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co- f or mul at prepatigidvi ded herein can be fornmulated for nultiple dosage
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Provided herein are containers that contain the stable, liquid
co-fornul ati ons provided herein. The contai ner can be a tube, bottle, vial
or syringe. In exanples 30 where the container is a syringe, the container
further conprises a needle for injection. Thus, the containers provided
herein contain the stable, liquid co-fornulations for single dosage
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met hods provided herein to treat a primary i mmune deficiency disease. The
primary i mune deficiency di sease can be conmon vari abl e i nmunodefi ci ency
(CVID), swbeotiiosesokgA deficiency, |gG subclass defi ci enegr/isp@oiobisaes

anti body deficiency, conplenent disorders, congenital agamagl obul i nem a,
ataxi a tel angi ectasia, hyper 15 IgM Wskott-Aldrich syndrone, severe
conbi ned i mmunodeficiency (SCI D), prinmgy hypoganrnagl obulinema, primry
i mrunodefi ci ency di seases with anti body deficiency, X-1inked
agammagl obul i nem a (XLA), or hypogamragl obul i nem a of infancy. In other

exanpl es, tiher us@teﬂ@tdtOQBnM,dﬁgad\ﬁdQﬂm riéQtHI‘anW%nM ¥dguM, ¢80 26Mi nmune
deficiency ) ndar 0 nanci es.
henat ol ogi cépn%elfsgnanc 0% b@ F’gﬁrneg'ﬁ@f{% I 1 ghigo ?'gﬁg‘ﬁd%ytl C

| eukem a (@shmMrul tiple nyel oma (M\/p and non- Hodgki n' s | ynphona (NHL).
In instances where the |G treatable disease or condition is an mflanmatory

or autoi nmune diesiable, diquid ¢o-fosmplations provided hereimoontaiail S deast Ko the

sel ected 2 f, lo t

denyel i gat ?ng ’po ynegriopat%y?‘k@ IQ!Ja?n é’ﬁ?’g {s?%d‘%‘jr’rgh ﬁ%p@[%iv&/v’

t hr onbocyt apenive'vpLr WA, 190b Wiy, d9i %ivey, ztE%rm;tvorzy%wt/v D2 %Rl 68 intwite.body
myositis, Lanbert-Eaton pyasthenic syndrone, nultifocal nptor neuropathy,

myast heni a I@F%‘F@‘%ﬁle%b? G s 1V whrPrePiariive Thedbisedircthe £anml es t he
co-fornul at or fungal
i nfection, fbﬁ@ﬁhéomghr%g}?}gﬁﬁﬂghgnké lg;;‘?t:‘én I ug&?g%h%op%ﬁ IgjgllIIDSeudormnas
aer ugi nosa plaspmssush anbly acomlaﬁﬂmmemcdﬁ some exlamplgs ahqDI(Bls farther ept ococcus;
Strept occus. .pneunoni ae types 1, 3, .4, 6, .7, 8, 18 1 and 23;
~denovilPus RUGEL BY aay gneor fprey %heawaagodliﬁé@a iRewbition g P Qo
hepatitis Mlmdhklﬁepsﬂﬁl%weﬁiy?erﬁ glyéo@@E@%rﬁéﬁlt%JH)ﬁ&%eﬁdhﬁﬂge 1; herpes

si nmpl ex virus-2; I'Uenza A, neasl es; ‘parainfluenza types 1, 2 and 3;

pol i o; var |Cbmrnaiogr@gln3e [enyyTNatss clm,vpgc,gspNensédetergamtdre@anmtdd;aﬁlttmoans

Furt her, treatabl e ise or_condi,ti on _can cted from anong
T oconi o WATBeEE TP ion® oS Ml netebh S uR PR s

ANCAposi t i VIFGS@I &l EMeE Srhe bighpless tHel IG ¢o$1ta1ﬂdlgr@ht@mlﬁﬁ oagmEGyt ic

anaem a; bull ous penphi goid; cicatricial %gm d; Evans syndrone

(i ncl udPng aut oifwithe ﬁlfocmﬁmmmon& C@Ih%(@ﬁﬂﬂa hIn semmexanesBisdyeCoeni a) ;
foet o- mat er; é‘?ﬂ 4 &%%&g%ﬁ%on%f 58! B‘ézEHﬂ\?, S’Hoamﬂf"é'ﬁ'rgﬁ'\'% PM 80
c syn | 0ogeneic

haenmophagocyti rone; hig r| S ’haenppol e eni cel |
transpl ant ahMoQ() IﬂMMQIamM,rldtOenmem mMe1B00nM, Y0 nidd hey miM aredphdqt at i on;
multiple s rosis, Opsocl on ocl onpus at enphi gys follaceus
penphi gus vlaﬁ 180 dd To0 G 0 %Lﬁ'ﬁ‘M?zot & THETeo I QBF FHATIPIE,
necrol ysi S/ﬂ%ﬁ‘ééf‘ls‘%?g@éﬁ’&n%ﬁﬁ&f SFBsd ARV SIS); toxic shock syndrone;

Al zhei ner's D sease; systemc |upus erythematosus; mnultiple nyel ong;

sepsi s20B cel | tiih@mosfonpakaan%moaki@ﬂbemmem&diharsotwgelm@ﬂlabhidaswmah no

anti bodi es ow t | ant on DETAILLED | PTI

Qit| fne A ts8h PP Bl BB e Rafl Eifkxamble Hemohie CHOBSRIES 1 &) and
hyal ur oni dagg be an ovine, bovme or truncatea huth@@@Uﬁxb%xﬂ&éfe@%ere the

(

2. Subcut aneous Admi nistration of |nmune G obulin and al ur oni dase
25For nmul at iPF§H9 is a truncated human PH20, thg truggatpd burman PHZfhern bt selsctes] fremune
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35ii. High Concentration |G Preparations (e.g. 20%1G 2. Storage Stability
a. Protei ntyalinidase pyrFEHA ent s

Further, the soluble hyaluronidase can be at a concentration that is 50 U/mL
to 500 U/mL, for example 50 U/mL, 100 U/mL, 200 U/mL, 300 U/mL, 400 U/mL,
500 U/ mL or more. For example, the soluble hyaluronidase can be at a
30  concentration that is 100 U/mL or 300 U/mL. In the co-formulations provided
herein, the soluble hyaluronidase can be present at a ratio of 100 U/g IG to 5000
U/g IG, for example, 100 U/g 1G, 150 U/g 1G, 200 U/g 1G, 250 U/g IG, 300 U/g IG,



b. pH D. Hyal uroni dase 401. PH20 2. Sol ubl e Hyal uronidase 7 a. Sol uble
Human PH20 b. Sol ubl e Reconbi nant Human PH20 (r HUPH20)

3. d ycoswbabiions4604 4. Modification of rgalusec@nioomses to

i nprove their pharnmacokinetic 5properties E. Methods of Produci ng Nucleic
Aci ds encodi ng a sol ubl e Hyal uroni dase and Pol ypepti des Thereof 1. Vectors
and Cells 2. Expression 10a. ProkaryoticgqCells b.Yeast Cells c.Insect Cells
d. Mamalian Cells e.Plants 153. Purification Techniques F.Preparation,
Formul ati on and Admi ni stration of |nmmune d obulins and Sol ubl e

Hyal ur oni dad® W@ K800 Udg G, 600 U/g IG, 796|1-HﬁI1§t $HhE/zle 90044gds, K000 nmune

G obulin 2 i : i n I zer
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Activity, Suahid,isogo UBk ;@vsatﬁoa@l In s‘oyneadkdmislb'srtnaﬁﬂkble @i/hlgfonldasd #aul ar Si ze
2. Biological Activity a. gl obul in 30b al uroni dase 1.

Phar macoki ratip @§ S%H/Slﬁelr%?@lwgtl? Fﬁ%ﬁf&)@oﬁooﬁr@/& e rtheid ofthercapeut i ¢
Uses 1. SP“%E)MIa csdg Qpéf‘f&%b@%%fceﬁﬁ&t%&'f&ﬂfy a. Primary inmune
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defi ci ency
The co- formulatlons provided herein can be formulated for multiple dosage

administration or single dosage administration. Further, in examples where the co-
formulation is for single dosage administration, the IG is in an amount sufficient to
treat an IG-treatable disease or condition. The IG can be administered daily,

10  weekly, biweekly, every 2-3 weeks, every 3-4 weeks or monthly for treatment of an
IG-treatable disease or condition. The administration of the co-formulation is
effected such that the amount of IG administered is substantially the same as the
amount in a single dosage administration when administered intravenously for
treatment of an IG-treatable disease or condition. In some examples the amount of

15  IG in the co-formulation can be about 1 gram (g) to 200 g, for example, 1 gram (g),
2g,32,4g,5,10g,20g,30¢g,40g,50g,60g,70g,80g,90g, 100 gor 200 g.
Further, the amount of hyaluronidase in the composition can be about 500 Units to
100,000 Units, for example, 500 Units, 1000 Units, 2000 Units, 5000 Units, 10,000
Units, 30,000 Units, 40,000 Units, 50,000 Units, 60,000 Units, 70,000 Units, 80,000

20  Units, 90,000 Units, 100,000 Units or more.

The liquid co-formulations provided herein are stable at 28° C-32° C for at
least 6 months to a year, for example, 6 months, 7 months, 8 months, 9 months, 10
months, 11 months, 12 months or more. The liquid co-formulations are further
stable at 0° C-10° C for at least 6 months to 2 years, for example, 6 months, 1 year, 2

25  years or more.

Also provided herein is a kit containing any of the stable, liquid co-
formulations provided herein, and optionally instructions for use.

Provided herein are containers that contain the stable, liquid co-formulations
provided herein. The container can be a tube, bottle, vial or syringe. In examples

30  where the container is a syringe, the container further comprises a needle for
injection. Thus, the containers provided herein contain the stable, liquid co-

formulations for single dosage administration or multiple dosage administration.



2. Inflamatory and Autoi mmune di seases a. Kawasaki's di sease b. Chronic

i nfl ammat ory denyelinating pol yneuropathy c. Quillain-Barre Syndrone 40d.

| di opat hiwothrigdisi@ayt openi ¢ purpura e. |nflammatory nyoparhises0i002545
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limited to,coniplemient disobddrs, Rohgdril sppifiadlbdlemia, Maxietetingludtasia, hyper

t herapeutic i mmunogl obulin. I mune gl obulin preparation are well known, and

i ncl uddbr &N iskett-Addrieh symdmapaaryery compimedimaunpdeliciaeniBgPH(r) S/ D,

Gamar e- P, | : obulin(r),
Venogl obul |ﬂr?\é§%9%%§l%g 0 lﬁﬁﬂg{e@y\ﬁ’ﬁm?g@@%@%@ﬁ@“& ﬁeg‘}gﬁl | mmune

gl obul i n praaphody defitsencgnXHmked npammhaglobnlifemia (XpAjsom, or are

reconbi nant}g%/) Er oduceg. . . As. used herein, "intravenous 1gG or "IVIG
treatment riypggamyaglepulinemia of infangy: aneutic met hod of intravenously

adm ni stering a [gRARYkirhpRs Ohe Q& da B RO BE Edtlitidh 18 aR3Eg R T Or
treating a nunber of conditions such as i nmune 30deficiencies, inflamrmatory

di seas@¥, ammungtdstimeneredidéaseasemdarfite hem@tdlogical ouglignandiess Bree typical |y
pool ed and ,prepared .fragm pl asma., Wol ti bodi es, or .fragnents can be used.
5 As used HERENGIOSFRmaliinpney eatiheselected om aiongehisnic BRIPYIF any di sease
or condi ti geukegtia (OLL}) nhﬂﬁyllaengdlmwkMMmﬂnﬁihamb@g]@n’agﬁnymﬂa (NMLh di seases
and conditions, include, but are not limted to, any disease in which an

i ncrease in cirdoliggtanegs wherenbel@draatabladipgase ar fanditian is gn arflampatosy anpl e,

| mrunodef | C(jr%{]fb\fﬁlmune disease, the inflammatory or autoimmune disease can be selected

25  from among Kawasaki’s disease, chronic inflammatory demyelinating
polyneuropathy, Guillain-Barre syndrome, idiopathic thrombocytopenic purpura,
polymyositis, dermatomyositis, inclusion body myositis, Lambert-Eaton myasthenic
syndrome, multifocal motor neuropathy, myasthenia gravis and Moersch-Woltman
syndrome.

30 In some examples the co-formulation is administered to treat an acute
bacterial, viral or fungal infection, such as, for example, Haemophilus influenzae

type B; Pseudomonas aeruginosa types A and B; Staphylococcus aureus; group B



5 acquired hypogamrmagl obul i nem a secondary to hemat ol ogi cal mal i gnanci es;
Kawasaki's di sease; chronic inflanmmtory denyelinating pol yneuropat hy

(Cl DP); @uODl2buHi/a34®arre Syndrone; |diopathic thronbocyt opemiuS2@uomng;

i nfl ammat ory nyopat hi es; Lanbert-Eaton nyasthenic syndrone; nultifocal

not or neuropat hy; Myasthenia G avis; Mersch-Wltmann syndrone; secondary
10 hypogammagl obul i nem a (i ncluding iat6ogeni c i munodeficiency); specific
anti body deficiency; Acute dissem nated encephal onyelitis; ANCA-positive
system ¢ necrotizing vasculitis; Autoinmune haenol ¥ti c anaem a; Bul | ous

penphi goi d;STEPOSPTUS: HrenpraossirsyBiedmomipg A Epesylndr Hife 7( 1% 1 &di 4 d 8al dnfmune

haenol yti c san BRI i . : =R z en epnat al
157al 1 o s Rt bbel TEHAS: PR ATRARYRGY BB R nip okl VR AR
H gh-ri sk alitusghepatitis Basnsplerpeéd simplexminit 1l; herpas sipdpdex winise?y;inflaggvza A

par apr ot ei naenj c_neur gpat hy; kidney transplantation;, multiple sclerosis;
psocl onus RS oD .‘?’ﬁaé}’p@e]ngrﬁnaésp?]b‘ﬁivéﬁéakZ"P@Frﬁm‘ﬁu‘gp?/@l’l Fis:

Post - t r ansf s @n 4 AYicans. TOXi ¢ epi dermal necrol ysis/ Steven Johnson
syndronme (TEN SJS); Toxic shock syndrone; 20 Al zheinmer's Di sease; Systenmc
| upus eryt hemat daurther,thé 1G-titeatablealisamss osegmditsin ddndelstlectadnfiros) amosgina; and a
bacterial viral or.fugal, jnfection. .. . used .herein,. r L enperature
Cefers to VORI uREIdeNgieRcy; prub tieminalad sgeremyelitis ANCAT Br 32
Those of skidsltivieRy$tb@icdercMgeedsahlfish NatoiARiRe HaBRERAL dhienyid! bififoulY

| ocation and prevailing conditions. For exanple, room 25 tenperatures can

be hi gher inemphigaid; ci¢atmeialaxemphigoidis Evany syndronfetizgluding autopgmysed her ei n,
"stable", or, "stabilityv". with. referegnce,to.a co~-ferpulatio royi,ded herein
refer seltoo ohﬁg@? V\:hainéﬁmtah‘@tub%?]gpﬁ?g mk?@%e&lﬂyg’ﬁ@?ﬁﬁeﬂg@ 8?0‘1% rein
essenti al | yallogthmiufié tHrb@bé cyRbiydmi £ @M ATTYNATET Keinophaddichfid yylﬂ?&n&énh@t ity

or .

upon storage _for at |east six nonths at tenperatures up to 32 C
pur poses hdiskiallogengighpemappietic stan celbrprspiséation FeM passarpieiseemicl ity at t he

upper rang i a f [ [.£. 28-32C
For 1 tary qeiippdf el B SIS Gte s Qbrolf SRbclo AEPHSSclbhn
ref ri ger at edaxdmcperphigus dolieeead; peaphigus @ulgafls;-pasdtrahsfusionipurparad toxie f or at
10 least_ six.ponths. EFach of the |G and, hyal uroni dase exhihit stability in
the co-IPor rﬁwi}?@ﬂaﬂnﬁﬁgxslgfﬁwaﬁom@f»n awqr%@gﬂTgN!@Jgir{Pﬁg Sgec YHHTome;
t enper at ur ea1zh&flefdisiseat & EHSERI S TBRs ERHetaAbsus! maRPH mydofna; KIRYB fOr
assessing the stability of "each are wéll known to one of skill 1n the art
and descri wsH thmpesi parafgaplastie detebelbdr degetendsioni wigh né antbodissnand bate t he |1 G
does not substaniial I%jé%{qt%;egate, denature or fragment such that at | east
90 % of t he FEY Irapspl s nononers or oligo-/diners, with a nol ecul ar
wei ght of IBETAIDEDDESCHIPATONOUt greater than 70 kDa and | ess than <450
kDa. Thus, |ess than about 10 % for exanple, |ess than about 5 % |ess
t han aB8ut Qutkine| ess than about 3% |ess than 10 about 2 % |ess than about
1 % of the IG protei hissidahesent as an aggregate (i.e. has a nol ecul ar size
greater than or gqualsdule @abrnkdiRiohdorIinfGhe GRbIN]IE) MM aRirbifidlase SI M | arly, no
more than 5 %to 7 %;1. figmuBXemwphith Thérafy 6 % 5 % 4 % 3 % 2 % 1 %or 0.5
% or |less of the |G in Sub@tmeeds adhidiatatiGnofilmnuhaGlsbilinadd fyaleronidade. €. has a
mol ecul2ar Hopmulhtims t han 70 | cDa). 15As used herein, stability of the
hyal ur oni dase neans th&tabletCo-Earmulationt | east 50 % 60 % 70 % 80 % 90 %
or nore of the dfigi namuay Slakpighindsepagation of mymyse Giabuliy st or age. Assays to
assess hyal uroni dase ladrsaaratgn apdPurificationt o one of skill in the art and
describgd herein. As used h °§J‘i;ﬁ)“d" Wé‘] ep.MBans that a formulation is not
C

i mredi at'ely 20 adm ni sterelcﬁ in%léi?)%i"é j:"e once prre%par ed, but is kept for a

period of time under parti gy dinGom ,;ﬁ.m;;ns (e.g. particular tenperature;

liquid or |yophilized form mEhShrylI& HSRradoy €xanple, a liquid fornulation
can be kept for days, weeks, nointibg 1gr years, generally at |east six

nont hs,35pri or to adm ni strati oniitWighCentbytedion IR Hepard Géis @k, R@BEEy at ur es such
as refrigerated (0 t. B®rige Sobilitpom t enperature (e.g. tenperature 25up to
32 O). As used her ei m Proteigistagiliriagexwiensf ers to t he anount of i nmune
gl obulin admi nistered and &P frequency of admi nistration. The dosing

regi rre4i s a fundli on IbRIWeNdass sease or condition to be treated, and thus
can vary. As used herleiff??"subst anti al | y the sane as an intravenous |G
(1VIG dosing 30 regi S PEFEpEremldase  o5i men in which the dose and/ or
frequency is within an anount that is effective for treating a particular
di sease or condition, typically is about or 10 % of the |V dose or
frequency. Anounts of IVIGthat are effective for treating a 11 particul ar
di sease or condition are known or can be enpirically determ ned by one of
skill in the art. For exanple, as exenplified below 300 ng/kg (i.e. 21

o . — v ~ N~ A~



As used herein, hyaluronidase refers to an enzyne that degrades hyal uronic
aci d. Hyal uroni dases i nclude bacterial hyal uroni dases (EC 4.2.99.1),

hyal ur oniwa=es/B%mom | eeches, other parasites, and cru®Caasans/)BEG
3.2.1.36), and mamual i an-type hyal uroni dases (EC 3. 2.1.35). Hyal uroni dases
al so include any of non-human origin including, but not [imted to, nurine,
canine, feline, |eporine, avian, bovine7 ovine, porcine, equine, piscine,
rani ne, bacterial, and any from | eeches, other parasites, and crustaceans.
Exenpl ary non- human hyal uronj dases i ncl ude, hyal uroni dases from 20 cows

SEQ I D NO 10 and 11), yel }o}RiyP anPH20, (SE 12 and 13), h b
ESES | D NO 14) ?nwhi tZa- s ﬁ%%g%?%@%{&@%f?%( e‘P%ggp (S)EQ |([))ney =
}1

f
NO. 16), mouse (SEQ | [f,r\%z’%’% 8

NS 2231, aiieygaonrt (LTS AR A QYR 5y

orangutan (SEQ If NOﬁ&)mdsQ,yma@éimcmc\Ieﬁye&&E%A $oudid BAluroridbsd i Pi g (SEQ
I D 25 NO: 30olypSitmpdptlepopccus aureus (SEQ | D NO 33), Streptococcus pyogenes

(SEQ I D NG 34), and d.ost rvettarngaarefls i ngens (SEQ I D NGO 35). Hyal uroni dases
al so i nclude those of2.hurmeBxpoessign n. Exenpl ary human hyal ur oni dases i ncl ude
HYAL1 (I8EQ I D NO: 36), HYAL® ( SERyokiyyM©@W , HYAL3 (SEQ I D NO 38), HYAL4
(SEQ I D NO 39), and PH20 (BEQ | Eeasg&elly. Al so included anpongst

hyal uroni dases are 30 sol ubl e hiPssct¥8ii dases, including, ovine and bovine
PH20, sol ubl e human PH20 afid so : B:I“‘é“"?"ﬁfﬁf—lZO. 12 Reference to

hyal ur opj dases i ncl udgsp, prEcur sof " Aval ur oni dase pol ypeptides and mature
hyal ur oni dase pop.y PePeflSridaS kbt hufddio A3l tmbﬁ&lmgaﬁhu@ngce has
fhat h and 1 ncl udes

been renpvegjubletHydiaesHidact BolpBptide1€r €0 ave activity,
allelic variants and gReh@ationdhrdBYsszes Vari ants encoded by splice variants,

and other 5 variants, incladnagnpGlopmapti des that have at |east 40 % 45 %
50 % 5% % 65 % 70 % 75b.0HyaB0onidas85 % 90 % 95 % 96 % 97 % 98 % 99
% or nore sequence identiteg Sediumiehlgridecur sor pol ypepti des set forth in SEQ
ID NOS: 1 and 10-39, or thé 4mingpdd tabilizer her eof . For exanple, reference to
hyal uroni dase al so i ncl ude% Qe Ag§¥aEN PH20 precursor pol ypeptide variants

set forgh in SEQ ID .‘?f?—".gfmslo Hyal uroni dases al so include those that

cont ai ri-chen calor s, ALl o0l Reluhicd 3d: O A dab BRS Gk R0 ot
contai n chemical or ppSuhitanskal! ona T Catons.  Such nodiTicati ons
include, but are not jigRib&c A&ivigpegyl ation, al bum nation, glycosylation,
farnysyl ation, carboxyl ati nmniimelglesyinat i on, phosphoryl ati on, and ot her

pol ype®0 de nodi ficati ons kr@ysurbiiddshe art. 15As used herein, a soluble
hyal ur oni dase ref ers . Pharnpebkipeiod and dolahlgliict eri zed by its solubility under
physi ol ogi c condilt i ondeth@sie€Trehiment and Jb¢raprutic Hseal ur oni dase | acks all or a
portion of a gl ycophokitiarydnd Ssepudyy Ipmpre Defigienqoes not ot her wi se
sufficigntly anchor to t he fﬂ‘srg?zﬁ‘f“éﬁéﬁc' hce, upon expression froma

cel |, & sol uble hyal uignhad <8°] é;'m er SReACEPY { he' edi um  Sol ubl e
hyal ur oni dases can be~ 0 d'jsidv%%@hge
Elirind

ap

ls'em?'gﬁhseeaﬁ%?rrpl e, by its partioning into
t he aqueous phase of a Tri ofy sk anspatiRordier et al.,
(1981) J. Biol. Chem, 256 ‘m&@mﬁ%@?@?{gﬁ%ﬁtg " sﬁ)cahl@gs i pi d

anchor e hyal uroni dases, wa.|ldiopahic kirbbocytapaicipaepudet er gent rich phase, but
will partition into the detdnfimnbatpgayopithisqueous phase fol |l owi ng treat nent
wi t h Phosphol i pase-C. | ncl uded amsnupteaesibé e hyal ur oni dases 25 are nenbrane
anchor ed hyal uroni dases in which pHEmssitinpr e regi ons associated with
anchori4§g of the hyal uroni dase ¥oiHgonmkadnmypsifishas been renoved or

nodi fi €d, where the sol ublfeLf‘B;P. t'Eé‘P st 'ﬁ;ﬂﬁdb"d‘?"dase activity. Soluble
hyal ur oni dases incl ude recd Yﬁﬁ At redr 0B & *iYal ur oni dases and those
contained in or purified fi('g{ﬁ;g@;_woﬂ AOVh G Se such as, for exanple, testes
extracts from sheep oy A@Qteqmmﬁxerrprary of such sol ubl e hyal uroni dases
are solggbl e human PH2f).otdriBdeass @hdObidayal ur oni dases i ncl ude ovine (SEQ ID
NO 27) and bovi ne ( SEQtiklel delahdthctite2d kits13 As used herein, soluble
human PH20 or sHuUPH2QExdamgleside mat ure pol ypeptides lacking all or a portion
of the gl ychsyl MBERRITI)NS nositol (GPl) attachnment site at the C-term nus
such that upon expression, the polypeptides are soluble. Exenplary sHuPH20
pol ypept i des i n?ﬂ‘ﬁﬂ% %éps@ éthﬁﬁf’?ﬁ)@i‘ttlﬁ’%@é‘:aﬁa@‘? seniHioterns weddierdn 88¥uence
set forssh i : : < :

00l ypepr dole flile @E?ﬁ%i%"g’?ﬂ}&?ﬁﬁ p%%%QE?SP?éSé? f %@36"? Hedrt obhich e
sequence. Exenplary of the precursors are those set forth in SEQ ID NOCS: 3
and 40- 46, each of which contains a 35 am no acid signal sequence at am no
acid positions 1-35. Sol ubl e HUPH20 pol ypepti des al so incl ude those
degraded during or after the 10 production and purification nethods

descri bed herein. As used herein, soluble reconbi nant human PH20
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5 Exanpl e 3) that nmeasures cl eavage of hyaluronic acid by hyal uroni dase
indirectly by detecting the insoluble precipitate fornmed when the uncl eaved
hyal ur oniwoaoid3léonds wit h serum al bum n. As usedPOErus2eL0/0015e5 t er m
"ultrafiltration (UF)" enconpasses a variety of nenbrane filtration nethods
in which hydrostatic pressure forces a liquid against a 10 sem - perneabl e
menbr ane. Suspended solids and solutes gf high nol ecul ar weight are

retai ned, while water and | ow nol ecul ar wei ght sol utes pass through the
menbrane. This separation process is often used for purifying and
concentrati mgemtm(ﬁlbeloegulﬁérpa(tqms patenoapmwm Qtlbltshsd amsl}sebomanﬁl protein
sol uti ons. unber rafiltration menbra ava e ndi ng on
The si zo. of PYHERGIe. Semiiok sRaten s padBeE HERET il kARGl ERAT
charact er i zggerkRid ta thBHEoAD theRDie Sis@lOsite hvRa) uhleadfotédBthekiie and oper ating
pressures between 0. 01 and 10 bar, and is partr cularly useful for

separati ng ®epIperates byl teberpnastinitheir entisetys dathe evntethat there|arka phugliy 9f and

sal ts. u r L S t he sane
20menbr aneséegﬁnﬂq{ r%é&eﬁ r%%hmé)rsrgh?él 4aSte %Ag%t’?lgl érE §£F9r%\1|1§%& Duri ng

di afil trati®mnaURLrether §udlﬂﬂéﬂﬁlhﬁ'eﬁi atldyiess, tthﬁndegeomltﬂattsaakldahuﬁ&sfcmht rate is
renmoved fromthe unit operatlon In processes where the product |s in the
retentate (rlepge%mmcq gapformatipn op the intsangtean same aﬁ%gﬁebnt §qwiyeleBt t he

pr oduct poo ﬁg&n n f i ng the
concentrati cl)lg(5 0 gé}sllf)ér ab 8%368%:‘{3@?@%% ugegieﬁefxe(%éntﬁareﬁ a}t?%rl{r%gg%%xr ng"
descri bes maaalahhgfandapﬂlm@lssqn&iandnsf sudhihfoomatién.t wo or nore di stl nct
conmpoungds or subsgtances i.n a sol Utl% o[, suspens by, .. or,

agitatioh. Conplet8s é"?lndﬂ%t‘?‘trﬁﬁq Ylinof Tgmung ISB’?’ Fenﬁ%‘z,mﬁ‘ o 1nut| on or
suspensi on jefer9 brep SHLACS diferta Pt%%éﬂﬁ d&fvedTofh 1Y podfed flesrh£6Adul_used i n

this application used here the term "sol vent" "enconpasses any

l i qui d subsdenocse Ig@rmllﬁbedm pmdssmhatq:,mghemantib@beimplragﬁes,rwcbas hg¥k endt her
subst ances. g,‘@/Isol ventt % tnp gani o {)nl nat ur e,..such.as. wat er orbrt may
be an or gani® FIERIFE JGEIPEY ‘%‘t“ﬁ’H‘b‘Tgo ylin canprokide PRy YR MmEFAtion byet hy |

acetate, he?ﬁ@f&ﬁmn@ﬁtrédi’;heﬁtsf's@fum edvels diird8Reng BntitiRidsCIgl atlodRiRlcadlet er gent
treatnment," solvent denotes an organic solvent (e.g., tri-N-butyl

phosp hat®) , fommhplresblpétq ans¥ nquivelisobagterial trwies; gpsanize pathpgsnsigetivate

et or gont » TEIGRERY BAPRRSeet BRGRerif o8 ik Y pinGBoHBOR A Splhroclf

" sur f act ant withicytokine$ astreaeptorsghagef) such le)a,clh&mkﬁklarlez (Iyf1iagal |y organic

corrpounds that are anphi philic, i cont ar ni th hydrophobi ¢ groups
("tails") alie nﬁrﬁ)cmgroese}s%mrl@ fRsiRrs#ipha (/ng‘ﬁlpgéh&% stﬁ?trae%pérrﬁs

sol uble in r n assified
by the preszﬁ%gb%glg%@hﬁgr Otﬁﬁgh%ﬁlgrge {ghﬁ?ﬁtﬁﬁitfﬁﬂt § hﬁ%rltl%oni c

surfactzht gabulnoprepantyensgidmujpsluidp, but srdmadhmwﬁldeo,aasnme globulin sur f act ant
carries a net char .n.i.ts hea tterronrc sur f ont ai ns a head
wih tuo opl areiers I g gapadbed hEiecibe dttogbhath JE et ant s

i ncl ude: %191%191 fre rptteswétf lafcfvn, BHd fxﬁﬂ[\iﬁeebr%d ﬁ@ﬁé&omaats@ag@am%

per f 1 uor ooct anoate (PFOA or PFQ), perfl uof ooct anesyll fonate (P
sodi um dodeGymimune’a¥,G @Dsgardarsﬂanﬁermnaaut’ylveggﬁm aEd, Pamiobmlner, al kyI

sul fate sal sosl| a te ® t her
sul f at e, ﬁ@k g}t?nk PH ene fs\%fl?%lég'f i(<3§2t)e|n8 la%uls ase I%n %u% gr nary
anmoni urs Caiﬂdaftﬁérs Iafhite d;mebzeamm damblardeﬂvaﬁréma)anq;lksr@a ohexadecyl
trimethyl amonj um brom ot her al kyl tri net hyl ammoni um sal ts,

cetyl pyri di WPQFﬁb’@ﬁll‘bfPr@éu%eéPC) 20 pol yethoxyl ated tal | ow ani ne ( POEA) ,
benzal koni um chI )1 nY D ' ,.Qni c
(amphoteric): do ec%% }%5{}% ﬁm?ﬁ%é@%%& %rp Wtd) %ar g:llgq.g-%ce(r)sc%é/M 5%%@35%

gl yci nat e; therapeuticohetabdk yf 1rmtak/yr(cﬁtsbyddﬁnﬁlstex1n@e)qonqiokmlophﬂmg]} pol y(et hyl ene

oxi de), copol yners of. poly(ethylene oxide) and Iy propylene oxi de)
(commer ci al tngmrkrrﬂﬁ}rrb%s ot B‘%tﬁi‘gf%r tE?P“%PHR’é‘r‘?Fh%‘S‘) 1Ry USRS dMPyiNGc osi des,

i ncl udi o I t 0 e.g., cetyl

al cohol ﬂgtn do giegqggﬁﬂﬁauﬁig g%:gg?n&geatn(l\a/?x%{:né%g%h (%Seea%%Ah@% 3F§/}s or bates (Tween
20, Tween 8ﬁ1mmtc1gl<)huhﬁs ateappidal epgded snd prepardd deay plasinae Whdlaantiedesi de. As
used herein, the residyes g‘% naturally occurring a-amno acids are the

resi dues of %%t DEFaR O8MSPG aci ds found in nature which are incorporated
into 30 protein by the specific recognition of the charged t RNA nol ecul e
with its cognate nRNA codon in humans. 16 As used herein, nucleic
acids include DNA, RNA and anal ogs thereof, including peptide nucleic acids
(PNA) and m xtures thereof. Nucleic acids can be single or double-stranded.
V\hen referrrng to probes or prrrrers V\/mch are optronally Iabel ed such as
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20 am no acids. For purposes herein, am no acids include the twenty
natural | y-occurring am no acids, non-natural am no acids and am no acid
anal ogs (Woeosi1/asmiono aci ds wherein the a-carbon has a siPde/usha@iony2545 As
used herein, "amno acid residue” refers to an amno acid formed upon
chem cal digestion (hydrolysis) of a polypeptide at its peptide |inkages.
The am no 25acid residues described herein are presuned to be in the "L"

i someric form Residues in the "D' isoneric form which are so designated,
can be substituted for any L-amno acid residue as |long as the desired
functional propéeks ysedderen,alGréngatahletdigeagns|oy gepditidas refzo pry diseaseort he free

am no group present at. the am no.termnus.of a polypeptide. refers to
the Tr oo o aPBORSE BiroPhichiBule B Ph - irhs Ay EFRin feagrapd "1 o7°
pol ypept i desondifioks eidliade, But dre Hbahaated td)@hy ARPiseds whdiEAiCinaiedsesindescr i bed in

J. Biol. Chem, 243: 3557-3559 (1968), and adopted 37 C.F.R . 1.821-1.822,
abbr evi at i cisukesng antibasiesds amekierative sueh e, &rxample, Tamuaodeficiancy;

0L TS - o
Ehﬁnyl al ani Kevdvahitd dib&iséyi chinorie inflafirmatdtyedenivelibathsy pSgfidunepathy (GIDIPyol euci ne
eu

Guillain-Barre Syndrome; Idiopathic thrombocytopenic purpura; inflammatory
myopathies; Lambert-Eaton myasthenic syndrome; multifocal motor neuropathy;
Myasthenia Gravis; Moersch-Woltmann syndrome; secondary

10  hypogammaglobulinemia (including iatrogenic immunodeficiency); specific
antibody deficiency; Acute disseminated encephalomyelitis; ANCA-positive
systemic necrotizing vasculitis; Autoimmune haemolytic anaemia; Bullous
pemphigoid; Cicatricial pemphigoid; Evans syndrome (including autoimmune
haemolytic anaemia with immune thrombocytopenia); Foeto-maternal/neonatal

15  alloimmune thrombocytopenia (FMAIT/NAIT); Haemophagocytic syndrome;
High-risk allogeneic haemopoietic stem cell transplantation; IgM paraproteinaemic
neuropathy; kidney transplantation; multiple sclerosis; Opsoclonus myoclonus
ataxia; Pemphigus foliaceus; Pemphigus vulgaris; Post-transfusion purpura; Toxic
epidermal necrolysis/Steven Johnson syndrome (TEN/SJS); Toxic shock syndrome;

20  Alzheimer’s Disease; Systemic lupus erythematosus; multiple myeloma; sepsis; B
cell tumors; trauma; and a bacterial viral or fugal infection.

As used herein, room temperature refers to a range generally from about or at
to 18 °C to about or at 32 °C. Those of skill in the art appreciate that room
temperature varies by location and prevailing conditions. For example, room

25  temperatures can be higher in warmer climates such as Italy or Texas.

As used herein, “stable” or “stability” with reference to a co-formulation
provided herein refers to one in which the protein(s) (IG and hyaluronidase) therein
essentially retains their physical and chemical stability and integrity upon storage for
at least six months at temperatures up to 32 °C. For purposes herein, “stability at

30 room temperature” means stability at the upper range of typical room temperatures
for warmer locales (i.e. 28-32°C for Italy or Texas). The formulations are stable over

the range of refrigerated and room temperatures, i.e., 0 - 32 °C, or up to 32 °C for at
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least six months. Each of the IG and hyaluronidase exhibit stability in the co-
formulation upon storage for at least six months at room temperature, including
temperatures up to at or about 32 °C. Assays for assessing the stability of each are
well known to one of skill in the art and described herein.

As used herein, stability of IG means that the IG does not substantially
aggregate, denature or fragment such that at least 90 % of the IG is present as
monomers or oligo-/dimers, with a molecular weight of IG of between at or about
greater than 70 kDa and less than < 450 kDa. Thus, less than about 10 %, for
example, less than about 5 %, less than about 4 %, less than about 3%, less than
about 2 %, less than about 1 % of the IG protein is present as an aggregate (i.e. has a
molecular size greater than or equal to 450 kDa in size) in the formulation.
Similarly, no more than 5 % to 7 %, for example, 7 %, 6 %, 5 %, 4 %, 3 %, 2 %, 1
% or 0.5 % or less of the IG in the co-formulation is fragmented (i.e. , i.e. has a
molecular size less than 70 kDa).

As used herein, stability of the hyaluronidase means that it retains at least 50
%, 60 %, 70 %, 80 %, 90 % or more of the original hyaluronidase activity prior to
storage. Assays to assess hyaluronidase activity are known to one of skill in the art
and described herein.

As used herein, “storage” means that a formulation is not immediately
administered to a subject once prepared, but is kept for a period of time under
particular conditions (e.g. particular temperature; liquid or lyophilized form) prior to
use. For example, a liquid formulation can be kept for days, weeks, months or
years, generally at least six months, prior to administration to a subject under varied
temperatures such as refrigerated (0° to 10° C) or room temperature (e.g. temperature
up to 32° C).

As used herein, dosing regime refers to the amount of immune globulin
administered and the frequency of administration. The dosing regime is a function
of the disease or condition to be treated, and thus can vary.

As used herein, “substantially the same as an intravenous IG (IVIG) dosing
regime” refers to a regimen in which the dose and/or frequency is within an amount
that is effective for treating a particular disease or condition, typically is about or 10

%, of the IV dose or frequency. Amounts of IVIG that are effective for treating a

Gn WTrp
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substi t uti ogyéhéeahé)Exemplary@onMNuthah Myake¥shidases include, hyaluronidases from

20  cows (SEQ ID NO:10 and 11), yellow jacket wasp (SEQ ID NOS:12 and 13), honey
bee (SEQ ID NO:14), white-face hornet (SEQ ID NO:15), paper wasp (SEQ ID
NO:16), mouse (SEQ ID NOS:17-19, 32), pig (SEQ ID NOS:20-21), rat (SEQ ID
NOS:22-24, 31), rabbit (SEQ ID NO:25), sheep (SEQ ID NO:26 and 27), orangutan
(SEQ ID NO:28), cynomolgus monkey (SEQ ID NO:29), guinea pig (SEQ ID

25 NO:30), Staphylococcus aureus (SEQ ID NO:33), Streptococcus pyogenes (SEQ ID
NO:34), and Clostridium perfringens (SEQ ID NO:35). Hyaluronidases also include

those of human origin. Exemplary human hyaluronidases include HYAL1 (SEQ ID
NO:36), HYAL2 (SEQ ID NO:37), HYAL3 (SEQ ID NO:38), HYAL4 (SEQ ID
NO:39), and PH20 (SEQ ID NO:1). Also included amongst hyaluronidases are

30  soluble hyaluronidases, including, ovine and bovine PH20, soluble human PH20 and

soluble rHuPH?20.
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Reference to hyaluronidases includes precursor hyaluronidase polypeptides
and mature hyaluronidase polypeptides (such as those in which a signal sequence
has been removed), truncated forms thereof that have activity, and includes allelic
variants and species variants, variants encoded by splice variants, and other

5 variants, including polypeptides that have at least 40 %, 45 %, 50 %, 55 %, 65 %,
70 %, 75 %, 80 %, 85 %, 90 %, 95 %, 96 %, 97 %, 98 %, 99 % or more sequence
identity to the precursor polypeptides set forth in SEQ ID NOS: 1 and 10-39, or the
mature form thereof. For example, reference to hyaluronidase also includes the
human PH20 precursor polypeptide variants set forth in SEQ ID NOS:50-51.

10  Hyaluronidases also include those that contain chemical or posttranslational
modifications and those that do not contain chemical or posttranslational
modifications. Such modifications include, but are not limited to, pegylation,
albumination, glycosylation, farnysylation, carboxylation, hydroxylation,
phosphorylation, and other polypeptide modifications known in the art.

