH of the solution. Optionally, the rHA may be

treated with a reducing agent or may undergo a decolouration step.

The invention will now be described in greater detail, by way of example only, with

20 reference to the following Example, and the accompanying drawings, in which:
Figure 1 shows the measured F-VIII:C activity for compositions (three lots)
comprising F-Vli stabilised with 0.5% wiv highly purified rHA in a long-term
stability study conducted over 48 months (fitted regression lines with one-sided

25  95% confidence limits as broken lines); and

Figure 2 shows corresponding data for compositions stabilised with serum-derived
HSA.

30 Example 1

Investigational lots of an F-VIll preparation were prepared as follows:




Resi dual noisture Dissolution tine pH Protein content 20 Factor VI Lljj\ c
activity VvW:RcoF activity VvW antigen vWF nultinmers Pol yners a'ﬁcf OV 2008
aggregates 25 The data observed were conpared with correspondi ng data

obt ai ned uREYBNsskgieNt i cal conditions for correspondi ng sp&%&%mb&‘v\hi ch the
highly purified rHA was replaced by the same concentration o

serumderived HSA. 30 -1 NOV 2T5 WD2¥3/ 066681 PCT/ GB03100474 30 Results
No significant difference was observed between the behaviour of the sanples
cont ai ni MEGMY §HIifepiiA Mas @ddeitaselutiansse Feit andhpigr secipienideMheed HSA in

respect ' Eqﬁﬁ. ' el i.sture Dissolution tine
pH 10 Pr 8?@?%”%%{%%‘4&%&%‘%% acﬁﬁ%{/???/ﬁ?\%/’bﬁ@htalgg‘ég(' ulf/r\ﬁv—soﬁﬁ' ¥ mer s
Pol yner s wanel treggyegfalisesl. 15 However, the Factor VIII:C activity of the two
products showed a significant difference, as illustrated in Figures 1 and
2.

5 The samples were stored at 5°C, and reconstituted at intervals over a period of 48

months with water for injection. The reconstituted solutions had the following

composition:
Highly purified rHA 5 mg/ml

10  Glycine 20 mg/mli
Sodium citrate 5.35 mg/mi
Sodium chloride 3 mg/ml

The following variables were investigated over a period of 48 months:
15
Residual moisture
Dissolution time
pH
Protein content
20  Factor VIII:C activity
VWF:RcoF activity
vWEF antigen
vWF multimers
Polymers and aggregates
25
The data observed were compared with corresponding data obtained under
identical conditions for corresponding samples in which the highly purified rHA was

replaced by the same concentration of serum-derived HSA.

30




The observed change in Factor VIII:C activity over 36 nonths was an average
20 decrease of 0.2 IUn for the sanples conprising highly purified¥
(Figure 1) and an average increase of 4.4 |Um for the sanples conprising
serumderiwWedsoédeh (Figure 2). This difference was si gni{;&'@??«fs/o(){’m: 0. 004).
1 Novenber 2006 31 CLAIMS 1. A co sition conprising , the

conposi tion further conprising a hing ly purified rHA in an anount
sufficient tl preserve or maintain the F-VIIl activity of the conposition,
wherein Eﬁé—gﬁghly purified rHA exhibits one or nore of 5 the follow ng
properties: (i) extremely low levels of colourants; (ii) extremely |ow

| evel s of, or is essentially free of, alum nium Iactate citrate, netals,
non- al bubWrsignifsgmt piferasicagvasniRsR s hetanp d1eobrilaviesT opine seantlekr ei n
activatog r l.ood
clotti ng a%{ng{;;sg@qlg pﬂpfc') ar yo%ﬁ%mﬁ&ré %?@lng%reﬁh r’S %m%%&&fhgﬁgﬂ%sﬁeegl bum

aggr égat efstherfoltwhwreargmemrs endot oxin, bili rub| n, haem yeast protei ns,
animal proteins and viruses; (iii) at |east 99.5% nononeric and dineric,
preferably essentially 100% nononmeric and dineric; (iv) a nickel ion |evel
of |ess Rbaidualﬂﬁ@;gtur@ased on one gramof albumn; 15 (v) a glycation |evel
of less than P. preferably | ess than 0.10, O. 075 or 0.05 noles