15 As used herein, a soluble hyaluronidase refers to a polypeptide characterized
by its solubility under physiologic conditions. Generally, a soluble hyaluronidase
lacks all or a portion of a glycophosphatidyl anchor (GPI), or does not otherwise
sufficiently anchor to the cell membrane. Hence, upon expression from a cell, a
soluble hyaluronidase is secreted into the medium. Soluble hyaluronidases can be

20  distinguished, for example, by its partioning into the aqueous phase of a Triton X-
114 solution warmed to 37 °C (Bordier et al., (1981) J. Biol. Chem., 256:1604-7).
Membrane-anchored, such as lipid anchored hyaluronidases, will partition into the
detergent rich phase, but will partition into the detergent-poor or aqueous phase
following treatment with Phospholipase-C. Included among soluble hyaluronidases

25  are membrane anchored hyaluronidases in which one or more regions associated
with anchoring of the hyaluronidase to the membrane has been removed or
modified, where the soluble form retains hyaluronidase activity. Soluble
hyaluronidases include recombinant soluble hyaluronidases and those contained in
or purified from natural sources, such as, for example, testes extracts from sheep or

30  cows. Exemplary of such soluble hyaluronidases are soluble human PH20. Other
soluble hyaluronidases include ovine (SEQ ID NO:27) and bovine (SEQ ID NO:11)
PH20.
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such t hat t%?OWCFYlﬂPF\FE)m%ﬂhz@deer conditions of high stringency. 24 As

used her5ei n, subshgrd%é pe're\,(i{li fﬂg?&jmc'adeterrg?ﬁ‘.’ ﬁru%gé'ﬁtglﬁgd}gﬁcacﬁbgi ciently

simlar "so that t roperty I'ntere is su y unchanged so t hat

t he subst anhteddhaygéaibnivith de termdsigfactanl’ dre'sufact dcting hgar." ourfdveangy @duct . As
used herein, jt_also s understood that the terns " s,u,bstant'ga(Lrl y i.dentical"
Sor "si mi | dyPicglhy preanigicomperrdsthat % AmRRIDhHIfe ¢+ EIHAIBINEhOYLBYdIRPIObEY i n t he

rel evant ar "tails' [ " N ChibR Rt flnkEdhpivari ati on
ref erences a(r)lu So(f ta% \s,é%gl;l'ﬁg{[i’)rro ﬁg tg?a?u atr(i l\;?éghgg’r‘rg}}é%g? éﬁ?ggsel?l}(rgacoccupyli?ong t he
sanme chr onuiadoth ongamio solvéhts ahd watear Aadurfantaat caads dassifred|tyythe preserge of

mut ati on, d n.result in phenotypic pal ynorphismw thi opul ati.ons.
Gone. milh {BiES B abEdgrp b (S eed A Qe R S R A8 G E FERBE e) " or
can encode i%ﬁle‘é@%ér%%nh@ﬂfc%ﬁr@étﬁﬁ&ﬁﬁié@ AP cﬁ&gg ISRIMRIC & W iRribRIcM
"allelic variant™ also is used herein to denote a protein encoded by an

al | el i ¢ varsusfactantf coatagemaheatiywitle twae gppasielysharged grovper Sowk extmmplgent encodes

a w |l dtype form and/o redom nant form of a polypeptide from opul ati on

or "S1 ngl o reorueh e RlanBReBe i thied oy Spley SRSy chBTRAEOPS i oh
i ncl ude vardnidisy: peElutRbYER1DaRNPFODBEOPBOY PefffudryditarbilforReV@FaS)| east 80 %
90 % or greater amino acid identity with a wildtype and/or predom nant form

fromthe sawdiuspdedesy! sulfate GEUY eamppnivgeleuryl yuldaipedothgicikt selfgene and

whet her co i [ Sl | i nt.r as 1.es5. I

et acpe. or B i Gutdll SIBRECIEAR ! HLBRRERLET ST BRERE SLESL 950

iggoe/nt |9t7 g// orgzggyle:ghgnewhﬁbna?;matidmiypmsfmdﬁqn%tpﬂﬁctpaliﬁattmntuni ozt}mns)’:rceﬂylddi ng 2?
), 0 Or reater, | neity. w W YRE, ana/ o[ reaom nan

form of o pomFouterdentisporide (TABLE A herde armihon ABmamibrBener al Iy

refers to V&Bip?cliél, Qﬁl§oﬂﬁex%lﬁ&l%'uﬁléth’s’:lE%}Soﬂlﬁﬂﬁtk%fté c@fyl;%);f};@iﬁﬁﬂﬁclﬁ&%ﬁ(?

- C AS
used herein, "allele,” whith Is Used I nterchangéa herein wt )

-

"allelic
vari ant20 r gicdyethaxylai¢d wtlnatdmise {ROHA),dfenzaljememahlqralet(BAs), t her eof . Al | el es
occupy the 25 sane | ocus. or iti on. honol ogaus .chr ompsones. Wen a

Sub) oet  hadeagnr R Bl AR CE dRPESTBRETES: 4 t o b
honozygous doeamidoptopdEh&taidk; aicbﬁah@ho_\égﬁﬂnaae;mm: alag pbWoetBylEAEr ent

alleles of a gene, the subject is said to be heterozygous for_ the gene.

Al l el es of exidpedkylphengdpelytethylans oxide) cepnluaens odprbi(cthyleae gxidg) and

nucl eoti de Qn v I ot i . i S 1y .1 ORS el etions
and 30i nserrfoll}()(ﬁgorﬁe%ﬁl?g#ﬁeb)fclo?lelg%%f&}ﬁ;ﬁﬂ Pg'ﬁg S&B ?Agldglgﬁse&;fosl%}a(%hg ’eaué)qf or m of
a gene sontpulydloghsileBuhaudidng.octy? gludssids,altchiangltdsides i stcohody (eatcatylef er to
variants in pol ypeptides anpng different species, including different

manmal i an spetioband elgyiplephoby Gaeamide MFidvgecamide DA, prlusprbaieeiTiveen splice
variant ref val i i r i ing of a
primary traﬁ;{égﬁeg? gg’féé?éﬁig{rﬁmgﬁ%%k%lﬁ %é?lydr(g(gﬂc?s&?]%l arngirhtg %gﬁi%bne 5 type of
MRNA. As usidudedrihereain, thé eesideesopiaamtigocomang csanpiaptacids acftha gene

cont ai ni ng DNA sequences that proyvide for the QRinding of RNA pol ynerase and
initiation r6=rldvqsa93§%9$@i%ﬁmw&f?&tfevni@cm&ﬁea@ﬂéh FeomRATRPd 18t not

al ways,3of OYfibheihy e sﬁéciﬂ@ﬂa‘c%gﬁ'tieﬂ of 8% 22l RRDCTolEARSyilPREcIRRRI N,

i sol ated or purified polypeptide or protein or biologically- active portion
t her eof i s mRDigt eodlonah hymhnee of cellular material or other contam nating
proteins fromthe cell or tissue fromwhich the protein is derived, or
substantially free fromchem cal precursors or other chem cals when

chem cally synthesized. Preparations can be determned to be substantially
free if they appear free of readily 15 detectable inpurities as determ ned
by standard net hods of analysis, such as thin |ayer chromatography (TLCO),
gel el ectrophoresis and high performance |iquid chromatography (HPLC), used
by those of skill in the art to assess such purity, or sufficiently pure
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proteins. When the enzyne protein is reconbinantly produced, it alsois 26
substantially free of culture nedium i.e., culture nediumrepresents |ess
t han abowoantiai34@d@% 10% or 5% of the vol une of the enrpgmaSpeioteisas
preparation. As used herein, the termsubstantially free of chem cal
precursors or other chem cals includes preparations of enzyme proteins in
which the protein is separated 5 from cfgem cal precursors or other

chem cals that are involved in the synthesis of the protein. The term

i ncl udes preparations of enzyne proteins having | ess than about 30% (by dry

wei ght) 20% 10%s ssgdderdimaniclic adidninchide PSRN Arandemalegsthencofne chemi cal s

or conponents. ,As used herein,..s tic, .with . reference.to. . for .exanple, a
aynthetio. igianE PSR G Rus VST i mtibid e NI gy BB o
pepti de refgige bPdsublistRided W hen faTk@e!t6 piibel of yi@BEs, HhidNrE6ptichallpat s
produced by reconbi nant net hods and/or by chem cal synthesis nethods.

As used herlabeled, spdvascvitlva detectabledabslnash apa dlworasgent ot ragliolababribngiemt DNA
met hods Jreans e of the |.I,_kno I ] for 15
expr essisngasﬁrrag{iégfrﬁgl%gﬁlg%%reecf °B%‘%ﬁ@a%5ngg‘%s %fse tgglgag%ﬁééfare]ieﬁ,gt %fgc or (or
pl asm d) rah&rtheit earght sCstatiticell g uBiaus of bflowacdpyumiitbet (typichllprkecthan 5,

het erol ogous nucleic acid into cells for either expression or replication

t her eof . ~ THaengraly dess thap3) dar prpbingAtipsinipg adibsary. Gigheraly apeoecsimgiedt t o
effect inte B o) r ' - 2Of f the
genome. Al cangaR 18 1 2808 S coREI SRR AR o B e HAAMRERIR 6 oree.
such as yeasntidaticalftoai gehe ofiiméeresto Pesbeanndd painess ¢canrbealt, 20/ 30, 80, DIr@nosones.
Sel ectign and use, of such vehicles are well known to those of skill in the
art. 1_0 Agoﬁfé%‘ﬂlef'fé? Songy, expressi on vector includes vectors capable of
expressing DNA thalsdite ,raaﬁég‘ﬁale¥eftefsrf{§‘§‘il>o¥§pﬂ=.?ti&éatﬂﬂt! RIRNY 23890 8R&RS. such
as pronoter regions, 25 that are capableof""effecting expression of such
DNA f r agnerdcsds iSSlenigthaddi ti onal segnments can i ncl ude pronoter and term nator
sequences, and optionally can include one or nmore origins of repl.ication,
one or nore sel e‘gf HWBZ‘GH%’?’QE? wl%acé‘ﬁin‘ﬁ BP,CC‘E_“bgtPeyV H?Feﬂ’%‘f?sé’lfgna!, and
the |ike. Ephe2sideproiiddddicteinlafe Remefidd ddtoflitnd t6aHeif kRdW R tAallgtdlor Vi r al
DNA, or can contain elenents of both. Thus, an expression vector 30 refers
{o A r ddontinedaterpibresiatini(Beie 1), UBhe nuslrodaswhichlosewiia thevasinage.

reconbi nant_ vir US . of her ve . intr ' j

appropri at e c!)eééjg%gﬁa,g& F 12%? &ﬁ éés?éj aée@%%%}égfl%%n?angg Itdtﬁ?@%ﬁ%%ggé%ﬁ%tﬁﬁ%pr opri ate
expr essi on wed kautthebria theatwel | known to those of skill in the art and
include those that are replicable in eukaryotic cells and/qr. prokaryotic
cel I's and t hose 2hatedhsrinfne guppasdops %nrﬂfg@’&ﬁ?@ﬁ(?‘i“}ﬁ]t‘é’gf%’t“@giaﬁto t he host
cel | genongy,; usash Ly, t Qr, WHEStw b HSrevect ors™ or
"viral vectorlgf)'grc{}llprfrljla a5 vec o?gb{aar%&gig? gmgné\ll{ﬂ?sesétmat arree

oper at i20el yanhinp leeids.t Borepuorpeses hsrejye rasnd acids axcbide the entyetrtedally- or shuttl es)
t he exogenous genes .intq.cells. As usedﬁger ein, (ﬁ erlabl¥ or .

oper at i vel yPSF AR ACBmonFatyal InpRACHS spd arungicid anglpes (-4 AMiN nent s
are arrangegdifQvidiah thd\@XaftdfHat @Riderthgancert for their intended purposes,
e.g., transcription initiates in the pronoter and proceeds 10 through the
codi ng segnent t4s bed heeging ‘aatine acid residysl refsesdolapragiino a¢id formpad upsdessing is

i ntended to,include quantitativ nd qual j.tati.ve determ nati i n.the sense
of obt ai ni nc&eglﬁcazgiggf ﬁﬂne(t}\ygfoﬁf_ém?%é’?atmg}pggﬁ?/?ttlf p(?f)gé\e %{P%qgg 'n?ﬂes%rg s an
enzyme x5 picRd R8id8es @sciabedBRéR akdpfe@hed W RSiANKe 1P isb@efiaiphe, and al so of
obtaining an index, ratio, percentage, visual or other value 15indicative

of the | evdResifues HethgcD usamerioiosms whishtare shdessenatqde gan b subsidiutedcior and t he
chem cal spegecie t . - r : oduct of
a reacti on,a% ultamg}l(sb %%p%%ltdggltaggn dar# @%g%sﬂ %%1 tﬁgﬁeﬁtﬁggﬁﬁﬁp@n& ? %?ngg |l e be a
derivati ve thbpolgpéptile. NHErefats tdthe friehatian gupdéseaxanix aminagsesianent can

be detection of a cl.eavage@;_groduct of a protein, such as % SDS- PAGE and
protein st AfFiRAYYREPIfAC. 20 Fietsdo ghe fgee carboxy groyp prgsed abing cafogyogi cal
activityyr . i RY TRV 1.0l ogi cal
s poneys tEiinud 8 4 Petybdhiler f REG bk Siutliad OABROHInShoR e

conposi ti ondesceribedhiet. Biokt@hes., Bi3oB6HT-8859 ElOOBYiahy adépted 37 EnlcBPaSSses

t herapeutic f d pharmaceuti cal. activity of suc ounds,

conposi t i on]sgzlsg'%éirﬁ%gqué‘éms TAYP Agid TEUeNSs AT %@"th‘t’i‘h‘&%?% )served in in
vitro systens designed to test or use such activities. Thus, for purposes
herein a biological activity of a protease is its catalytic activity in
whi ch a pol ypeptide is hydrol yzed. As used herein equival ent, when
referring to two sequences of nucleic acids, neans that the two sequences
in question encode the sane sequence of am no acids 30 or equival ent
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enconpass conpositions that are in the formof sem -solids, pastes,

sol utions, 10 aqueous m xtures, gels, lotions, creans and ot her such
conposi t iwo11As4mged herein, a "kit" refers to a conbi rRarius2010/002545
conpositions provided herein and another itemfor a purpose including, but
not limted to, activation, admnistration, diagnosis, and assessnment of a
bi ol ogi cal activity or property. Kits ogtionally include instructions for
use. 15As used herein, a cellular extract or |lysate refers to a preparation
or fraction which is rrade froma lysed or dlsrupted cell. As used
herein, animal iAthseddereamy naninatiiral asmioh aeid, réfens taar organid ¢ampozidd that

PRt T RS SOF R TEA RN bR siSE 7 C3 20
ovi ne, suchmigicZie fhidfuréBild RIabEVityPSf IRdtsral &iﬂﬂr&ﬁéiﬂimaﬂhﬁf@kﬁlyﬂi&hﬂﬂ@ humans

as the contenplated animal. The enzimrres provi ded herein are from any
sour ce, aniamino agids fius llpﬂl@ﬂéaﬁ?fcﬁxﬁm aminmzpads onangloge af gmine asids asherani mal

origin, An efers to a
cnrml 6 Ehac itk 8BOTRERR B Hibhind id! 38 180K ot Bp SLHRa \EEE T D
it is not tm&ﬁisﬁeﬂedmdrkloﬂal‘hﬁﬁ)tacﬂﬁr Br&hplary @in-ndtiral Amir® Ridyl a6 descabepl e, it
can be froma normal volunteer not affected with the condition of interest.

A contr ol d}%né&‘i‘la@ém&Wmﬁtt@Sﬁ&lfs’@HﬁﬂﬂéﬂaftAs used herein, the singular
forms "a," "an" t . t ext
clearly dictates o?%grh\?\n&sl% &%ﬁgg@e@é#ﬁ@g’rﬁ ﬁéﬁp&?@#@#\%@ﬂa&oqglo& conpound,
conpri si ng dhaino agitls hastdenladjustbdrbased on thelrueatedaaptiondstesvi(tde, ege or a
plurality of exiracel i ns 011/ 034604PCT/ US2010/ 002545 31 As
used héedei n(B hgtd- 4 @43%%35“8%@ blggé pressed as "about" a particul ar
val ue or range. ADQUH 1R}, m&ﬁhe&ﬁﬁngmre?es@&éeta%mﬁmﬁﬂmse Wt op bases”
means "about 5 bases" and al so bases.” As used herein, |onal or
"opti onal | ydmineaeids bﬁapolvp@tgls:bxe\cpaqumcy obnadeatideb atla av@mc aord mpleculest ance
does or does ,not occur,. and that the descri io i ncl udes i.nst gs wher e
said event B RepaiiiEleinds nnering, sropIRGTES ST HEAISE AU B SetEor
exanpl e, anegRbiwR! Mettsdds S middi dPRiABard fdatiné RAhEEOMMKIISin the
unsubsti t ut eﬁﬂ |g substi t ut ed. %Q{Jﬁé&ggp herein, the abbreviations for any

prot ectlive agh éEFﬁ*saS byrtising rgeembingnidDNA @?ﬂh@ﬂOIQMOunds are, unless

i ndi cat ed ot her r

abbrevi ati ons, %éﬁ‘ﬁg lﬂgfejlg’%%[t%}g Sr%%?‘l glél %Sﬁgsggﬁ&ngc?gg%n%oa i rrenc‘lgw?ur e
(see, (1972p tlB}se@)lﬁekm A 1hid 42 Ghd cdh b&SHABE Eerdrhl OhivhibA BiteiiTy (He bidivpived

GLOBULI N (1 G, AND. HYALURONI DASE 15Pr ovi ded herein are stable

co-f or mul atacHKYY ebihe sesHiting mateaple: dihesaof skill ndhusastreroenizs bat-dhse. The
co-formnmul at I ase
activity af ege‘uf'glsdlext ndé}gingtag}ra aﬁ‘g%tﬁ{lfﬁﬂﬁ feg%({lr{]ngplté ooswgr?gg}&%?ﬁ&g&?e g. 28
to 32 Q0 f arot awbstantislly slter lmzingieal adBertg(se) ¢.g., WmsmnetfaaﬁrMuleaullaanleg)so

retain IG | ar S n_and al ur ony, ase ac

standard r ¢t rtﬁegéfa%et’ éﬁ" é@“ n{égﬁ aﬁ)? ggnJPB}m/ n}né%?g? aﬁs‘d %’ﬁ

co- f or nul atduB@fuGay AR bl sedlefiR hcddr@aick Mathl tibint ﬁmheinci'&BEEQ% and
conditions. In particular, the stable co-fornul ati ons provided herein are

f or nul at ed dewsubcut aneous admi ni stration. 1.1nmmune d obul i n Ther apy
| mmune gl obul in |s a therapeutl c thafAﬁE R i mari Iy gi ven to treat

i ndi vi dual $—25wi-th—t+rmm resfdu ctenctes. | m“l"LIlllugo uééJrl‘,}mve g sh{u\’lon ncy di sorders
are a subset_of i nmmMGder | cy disea TRREY 5 8%}) sing or
reduced | elels of ser urhlﬁﬂﬁiunoal obulin I eadi noGID'oSﬁrncr eased

susceptibillity to bact érgdl) i nfections.| especiall¥yof the sin pul monary
tract. | mminodefici encpsm®eases are eijt her pri mMalnyHsgenetic) |or secondary
(acquired). Primary i mRyn@defici ency dijseases areSa&f rare and |i ncl ude
X-11inked agammagl obul i 6éniQ®, i munogl okul i n heavyAehai n del etijon, selective
i mmunogl obylin G (1gG GBuwiw! ass defi ci gncy, commpAasyari abl e
i mmunodefi ¢i ency, or Xgly@ed hyperi mmjnogl obul i laMsyndr one. |Decreased 32
i mrunogl obylin Tevels ais@pare found i individyahsGhavi ng corbi ned

i mmunodef i ¢i enci es due figaqdefects in Tland B cellleg, vguch as, Qut not
limted to[ severe compgpgg 1T munodefidiency or M¥.skptt Aldrigh Syndrone

(NI'S Sci enffifTic Conm T {e&g)L999). Nbre [conmon g;ge@@@@uary
i mrunodef i c‘@‘t‘l—e‘s,—‘rmgtie'a—by—& actors inctuding, but not fimted to,

mal nutrition, viruses, aging and | eukem a.




I ndi viduals with these di seases require replacenent therapy with

i munogl obul i n products to prevent or reduce the severity of infections.

| mmunogl owol2on/mBe@itacenent therapy was first used in 19F2TArsdomas2545

adm ni stered intramuscul arly and subcut aneously. However, to effectively
treat 10 disease, larger anounts of 1G are necessary, which led to the
devel opnent of intravenously adm nistral e products with lower 1G
concentrations (50-100 ng/nmL). Since 1981, the nmgjority of inmunogl obulin
products available in the linited States are administered intravenously.
General |y, |1 G preparigiephgesisbe steri | e, [Exmplay eensprvasivgsebstittion] cont ai n

i mrunogl obdlin G (1gG Meg¥h) 1 gA or a cqgnbi nat i @guofyriiose). 19 Typically,

| G product$ contain 95p89Pp 1gG and onlly traceveapentigr 0f 1 mminogl obulins A
(19gA), M(I'gM, D (TgDsepfsy E (TOE). TG preparatiggs 1or 1V admnistration

are generalTy Tormiratqy; @) 3 10 1Z N I[G MEE recentiy,
i munogl ob{T T prepar aﬁpqiwa) have been gevel oped fqrﬁ subcutanegus
admi ni st r aTom (Gardut TyEE at~—(2006) QurT- Opi 1 f‘p)j ergy ¢cin. 20 | mmunol .
. . PN 1 [ + oo v o] 1 L rp’ C 14=27= O
6: 434-42; Gardutf——=et T 2006) 3G tmmumoty 49,17 7-85; Cchs et al.
=

(2006)J. datr—tmmunol=—30: 26573 -and at —teast ofe product .

Vi vagl obi n((?t;’?r ﬁu;’ Sﬁﬁluﬁgrr\sséﬁo st peapiisvibieand san bs FRieRPUied SPPEACAlY iR Uni t ed
States. A sibsrdivaticlousvd edHservafivadibstifusibaat i on of 1 G has several advant ages
conpared to the IV route such as better tol erabi Iit% and the possibility of

home care treat rithsed hsmin afpaconstwstlis & gingle ardoyhlsgtrandad, Hnead®r ni st er ed
subcut aneo i . i ed_in 10l | ow ng
TV adm i ot rgeBBREL Bt FunEaudiON ol dr TR Ul W Eobed 1 o
and sl o6l y aafgaider hotfoasd irndtre. &N ATouStARLY édisteeapadulteunevier 3 to 5 days

(Schiff et al. (1986)J. Cdin. Inmmunol. 6:256-64). Subcutaneously
admi ni st er dERNIPHIARIY RBY inclye; dones @W? othepeensref magipnlatedipoleeesit aneous

space into the b . at i [ | ¢ h

extra-vascul ar c%%??lrg}%ﬁ@;a ?ﬁg\r%g?%n{n%qﬁ)logﬁéﬂ %f%{oﬁ%i%ﬂ%g%ai lability
has not bednvimgtspeciiodhtyritnitesdi ot exbmple] a DINA segménttencalingé spévified B- Behr i ng
preparation (i.e., .33 Vivaglobie), |t et erm ned, by .neasuring the area
under the (ﬂ?i@gp?‘k‘tﬁ)a Roflaen g’tﬁ f}’néé"b}ggﬁ %\%gcd]ﬁmg]g"ﬁ@@ﬂ%ﬂge\%gﬁ% rbed, and
thus, tige rRGABIEREREh, daRA réabirdm il of tol NRideMtisio 2B cddes s Rhuéice of2006) J.

din. Immunol. 26:265-73). Despite the technical’ difficulties of conparing
t he AUC f oramipgaeifls pthespeqibed pelypentids. f r equency of administration, studies

of intradermally, ,ni_Ster 'g‘méolblininrab'ts uggests there is
decreased bi oaval] & |dlril‘|e ef/I% tﬁéfjtoeugﬁ)iI ec%ﬁ) %eu{néeﬁ%so%gmbfgh?re&m'%%'gnf?gﬁgbe due
to the nodgobfmeéFdestyrivdnalebtided®r PibohwdlcotideIbases resd frodni tho STRNAOB’ readi |y
di ffuse through the capillary walls and nust be absorbed via the |ynphatics

( Super saxo eéflaPQIYPEQ‘QQ}}dqsﬁ%"rl\%ﬁie RY4 angk BYA, gnd campbg jsolgfed; fremingtwilogl obul i n

prepar aki o £or 1 N St i e fornul at ed
T i e R S e A e T
hi gher concemthetit motecofes. Ghe tengtibefid polgoucdeqpide paslatiloizgivel ladréivént o |1V
preparations allows spaller infusion volunmes;, such pre i Qns cannot be
Phf Used | nFEpEHatElegaes ERPrerBied Bha o0 oA RS AR BE el ol GG GBUI | n

repl acementybRefiddYs 88 HPSREREhEIdsbILG lde8 TN ilesSHhGe ARt hi ghly
appreci ated by patients, as I't has a low risk of system c adverse reactions

and | eads tpstrhitgyhWhen theutgrm sseanpied g&lodneemandgt innelscudestp ssrusdd taodenote hl y |V
i nfusi Gardulf et al .. .(1995) J. Adv. Nurs. . 21:917-27. Gardulf. et al.
(1063) 20 pEaltiolafandinm b G50duteq (¥ salidens S die pm gbippan ot °

338: 162- 6) .be2dognxdd bl itkdbelsRillel €n HRCIrEMEEHe Bl M AddsafTial doupleasiengéat ed Wi th
subcut aneous admi nistration of |G another distinction between SC and |V

adni ni st r atbobuplsotidmganchftyr dightly iy bingtheanddhat the endsf thewsaf eamraut aneousl y at
each site, i ' he. .Of. | 1.l ites,on kly or biweekly
(ever ot hersgl%ggréé’ tbgés%ﬂggu#lﬁ&bdeé%g?al?a 8{%{8/3??5%6&1&%12“5268@%P‘y&{%:élkl nf used
W th 20- 40 cah nétt bespaited giSacis ubsdited RAO4IFi15 1A @enctBVhbiexcost?0 MadlebTRies Rer site
for children. Currently, the accepted practice for 1G admnistration is
300- 60(35ng/1‘1‘¥t¥ﬂ?-ntravenousl y once every 3-4 weeks or 100-200 ng/kg/ wk
subcut aneousl y Q8). 1.0 r i n. .

28(2) : 413- 438) . (A%gg E‘S‘(S?'Bogﬁiaﬁg&kﬁe‘?ﬂs&g’dﬁ]}g%ﬁi%r“élgﬂgn‘;egrh@r/epgﬁers fo

subcut aneottlsd elatekness eewsen theaequatioe of ahinataciils odftheprdCeid096thés prepar ati on
at least 3 sites per week 30 is required. Even though weekly or biweekly
adm ni stration has the added advantage of maintaining better trough |evels
than nmonthly IV infusions, the requirenment of nultiple needle insertions
has been a deterrent for many patients. 34 Nevert hel ess, subcut aneous
met hods of i1 nmunogl obulin replacenent therapy are becom ng an increasingly

I - o v n N e N T v




adm ni stration of immune globulin at dosages and frequencies simlar to WG
treatnent (see e.g. U S. Patent Application No. 2010-0074885 and

| nt er nat iwoan111B44€T No. WO 2009- 117085, each i ncor por aPe/usgowpizsaence
herei n). The subcutaneous (SC) space, formed by a collagen network filled
with hyaluronic acid, a gel-Ilike substance, is largely responsible for the
resistance to fluid flow through the tixsues. Hyaluronidase is a famly of
naturally occurring enzynes that break down hyal uronic acid, which is a
space-filling "gel"-l1ike substance found in the 20 extracellular matrix and
in tissues Ructeolign sraueness of thynuplein agids.t Hanikakitycahe kaged ongha dagsssidfase act s
by splitti 0l di i I ;] the Cl of
o N acet yl SPRE s ASARIOR, B otRRLb T BT, BSA ke AERURER,

t enpor ari | ythelear. edsthods fok aviessing tHeydegieetdfaimibdrity batwees peattina el np¢lekot es
diffusion of injected fluids, thus facilitating their absorptjon. .

Af t er war ds, 39PATE Kei e toipge %skzlgrrb@s Rer £PEexaRIE 18 ong nwthqﬂo of B33espiBgr s .
Accor di gl Yseqhlifee BinARHH (AR drhihl acRATIBEOHI G bR o8 B en BN A ARGARNAT C
characteristics of co-fornulations containing Hyal uroni g8e are | npr oved.
Based on exthetryieldna snaximalrievellof idenhiey beteeaathe deduencad. didepétySireferpter mit s

adm ni stratjon of up t.%b][WLapﬁer hlgur via the subcut aneous. rog}\ie, which is
an |V-1i ke PFE¥eRLPavhighihe anypo geigar puglegiidespanercahprgdRyariaph, gAlignment

bi oavai | abi f d¥in@hcidy BEL QNS LY soAt At hBEIRGidRelyRerlcBE, FaBR3@H talley Pi Cal |y
to nore than 90 % of the bioavailability of 1Gfollowing IVIG treatnent.
Furt her, comtodaecenns tconsarestivieidifiergness|anthloe fre@@eni yalistirudions s aminoragidss

i nfusi on, of, | arge volunes at si.ngl e subcuyt aneous site.. For exanpl e,

vol uresttup CERRIEPHE L CopEtely® g dacesmre o Bt rarer e BvISi hgl e site
in a singl echehdiéal pebpeftis o R mRbidueddvolved. 3AAgRhentd Q5h B globalkam&MO ML or
nore can be adm nistered at a single site in a single admnistration. For
exanpl e, ancfitly eompaspd seguicneesfoayeniliegntire length of hetsgaeances ambincludingathnpl e at

10% pr ot ei n,._whi i ) or s

co-adm ni stlg?le ésg?j t&lé a@o&%e\% ? ﬁggoglgpéﬁhg ﬁ?ﬁgﬁggﬁ‘f’gﬁ%‘@%@@%%
equi val ent mostGitaiarregibhloy réffiéasjloses, for exanple, at or about 100 ny/kg,
200 ng/ kg, 300 ng/ kg, 400 ng/ kg, 500 ng/kg, 600 mg/kg or nmore. |G

prepar atd ons at HAgREY %ﬁgglﬁ% %@ﬁﬁ?@%ﬂegm@@maﬂfl&aﬂ B saipplated pgingy - o5 o4
| G such as 9 9 : % O i oR; % ng al so can
be admi ni st]33,";r-?)<lalc§‘fli)1 esd ljjtg%hlf%%l?]%og%?eégign C’Eh up{&r%&s’gé?c@aolo la@é%%%n%ggﬁmﬂ‘he
dosages canedeOxfdrd UnsemityPres, Newi Yigkel 8s iavompatindydnfbirmatiedandt o

mul tiple doses giyen daily, o ek]y uch as once revery two,
three or fo%?"%_%eﬂlzgf%fs’ §Bﬁ{h’ ba%’o‘?ds’ ‘%‘f‘i’gF@bcfﬁffﬁﬂ Y %’mé%é)mqﬁ%’t er ed
subcut aneoughifydifoft 2GR IFNE EPaLPI, Triffiviah W10 Rhdl&3igfin G2 1G. hlsadlinMnat er ed
once nonthly at prevailing WG doses for the particular indication.

Fur t her20 pelirgsss Mewdgragy o Madeqwore AveyspenMpleswae Baalngh, yondleine, Gkin, it
can speed i Rpfusionyrat He ubcut ane I Dl ster| I

i ot st er A AL PR 08T BRoEap RN ik, SRR S 0T i o Eren

decr eases t] wlsQM SeickioarBressf Netw YOkl 2991). 20Ble thekdienissd £finmiber! ¢B

subcut aneously in the presence of a hyal uroni dase, one or all of the

consi der at | BHEOGN peasBIedAgntiy debTern dWo RPbRUSIGREdR ARObYRSPHARS. HicstefMt i on of
| G are addr; " , VLT, . | SNefrSieOon: D OPer &/ of

hyal ur oni dagge?]% uﬁgl%grkggﬁ,&tg s%%d%hs%a@ﬁéﬂ%ﬁlpcﬁi n tﬁg{nb%’s‘%ﬁﬁg@']of a soluble
hyal ur &% dadmpliedMiarh 43ddTB i8N pti on of | VIG doses at once nonthly IVIG

25f r equenci es, ile naintaini | VI G.bioavailability. 3.Stable |

Co- For mul at i ops AS used hereie hammelBequs (@ JPSPEGIRNNFIStS @fm@w&bm in
prepar at i oNgqhénes)thé é‘%@xﬂtg?&ﬁér Rin BOMRACRIB% SQREAE KomA oY, aPhiall

ready-f or - usg pr egar atni on of  1G andn hy&ﬁir oni dasegﬁi S coorrlrt1 e?r%)?a eldzil yPr ot ei ns
used for thgeatpytham er ¢qual te2i%, 40| 6%,/ 080,30%, 836 900 codliot i ons duri ng
processing and storage, including |ow pH fluctuatipons in tenperature,
Dartous. bar ParTES RpaHGiavs TEies Sop o b he SPeifoed BRessissriy 86" pr ot of n
concentyat i Qitpdses hé}einfme@émﬂr"ﬁeﬁbﬁig?@ And TidehtRyehlk@fteh \ied MONENAlgealilpe
co-fornmul ation 36 should retain sufficient activity of the IG and

hyal ur oni dawdess Prhesyise indicdted. ninl genexah forf dgtesnznati Ithe percerdsge nust be

provi ded as, a stable solution for storage a n eous .solution w thout
Geter i or at iR TOR BrdPuierdiences A€ Bentd st s Blhest GoP ot chdt cin i s a
stable liquid co-formulation of |G and hyal uroni dase. The co- 5 fornul ation
is such that it is provided as a dosage formthat can be used for direct
injection, i.e. not diluted before use. It was found herein that a
co-formul ated product prepared by the addition of a hyal uroni dase

desi gnated rHuPH20 to a preparation of |G before adninistration was not

o, o o, M o, —— o Y N e o M T Y



30manuf acturing process for the |yophilized version because all stages of
the manufacturing of the liquid fornulations are carried out in an aqueous
sol uti on,wpreoalosisédg no dryi ng process, such as |yophili rariuseoianos4s
freeze-drying. Accordingly, 37 it is nore cost effective as well. The
stable co-fornulation can be provided as a liquid solution in a container
or syringe. Such a co-formnulation can g conveniently di spensed to humans
or other mammual i an species as a pharnaceutical wthout further
re-constitution by the physician or patient. 5Furthernore, due to its high
stability dehtained éshe esg. o€ agpytatioren] ddvleadanBaiagmbeskad MoradgiOxthidyh prot ei n

trati in th f . 10%t0 22%1G, .such 10 % to 20 %G
W thout  caudrgiin PEGedFER Safh J3R8 hiok ek CaP b ST ey of 1'G due
to protein pguag8HiANDWI/ !, AdadaiRPreés, NewdvsikD 9998 RIS thadis groe

Such stability not only ensures the effij cag%mof the I'G co-formulation, but
al so 10 r ediegeenqsddabart I,i GkiffimfA.Mhuand(grifen &.Se edbf Hamsna RressNeWw ect .

Hence, tdhe I oformul ati.ons. i ded herein retai.n hyal uroni dase
ooyt 0. Aot R RS PR A8, el H G ABIBRIGTT on and
aggr egat i orpre§sgNe8Alahd Sedenca@dhalysit Yrinter| GtiBskoaMitand DewbiRa% Ak Wde., Mat i s
up to 32 C,_for exanple at or about 0 Cto 32 C, generally at or about 28 C
Lo 32 C ThuoskanPrestNaT YoRe 19811 rilla eidldi 88 M drinplicchMatio er

prol onged pgs.§ I ' . l.y, yearly or
nore. The c‘géf’* or %P&ts%%ﬁc%g%oﬁézﬁgéégﬁl gig%y%oﬁ%@ﬁéyldg%gi}tlgbl einliquid
f orm dur i ngdesérorimegichyf andardalignaett plgorithohss @b gianise and cai bd wedtwith nont hs. I n

one ex | e, the stable co-far tions are stable in liquid for at least 1
year or rapo rfb"é?u?t $3(?rpe§§lé‘ﬁﬁF%?bq¥Hg‘L§Y egch sppplicry Su §t6’éthaq53hoin‘3}%%9u,s 2 years, or
nore at st : [ &?P@ | >oh O about
2-8 C, or, a’“n%?‘%gécggé’%ﬂ&%fﬂgﬁ% ro{@gdggg? “(%1-% ga%gﬁ%&gﬁgﬁte@g}éxanpl e,
t he co-f or nuftimgenoy sll alomgshealehgthiof the nudlelc fodmf dateiesty Also camfematatedomen

tenperature (in the ran f 18-32 C, for, ex | e, .28 tq 32 for at
oot i x ridls Aot e s dhas Opieth GeenarHPh ipid S eodaiiads | ) have a
shel f-1ife BoridizilEAgdei®bcidR@lbafle.ToNt hs to 18 nonths, 25 for exanple 6
mont hs, 12 nonths, 18 nonths, or nore when stored at room tenperature.

The follSowi ng seWhetgsaniesier mplecelaehivermglestide sequsnessiatamineadiln, i ncl udi ng
exenplary i i b bl b £S5 ol ) 5 t LeHS.. met hods
of maki ng t%gﬁ]&%g%\%gﬁe%glcfg&%fo%ﬁoré%pr{g@t@gpg”tggﬁfgrgr%ngz T ggg’ o treat

| G treat abl 8% Odesttatesr divinalogslist canbe détermildANEinSkaBih Ldnpler PREPARATI ON
OF | MUNE GLOBULIN WD 2011/ 034604PCT/ US2010/ 002545 38 Provi ded
herein are A8RRIABS §hchtn thasFAPEN" aragsamepsung &y examals, thedefsdi RIBUNSAS garmm
gl obulin or,_: r t i B.:S | . L1 j th

hyal ur oni daagégﬁ#%%&g%ta@'?ggg@-é”%rc '%{”Zt/?%#’sgcéan %eé’% U%ggqg%g %@gﬁ.}ﬂ# treating

| G t r ed0abliecliils deIeCGamogramneick ager(®evadenxuinag kbbNLiles Atds Rygaeavehgl obul i n

proteins pr C he h I n tem an und in th l.asma of
hi gher ani n'g%(}é%%ﬁé)%%@%%%%>%ﬁ ?ﬁgéf%rﬁ‘ﬁ}?fgmgyifeﬁﬁ‘ﬂyr}%ﬂ%f %fqa}ng t he
activity ofconl @osu)); GHUOR BaSd 08mPUHicPaNdrRRIYBRIGS WAL iRAdemRiRIERL | NG OF
bl ocking Fc receptors on macrophages and B | ynphocytes, "and suppressing the
product i on ¥dn Diego,aiPas andyCard i ettad (3 988)cHA MG/ Applesd Mikimd% 10 3Nekoki nes and

net al | opr ot gi nases. L onpos fiv | asses,. Or, i sot S f

At bod, es CRORTS ML STSRIRRD ihetyesontf 6 o8 RS Tuo iAok L B Smdion i ¢
var yi n@5ss peduitfbiasd ¢dnctfe- uskd o ddterntife MRatityPrEHentdmhercidlBsst pablitl found in the
blood and is inportant in secondary imrune responses and protecting tissues
agai nst i nfaatatie progsanseinglude) PNASHre MegAdigna pregram{Maditon; Whiaedihebul i ns
found in 15f. al t - ' 0 fupr 1, nt can enpl oy
pur 1 cat i arieesREol Wisnbin bl CaRbReL EX%urdliy W Bapt REBHIRLL | 171 2ot o
cl asses. FQM£&XAPNE, PeroémtihomblogyrdtiéémiticoDpropdind gidlorhwephiadiose

chromat ography can be used to enrich a m xture of imrunogl gbulins for 1gG
or for spedhfieeulpyeandipstelssmanads & examgle, bysomparingseaugiss 1piogYesionsi ng

Ant i bodipes, rd 'ﬁ%r}f’p r . (1988)
Ant i bogioes,usA gg%?adtoo y n%?%l%ggl’?Q%%%{?Iﬁéﬁgéﬁlbg?ﬁéggé‘? Q’?gr%g %38?2?& U. S.
Pat ent No. &,r&88d3h0Imitiabd & Rernfaar((IASI runotppdMbiin 214821 Bastlyseheim Level
ng/ m. (9% Féuﬂgti on

program defines similarity as the number of aligned symbols (i.e., nucleotides



1 gG 1200 (77) Major 1G class in humans; secondary inmune response; protects
agai nst infection IgA 200 (13) Protects mucosa IgM 150 (9) Major IG for
primary iwoune/mesponses | gD 2 (<1) Regul ates B cel | s | gETaB2¢nexsej Maj or
IGin allergic response 1.Preparation and Purification The

i mrunogl obul i n preparations provided herein can be prepared from any
25suitable starting materials. For exam® e, imune gl obulins can be

i sol ated from human or ani mal bl ood, for exarrpl e, from human donor serum
or produced by . 39 other. neans, for_exa reconmbi nant DNA technol ogy

b
or hybr i dorff apaeqaagflsgy hichgeg similamdivioed B die tAtebPeBRFTROMbolIA el ude
| | |
Dot o ae HprEHIOLAT HaubiRT DO e fiferafsdor SXATRP BrogrINAR iR | 0 Can

serum or r@yenharyaompasidn rhatrixt(domtainirg ngalaayf Bfnrtnddnitmepamtecﬂmrr e, such as,
for exanpl e, recl itat] hn, al cohpl fracti i.on or t hyl ene

gl ycol f ; acionpis! ) anddt FW%’(S?% %%P@Sﬁﬁmmyf gshswcqﬁghé@%w

chromat agr aphys paf 4 8'7&5’ a8 HE&WBE%B?%QH‘X'M& Hﬁﬂlﬁgflf On%tl& }’A?DM@'# ogr aphy);

ul tracentrifugation; or el ectro etic prepara see, e.g., Cohn etal.
(1946) J. AMOEEMEQUEN@AMFISUCMEewaBDMIBlomedhgal Iﬂeseamh Chem Soc.,

1071: 541-5 d tal. 62). Vi 7: 157 bl
(1967) VOXO@Aﬂag?"q‘lg{’ %454(1%3@* AR N8g3°§°& :gﬁgaa & g‘i? §94)
Typically, . WH%BZQMa'cH syr%b&rlﬁl%ﬁélﬁgaﬂ raﬁﬂmnﬁit?mﬂdnﬂ -gapd)t ai ni ng

products produced by al cohol fractionation and/or ion exchange and affinity
chr omat ogr aphy rEheriefaee, apnsedihersin, the tarmo'sdentity"ski "hpmplogyheepaesents a

15Pr eparati ve st.e ed to ich.a nLticul.ar t pe ubt ype
of | il SERHOT pERCL AT 8% 4 TR hiheBRt pE RSB SR A el ot ose
chromat ogr alpiin Ohe tdem df St wgmwmmﬁbalaomeféryfcﬁ% @ternit IdBntiaed fbwlidos for 119G
or for specific I G subtypes. (See generally rl ow and Lane, Using

Ant i bodi es, 9% wlagye ity hepgiermce nuglsicacst gr niag acidpegugnee phtheow and Lane,

Ant i bodi d I P
(1o88) 0, S NeRPHEE Aoy a RARE o0 ringrbl AN R kTR Y onal
i ndustri aI mﬂmgfoloéxenqmﬁnmcgi wlrpbses apestiahd C&féﬂeﬂé’e ﬁdlppmimldewxgﬂiaﬁrra are

based o et hanol, fractionation, which recipi roups of
prot ei RRIAC AHES Are; COBMRERS %Irm?maglﬁi%éﬁvéﬂogreé HID O dhecamitPat i ons

at sub-zer I ed by
oncl ey (s ece)ac?fg 12’ %%it%gﬁépf{%%tld@d(iﬂfﬁk@%ﬁﬁhﬁmf tl%’l%@erpti/ce%'l'%eﬁgﬁgeg n%’ighfa'rom Loy et

al . (1949) lcommarignsman 8o madibeﬁmelen5®t and mefexggee pdlymideticles.i Buchhe
purificatio rocess can inac vate ntially.c am.natin ruses,
Ponever v SfBleRts dn bR genrBpls i npit SR Rsrdcr DR BB Pl the b

Cohn- OnC' e Yenfied Eﬁgthfb&@ o%ébﬁdé&t@@?@ﬁﬂb@éﬁu@t@éd&ﬁ%@@ﬁﬁﬁ?’e ReRiNsfNs. These
hi gh nmol ecul ar weight forms can act as antib &lantl gen conpl exes havi ng

t he capdci tYarying iqng& yp 10; the gsppnenratiowable, e.g. 10/100 amino acid difference

(approximately 90% identity). Differences are defined as nucleic acid or amino acid

substitutions, insertions or deletions. At the level of homologies or identities above

about 85-90%, the result should be independent of the program and gap parameters

set; such high levels of identity can be assessed readily, often by manual alignment
25  without relying on software.

As used herein, an aligned sequence refers to the use of homology (similarity
and/or identity) to align corresponding positions in a sequence of nucleotides or
amino acids. Typically, two or more sequences that are related by 50% or more
identity are aligned. An aligned set of sequences refers to 2 or more sequences that

30 are aligned at corresponding positions and can include aligning sequences derived

from RNAs, such as ESTs and other cDNAs, aligned with genomic DNA sequence.



b. Mdified Cohn-Oncley Procedures 40 To prevent the unwanted
effects of the Cohn-Oncl ey nethod, nodified Cohn-Oncl ey nethods have been
devel opedwbapittdiesopr eparati on and purification of |G VRCIrasg0190eis45
procedures are known and can be adapted and nodified for producing the I1G
preparations herein. It is within the skill of the art to prepare 1G5
preparations in view of the detailed meghods known and available in the
art. Typically, 1Gis manufactured using a primary cold et hanol
fractionation and a secondary fractionation that can include, for exanple,
any one or nor e 4pf used dnefein, | “priimeg’ fearpto 2 pudeicarid molpeue that catamtnagaa | ow

t | ct ACA 1,G tes b
convent | onabritat it hpliden P BNA bR it ARRte Shdans
chromat ogr qplgy.iin &teqmseate SPRLF §R ¢ uélbodiletriphoPh Iaeﬁ dh@a ﬁb}yymenzatlon

al cohol i zati on, al kyl ation, sul fonation and treat ment with reducing agents
(see e.g., ages, speh enPN@, mlsmsrzasq RN Aqohanérese enreversmisnsatipipse) ae pai ¢ pH (pH

0) w hor t pe a d tr f onat i ng
human poas PP AGNRERR fa RuAB SnBReuiF TR bl vp ey haye il
Bi ochi m 151uBleﬁlpzibj<$mth&s c8serd®as tﬂqﬁ'bbe’l mmSmrpaﬁmem Afprimer,
pol yet hyl enegl ycol (PEG as a purification agent for material separated

fromthe CAOWeVenLAaS e%altxdwﬁfgrcamtoeﬁxqensm /A4 primgy gan l@eeeelrga vangty  pat ent
Nos. 4, 093, ) ct ol yet hyl ene
gl ycol as aq%?ee@@%i l?lgltjcﬁgmfg gogeer’f JJ %@%ﬁ%ﬁ%@é’v@gﬁgh QI n U S

Pat ent Nos. tradasﬁﬁﬁasﬁ(lﬂ’,r)-@m emwca UG, A6l6iplea RCRY, phﬁkﬂarﬁYéPCRnchpﬁ&eot her

simlar, _met s of rific ion,ro sses with polyethyle col, (EP
026579 BGPTSR BRE. oAt TACE; Bt f G LA PR o GHAR: o
el imnate ypelg éﬁtl?ﬂcﬁn foftbayRant s fromthe starting materials used to

obtain the IG pr rations (see e.g., U S. Patent No. 3,869, 436, EP
91300790 and V\()Mtl@é&m)n, ‘B4 pAf 8RB ete swa sdted pameontbatiatiudes @' t echni ques

ful for f t 25 i nt tion of the prod g based
on' 1 on_ excHARGIEE PO Ut BEiERv Gl B Y endof Do toBapmpra A phy
enzymati ¢ oysRuRpAL £9 I(&mts!tftﬁﬁﬁ DR tHak A6 AL wﬁlﬂﬂle%ﬁfﬁlérﬁérﬁbf% and

ultrafiltration.” & her nethods also are described in the art and are known
to one lof ofadiof thesegurncatq b¢ gmpliedy. | U. S. Patents 5,177,194 and

6, 875, 848). Puri R starting Cohn
Fraction Il 30 p%%?%d%@"n :éﬁe%ﬁc%ﬂg hgu%lagggqpercentaﬂﬁg%nghg}?al So contains
the four | Gosiphdy@rsry bﬁ]ﬁpdhflg affarﬁucsd;&)w@ﬁﬁalwu& @leaeodligonuckiordeyon 11 in

approximately the same ratio as they are found in the pool ed human pl asma

from whi ch &'REgst Bycdeippeidimrlgeulen Eheseof skidlin the art pre; famy tﬂft"‘ﬁ@r ingire epdd

before for i u raction
can be. o SosirIEh et (B 4R PG AL UBRRA, Pl SRendy AP L Smpafont

| rrpurl t20es of énoparticutarampleedepPhmirieters partichliatly relevam to FokidroWybgdizhteor i nal

filtration, e .irnomunogl obul i ensi on ca ialyzed or,diafiltered
(e g s ngeiher agIpds Haer e i SR Ao CRERET MR RRLEHIGr el gh
limt of | Q:‘éﬁcén%ﬂoﬂrEﬁéH;?\ Washth QQitfhak fon@nov i memﬁlcswmunﬁhe

sol ution can be concentra or diluted to obtain t desired protein
concentr at |Imnlem1¢mld§elefs at higbstrmgendyl ard Oplyx SEERND. é]%e%Dﬁteﬁﬂ°Ckhmim to those
skilled in th c. Viral S rep tions should be
treated to re(rﬁ% rt)tgFa‘fy ?rSQOf $§§ﬁeb A9e§$§DWrF2%éva§?“? r1rn§fm%'r ocessi ng:
viral i23actdoMditiofdarekeowh i theRad. t THe skillldigheddon’ RABYANily afjusthesdract i vati on
renders viruses inactive by, for exanple, chemcall y altering the lipid or

protein codiRramsgtersjo mweepemﬁceehla@aatiqvgoftwc\lﬁl%@ nlegylt @ratagget vi r al
tivat
(past eur | 7 a8 BoldsilciRBrophile B £ pR0leuls TyRGbE ORIy, o 1o an

aci di ¢ enviwlenrrefetritd owwphucledtide Sqlleires cassnsithatithetwosdquaadeby used viral
i nactivation nethod in the bl ood plasnma.indust r%, used to inactivate
&S

viruses coriugleptides ase fansblg Oc,fé‘é(tmd‘?m& @%’éﬁ?ﬂb’é"’ ith [egs Bam25 “pd@sé Hasheen

denmonstypat g stomatitits
virus), % ?\% Iﬁlgtc\gléér/ﬁestwbwp% E%U “ltéedt?)iia’(l‘lts.3 |§t ]iapsn %%éSSé{?U h)@f)%&'gﬁ %%BE hepatitis C
20vi rus). complévﬁlemdrity&r'rkb%alspécsﬁai eyhcadlytthatwe ordoateslaye sebentadesichl |

Vi ruses fro the s Iar of Vi artitioning or renoval

i ncl ude, at they ‘ﬁ@t bPFHZFéH‘ 0“6‘3106‘58{&%5?6 “'?3"3&3& onation, phase

partiti on| ng or PEG precipitation, affinity chromatography, ion exchange or
gel exclusion chromatography and nanofi | tration. 25d.Protein concentration
| mmunogl obul i ns can be prepared at varying concentrations. For exanple, IG
can be prepared at protein concentrations ranging fromat or about 3-25 %
IG typ| caIIy at or about 10%to 22% such as 10 %- 20 %w/v For exarrple

- o, I A NN 2 NN o o o o,




10 about 3 to 12 %w v, or typically 10 %wv. For exanple, IVIGis
comercially avail able as Carinune(r) NF, Fleboganma(r) 5 % Gammagard(r)
Li qui d, Geomapgzmsddon) S/ D, Ganmunex(r), |veegane EN, Cctagamuspoiano2s4s

Pol ygam(r) S/ D. Typically, such preparations use a nethod of cold al cohol
fractionation, but differ in the nmethods used to isolate and purify the

i mmune gl obulin and nethods to reduce patential virus 15contam nati on.
Further, other preparations presently formulated for intranuscul ar or
subcut aneous adm ni stration can be used in the conpositions and net hods
provi ded her ei n. Arsseddiesgipl substamigdlyddentisel toraproduct means sufficiently similar

e camasTANP AP ARBRYLF UGS SRR pent) Phoiled AN RES G TS Sk

prepar at i ongential proddcteiah d0aked mgslidewTdlid godiictom human pl asma and have an
| gG concentration of about 15 to 18% or 10 to 22 % respectively. U S.
Provi si onal Appl A& useddiereip, it alse 19undgtpoddbatithe tesms Haubgtantiplly idsntiedl” a hi ghl y

purified ang: ) il j b 51 OR.: sma for
Cubeut aneols SR ViR HEJBRROR b bl B RO RGP

Exenpl ary of an ASugpddpaeiatdnallelis vhriantoe alf3leburiation réferRMes Gy of uoen) , 10 %
(IVIG 10 % marketed ?s Ga gard(r) i gui d, Baxter Healthcare .

Cor por at i orfOrSAHEENRTIVE forms; o @i e ARy MEdte $4ts prepasanrldacussiAlielis

di stributi : . P :pl asma. The
preparati o%&%ggﬁ%%nﬁﬁ%}aﬁmﬁ%%é gﬁl?%g%l?ienlé Ec %}Hg f ragnment

anti gen bi rmhlymorphsin) witbpi popsilatibhe Gempantatibnncandmersileht(nb@Banmgy indther ot ei n,

w th at, | east % being 1gG I1gA js .43 esent at a concentration of 37
pg/ ., ¥nd ﬁnﬁﬂﬁ??%sr’%m&ﬂ?) e eﬁ?ﬁierpé?&@eaﬁ%ﬁiﬁ?&ng| teppdamiA0 g€ifol al ity t hat
is simlar s’e@ué?ﬁw.s TRt %inc“aﬂéﬁl@bﬁﬁdg&’ﬁlsﬂﬁ%@@ﬂ&@inﬂ% d@ﬁot@qq&gteﬁp&ﬂ)éed sodi um

or preservatives. It is formulated with glycine for stabilization at a pH
of 4.6 to Sylan dflelic vanaitadagenegTppiod bsthe esfptengs foammafdhé et dohdes@ncl ey

Id 5 al cohol. fractionati . d furth i ficati b
conti nuaus el B SRR e RIgRR e S5 o BR Rt el Rk SRR Br bt aphy
and weak aneffersehaigs ofh rs?mésoglr@mny, e WanattaGieh RElvdeossiastsal so

i ncl udes 3 i ndependent viral inactivation or renoval steps: ) )
sol ventlPdethstyesnandgnmngspecientynically havst atlleashB9 &n 991%d or sreatrarmine 2agida | ow

pH and el ev {mle‘g, i 9 r fon is
descri bed ilgéﬁg%kg e ﬁa#g ﬁn@%ﬁﬁgﬁﬁgﬂ?ﬁ%ﬁbéﬁéﬁa%%qﬁg %%e%éﬁég)&éégé %

The gener atdfadentity eppindc oparetht rgahe aml whetheraphglatibomispneppedts ons ar e
described i.n U S.. Prﬁc_z,vi Si g)?al Q{BEIJ ca}gﬁ,on No. 61/181, 606. Exenplary of

pr epar at i orlSUEBREIES nRRFrARY Intraspreiesallelin varianss By atileagt aboug 88%: 8516 qui d
formul ati ongye ol F Yithatwi % i ify 0. 25 nM
gl yci ne at r%)H/J’zéf %{5%3?9# gﬁgfwggg’rlltglg‘dm?(ﬁ%ae&%{ ﬁ%@m%g{%%%%dh&rhe hi gh
concent20at i %9%e,199%, 98¢ 9OV sonlmsatet ileatityovith awadtyperaodioc predomisant faoess

{radi 01 onal O PIOBHEPERGy Brtetspee [ Sai R ASRY e W™ 20°

ultrafiltrapotish ahodd hahmben of heanRRpeciéIannel nenbranes with a
specifically designed post-wash and formul ati on near the end of the

production procebssuseddgerin, ‘eHeles axhich isiiged mtershgesably bereimbpiotht “allgiice as
high in pr L s t i / co ed to-skate. of the art
Wcs (e g Vel REIEy ufiBinafls frtiR o ol o RRGHToleBr ATHEs Seubind

st abi | i26y. sWhehodmBSk positioR ba hatojogavatiraiosomes. WheahishbjeatHagdwoenbr anes, a
concentrati.on of 2}%2%? /L 1gG cannot be reached wi thout major protein

| osses. ThdSetisahd) agepeae ptieqt agsaphio Be hampryeaurctor that sergRrat e

post -wash i i {fA . i : n nel . e

Cont 1 gur at {'aes fuaart bt REChRY BelRUEY 6o QREDIEIARRELISIRINBBC  ash
procedur e ilsteeogyizoyefortice gtcaiAllddsofnagedifie dereG anatiffemnfromateaokn othiet mowit
30significant protein | oss (less than 2% oss),; .the hi gher otein

concent r at iS58l ‘Fuc’i?ﬁﬁ‘ ¥ ﬁ?_"eﬂi“]é’é‘dﬁ(%‘g%ﬁ ?ré%‘fantlﬂ%lug?ﬁ “F‘ﬁ‘é?eﬁi iﬁt‘iOBﬁ aI&‘flslpaci ty
of the zhowplrdRIAAGIRbERs. Atfallele ofaI Jdie a%'l%ﬁ%lelaﬁﬁﬂ‘ﬁ%?ﬁﬁﬁe produci ng the

hi gh concentration |1 G conposition incltudes the follow ng eps which are
descri bed icanfaimiphemudsion | in Exanple 2. First, the cryoprecipitates are
separated from previously frozen plasma to yield a liquid "cryo-poor

pl asma, " which is processed in the next step to obtain the 5 supernatant
(or Fractionation I). Adjustnent of pH and ethanol concentration, typically
to 7 and 20 to 25% v/v, respectively, followed by subsequent centrifugation
whi | e decreasing tenperature, separates the liquid and solid. The
precipitate fromthis step is then extracted, mxed with fumed silica, and
filtered, all steps perforned at |ow tenperatures, typically 2 to 8 C. The

. - N . . .



25 solution is concentrated to a protein concentration of nore than 20 %
wv. At the end of the diafiltration and concentration process, the pH of

t he sol utworroiig3seppi cal |y between 4.4 to 4.9. For fornulPariusagioobzs4pr ot ei n
concentration of the solution is then adjusted to just over 20 %wyv, e.g.,
20.4 04 %w v, with the diafiltration buffer. The formul ated bul k sol ution
is further sterilized by first filtering through a 30nenbrane filter with
an absolute pore size of 0.2 mcron or less. Then the solution is
aseptically dispensed into final containers for proper sealing, wth

sanpl es taken 44s pgnd heegin, spgciesTvariantsygfer $o sgriands inolyneptidesamaens ed

cont ai ners .C.for an te i erig 0. days.
| ncor porat i (ﬁgfe%& grpgef llsé?’tlrg(éll’l ?lgﬁadéfr{%)é?torrggn%ﬁggll ORS ésesﬁlghiag hae %dn% Beturi ng
process is an i nus eydTRAin,QVelicphenamefers to 28drihh fRudidet Gedierentidl
concentration 5 methods, resulting in preparations with higher 1G

concent r at iwﬁgewgwéaﬂmmaghtrﬁmaﬁg of gongani¢ PNAy thap sesullhin reoreghat @i ng a | ow
pH in tI‘Se fiDak ﬁl@\g\mﬁ' ation. Typically, the products have a protein
concentrati o¥ at I'east 18 % wei ght/volune (wv), of which the vast

maj ority (typi caA$ ysedteledn,ahé tetin Fomer nseahg &Sporivah of aPené torthigingange of pH
3-6, which facilitates i nact i,q\é?@i %g of . .pat hog]ens such as vjruses that my
be 10 preseRbN4 seapeneeyhatprovids far ths ipding pERNApelymerase rad 1ngHtoRPTt her ef or e
reduced vol yWiRcdintidhd Proinslet & &Hcesta?gc&hﬂllanféf,)gﬁterwt %ﬁ%%ﬁ,nfoﬁﬁgﬂﬁfh@%"ons are
sui tabl e for subcutaneous adm nistration. In sone e Iments, the 1G
product s hanm-eodingregntof ganesgr eat er t han 18 nPascal . second and may

t heref oy e be suitabl e.for. i.ntravenous.adm.nistration as 1. .Si.npl e

it 1 o can al sbe Bt ereinRaIEE b U SR RORICE ot PENER o1 BialoeitallB abi 17 ¢y
Fi nal , puri{dioe pbfaohhdrbdat s@Witantdl} k8 oPEARMSHatbRal o billed cafthinidiingof the
| G and avoi d excessive %(I:jlgregatl on.  Upon storage of the |G preparations,

aggr egat i onpreteinseomithe qellxedissuedfremaihith the proteinos ddrivsd, of substantialhy e, t he
addition of .prptein- 20stabilizi ng.,excipients ,or adjustin he pH of the
Soluti on. oS BhE emfealpdrend g Sufes Eafips Swith RiGhy ShdieizdC O ¢
stability Olf’re*)zﬁa@érﬁRQﬁQE idefesminedtto bs sulhdntiig Wee ifithéNgppRat fredof Radithd

protein-stabilizing excipients to the |G preparation. Known excipients
i ncl udeld budetegtablegapyrities apdeterningd, hy standgsd myesheds of gnalysigeugh as B nes,

salts, poly t . Rl 499, 073
descri bes slt %&P@g%}?%%ﬂﬁa‘;sa}@gg% ?lg%%)pﬁé%lgg aggtl P é}]lsgeﬁggﬁr?gﬁ%l—lll%f@t he storage
sol ution; Jdhrélatteptaphyi (ZPILCY wded by dras of kil dnl thietarioto asfessisuchrpundy,aci d t o an
i ntranuscul ar,_preparati o o render the preparation staple and safe for
storage; Jﬁ%ﬁ@%‘f;@?@rﬁﬁﬂ’q‘ﬁa@%’?@%@? aE‘E’P §B{‘f% dﬁ§§tag yaiﬁcgﬂ}ﬁ ne and/ or
l'ysine withyNafed) dda <§1e1tn?caiP%?pbﬁe@,rﬁﬁﬁ%@%ﬁ%t&%ﬁ%l@é‘i@al'a‘éHGi’tieg’,QifQI'ién

stability in“an intranuscul ar preparation; JP 4346934 di scl oses the use of

| ow cordfuct substagce; |INMsthodhian parifredimn, of ke SomBpaund5 torpraddceopbstontadllyy one or
nore stabili,zers,. including PEG -human rum um n and,mapni tol. US
AhSor 4t ST REe PP aredfou e GRS R e s TSP & pol yol
and anot her chefélypuk@ccihpdtindi ESwa@R| dasitbealthixt@e BPkRrdNon@e emaution; US
5,945,098 dj scl oses the st abl.i ization of isotonic solutions by the addition
of am no acingfénges, further urdication yaghidncrasg theospeciiei astivisy ef Gewespepad-ysor bat e
and PEG; US 4, 9 1 Sl i Lt i { m no

ci do: D 2005 oGt aieLBRE el of B AL ¥ RRes SISO

addi ti arfal | protefisyiiiwiécH the @roteilis bépafat@bitombetlidiag coppesentd e ths eelidffroraut r al

and basic amno acids to inpart stability on a5 %1 G preparation. Stable
li qui d for niihighiitghisotated o reeprpleingntharodyCeds i [n e sMbSAYRIAtE& tT® an aqueous

medi um wi t : O - t No. 10

4, 396, 608) mé‘ﬁ%’){t\k‘}e@ﬁ%eo‘{a}k%‘?%{ %ﬁ&%‘?' E{&g’d?gﬁégg%ﬁg%n‘f_ dnytte pﬁ%&ﬁ’gr for mat i on
of | G pr epaiaaingdass thhtsabouiad0% €by dryt weigh® df nboenzpmaeploeind {aBo rBftredto No.
5,871,736 di scloses |G preparations, particularly |iquid _preparations,

cont ai ni ngdfmnaﬁ aﬁﬁ?téma}?ﬂﬁgﬁmtmni %epgr@ﬁlr/il%%ért%ana%aphﬁ%f RER-CABR%ti on. The
anphi phjg i Cpréfeﬁﬁ'dr'l_é%&ddﬁcédi%e:yé&‘éfds%!r%ﬁcthﬁ MOt $%DrABhIUAhYES, 1N
particul ar 15 nicotinam de, ahd inly in conjunction with am no acids

havi ng unchaoget. IWhopthe ehzyns¢ pwtahad iesombingntly ptodngddaitatdone, net hi oni ne,

| euci ne, isoleucine, proline and valine. b.pH The |1 G preparations can be
prepared by nethods known in the art, such as 20 any descri bed herein.
General ly, however, the pH of the final preparation is adjusted to a
relatively high pH nanely in the range of about pH 4.0 to 7.4. It has been
found that the pH of the immune globulin preparation is an inportant factor
relative to the IgG nononmer content of the final product. Cenerally, a 5
percent inmune globulin preparation has a pH of 4.2 0.5. Ten percent
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47 conponent of the extracellular matrix and a major constituent of the
interstitial barrier. By catalyzing the hydrolysis of hyaluronic acid, a
maj or corwoi2buastcoef the interstitial barrier, hyal uronipdags2010mers8s t he
viscosity of hyaluronic acid, thereby increasing tissue perneability. As
such, hyal uroni dases have been used, for 5 exanple, as a spreading or

di spersing agent in conjunction with otdger agents, drugs and proteins to
enhance their dispersion and delivery. Exenplary of hyal uronidases in the
co-formul ati ons provided herein are sol ubl e hyal uroni dases. There are
three ge ner%lbsténtaﬁb'e&eecﬁf dwitatqm@hhmases eulpgermedivan r&Py%SlenltISMIS dhanaboptact eri al

hYaluront e, 3, el 9P SRS AR GRS, RIGh Rghagphs o

endo- f| - N- acet yl As ieodaferéth, the &smsSsubbahtidiydi &t dfzheinlil pﬁaz;ursérsgirml di ¢ bond
of hyal uronan into various oligosaccharide | engths such as tet rasaccharl des

and hexasacdKar¢deisclupeprepzraionrfienay@e profeing mwhich g \pigteje isjepagted
activities, r CS),
gener al I53e/ &ﬁ%h&g{k&g&%%&géas%?oﬁ# a%glg ;ﬂgft ﬁ?{g%feslmmgglﬁn@? g@,%%%?tg%e not
limted to,prbwehl UTl\iHWedﬂ&&SuddsQﬂ%;ﬁ@MB)né bﬁdmzlyﬁ’)e ﬁrﬁE@sllﬁvh@esthﬁﬂabohﬂ.) mouse
(SEQIDNOS:(L)? 19, 32), % NGS: 20-21), rat (SEQ ID NCS: 22-24, 31),
rabbit (SEGI"BHING Izsyelggﬂgaaé 18% ﬁéyor(lﬁefwber&@e DUSCUISOFS 97 NON-ERAZRG t an ( SEQ
| D NG 28), Fg ng}yﬁ%gtg(SEQlDNOZQ) gui nea 20 pig (SEQ I D NG 30),
and human hyal uroni da Manmmal i an hyal ur oni dases can be further
subdi vided into Akmm Heheih, sgznﬁlenewn]atefatencta/te fane&atnpienarsyhmeﬁonmieibn

t estes trac aci d act.ive, predo nantl nd i n organs ,such as the
i ver. %W eBlGar 21 SYREEHE 8o o 4 SIS PER 4%& Y W%"’qc?ﬂél udi ng but

not |im tEdechlE)'dgg %ﬁé%i’c%%él%@ﬁlb Aot & Arb&i@ath &ﬁhﬁﬁaﬁqﬁ&h@@s adjdge (SEQ
| D NO 27), bovine E and human (SE 1). Human PH20 (al so
known as SﬁAMheuncaipwnﬂw&mm‘emsmot ein PH20) |s general I y attached to the

| m i h h | t
P o o e e R T ettt aResnS b e e R s por 1 of

the layer obNaumbihdds ﬁ@hﬁﬁh@)ﬁs@bﬂtﬁéR#e[lguﬁ%)&ﬂét%m{(‘mal@bﬂar biology f&esi des
human PH20 (al so terned SPAML), five hyal uroni dase-|i ke genes have been

i denti fi%d expresHagmprotams gaensied byigloned DNAAL 2, HYAL3, HYAL4 and 48 HYALPL.

HYALP1 is a pseu

possess enzyne a%??gﬁ%rﬁg%awgﬁwlgﬁgm}ﬁﬁ}%?rﬁgf%ge.sel%@%l_fgﬂ%grecursor

pol ypepti detoaﬂirodx&&hhetdﬁolSEx@nsl mach 344 ints calls:fmoaﬂhaiekpfeasen anttphixdtidai t s
little acti |ty war ds h al. uronan. , HYAL1 ecuréor pol ypepid de set forth

in SEQ ID shiiedB 6 e Kecfors meﬁ“dtrwa@aﬁmsge} € doragNed L RHCPH20
(precursor 1B€é§i/a‘?i%ﬂtdfqegeﬁ€5r p&tibR tﬁ&ﬁﬁﬁﬁ la[?:h%gvgoﬂléoittlﬂg gBEShOL XRical
neutral -active enzyne d-active hyal uroni dases, such™as HYAL1 and HYALZ2
(precurbr @mteyxpﬂgtbddm wetor§ that hrej antifBEa) d}@mme)s gailelsarleasy attdoialcat al ytic

activity at _neutral r exa has little catalytic
Setivity e Pt sagnfing et dBctaD oGt SHCOEONAR vt Sh et st o
251: 263- 269\)eh1dTB§AAf3WeH1@16w%%@h@€Tolf¥l€ﬂlQﬂWW'th a very |low specific

activity in vitro. The hyal uroni dase-|ike enzymes can al so be characterized
by those which aAéu@éd@rean,I@n SHPressivadeetor tﬂ@blf%S seqtersirapahlanbexpressmg

(o 1 Kkoui I ANPACR SperAgRL Mok BB HAR R0 ARUHIERS i Caitr ol PBPnS . 5).
and 15 2shostatidie edpablecofggftetiag bypragiond fBushDIN Asrapuienn. i dddifst et al .
(1997) Bi ochem Bi ophys Res Commun. 236(1):10-5). 1.PlLI120 PH20, Iike, ot her
manmal i an h{PEMGRS SRR Hicdide nremgter apd rrmindterseayincesh ere aHenlly £a8 inqhude
hydrol yzes I vari ous
ol i gosaccha(H% elli%lre ori sng's?\tﬁg icq{l?é?) ?‘ggéglg) é;%’éi’i%gébqgh% %gééglslaeg%ﬂjarl 3es They
have both Ipcdlyanlleyylanoraslgnzilr anb gk Yikes Edg&eslacveaomlaesgmchlmnde@ﬁade

hyal uroni c IﬂCI d.and. c ondr0|t| n sulfseﬁ such as_C4-S a C6-S. PH20 is
Koy

natural |y iGNl Vit E’Hé' PF Sy CUUHB RS boths Thesap Féf?rie%sho'b‘{/ecé?fer m of
the | aygy orgdit Eomblaft IENA% wmsm%ﬂ SRRk § pRfhfld, aHERe, S | ocated on
the spermsurface, and In sosorre erived acrosone, where it is
bound t o t hecomimeantadiusootier mtbxrtzhae upéi Ao uchsmbintnan aﬂﬁmmhost

hyal ur oni das’a] actl Vi t% onI\H/ a%. nelTutr | .QH, while.inner acrosopa menbr ane
PH20 has activictytsin a¥pressipeaf heic f\d ARTORTALG BERTEISEN Y PR a

hyal ur oni dase, PH20 al so appears to be a receptor for HA-induced cell
signaling, and a receptor for the zona pellucida surrounding the oocyte.
30Exenpl ary PH20 proteins include, but are not |limted to, human (precursor
pol ypeptide set forth in SEQID NO 1, mature polypeptide set forth in SEQ
ID NO 2), bovine (SEQ I D NOS 11) rabblt (SEQ I D NO 25) OVI ne PH20 (SEQ

AN N\ N~ 1 N~ 1



5 multiple gaps existing fromamno acid 470 through to the respective
carboxy termni due to the absence of a GPI anchor in the bovine

pol ypept iwo 20seB84@4g., Frost G (2007) Expert Opin. Dru@CTDSRo19/002545
427-440). In fact, clear GPI anchors are not predicted in nmany other PH20
speci es besi des humans. Thus, PH20 pol ypepti des produced from ovi ne and
bovi ne natural ly exist as sol uble forns7 Though bovine 10 PH20 exists very
| oosely attached to the plasma nenbrane, it is not anchored via a

phosphol i pase sensitive anchor (Lalancette et al. (2001) Biol Reprod.

65( 2) : 628- w51l kngyynsto thps ef skilhin the agfand inglyde those thatewre eepbisatladn permitt ed

t he use of i e i . S xtract for

ol ni‘cal _usSRE s Lo oA A )R IR e b B i Bfor o

nor mal | y t rwinsh aitegtatednyahehast el gbfinam no aci d precursor pol ypepti de (SEQ
ID NO 1) containing a 35 amno acid signal . sequence at the N-ter m',nijs

(ami no acid resi/aw%&erftm,o\ﬁgtozﬁ@s)m%m Sa VHYS ¥FRIRME ok dral vectors.” Vira

gl ycosylgph j I i : i nce at the
Y arm s R Sl Hrutdethd AOGDREG B B0 okl s R0 T

t her ef ore, teangfer {addvehilesorabuttlepthy peggenoas geats fndo tdllsi n SEQ | D NO: 2.

Foll owi ng transport qf the precursor polypeptide to the.ER renoval of
the signal pepti‘d®ls H’@re@r—"t(g’iefﬁ%rpéw ‘egﬁréta%éfyaleﬂwgmhe&ifa}%m%@ﬁée is cleaved
to facilit ajegmefsaheans tat H%Cs'é&%_@ﬁts%e @rddgkd %Hﬁ?fhe&%ﬁéﬁ%n e ¥bcehtdored

§
C-termnal amno acid at the am no acid position corresponding to position
490 of the theieinterslsd puiopess ptg. deanseiptionrinitiates iISHE prom@®r M@l proceddsus, a 474

am no i d | -anchored mat ur | ypeptide with an am no acid sequence set
forth ?lrcg)l Sé%?ﬁuéﬁ‘ .%’dilrégspelgg}fﬁgté’gt.e¥eo“nﬁ)r_lat%npar ed to other hyal uroni dases,

i ncludi ng bee angs hisudgirai Mytehiy abdesans HasRnddicto TRAIGE quidtileiveand gui nea

pi g PH20, hunman PH20 contains a common regi on of 340 am no acids with 57
conserved aitalitatiye determingoningthe Aenserpd oBRiiRg N alyspbe yalge for the ag@ivdyhem |
247: 810- 814). . C erved 1 i i ncl . [ Gy i si dues t hat
f orm di sul f‘%fc?eggtr%lmdg{e@ I erdind e ?gdt?%& %uaedég%é{l ﬁ%é"é),% %g‘“‘ngﬁ‘d‘r 16 in the
sequence ofsaaiple)andgisdof sbtairding ahindex, S&hd,|gorddatage, afhal oo06thesyioeli ng t o

resi dues 60, 224, 238 and 351 in the sequence of amino acids set forth in
SEQ I D No inficatiyeefithe rvekpfis a¢tbrity Hevawaient e heyditeet pondisest doehecs0 and
C351 and belipan (iefesWthalty dhebRamBEAMINT BAISE pEUR eHapRiaasst flomai n.
However, additional cysteines are required in the carboxy termnus for
neutral 5 eradgtive, awhak piprotealysis praducsiisdhf, bhtatandor exangde s a dérivadivé64 of SEQ

ID NO 1 contains the minjnal active hu PH20 hyal ur,onj dase damai n. A
further fouheapeen PrctBhfubiaacs dirs Bl A S rlEtPE Sl dues (376
and C387; haéaagdpledddt FRGr&AD sudeisBeESDSAAGE Bfld n s@ifinpRiteen CAS8
and C464 of the pol ypeptide exenplified in SEQ 1D NO 1 (corresponding to
resi dued C3ddomasie W862: between 10 C346 and CA400; between C402 and C408;
and between C423, and 29 qf  he ur.e | ypeptide set. forth in SEQ I D

NG 2, respecti ve‘ﬁ%1 'ed%rem, ! loélgap%}tlgﬁ,y r%?ﬁég?}geolﬁsvé‘fovae& Vlrtleegiodﬂes are likely
i nvol ved i ncosipdahd af phyzidlogiog raspbneat thhtsiift updii;AoHdCIdthifiesatthrest at  am no
acid positions 111, 113, 176, 249 and 252 corresponding to residues in SEQ
| D NO 2 app@atopad.remneyisiopo other HEtusg t Biplagical actifitypiipe, engpmpassstit at i on at

t hese posit t L€l | [SAVIRAVE | eave
ont y.r a1 dubi R o pRARHTEAEN RN or e E R funE ookt 2
nmut at | &%s (adeniatuges. ABivlapicad hctititied hDE)obkerved ih inBiree bgstems @ebrgngd@e 814) .
There are seven potential. N-1jnke | ycosyl] atjon sjtes at. N82,. N166, N235,
N254, N368, N5 19 FCbyitig SPfdéﬂfg’“él%E hETEInAPIPRSSERAMING a1 Di sul fi de
20 bonds f o5pchetivasRahRfic GYEYiR) RewhieR! & R d%%d.and bet ween C224
and C238 tg{rf gr mlt he 2(130 echyalﬁ ont dlasg(i!’g%?aeﬁﬁ. Si gce amno acids 36 to 464
of SEQ I D NO 1 chnusedetdue equinalaet, pen cafervimgho o s@fu20cdsyodinucleivi atadse

yalur ont S Gt Uik (70 Ssaegsan g B PniiG A apis CEuta Py Snjfpads
hyal ur @i daﬁ%qhﬂateh@%r%t@m ewsien EQuiDalkatis Q8 iRk IR Prdte@k @r SO UbI €

hyal ur oni dases. Sol ubl e hyal uroni dases, when expressed in cells, are
secret ed i rieptidéseit mpeding thaStheutiol firotginsanm poptides evs substastially thesemet i oni ng of

h in .. .h . Of iton X- | ut,i on. di ngly,
118" onderub B AebiEa AR P RGuR aellihiRatabibeRd: MiniPuntBIR "

hyal uroni dase that 30contains a GPI anchor, rendering the pol ypeptide
attached to the cell nenbrane. For exanple, full-length human PH20 (set
forth in its mature formas SEQ ID NO 2) contains a GPI anchor and is not
soluble. In contrast, bovine and ovine PH20 51 pol ypeptides do not contain
a GPI anchor that is sufficient for attachment to the GPI anchor, and thus

v o o . o o o



20sol ubl e hyal uroni dases are allelic variants or other variants of soluble
forms of any of SEQ ID NOCs: 1, 2, 11, 25, 27, 30, 31 and 32, such as

t runcat edwbanneostdeer eof . Allelic variants and ot her varipamus2aomoisadwn t o
one of skill in the art, and include polypeptides having 60 % 70 % 80 %
90 % 91 % 92 % 93 % 94 % 95 % or nore sequence identify to any of SEQ
ID NOS: 1, 2, 11, 25, 27, 30 and 31, orpg5truncated forns thereof.