hexose/ n8ISEOf8T MY as measured in the Amadori product assay: (vi) at |east
90% or 95% preferably at |east 96% nore preferably at least 97% even
nore pref erably at | east 98% even nore preferably at |east 99% nost

pr ef & apTiPRINEePERt i al |y 100% of the al bunin nol ecul es have an i ntact
Cterm n\yw;: F’z&,;:(géﬁv)t a content of Concanavalin A-binding al bum n of |ess
than 0.5% preferably |l ess than 0.3% 0.2%or 0.15%; (viii) a free
thi ol com rﬁ”“@ﬁ”at | east 0.85, 0.8, 0.75, 0.7, 0.65 or O. 60 ol e  SH nol e
protein Mg%gﬁﬁgg ed by using Ellman's Reagent (i x) substantially no C18
or C20 fatty aci when anal ysed by acidic solvent 25 extraction and gas
chr omat ogelupiey and ﬁ@@fégﬂifaﬁty acids using a Cl7:0 internal standard; and

15
However, the Factor VIII:C activity of the two products showed a significant

difference, as illustrated in Figures 1 and 2.

The observed change in Factor VI1I:C activity over 36 months was an average

20  decrease of 0.2 IU/ml for the samples comprising highly purified rHA (Figure 1)
and an average increase of 4.4 1U/m| for the samples comprising serum-derived
HSA (Figure 2). This difference was significant (p = 0.004).




(x) a high degree of nol ecul ar wei ght honogenity, specifically a nolecul ar
wei ght distribution of at |east 50, 60, 70, 80, 90, 95, 9fNoWMb&RE®r
substantially 100% of al bumi n nol ecul 8 with a nol ecul ar wei ght spread no
greater than 2000, 30 1500, 1000, 900, 800, 700, 600, 500, 400, 300, 200 or
fewer daldifpgwhen determ ned by mass anal ysis using el ectrospray nass
spectronetry. 2. A conposition as clained in Caim1, wherein the highly
purifiedir HA iAscoropasitien eoinpeidingyr (i, thel doowpasiticroiubtheatomprising a

h | stics: .1 Noyenber 200 (] | ecul ar_wei ght di stribution of
a1 cast MsBY BRI 3R iy sulicion o Gefervs ob @Il |y 100% o

al bum n gBliGaLbRIRe\WohibaRitiow, WHdrain theindHly POffaHrHA xBILRFR! 0
dal tons, or Fryédr)e prem ai)l y no éreaterﬁm%lﬁ éOO,r8OO,X 7@“8%,&{66%@8[5%% 400,

300, 2o00ths fallewing ppedies; when determined by mass analysis 5 using

el ectrosptay ry . (10 .glycation |l evel of |ess than 0. 10,
and m)reﬁz)ref %?ﬁ%ﬁ“%%‘é@fs@?ﬁ%#&?@}kga& 0.05, nmoles hexose/nole protein;
and (iiilfija centremelyibwdevelsvivet isresdehtialli fige of, BWirhimiwh, laette t ligbted. 3%
(ww), and, nore preferably less than 0.2%or 0.15% 10 3. A conposition as

cl ai med Metaisanan-alRymiohman prefainise such as immynpglobyling.i rré-kallikeeins pr epar ed
by subj egti | : - i : 0 : ' a onductivity
P4 The FSHhR iR - Sob Yt Befisin A B BRI
i s rih i profegpdtioerotains freignientsf@durhio, aibeimiklaggrelats oh polyimdrsesr an
affinity 1‘3 mat ri )1 conpri sing i mobi lised, di hydroxyboryl groups, thereby
obt ai ni n§NECIVM, LliEEPIN, hpensoyeastdtoteins, AniBalpYeiansANdYiIrses:med in Caim 1
or C ai mip, wWaeleisnod B9 Modierfishd biferid Hheferably 4pj ecting an
rHA solu I|i%on to cat?on%exchangee c%r%?raﬁ]tq%rgig Eﬁ%f%ﬁab%ggﬁéﬁ%rlllpgr@e@change
chr omat ognoseimyerionred dimeriche t hus purified rHA sol ution optionally undergoes
one or re of: .Quffer exchange, copcentration;, dilution, dialysis;
Gt 1t rQYF ona sk A RRTRIToRs ey g, £asad B ecatoar of AN 0 or
PHA.1G  ang pr afgodabl Iével af Rids!tAgs ol& ety Wss @Qﬂ'dﬁ@,ﬂo.@&? [ @uss N9
agent; decolouration treatnent (eg with charcoal); heating (including
steril i senolemipexose/mole protein as measured in the Amadori product assay;
(vi)  atleast 90% or 95%, preferably at least 96%, more preferably at least 97%,
even more preferably at least 98%, even more preferably at least 99%, most
preferably substantially 100% of the albumin molecules have an intact C-terminus:
20 (vii) acontent of Concanavalin A-binding albumin of less than 0.5% (w/w),
preferably less than 0.3%, 0.2% or 0.15%.;
(viii)  a free thiol content of at least 0.85, 0.8, 0.75, 0.7, 0.65 or 0.60 mole
SH/mole protein when measured by using Ellman’s Reagent;
(ix)  substantially no C18 or C20 fatty acids, when analysed by acidic solvent
25  extraction and gas chromatography of free fatty acids using a C17:0 internal
standard; and
(x) a high degree of molecular weight homogenity, specifically a molecular
weight distribution of at least 50, 60, 70, 80, 90, 95, 98, 99, 99.9 or substantially
100% of albumin molecules with a molecular weight spread no greater than 2000
30 1500, 1000, 900, 800, 700, 600, 500, 400, 300, 200 or fewer daltons when