Typical ly, co-fornul ations herein contain a soluble human PH20. Al though
PH20 from ot her animals can be utilized, such preparations are potentially
i mmunogeni caltes thecastivitegr funetiemphithe ppeteinegir peptidesr Whgm aguivalert refegmntofd cant

roportion of i.ent s nstrate nrkar nsi tjzation secondary to

Phobst ed 1 e i bpeE aBRet b b BEIC G b BmE B ERBaR i o have a
ri sk of subseptidestanshibit diffefenOfates UTtige safitypel BRenZyfRibieadfivigy)sbutalye not be
suitable for chronic use. |If non-human preparations are desired, it is
cont enpl at e¥ftiNticsiare ysyally substanfially he5em§es can be 52 prepared to have
reduced 4 nmmunogeRL Gi LG L4 catd MR vel ne of
Skill in the arths g%etdé‘ﬁ%ﬁ’l }e?nﬁ}?rdé% 26‘9@%‘%1%61\3{/ %‘?é}akgg "{‘j’g"l CZWQJ of’

hyal ur oni dageactivitg of ablotedulsysichPisZ0profsin. UBk@nPlafyoddiiwitizh incbadeybutaat human

PH20 have been, produced and can be included in the co-formul ations

descri bed h¥tdinytedpebiglogirakactiyiiess sush ap sigapl rAnsdyctiops Medutateen Ga8 gescri bed
in US. Pat; i i e - . bl e
forms incl ulgglfudg\gl? kﬂac?%%g{khl%??nh‘tnég&? 6%%‘%@%&@?%9%%9{%%19’%2??? ?ct?g%:%ti ons to
gener at e painyptpity (es dowmtrmeulation aninhibitami)er Any othemalteration oh ahtattieity of t he
sequencg, 10 of am no aci ds %ﬁt Jorth in Qﬁl D .1. For exanple, soluble
forms incl u(d‘éc,hmé}’ﬁf‘%e Horen }'ﬁ"tyeée‘!‘{inc%t?ﬁr %Eg‘g@ﬁst‘gr DR at i ons t o
gener at e pOoVBSREibSEMH K@é&@éx%g;gena%t%d% ifallly f8d@TiSistohibafttoa0 483, for
exanpl e, 467, 477, 478, 479, 480, 481, 432 and 483. \Wen expressed in
manmal i an cdssignated Istated Soraxiamplea thedwildtype piateih, the grettinde qwenstutive stateaved
during pr ocestﬁi ng) .and t he rr(gtur@ f.orgn of 1tthe 15é3r ttei nis secreted. Thus,
the mat ure TSPUBIECPAT FHRERTPG U2 degnared ool YRS CONNYRS- aci ds 36 to 464 of
SEQ ID NO 1. FoAs axcdhekéin, I@inbditionl referetoRelyyRiBire dBscafi ®8hadblutidf] N0 aci ds
36 to 467 to 36 to 483 of SEQ ID NG 1, for exanple 36 to 467, 477, 478,

479, 480%, swspenspp, HawidAwyvdst, 19D AqUeRI; [Nonparedyses apy combialipgdi ng at ami no
aci d posi tith% 7 to 483 (corresponding to the precursor polypeptide set
forth in 20 5501 D NO 1) exhibit higher secreted hyal uroni dase activity
than the full | eAgtied®eleinncdumitsdation referdtonas, assoctativindreywedn aimdnige

hyal uroni dases are those_that are 442, 443, 444, 445, 446 or 447 am no
acids in | NGt MYGdmssTRGFompipation Gandetwaror spase Sepatgg items, sugh asfWe i ¢ or
speci es variamsitfdhs 8F AR cHREGR Sard B84 &Rk rurdtheRBE QTR M&inéﬁ'n&ﬁ%ﬁe human
PH20 (r HUPH20) 25Reconbi nant sol uble forns of human PH20 deSi gnated as

r HUPH220havef thetvo gemeredteses, ananceariation phevehfc ethaeldmpntsiof aedmbsgiatignt he

met hods descri bed .herein. The generation of such soluble fornms of rHUPH20
are descri baéagF‘hefﬂP .nﬁé‘?r@ﬁﬁ'aﬂ%ﬁfaﬁ?ﬁ ri%ﬁ“@eri al Nos. 11/065, 716 and

11/ 238, 171 (publ Ashad rRseit). akit RUPacRARA BaibeRitioARRAtidpabhAR Newdes
US20050260186 and US 20060104968), and in 30 Exanples 3 bel ow. Exenplary of
such pol ypephergdenents su¢lbascadgetinmabreagertts and mswugions dorase@f sl ecul e encodi ng
am no aci dscoﬁ'gf}%?tio%eotr efe tnltﬁS tihgre?FQ I D NO 3. Post translational processing
renoves the amono acia s gnal ‘'sequence, resulting in the 53 secretion
of a 448 am no a&s dseddetdin, e diskehifed? Alidotde®’ tdPeld@o 4 pathBespidal cowglifon infdred

r HUPH20 can be het erogenous due to pepti dases present in the culture nedium
upon pr oducBYHSTAAEFUHING frome savssipr copgitien incjudipgy bmtport limgited g iffedions, cel | s

that facili -at .0 ' -V CHO
coll's (o g R Qe (QlHERRAlrs thd thol hati R Bhcinol i

i ncl udi ng NPiseasds &rd dindrders @if oyt ler¢inare thbsesthaearby@htableriydasesnecan be very
i nportant faqr tlheir catalytic activity and stability. Wile altering the
type of gl %I?PWDdifyi ng a glycoprotein can have dramatic affects on a
protei oS anti gend fdekidheredd,"Hehiti?la duBjedi With aXRLAR bi LohditRRdn&dndlpdti Ly, nost
enzynmes are 10 not thought to require glycosylation for optinmal enzyne
activity. Sbebuthsdlsisympioasas partallyor tpially alléviated,roe gemaiin statictthbewmgnoval of
N-1i nked gltgc%)s%{ aH' on can result in near gongl ethg [ nact)' vation of the

hyal ur oni d4§8TAEH Flenge treaiment Iompasss BIoPAXRES; thermpy SndOLAYE of N-1i nked
glycans is critical for generating an active enzynme. 15N-I|i nked

ol i gosaccharides fall into several major types (oligomannose, conpl ex,
hybrid, sulfated), all of which have (Man) 3-GLcNAc- GLcNAc-cores attached
via the am de nitrogen of Asn residues that fall

Wi t hi n- Asn- Xaa- Thr/ Ser sequences (where Xaa is not Pro). dycosylation at

A o ~ e Y | o - .



54 (pegylation (PEG) or sialyl noiety, or other such polyners, such as

nat ural or sugar polyners. Pegyl ation of therapeutics is known to

i ncrease wWobs@m®e t 0 proteolysis, increase plasnma hal PCridSeqroambssiecr ease
antigenicity and inmunogenicity. Covalent 5 or other stable attachnent
(conjugation) of polyneric nolecules, such as pol yethylene glycol noiety
(PEG, to the hyaluronidase thus can i mgart beneficial properties to the
resul ti ng enzyme-pol ymer conposition. Such properties include inproved

bi ocompatibility, extension of protein (and enzymatic activityé half-life
in the bl ootropledayis referd toprevantiarhefra potentisd dispaseising/oa a popjeation okf f ect i ve

shielding q rotein from proteagses and rolysis, inmproved

b1 o st 1 bar PERInE R S ok PSR Bt AalsRG B¥aRal Bt st MRS, an

i ncreased vlyghas@dodhiidal i¥e of an immixeFIBb@in/prePArid® snd dodipdsRidbnee conj ugat ed
to the hyal uroni dase, include natural and synthetic honopol ynmers, such as
pol yol s (i .®ovided herem) | pol yanmi nes (i.e. poly-NH2) and pol ycarboxyl acids
(i.e. paly-COOH) furt he . [ € i ni ng
one or %DI‘ e di ff%srlgér% hg}é%%ﬁ I;nhélhg ?oﬁltggglg?%{.félcg% %)ﬁ/%ér%%?fﬂg%%ﬁltgﬁrég%%ne
groups. Exadgphtas bidactiue hgdnlts; igudbding but novliraited ®S forxhm@k:, pidsyhetics, C

nol ecul es sel ect ed from anong pol yal kyl ene oxi des (PAO), such. as

pol yal kyl enESefopsisetors, ﬁ}ﬁ@fr,smgﬂﬂeaé FRPVSBYYGA Hhsyansuic drigs gngludingsmall

met hoxypol y, I ﬂe’ﬁ? nd pol ypropyl ene glycols, PEG glycidyl
20 et hers (lﬁE%)IEi{dlIgDE%gg a}é&E%{%a ycalrgg?noggl?l?'m dazol e (CDT- PEG branched

pol yet hyl ene gl yaousedheids )treapnént\meank aay oahmdr in R thp sympnizoofid at es,

pol yvi nyl pyrrolidone, poly-D, L-am no acjds, polyethylene-co-naleic acid
Bnhydr i e, GoBion 4istrdérces flirease.orher indiegenn. dee PRGBS S PHENTF ng

car boxynet lyehel@Xity ARged hepari n, honol ogous al bum n, cel | ul oses, including
nmet hyl cel | ul ose, Z5car boxynet hyl cel | ul ose, ethyl cell ul ose,

hydr oxyet hyl cel | A8 vsed heraith theyapehtic eHbdtmerne amntfedtychultingfropytteathénilofs e,

hydr ol ysat es_ of [ an, starches such as,hydroxyethyl -starches and

v oxy pr opyeBiset Pt AER eyt fat s sy FmborB TR guar
gum pul | ul eRdition bk tHat co@s b ARG cofiditivad Achefipelalll Rffeathv dthéundci d
hydr ol ysates and bi o-pol yners. 30Typically, the polyners are polyal kyl ene
oxi des’ (PPACFierstgthe arowof atqeypesiiogxinglesuleny spmpguipbehichyesultain § nPEG,

whi ch, in j I u dextran, pullulan and the
i ke, haveCt?éggvﬁé;dgg%ﬁeégfogggxlﬁ&@ﬂg%%gg?go%%Lbi?cct)'ss-I i nking. Typically, the
pol ymer s ar e nomg used hepedh, theterm "sobjectti refers3oah anisndl nihpladingtahyhanal, gl ycol
(mMPEG which can pe coyval ently conjugated to the hyal uronan degradi ng
enzyme (e. guhf%? BYMaRheiB&t groups on the protein surface) using a

rel atively sinpl 8seB&MetinYa parit kb leh}{{ﬁgrshﬁjeﬂﬂ)l ecul es for attachnment
to the hyal uronan degradi ng enzyne inc?u e, but "are not limted to,

pol yet B0l ene gl ysoused BEG)n, anklipEE cdarfithasymmems of h pagicnier dskasepol yet hyl ene

gl ycols (nPEQ , PEG gl ycidyl ethers (Epox-PEQ, PEG oxycarbonylim dazole
(o Pec | BRI Bragent Ty AR SR e PUBER g LaLCaEoMiher t 5 e
al ., AdvanaRai wibrdehiGeir Vi WedkenidP0dneiRd: pehiinh 6 tebfikirs, and

Zal i psky, S (eds.) "Poly(ethylene glyco ’) Chemi stry and Bi ol ogi cal

Appl i cat i orl@stingestraysipsoithe Semptosmsadat candg aitrigsied 4 opasapciated withhar m

Phar maceut . ] . Y - 136.,...2000; ris, Nature Reviews 2:215 et seq.
(2003) : anci’d%g‘lb‘t‘fé?t%(“]‘%ft%igg‘f".]igﬁ%%‘ﬁ‘% gﬁ@f@%‘?t%ns- 24, 2004). The pol yneric
mol ecul2s can be A used ietei Préventieh 9hpropiipiagiirefers tangithedsfih evhictbtdtrisR kDa to
about 15 60 kDa. In some enbodi ments the polyneric nolecule that is

conj ugat ed A §e¥EIPRIBE disgasecANgision prysperd. has a nol ecul ar wei ght of 5, 10,
15, 20, 25, 30, . € - : 8 ‘ hiaus met hods
of nodi fying po|§§g"e58§.9‘8ree§§€y%2%3‘§ gﬁ?%&g?@é%fntr?gﬁ?cog% %?Qeﬁggé@pPEG or
PEG der i vatdffeetifd dose” fePE©yd dtei qprahiityeofanlagenmncompduid, aateriabee 20e. g., - U. S.
2006/ 0104968; U.S. 5,672,662; U S. 6,737,505, apd. U.S. 2004/ 0235734).
Techni ques PEIPOBEEY FARPIGING heqrmREnddhat 15 AblepRy suitiGiRn EyPiogucespeci al i zed

li nker %OaHQhé}g;Sthib ReFeGNGERE ik ?ssthréaﬁ&tﬁ Becest Forprevéilting iggDel i v. Rev.
54: 459- 476, 2002), attachnent of [t pYe PEG Toi1 et es t% a single

conj ugat i oranslibmtihgiatestisg vi partisy efreddmaraclyetptHEGS 2 diseesecorglisorar onese et
al., Bioorg. Med. Chem Lett. 12:177-180, 252002), site-specific PEGyl ation
and/ or nono- PEGyl ation (see e.g., Chapnan et al., Nature Biotech.
17:780-783, 1999), and site-directed enzymatic PEGyl ation (see e.g., Sato,
Adv. Drug Deliv. Rev., 54:487-504, 2002) (see, also, for exanple, Lu and
Felix (1994) Int. | Peptide Protein Res. 43:127-138; Lu and Felix (1993)
Peptide Res. 6:142-6, 1993; Felix et al. (1995) Int. J. Peptide Res.

46: 253-64; Benhar etal. 30 (1994)1. Biol. Chem 269:13398-404; Bruneanu
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10 propi onal dehyde, honobi functi onal PEG butyral dehyde, PEG mal ei m de, PEG
hydr azi de, p-nitrophenyl -carbonate PEG nPEG benzotriazol e carbonate,

pr opi onalwehydasRee nPEG but yral dehyde, branched nPEQ2 poumtige@haeisysie, nPEG
acetyl, nPEG piperidone, nPEG nethyl ket one, nPEG "l i nkerl| ess" mal ei m de,
nPEG vi nyl sul fone, nPEG thiol, nPEG orthopyridylthioester, nPEG 15

ort hopyridyl disulfide, Fnoc-PEG NHS, Bgc- PEG NHS, vinyl sul fone PEG NHS,
acrylate PEG NHS, fluorescein PEG NHS, and biotin PEG NHS (see e.g.,
Monfardini et al., Bioconjugate Chem 6:62-69, 1995, Veronese et al., J.

Bi oacti ve ConpatAbheedbsrgmamdt dpse fogym zéers tongozically discstamitseoitable fs.

5 932, 462 . 5 659:. U S. . 6.737.505: L. S 4.002.531:.U.S 4. 179, 337
Uus. 5, 122,@1‘%’ a%.dé.g“‘}?ﬁ Sg?Jfé% apd pac fg"é?“é,ivééj‘?%ysaﬁzﬁ Q’Eﬁ"@‘ ‘%‘?ﬁ&%’, 090: U.S.
5,612, 460; U S. As 6std Herdhn, ddisale dosdpl f&hilatidnTefdrs 00bform@Ritiol/f6r difacB08, 096;

U S. 5,900,461; U S 5,919,6455; U S 5,985,263, U S 5,990, 237; U.S.
6, 113, 906; admenisgatory 966; U.S. 6, 258, 351; U.S. 6,340, 742; U.S. 6,413,507;

U S. 6,420, 339; 37, 025:.. 89; 46 - . S.

6 828 401, V.S, ‘& Doy Mot o “Aricle SEmaniddue™ s p lrodyeOnils it ant. 5, o
2001/ 004648bld. LASuscAARDLERGER 430 application,ABR (DN 12 itdidet tSen AP ONGEAH 7; U. S.
2003/ 0114647: U.S. 2003/ 0143596; U.S,. 2003/0158333; U.S. 2003/ 0220447; U.S.
2004/ 0013632luRNIgRsS£0BPesINgNs cantainedingsieloparackaging. 2005/ 0114037; U. S.
2005/ 0171328:; U. : 9B 1. : 640: WD
0002017; WO 0249%7%@%%’%(2}%@%%&‘55%%@3 o1 ‘%‘5“?%39‘8%]*%3’%%&&3@ r oduci ng
Nucl ei ¢ Acietsorepassaompositiond thbt &e ky telfoon ofl sewi-sohids, Baktepeohitibas, Ther eof 57

Pol ypenti des of a sol ubl e hyal uroni dase .set forth herein, can be obtained
by net ﬁbds a\%f"?‘fsl{ﬂ%‘&ﬁ% ﬁelsglénﬁ?% rgmssnd e et‘isﬂﬂ’r?ofni‘l_?f)élt}o_&ﬁ and reconbi nant
proteln expr eSS'&@useﬁflﬁé_réﬂ?,tah%”'fé@%otacbohmoﬁfof%lﬂnbbsiﬁ{?nstﬁ}ﬁv{%& for
identification of nucleic acids that encode desired genes can be used. Any
met hod availiezdin and anather item fg @gmrprse inckeding, tobnaf limited tgl, hetivatignh (i . e.

i .h i di ' , . i.c DNA cl di
Pyal ur oni caemin S, eRai, A aFs iy SER s THAE et PRy ant ©

sol ubl e hyaptibpdliytiaskde irstiictiéhsgoghdecered froma wi | dtype pol ypeptide, such
as by site-directed nutagenesis. Typically, hyal uronidases, including

sol ubl d3hyal ur ot eassdhecqipip eellulapgripgny or [yselg refers taa nreparatiprf orffastiani ons
provi ded h L I D&y uced or can be purified or
partially- S’&}rﬁl?fsggﬁﬁ%{l%g?%aﬁ%%hﬁggéaﬂsuch as, for exanple, fromtestes
extracts. Aotseddptdinlenimarindledes| anpadingdl, swhlaafted atesnodingited tavai | abl e

nmet hods known in the art for clopjn nd jsol atjng nucleic acid nol ecul es.
Such net hod¥M4iey W&@d@@W1 3‘1"@%@ g%‘ﬁmé’fli(ﬁﬁéﬁ _eEtha?HCg§S EHee GBI ng of
libraries, {HRelsHeh ADcHIMENS fEnfings, %écﬂ%é%o‘a%‘, &4, ARerS SHERE b V1He, '\s/ggt:lhas

antibody-based screening and activity-based screening. ods for
anpl i f i20at ipsgs ayd atberl asimala.dVeisheman beimadeckcluwleilmoiaat es thecostempated

nol ecul es encodi a desired polypeptid i ncl udi ng for .exanpl e, pol ynerase
chai n reactT8R*( g%ﬁenﬁ%flfﬁo‘?fgyﬁﬂdﬁg’@rne?rg%?ﬁ @%W‘é’ﬁ{"ﬁbﬁl’réi“g?i al can be
used as a hrekdrydtl dmtfahgal MdseBANMEAreo teSnhESH BR) MBRRinsdRaRMaRsH Ng

nucl ei ¢ acid nol ecul e 20 can be isol ated. For exanpl e, DNE and nRNA
preparati o$i8iite|l | extracts, tissue extracts, fluid sanples (e.g. blood,
serum saliva), gg@ f n I se [ect.s ¢ be used
in anplificati oﬁé e hglgrse.n{’%ug Pgﬁf(:}eg%ls g) ifjlé%ﬁ%{g :ﬂgag%asluggt%gtgérfyblg%%%gtoas a

sour ce 26f Shafest saghpleyteredpalthat Rris A6y tSeateliwitie a 48 paas@tdr Coraitil isfayplasnglesi r ed
pol ypepti de. For exa rimers can be desi?ned,based on. expressed

nple, p . :
25sequencesampPsitean ba fronya aprmed) veBIngse pet afteciad widh Bepoaditiopdf fteestean be
desi gned b@§9ﬂnﬂﬂaR@Qﬁﬁ%E%ﬂﬂhé%%Pﬂnﬁ%La pol ypepti de am no acid sequence.
Nucl ei ¢ acid nol ecul es generated by anplification can be sequenced and
confirmed to encisiesed hdeesn, tielsipgllypiopns de" "ad dinti"dred linchudd dotal efereaguences
can be joined tq a pol ypepti de-encodi ng 30pucl eic acid | ecul e, including
| i nker seq &é&éé&%@ﬁfﬁéﬁ?ﬁ@ S’é?gatt?si Q?}c“?r&’llﬁee%g%é%‘l REwle ir%rfg”senf*?)?o % he purpose
of cl onpng G GODE o] P i
xpr eaer o o B ey AUt By Rl ARSI e
cor e pr ot eiarpleratitynef éRtAca bdareloomsns. Furt her nore, addi ti onal nucl eoti de
sequences specifying functional DNA el enments can be operatively linked to a
pol ypepti de-encodi ng nucl eic acid nol ecul e. Exanpl es of such sequences
include, but are not limted to, pronoter sequences designed to facilitate
intracel lul ar protein 5expression, and secretion sequences, for exanple
het er ol ogous signal sequences, designed to facilitate protein secretion.
Such sequences are known to those of skill in the art. Additional
nucl eoti de resi dues sequences such as sequences of bases specifying protein




10 that facilitate or encode proteins that facilitate uptake of an enzyne
into specific target cells, or otherw se alter pharmacokinetics of a
product oWboaosymsideeti c gene. For exanple, enzymes can becriusked/0034PEG

noi eti es. In addition, tags or other noieties can be added, for
exanple, to aid in detection or affinity purification of the pol ypeptide.
For exanple, additional 15 nucl eotide rgysi dues sequences such as sequences
of bases specifying an epitope tag or other detectable marker al so can be
li nked to enzyne-encodi ng nucl ei c acid nol ecul es. Exenpl ary of such
sequences i ncl ud®s Resdihsrein dangessand panuats ap be grprgssedia sabhawy” ¢ pagiculapxHi s,
HHHHHH, SE I - ; Q he
dont 111 oa nit VA (Bbou o idatae HE R mott elcl imhs oS
appropr i at emedmsrfabgnt bt ey”.and alsar@ebasestber of vector-host systems known in
the art can be used. Possible vectors include, but are not limted to,

pl asmi ds or nodi4$ Biedhergineoptipnal” pheopligpalby’ mgans that thestubpgauentpat i bl e wit h
t he hosts ce : Lve B el e "Ry e

bact or | Ophaged Sach e R NERLRAS, bkid dBes M beBl afthal HEUESHREY | i
pBR322 or piocuptsasstancedavhievasdid esend or tineunBitanes oceyrt and distancésSvhaedigene, La

Jolla, CA).,OQher expressjon vectors include the HZ24 expressi on vector
exenpl i fi edd95EPeY FOrPRAMPlcs 2R PPEN IPhSBbSémEF‘gﬁ’iOHQ peAsdpatdys Erqups exanpl e,

be acconpl i\gRgsktitred bPRIsuB&ithfeg DNA fragment into a cloning vector which
has conpl ementary cohesive termni. Insertion can be effected using TOPO 30
cl oni ng vect ors 4$ npadTREGENOe abbreviations foAxny protactize grovph,cameind acids and

restrictjon sites used to fragnent e . .DNA. are not .present in the cloning
Voot or 14 heotBérsSmptan, ot b R Ediseled SRWEE! Bbfeadty LTl HBPeT ed,

Al ter nat i velsige, 2686 ghize@ ablsiel1aBng; 3P the TV PRC-PUB Cetiidlistion! dndBfotRéniebc! eot i de
sequences (linkers) onto the DNA termni; these ligated |inkers can contain

speci fi c ch¥emenglatyredyer, (EXI2) Sdoakemgdiild2ébt i des encoding restriction

endonucl ea re b i S # j : eaved
vect or andE%%%%gggﬁ%ﬂi%gwk@%ﬁﬁ%@@%@ﬁ akyard
Reconbi nant be introduced into host cells via, for exanple,
transf orsmat i on, Rioaidedl Geteiroire stableed-forthul ibfe tompamgtimum €oseio@ay at i on,
so that many copjes of the gene sequence are generated. In specific

enbodi ment sindthyaheenddass: i1hg carforpelations retein,lG molesulsgisizs distribypiionandecul es
that incor : i i Yo" | DNA 10
sequence en gﬁggmg%%edrc gﬁtghﬁ%f&ﬁrﬁd?éllgﬁog&gg%lhgs o?n{?ﬁteﬁégeﬁn{e%sﬁif %gr,e t he gene
can be obt aergedl tn32 S per qukastisin menthy. Greowmally the enrdbraruiaiins alsosetaat i ng t he
r ecombi nant A eg@l ecul m t he_transfornmants, and ecessary,

f.ro
retrieving @W‘éﬁg’égﬂ{é‘?‘PP& Dxaluranifase éﬁ“’r‘@%ﬁf@flﬁ%ﬁge Tatetaneral |y,

hyal ur oni dag@peraturéd fodbiMBaial 2 Dbfs.f PhEBo- R dns aﬁr?b@ﬁ&‘é%{ageé{ﬁig%-pr otein
expression systens that facilifate 15correct N-glycosylation to ensure the

pol ypept i deirqatable diseages and eopditminac &n particary thet stahe ce-fompdatianstprédded he

catal ytic acti.vity.and stabili,ty of hyal uronidases. Such cells include, for
exanpl e Ch?hr%esl%a fr?s ‘élra%&/afgf f/u})(c}éf%)g‘o%seﬁ%flgnl(ﬁé?t&n‘ D&XA4 CHO cells). 1. Vectors
and cell's 20For r.econhhmane GlsbaksIhepapyf one or nore of the desired
proteins, such as any described herein, the nucleic acid containing all or
a portion of thdmugicgebyin sadheapaitictbdds pamenly gven © treat andivduilpsert ed
into amgap i . i.0 i . e ins the
neceseary o Beihbfc SRIGETs, TrbfbBlobulin Soteifhdf Bt A SRR | o

pr ot ei n codimmgurodeficmesy. diddaceschaeRsmizyd by arissing ot icdnadd 120a0ndf derans| at i onal
signal s al so can %% suppl i ed by the native pronoter for. enzyne genes,

and/ or t hei!PMMYreg HS“?’ gAdgpgto increased Apscspihit dacisrial WRHBRS t hat cont ai n
a nucleic bk Hc&c{' Bé”f?a Al > s also are
provi ded. '?'ﬁﬁg&éagl |'s Pﬂ%FE@gr@&é ryoctt'icghllggg&%?%ﬁég%g%ieé:s}éggi/elecgthggnd t he

vect or s ar epramary §ganetibl @ seoondase(acherai)n PridsFy ohmoyoaddficiennd desekses wod i ¢
cells, iOncI udi na .eqd(gt?gl ial, cell Sil ogt aining the vectqrs are .provided.
Such ¢dl's e declide RamiGe aggipmaelopaligmigcinfraungglohilin hedry shaily chea,
plant cel | sjeldtidhiSelectiot ifn@NdgBPLIRG (F85) subclhBEagRidnRy ddinHeR dalisblpr 0duce a
60 protein thereof by grow ng the above-described cel F[s under conditions
wher eby t hemanodeficignayt er X-linkedhypersmeninbgloblen Mesyndreamel Pecewsedi ng t he
expressed protein. For purposes herein, for exanple, the enzynme can be
secreted into the nedium Provided are vectors that contain a sequence of
nucl eoti des that encodes the 5 sol ubl e hyal uroni dase pol ypepti de coupled to
the native or heterol ogous signal sequence, as well as nultiple copies

t hereof. The vectors can be selected for expression of the enzyne protein
in the cell or such that the enzyme protein is expressed as a secreted

. - - Y 1. . e . S "




15 Dependi ng on the host-vector system used, any one of a nunber of
suitable transcription and transl ation el enents can be used. Any

met hods kwownitas4dohose of skill in the art for the insePCrars2ab/oliess
fragnents into a vector can be used to construct expression vectors
containing a chineric gene containing appropriate
transcriptional/translational control S2gnals and 20 protein coding
sequences. These nethods can include in vitro reconbi nant DNA and synthetic
techni ques .and in yivo, reconbinants (.genetjc reconbi nation). Expression of
nucl ei ¢ aci‘H‘I%‘&?ﬁ}é’:(?EBE leyglscdsorage S‘P‘Bldégr\n l?ﬂ‘tduﬂlléﬁ’&?’wg,co@m%% eaati ves, fragments
or hom! o0SnhfigiaRefieietds di o RBIALIAT M4 B caReond AUGhPlfRkd sequence so
that the genes or fragnments thereof are expressed In a host transfornmed

wi th the 2SeverccombinedimbBhaodeficendyefYiskéid Aldxdnfyrelrorex (LHS Sicmntifit t he

proteins c be.con I by any pronoter/enhancer known in the art. In a
specific e ‘B’BP’H&‘?{ iégt%bre%‘%ﬁ%‘?l@%niasre Feen ilgpgupgd?lﬁéer&éqs‘e@dpqub&' desi red
pr ot ei n5 PrasiahSudii Chut p8P1iRGed 86 dlRGHHeg, iriseh ingQhd hdukein@d to the
SV40 early pronoter (Bernoist and Chambon, Nature 2907304-310 (1981)), the
pronot er cdndiyidvels with these disedseswgqBde replavemaht therapawithf inRoegdebudiona vi r us
(Yamanot o et a#. Qel I 22& 787-797&198% tt%e her pes thym di ne ki nase
pronot er ( IGHISHs 1gprayent ogeduce thi spverity REnteetions. g 787 1441- 1445 (1981)),

the regul atory w@b%ﬂﬁugﬁrém&mtﬁﬁﬂy@wﬁ@twaenlﬁﬁz arwaster et al .,
Nat ure 296: 39-42 (1982)); prokaryotic expression vectors such as

t hel3- | act aadyBisisrashiptramnugcubarlyeang| subcytanuslyptinwevenito effegiivgly tgedat.  USA

78: 554 or ;. e (T - ci . USA

g0: 21 20 (1 @R S ICRE R esSlrd) which BF o R B R aBCt o e i

Sci entific iAtfavenoadly ad@ini8rabflroQua8 With;lowkElG conphesione i50-¢00 AigsmL).

cont ai ni ng the nopaline synthetase prompter (Herrara-Estrella etal., Nature

303: 209- 21391(1&&35948)3) thgmajpiaty of umpryngglobuhip praductsiavadablem tha nied siatey

(Garder et oI W= -]ﬁﬁdg", a9 . yRyer of the

phot osynt hgatr? gdrﬁ%%;ﬁ’g&h u?%osdegggi(sip %@Fhéﬁ’?ﬁ%@ﬁ@%%g?ﬁ@ rer g- Estrella

etal ., Nat yred@iOthitidoniadd irhhaBdgipbulpr Gribg@righl, dgimr a chmbimayieasf thanse). ot her

10 fungi_ sygh.as t | 4 pronpt | cohql dehydrogenase pronoter, the

ohosphas y coitaly; Raewaris R 53 he aladpid ey ees HPREE b, oot er . and ¢ he

fol I ow ng alﬂirﬁ'@HOﬁIdbﬁﬁﬁ§A'(PéA)?N@kIgM)DDr(@éDIﬁm P UgEY).h &G pfophtdtiohs fdrgsue

specificity and have been used in transgenic animals: elastase | gene

control regidorinighatedn dre geraraleformulptedcateatoilg %dGnar cel ls (Swift etal .,

Cel |l 38:639-646 (,1984): Ornitz etal ... Cald 15 (i r hor np. Quant.

B oL 50 399 400 YUy L Sl touunsPeralrs TR s B BRI | il

gene contr odub&egieds WithinhsttaSiod (GhndRlf 43 oD ADOVER Tire MwhadR&ek) ElinHanahan

etal., Nature 315:115-122 (1985)), i m’runogll_oblul ilgé??ene control region which
1B|Imm .

i s actide ifmupehitordt-4d) Gardpthds ek 636 Je 126387585 Q¢lw q #d84) :
Ad tal. t . 318 - 85) ; : €l Biol.
7 136 20 P05 CBupnenid iFes LK AN oK BREBdkLy Rivant L i o 1 s
active in tleshseddbasubcbtanesits adhymiptnaticch ianhle aséd Satdss A iibdetanedwalrouteCel |

45: 485- 495 986).), .al bum ene control region ich js active in liver
(Pi nckert eq(flaglmu_%lste%wgﬁéﬁgm%é%\@ral afivarascs ntpf@g%y)ﬂ}e L ke 745 ot ei n
gene controdettel%lé;abngg%a;ah thSpASHNG dfhole\ale téfiphaul et al., Ml. Cell

Biol. 5:1639-1648 (1 Hahmer efal ., Science 25235:53-58 1987)), al pha-1
antitrydsi n geneltednonailabiéity efiimamirsiglotsiliacdimmgsiered subeutarfadeblyey et al . |

Genes and Devel ., 1:161-17 1987),).,. bet a gl ohi ene.cont.ro] region which
o at e iEERLY & S that el su P ol iRV SRR AR gy

Kol I'i as et glnmure@lobuftR iS®di4tdR8RhiablBYBtHe b1 ORS hd abwu%é@ig@ﬁ&scwmer ol
region which is active in oligo endroc;?/te cells of the brain (Readhead

etal ., Cel |ext8:-vpoUdarcpnpertngatgver 3ty dxlays (Shhfl et mal HR89) dewin. domunel regi on
which is act.i f\n el.etal nmuscl.e. (Shani. Nature 314 283- 85)), and
Gonadot - opr & ePe LRy B GaBRR Sate e R A g oS AR RR) ) 7T
gonadot3pophge aibchifagediéRphdeahentis b(ddasda aethedame tipé EEEbrR4 With/tBe 1378
(1986)) . In a specific enbodi ment, a vector is used that contains a
pronot er op&fratiageularsrepartment; chese & nechigh ¥ spdei ddiediepvailailitydrasmet n, or a
domain, fr i [.ve. .5 .0r f r i gi ns of
ropli cati onteh agenfity K|eiTod iR sPUEl AR or AR ehBlE pRlpafiRof (£E. 3
antibiotic resistance gene). Exenplary plasm d vectors for transformation
of E.coli cells, include, for exanple, the pQE expression vectors
(avai l able from Q agen, Valencia, CA; see also |literature published by

Q agen describing the systen). pQE vectors have a phage T5 pronoter
(recogni zed by E. 10 co/i RNA polynerase) and a doubl e | ac operator

o o v . o o Y




followi ng purification over the colum, the T7-lac pronoter region and the
T7 termnator. Exenplary of a vector for mammalian cell expression is the
Hz24 30 ewpres#idesvd4vect or. The HZ24 expressi on vector wasTdseowooshs om t he
pCl vector backbone (Promega). It contains DNA encoding the Beta-I|actanase
resi stance gene (AnpR), an FI origin of replication, a Cytomnegal ovirus

i medi ate-early 63 enhancer/pronoter rggion (CW), and an SV40 | ate

pol yadenyl ati on signal (SV40). The expression vector also has an internal

ri bosonme entry site (IRES) fromthe ECW virus (C ontech) and the nouse

di hydr of ol &{izaglebinc), atswas diFER)inghyemeasuking thsareanndsohepiree YHCHtlomi dase

pol ypepti des,c b r.oduced an t hod, kn to those of . skjll in the
bt udiaty § e F o e PG asabho e SR s, felsp R Epfiaed it
expressed iyWasaABYP6BETS oS {G@R!eLal. @20U6?>9t Bn. Un@nin®f Q6r %8 - ByD meksitend
forns of the proteins, such as for exanple, needed for adm nistration and

treat ment . tExisckrisilshifficulites of pempatingihe Ry dori tvoghifersnkmniestand or gani sns

such as (E. col i egst,, .10 plants...inse el s, myplian cell p.ncl udi ng
nunan cdi 1 e ERF ARy suics R FEteoina S B Obrihodotpiidl 11y
t hei r pr ot &h Ratibite dukedeb@thdre Ved cerasedBibhvalabilite tHrywgsthe bulitdnebigidatet i onal
nodi fications that are present on the expressed proteins. The choice of

expr essi on Hesmag hg dge tohgangsdef @bspiptionatlargeproteinamolegules rvgiich gamok

regul atory hfo%%ﬁi Al I i vl and

met hods for l&sjdr?ffﬁ%e)éta I n.tﬂleega%ﬁ%rﬁl}ggﬁ%#%tgisl?é;anb%g%%g ors g?gﬁgl\%ﬁ abl e and
known to tH8apersdxoskil.l(1990) tHhkarmar Resafid 628). be used for expression of

proteins. The choi ce of expressign vector will be influenced by the choice
of host!Vexpr essi%ogg}@ﬂ@eﬁumaf%@ﬁ%paqp,ara@m Pl Wred FOSrsUDGHRAEOHE | e
transcripti i gﬂ'ﬂu}r (a.nﬁp ' F1G bf i8hd onal signals,
20and transag??%??%tna gE trléaj[ﬁ(g a{%ﬁg}:%?lz@%‘?ggi or?giegﬁla%:ngﬁé Expression
vect or s t hdbrmuleted aefl td 42 %61@bTke highasdancemttation of y@iic ahbhoptdngves a sel ect abl e
mar ker whi ch al | ows %el.ecti and nai g;lﬁnance of. the treinsfqr dcells. In
sone cases,PrERTYINY rathye ‘Pé&qﬁ’rgﬁ‘ir%‘ﬁls Wﬁénﬁggrd ! PGS EHE copy nunber
of the vectfREparsindRhddpahMused iHBaRnBasyPSHEN dduRhstisGRGh&E ¢t i | i zed or
expressed as 25 protein fusions. For exanple, an enzyne fusion can be

gener atléd timmunggtobulin repledentenhdietapiare egnsidsredrio e efivetiversafmpnd glsef enzynme
fusi on protgj incl. . ut. are [ i t fusi f S

sequence,  dTlS 2BREHHES vy gbipBicithes AW B Sy i AR RUSHIAR o
a tag for peddsfto apheooudhodergin apB|concentraidnsf dosipared tetomhiSaYUiaAGEodsOr
directing protein secretion and/ or nmenbrane associati on. 30a. Prokaryotic
Cell's (Gordkbgr wht(6295)els dvi Mansy 2E94 6147; Gardyl e @l {1233 £8P- pr oduci ng

| ar ge am)uq,;,?,r f {_RS¢ f or I ' .y S sinple and rapid

t echni que we ﬂ%,ﬁé\/\%ﬁ@oﬁ, (gﬁrﬁ?ﬁgﬁzg%%k?’?fzp%t’ngtgﬁfe&a?)!ﬁ. Expressi on vectors
for E. @0l i can dantditionitothecddoteasqal minotatlabilitysassbeipted vothesubcatneeansef ul  f or

i nduci ng high.levels o rotein _expression a for .expressin roteins that
ot it sordmingiraiashic, pRaRH SR Betsen G e B A PhEn e NPt o ¢
i ncl ude th%nhiﬁnﬂ[ QHRERE catt B@iﬂfﬁ&d@ﬁ@éﬂ?ﬁ%usl& Q?ed%}i@{tb,chet:é‘s%itétiﬂg @erker, the

T7 and SP6 RNA pronbters and the tenperature regul ated XPL pronoter.
Prot ei ns, sifamultiplesitys g awedidy ondiweek]ly (aer ¢herexgakd bagisl Imgankseal.cyt opl asni ¢

envi ronnment, of E.col.i. The,cytopl asm.|,s educi n nvi.ronnent and for sone
nol ecul es, }{omegercgﬁultsecsaalopb{ _ev’jﬁléseﬁﬂlprh%(?égmgf 2(':ti sg%gﬁﬁﬁ?becu?%g?%ssﬁlgh bodi es.
Reduci ng 10vi@gRMes vokietesPer Sitd foir hitdreh.t Curramel Shemiceppd pricHandr Ignd
denaturants, such as guani di ne-HCl1 and urea can be used to resolubilize the

prot ei ns. AdmaRisEatina s BE0-HOP meelks inteveppusbiqiice S¥PyP-Hhivegkoeel 4920t t he

peri pl asm rq i i | Ghizi nyjronnment and
chaper oni anlg/ Eg an%fba‘ggﬁ%%qﬁshg@gg%& %@@2?”2’%@"@%%9@2%{5{' ?)\% { e/mlp'r oducti on of
sol ubl e pr a8¢2)M137438) cThly, upao |16 AAGsie qimditisteded periseek diblcatahbeuspy.otein to
be expressed which directs the protein to the periplasm The |eader, is then

. : > P

renoved by Hligmsansghphadministationelre 101907 &7 PpPatation 2y lssh butegper week

peri pl agm Gz [ [ : r fromthe
pect at g%l ygéé‘ﬁggﬁ‘ﬁé ggﬂi @ﬁg&? g’%ﬁﬁ?%é?ﬁ%&%ﬁ%ﬁ‘ﬁgﬁﬁﬁﬁ ﬁg&ghosphat ase
gene. | n sadeartages maeataighgbdatte texgh éssistharmimbootity I'é aifagjengtthd he expr essed
protein into the 20 uliure medi um The sgf?retion of 1protei ns .al | ows quick
and si npl e 'pIHITeMRLeT BHItmle Rrediinseitions RasdgpR A dateriant foprpngiPALcR Rat are not
secreted can be obtained fromthe periplasmby osnotic lysis. Simlar to
cytopl asm c expression, in sone cases proteins can becone insol uble and
denaturants and reduci ng agents can be used to facilitate solubilization
and refol ding. Tenperature of induction and growth al so 25can infl uence
expression levels and solubility, typically tenperatures between 25C and

~N—-— e~ B T . o, =




30Yeasts such as Saccharonyces cerevi sae, Schizosaccharonyces ponbe,
Yarrowi a |ipolytica, Kluyveronyces lactis and Pichia pastoris are well
known yeawO 2exipiB3e®si on hosts that can be used for produeCiras2ab/oprse ei ns,
such as any described 65 herein. Yeast can be transforned with episonal
replicating vectors or by stable chronosonmal integration by honol ogous
reconbi nation. Typically, inducible progoters are used to regul ate gene
expression. Exanples of such pronoters include GAL1, GAL7 and GALS and
met al | ot hi onein pronmoters, such as CUP 1, 5 AOX1 or other Pichia or other
yeast pronot er Mﬁée@s&auhﬁ@wgow wetheds ofisinueogiobséingeplagsimentar ker such

as LEU2, T H| S and. URA3 for .sel ecti.on and main ce of

Cr anst or medCRIY “BsEaninG preaudd PRPYBEa Py R rEIS Bifery Pebens

Co- expr essiHaRing seliere ReHRAbA MoV ISUffusidBs Bamomowrabeuwﬁa@uhily de i sonerase
can inprove expression |levels and solubility. Additionally, proteins
expressed iadmjpigteredl. cSubcyaneoysadministraionsis eprtidesed teshban @é&%@@f%n si gnal
pepti de fu i tion signal
from Sacchadrng%f}sgéggtge |e§§tee\éaﬁ7c}} a1ng;s?t|g oér%gt lt\}\ﬁ}él?dre]l Oa)erg&taoffsg% sur {(::Sg pr ot ei ns

such as t haefgedpahtdnty aﬂﬁlnﬁ&te@éd itdoaie @ifin chie ﬁd@pltﬂr(@ahaﬂﬁawl (MHIPrANS
gl ucoanyl ase. A protease cl eavage site such as for the Kex-2 rot ease, can

be engi neerddy. Vors: ehoUd -2 h&ardal 8 483 ehin thgninmunely32:200:4 Gardulf

15pol ypepti ecretion pathway. Yeast also is capable of
gl ycosyl at |ég§?a(1t gegg(geggg?#}e%l fs. c.lnsect Cells Insect cells,

particul arly usiZig baSubontaneons d&dminissration cfrlemmané Elobwdin axdr essi ng
pol ypepii deyslugdnidaseParimiilatibakase pol ypeptides. Insect cells express

20hi gh | evel s of er ein and are capabl e of nost of the post-translational
nodi fi cati ons us q@‘w@w Fytancouslysdaumsiered G sdneeased i i cti ve
host range éNﬂiH%ﬁhtfoHR&ﬂi’ﬁl‘g%lﬁr‘aﬁ da & &inYinRRFLSE IGEsy ﬁ&ﬁﬂﬂtﬁ%%ﬂmﬁ%ﬁﬁé ns of
eukaryoti c expression plca expressi on vectors use a pronoter for high
| evel expr eslsiinistratimphofasingune gi»dil#ilnetﬂdowgm md)frec[ueoélebamulanw K3 Commonl y

used bacul gvi rus ste t he \ as Au ogr apha

cal i forni ca® f‘ﬁf}B%Z CCot ”3%1%81? ‘Fﬁtéon(ﬁ&\#b@ ddgﬁgg i nucl ear
pol yheClrSOSI}sc:wNouwcﬁaomPYl7@gsde@dh mé&ﬁsﬁate@lwrefdraeemféan)asrh%f9 derl ved from
Spodopt era frugi perda, Pseudal eti a unpuncta (A7S) and Danaus pl exi ppus

(DpN1) . Forsubgujandony éﬁC)espp%%mmd byt heollagen peswiodke filedywéthdwalyronipacifp| ecul e
to be expr ei%g‘ﬂke%flﬁs;ﬂ%g@ ﬂ%&&%ﬁnﬁ?&%"fﬁ% %{Et%ce tQ?luﬁ?H&leH;%ﬂ

initiation on o ran secrétion si s are a%féurately
processed ithe tlmegtngﬁhfcﬁmaﬁells:zafanb@ df&ﬁdsrﬁld:y S@thﬁi@eﬁzlyﬁxeexl'mt esakd protein

into the culture rredl um I n_addition, the ce |l i nes Pseudal eti a uni puncta
(A7S) and DRAURyal\genigiagid pipish 1g BySRACE- H%laeue@ kg sebstancgitoyndgnyhe)sy | at i on
patter Si nlqgim r si on
system@?)n |ér%]3€{uutclfg st t1£us§§ to ta he ??%%%cgra%é%ﬁ?mé%sell | i nes

such as thd{)&hhmmddmadZs léysa)htmngltﬂécglmlsémm@@cbembm hyalironielsanidgésear ) and
cells ( can.be used f expr.essi on. The osophi | a

ot bl ot hi dRECAoprbRGicEh Ehe BB REBE o Gu  BRHoRE /By 606 B o5, on i n

the presencagmpbraRatecréBEsthe vaéeﬁiy SMh&bdihI 28 MeHMAN proRRRAIifHERIGE 85Si ONn

vectors are typically maintained by the use of select abI e markers such as

neonyci n aridiehigd rfblllﬂﬁcthtis f@.@‘dammmaéﬁprgébm sAfterwarfim dryaluremc esigriessi on

syste can, be e ) ot ei hyal ur oni dase
pol ypep i ddEEe ﬁy@vdﬁg ?Eé?%rsc %COB mgt;'a é?avggbl? gltyr’ramml ian cells

by viral i rﬁfﬁﬁhﬁd@kl@ﬂ@@arﬁﬂom&ﬂﬁw(ﬁyﬁarﬁfc dhyradtehe@és dINB-forratfiens such as
| i posonmes, cal ci um phosphat e, DEAE-dextran and by physical means such 15 as

el ect r opor onBHNIAG HYHitontslapg e@tlmrpveEx&aeeis@rbwmemea ssinfagpmgfrth@l i an cel | s
typically i; initiation
sequence ( géjg gcf)%gde lg Ss1§§ Sé{rlllt(t:sg %ﬁ-gﬁ?lggﬁuepn%l 3%?1‘]@1&1]\% %s. |RES

el ement s aI@bcma{wberaddednﬂolspmrlmmmﬂ@wsﬁteonl C expression wth another
gene, such as a se| ectable narker. Such vectors often include

transcrlpt i onal IBibmwressnce Rk hwdeiogidags, th ‘@‘ﬁa"aﬂ@bﬂ’éw@fs%‘éﬁ?aé%%‘isbh for

exanpl e the sV b |

pr onot er aﬁd “’Qte%jﬂg? {Sglﬁcr{‘?%g?qﬁgp%l}i# Qelpt}%gﬁél g%r/ggpn%g\?%ﬁéq%l?sv) These

pr onot er - erlGafolewsngaliVdGatedatventi Funthery ce-atlininiytpeion Witls s welubled cel | -t ype
pronoters and enhancer regions also can be used for expression. Exenplary
pronot er/ enhancer regions include, but are not limted to, those from 25
genes such as elastase |, insulin, immunoglobulin, nouse manmary tunor
virus, albumn, alpha fetoprotein, alpha 1 antitrypsin, beta globin, myelin
basic protein, nmyosin light chain 2, and gonadotropic rel easing hornone
gene control. SeI ect abI e mar kers can be used to seI ect for and rral nt a| n

o e p— o Y T T



67 methotrexate to select for only those cells expressing the DHFR gene.
Fusion with cell surface signaling nolecules such as TCR-t and FccRI-y can
di rect exwoessi/Bmoaf the proteins in an active state onPCmaSe@bloozsus f ace.
Many cell lines are available for mammali an expression including nouse, rat
5 human, nonkey, chicken and hanster cells. Exenplary cell lines include
but are not limted to CHO Bal b/3T3, HglLa, M2, nouse NSO (nonsecreting)
and ot her nyeloma cell |ines, hybridoma and heterohybridoma cell |ines,

| ynphocytes, fibroblasts, Sp2/0, COS, N H3T3, HEK293, 293S, 2B8, and HKB
cel I's. Cel Ihyaluseridageqsrmiteindysion eblargeawdpnesht ainge sbchtaseoyssitiea Fani ch

facilitates rifi i Qn_of ecre ins from el |. lture
o o - exanpRLDle ERS Cple sl ol Pl MR SR nblel S ndly
11619- 012) iandidgkesigiigy forfek 8apBO-mLCR0 mL| 460 1PHSO0 £i1., 800 mI( d0@3dje
Bi ot echnol . Bi oeng. 84:332-42.). Cell lines also are available that are

adapt ed t o YndgaminperedAt a ginglasits 18 grsingle admimistration Her exemple @8ilon. For

e, . . ol .
chom ol y MR Elhlafias: B REE 5928 28 LaTte ROPUE) BluGH MR 1, 2
pl ant cel | stypicallphrenised oy foelVisettietapy apbe ss-admndiigened sabaitaredusiny

descri bed herein. ressiqn constructs are typically ansferred to plants
luble Teae {6 pacemmshl

usi ng di r ecitipRiae plurorddass ahdosees e Wl e PreegBamAhahnE dossy for

PEG nedi at anshelt 1 }r%;qg j | di at ed
transfor rrate!%gﬁl.glélégpr esg%irlmbg%?{g?g&ga |g?1(%?€ r’g?r%t r é%gbgél%%::@
sequences, mgkgocmont.i dGgirepaeatinins at higheredommenttationnaf protams| fat exanaple,cont r ol

G vi aedtber Veeh el ok apen Bt AT Bl kePa Yol Yool & Pt Rontcor

hosts, suc Waﬂ%e%ﬁﬁﬁhi@t@fédrshs&t?x@éﬁﬂp'iﬁ theYretAbe My aRirBATRALES. STHERAagddr

expression include the cauliflower nosaic virus pronoter, the nopaline

synt ase pr owptberadministeradisg gesingle dossaysivan be dividrshintoanultiptaxdasesgivand t he

ubi quitin apd UB ronoters. Sel ectable rkers such as ronycin,

phoaphonanr UL OF SEFEY BN REG ek A BItSUBHo e of raSieekt & of t on used 1o

facilitate oaihedtioan tifcbfNMThas, 4Ganhen adminiaasi sutttaneehdl$ in thepiedentdred

plant cells 30 can be maintained in culture as cells, aggregates (callus
hﬁgggﬂG%@

ti ssue)lor ¢fdyalveenidasg, cantbs agrunisteprdencs monthly afpreval pgsfortheo can

i ncl ude al gﬁﬁ" P t r i 0 el ause

pl ants have di (fq@%rlgﬁ;é £tg ycfgg@leg'(t% ilégﬁlsgé?%lglﬁoﬁsm ag%lg&% ﬁ)aéﬁeglamm??azﬁleggﬁl s, this
can i nf | uenheskihgit chospeed affugontraen kemdpmbdutanedublysentinstesing3GPur i fi cati on
Techni ques Met.hod for. purification of pol ypeptides, including sol uble

hyal ur oni da?égllal%?@%ﬁiyﬂ&go asg iErasiy P dRrates A IRERRY dST9aSIME  depend
on the chosgelio&l ot G iBeraplfl €xpression systems. For secreted nol ecul es,

proteins are generally purified fromthe culture nmedia after renoving the
cell's. Xor intraBehdmindgteringlCesuhicotapeously i thaiprebendeyd edhyahmionidaseponst ei ns
purified from.t extract .. Wien, transqgeni c.qrgani s uch as transgenic
b1t s and S aS S Rtaiany o preBREECRur e ShaBadEPuins  can: 10 b
used as st aidilinBtraRLst 1@ ark adarRRda TS &5 ifthd ok dapbrsicdstopértibabt ¥,
transgeni c ani mal production can incl ude t he production of polypeptides in
m | k or egdwaluipnidasecsubontaneqisleadnaigistering Iﬁflnri’é‘té@é%]‘??,()fﬂﬁ@lp‘lblfot eins can be
extracted . r i fi - USl. [t art. Proteins,
such as soﬁ{}%i%&ﬁ%ﬁ%&e gﬁ{t%jédsrgg%%ﬁ}gggf ?‘3@?&%&%&%@3’3‘%‘@%@? Sjsi ng

15st andsr d fpequksdies, puiile maiatalnimg NelhbiogustmbRitgpwn in the art includi ng but
not limted to, SDS-PAGE, size fraction and size exclusion chromatography,
amoni um sul f at éprec&ﬂl’l"a@?'@ﬁr%ﬁa?%ﬁ ¢ exchange chromat ography, such as
ani on exchange. dihtd Globtafisly &b BIAMALSRLAAPrGARREs Hhid ineed to

i nprove the efficiency and purity of the preparations. 'For exanpl e,

ant i bodi es, advattegisafhomedacd treatmend, e stabis rdadgtfobusechr2fariyal off l6hardhse

enzymes can be used in affinjt urificatjon. Expressiaon constructs al so
can be engﬂwg&r@ag%& ‘%&Hft%{ﬂpll&f%’i .rwylffa&jeci ﬁ»r&ﬂfp‘? aé_r:ﬁymaadﬁ %@Jeawfh}ea
epi t opgy CInddist @AdPiont Hiedh Aprd cadsfgintidRigd, tchehiNg fdw pMCIaRhatRALYn

glutathione resin and Niresin, respectively. Purity can be assessed by any
met hod knoviemperatung various mdferdiompogeits ehdwnrcogieogihs, adaofilers thaghpnatgimnd

spectrophotonetric techniques. 25 .F. Preparation,, Fornul ation and ..

A i ot 1 ot CORCTATPR LS AROBEPRRLOr 0 B F B Sy SHebrt 5S4 O gRbt § des
Provi ded herein are co-fornul ations of |1G and hyal uroni dase that are stable
as a liquid fornulation for prolonged periods of tinme of at |east 6 nonths
at tenperatures up to 32 C, for exanple, ranging fromat or about 0 Cto 32
C. The 30increased stability is characterized by inproved storage tineg,
decreased fragnentation, decreased aggregate formation, decreased diner
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the bioavailability of the inmmune globulin. Thus, the co-formulations

achi eve el evated and/or nore rapidly achieved concentrations of the imune
gl obul i n WO 2bold3esetng subcut aneous adm ni strati on conparet/useoioomsent i onal
met hods of subcutaneous adm nistration, to provide, for exanple, a nore
potent and/or nore rapid response for a given dose. In addition,

co-fornul ations of |1 G containing sol ubl3 hyal uroni dases al so permt | ower
doses of 1Gto be adm nistered achieving a given response with a | ower dose
of admnistered 1G Finally, the ability of a 15sol uble hyal uroni dase to

enhance bul Seopldyewin suificignt a@hulty\eﬁﬂﬂeéGsaqdéiye?fuwm}i@s@tmw aeoifermuatinn al so
can inprove o r For
exanpl e, thoefqlblr}glrd e sgl?i%ﬁ& In%l?s? ﬁgﬁf%(feeﬁwa%%%ﬂﬁg?&gﬁ% 0?? o¥a %ﬁ%{ ol une of
fluid inj ecdgeodissohgionmvithouedétetiyratihg lﬁﬁﬁﬁ&l@néécbpﬂrtdﬂ@ oftiine. (Hent:élj ection
(reducing potentially painful or other adverse consequences of_injection).

This is parnrptéldptmrylm lﬁa@rabbﬁdfqlgewxfﬁ»n@uﬁmefﬂgbw hyafusenidess. t Bhgyea-ni t

hi gher S i Ik i ability,
co-for rru%f)astl% gﬁﬁlg?&r %ds\g\} lﬂ@hﬁ groc‘)’nqé Z‘gg &Slrs%lfé }%gr ﬁgﬁi egrf&g(?l%rrcllt)re
conveni ent injectien,dlk. ﬁxdnﬁnluiedttreﬁdreme corrpar ed to conventional intravenous
routes of adm nistra The co-for OVI ded herein are s abI e
for prol onged pelt 38 g@lr‘lhff)"cl?wé‘talcﬂ Hﬁ?ﬁi‘j’g FP‘@HarteégﬁélPeaﬁqj‘l‘té%no or
exanpl e, )ﬁa%rt)ﬂlrd% RsigAREa FIEPANOYS g'%f}: tﬁh%f%%eﬁﬁ@?&rﬁuﬁ’{t‘ﬁnbﬂt ain
activity of t I G and hyal uroni dase te ratures up to C for at Ieast 6
mont hs. Forwasazntjstable at heore tenfiparatuteat Thermidition oftsal Inepmve§ thefstabdtw afor"

t t f | t,2 h t t t
| et 6 thoribh rmyIhePe i erin by irbintyine s s Nuheehe bRk S °
30nmont hs,  aforhERESN. ITH@AM adlitidrPRonthiMBRES effédtive@BiunBol/RRsRd Or at | east 4

years or more. In anot her exanple, the co-fornulations are stable and
retain act |lwallyomﬂaseo@mstaé g:mutatwﬂ@proevmweeelmalsqsomamt 3as530 general |y

o Coxammar amyt SRR Afrafohdad Sy forexalripfe, Mac) BRI TIRBMY, chaedif °5 "

mont hs, or @ifonfakitiods l&@EonPdin AR aéhind AeifAfok eLathpsle glydne 8¢ abtakilizer and
co-formul ations exhibit low to undetectable |evels of gregatl on and/ or

f r agnmentat | B/ PETVided a4 p B ofabepberatftdp 5o dpigsaeral theiratie 06 yalyrepidase t9pt hods t o
assess aggr t he art,
and are ggeﬁg?ldf&;tg%qlagdggl on %%&Fteﬁ{h% Iiﬁée)l\rlgg %eﬁgge %I}ée}g%glhaé d5% to 5%
of 1G for mda‘ryplwomda:se)'rmdethe lhame dmvpntnaf IGibare sulifmntanéo%ly admimistered han 3 %

no nore than o nore.than.,1 % and neraII no nore than 0.5 %of IG
in the co- fst‘}P?Fﬁ}eer% nexPB’PFFB‘%ﬁleéSH‘rgxfgl&Fgg SYALOBUr ed by HPSEC or ot her
met hods, after 1@QeRkANAGR stdhle ESfordRfAAGSs AT hﬁﬂﬁmﬁﬁlahbﬁmsﬁ%gég? tHeorth
above. In additi'on, the I G and hyal uroni dase in the stab

co-f or ra¢\ atqoofmsmp}abon daecthgnai lmmefmtabeseaddantam ef tactcmwemeese gf t he

initial acty v1 on| dase lor to st One of skill
in the art l? Sr"r(i)rflg %}ewl{yﬁngg? rg ’oqa“f?’;f nﬁy‘ﬁl?ﬂ‘ghf] se and can
assess suchreadiistittitiohSsnd abaRy It@&ﬁﬁlﬁﬂe%ﬂﬂdaﬁmnmreﬁue&myttwutse es and
assays to assess act i vit Typically, the stable liquid co-formul ations
provi ded heSyanges Qrtag nHlty qsemrmaaat@@e Rencedagsiiqud cosformmlajornpprogidgn o 90 %
100 % or Cllq ¥ r.age,
general ly a”ff(% chye lfstel'}g%/ﬂ PA o ?Anlgfa%fl h il){ll’li(IS) 1d£ %lp u?)&&t![age 8{8{1’%[5(1%1’3?{091 t?he

st abl e 25 qud shbgeet vithoutl lavingns réwhatitntesthe prepatambagecumele/ atnﬁalse}i&a% nor e
than 80 % rmre than 85 % ngre than 90 % nore 20 than % rmrg t han 98
% nore thaNdgerivpe ahsFigd o aﬂleg@tlstf%se%utwﬁéquﬁeﬁ.bsfor%le mwwveft Ehe
respective @rRLGI S es The
co-fornul atilgons 6%5{%9&11 gcrtellttg{nzlgmeﬁhé;ﬁ{o elgg Etfmqw . ii}'ﬁe

co- f or nmul atfoonslagemtoad subyemfmel lgabhedre profésgminal. dmadihsen, tm mbheafactungs M of
an al kali 25netal .chloride salt, for.e | e st 0, 05. M sodi um
ohior i de. ( ACES Pt SN BHBrBOIgHOR §SiraR Sh s AMIHT i Bas R P he

co-formy athFadhy foSesdPhURt %phﬂleéh*v%ﬂxdd %c&u@%ﬂrs?&g% bPtheand retain
activity of the I1C and hyal uroni'dase. In sone exanples, the co-formulations
do not contmamifadtireng ofithe hqwdrfoemdm@ptarmamledout mmmaa;bbwwoluhem s. In

ot her exanp o-formul at i further. contain dil uents rriers or
Soother - oxanfngineds diing Brafrst suetfSs oM EhioDam A ta EOrer eat By o

phar maceuti cal conpositions using technlques and procedures well known in
the art (see e.g., Ansel Introduction 71 to Pharmaceutical Dosage Fornmns,
Fourth Edition, 1985, 126). Pharmaceutically acceptabl e conpositions are
prepared in view of approvals for a regulatory agency or other agency

pr epar ed |n accor dance W|th gener aI I y recognl zed phar macopel a for use in



anot her exanpl e, pharnmaceutical preparations can be presented in

| yophilized formfor reconstitution with water or other suitable vehicle
bef or e uswo 2011/03460Fhe pH of the stable co-fornul ati ons pcowisded/onsaei n is
such that the 1Gin the co-formul ati on does not aggregate and/or the I G and
hyal uroni dase retain 20 activity as described in Section G Optinmal pH can
be obtained by fornulation techniques Kown to those skilled in the art.
For exanple, optimal pH can be determ ned by assessing aggregati on and
activity under differing pH conditions using varjous nethods known to one
of skill i ritisHBomgcEst ‘?f@fct‘lé@(&sffﬁﬂi,%t Seq- %EI‘%“@“%EPF@FPV e assays or

assessnent it ne : t ¥afo) S I cs! I I :

25chr omat oglﬁﬁgig}q 6HOS@IE’C? %{&?a égﬁioﬁgm%eg,guﬂg%tc ¢ gﬁbﬁ%ﬁnﬁg{éa? méenqtl?nélgnpl enent
titers of tdigpensed touminpane paother mamnzahch spedigsads arphaimdaceetical twitholy assays.
Typically, in . the co-fornu] ations provided herein the pH can range from4.0
to 8.0 as r#’a'&gﬁfrr&fof‘ﬁ‘tt‘ﬂ%“ Y hedysisiaB T P81 on of the co-formul ati on.
Gener al lsy, Wi t hifydfiofe2 88810 ifs NiNVBhbINE) drifiank sRthgeh ARV SFormblatiSas ur

maxi mum nononer content. Accordingly, the co- 30formulations provi ded

her ei n t ypidalcontafrehigh proséintconcentrations indbetange ofighmwt 18%0t0t28% 1@, sugener al | y

at | east or qQut 0 6,,0, . and. t ypi cal | .4 to 4.9, As noted,. the

i ndi cat ed pqﬁalfas%ﬁgégﬂi‘(g Wlﬂloph%a‘@ﬁﬁgéglﬁgygfgﬁé?iIoﬂt(:%b%wobqgl?arll8°tfvd€y%f)at i on.
pH can be (ﬁﬁGadﬂeliﬁtpﬂﬁeﬁlsdg@ﬂag@ﬁbrdMdéﬂﬂa@%’iﬁtﬁm’fdﬁﬁ!ngw olohgedddtoke.

al kali zing agents to increase the pH Exenplary acidifying agents include,
but are notSuchriabdlifymet orlyensuresibie ¢fficacy of thed© ep-fosmulationcbui@lsg,

hydr ochl.ori o] nohasi i 0 te ' n oric
e . BemedRes Do TREBRRE Rk URERE RN i £ Qetct Hencrbe BEBRERG: Foi
5 sodi um phfesftiatiensSirovide® RerefrDbtdiih galilaiAbEenzymasio Activithyrd) X addivity

Any buffer can be used in the preparation of the liquid fornulatjon

provi ded heviigminimigng G self-assosiation gnd aggresaiony Generadly, theaclyifpis| ity of
the co-for j 8QUE S i oExanpl es
of particu Ir%{ra?rglédgdg Fttgﬁﬁgﬁ‘gg{@é{r § u&’ﬁg I3gdg’ ?3 %%?nn@? & { 8121%%%1 gtg gé,il t%ggs%’n ate

buf fers, cigenhatally anopnahdual® °CaB2P@. Thel stabilityaofthaad-dormiiesen 8f skill in the
art, however,. will recognize that fornulations provided herein are not

[ m ted t o BABHRGAAHEEPrARAEEdPeReds qloHe.4er St Rl reky. debril,

accept abl e daayee nfre.PThé LRl fionS havd ik h@VarnkARaRAt Hey 48 stdBR iange

i ndi cated. CGeneéerally, a buffer has an adequate buffer capacity w thin about
1 pH unit diquid forpkdyringciterage for padlongedgwyiodpof firme of af leadh 6l menths akn dne

i mat ed based i shed bul.at i ons . be, det er m
i ol | BT TR o RRe g T P oot RENZEIAREn can be

adj ust ed t ofol Bgarlsls) 1 §dard PpRiaky, swdhtdRiINydah@ yearger avrdasedndard above, for
exanpl e, using any acceptable acid or base. a.lmune dobulin The IGin the
co- f or A9 atTeBHESTItar tsMpeTatEgs PPEPXEBAEBIMF2atG, Of abort2-§ SCofT, MO0 about 5%t o

22% w' v, fo . [ .1 b m., 80
my/ nL, 90 ePﬁﬁ??‘g‘i‘l@ﬁg‘ﬁ%?ﬁ%} o %{:}ﬁ@ q%ﬁaﬁﬁy%%l%g&wg? W&%‘g’“%‘fem, 220
mg/ mL, 250 swaplerin loquiddsren dishipestadaby at fobm tefpemtiré @nche rahge ofil &BRSEC, i s
provided in_an anpunt_that is at |east .10 % (100 rrg/mlé o0 20 % (200

mg/ L), f orCBKXARIIE, 2816040 321 Co}?“laz ast gx ggonthio - on exaggp ’6{36 stablgco1g 25 9 19
% 20 % or Stations generdll§ HaWF@ﬁelgli?@é’ti dt TeaBf GRALAL 63ASHtRE VI FigEnihs €1 n can
be formul ated as p a% macedt | cal conpositions for single or nultiple dosage
use. TV cafot gxanasle hohedhsg|12endrehs 1Ben@iths, ot merd @hemstoted at oedror nul ati on i s
formul ated in an, anount such that it is ready to use and that no further
dilution i S*MBEEEEEry. Depending on whether the 30co-formulation is
provided as a siTgd R1BWidEMd:tiBhd AOFRIBe FHTlMtRInk PPovi@itheRéinSikiudidgh t he
art can enpirically determ ne the exact amount of 1Gin the co-formulation.
73 Gegrempldry immiveoglohulins apiddiyalurenidasepinobhie desenulationst methageot i cal |y

effective anpunt .for the r{icular do e regine... Ther apeutd

of fective dBABR S b elfidsieT HaPl i SRHE oSt Haony T fRRdc- e o
conpoursds idisdap@vndidanditibh® and in vivo systens, such as the assays

provi ded herein. The concentration of a selected 5 i mune %I obulin in the

conposi t i orfCdepcNMUNEGESBILBN AN ERERARAJIOMM PFIMMYNEN rates of the
conpl ex, tHeLEPBILBYcheni cal characteristics of the conplex, the dosage
schedul e, and anmpbunt adm nistered as well as other factors known to those
of skill in the art. For exanple, it is understood that the precise dosage
and duration of treatnent is a function of the tissue being treated and may
be determ ned 10 enpirically using known testing protocols or by
extrapolation fromin vivo or in vitro test data. It is to be noted that
concentrations and dosage values may also vary with the age of the
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treatabl e di seases or conditions. One of skill in the art is famliar with
dosage regines for IVIG adm nistration of particular di seases or

condi t i ors0 2Baro3estanpl e, 30 Section H bel ow provi des execpliseyiom0zsat)e

regi mes (doses and frequencies) of 1G for particul ar di seases and

conditions. Qther dosage regines are well known to 74 those of skill in
the art. |If necessary, a particul ar dosgge and duration and treatnent
protocol can be enpirically determ ned or extrapol at ed. For exanpl e,

exenpl ary doses of intravenously adm nistered i nmune gl obulin can be used
as a starting pdiravided hgrireargiimamunggldwling (1, alse agfered hasage 5 | evel s can
be determ nedq i .Of t.Qr.S i.ght of the

i ndi vi dual ,”';'e‘ne%%%“ﬁgafatf‘%‘%&g’ﬁh ﬁéi@t@éﬁa?%gﬁgt ea@gg‘%?t}qiﬁg conmpound
enpl oyed, sempodit@hs withaliroridisen The ableasd-fonntuRtiohs EHeisea for whe i)

conbi nati on, the severity and course of the disease, and the patient's

di sposi t i orfreaging ha-tegatablesdiseases andeconddigRent of the treating physician.

body weisght (i - oy e SHREAL a bithi BB e PhroBhli pr b8 bl P10
anmount to admuniesystemvdnd folwed @ the ptasimanf highehanimath. dat dotsntotstreagthen thend

possibly side effects that will he tql erated. Dosages can, be enpirically
det er mi ned NS YEEBGN %@emﬁﬁ%ﬁrg ALl HPRAIEHERIFUPPIFISIIRe exanple, IGis

provided i %ﬁhnﬁﬂ@&&"ﬁrohﬂ&ion?@étﬁ?aﬁﬁ% S BloUkiR WQ@ceﬂa&r?QﬂHb{cﬁ%{h %és%dqsf a dose

equi valent to a once nonthly IV dose for the particular in ig tion being
treat ed. | rnyspbocydes, enxchsypipegssingrthmproghction dfinfharematony imedmterasudheasf or nul at ed
for single dose administratiqgn in an amunt sufficien rovi de a once
mont hi yidosSRoGRE, St nd el o REess: 16 b erinstes o AP ElSI ebs age

adm ni st r atis@9pes, 5PintBHYABIRG, q%&,elglmrlgbl ANd4EB P dOfariots PAIRPALA! esiks can be
20 adm nistered daily, weekly, Dbiweekly or once a nonth. Dosage regines can
be cont i nuedith yaryingrspheifigitiey.clg(s is tih mogbpredeminate dasseof dofomd/inithe dose is a
function ofblt h(F dd'iseasgrttq.be ctorﬁat ed agd thuse can voe%r%, sue Exenpl ary
single dosa98% %néé@? i 6%1??| g ﬂl’mm%‘ln JTBeNY 5&8‘885 wAmeHE ¥ ati on of | G
are from atagainseip@stiod. Tasle2ilhsttes29Pical anhdintLafifithénoglotliagtaddn. 5 g,
10 g, 20 g, 30 g, 40 9, 50 g, 60 g 70 g, 80 g, 90 g 1%&39 or 200 g . The
particlibar thesuym. altepveh mrenazations of M frgTeatipvas cmplay RHHIGEHER 81895 on and

i ndi vi dual .,.E ¢ 1.0i

wor ght ( mvy O EHONES FratiBiRPREALIRIAIRR P LELRE Bbr Slhalle SHalBEY
ng/ kg BW 280progikG dB\Brot8indH sepHagosB\bhrohidio grapiygcad\We W00 targdrial BWixtefe0 ng/ kg
BW 30 or nore. |If C r o] e ca e enpirically determ nedq. To

achi eve suc?f‘@&%gg’ﬁuﬁ’gﬁsg’ﬁi%go‘?&gfﬁﬁ% cglgfth {Y(PISS SSF’)r/ﬁﬁ'a AUAY 2B i ni st er ed
subcut aneousing (?@9&%%?Wb&@&uéo%ﬁﬂngt%ﬁ&%meraéﬂf Pr%g@mh%w a0 nL to

500 mL, such as 20 to 400 nL. For exanple, volunes of |G containing
co- f omR0at i Iane (§48) Hingbedies 4 Lofmuntiane Mezhyl, Coatd Spring Hatbonbakaratbdy ni., 20 ni,
30 L, 40 . 5 1 : , 300 M, 400 mM, 500 M, 600 m, 700 m
or nore fo%S?Sngl‘gp&ﬁeélgg]éﬁgt}ﬁ'la’%?gm ation. For exanple, a 10%liquid IG
co- f or mul atTshle 01 QQrud/InuRodlopulimdi cat i ons descri bed herein can be
admnistered in a volunme of 200 M to 700 il to achieve a single dosage of
20 g to 70 I 6lass G Senunnkhevelang/ada e, Fenco® | i quid | G co-formulation (200
ng/ mL) for| i ndi catji ons descri bed her ei |[MMapn IGelaas im mirssres; eetondary vol ume of

100 nL to [350gGL tjo achi en2®0g7%) m | ar |sinighre rdgage ppdte@O agaihst 70 g of |1 G
As noted, (G can be provided in | esser|iameueas in the co- 10 fornul atf on

for nultipreggsage adm npga [@y! ONS. b pRbrlcHRINEASE The select ed

hyal ur oni asgu\f 1T [parti Cuilgo,@) SOt ubt g VR 6 0L SR Gry, ihiRufX s YSes T HUPH20,

is included 'I,ﬁ] th fﬁ-fui‘ﬁ"'{;ll.)i of—at or—abjout 50

guuﬁﬁ%ﬁ%é of——that C

U nL to 300PH—fer—exanpre 50 Um0 —100-Ulbm—150-U-—35 200
Um, 300 H/mg? 400 Wl Dr(teeee) o fMﬁIOFlaG|1R}/aE¢rglCJ§%HOH’$ﬁn U to 1300
WL, generally pt a mggpm(;ﬂd‘;(ppupilmgﬁj)ﬁ 75 UnL to 350 UnlL. If desired,
t he hyal uroni dase can be provided in a nore concentrated form for exanple

at or about 1000TH¢/immumpgkd@dinpheparatons previdetdd@eitycan be pEparedifrarsany, 2000
unm, 00 U or 5000 U.ni . 20The aluronidase. in the.cp-fornul ati on can
be 1 or rid) a BRI SRR FEar U SR SO R S0 BF SOBHREPE: pl e
dosage admiHiinfdntahRial b%%d[‘@ér%@laﬁa?&‘,’ﬁoﬁ?ﬁuﬂlﬁ ddioe séua, ¥F pRiddaseby n t he
co-formulation typically is formulated in an anount that is ready to use
such that no further dilution is necessary. Depending on whether the
formulation is provided as a single or nmultiple dosage form one of skill
25in the art can enpirically determ ne the exact anmount of hyal uroni dase to
include in the co-fornulation. General ly, the sel ected hyal uroni dase,
in particular a soluble hyaluronidase, for exanple, rHuPH20, is included in

Y - Y Y - . .
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Taliani et al. (1996) Anal. Biochem, 240: 60-67; Filocanp etal. (1997) J
Virology, 71:. 1417-1427; Sudo et al. (1996) Antiviral Res. 32: 9-18;

Buf fard ewoab11/31695) Virol ogy, 209:52-59; Bianchi et alPCT(UB2@6)o25azal .

Bi ochem , 237: 239-244; Hanmat ake etal. (1996) Intervirology 39:249-258;

St ei nkuhl er etal. (1998) Bi ochem, 37:8899- 58905; D Souza etal. (1995) J
Gen. Virol., 76:1729-1736; Takeshita etm . (1997) Anal. Biochem

247: 242-246; see al so e. g , Shimzu et al. (1994)J. Virol. 68:8406- 8408;
M zutani et al. (1996) J. Virol. 70:7219-7223; M zutani et al. (1996)

Bi ochem Bi&heiyacanrder exammplarby, repombigant DN4: technodagy-ar hybnidoss Proc. Nat | .

Acad. Sci ( 3: 6. 318- 326;
to etal. t?%@% oxy” Hee. oIl lBiiohs filiahe ot cion <R, >' 5o
Bi ochem Bi @Wﬂﬁnaﬂ@ﬁm@g‘l&ﬁhns FH2 e 200p18 itlnmurdeqzléthiin caﬁl)QQ)B)amled fxérhol .

Met h. 65:201-207, and then extrapol ated therefromfor dosages for humans.

gor exarrgl dissyes; lymhgeyie hyhridgma eplgies, bloogdgesnas ow&}r&r%ﬁm&l@n%f% ngl e
o e 1 oolRhs Rjnidab SublpiBhrcRRL, a0 ap B Srehibic Be @b, O

hyal ur oni daaimlmhfradftmnaﬁm ot pdlgetadlene glypa]rfraomhmoﬁ)mhrembmgf@h&ous

adm ni stratiop, ,at or about 500 Unit 00 Units 0O Units, 000 Units,
10, 000 Uni tnéetﬂé‘éf @m Wﬁ?‘?&e cMmme@ﬁv¢%3%c@emame@y, wemBRA Y s

70, 000 Uni t§ror@fofd thhftﬁcex%Qﬂ%goﬁJrBrtéfectr%Bg rgggﬁllé?hxtaﬁof?(sew ?or C6bgn NOt ed,

hyal ur oni dase can™b fovided I m | esser ano e co- mul ation
for multi pleead(ﬁls%@e)JaAm Ohemr Sad 68:9459-75; Onclen esan€l MRpidplresChavosSages can be

provid (9, |G adm nis For | .ur opi an be

adni ni ster ed %11 %(})(hﬂfﬂ}‘%mfgﬁl @ggg)o%‘%/" ?alrgyof% @ﬁ?@t@ahﬁf@i %I e, at or
about 10 U gyg 2@319691023% Pathd Nds 95, 15793## ghd §@7MQ48 ﬁ%?wag 80 Ug, 90

U g, 100 U g, 150 U 200 U/ 250 'U'g, 300 Ug,’ goo 25 U g, 1000
Ug, 1500 UmgumpgBbu gﬁp@mm o g ghhubn-qontagenepmducts ipeoduged by of

hyal ur oni da coz fornul at ed ater, t hap t.he atlo
when the. s anensf gy ERUGERRlFER RAS Aty e AhEBk SR BRBR Sl G ar e
subcut aneouglownad hdse f ekildn Slepat.at el y, for exanple, in a | eading edge

adm ni stration. Thus, generall the ratio is at |east 100 U/g, and
generallby 250 U/RJenwative sepsccan edorgrish agartigudartigpteesoy supgreef such as

250 Ug to 3,91991 n i SiGR as 500 Ug
JO. For exanp eogg%gléﬂf g?}&?aglﬁ% ggﬁ{%@%‘g?o‘%%ﬁ‘gnﬁ‘%%‘? uro% dase, when
co- f or mul atehdomatbraphy 626 beGrged A0 enrich amyixtade oﬂxmnprrmglaﬂ»aﬁnsaforehg@,adnfort hat is
or is about 5Q of 1G ically, volu admi e t.aneously
can be at oﬁpe“a‘gBE{égf Bhtypes; c&g‘géenr?{alﬁ’slﬁ%rﬁo ‘gba‘i’ﬁ_ H’g&g’ff [WE'S é& dexanpl e

100 n. to A%Qn@{{efr%r @ab%kdighﬁ’r@%@g%)aflﬁ}labv%ﬁidn@nAntﬁWdze‘?&@EEb@mt | umes
admi ni st ered subcut aneously “can be at” or about L, 40

m., 5020, Mool ColdGpring Haaow Laboral@y Rress (5@&8)nU,S 6’@03ntrN0 1@&0 Bio)or nor e
for single dosage adm ni st metal Chloride Salt The
co-fornul ati on provi d&d h {:a}t‘ﬂ%g'bﬂ?yaﬁfk@?# alkali metal chloride salt that
is at |east 0.0CddvedfienatlirdistrialBietlods bf fhindfe SRbUIIH PEfiHERSN M bloddnot
limted to, 10 sodium chloride (NaCl) or potassiumchloride (KCl

Typi cal |y, Ri#sanaArrhesedrancald ethpenlferstionation, WhichepanrpeipitMaTErops is
provided t r6£§n§'bﬁfe{dh£q Sy *?édeietc}’nc%cbq?rg% ‘(Jeﬁ X1c8f101 dé&gcé%% Mﬁfél' E %ﬁr The

exact anou can rmne one In the
art. Fa@s enarﬁpéreturémengimiauylbn@toyeaiby Gdhntalﬁé rﬁmﬁmdayma&y«;@e &g, dehar m ned

by assessin regation _and activity under dif salt conditions 15
u>s/i ng vari cfgg?gg?%gdsmk’ng t%’coﬁ%"‘ég T3kPnfley gt ‘E’lhéwé‘g?J A8 Chgramdre, as
descri bed i7).$0C4d)0rhGusd YPAEAJI¥n tHe & biBeelcah ipRfivRE Blefigaler ei n,

sodi um chl ori de .3 provi ded i n an anount tﬁ E)ls or 1Is about Mto 0.3
M for exarqohmmlaatlrrgrwaiseﬂmoﬁ'c@&Mmtﬁ 1ﬁkﬁezl¢lmg)teﬁli>ei\dtur6 af8aMpoh®. 09 M 0.1 M

0.15 M 0.2 0. 25 re. a e. anount alt is between
0.05 Mto (fOQ%e“IW“?‘br %Qaﬂ%c?gw%ﬁyrg 04 el o0t ingbfersdafed The
co- f or myl atyroRimk! ThkLaH ol 0P dr Wi TS mA AP é’iﬁfb@d?—taﬁ@?%éd GRfpleNdi ch
contributes to the stabrlity of the preparation. The stabiTizer ‘can be a
non- pol ar dndingdké capanityto ﬁmluﬁxoﬁmmmty non- pol ar and basi c am no acids
i ncl ude, but are not Ilmt t e, stidine, arginine, |ysine,

oni t hi ne, i sol euci ne,Pval |1§€é’d'fg§in€?ﬂ e P gPFFé and proline. For
exanple, the amno acid stabilizer is glyci ne or proline, typically
glycine. The stabilizer can be a single amno acid or it can be a

conmbi nation of 2 or nore such am no acids. The amino acid stabilizers can

be natural am no acids, am no acid anal ogues, nodified am no acids or am no
aC| d eqw vaI ents. Generally, the am no aci d |s an L am no aC| d For
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10 nore. e. O her agents Optionally, the co-formul ations can include
carriers such as a diluent, adjuvant, excipient, or vehicle with which a
hyal ur oniwl@=e110034d0& i s admi ni st ered. Exanpl es of suit ablPeTaisarmersus i cal
carriers are described in "Rem ngton's 15 Pharnmaceutical Sciences"” by E. W
Martin. Such conpositions will contain a therapeutically effective anount
of the conpound, generally in purifiedd4grmor partially purified form
together with a suitable anpbunt of carrier so as to provide the formfor
proper adm nistration to the patient. Such pharmaceutical carriers can be
sterile |iquids, Taprenenidheunveantedheffents of the Wnedetmethed gnodidied ol eum

ani mal , 20y t i C Ol gl e n oil,
mineral of 1CoHE-aRIEy fleuTPhRGE héenleh Blofled Rk ARpRER IndrinARY B

phar maceut iIGal Variows s8¢t prodediefatgikibwhand dan bé adupesdand|nyodifhed fore sol utions
and aqueous dextrose_and glycerol solutions, also can be enployed as liquid
carriers, pAPEYRg '3? G preparatigns hergn. oIt dywithinghe skillof the sy topreare I1G

phar maceut i %&Mi&ﬁ?ﬁ%@%ﬁh& QbtallE&d fhettRAd k*\&ﬁ%@ma%@ie iﬁ&lﬁoﬂ. atl ons

i ncl ude aqueous vehi cl es, nonaqueous vehi cles, antimcrobial agents,

i sotoni ¢ agent s, Typidallyr KG isamamdaé¢tdeedtusing oprahagroekt éthanot fracsarmpiendndg and

di spersing agents, enul sifyi agents,. sequestering or chel ating agents and
ot her phar rﬁa%&?ﬁ a%ﬁ??“fé‘@Eé‘bang ’é’ﬁﬁ’é‘?a’ﬁgﬁgmé%ﬂ?&% °6fn°éﬁ8tg’%s vehi cl es
incl ude 30 f50#HE stk @ bBiGinl pRALEHAYirE DB shtl-SnSAbhBtary £BLAYI C Dextrose

Injection, Steril'e Water Injection, Dextrose and Lactated Ringers
| nj ecti on. (RéMs) seramsiopart dOtaggedgates by chaventioublucdehniques,cuch hsultfa- veget abl e

origin,,cottonseed oil, .corn oil, sesame oil. 79 and pea L.