determined by mass analysis using electrospray mass spectrometry.

3

2. A composition as claimed in Claim 1, wherein the highly purified rHA is
characterized by the following combination of characteristics:




25 cooling; or conditioning. 5. A conposition as claimed in Claim1l or
Claim 2, wherein the highly purified rHA is prepared byl &gveatss2006
conprising the follow ng steps: (a) sugecting an rHA solution to a cation
exchange chromat ography step run in 30 positive node with respect to the

rHA; (D) ggslma@&u@m&m SRR oMt IEé‘ét'SﬂJﬂ a%%a &e?éaéag%s (g ggubj ecting

the cati exchange e e to an ani on exchange r omat o phy’stép run in
posi ti ve9&nSder wttshantwpéﬁﬂ% @ftaﬂtmmlHAnole(cd)escwitH\ ecrnolagulanvdmght(sm@aml ng

h b 2006 . 33 b '
exchangenirier A iD0 dRRE Of M el aphyosiiegt qrﬁnén”ﬁabp@c?%% mode
with resgegtsé® 4dme30b%szod by féw&rlo%mbhggwﬁanrdéferﬁﬂﬁé@b s idl

chromat ogr aphy el uate; (g) subjecting the affinity chronatogra y eI uate to
an affi nuwgcﬂie@rmap@@ya@sy specometyun i n negative node with respect to the

2l bun n UGV TR 3 P GT8 1 bt mfS BRI IR R o OS0 PBn

chr omat ogiciMetdsenbly praedin; 4nd subj ecting the affinity chromat ography
flowthrough to a cation exchang chr ormat og rthy step run in negative node

with resfib contenhef Cepcanayalin A-bisding-albHgnin ot lags-tham O=3%i (wywo.aantn
exchangerﬁc lré’ éf@Fé’d‘f}?%ss(th%n 6%}’ %‘f‘td /t he cation exchange flowthrough to

an ani on €xc an 2 romat 0graphy s p run in negative nbde or positive
nodet0 (1) collecting the MA-containing ani on exchange fl owthrough wherein

the anion ex han e st run . in_negative node; or cluting fromthe anion
15 exchafge %%'%@%ﬁ'@%ﬂﬁh&@' Ler @'@Wb?eWhe'ﬁ%tW'GH yeurthigage

step is fyRid teg%géa bZ% H@@ﬁn %wgsw egr& d@ﬁ%f%}ﬂlst(? %W

purification pr ecede or nore of:
buf f er ecariduddigity h’D’ﬂhlee‘lahgatOIfdrto 7EinSicimoh to dinaéfﬁmt;schr@maﬂm@rbphy rsédp on;

Pt o s s i fedaive oS it BFbesriosbaane i whieh Blises g Sty .
decojspur afatpcdmpASIAG raﬁm(&ﬂ.é@dtmhyd}a&ywy) grolRaLl tHafelby HSEHMHA'E purified

sterilisation
rHA solution.

4, A composition as claimed in Claim 1 or Claim 2, wherein the highly purified
rHA is prepared by subjecting an rHA solution to cation exchange chromatography
20 and anion exchange chromatography, wherein the thus purified rHA solution
optionally undergoes one or more of: buffer exchange; concentration; dilution;
dialysis; diafiltration; pHadjustment (preferably to a pH greater than pH2.0 or
pH4.0, and preferably to a pH less than pH10.0); addition of reducing agent;
decolouration treatment (eg with charcoal); heating (including sterilisation);

25 cooling; or conditioning.

5. A composition as claimed in Claim 1 or Claim 2, wherein the highly purified
rHA is prepared by a process comprising the following steps:
(a)  subjecting an rHA solution to a cation exchange chromatography step run in
30 positive mode with respect to the rHA;
(b)  collecting an rHA-containing cation exchange eluate;
(c)  subjecting the cation exchange eluate to an anion exchange
chromatography step run in positive mode with respect to the rHA;

(d)  collecting an rHA-containing anion exchange eluate;




cooling; or conditioning. 25 6. A conposition as claimed in Claim1l or
Claim2, wherein the highly purified rHA is prepared byl &ogveodes2006
conprising the follow ng steps: (a) sW§ ecting an rHA solution to a cation
exchange chromatography step run in positive node with respect to the rHA;

(b) collggti n&@@ctmarm@rgfﬁwb&eh&z%é 9|ua@<®f@rnaﬁinﬁ¥w&ha%§rép y&@pireﬁti ng

the cation exchange "eluate to an I on exchange hr omat ogr a step run in
posi ti ve nodeiniasitivegwpdetwitroraspect tdthe ridd) col | ecti ng an MA- cont ai ni ng

i | - biectipg.th ' h luate t
art i 4y 0 hr crlBsP - MRS PRk SRt B cspect to the rra
1 Novenbgy) 208ifhjectthd fhe ﬁﬁhikﬁ@lﬁﬂoﬁﬁht@g’m%y‘émﬁtéit@ia;f/ﬁgaffiﬁﬁ)} ShrombgrapRy ogr aphy

eluate; (g) subjecting the affini t_ﬁéchromato raphy eluate to an affinity
chr oat ogr aphstepstie it negative megetwitreraspaet igithe rHéspra in pesitveemoda withd i n

it d ' . | - callecting.the
VA cont ai i ng S PEL o RRBldg YR Pl e Ao PV iplelfng  ne
af fi ni t y(hirat réollettiogthid ridigontainiag ﬁﬁﬁi@ﬁbrﬁéﬁmphmbwmfr@mmphy step run
i n negat)ve or positive npde with respect to the rHA; ({i) col l ecting the
r HA- cont @) ni rRpRiestig Beambechosatesnaehy lowndreigh fna cation axehangskchange

step is run i ﬁﬁﬁ% : ; s | hange matri x an
ani on exchangéehrg ua %r‘é&ﬂgr%gél‘pnrﬁlg%aélﬁagggg}éﬁw‘gtﬂ?egéﬁedg'?cl) g%r(ﬁ-rll&l n positive
modd0 (k) subjdadlectimg theheHAdansahingicatiopexchamge figwitheough; on exchange
chr omat ogr aphy , .st.e 0 a,catiop exchan chr omat ogr aphy step run in
negat vathodesunlesna e R @ Chiangs dowrarouan o Reeniaighen
r HA- cont ai ni nghr6atat GGt RBIPRu v 'ﬂOQH&I{H SNoMRd Ridyeany of the
respective purirficaﬁ}oﬁ gtgégg arle opti onal ye prg%eclied or e’foI | owed by one
or nore (bf : budlieeting iehendyeontainiogranian exciiangel flavi-thrpugdh atheseis; th@0
O ) LAt oy Bk RE IS, KRR T PhERAe! Roe S LR Rom BT O O

15 exchange matrix an anion exchange eluate wherein the anion exchange

step is run in positive mode;

and wherein any of the respective purification steps are optionally preceded or
followed by one or more of: buffer exchange; concentration; dilution; dialysis;

20 diafiltration; pH-adjustment (preferably to a pH greater than pH2.0 or pH4.0, and
preferably to a pH less than pH10.0); treatment with a reducing agent;
decolouration treatment (eg with charcoal); heating (including sterilisation);

cooling; or conditioning.