Ant £ 95 bisngene 8 PSR eippaiczr g prmiegref Bt R tie R r 2t ons can
be added t aneREAEs B AkoliRRASR IS IFiMASKAGRHOA BnditbdtnRhEwHR s&iueHat ai ners,
whi ch include phenols or cresols, nercurials, benzyl al cohol,

chl or obut arfgents (geetpyg., Widd Ppicah(.87H AN inpubiteanzasiagnederately acisfis pHi(pHner osal |

benzal koni C [] d. 5 .henzet honi,um chl.ori.de. |sgtaqnic.. n i ncl ude
sod um ohi oFVGRERES G bspaR BT e s FeCini P F e

Ant i oxi dantgasnichytiearsadiettipl&iegliicbbpd ymeso@blsaness eo6ay Bidekimide procai ne
hydr ochl ori de. Suspendi % and_di spersi.ng agents include sodium

car boxyiret HPRBI| 49882 HPArIR S pResspIration Al Pelysthylenelycal fPEG) as a
ol yvi nyl i jfwi | felcuig - ENs
50) " A 0" SR een FH I ol W RAET o B U (RN RAIATE ferh 0P
Phar maceut ilt alllic seerd. gy §.SaPatent Nob.uHe93606/4ndd, tath370), fradtioattion methods ycol and

propyl ene gl ycol for ter mscible vehicles and sodium hydroxi de,

hydr bchl or (SR P PRlyhYIEne EEolAR 4 REERPHAUAG 85RO INEG LT IS

Conposi t i Onfes&ifedGR 0L R Patéit Q. M0d3 606, L1 605, B8k SAb SHd: 4, B2 4)579)@Rd such as
15| act ose, sucrose, dical ci um phosphate, or parboxymat hyl cel I'ul ose; a

| ubri c28t, oherisimmdarmagheds afimusifisatien processexvithnpslyethyieneglynel R c; and a

bi nd h, . | such i agel.ati.n,. gl :
ol asses. ROO0 AP By ow SRR e R SRt RO R A B ety oo
povi done, amdsgiebicnesniants GofetheStetin®matteihs dse@vobtaintthoR® of skill in

the art. 20For example, an excigi ent nﬁr otein can be added to the

co- f or mul atAreRAratieRs (055 HeU anPatent HontfpA3GERRR00A2R and WAP P§/2833Bpt abl e
proteins or 1 . L R ent i ql-s.selected for its
D001ty t o O BiHas escHBACE Bainal o Ehi B woBh P HR Bl BB 88 g an

i mune 25es potisenokOprepacatiqn ef thb paatucseasedioalitiueddhange shebmategrdpld ahdr use in
phar rraceutic%l formul ati ons. él h?_i known  25phar mac?utiaal protein

exci pi ent s SHEEN atdueaklvagidic RH:fnEwRatigeleayage ol v feigeent Frepimaat,
sucrose,  gelalgi iR andfife£lulaliBhr ot %éﬁhocﬁ'a'cl{éo_%’eg cribécPﬁ{ Heuslaar at e,

gl ycerol nonostearate, talc, sodl um chloride, dried skimmlk, glycerol,
propyl ene, ayt koin towateent,skdhia the ldsele.e.g., Ute Patenis, BT, 1 J4sanidric8 16d&48)i n t he

formul ati on at syfficie concentration to prevent adsorptjon. of the
brotel n Lot he HATHIAS padsefgr i commony 18ef ofeivAE RGP Arqisg lbxc) pi ent
w1 vapy afaseisdiypiallp abhig MRaeideit fg% %1'%3 a%%o%ta%ﬁh@ﬁﬁn?l@%uﬁ??@@”flﬁ@t' on of

the protein in the co-formulation. = ¢ . conposition, if desired,
al so can cohfferent subtypes anepuesest wf Fragtian Hgn apprexmasély hemamegeatio o5 they pH

buffering agepts,.for ex | e, acetat sodi citrate yel odext.ri ne

Gor 1 vat | vedre i B SR aatiasd Fomvafish Biebrmed Soingthy JhEFElon

tri ethanol am ne ol eate, and ot her such agents. 52. Dosage Forns The
co-fornul ati ons provided herein can be fornulated as single or nmultiple
dosage forns. For exanple, since the co-fornulation provided herein is
stabl e over prolonged periods of tinme, the co-fornulation can be provided
in multiple dosage formfor adm nistration over an interval of days, weeks,

o o - AN 1 Y o, . o o o



pharmaceutically active conmpound is a function of the disease to be treated
and the particular article of manufacture chosen for package. All

pr epar at iwo0f1034¢9ar ent er al 25admi ni strati on nust be st @CTIuS201@901585 known
and practiced in the art. Wien provided as a nultidose preparation, the
formul ation can contain a bacteriostatic agent. 3. Adm nistration

Co-formul ated conpositions provided hergin typically are formulated for
parenteral admnistration, for exanple, by subcutaneous route. Due to the

i ncreased 30bi oavailability of 1Gin co-fornulations with hyal uroni dase,

i mrune gl oblis fasthempurifieddfora ifemmadatipnsintecan admisistrablearodist abersexample,

frequenci es, far i cyrrent. intravenou VI G eparations are prepared
and adm ni st %r%éa(f%q'ﬁ;cagg‘?a ?585@@ n 5(118 \lllgr%e‘(g:& ?ee(%ﬁ Bgﬁg@ustogﬁleo&fggf ormul ati ons

of I Gis thaipusitied fahmﬁeaw%rebi?itattmafﬂﬁédi@.cmudvﬂﬁg ktie firhl e fiohaiker abl e
dosi ng regi nens, for exanple, l[ess frequent dasi rég By | ess frequent or
| ower dosi ngmuoglobutin saspengien sen be diglyged pr dighitered e gapsingultragiliratign

General |y, -oki net | , . e
Chor apy 3 s TELANEFRAR AGhIfay AR%clar BETEACYRN Gl 5r KualPHISRRCO1
has advant adaitens)ue rerove @lodhol N"Théyel01ieis canbeiSnoastratédor dikadloabtain

subcut aneous infusion permts infusion by the patient or famly as opposed

to a skil | ¢he fAesiesd protem congenteatign gad sanbe fsthenpumpfiegd Ry techpiguess¥iglh t hat 16
is infused kxﬁwjntg R HLEg t 0 5-10 hours for conventional IVIG
therapies; there is no 10 requirenent for functional veins; there is no

i nfusion rel ated si dec.ef f e¥iral Poadessingt hr onbosi s, headache,

t hr ombophl ebiti s nausea and ss propability of adyerse events; and
it usi o) can be B RopirBeraons el aRygaemove vital 188 cThts b

adm ni strathefodd §fvitad Rﬂﬁ%&ﬁﬁgﬂ virdl BAstWakioh A4 viXEd i QoHiAR S LRnRYVEL

adm ni stered so that they reach the interstitiumof skin or tissues,

t her eby degYialiinartivatioreranders vamusesi indctivpdyefor exammples chpminallydterimg e of

i mmunogl obul i.n. Thus, direct adm.nistratjon der t ski.n uch, as by
subcut aneol P AARPRIGR P&t SrDYETRRIEET d<abiedib s doxemblary RfiPhi st rat i on
can be | ocahactivafbs alettids schidTbet A€ RS IEhIE] 16D BatindQ pheutzafbn), r eat ment .
Local administration to an area in need of treatnment can be achi eved by,
20f or ebéanplodvengdetergsnt (S/IA) tresiment andexapsurafqan amdictegpirermentglow )i on,
e.g., inc '}@@t' i upﬂ I-ng.atter. : hnjection, by
nmeans of aof:%t et%??esggst%g%}é@o 1 g%g?é%?f%%?&g)?lﬁgﬁ%zlann@)é(l))ltldygn i npl ant .
General |y, plasad inddstry)iuséd tatihaotivate vaikessaonthibiyigiarljpid toaan Fos excdmpss, the om a
syringe or her article of nmanufacture contaiping a injection deyice such
as a need| A% RTOGHIS AR PO _mnét,rat%wolaaam “RROA] S oa eI LN gy feved by
i nfusion, wWabGhifa0irR9, S§&Abis ViRt SIneHBYeh ti9'B AirRYARd HC@FH&?E&@@! alar
devi ce. O her nodes of adm nistration also are”contenpl ated.

Phar macXut i gals).conposi ti on can be fornul ated in dosage forns appropriate
for each route . adm ni t.ratieg}?. t];he rm}itt fUi tabl e { oute in a% gi ven case
depends on a var ! 68y BPVEF AL %d,.gh%qyl §epHEMEP nglsefﬁ@nb ease, the
progress ofsahipge. Ak 6RAS &y dfREraPpMBLbAiMg OF rdnhey all it RRREb R RS Tirhitet R

conposi tion which is used. Other routes of adm nistration, such as any
rout e knowrcoldethpren] dragfioration| phase pargitigning or FEiuprecipitation.af@pthot linmited to
i ntranmuscul ar, | i e intral esiaon iNntr It oneal
nj ecti on. SraBeBtE1gBrosbt 8 G TR LB ERb ARy addWdBBREbRTER.
i nhal atjsonal , buccal d{.e. 9. Praeinl dongéxdtratiomnd transdernal adm nistration or
any route. Fornulations suited for such routes are known to one of skill in
the art. 5Conpositmgiglehuligs sambopprepaned At CANINEEORFSHIabORE r Fori ¥pegiccal | v
active age it i i i i €

composi 1 onC hetEeraf Dl dntentdtiof: Bl Rbr B IDEATE e

i ncl udi ng cgpicaldy hted abehte(86 td 22%uduehiasn 8 %and0 dewi/c.eFooeranglle,dG r el ease,
such as by neans of a punp. Subcutan s _administration, general

characteri ZSEPIBYOns a8 bejab At ﬁouié)g%ﬁf’ég%ﬁwlr& Egﬁlﬁﬁﬁp&f*’é’d’nﬁéw_@i“%ﬁ

| nj ect afg) eseedh gle,t?erm)ea%rp?gpa'réh QQGV&%&R&%n% 8f §¥or aBbit"RY %a%1 b4, qgiod,
solutions or suspensions, solid fornms suitable for solution or suspension
in liquid pk3i%s 14 &,il0]%cta Yn 17 86, 180ehVs 20136, 21G4n22 & bymotdrelhe final
co-fornul ati ons provided herein are prepare iquids. Injectabl es are
Gosi gned £ oPorBL St ey SERFE 1y RindDE et otestostiop sudbSihRloR. [ocal
adm nistration is 15desired for direct admnistration to the affected
interstitium Preparations for parenteral admnistration include sterile
solutions ready for injection, sterile dry soluble products, such as

| yophilized powders, ready to be conbined with a solvent just prior to use,
i ncluding hypodermc tablets, sterile suspensions ready for injection,

o, .



20 prior to use and sterile enulsions. The solutions nmay be either aqueous
or nonaqueous. |If admnistered intravenously, suitable carriers include
physi ol ogvoabiigshdéone or phosphat e buffered saline (PBS) pCcaru$2ei0l00254HNS
cont ai ni ng thickening and sol ubilizing agents, such as gl ucose,

pol yet hyl ene gl ycol, and pol ypropyl ene glycol and m xtures thereof.
25Adm ni stration net hods can be enployed to decrease the exposure of

sel ect ed conmpounds to degradative processes, such as proteolytic
degradati on and i mmunol ogi cal intervention via antigenic and i munogenic
responses. Eisfopteaplaed berein that aydmmune) glekulingueparatinn eandrerused berelt t he
site of tr ) ey I s .1 Nncrease
Fesi st ance o ansiea deuEhoR e b EARGLE 1645 Rl BRI SRR BRalf i 00

ant i geni ci ttffe ando empirivalle detetrhine thexappdeatoéoneeatyatidn i 1IGior mligicgines ar e
known in the ari (see for exanple, lLu and Felix, Int. 1 Peptide Protein
Res., 43: 1 95@%1@,001 gRulatipnsfirgeipe ﬂJiF‘R Fﬁ@ewte lf& preparatiop will ispend onp®)3:  Fel i x
et 83 al .,y ' AR 283 B , J. Biol.
Chem . 360! e Teg B 05 FemillSraioniohts oy HiRenHEBL sl sf oo
1995; see dlypoof @alditoomttd bettreated. (2003) Adv. Drug Deliv. Rev. 55(10):1261-77

and Mol i neux (2003) Phaymacot hera 23. (8 Pt 2):35:8S). ,Pegy jon al so can
be used in the ri)e\‘)‘_@‘in?{eofmﬁ _ '?‘?“%Eﬁ%d’r?ﬂf‘!r@zﬂﬂ ‘gs%l %ﬁm\he\}g?‘g'gﬁeséxanpl e,
pegyl ation iﬁélua@'?ﬁﬁ(waﬁtiﬁs &G énycraﬁRZEEed%@W 'aﬂMni@t?&iio&i)E(WIG)r. dHeféral S€E,

e.g., Cheng et a 2003) Pharm 20(9): 1444- 51). Wiere 1arge vol unes
are admi ni sfinal &d prepardtions foraniravenpes administratign hyve sprotdimnonc@nbiptewt of can be

dosed rates iHfusion at.o Qut 0.3 nl/kg/B to 5 10 ni{kg/ BWh
For exafol gt Slo LEH NG Be Bl AR bV Pef iyt 163 romfegtaly b 3

m / kg/ BW h, av4ils81é k9 CBMhne DNFSFIEbS XY B 9%, henmafara® Qﬁk%di@,t@arﬁﬂﬁgQﬁ‘E_
enpirically determ ned, and %éﬁkca ly igs a functign of the tolerability of
t he subj ectS/Dy Sagyyngxudyesgame JaY.i O¢tagane uand Relygamy SH2. Tupigailpsuch he rate of
i nfusion c i i.ately. bel . i t he
adver se evgir%fﬁ)ag%tidﬁlg\rﬁg%?Elfeftﬁ%?fﬁl%hga 3@5‘;?&2{@}, 10561%1%{"’3\1/%%%'}15&‘% @\égggge to the
reduction iused & Bolatdundipuirifp tieinmade glebulipeand rosthyds toaedrsgdtential Vieus

di scretjion of the physician. Subcutaneous infusion of |G co-formulations
can be PacidoPERBYPY gravity, punp infusion or injection of a desired
dose, for exanplg gy fohdr pROsaRRiohS BRASERRLonFRARIP} YntrahRlschiaf HSi Ons

i ntravenous infusionnpunﬁgggan be gnﬁlo?@?. IGﬁ%ygkurgﬁﬁﬁgse

co- f or nul atsubagamcmos bémimstratiod c2 batisedan dise aimmpositabs and athdds prddded / h, 30
m/h, 60 m/h,. 120 m/h, O m/h.or 300 m/h. Infusion rates can be

i ncreased Jl?f‘?lﬂ‘gg%ga@%?é PP Wﬂglguf%ﬁﬂ_aé@‘?‘ﬁgati‘?ﬂ% onis
tol erated hybéligndeat h@Rinistiadiofafd tommbiciilyAfvaeblt 4 ShfndbTAN®S/D 4Hqusi on is
at or about 0.5 h, ;1 h, 1.5h, 2 h, 2.5 h, "3 h, 4 hor nore. Due to the high
rate of20i nfYiypgabiac hiespestively. divpioatlsrrach srepdrations vsealdpthenol] G

co-fornul at A roni das 259the 11 of 1nfusion:.ihs sigpifd.cantly
ess than. 1Geuhibo e MR GRR R bt T Bonc PirirBr B LB ALEES e
desired |irart10 ta 2866 aeshectivelsi ONS. Prbeisivan Agplichaion 8d. a1/18he0p dysribeaan and
subject's discretion. The second site typically is started at [east 10 cm
fromt he i rih¢ peneratjaneof ajighilyipyribied peg concenisateth immaneelabpin epBRRSItEM ski || in
the art, a g3ty I . i ng physician. CGenerally, the
appropriate d@?go%?$FE?ﬁ§§{%&gﬁ§hé§gqﬁggyg%ﬁg%étion can be pooled into a
standar2$ 1V bag. For exanpBxenplagri(yBnépattatiodsisi on set can be used t hat
has a Y-port near its ternjnq&. A 24-gauge 84 subcutaneous infusion needle
can be inserted at a site bfl‘ﬁéc%ubject's preferences, but the abdonen and
secondarily the RSy ¥ran 16 Rfeds RRARNS S196ullDRE4OLINIE (Qlmag), uti on to
be infused. The hyalu%gnidgsquﬁgﬁlG c3n<§e provﬂﬁed fﬁ t he éaﬁg "port
appar at us. IOHdFVI&r,tli0dh amaddetadras (iamunagaed aligudcBaxtbeHea tatateer ei n f or

purposes 5 of inf.usion.by gravi or .. and .i ncl ude, . but are not
P ted t o CRipeBtog, s I usoqBe iBprpaiatra SR aistbuldpt e even
that anoi NfidsisaBclhssed SinifaPteihat 8thdrabplasthd. TRYPRPaFRER CaABInkntagver e | ocal
reactions), a second infusion site can be started so that the subject

recei ves t Heagment ciysteHigeble 168 andHeagment antigenhirding Okab) régions. Hehest abl e
co-fornul at | rovided rei re. amenabl e t Qsage r.egi .involving a
periodic f rperguzaﬁl(?’ys 8?%31(§‘n]irb§i rggppéﬁpr ﬁ‘?m’li%'?h aeit)?lggggpg,g?ﬁ@g&ggagﬁsr equency can

be daily over an interval of tinme given over consecutive or alternate days,
for example, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or nore days. In other exanples,
the dosage regine is weekly, for exanple, once every week, 15 every two
weeks, every three weeks, every four weeks, every five weeks, every six
weeks or nore. Thus, an | hyal uroni dase preparati on can be adm nistered at

o, o o v -,



30supervi sing the adm nistration of the conpositions, and that the
concentration ranges set forth herein are exenplary only and are not

i nt ended wWo 2bimm3teothe scope or use of conpositions and ®omhiSE@EDI002535
containing them The conpositions can be 85 adm nistered hourly, daily,
weekly, nonthly, yearly or once. Cenerally, dosage reginmens are chosen to
limt toxicity. It should be noted thatysthe attendi ng physician woul d know
how to and when to terminate, interrupt or adjust therapy to | ower dosage
due to toxicity, or bone marrow, liver or kidney or other tissue 5

dysf unct i onsese@oataaogednyratiohef a7 th{tdLngldpig%isquemnvmuymmwrﬂmmm how t o

d when tq adjust freainent. to s if. the cl |
ot adequattes thPSp iR e BhEne b By oldlik A e B Roader g ' °

Stability, sigirkVolidum & }%@é’é{rhﬁ% I tttly ferh KB Wi GPYdinefok SabilRdteh §ttaab' lity

and activity of 1G and al uroni dase in the formil ati ons can be assessed
usi ng vari qdbof h6¥¢ 6+lo denamfmmmmagss eUh’éQYSairmOdhﬁgd\ﬁOhm(bweeyUfO@ Kill in

th t t | tech ot tabilit

avai | abe THPHCTaR el Blogt REe rafither PfaE: hhd BREMEMRPRIES el very.
247-301, Vtﬂﬁ%& tHeAR e bl weal/Bitis exlo chrdlﬁﬁitograbﬁy\/aﬁ@ﬁvkak Mioh exd?klﬁge (1991)
and Jones dv. 15 Drug Delivery Rev. §1993) Stability can be
measur ed atchgomapgrapley Thawenwfeciueng procgsssalseinchdes 3 independeptiviral Assays
t d/

Lo aosess TRARSMA ortehfodiindye: SANSReRYo LR BT flboy dRAbNARL By 2" o

stability dhcibagor a4 lowWnpH ahd ela:vaﬂed ténpkratucy), Ptdparasivalbf hi10Yo 0VIG he I i qui d
formul ati ons al so can 20, be assessed by any assays which neasure the

bi ol ogil®al PRERAratioMyiS S?SCP@(&HHE’FP}%H’ Grloni dase in the formulati on. Such assays
are well known in the art. S id/ of the
co-formul ati on, such assays ga%pglehhéégd;@ﬁtﬁg%}gtmfg %(??e{m
appropriate dosa@meoératmmnﬁhlggloohcdntﬂatlamdnim;aabglomiudlaspaxamm drée f requency

of dosing, for.trea Furth assa ne of s in 25t he
art al so caé? sgribed dn bg?#éﬂ"ﬂ?n picafigp hgrm’ébgngt‘?rﬁplﬁWo‘bgertl es of
subcut aneoysbpar A @bﬁhﬁirﬁgjl 8- W‘%‘ £G atoRgh! ?f’])url'ﬁ'&ﬁ | 146t HRuRANRNLABOhE LY. and
tolerability. 1.Ml ecular Size The main sfability indicating paraneter is

mol ecullar sxfmmuandowluh@hg@st% F0lgp dommulatiod in .25 madiglycing atgdyhddat i on by
denaturatiq n er._fragpentation. Aggregation of IGis a conmon
pr obl em durﬁgg@?senge gtf ﬁ lgggel?g The aggregates are problematic
because they camhediijh amc%&hlmgmmﬁms desctibed hétbinpaé poahca B #od and
produce an anticonpl enent reaction. The ability of IGto bi nd conpl enent is
great |y i ndvewssehpvang manyefithe same 9 siamilar staps as 11 the pracesscafi papdusingiggr egat i on

to hi gh nol Q @%gpﬁﬁ mechani sm of these
aggr egat es tgagglé%%lsﬂ?%%p%g&%ﬁ%fl T? 76 at o ant(?{ge% %tl body conpl exes.
5Mar cug0 DultﬂtAﬁltr(aﬁiﬁﬁﬂh)aﬁllratlbmmﬂmglQpeﬂéhzihhﬁl- 28rhbrdnes With acspseifiodlly gG it is

known that Ienent i.ndi site requir two, mol ecul es cl ose
toget her . Slgge Fé‘faéli‘én ngt“&%é’ntrﬁ’atth&gptlpgit e praducting PERCERhEEMST ecul es

i's requi redhe fe@ﬁl'ﬂﬁg IGQ@&Ipéé‘il’loH§9tﬁﬁ§%&e%@ﬂf@ﬁﬂ?&dt@iﬂ%n@éﬁ%ﬂ@n (Mt hods for
noni toring stabil G are available imthe art, including 10 those

met hods desmg/nﬁéaomea@dno atate ofrthe het IW@mﬁﬂ &sGdinswigasiddqhid),evithouTher e are

various net hods av for t st abi |. | rotein

for mul at i orft ec?qﬁﬁ'l ?geb%%i}ﬁg’r Wﬁ%ﬂ §PBBLFA %%Vlﬁ%lﬁﬁti ons, based on
t he physi cailtrandamﬁheﬁletanet rattfohuérﬁﬁau% dfRe0 P 186 ABnd®elre@she@n their

bi ol ogi cal activities. For exa to study aggregation, fragnentation and

denat ur at i ovitheut mager @rcﬁgm lﬁ@@ho besrsembraa@s hesamgélackadhedrdy, absor ption,
ther mal a(;of{?se dent dJez}lﬂ% e P? R8s 4 ngﬁftﬁg%ch%vrﬁgl’fjﬁgrreﬁoql Chr OI Q;'mell\INR

reduced capi Sop‘?’tor esl p’er Ormance size
excl usi on qiwr@tsraﬁ@gmﬂ@hyan(otﬂ%ﬁ@to W BedVBintiad| espe‘aﬁﬁ,allwés@zeﬂr‘pﬂse, Wang et
al ., 1988, J. of Parenteral Science & Technol ogy 42(su - S26. The

r CGE, and Hﬁsker%tﬁéumheerﬁe@veetﬂmlttﬁmethar@lurrsqi tcowtnﬁegen whadtsess 20 t he

ol ecul;gr oPlohe adatlon
and provei i TiaHEpbkil T REL A oo PR AR BRALE e B aL P RIS
be directl yngteﬂedcms netaffect the viBrin&xizapbdrecapabiey 6f thbildw pyd Nbrapéretepi qU| d
formul ati ons can be eval uated by HPSEC or rCGE, where the percentage area
of the peaks represents the non- 25degraded protein. In one exanple,
protein is injected onto a TosoH Bi osep TSK G3000 SW600 x 7.5 nmm col um.
The protein is eluted. Eluted protein is detected using UV absorbance at
280 nm A reference standard is run in the assay as a control, and the
results are reported as the area percent of the product nononer peak
conpar ed to aII ot her peaks excl ud| ng the |ncI uded voI umre peak Peaks

Y. Y. o o e



ACA titer also can be determ ned as described in the European 87 Saint
Ruffine, France). Generally, ACA titer is a specification indicator for

i ntravenow® 201B4@dmi ni stration and i s not rel evant for PETHISAMIQNGITUS

adm ni stration of the co-formulations. Thus, for purposes herein, ACA titer
is not generally a determnative indicator for co-fornulations that are
fornmul ated for subcutaneous 5adm ni strag on. Cenerally, the ACA assay
nmeasures the amount of conplenent that is bound by the m xture of

standardi zed anounts of conpl enent and Erot ein (see e.qg., Palnmer, D. F. and
Whal ey, S. D., (Owgenmmhpracessafipseduring the highpencertragibn @Gicoimpakitioabor at or y

| mmunol ogy .( Ed . Rose, . et al,., Aperi.capn. ety for crobiol ogy, 10
Washi ngt on,l£§9dtﬁ%e %@&m%f)t.ep%‘?%’(f are ﬁf?ﬂ?&ﬁ?yﬁ%@bf’r (@ﬂﬁ]tnl y’?ﬁ‘@%hc Fi xation
Anal ysi's, QapspltBéerybpropiteRERtcsspadatdd fichh pRiViously FSRAP1 48 Blyield a

| mmunochem stry Ed.pE. H),IA Kabat and M 'I\/Eyep’, Thor?as, .Spr}?ngfield,
111., 1961)liquih’crea-poongasma 7 which ip prdesseyn theaexpsteptp eltpinghe hat have been
sensitized i ti. ith o | ] i ie e _added to the
conpl erant /P Snaan! G PRBE 7 AR S B g ARAng R ot

al ready boupgichlyy foleandt 20 ®i 25% Whe s&pea@ivelyl, falkavedddy sub¥éduent yse, rel easing
henogl obi n which can be quantitated as a neasure of the degree of lysis. In
paral | el , <enGifugation while dacergsing depperatues, sepaatatibediquist apdsolide The

control -co g e VAT i 0@y % The
differ encerigée(?éég%%l theﬁlgzsﬁfpawgﬁgﬁﬁﬁggg ’elggirer:f)i I&e’l?r{eﬁltlﬁe?esglgéead Q‘?‘gﬁg?ﬂ?é’ @00 % 20
| ysi s and tstepsperfomhedit lowntahperatnires; eypidalily 2go Brfigh uTsk filtratenie thxnaaxede of

protein equals the anmount of conpl.enent actually bound by t protein, or
Bt condl ereit PQ&W@W% o _CIHPt_eA%hy%eieiWfﬁg,stmﬂ%a@ﬁtosgg@ng t) is the
amount of - frglifile CPRARLFORAnGE lih YahdrAer SAilYe Of hl BRechARbATRB Lo ICoRAN
optimally titered conplenent and red bl ood cell/henol'ysin system

CGener al | y, IinnadedpthaipHeantiGAcdliol eondestratemsis atmste80 PyochitaBHSGs disselsed onsuned

per ng protei .. I n anaother .exanpl e, nol.ec size distrj ion, for
BxanpPe dudnt ditggsswish e deptHbE o5 R SORET RePectolyEs s G e VRY

co- f or mul atfileR of 8quibAent§asbbiiindediedrtiingd. Bybdas soRenl/dergb@nge in sol ubl e
protein in solution over tine. Amount of sol uble 0poI ge tide in solution

can be lquaritdatmen, typicallynysibard . b 30aEitgn XcHIO, 8Ss7ay(E/v) Sresenads agd0.8ncl ude,

for exanpl g S i r )

pot er m nat 1 4VS T AL EF RS el i s RIB I IRACh ERSRRRY
l'i qui d f or rahkr@hatogaphyranivh exchapeatirorhato grashyrphdEnanssiltegion8Birg) algy,tancal
ultracentrifugatjon to distinguish between that portjon of the soluble

pol ypept i de%ta%a’f’lap%vqo}%‘éé r aisequiyalgnt e UGB teBangtration thedfiltrateds t hat i s
present in f ' ' ls\,. P64 i f n a
further exaéﬁgﬁeé{?&glﬁgggﬁgg%ﬁ %o?/llcg#tp'%fgﬁﬁgrsnu é%%ﬁ‘é‘fngg% eag)g'sgfslg‘élglgby 5
heat i n¢0t hexhmpleshtbd uptrajduratiort is carrtedopemat casecttef willy aiCoperdchaohelisarpent  at

that tenperature for.four hours il e exam ni t he oduct r..visual

or eci pi t at 04 theuyabitgRioh aibns RassehdhinaLge ey b RetEst cuhast DR g
640. 10la (gr8vikRdorAedsi IUPR@pletidh oF th@ElhliAkioARIDf tHe@nb&ihRdis(see e. g.,
Fer nandes and Lundbl ad, Vox Sang 39: 101-112 (1980)), approximtely 2

m | 1iliterdliafiltaredbagagnst aPr2idMcgly¢ine badutiewith alowdpH.CTypealiyathe hours and
then the percent change in.degree,.of al.escence as .nmeasur ed recordi ng
the t r ans P EARE AEPEEs RHTTT C1F s BB PRl CeR P B A s el €

eval uatad (ssReiodlis CorldeftratB@tECNproin cdn&Bifat®B)f more than 2P WAGEABIGO can be
used to assess aggregation and/ or fragnentation. The density or the

r adi oact i vieng obthedipfltigting asd gonrentrgion pipessedhowHipfitheisdntion sgeiedcan be
nmeasured a % densi 9 i L\t i ng
non- degr ade t‘%)%gtélé% g) Jg'gh%éé?%rg}%l{tﬁ)gd&%%&% Cég((r')léenrn;alw@ %?pﬁ; esrogg{()?’ é? %%nat i ons
exhi bit | owdiwstedridgiise ovedd 0%l wivetk.g., @D.4ag04 egaty, avittathe et ttateeh byffany of the
above assays, for exanple HPSEC or rCGE. For exanple, the aggregation is,
no nore tha—]ﬁ"e OWUIﬁ@dﬁ’H}l‘es‘{lh%ﬁpléf%her‘iétel’i‘ﬂ)‘ﬁﬁ‘[?}ﬁﬁfﬁtf’étegng’&hrﬁ re than 2 %
no mor 8ot haflertbkhe RS YRAGH %{)ﬁfut@(ﬁo@ i%e 5#@? niicron Gr 348" ¢824 ﬁme%h}’fﬁ)'nght
protein, and low to undetectable IFevels of fragnentation, that 1s, 80 % or
hi gher, 85 i%septitdalyhdispenSeditt@findlicghinerOfor Yoaper keadjhey witB8atples tadkiegher, or
99 % or higher, or 99.5 %or higher of the total peak area in the peak(s)
representing intact antibodies or fragnments thereof For exanple, typically,
an acceptabl e 25 aggregation includes? 90 % nononers and oligo-/dinmers; <5
% aggregates, and <5 %fragnents. 2.Biological activity a.lmmune gl obulin
The ability of imune globulin to act as a therapeutic agent can be
assessed 30in vitro or in vivo. For exanple, in vitro assays can be
performed to assess the ability of inmmune globulin to neutralize viral or

. Y - . S A NN A o~ 1 A PN N A ~\



89 other biological activities of imune globulin. For exanple, the ability
of immune globulin preparations to interact with and nodul ate conpl enent
activati omopoudisedog, bi nd idiotypic antibody, bind Fc reCeptsers/0as4s

macr ophages, and suppress various inflammtory nediators including

cyt oki nes, chenoki nes, and netal | oprotei nases, 5 can be assessed using any
met hod known in the art, including, butgsnot limted to, ELISA Western
blot, Northern blot, and flow cytonetry to assess marker expression. For
exanple, the effect of imune globulin on the expression of chenokine
recept ors ofor esting hEhefinddistepds storing thel sealed centamersaat 30do 38 S€ferean usi ng 1 ow

cytontery (Trebst .et al.. 20 L J Neurology 13(12):1359-63). In
anot her 10 %&ﬂ%ﬁ&@eﬂ?&'%%c?%&jﬂ%ne gl obulin on netall oproteinase
expression in Wal%@z’rgbﬁﬁﬁa:&?dﬁlbﬁi@ﬁaﬁﬂ%ﬂﬂuluﬁbm@ﬂ%ﬁh ey MamifBéuang! ysi s

(Shapiro et al., (2002) ncer 95:2032- ZO;ZS‘). ) I'n vivo studies using
ani mal nodeprecesh RNGEPronentrat peerpseviowslnysedds purificatien apdoencentatidnvi ty of

i mmune @l obul kn. | .gl obul i.n AR e]: NI 0. ' del s
nrect ed witFas FTHRE E pRRdpE A SR ARt B Rl o ot
infection ci@adieitg3csssatld, matahinsa yw pHAR WK figaltfbenulatidie r Tically, the

m croorgani sns or_neasuring weight as a marker of norbidit The

t her apeut i cPrefycithavsra nraseimeongemtionof at b‘-‘éStc1§n%kYE€ia}§éVé%1§é%i¥"&/éfD,nﬁ ani nal

nodel s of t HRERS L1h I oyt T har I; [ e

gl obulin i S\Q@Sﬂgl dergﬁéﬁg&:ﬁ@%l%{w%a; ﬂrrlgg‘g?s}g&rséggh%%a nu?ﬁlgl art, and
ncl ude, but gt & ohich fifieskdinectiembd ofghmjcnsmit & inscotimietle
agammagl obul i nenj a , , skot 1 - rich syndrone, Kawasaki disease,
Qui | 1 ai - BaI?rF%"I‘EWBfg éﬂ?ég,“% Pe t‘bé}w;‘biéppgeenﬁam%f@s{ wewﬁ?f eni ¢
syndrome, MydshB a0Adnig]sB%tion, Ahi¥RebacRriiod B&aﬁ%ﬁ@ir@@ﬁitébg?f&rr omet al.

(1985) J I nmunol 134:2276-2280, Ellneier etaf., (2000) J Exp Med. 25192:
1611- 1624, Ohoaaid0d6dmidisiptions dosweng embodiyents], thed Seprivihales Bav@:a83- 89, Oyai zu
etal. (1988). J Med, 2017- 202 nsen, etal . 2002), Bl 0o 00: 2087-
2003, St r ony e Pegrler iy Bnf gl et SEgTa HEr T pe i3t etPrn o al
(1998) AnnahfaMhoh¥ adiniatstraidd adweH 6 &fmpletdilufibRéasasSpertlit intrd0&Hus A i n.
| mmunol . 94:75- 87, Sommer etal., (2005) Lancet 365:1406-1411 and U.S.
Pat ent 1No. 7ads@igisgatin. 30b. Hyal ur oni dase Hyal uroni dase activity can be
assessed using mgt ho I inthe art. In one exanple, activity is
measur ed usi ng gf'n‘i c?%tto\é\g%ﬁ%‘?pgﬁgssay. This is based on 90 the formation
of an insol ubl e Pinagpwifial & fdrenldipas mustbeprepardd ko retksin wetiitysefrthei@l bum n.
The activity is measured by incubating hyal uroni dase w th sodi um .
hyal ur onat eAndryqld fxsaistveagetpeatien: HpakstopagrobthedC prepwrafignsy 28883 9Rut es)
and then pregivRitialhi di ds[ggif Ik - W\ Lidg,-addi tion
of acidifie sbgr um 51'23?%1{[}%%@ kﬁﬁ@ﬁ%ﬁﬁ)l i’tdglyﬂgg@{@ke’ resu %(?Mn%ébganp eis
measur X)) atstéilizingeadipients @n adydstirig thoaH cofdhekadptiemt peri od. The decrease in
turbidity resulting from hyal uroni dase actj \z%fé%/_ on the sodi um hyal uronate
[

substrate is a neasur® of .VﬁF‘HFﬁ?ﬁ’ L& YR ¢ activity. In another
exanpl e, hyal ur oRivlRSE iRGeds¥ kilestabilifYRATGN REpA#atidHE tRatTh GeRlnb®h iABRAY N
whi ch residual biotinylated hyaluronic acid is 10 neasured foll ow ng

i ncubat i on a isho hgdpietamisbiwifsexsipenys tohe 46 paephrgiay: Kifovaogicipiaals.