25 6. A composition as claimed in Claim 1 or Claim 2, wherein the highly purified
rHA is prepared by a process comprising the following steps:
(a)  subjecting an rHA solution to a cation exchange chromatography step run in
positive mode with respect to the rHA;
(b)  collecting an rHA-containing cation exchange eluate;
30 (c) subjecting the cation exchange eluate to an anion exchange
chromatography step run in positive mode with respect to the rHA;
(d)  collecting an rHA-containing anion exchange eluate;
(e)  subjecting the anion exchange eluate to an affinity chromatography step run
in positive mode with respect to the rHA;




preferably to a pH less than pH10.0); treatnent with a reduci ng agent;
decol ouration treatnent (eg with charcoal); heating (inchudovember2006
sterilisation); <cooling; or conditionBag. 25 7. A conposition as clainmed
in Cdaiml or laim2, wherein the highly purified rHA is prepared by
subj ect i an HIA- B bly 2.5- 6.0, and
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10ng/rr1 1 Novenber é A conposition as clained in CaimS8,
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preceding claim which is in the formof an aqueous solution or

suspensi on. 16HAY - A conposition as clained in daiml or daim 8d whi (C:Jh S
in the fgimo IAS | |n aim
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mg/ MO up t o abaitn &&haggelistdp gfrlm ipmeghties ndds; od dlutifAg Fom @sé ahiodn aS
claimed in Caim13, which co |se?1 when reconstituted with water, from
about 0.1 ng/ ﬁ?‘crﬂﬁf'qeomé%‘tﬁ” gniehy exc ﬁf‘@ﬁl%bu%ﬁr"‘(rﬁr@(ﬂ thejgmion gxahangs

conposi tion agtd @lrgﬁ!% b@s@/é‘hmo% or Aaim9, wherein the non-al bum n
proteinis F-VIT]. . A conposition as clainmed in any one of Clains 1 to 7
or d ai m{kj5, qujeetlmg the rHA solution purified by the anion exchange chromatography

step to a cation exchange chromatography step run in negative mode with
15 respect to the rHA;

()] collecting the rHA-containing cation exchange flow-through;

and wherein any of the respective purification steps are optionally preceded or
followed by one or more of: buffer exchange; concentration; dilution; dialysis;

20  diafiltration; pH-adjustment (preferably to a pH greater than pH2.0 or pH4.0, and
preferably to a pH less than pH10.0); treatment with a reducing agent;
decolouration treatment (eg with charcoal); heating (including sterilisation);

cooling; or conditioning.

25 7. A composition as claimed in Claim 1 or Claim 2, wherein the highly purified
rHA is prepared by subjecting an rHA solution to a pH of 2.5 to 7.5, preferably 2.5-
6.0, and removing nickel ions.

8. A composition comprising a non-albumin protein, the composition further

30 comprising a highly purified rHA in an amount sufficient to stabilise the non-
albumin protein and a polyethylene glycol, at a level such that, following
reconstitution of the composition with water, the concentration of polyethylene
glycol is in the range 0 to 10mg/ml.




25 the F-VII1 is rF-VIII. 17. A conposition as clained in CCaim8 or Claim
9, wherein the non-albumin protein is selected fromthel flowvembzr2O0Ost i ng
of all or part of an enzyme, an enzym85inhibitor, an antigen, an antibody,
a hornone, a factor involved in the 30 control of coagul ation, an
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gromh factors 1 Novenber 2006 36 (TGFs), the blood cell differentiation
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per meabi L] f VPE .and the like], of a factor involved in the
genesi s éﬂpgégg%éﬁgé%ﬁ)@gggﬁ%'gsues (O F and osteospontin for 5 exanple),
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peptides, {NCAF), and.the like], of a cytostatic factor (and for exanple
the prot Er'ns AWGPEWOSItoR ?%CIBQIL%%@%"H&?{ Eg%'ma&wa@w indha femn okRanpl e
von W lesprmiskd pewvaes. fibrinogen and the like) or interstitial (lamnin,
tenascin;, vitronectin and the |ike) adhesive nolecule or proteins involved
in the formation of extracellular matrices, or alternatively any peptide
sequence ich is an.l5 antagonj st .or ni,st, of nol ecul ar and/ or.
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reconstituted with water, from about 0.1 mg/ml up to about 5 mg/ml highly purified

rHA.

20
15. A composition as claimed in Claim 8 or Claim 9, wherein the non-albumin
protein is F-VIII.