Bi ochem 251%612§§'b2§9f Lg F .Pagent Publ ilcogt iaon Ngci s20050256011%62>'1 Th(raS free
car boxyl grouB ‘on ?ﬁé’blﬁ]@ﬁ hicCEH Y Y E i R ofi ’Iﬂ/ngfl%r% e PAT T ar e

bi ot i ny)sat efhd sarfdcthite. BbOédamplAtES. Patahtur, 499 €73addsehitsdshtdbiladatioh &s goval ent |y
couple to a mcrotiter plate. Follow ng incubation with héal ur oni dase, the

resi dual bi§sulheli ignisgtreneth and aHof the gerage solmonaPel atent $dP2Rk24dlisdossy an
S . . : o
Fenct on v heaSEos Ak yftho RREoSATRANEL R b BB Dafel e °R o30S (o

measur e hyapreparati dossblastd s4fé Yorataagaa R SRODM23iand VR 7aR863ndsdtese the used in
the nmethods herein (see e.g. Delpech etal., (1995) Anal. Biochem

229: 35-41; U5hAEANDe and/gy lysing m@swa(/‘alnaﬁ. togiSat: He Rreparsions to achigve loggrne
abilit f Al aghi i: j | so can
be ass)gso(s)edt.gl)fIf:};(%tlralr)ig1 a?r%ﬁlg? &?rrn gg@;\ﬁ%@g@@, gﬂégﬂ%@_’;fl%l%&%gﬂ%ﬁgg? g’r@ousl y
wi th or w tdoadoctiw@dl(lesothaddsemha), pH 512 té at7emdlopsiknallyoonee@aho®i de of nude
m ce. The dye .area.i .he sured, su as with a.mecr liper, to

det erm ne t%’g" Sf’i"?@u‘h?g ﬁ§§fﬁ\“€ﬁ? Wy 3§€“rﬁ¥f‘ta“§§“%m§ﬁ8 é‘éﬁ?‘%&%‘gént (U.S.
Pat ent No. 20060104968). 253. Pharnmacokinetics and tolerability

Phar macoki netic and tolerability studies can be perforned using ani mal
nodel s or can be performed during clinical studies with patients. Animal
nodel s include, but are not Ilimted to, mce, rats, rabbits, dogs, guinea
pi gs and non- human primate nodels, such as cynonol gus nonkeys or rhesus
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20adm ni stered in the pharmacokinetic studies to assess the effect of

i ncreasi ng or decreasing concentrations of imrune gl obulin and/or

hyal ur oniwia@=e11/a34¢ohe dose. Pharnacoki netic properties ofPCIuscubamseus| y

adm ni stered i nmune gl obulin, such as bioavailability, also can be assessed
Wi th or without co-adm nistration of hyal uroni dase. For exanple, dogs, such
as beagl es, can be adm ni stered i mmune 4359l obul i n subcut aneously in

conbi nati on with hyal uroni dase, or alone. Intravenous doses of imune
globulin also are given to another group of beagles. Blood sanples can then

be taken atteabes heqddition ofeihvdeopair maeromeisghle, apolyehundangthspprateinita t he
| det ep . o ; he
Phe br oavar Taites gt RGeohlp HRACRRERLIR vS St b Becbur 1 o ™"

adm ni st er edabNiZdiion @f otomid Selufiorsyal the additlas 6f famolRiddg0rteiomert.  Such
studi es can be perforned to assess the effect of co-admnistration with

hyal ur oni da¥cige) 9HACRUHR dstergeatsipshspibateand REG; HS 413124 disepsest y, of

subcut a ou,%-* 104 St ered. | } . j.es to assess
safety gﬁd to gggﬁlﬁ%yﬁlgﬁ@éﬁ%ﬁ%ﬁglﬁpwp ?%%5@%073%5 c}:oggygiee used herein.
Fol | ow ng sstdbilizationovith madltose] aid aldittonallf, glpeinas @l dbLUS 4,368,660 or w t hout
co-adm ni stration of hyal uroni dase, the deyel opnent of. any adverse
reactions c‘il?f’tl?fés H’t?r'}fs?&?éﬁ‘mfﬁ&(}gf’%%c AIBLO S s‘oé@Ha‘itﬁ‘@{’ﬂ’(%?nBé_tA’e{pe not

Lim ted 0. propdaheRft | RBbIE hifid BARbIANR ch UKD RprefifePughe SABLIdtes hPadache,

fever, fatigue, chills, flushing, dizziness, caria, wheezing or chest

ti ght ness, ameagueeys mediumiwigh verydowsonibawéngtiaamd a pHadt4.20a(UhS. PatentiMo.cr anps,
sei zur or si ons, . changes._i re and anaphyl actic or

sever e pe‘f’gg(gé(ﬁ)io&iat‘va# sap%‘ﬂgggor}ééﬁg}gpﬁwﬁzﬂr ange of doses and

di fferent dosi ngDim& GRS fAGSBSar AT AsdIRh BE chbAtrd QL. Tk @kympied 10
tolerability studies to assess the effect of increasing or decreasing
concent r at i Bi¥s Patent Noamn@7 g7 Hhdis¢lases A6/ nyepangticngs particidardy liguid ipeepaeations,H,
METHODS OF &gg@&l\gme @ND ;I'HE F?EHIiI CtagglESrsa ai ('ﬁhee & h .alnur[%ni dase

co-f or mul at 70re" de8eF P& hEPRIRM SR SR fnrégf ™ of S§my condi tion
for which idnmphighigt sfavilizersiiscledehioydtc atima ¢ts Horigdtdls) ihpafticidarcan be

admi ni st ered subcut aneously in co-forrmulations with hyal uroni dase, to treat
any condi t i BFPtNgEYds, and iy i sonjungtiog ayiibaming acklsibavinganghasged i n.  Thi s
section proyi SR BhaasYe b I . I val . i :
co-f or nul a'?;( ﬂg%?ﬁwl t slaglrr%’d%%'é? %%gﬁ%i%xgﬁe’?ﬁgﬁﬁog}ﬁygﬁgl}ﬁg’nlly%lggéég%%??ltl)nrenuI ations
provi ded heandivalinan be used i n nethods, processes or uses to treat any of

t he di seases and 20 conditiQns described bel ow and ot her di seases and
condi ti ons known to ofre ofPEkill in the art that are treatable by 1G In
particul ar, SUbCHKeaI@?&'é?aﬁHHhsné_ edirbpePby fdfhoAO kKhOWAHM BlelafSuchSas

contenpl ated. Dosages of |G admnnistered i's the sane or simfar to the
dosage 28dni aniysieserihgd hateiavennarslly hamgvemtharpH of thedinef prskération s t he art. The

dosage regi ng fr ency.can.vary . fromintravenous i descri bed
25 o seior Bape LT hiER il bE B s BBRMER 59 720 S BT ar y "
do not | i myeeh fsundnpitith@pHATIhOimhbee gobiadsrefaaasn hash ikpoetafit factor ~ For
exanpl e, co-fornul ations provided herein can be used to treat immune

defi ci enci e§lagiye tp the Igfe imanoyndr spitgat efdhe Bndiupduct. Sgreraly 2 peragEd

agamagl obul j i 2 g@m | 1 k 3, d pr Qi sed

30i nmmuni tyuikzﬂon I t%q%br#s?%?)g cond@r@ﬁ;ér#%ﬁghgé‘? (??:l ggggg}sc)efqtd%rg@%p%@{%ali%se
featuri2sg |mwstanbldodypH evRb s 0.2 nOpamahpHriy obtathed blydbimulagorlicskigess, and
acute inf ectilﬁ{g‘?s. Theéape tic uses include, but are naot Iimted to,

i munogl obuf¥'h<ReR fect lll@gntt%?répﬁora‘?i‘émpllﬁrﬁ%%bm{éE?’i‘ B8R detERISY £ or
vari ous 1 MsalpgiccalsioR SISO ARL AR deiBfHARIRGE Mo o REAAMBR:Q'dhta and
dermat ol ogi cal and/or i1nfectio I'seases and conditions. In Sone exanpl es,
i mune gl obakicompemedntiterssifehe dariansguepreations hedérndiffereng pld pondidonn heal t hy
patients, ch fol |l gwi ng possi bl e exposure to 5infectious di sease (e.g.
acci dental ‘meedl y%lflf‘_lﬂéd??ﬁ ury). |G co-formulations provided herein al so
can be jgsed for pbeabd AGeMUrkisRbf &ClfothAkkisnd ERARING! ilnmiRlRB8IiAEnd gM tTi ng
mul tiple sclerosis or RRV5), Al zheiner's disease, and Parkinson's disease.
It is withihyatlunenidise) typishlln atsokibtd malybyidass diyalwondestsiary memblrsdifseases or

i i st or b Rty B R o SBbAC bR ety PR ed P eat ment of

t hese di seases and conditions. For exanple, other agents that can be
adm ni stered include, but are not limted to, antibiotics,

chenot herapeutics, steroidal anti-inflamrmatories, non-steroidal
anti-inflammatories, and other i mmunonodul atory agents such as cytoki nes,
chenoki nes and growth factors. 15If necessary, a particul ar dosage and
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determ ned using recogni zed nodel s for each disorder. Upon

i nprovenent of a patient's condition, a maintenance dose of inmune gl obulin
can be adwoDnostss@d subcut aneously in conbination with krgaiuscanioomse, if
necessary, and the dosage, the dosage form or frequency of adm nistration,
or a 30 conbination thereof can be nodified. In sone cases, a subject can
require intermttent treatnment on a | omg-term basi s upon any recurrence of
di sease synptons. 94 1.Primary and Secondary |nmmune Deficiency a. Primary
| mmune Defi ci ency More than 80 primary imune deficiency di seases are
recogni zed WW‘\M@WN‘@&@H‘HWQ@W angtq ajoneenstttent of the gerstitial out of

10, 000 |nd| A sic

det ect i n e AR ey AP SR oF i SO RICark Gr DRBRMURESL T ¢

pr oduce anymwrstﬁmbbl@ﬁe@ﬂyalbﬂﬂﬁ(ﬂie boedre tHe Visdosiey bPyaluronietabRy, tHeasss
cellular defenses to fig infection fail to work properly. | mmune globulin

can be usedngr@a%%arsuﬁppmmapl ltmrﬁﬁéuﬁbméﬂ“m‘}asﬁﬁ hayedsen B%%\‘y Aefici ency.
Thus, i { cement

t her apyrg'[r(ldl)nﬁg%ll;Hp(i)ér’)rtH S a% fe:éggln Qﬁls\fﬂ Fyh@sféﬁgldl @gﬁ%%ﬁ%‘ﬂh#%&g ﬁgésapri mary
i mune defi mdqmcueﬁs t@elmanndﬂﬂremchsbecbmoaﬂbdéweﬁx eiiqenglary @ff hyaluramidasesmune
defi ci enci es&ﬁncl rgl@l but are n vari abl e i nmune

limted t nmo
deficiency atiops B’QVF‘{}A}@E‘F?@TW 13%“98’6]@?6&53 defi ci ency,
X-1inked agammgmwhﬂenﬁ% ?eﬁéhﬁ)lassé@&ﬂ(ﬁl&@fﬁﬁh&@%hﬁﬁlﬁﬂﬁn H%mfdn?daga!
(SCID), 15 conplenent disorders, ataxia telangiectasia, hyper IgM and
W skot t - Al dractégiel kyalutonidase andrhyahlrgmldMI from Beeshes; othedparesites-ahdr mul at i ons
can be adm niétered subcut aneously to patients with primary imune
defi ci entcy GPERFERE with antibody deficiency at doses simiar to the doses

used for 'ntraV%@HﬁlaﬁﬁHJtWesﬁfaﬁrbﬁhﬂa&fs (Emresg} ARLhiIsp- ﬁé@&@i .ary doses
i nclude, for exanple, between 100 BW 20 and 800 W i mmune

gl obul i n, chexpeaminidesss thattyrradyzs the é—dbglacqsahc bend ol edarbmtqjecr eased

as can the fr t.he, dose de e din t he clrnr onse. b.
Secondary | rrrrun%gﬁﬁ%/sfugcrfh ndgle g@’dﬁd hrag,ote ?Saﬁ%ci’ﬂ'lgfs and Rexashed ad’e(#ef Sﬂ?ﬁ%’cy is
not the reshivt both hyahﬂyuut am&ﬁggmbslaa@thmﬁvlﬁeé iahtl@8n dé%ﬁdd’l@taﬂlﬁbn&lﬁCur s in
i ndi vidual s in which the i mune systemis conprom sed factors outside

the inmhine elﬂsobemroeaaﬁrifreg (ERb |ge@~eallb§14 Siand GoS. |Hﬁ1rreald@@s of r thisna,

vi ruses, gg;g@ ci enc
syndrorre (A @@@%ﬁt&%”@mt&ﬂg l@%g%rﬁgfgg&slﬁn@%g%&ﬁg)fo {é%z cy dbsorder/
caused by aNOBrlsandtiig rimwsarﬁSEQrﬂDrﬂ‘d@Gfikl‘,emy pig (SEQ (BINDS:20¢213ahi ch a

anot her _oxanbieD RERCEAFay) o e‘i@%iﬁ&éie@é&%&% [ TGS
| ynphocyt esandizg) %%g’i@«ine('smfﬂ) RO: .|29)Wc Ay (I'S@@kaN'd‘z@eE%ml%QOd and

can occur 95 in patients wWith chronic Iyrrphocytrc em a mul tiple

myel ome20( Mg (Wlﬂdﬁ@ﬂﬂh @dlh}dmhch}'alwmaseand ot her rel evant rral i gnanci es

't of th ted t | at ed
manosuppr essi GBS VO R Rt B e BB E € el ondar y

to such herfﬁailﬁbDeGit106,|pr&idﬂﬁhhﬂ[},afb€1h@$nte@ﬂ%ﬁl ek tRBE aR@héi@AtGvd, ecei vi ng
post - hemat opoi etic stem cell transEI antation are susceptr ble to bacteri al

i nf ect i ons.Predpmigantifound yn prganusisnar thedineni Eyemplananrgiay agtégponsi bl e for
the increa I in these
pat i ents. - oaho sl i UETHAL AR BurTR Riflictoko FitaRARY ok

St r ept @soc alifferenespevios aﬁ:,h dsl&e/mr(ﬁlEQJH) Nm tlbebd‘aﬁe (SEQ IIStMphyb aedbccus 10

aureus, as well ionella and No ia spp. are frequent bacteri al
pat hogens tmaﬁﬁ%&gﬁ@um ﬂ?l&nrfhPHa5 Ke?ﬂ knayrn s T AM 195 sgemm sr&acec

i nfections syeh A2 GENEWRENE! biadRA 8 e p1iBhem¥t and mycobacteria
al so have t}ften obsedere Theglﬁu?r%ﬂr and:pseverr ter{/ﬂéo ESﬁdfsectr ons in these
patients cagiydmy&hgsphﬁuu@émmdsyto} €cRig enichoy. ﬁdsmatusailryanvqmecbm spemuHegg gl obul i n

(Giffiths Bl ood 73: 366- 36 1994 Lancet
343: 1059- 10%5?5’0” an Sn)a gpgenRLDY FRﬁ‘fﬁ]rFé“g‘F l%ar 9 rfj/?‘ﬁl}’zl‘l‘ﬁﬁ Sy lihe

co-f or nyyl atqun,sorgagCIQe adm ni st ered subcutaneously in such patr ents to
prevent recurrent infections. Exenplary dosages include those used for
i ntravenous adniBgsgles htinam PbI20i(adso tamgd SPAND), fioe hatluemidaseilika gaoepui r ed

hypogammagl,obul i ne dary to 20 he i i i For
exanpl e, cd ?#’ ?F&H%Zi ﬁhﬁqﬁ?%%en&%gﬁ}@oﬁ%)g%bzw&%@gigBﬂﬁ?i n can
be adm ni stered subcutaneously every 3 to 4 weeks. In a further exanple, an
addi tional dose of 400 ng/kg BWcan be admnistered in the first nonth of
therapy in cases where the patient's serumlgGis less than 4 g/L. The

anount of imune gl obulin adm nistered, and the frequency of 25the doses,
can be |ncreased or decreased as appropriate. 2.1nflammatory and Autoi nmune
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Kawasaki di sease is an acute, febrile, multi-system di sease of children and
young infants, often involving the coronary arteries. It also is known as

| ynph nodwo020syu3déoene, nucocut aneous node di sease, i nfamCirlus2q@oloymaseritis
and Kawasaki syndrone. Kawasaki disease is a poorly understood,
self-limted vasculitis that affects many organs, including the skin,
mucous nenbranes, |ynph nodes, blood 9§ vessel walls, and the heart.
Coronary artery aneurysns can occur fromthe second week of illness during
t he conval escent stage. Although the cause of the condition is unknown,

there i s el iahEd. LPhis apespdeseas, andiRY 633 (SEQUIDNOs3’]) has nptbgenan i nmune

reaction c | -cell. e I { nown 5
it gen SoRPRAGROGES SHhmte ALV AR RanEh AR BSHUEH PR Qo O
formati on Glolypeptiderdet fisreh @sSEQ IBINDBRRIsi aadhoaetditinade dnd 8xXiabis hscl e cel | s.
In genetically susceptible individuals, one or nore uncharacterized conmon

i nf ect i ous 25HEiKY oWasdshyairgnag. £ Ak Greesar polypsptide sat Jorthin SEQilBger t he

" I I : -t . Y5 t
10° cor ofar W OrL & ROy BER RERAE s AN knd PLEB(ERANLO B AARRIE S P Even
gl obul i n/ hyfaith innSEQd®eN Oot)fio theipratotypical hentpahiactivd enzyirich Acidgaitive

i nflammati Qn assqc¢iated w t saki disease can aneliorate_ synptons.
Exenpl ary gwé_ﬁlg@gg?wsma% ﬁé@@%@ﬁ. (RESCHPERBUYPERS eriesiordiifon of
i mune gl olyfch I INDBY &Rty cHAVRS Afivity o RERE p i.egl?(lag?.:)}%r a patient

w th Kawasaki di sease” can bé 15 adnini steréd about "1- atient body
wei ght of iexample, HNGHlUl has litilhicatakytin abtévitydiri wire beerged] 4f5o(Frestangl €,997h f our

doses qf, 40 kg, BW T or, f ive days. Lln another. exanple, 1 g/kg
o e Pah b hendsig s 285 2B 8 TREALS i wialEanhlb SOTmeith RENISer  oa.
The amount sgécifiBuEREtyGh GG, I TheaAlutbridReakeCAPyEs ¢MCIRAEhaPictéBeieased as
appropriate. 20b. Chronic Inflamratory Demyel i nati ng Pol yneur opat hy

Chr oni ¢ i nfaydhesetwhigh aeergeapialsattadhed &0 theqlasopampmbiabed® ai s a neur ol ogi cal

Funct i on | RS PROBRAM NGRSl GRBb e BEBRSSTRREAL IRENNERN RERRCLY

chroni c rel(Dasilkyiteh! Magksanatadl 2003 Rraddkf Amddenogd. 160(8)145808), hid sheat h
of the 25 peripheral nerves. Al though it can occur at anyh’laﬁe and in both
gender 4 Cithysejwhighate geperttin SWH"S?@H%Q“WQ‘SHYM (Frostehabdd @980 t han
wonen. |t ; ; tfat i nclude tingling or nunbness
(begi nni ng%%g{bﬁgélt%gg)?%ﬁg%%é%%?Qmaﬂhess of the arns and | egs, | oss of
deep tendon refllexes FA2@f | exia), fatigue, and abnormal sensations. CIDP is

closely rel ated illain-Barre 30 syndrone and is . c i dered the chronic
count et part of (A0 HeppRiereaiaaion paiiESTi Gy 1P ERd B NP Hos i ¢ oot
but char actigkbshlifidase thatdR)dré1PsbstROPT —&Mfglycc;sidﬂéjb&ﬁﬁ%ﬂ’}?}laﬁlrghi%tgl%fal%iosh this

di sorder from other inmmuné nedi ated neuropathi c syndronmes. ¢
St udi e€0i ndlavaeeoligesacchardg lengths sndhtasitetrasaechgtides dridrhexeshgclagidey.npheyrs (van

Schai k | . 2 | . .1:497- 8). h i ) )
o ol o nlae bER Tt AE S PR b osidis? ALRE angc e a Slursets a6idous ¢

to pati ent anglchsRitbitingulthiel) st 05i9¥hdld& STRHDO gsnAdeaiy ibedvdiene n.

Exenpl ary 5 dosages include those used for intravenous adm nistration of

i mune gl olsBeegHagwsionand ajdstenetration bysperme obthgrpyes of sumatussgds By t h C1 DP
is adm ni st . 'ngp i C : sly, in
conbi nat i orﬁ%ﬁ(;ﬁﬂgﬁgégﬁrgr%b%c eislgﬁ\éqakills) canSJ %%ﬁ%?%?%?é@fl?ggyexanpl e, in
five dases Igdosdf8-detyddadddVonty, whiekeat sdanad tid thedntka\nsrosémal membrineof 1 nmune
gl obulin adm ni stered can be increased or l1lQdecreased as appropri ate.

c.Gui Il aj n%@n@yﬁwswmaﬁ hyaIHromiase agpntyr e af nevsrah wh@amer

aut oi mmune di 395 9Ehetn P 1a9F @q‘gpgt Semvel i Dakh o L Rher al
nerves. Thea first sf}rrg%/ag%rs I nc ag le; % ryi(P,%11 degrgé%&%a%akﬁgggltlgr (l?i ngl i ng
sensat i ons bemgtateyalwgsidaseh PHRO @iso appeaath beoa désepthe fartin-iaditedpplér body.

These synptons.can increase in intensity until the scl es cannot be used
at all and Sﬁ?éh%%ltaf‘gﬁtre‘fe?“gltj%@{: P %fflf‘fylldéa?ilaw%gag %ee%‘lﬂyﬁ' ng in a

i fe- t Bpeat eni ngzeaitirip8o blliRBudE BAMEE Kol AmAERSs HuhingBReub: Compl et e

inthe mpjority of patients, persistent disability has been reported in
about 20% @blypkptideaset &mthsindiR() d2aNG: 1i mathire polypeptidsfsepturthantSEQ ID NO:

Quillain-Batre s ) ur,.a y.S., Or .we I tons of
a respirat 5’3}’06’} eg@?% ﬁ@sﬁiﬁﬁzﬁbt\ﬁ (%gl(j WN@&%%M“%?@%@@%P ﬁ@gs
surgery or vaccinations can trigger the syndronme. The di sorder can devel op
over the course of hours or days, or it nmay take up to 3 to 4 weeks. A
nerve conduction velocity (NCV) test can give a doctor clues to aid the

di agnosis. I n sone instances, a spinal tap can be used in diagnosis, as the
cerebrospinal fluid in 25Guillain-Barre syndrone patients typically
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30subcut aneously to patients at an appropriate dose of 1G such as, for
exanple, a dose simlar to the dose used to adm nister inmune globulin

i ntravenowelzgitms4gat i ents with Guillai n- Barre syndronePCEaS2exanshe, a
patient with CGuillain- Barre 98 syndrone can be adm nistered about 2 g/kg
BW of i mmune globulin, in conbination wi th hyal uroni dase, subcutaneously.
This can be adm nistered, for exanple, 4on five doses of 400 ng/ kg BWfor
five consecutive days. The anount of imune gl obulin adm nistered can be

i ncreased or_decreased dependi ng on, for 5 exanple, the severity of the

|
di sease and?PhEYapmalesamankeptHEQ IDNOHADagyineapiecREQAR NO: B@ait y

eval uat ed .5k ' JPreY ' g ocytopeni ¢ Purpura
| di opat hi cb(ismgcby?&é% {é‘g‘ﬁ%{@%ﬁ? Pg?:‘)ﬁb gpgg%ﬁg\%ﬁ&%s@pri mary i nmmune
t hr ombocyt openi cBeuingPH20 &dl5$3dminoutitpretirsargadgeptige (8 EQ pDMpOsa). i s a 10
reduction in platel gé count (thr onb%éyt openia) resulting from shortened

I

pl atel et surlignmnt gf ovipe BHZP withythe huinag HiH 950 ws onlypeeakdomelegy, Wilunt s are
very | ow ( . . I LRg: gl i mucous
rermbr ands. caoripleTAps BRI ol AL 3G PlotnioiE B LR e Teei sy i
pati ent s witetminiTédud to thoalskndeoafiacGPI ynchor inethe bbvine polypeptstednexesg., Flst e i s

ddi tional jpmaj t 15pl at el et t ted t tibody binding t
a1 yoopr ot ei GLCON R @piar Bris dfct 457 MRl loet CREMeshobive Paha ncut ¢
forms. ApprgieRl e Mnﬁ?o%epi)md%&ée%ésiae& hitmbBaY eThIEPADE BBlyBedtied OF the

di sease. The highest incidence of chronic ITP is in wonmen aged 15-50 years,
al t hough samreduceg dronsowing ged bovine natusillygxist e stdnble foimsh Thyegh bafne s

| ati ve| ' tients, wt V. VWiile |TP be, f ound ,at
2051 agetor TR0 prrte e dhosel rishis o et eritbind 3 AP AiRER434e A0 ances.
St udi es haV}ﬁlO@?f_ﬁ?}i@ﬁidS@hﬁﬁvé Brddhot %meﬁé el (zooqtﬁyiobﬁepb%gdés(g):swas).

patients with | TP (Godeau etal. 93) Bl ood 82(5):1415-21; Godeau etal.
(1999) Br. This ppignafasture ebbgvine hyduwnidaperhasneryitisdthe nyernfghesdnblgase

co-fornul aty QF d.nj st er usi i at an IG
dose sim| aﬂroQ}}ge tg ﬁgs I%é%g@gg% %n%)’%gé%%g%?{sr%g?& c?ﬁ%cr?iegsgqo@gﬁcﬁ%éi ntravenously
to treat palysme®)W th | TP. For exanple, a patient wth I TP can be

adm ni stered about 1 to 2 /kgl;{ BW of i mrune gl gbulin, in conbination with
hyal ur dri dase, slwm%gq RN, itrgngcaipt grenospially trandpted togaerade 9Pl days,
or can be agmi pi.s; | ﬂ%@g i 44l : 400
ng/ kg BWi mmngaglpg%ﬁdlalrér??ggwgg secStEI %ﬁggéf%@@gﬁgﬁii%%@gg%??%%& her 30
exanpl e, 1 smhuencBuythe Nathminmmiust(@mas dond refidBe positienul-3§rpardiby 9 ameweavi ng on
pl atel et coynt and clinical res se. . The, apount .of i mmune gl obulin
P ni st er civeasanesRb R ifosh Ay fishotg uEbmeRt L SRR AaBE BT | decr eased
dependi Ny aBsmih@d (aBHAGTREA resi@lR Psiodk 401 500NtrhaRshthrBPHEI0 i8] thadefdrgsPonse to
t herapy, which can be readlﬁlﬂi/ eval uated by one of skill in the art.

q

e. | nf | &9%matbihamipe peid pobpepidd sehfartiomn Sk dhNBi2e Sollpwing tganspert of theuscl e

di seases involvin he 5.inf]a ti,on_an eneration, o | etal, nuscle
1 seues. rSeRdtSalBEnd Qb SRR R0 TSGR el e . e
weakness anGPl-fteachimestesi@rl péptate ib blchadumatfadilitateesnaratatichinent sfheGRUSCI €.

i . Dermatonyosjtis Dermatonyosjitis (DM is the nmost easily recogni zed of the
i nf | anmat ordncher teflsoravHydermardeCtermipal amiae apidtat the amign acidiposiopccur s as a

pat chy, dus j NN I | bri dge of

t he nose, aérflgéres no(?ltq Icﬁygst Eggliltlé}rl 4gg8e§1% rg%r%&go%\%ﬂ}%isﬁég%ﬂgﬁ?%qwkI es. In

sone patsi ent®;1. Tahgiaf47d dinting utid GRIFankchodd medute pobgpepedewiah anndeno adié ski n.

The rash often precedes, I akness, which typically devel ops over a

period of wWEBKIEC Bﬂgomwngéééﬁ&ﬁmg&/’érpr%%ﬁs. or even 15 days. .

Der mat omyositi s @&n?ae&w otfiér r@%r@ﬁ%aie"s%bﬁhldg%@%ﬁd hen@dinbheod, and is
ema | es.

nmore conmon in f es than Approximately one-thi'rd of DM patients
report dif fliyalirenidassaahdl owiuse). mdvikey antl gnired pig BH2¢ HivldmetH24 ¢dntddvd gonpl ai n

of nuscle pain and tenderness, while.this generally occurs in | ess than 25
0% of - adul ¢ ORI BRIOTS8 SO RGT RO Ptk 7 conSers YRS SooEik ATTHSE not
have th® chauagier st o/ Basthef, zde.rsrr@m%%é ténsedRd alfifo AA&EMcRidemuscl e
weakness usual I'y progresses slower than L Many PM patients present with
di fficul ty four eyakeineowsidaes that foondisubsdedridgss at dminpatidansidues 250 18%ve

difficulty eat, hi ue to musgle. failure . 1e-third of PM 25
patients haz\?)ré3 arr}ggéﬁ'gn g‘gisﬁque’?ﬁ%Oﬁ?@@é?saél&la?stte@ﬁi lﬁgﬁé %h@ﬁst han nen, and
rarely affects people under the age of 20, although cases of chil dhood and
i nfant polynyositis have been reported. iii.lnclusion Body Myositis

I ncl usi on body nyositis (IBM is very simlar to polynyositis. Onset of 30
nmuscl e weakness in IBMis usually very gradual, taking place over nonths or
years. It differs fromPMin that both proxi mal and distal nuscles are
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100 weakness of the wist flexors and finger flexors. Atrophy of the
forearns and the quadriceps nmuscle is characteristic of the disease, with
varyi ng degren3edfo4weakness in ot her nuscl es. Approxi matrelryushabfoorshis t he
patients afflicted with 1 BM have difficulty swallow ng. Synptons of |BM
usual ly begin after age 50, although no 5 age group is excluded. |BM occurs
nore frequently in nmen than wonen. AbowQ one in ten cases of |BM nmay be
heredi tary. Studi es indicate that adm nistration of immune gl obulin
can benefit patients with these inflammtory nyopathies. |mune _globulin
can i npr ovelcpieradiag terpgidyes PRAZGe23 handhain thaseguengead gaunepedases

pr ogressi o { ) ak; ) .

329(27) : 193@98%3;%@ gpa@%‘gﬁ‘lﬁﬁf %88‘% ﬁhg&%é‘?%éﬁ%‘%ﬁ%%@é@yg@%g? akas
(2004) Pharandatds1Tdndbetwlddn((241a0d-(23 8 tWdbiine theaoreahyalyrafid@ye domdigur oL
247(1): 22-2%. | mmune gl obul i n/ hyal ur o,niéjas co-fornul ati gns can, be

adm ni st er dAOYEYERIIHIOBALEXFLAIRLESAEE FSMITE W'S‘ﬁ cRiboX prarBRnusERg Butial dose of | G
simlar o : 1 1.0 [ § i RN & . For
cxarpi e, 153 RAAIE Sfinfy SRR kb hITL36 IOAORE SQIDNGIRIN |
over sever ahe dayimallyuctivabymioPHeR dypluenniddse dothare @ fafthdOfdundisdgidBW on

consecutive days. f.Lapbert-Eaton ast heni ¢ ndr,Q L rt-Eaton
nyast heni pe‘é‘iyﬂé?'ﬁénf‘?_ ) epryt c_ryét_F cattt ‘l‘%ﬁ}ﬁé a&_fiscg?a'etbeweeﬂgg%gﬁﬂgcul ar
transm ssi qi4§9; betweeR €A I148 ¢ 4ab1 Qi&@éméfed B4 9EHRCEH44 &ﬂh%&l@péﬂiﬂﬁ 20

cancer, and subsequently in cases in i ch no neopl asm was detect ed.

Pat i ent s wi ¢xiemipkified im$SEQADPNOs ¥ ifeptdspomting trmesiduesa®34 luanck CH2; betwesen. The

di sease | s acterized clinicall proxi nal | e n with
augnent at | oﬁy‘% m@t(%%gﬁtwﬁ? gﬂr“%&?@g 8%@’ mﬁﬁeaw 8%@%%0%%@99??% depr essed
deep t endonnptd ?&gﬁﬂ@s&%ﬁﬂ%E@Yﬁﬁ@@,%@!&ctﬁ@l%. mout h, consti pation,
erectile failure). 25Subcutaneous adm nistration of immune o

gl obul i n/ hyal ur oiaddioncether enmseiivad residnes aredikeleinyvglvigll ihsubstvgie banding
aneliorate s . enpl ary. d es .of 1.Gin.th -for hons i nclude
t hose used r%i;g‘)‘ ?a? Srsav‘gﬁbnusacé(%yﬁsh|u§$gtaatn|n§ﬂ a5 plorsrlrtrlﬁ)ﬁglgﬁoltl)% ﬁ’lg? Iéé%% ients

Wi th LEMS. Frcoepspalding ta redduesih SBQ ID NEYB appear hebaianvives irethedctlvigy kg BW

of imrune gl obhulin over several doses. For exanple, five 30 doses, of 400
my/ kg BV i nefi&2 Gy pigse mutation at these apsiton readers thsengyine despidad snzxraatifays. The

amount of i i 1AL, S LRE ﬁﬁlﬁ?d as
appropri at em{%gfgigeg%ﬁl?frg%a ﬂbﬁ%‘gﬁﬁﬁe:}r opd;t?h‘?/ﬂ K/l’iflit ??%ggfm%g%r neur opat hy
(MWN) with thenduations isebleqr i rsnger dcQP7)elun dnBinehame 24t &D-84H)yel i nat i ng

neuropathy with sl owy progressi SS, scicul atjan npi ng,

W thout o) gni 11 cHEe et sBuRpGtra PEBR Sy BOPaEn 21501 TAPERNEE or 1 of o
di agnosi s rROGENICRONBSE LR o RIMAPHID m&rgﬂiﬂéa@n éégymm@; 1TheuMiRCT se
cause of MWN i s unknown. Hi stopathol ogi c and el ectrodi agnosti c st udi es

denonst20at ebande fgymelsasween bk clysteimedenigussiGod and "3l canghbstvedeniGi2drapnd Mot or
nerves are iJrard Ly .affecie al t hough .m L d denyel i natjon S
denonstr at e@ijl gr;r%sflgﬁlg g}eycoﬁ%f)\’fggmgé&%#&alﬁf $’in8?i(%€l¥%0f a‘ﬁ“%r%fﬁég r?% g Lﬂflag?gjr] y and
I NMUNOSUpprigsNOYE cdiflaih lte@inifEftalll Weti iehurbAPPER 0 Syili®nidae demaial Mrlgnketd MWN.
Titers of anti-GML anti bodies are elevated in over half of the patients
with MWN. Alyersiilghon pide Not 99 ismot requiied for grapeaAyalyimidase a¢livitye di sease in
unknown, their %.ese%&gﬁﬁq{g}?upéﬁga&s a di agnostic marker for MW

[

Subcut aneous adm™ni strati on nmrune gl obul i n/ hyal ur oni dase co- 15
for mul &5 ons t o Qeierahy, shedyahurbhiagsin therethblo catfermsylapdmmsovilxdhgkar v

dosages of 1Gin the co-formul ati i pcl ude those used for iptravenous
adni ni st rfat%ﬁola?leiwﬁw@lgqsabgg?lﬁg@yaﬁw% AESW SR RSS9 celtaifi e, a
patient with Mdy iﬁﬁ‘ﬂh@ﬂleﬂﬁmﬂHI%iﬁ%ﬁ%n%egfeﬁ%S%Wégé % BRnen@bQphd n over

several doses. For exanple, five es of BW i mune gl obulin can
be adnmi ni st@peet ot thewgueos phaset ofVEita0 Xdalbssolutorandtdoedinglyairpd e, 1 g/ kg BW

can be adm nistered, on 2 nsecutive days. $So atients can b iven

mai nt enance“”tdﬁ@f%(é);pat\ﬂﬁo}}ﬁﬂ%g}‘la(i}“ﬁ’@f‘%aeeag?sd’rm Hsr;g‘ﬁ’%a@,ﬁaﬁlé‘&“@%“?&g nmy/ kg BW
to 2 9/300 BMhtahsLOPENShYr, 2ekticiRghRe pdiPFeptidUithcHel tb HELRA rikrabrdhé.For

adm ni stered can be increased or decreased as appropriate, taking into

account t heexgaiples fiall-tengthsipomael H26 (seMjaatit inatsimat@resfoims as SEQ IDMy&%2heni a
i M3 is. i t pi di : terized b
Taryi no. oottt ChEmeet ey Tk EuRE! I Sl Bpue 3R PRt BRI 1 Fo” Y

associated wth the presence of antibodies to acetylcholine receptors
(AChR) or nuscle-specific tyrosine kinase (MuSK) at the neuronuscul ar
junction, although 30sone patients are anti body negative. The cli nical
features of MG include fluctuating weakness and fatigability of voluntary
nmuscl es, particularly |evator pal pebrae, extraocul ar, bulbar, |inb and
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10 ineffective or caused severe side effects, and al so can be adm ni stered
prior to thymectony or during an acute exacerbation of the disease

(nmyast herwo 2ori/si@). | nmune gl obul i n/ hyal ur oni dase co-f ecruiSatiooms4Ean be
adm ni st ered subcut aneously to patients with M5 using the nethods descri bed
herein. Exenplary dosages of 1Gin the co-fornulations include those used
for intravenous 15 adm nistration of immune globulin to patients with MG
For exanple, a patient with MG can be adm ni stered doses of 400 ng/ kg BWto
2 g/kg BWevery 4-6 weeks for maintenance therapy. Prior to thymectony or

duri ng nyasRaheeptides dasnes contain g GRY amhos that iscssubfipientifer atashmentele theGBE al
doses, suc €. i1 f Q hve consecutive
days. In a%% & L@i@%?ﬁ?&fsgf f(e\é%%&gg(gﬁb%@ rétg%gg%ﬁlﬂ%rf}geesgl%# 2 consecutive

days. i . MoeiyahftoM@hderthatrarSitittlideden the co-folvhelatios polided Reresy gehicully,ar@l SO
known as stiff person syndronme (SPS) or stiff man syndrone, is a rare

neur ol ogi calubstartipllyaqrurified proteins uhlse, solublghyalvonidesese einkypdwonidass ent s
present it s Cpdt {-gd di ad superi nposed

epi sodic:5 sp%g?r%gpm{s%a@}?é?%ﬂe% spr eads {egdl?énls% 1%/éleggxil [ nuscl es,
primarily abdom Salhblahgaluboiidased inchae hyalarombddsesthapdonotmaturhliyrinchadsal es.
Typi cal |y, -contraction of trunc agoni st and ant agoni stjc,_ nuscles |eads
to a boar o-SPlanelipp g ameon mﬁvffe? ?tgéw gnigto th%wﬂir%gwhdy}g, ¥spiratory
nuscl e i Nvoly R thoask1 R RIaR B SVikd POYb MADYafiats Merdiisrde

i nvol vement to a nask-- 3011 ke face. Treatnment with 1 mune gl obulin
can effect adbaredsetd. #lsdihnkeded amdng edlgbie dyaldraadase tre/anyhysboomdasen

ti t ith M h- t 10 Dal t ... (200 N EngL
53\ 1o 4R BeStmadhc TR B sSBier HF exargile Jrant el oy isroralions oon
be admi ni Strﬁélﬁgraﬁb”aﬁmﬁ%l(YPIt@ch@tt e/ Smuid é’blﬁ’ﬁl@'b%%%ﬁ&rf%dsyndr one

usi ng the nethods described herein. Exenpl ary dosageS of 1Gin the
co- f or mul atiemeyalief@llinte nondereoithe Pl @nchantat thedhriarmimusadolubilet r at i on of

mune o1 onte oS B bhECEdnd BuL RN B R B FGC

consecut i venell@riSacti$e MpalpsnididksSare @Bntempitatefor e Réreinafoe pulpbsosay, whi ch can
i nclude, for_ exanple, 1- 2 g/kg BWinmmne globulin every 4-6 weeks. The
amount 1of iﬁ\"hﬁ‘ﬁéﬂf‘g’l“éﬁﬁmif}is%?gﬁlni stered can be increased or decreased as
appropriate. 103: i : J mh?ﬁ, to
have anti m cr obi gﬁﬁﬁ%ﬁ‘%}?{@%ﬁ%ﬁ@@ﬂﬁ%‘%g# %%%dg é&(ral al’, %?QET%g%mf ungal
i nf ecti ons, asianglsetcfortl in by oHBEQIIDNINOS8d1 .t 11 HxE 26p80,130sandr32] oetmamatedy pe B;

Pseudononas_ aer ygi ngsa, t A and B; .St gphyl oc S aureus; groyp B
St opt ocoecans SRR KIEAICO GO LBy e CH3andipr. 1 lopf agifeg. 12
14, 18, 19,nalforidaseds saanlerara rét‘.eﬁl?@ﬁ%/glu%‘i’da'éé aStWiBTBORY Qié!lddélaianfe%t ei n-Barr

virus VCA, Hhepatitis A virus; hepatifis B virus; herpes sinplex virus-1;
her pes 20 npfotuble/hyalgronidasestdre eltelw variants @s bther varzands off Joluble formgpéeny, 2 and

3; polio; vard st er . ViJus. rgiLLus:. and Candi da al.,bi cans. Thus,
Crmne. o1 ot SET IO NGRohRabldse a7k RERSk pidin B fuati ORnS sl

subcut aneouslidlid varidftsRat iofier YaMrit§alRa@benitabne T §lall iR tHé driyagd@includeect i ons
to augnent the patient's immune systemand treat the disease. |In sone

exanpl es, divlynspbdesdavig & ¥er0 ntS0rc?Gi 81 $0.82%5%, &1 &, fd o Stedred.

4. dher Ds kfJQ f, ot her, di ng condi tions
treatable b@%&%%ﬁ%;@iﬂg%{%@? O%%‘Je@iclﬁ\%)esg lag’o@g 2?h%ﬁ3’§23?‘§€3t Sjrar e not

i mtedsto,tnimehted dermiscthem@sfinodef i ci ency; specific anti body deficiency;
acute di ssem nated encephal onyelitis; ANCA-positive system c necrotjzing
vascul i tis: aut oil RSARY:iKedRBNYRtienstieseinicantap 4 sdule hamgpitEF0q. Althopgh i ¢i al
penphi goi d; r i I 1 i . i naem a with

i mmune thr oﬁ%%@@?%“?e‘ﬁ%é‘)&)‘?m?lgf %?hggﬂélﬁl%gﬁﬁﬁgéngt g’% 102}8%5%&{0%%%126

t hr onbocyt apeming¢kdiTddAhdy arelasnadphatgosy Foc exxanmele,.cnegnificgh-propastion

al | ogenei c enopoi.etic stem.cell transplantation; | ar apr ot.ei naem c
neur opat hy;° IPiaH?fB? dfrflg?ﬁéﬁfeaﬁ’ﬁ%ﬁsre%t}Z%?PISFiﬂ“éia@’ctPé‘f‘%fé?egl; fg%‘ﬁfs g’_&‘?%‘ﬁﬁf’s
nyocl orggs  thE & iRl pRETRY aflpatifiRh hakeSsk HEIBHA@ES JeHYiEtioh: Thus,

post-transfusi on purpura; toxic epidermal necrolysis/Steven Johnson
syndr onme ( TENASHSIN prepatattorshngkna \pednivatds fayehbrent usd. dpnsn-bppmiahemat osus;

mul tiple nyel oma; sepsis; bane marrow transplantatjon; B cell tunors; and
Al zhei ner’ sprﬁﬁag%g’é‘é.ap%‘aﬁsyﬁ& ‘E\?r“og{e{f}pi\laég‘i@?re o ate%?&hﬁf’%'?e?thcﬁels ﬁﬁ%get r eat nent
wi th intravenous immunoglobulin (see e.g., Dodel et al. (2004)J. Neurol.
Neur osurg. Psychiatry 75:1472-4; Sol onmon et al. (2007) Curr. Opin. ML
Ther. 9:79-85; Relkin etal. (2008) Neurobiol Aging). |G contains antibodies
that bind to beta anyloid (AB), which is a central conponent of the plaque
in the brains of Al zheiner's patients. 10 Thus, 1G can help to pronote the
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met hods descri bed herein. Subjects to be treated include patients having
m | d, noderate or advanced Al zheiner's disease. It is within the |evel of
skill of wolBittm3e@ti ng physician to identify patients f@ecTiuseavmmsys | mune
gl obul i n/ hyal ur oni dase co-fornul ati ons can be adm ni stered every week,
every two weeks, or once a nonth. Treatnent can continue over the course of
nont hs or years. The co-fornul ations cay2 be adm nistered at | G doses at or
bet ween 200 ng/ kg BWto 2 g/ kg BWevery week or every two weeks, and

to 2 BWat |east 20 once a nponth

generally at |east 200 rr(gmg
Tr eat nent  WPHEPAIE edp inﬁnwaﬁg@ﬂwct Sugh moghifieations pre withiathelevels

anti - anyl oi Sifr&%td"}“s Pl?l?éjéﬂ'tl evels conpared to |l evels before treatnent.
| . Articles of manu ure and kits Pharnaceutical conpositions of inmune

gl obul in and hyal ur onadasesamble‘Hnmalnamilms can be packaged as articles of
manuf act ure cont gi ni cka mat erial har maceut | c onposi tion
which is effecti éemrggry ?"r%e%y ’rdé%tet‘éﬁpglbg‘i Igé g?l‘&]g]tel on, and a
label that jd BPfe%§mBl?ﬂIat pﬁ@@ﬁh&é mmo&&ebgn&éﬁ%élﬁemag@ﬁmeg an

| Gtreatabl e di seases an con t| ons. articles of manufacture
are cont ai ner-forinniAtiods dqcsbetgh@emh’ﬁhbprodacwbrdmfzduch keloblerforuno R 20 5. The

The. a00ont f AEPEEa PR Aimice i NG AbDsoR 8RR ansbidbedilodts. Y "O°

adni ni st r at §8ldble forms indliBe, uk hiel hﬁﬁtem %?%Ufn@ @E&Mﬁxﬂﬁ duh&dtRin§teont ai n
packagi ng materi al s. Packagl ng materials fof use in packaging

phar maceut i gquerqtﬁ mlbmmldaf? eonjahinglaming a¢id 1 to@Brind acid 4614 og Rf the sequenbe art .

S t 3, 33..2 d .50 h
of i o9 <S1 B aeEbe OHERLSROTR ROBT R baeg ples iR A8 PoRar At cuc o
packagi ng nﬁ"e(hbt Rinsted £t bl Ravifg C-RfrBindPiruddatibAL@ deBeratd po‘ih%i)tlﬂéé? kS

bottl es, tubes, inhalers, punps, bags, vials, containers, &%rl n

bottles, anePri#ying apregagd hdo mmacaql 46711 483, borfexamples 46 B AT T AﬁﬂJ ation
and 1 nt e”d%d“agf 5 ARSI g&l{ BPesééh%%{l RWIR cellS, M %§ aﬁhﬁ@XmﬁfN

fornmul ati ons of t’he conpounds nd osit1ons provi ded "hérern

cont enpl at e@dramabgigna suqareneéi)s obdaved éaﬁﬂ@ptbsesfmrg, am/thle&atmxea‘bﬁi@bemél sease or
condition. Conpositions of in and a sol ub] e hyal uroni dase co-

I
10 for nin at PSR &lsgae@én%@, d{}?@@f&ﬁ@lmwpm% cenfain; 3t lgastpmino
phar maceut i gakhs fR@Idriset) ATNeS:1 bed, bengie rﬁmreagamm@ﬁm? EptRISEHeshr at i on.