16. A composition as claimed in any one of Claims 1 to 7 or Claim 15, wherein
25 the F-Vlll is rF-VIII.

17. A composition as claimed in Claim 8 or Claim 9, wherein the non-albumin
protein is selected from the group consisting of all or part of an enzyme, an
enzyme inhibitor, an antigen, an antibody, a hormone, a factor involved in the
30 control of coagulation, an interferon, a cytokine [the interleukins, but also their
variants which are natural antagonists of their binding to the receptor(s), the SIS
(small induced secreted)-type cytokines and for example the macrophage
inflammatory proteins (MIPs), and the like], of a growth factor and /or a factor

involved in cell differentiation [and for example the transformant growth factors




reconbi nant protein, which process conprises the steps of a) causing a cell
transfornmed with a nucl eoti de sequence codi ng t he non-al biNovemberQoosi nant
protein to express the non-al bum n rec38rbi nant protein; and 25 b) isolating
and/or purifying the non-al bunin reconbinant protein; wherein step a)

and/ or st r f HA,
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C—term nus; (vii) a content of Concanavalin A-binding al bumn of Iess t han
5% (W/p@thologles of the circulatory and interstitial compartments and for example the

formation of arterial and venous thrombi, cancerous metastases, tumour
angiogenesis, inflammatory shock, autoimmune diseases, bone and osteoarticular
pathologies and the like.

20
18. A process for the preparation of a composition comprising a non-albumin
recombinant protein, which process comprises the steps of
a) causing a cell transformed with a nucleotide sequence coding the non-albumin
recombinant protein to express the non-albumin recombinant protein; and

25  b)isolating and/or purifying the non-albumin recombinant protein;

wherein step a) and/or step b) is carried out in the presence of a first form of

rHA, which first form of rHA is less pure than a second form of rHA;
c) separating the isolated and/or purified non-albumin protein obtained in step b)
from the first form of rHA; and

30  d) combining the isolated and/or purified non-albumin recombinant protein with the
second form of rHA and optionally with other excipients in order to provide a stable
composition.




20 preferably less than 0.3% 0.2%or 0.15%; (viii) a free thiol content
of at least 0.85, 0.8, 0.75, 0.7, 0.65 or 0.60 nole SH fNe/amisdrel0donhen
nmeasured by using Ellman's Reagent; (i3] substantially no Cl18 or C20 fatty
aci ds, when anal ysed by acidic solvent extraction and gas chronat ography
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f ewer dabfm@fo\nbwmgwog@ﬁggm ned by mass anal ysis using el ectrospray mass
spectronetry. A nmethod as clainmed in Claim19, wherein the F-VIII is

rE-via . (L No@é%@lelngv)’dev@s@@bﬂﬁ@ntﬁse of highly purified rHA to preserve
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| evel s of, i'S es?egntlall y free of, alum nium Iactate citrate, netals,

non- al buﬁ?tr'lveﬁﬂﬁﬁ’?‘f‘”ﬁ i hzacid gieopeoteinmhasgIasiRhin gad biped R'é)ﬂlﬂ%fla@tqgs
tivato oL @i 09
2Fot ti ngbf a‘gg[rg(?}?&%érlo ar 98?%%?%@?’% é?’#ﬁb‘ﬂ% ﬁ%@@bgaﬁl&ﬁwé}%l%um n
aggr‘kigat esd@hoxpnlwam,, haem, m&kttpnomems animalyroteindardnvirye@st prot ei ns,
| east 99. 5% nononeric and di neric,

gplapglr ab¥'¥s tglsg §?$I§[;/US€S Wgﬁlfﬁ%@%ﬂﬁi pﬁfﬁ@h%eswmww 100%el ion Ievel

of | ess plamdnidiinghd Sifsee: on one gram of al bum n; (v) a glycation |evel of
less than 0.6, preferably | ess than 0.10, 0.075 or 0.05 noles hexose/ nol e

protein @y rreaml@(ﬂlanievﬁ@fmman mﬂmg.lbasadsa)qnelg'ra(woi) albUn'inerast 90% or
pref erabty at uRero§ Rl 8 Ess Thos o &relinny 165 MEA 18 MP7agED s
pr efey abhﬁ()léeuhé*@@male' p#oﬂé?@%s%eéélﬁeé'nbmﬁ AnfBofGb8actayan i ntact
Cterminus; (vii) a content of Concanavalin A-binding albunmn of |ess than
0.5% (W W)) at least 90% or 95%, preferably at least 96%, more preferably at least 97%,
even more preferably at least 98%, even more preferably at least 99%, most
preferably substantially 100% of the albumin molecules have an intact C-terminus;
(vii)  a content of Concanavalin A-binding albumin of less than 0.5% (w/w),
20 preferably less than 0.3%, 0.2% or 0.15%.;
(viii)  a free thiol content of at least 0.85, 0.8, 0.75, 0.7, 0.65 or 0.60 mole
SH/mole protein when measured by using Ellman’s Reagent;
(ix)  substantially no C18 or C20 fatty acids, when analysed by acidic solvent
extraction and gas chromatography of free fatty acids using a C17:0 internal
25 standard; and
(x) a high degree of molecular weight homogenity, specifically a molecular
weight distribution of at least 50, 60, 70, 80, 90, 95, 98, 99, 99.9 or substantially
100% of albumin molecules with a molecular weight spread no greater than 2000
1500, 1000, 900, 800, 700, 600, 500, 400, 300, 200 or fewer daltons when

30 determined by mass analysis using electrospray mass spectrometry.

y

20. A method as claimed in Claim 19, wherein the F-VIil is rF-VIII.




preferably less than 0.3% 0.2%or 0.15%; 20 (viii) a free thiol content
of at least 0.85, 0.8, 0.75, 0.7, 0.65 or 0.60 nole SH inNayeprhEreélG®6ahen
measured by using Ellman's Reagent; (i3@ substantially no Cl8 or C20 fatty
aci ds, when anal ysed by acidic solvent extraction and gas chromatography

of free pattyTheide dmg}qy pulidd PHARG %rré‘:éérve %frmdﬁfaﬁq tr@*ﬁ\ﬁﬁ a(:ﬁ\)nt)ﬂof‘é 9“
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areat o Tt SouBoRIoRinsBb <500 500, “700, “600, 500. 400, 300, 200 or
fewer dafi} onsextremelydeivdemlsed cbourass; anal ysis using el ectrospray nmass
spect ”FT) 'e%(r)en%gl I;)r\r/:/ele\lljglg o?sorcllsglsrsrgr?hallln ﬂ%eacl)fmalzulmm\l/g]rr? rlgé:tre]ltet heltraF’teVI s
r F- VI y y c
metals, non-albumin human proteins, such as immunoglobulins, pre-kallikrein
activator, transferrin, as-acid glycoprotein, haemoglobin and blood clotting factors,
prokaryotic proteins, fragments of albumin, albumin aggregates or polymers, or
endotoxin, bilirubin, haem, yeast proteins, animal proteins and viruses;
10 (iii)  atleast 99.5% monomeric and dimeric, preferably essentially 100%
monomeric and dimeric;
(iv)  anickel ion level of less than 100ng, based on one gram of albumin;
(v)  aglycation level of less than 0.6, preferably less than 0.10, 0.075 or 0.05
moles hexose/mole protein as measured in the Amadori product assay;
156 (vi) atleast 90% or 95%, preferably at least 96%, more preferably at least 97%,
even more preferably at least 98%, even more preferably at least 99%, most
preferably substantially 100% of the albumin molecules have an intact C-terminus;
(vii)  a content of Concanavalin A-binding albumin of less than 0.5% (w/w),
preferably less than 0.3%, 0.2% or 0.15%.;
20  (viii) a free thiol content of at least 0.85, 0.8, 0.75, 0.7, 0.65 or 0.60 mole
SH/mole protein when measured by using Ellman’s Reagent;
(ix)  substantially no C18 or C20 fatty acids, when analysed by acidic solvent
extraction and gas chromatography of free fatty acids using a C17:0 internal
standard; and
25 (x) ahigh degree of molecular weight homogenity, specifically a molecular
weight distribution of at least 50, 60, 70, 80, 90, 95, 98, 99, 99.9 or substantially
100% of albumin molecules with a molecular weight spread no greater than 2000,
1500, 1000, 900, 800, 700, 600, 500, 400, 300, 200 or fewer daltons when
determined by mass analysis using electrospray mass spectrometry.
30
22. The use as claimed in Claim 21, wherein the F-VIll is rF-VII.