For exanpl e conpositions can be supplied wth a device adm ni stration,
such as a syminageidsdn to Aﬁ&toe% tod o) taNO A, fireppeple 3(6rtodﬁ7a<b7d| i cator.

dosages, _dcting’delDnitl BREd S pERERIRIBER CibichiBuif enie Sttt /On.
Kits al so cafid bMﬂlmﬁﬁomér(B&G&Bbh&ﬁé tEBRRPRETR PoRpeptiddaRbfor@riai n and an
|temfor dla nosi s. For exanple, such kits can include an itemfor

measur i #} QdBri¥eiy re&hlbﬁ migherbeneted hyalranidasg agifvitycthar the Xl Fneth
The foll | d
Th 1 1 Lo OB AR, FlE VP e A YRGB BORRRe Bl e, or e

of Ganmagar 4142[,|44|Iu,|4@l4(4415 %16 ﬂﬁwmghﬁm&cids if lléngti; suchuhadet ﬁi}&))lnG@mQar d
Liquid (10 %I bwas manuf actured from | arge pools of human, pl asmg,
screened t h?BRIRNPSHo?: ar atleleq ropscigsyusants ?rrﬁ%‘?feVa@IaB‘l?n‘j]P‘irP&f were purified
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Preparation of SUBQ NG 20 % (20 %1G 20 A. Producing a Concentr at ed,
Purified | G Conposition a. Summary Previously frozen pool ed plasnma from

bl ood dorwoomwas4@aeparated into a cryo-poor plasma sanplpeTfuseoiomaisas i on of
vari ous crude coagul ation factors and inhibitors prior to subsequent cold
al cohol fractionation using a nodified Cohn 25fractionati on procedure as
described by Teschner et al. (2007) Vox3Sang. 92:42-55. The al cohol
fractionation procedure gave a principal internmediate |1G fraction, referred

to as Precipitate G which was further Frocessed to the final product using
chr onmat ogr asgetiedopof & f4T aminvracid badublswHyPHea (S FQADMNO14)r Resulting pimiBied cat i on

exchange ( arose.fast flo nd_anion exchan chr.omat ogr aphy ( ANX-
S0Sephar osd FRERORRERS neftiPesna i dne R PP G FERT RER ISR ARLER R £ o
potential Mirbdisetibh ané plusHitaton. (TpaRldetiuPaideds pidduSed maslls vt FRMitaeNOVal
steps, which conpl enent each other in their node of action, were integrated

in the manuoHEEiUNighyropylater to retajpactvity; Bhee A1t celto @1 ePEEH O ertlshanel v:

sol vent /.det er ge tr . xture of 1 % Triton X-100, 0.3 %tri-n-butyl
phosphats(ej and OT% %S@nglﬁéﬁ- 80), nanofiltration (Asahi Planova 35 nnm,

and | ow pH (4. 7)GBtesydgdn{ fichidlinge Rk andiO-1@iked @l wdsyleti@e ofikothe. b. Separati on
of Cryoprecipitates 5Previously frozen @gﬁ' ed plasnma from bl ood donors,

al ready chepRBgoRigses ganobs verydmgouantigr g spigbitigachyisy anghsiabifndvhilg a
t t i i, f i i : dt
separare scl g Fhe Sr@Tcdmolt e o BRI Rln i hite SAMEHLRRACHRA TPI 0

portion (almoteins antigenicity, sasictucalyfoldirgy solpbidisyyand stability, modtdnkyised arbl e

pr ot ei were renpved by centrifugation fromfresh 10 thawed plasm) was
then codl e @Oéggtltoé?q‘é%éﬁ%th%ﬁé%r %ﬁ?gte%@’nﬂeoaeﬂ“t?h Uy yo- poor pl asma

was used f Qfyajy3éHi@ide® BreQlnididy inQHiS rE5ard Sn GRR Bth SNl BPNL AR By dRHalisi bi tors

prior to subsequent cold alcohol fractionation. Seven pathways” were chosen
for bat ch awseespitiinnearfcompliete inastiyation dfdhe hyadvronglasmactivitlyi Bortswck from t he
cryo-poor plasnma.prior,to SUB 0 %purification.and are referred to as
75 pat hviay ARG Bhsel e, Bregens® of s feed Hiiann (G AT B Sring D RsiRon of

coagul ati orepgkors and inhibitors fromcryo-poor plasma Step Gel Heparin

Adsor ption Pat hvva>1/_s 1234567
15 N-linked oligosaccharides fall into several major types (oligomannose,

complex, hybrid, sulfated), all of which have (Man) 3-GlcNAc-GlcNAc-cores
attached via the amide nitrogen of Asn residues that fall within-Asn-Xaa-Thr/Ser-
sequences (where Xaa is not Pro). Glycosylation at an-Asn-Xaa-Cys-site has been
reported for coagulation protein C. In some instances, the hyaluronidase can contain

20 both N-glycosidic and O-glycosidic linkages. For example, PH20 has O-linked
oligosaccharides as well as N-linked oligosaccharides. There are seven potential N-
linked glycosylation sites at N82, N166, N235, N254, N368, N393, N490 of human
PH20 exemplified in SEQ ID NO: 1. As noted above , N-linked glycosylation at
N490 is not required for hyaluronidase activity.

25 4, Modifications of hyaluronidases to improve their
pharmacokinetic properties

Hyaluronidases provided in the co-formulations can be modified to improve

their pharmacokinetic properties, such as increasing their half-life in vivo and/or
activities. The modification of hyaluronidases for use in co-formulations provided

30  herein can include attaching, directly or indirectly via a linker, such as covalently or

by other stable linkage, a polymer, such as dextran, a polyethylene glycol



Cryoprecipitation - - X X X X X X X FEI BA 0. 5g DEAE- Sephadex/L - X X
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Al ( OH) 3/ LWB2011/0346viL PCT/US2010/002545
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(pegylation (PEG)) or sialyl moiety, or other such polymers, such as natural or sugar
polymers.

Pegylation of therapeutics is known to increase resistance to proteolysis,
increase plasma half-life, and decrease antigenicity and immunogenicity. Covalent

5  or other stable attachment (conjugation) of polymeric molecules, such as

polyethylene glycol moiety (PEG), to the hyaluronidase thus can impart beneficial
properties to the resulting enzyme-polymer composition. Such properties include
improved biocompatibility, extension of protein (and enzymatic activity) half-life in
the blood, cells and/or in other tissues within a subject, effective shielding of the

10  protein from proteases and hydrolysis, improved biodistribution, enhanced
pharmacokinetics and/or pharmacodynamics, and increased water solubility.

Exemplary polymers that can be conjugated to the hyaluronidase, include
natural and synthetic homopolymers, such as polyols (i.e. poly-OH), polyamines
(i.e. poly-NH2) and polycarboxyl acids (i.e. poly-COOH), and further

15  heteropolymers i.e. polymers containing one or more different coupling groups e.g.
a hydroxyl group and amine groups. Examples of suitable polymeric molecules
include polymeric molecules selected from among polyalkylene oxides (PAO), such
as polyalkylene glycols (PAG), including polypropylene glycols (PEG),
methoxypolyethylene glycols (mPEG) and polypropylene glycols, PEG-glycidyl

20  ethers (Epox-PEG), PEG-oxycarbonylimidazole (CDI-PEG) branched polyethylene
glycols (PEGs), polyvinyl alcohol (PVA), polycarboxylates, polyvinylpyrrolidone,
poly-D,L-amino acids, polyethylene-co-maleic acid anhydride, polystyrene-co-
maleic acid anhydride, dextrans including carboxymethyl-dextrans, heparin,
homologous albumin, celluloses, including methylcellulose,

25  carboxymethylcellulose, ethylcellulose, hydroxyethylcellulose
carboxyethylcellulose and hydroxypropylcellulose, hydrolysates of chitosan,
starches such as hydroxyethyl-starches and hydroxypropyl-starches, glycogen,
agaroses and derivatives thereof, guar gum, pullulan, inulin, xanthan gum,
carrageenan, pectin, alginic acid hydrolysates and bio-polymers.

30 Typically, the polymers are polyalkylene oxides (PAO), such as
polyethylene oxides, such as PEG, typically mPEG, which, in comparison to

polysaccharides such as dextran, pullulan and the like, have few reactive groups
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pre-clinical SUBQ NG 20 % production, Cohn starting materials derived from
pat hways WwoQuB/sewrce pl asma wit hout adsorption steps), PBT(USDisn2e® pl asna
20after FEIBA, AT-111 adsorption ) and 6 (US source plasma after F-1X,
F-VI1, AT-111 adsorption ) were chosen to cover a broad variety of
different adsorption steps prior to al gghol fractionation. Various
adsorption processes are described in Teschner et al. (2007) Vox Sang.
92:42-55; Polsler et a/. (2008) Vox San 94:184-192; U.S. Patent Nos.
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t ar get concentratlgn of 8 %v/v ethanol, and the tenperature was further
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mM acet at e .2, conductivity o t0o’ 0.9 nB/cm was used to
re-sus pend péri)mﬂnylmmdmé’ﬁw) (sed ¢.1. &Qbmtsleaaﬁ ;ddunded|Brug Delivery Review
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8 C
and Biological Applications" ACS Symposium Series 680, 1997; Mehvar et al., J.

Pharm. Pharmaceut. Sci., 3(1):125-136, 2000; Harris, Nature Reviews 2:215 et seq.
(2003); and Tsubery, J Biol. Chem 279(37):38118-24, 2004). The polymeric
molecule can be of a molecular weight typically ranging from about 3 kDa to about
15 60 kDa. In some embodiments the polymeric molecule that is conjugated to a
protein, such as rHuPH20, has a molecular weight of 5, 10, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60 or more than 60 kDa.
Various methods of modifying polypeptides by covalently attaching
(conjugating) a PEG or PEG derivative (i.e. “PEGylation”) are known in the art (see
20 eg.,U.S.2006/0104968; U.S. 5,672,662; U.S. 6,737,505; and U.S. 2004/0235734).
Techniques for PEGylation include, but are not limited to, specialized linkers and
coupling chemistries (see e.g., Harris, Adv. Drug Deliv. Rev. 54:459-476, 2002),
attachment of multiple PEG moieties to a single conjugation site (such as via use of
branched PEGs; see e.g., Veronese et al., Bioorg. Med. Chem. Lett. 12:177-180,
25  2002), site-specific PEGylation and/or mono-PEGylation (see e.g., Chapman et al.,
Nature Biotech. 17:780-783, 1999), and site-directed enzymatic PEGylation (see
e.g., Sato, Adv. Drug Deliv. Rev., 54:487-504, 2002) (see, also, for example, Lu and
Felix (1994) Int. J. Peptide Protein Res. 43:127-138; Lu and Felix (1993) Peptide
Res. 6:142-6, 1993; Felix et al. (1995) Int. J. Peptide Res. 46:253-64; Benhar et al.
30 (1994) J. Biol. Chem. 269:13398-404; Brumeanu et al. (1995) J Immunol. 154:3088-
95; see also, Caliceti et al. (2003) Adv. Drug Deliv. Rev. 55(10):1261-77 and
Molineux (2003) Pharmacotherapy 23 (8 Pt 2):3S-8S). Methods and techniques



iv. Funmed Silica Treatnment and Filtration 20Funmed silica (e.g., Aerosil 380
or equivalent) was added to the suspension to a concentration of about 40
g/ kg of swepensided4(or equivalent to 1.8 g/L of cryo-poecTalsasimy2sahd was
mxed at 2 to 8 Cfor 50 to 70 m nutes. Liquids and solids were separated
by filtration at 2 to 8 Cusing a filter aid (Hyflo Super-Cel, Wrld
Mnerals Inc., 0.5 kg/kg of suspension)seg foll owed by post-washing of the
filter press 25with extraction buffer. v. Fractionation of Precipitate G
The filtrate was m xed with pol ysorbate-80 to a concentration of about 0.2
% w v with deseribadip thegrt ean predude Boteinshaving a2, > 4.6 é, 8, $of) emmetet r at e
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ei ther 1M szod610T04968)0xi de or 1M acetic acid. CoI d al cohol was then added
to the solution to a concentration of about 109 25 %v/v, and a
precipitation sti¥wmeions reagents fafhGylptigmbaysdioen dassabedisnthe art. §I“Ch( 1946) 1
Am Che
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post - wash dX006/08 140375 1.81l 20GH/0171328; OrS. 2005/0209416 EP 01064951; EP

0822199; WO 00176640; WO 0002017; WO 0249673; WO 9428024; and WO

30 0187925).

E. Methods of Producing Nucleic Acids encoding a soluble
Hyaluronidase and Polypeptides Thereof



10 system was concentrated to a protein concentration of at |least 22 %wyv
with a second ultra-/ diafiltration system equi pped with the sane type of
menbr ane wbi2etr/osa®4di nensi oned a tenth or | ess of the fiPCIUSCO/003Bhe
post-wash concentrate was added to the bul k solution. The second
ultrafiltration systemwas then post-washed and the solution tenperature
was adjusted to 2 to 8C. 15h. Formul ati @7 For formul ation, the protein
concentration of the solution was adjusted to 20.4 0.4 %wv with

post-wash of the second smaller ultrafilfratign systemand/or wth
diafiltration bufql¥peptitpeoin-salpbie hugluronidase spt forth herein, gan bg ohtaingd 8y v .
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manuf actured on t ) scal e and characterized according to Table 4. At
the final bulakiromidedes, inpladingrspluplediyalurenidasep aucht asobluRdk20; hseddn theeesd by t he

low | evel s of th WO 2011/ 034604RCT/ US2010/,.002545 111 nain inmpufities,

whi chovigh & Remprafionsio fiatd b P sroroI Ry FeRdTkef oF £t bf PLiDE o

di stri buti ogartid¥§3urified! fien 2@tutallsGuiees) dueH asaforteR@mbie) BonsSteqtgeetfactshe process
was simlar to the MSD of a 10 % |G (Ganmagard Liquid) final container.

Thi s indicated tPriypephdesean hercloned arasplated psing any evpilablemngthedsdmeva i not
reve o neBUR o AR R L SR iy ech S MBbRH gl *
SCO0107NG Slitétion SONE3EE bEsdT atidibcrganiriges fiibrartidé, thicludthgsuadeidadid3. 7 3. 7 |1 gG
! Nephellso neﬁyrbiri?iiz%{ilc?n spclrgesnrlrr?g, 3a'ngbody-based screening and activity-based screening.
Methods for amplification of nucleic acids can be used to isolate nucleic acid
molecules encoding a desired polypeptide, including for example, polymerase chain
reaction (PCR) methods. A nucleic acid containing material can be used as a
starting material from which a desired polypeptide-encoding nucleic acid molecule
20  canbeisolated. For example, DNA and mRNA preparations, cell extracts, tissue
extracts, fluid samples (e.g. blood, serum, saliva), samples from healthy and/or
diseased subjects can be used in amplification methods. Nucleic acid libraries also
can be used as a source of starting material. Primers can be designed to amplify a
desired polypeptide. For example, primers can be designed based on expressed
25  sequences from which a desired polypeptide is generated. Primers can be designed
based on back-translation of a polypeptide amino acid sequence. Nucleic acid
molecules generated by amplification can be sequenced and confirmed to encode a
desired polypeptide.
Additional nucleotide sequences can be joined to a polypeptide-encoding
30 nucleic acid molecule, including linker sequences containing restriction

endonuclease sites for the purpose of cloning the synthetic gene into a vector, for

example, a protein expression vector or a vector designed for the amplification of
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the core protein coding DNA sequences. Furthermore, additional nucleotide
sequences specifying functional DNA elements can be operatively linked to a
polypeptide-encoding nucleic acid molecule. Examples of such sequences include,
but are not limited to, promoter sequences designed to facilitate intracellular protein
5 expression, and secretion sequences, for example heterologous signal sequences,
designed to facilitate protein secretion. Such sequences are known to those of skill
in the art. Additional nucleotide residues sequences such as sequences of bases
specifying protein binding regions also can be linked to enzyme-encoding nucleic
acid molecules. Such regions include, but are not limited to, sequences of residues

10 that facilitate or encode proteins that facilitate uptake of an enzyme into specific
target cells, or otherwise alter pharmacokinetics of a product of a synthetic gene.
For example, enzymes can be linked to PEG moieties.

In addition, tags or other moieties can be added, for example, to aid in
detection or affinity purification of the polypeptide. For example, additional

15  nucleotide residues sequences such as sequences of bases specifying an epitope tag
or other detectable marker also can be linked to enzyme-encoding nucleic acid
molecules. Exemplary of such sequences include nucleic acid sequences encoding a
His tag (e.g., 6xHis, HHHHHH; SEQ ID NO:54) or Flag Tag (DYKDDDDK; SEQ
ID NO:55).

20 The identified and isolated nucleic acids can then be inserted into an
appropriate cloning vector. A large number of vector-host systems known in the art
can be used. Possible vectors include, but are not limited to, plasmids or modified
viruses, but the vector system must be compatible with the host cell used. Such
vectors include, but are not limited to, bacteriophages such as lambda derivatives, or

25  plasmids such as pCMV4, pBR322 or pUC plasmid derivatives or the Bluescript
vector (Stratagene, La Jolla, CA). Other expression vectors include the HZ24
expression vector exemplified herein. The insertion into a cloning vector can, for
example, be accomplished by ligating the DNA fragment into a cloning vector
which has complementary cohesive termini. Insertion can be effected using TOPO

30  cloning vectors (INVITROGEN, Carlsbad, CA). If the complementary restriction
sites used to fragment the DNA are not present in the cloning vector, the ends of the

DNA molecules can be enzymatically modified. Alternatively, any site desired can
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Test System
transformation, transfection, infection, electroporation and sonoporation, so that

many copies of the gene sequence are generated.
In specific embodiments, transformation of host cells with recombinant DNA
molecules that incorporate the isolated protein gene, cDNA, or synthesized DNA
10 sequence enables generation of multiple copies of the gene. Thus, the gene can be
obtained in large quantities by growing transformants, isolating the recombinant
DNA molecules from the transformants and, when necessary, retrieving the inserted
gene from the isolated recombinant DNA. Generally, hyaluronidases, including
soluble forms of PH20, are produced using protein expression systems that facilitate
15  correct N-glycosylation to ensure the polypeptide retains activity, since
glycosylation is important for the catalytic activity and stability of hyaluronidases.

Such cells include, for example Chinese Hamster Ovary (CHO) cells (e.g. DG44

CHO cells).
1. Vectors and cells
20 For recombinant expression of one or more of the desired proteins, such as

any described herein, the nucleic acid containing all or a portion of the nucleotide
sequence encoding the protein can be inserted into an appropriate expression vector,
i.e., a vector that contains the necessary elements for the transcription and
translation of the inserted protein coding sequence. The necessary transcriptional
25  and translational signals also can be supplied by the native promoter for enzyme
genes, and/or their flanking regions.
Also provided are vectors that contain a nucleic acid encoding the enzyme.
Cells containing the vectors also are provided. The cells include eukaryotic and
prokaryotic cells, and the vectors are any suitable for use therein.
30 Prokaryotic and eukaryotic cells, including endothelial cells, containing the
vectors are provided. Such cells include bacterial cells, yeast cells, fungal cells,

Archea, plant cells, insect cells and animal cells. The cells are used to produce a
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protein thereof by growing the above-described cells under conditions whereby the
encoded protein is expressed by the cell, and recovering the expressed protein. For
purposes herein, for example, the enzyme can be secreted into the medium.

Provided are vectors that contain a sequence of nucleotides that encodes the
soluble hyaluronidase polypeptide coupled to the native or heterologous signal
sequence, as well as multiple copies thereof. The vectors can be selected for
expression of the enzyme protein in the cell or such that the enzyme protein is
expressed as a secreted protein.

A variety of host-vector systems can be used to express the protein coding
sequence. These include but are not limited to mammalian cell systems infected
with virus (e.g. vaccinia virus, adenovirus and other viruses); insect cell systems
infected with virus (e.g. baculovirus); microorganisms such as yeast containing yeast
vectors; or bacteria transformed with bacteriophage, DNA, plasmid DNA, or cosmid
DNA. The expression elements of vectors vary in their strengths and specificities.
Depending on the host-vector system used, any one of a number of suitable
transcription and translation elements can be used.

Any methods known to those of skill in the art for the insertion of DNA
fragments into a vector can be used to construct expression vectors containing a
chimeric gene containing appropriate transcriptional/translational control signals and
protein coding sequences. These methods can include in vitro recombinant DNA
and synthetic techniques and in vivo recombinants (genetic recombination).
Expression of nucleic acid sequences encoding protein, or domains, derivatives,
fragments or homologs thereof, can be regulated by a second nucleic acid sequence
so that the genes or fragments thereof are expressed in a host transformed with the
recombinant DNA molecule(s). For example, expression of the proteins can be
controlled by any promoter/enhancer known in the art. In a specific embodiment,
the promoter is not native to the genes for a desired protein. Promoters which can
be used include but are not limited to the SV40 early promoter (Bernoist and
Chambon, Nature 290:304-310 (1981)), the promoter contained in the 3’ long
terminal repeat of Rous sarcoma virus (Yamamoto et al. Cell 22:787-797 (1980)),
the herpes thymidine kinase promoter (Wagner et al., Proc. Natl. Acad. Sci. USA
78:1441-1445 (1981)), the regulatory sequences of the metallothionein gene
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(Brinster et al., Nature 296:39-42 (1982)); prokaryotic expression vectors such as
the B-lactamase promoter (Jay et al., (1981) Proc. Natl. Acad. Sci. USA 78:5543) or
the tac promoter (DeBoer et al., Proc. Natl. Acad. Sci. USA 80:21-25 (1983)); see
also “Useful Proteins from Recombinant Bacteria”: in Scientific American 242:79-
94 (1980)); plant expression vectors containing the nopaline synthetase promoter
(Herrara-Estrella et al., Nature 303:209-213 (1984)) or the cauliflower mosaic virus
35S RNA promoter (Garder et al., Nucleic Acids Res. 9:2871 (1981)), and the
promoter of the photosynthetic enzyme ribulose bisphosphate carboxylase (Herrera-
Estrella et al., Nature 310:115-120 (1984)); promoter elements from yeast and other
fungi such as the Gal4 promoter, the alcohol dehydrogenase promoter, the
phosphoglycerol kinase promoter, the alkaline phosphatase promoter, and the
following animal transcriptional control regions that exhibit tissue specificity and
have been used in transgenic animals: elastase I gene control region which is active
in pancreatic acinar cells (Swift et al., Cell 38:639-646 (1984); Omitz et al., Cold
Spring Harbor Symp. Quant. Biol. 50:399-409 (1986); MacDonald, Hepatology
7:425-515 (1987)); insulin gene control region which is active in pancreatic beta
cells (Hanahan et al., Nature 315:115-122 (1985)), immunoglobulin gene control
region which is active in lymphoid cells (Grossched! et al., Cell 38:647-658 (1984);
Adams et al., Nature 318:533-538 (1985); Alexander et al., Mol. Cell Biol. 7:1436-
1444 (1987)), mouse mammary tumor virus control region which is active in
testicular, breast, lymphoid and mast cells (Leder et al., Cell 45:485-495 (1986)),
albumin gene control region which is active in liver (Pinckert et al., Genes and
Devel. 1:268-276 (1987)), alpha-fetoprotein gene control region which is active in
liver (Krumlauf ef al., Mol. Cell. Biol. 5:1639-1648 (1985); Hammer et al., Science
235:53-58 1987)), alpha-1 antitrypsin gene control region which is active in liver
(Kelsey et al., Genes and Devel. 1:161-171 (1987)), beta globin gene control region
which is active in myeloid cells (Magram et al., Nature 315:338-340 (1985); Kollias
et al., Cell 46:89-94 (1986)), myelin basic protein gene control region which is
active in oligodendrocyte cells of the brain (Readhead et al., Cell 48:703-712
(1987)), myosin light chain-2 gene control region which is active in skeletal muscle

(Shani, Nature 314:283-286 (1985)), and gonadotrophic releasing hormone gene
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In a specific embodiment, a vector is used that contains a promoter operably
linked to nucleic acids encoding a desired protein, or a domain, fragment, derivative
5 or homolog, thereof, one or more origins of replication, and optionally, one or more
selectable markers (e.g., an antibiotic resistance gene). Exemplary plasmid vectors
for transformation of E.coli cells, include, for example, the pQE expression vectors
(available from Qiagen, Valencia, CA; see also literature published by Qiagen
describing the system). pQE vectors have a phage TS promoter (recognized by E.
10 coli RNA polymerase) and a double lac operator repression module to provide
tightly regulated, high-level expression of recombinant proteins in E. coli, a
synthetic ribosomal binding site (RBS II) for efficient translation, a 6XHis tag
coding sequence, ty and T1 transcriptional terminators, ColE1 origin of replication,
and a beta-lactamase gene for conferring ampicillin resistance. The pQE vectors
15  enable placement of a 6xHis tag at either the N- or C-terminus of the recombinant
protein. Such plasmids include pQE 32, pQE 30, and pQE 31 which provide
multiple cloning sites for all three reading frames and provide for the expression of
N-terminally 6xHis-tagged proteins. Other exemplary plasmid vectors for
transformation of E. coli cells, include, for example, the pET expression vectors
20  (see, U.S. patent 4,952,496, available from NOVAGEN, Madison, WI; see, also
literature published by Novagen describing the system). Such plasmids include pET
11a, which contains the T7lac promoter, T7 terminator, the inducible E. coli lac
operator, and the lac repressor gene; pET 12a-c, which contains the T7 promoter, T7
terminator, and the E. coli ompT secretion signal; and pET 15b and pET19b
25 (NOVAGEN, Madison, WI), which contain a His-TagTM leader sequence for use in
purification with a His column and a thrombin cleavage site that permits cleavage
following purification over the column, the T7-lac promoter region and the T7
terminator.
Exemplary of a vector for mammalian cell expression is the HZ24
30  expression vector. The HZ24 expression vector was derived from the pCI vector
backbone (Promega). It contains DNA encoding the Beta-lactamase resistance gene

(AmpR), an F1 origin of replication, a Cytomegalovirus immediate-early
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enhancer/promoter region (CMV), and an SV40 late polyadenylation signal (SV40).
The expression vector also has an internal ribosome entry site (IRES) from the
ECMV virus (Clontech) and the mouse dihydrofolate reductase (DHFR) gene.
2. Expression
5 Soluble hyaluronidase polypeptides can be produced by any method known

to those of skill in the art including in vivo and in vitro methods. Desired proteins
can be expressed in any organism suitable to produce the required amounts and
forms of the proteins, such as for example, needed for administration and treatment.
Expression hosts include prokaryotic and eukaryotic organisms such as E.coli, yeast,

10  plants, insect cells, mammalian cells, including human cell lines and transgenic
animals. Expression hosts can differ in their protein production levels as well as the
types of post-translational modifications that are present on the expressed proteins.
The choice of expression host can be made based on these and other factors, such as
regulatory and safety considerations, production costs and the need and methods for

15  purification.

Many expression vectors are available and known to those of skill in the art
and can be used for expression of proteins. The choice of expression vector will be
influenced by the choice of host expression system. In general, expression vectors
can include transcriptional promoters and optionally enhancers, translational signals,

20  and transcriptional and translational termination signals. Expression vectors that are
used for stable transformation typically have a selectable marker which allows
selection and maintenance of the transformed cells. In some cases, an origin of
replication can be used to amplify the copy number of the vector.

Soluble hyaluronidase polypeptides also can be utilized or expressed as

25  protein fusions. For example, an enzyme fusion can be generated to add additional
functionality to an enzyme. Examples of enzyme fusion proteins include, but are not
limited to, fusions of a signal sequence, a tag such as for localization, e.g. a hise tag
or a myc tag, or a tag for purification, for example, a GST fusion, and a sequence for
directing protein secretion and/or membrane association.

30 a. Prokaryotic Cells

Prokaryotes, especially E.coli, provide a system for producing large amounts

of proteins. Transformation of E.coli is simple and rapid technique well known to
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those of skill in the art. Expression vectors for E.coli can contain inducible
promoters, such promoters are useful for inducing high levels of protein expression
and for expressing proteins that exhibit some toxicity to the host cells. Examples of
inducible promoters include the lac promoter, the trp promoter, the hybrid tac

5  promoter, the T7 and SP6 RNA promoters and the temperature regulated APL
promoter.

Proteins, such as any provided herein, can be expressed in the cytoplasmic
environment of E.coli. The cytoplasm is a reducing environment and for some
molecules, this can result in the formation of insoluble inclusion bodies. Reducing

10  agents such as dithiothreitol and f-mercaptoethanol and denaturants, such as
guanidine-HCI and urea can be used to resolubilize the proteins. An alternative
approach is the expression of proteins in the periplasmic space of bacteria which
provides an oxidizing environment and chaperonin-like and disulfide isomerases and
can lead to the production of soluble protein. Typically, a leader sequence is fused

15 to the protein to be expressed which directs the protein to the periplasm. The leader
is then removed by signal peptidases inside the periplasm. Examples of
periplasmic-targeting leader sequences include the pelB leader from the pectate
lyase gene and the leader derived from the alkaline phosphatase gene. In some
cases, periplasmic expression allows leakage of the expressed protein into the

20  culture medium. The secretion of proteins allows quick and simple purification
from the culture supernatant. Proteins that are not secreted can be obtained from the
periplasm by osmotic lysis. Similar to cytoplasmic expression, in some cases
proteins can become insoluble and denaturants and reducing agents can be used to
facilitate solubilization and refolding. Temperature of induction and growth also

25  can influence expression levels and solubility, typically temperatures between 25°C
and 37°C are used. Typically, bacteria produce aglycosylated proteins. Thus, if
proteins require glycosylation for function, glycosylation can be added in vitro after
purification from host cells.

b. Yeast Cells

30 Yeasts such as Saccharomyces cerevisae, Schizosaccharomyces pombe,

Yarrowia lipolytica, Kluyveromyces lactis and Pichia pastoris are well known yeast

expression hosts that can be used for production of proteins, such as any described
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herein. Yeast can be transformed with episomal replicating vectors or by stable
chromosomal integration by homologous recombination. Typically, inducible
promoters are used to regulate gene expression. Examples of such promoters
include GAL1, GAL7 and GALS and metallothionein promoters, such as CUP1,
AQOXI1 or other Pichia or other yeast promoter. Expression vectors often include a
selectable marker such as LEU2, TRP1, HIS3 and URA3 for selection and
maintenance of the transformed DNA. Proteins expressed in yeast are often soluble.
Co-expreséion with chaperonins such as Bip and protein disulfide isomerase can
improve expression levels and solubility. Additionally, proteins expressed in yeast
can be directed for secretion using secretion signal peptide fusions such as the yeast
mating type alpha-factor secretion signal from Saccharomyces cerevisae and fusions
with yeast cell surface proteins such as the Aga2p mating adhesion receptor or the
Arxula adeninivorans glucoamylase. A protease cleavage site such as for the Kex-2
protease, can be engineered to remove the fused sequences from the expressed
polypeptides. as they exit the secretion pathway. Yeast also is capable of
glycosylation at Asn-X-Ser/Thr motifs.
c. Insect Cells

Insect cells, particularly using baculovirus expression, are useful for
expressing polypeptides such as hyaluronidase polypeptides. Insect cells express
high levels of protein and are capable of most of the post-translational modifications
used by higher eukaryotes. Baculovirus have a restrictive host range which
improves the safety and reduces regulatory concerns of eukaryotic expression.
Typical expression vectors use a promoter for high level expression such as the
polyhedrin promoter of baculovirus. Commonly used baculovirus systems include
the baculoviruses such as Autographa californica nuclear polyhedrosis virus
(AcNPV), and the Bombyx mori nuclear polyhedrosis virus (BmNPV) and an insect
cell line such as Sf9 derived from Spodoptera frugiperda, Pseudaletia unipuncta
(A7S) and Danaus plexippus (DpN1). For high-level expression, the nucleotide
sequence of the molecule to be expressed is fused immediately downstream of the
polyhedrin initiation codon of the virus. Mammalian secretion signals are accurately
processed in insect cells and can be used to secrete the expressed protein into the

culture medium. In addition, the cell lines Pseudaletia unipuncta (A7S) and Danaus
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plexippus (DpN1) produce proteins with glycosylation patterns similar to
mammalian cell systems.
An alternative expression system in insect cells is the use of stably
transformed cells. Cell lines such as the Schneider 2 (S2) and Kc cells (Drosbphila
5 melanogaster) and C7 cells (dedes albopictus) can be used for expression. The
Drosophila metallothionein promoter can be used to induce high levels of
expression in the presence of heavy metal induction with cadmium or copper.
Expression vectors are typically maintained by the use of selectable markers such as
neomycin and hygromycin.
10 d. Mammalian Cells
Mammalian expression systems can be used to express proteins including
soluble hyaluronidase polypeptides. Expression constructs can be transferred to
mammalian cells by viral infection such as adenovirus or by direct DNA transfer
such as liposomes, calcium phosphate, DEAE-dextran and by physical means such
15  as electroporation and microinjection. Expression vectors for mammalian cells
typically include an mRNA cap site, a TATA box, a translational initiation sequence
(Kozak consensus sequence) and polyadenylation elements. IRES elements also can
be added to permit bicistronic expression with another gene, such as a selectable
marker. Such vectors often include transcriptional promoter-enhancers for high-
20  level expression, for example the SV40 promoter-enhancer, the human
cytomegalovirus (CMV) promoter and the long terminal repeat of Rous sarcoma
virus (RSV). These promoter-enhancers are active in many cell types. Tissue and
cell-type promoters and enhancer regions also can be used for expression.
Exemplary promoter/enhancer regions include, but are not limited to, those from
25  genes such as elastase I, insulin, immunoglobulin, mouse mammary tumor virus,
albumin, alpha fetoprotein, alpha 1 antitrypsin, beta globin, myelin basic protein,
myosin light chain 2, and gonadotropic releasing hormone gene control. Selectable
markers can be used to select for and maintain cells with the expression construct.
Examples of selectable marker genes include, but are not limited to, hygromycin B
30  phosphotransferase, adenosine deaminase, xanthine-guanine phosphoribosyl
transferase, aminoglycoside phosphotransferase, dihydrofolate reductase (DHFR)

and thymidine kinase. For example, expression can be performed in the presence of
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methotrexate to select for only those cells expressing the DHFR gene. Fusion with
cell surface signaling molecules such as TCR- and FceRI-y can direct expression of
the proteins in an active state on the cell surface.
Many cell lines are available for mammalian expression including mouse, rat
5 human, monkey, chicken and hamster cells. Exemplary cell lines include but are not
limited to CHO, Balb/3T3, HeLa, MT2, mouse NSO (nonsecreting) and other
myeloma cell lines, hybridoma and heterohybridoma cell lines, lymphocytes,
fibroblasts, Sp2/0, COS, NIH3T3, HEK293, 2938, 2B8, and HKB cells. Cell lines
also are available adapted to serum-free media which facilitates purification of
10  secreted proteins from the cell culture media. Examples include CHO-S cells
(Invitrogen, Carlsbad, CA, cat # 11619-012) and the serum free EBNA-1 cell line
(Pham et al., (2003) Biotechnol. Bioeng. 84:332-42.). Cell lines also are available
that are adapted to grow in special mediums optimized for maximal expression. For
example, DG44 CHO cells are adépted to grow in suspension culture in a chemically
15 defined, animal product-free medium.
e. Plants
Transgenic plant cells and plants can be used to express proteins such as any
described herein. Expression constructs are typically transferred to plants using
direct DNA transfer such as microprojectile bombardment and PEG-mediated
20 transfer into protoplasts, and with agrobacterium-mediated transformation.
Expression vectors can include promoter and enhancer sequences, transcriptional
termination elements and translational control elements. Expression vectors and
transformation techniques are usually divided between dicot hosts, such as
Arabidopsis and tobacco, and monocot hosts, such as corn and rice. Examples of
25  plant promoters used for expression include the cauliflower mosaic virus promoter,
the nopaline syntase promoter, the ribose bisphosphate carboxylase promoter and
the ubiquitin and UBQ3 promoters. Selectable markers such as hygromycin,
phosphomannose isomerase and neomycin phosphotransferase are often used to
facilitate selection and maintenance of transformed cells. Transformed plant cells
30  can be maintained in culture as cells, aggregates (callus tissue) or regenerated into
whole plants. Transgenic plant cells also can include algae engineered to produce

hyaluronidase polypeptides. Because plants have different glycosylation patterns
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animal production can include the production of polypeptides in milk or eggs, which

can be collected, and if necessary, the proteins can be extracted and further purified

using standard methods in the art.

Proteins, such as soluble hyaluronidase polypeptides, can be purified using

standard protein purification techniques known in the art including but not limited

to, SDS-PAGE, size fraction and size exclusion chromatography, ammonium sulfate

precipitation and ionic exchange chromatography, such as anion exchange. Affinity

purification techniques also can be utilized to improve the efficiency and purity of

the preparations. For example, antibodies, receptors and other molecules that bind

hyaluronidase enzymes can be used in affinity purification. Expression constructs

also can be engineered to add an affinity tag to a protein such as a myc epitope, GST

fusion or Hise and affinity purified with myc antibody, glutathione resin and Ni-

resin, respectively. Purity can be assessed by any method known in the art including

gel electrophoresis and staining and spectrophotometric techniques.

F.

Preparation, Formulation and Administration Of Immune Globulins

and Soluble Hyaluronidase Polypeptides

Provided herein are co-formulations of IG and hyaluronidase that are stable

as a liquid formulation for prolonged periods of time of at least 6 months at

temperatures up to 32° C, for example, ranging from at or about 0° C to 32° C. The

increased stability is characterized by improved storage time, decreased

fragmentation, decreased aggregate formation, decreased dimer formation or/and

decreased discoloring, while retaining activity of the IG and hyaluronidase. Such co-

rel ated prelggm nary specifications regardl ess of
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formulations can be provided as “ready-to-use” liquid formulation without further
reconstitution and/or without any requirement for further dilution. The resulting
stable co-formulations can be conveniently dispensed to physicians or patients in
dosage forms for direct injection or administration. For example, the co-

5  formulations can be infused or injected at home or anywhere.

Soluble hyaluronidases that are co-formulated with immune globulin permit
enhanced delivery of immune globulin to desired sites within the body by increasing
the bioavailability of the immune globulin. Thus, the co-formulations achieve
elevated and/or more rapidly achieved concentrations of the immune globulin

10  following subcutaneous administration compared to conventional methods of
subcutaneous administration, to provide, for example, a more potent and/or more
rapid response for a given dose. In addition, co-formulations of IG containing
soluble hyaluronidases also permit lower doses of IG to be administered achieving a
given response with a lower dose of administered IG. Finally, the ability of a

15  soluble hyaluronidase to enhance bulk fluid flow at and near a site of injection or
infusion also can improve other aspects of associated pharmacologic delivery. For
example, the increase in bulk fluid flow can help to allow the volume of fluid
injected to be more readily dispersed from the site of injection (reducing potentially
painful or other adverse consequences of injection). This is particularly important

20  for subcutaneous infusions to permit higher doses to be administered. In addition to
increased bioavailability, co-formulation of IG with hyaluronidase provides for a
safer or more convenient route of administration compared to conventional
intravenous routes of administration.

The co-formulations provided herein are stable for prolonged periods of

25  time, including at varied temperatures. For example, the co-formulations are
provided herein are stable and retain activity of the IG and hyaluronidase
temperatures up to 32° C for at least 6 months. For example, the co-formulations are
stable at “refrigerator” temperatures, for example at 2° C to 8° C, such as at or about
4° C, for at least 6 months to 4 years, such as 1 year to 2 years, for example 6

30  months, at least 1 year, at least 2 years, at least 3 years or at least 4 years or more.

In another example, the co-formulations are stable and retain activity at room

temperature, for example at 18° C to 32° C, generally 20° C to 32° C, such as 28° C
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to 32° C, for at least 6 months to 1 year, for example 6 months, at least 7 months, at
least 8 months, at least 9 months, or at least 1 year or more.

In particular, the stable co-formulations exhibit low to undetectable levels of
aggregation and/or fragmentation of IG after storage for defined periods of time.
Methods to assess aggregation and fragmentation are known to one of skill in the
art, and are exemplified in Section G below. Generally, no more than 0.5% to 5% of
IG, for example, no more than 5 %, no more than 4 %, no more than 3 %, no more
than 2 %, no more than 1 % and generally no more than 0.5 % of IG in the co-
formulation forms an aggregate, as measured by HPSEC or other methods, after
storage for the defined periods of time as set forth above.

In addition, the IG and hyaluronidase in the stable co-formulations provided
herein retain one or more activities of the initial activity of the IG and hyaluronidase
prior to storage. One of skill in the art is familiar with activities of IG and
hyaluronidase and can assess such activities. Section G provides exemplary
activities and assays to assess activity. Typically, the stable liquid co-formulations
provided herein retain after storage at least 50 %, 60 %, 70 %, 80 %, 90 %, 100 %,
or more of the initial activity of the protein prior to storage, generally at least 70% to
95% of the initial activity. For example the stable liquid co-formulations retain after
storage more than 70 %, more than 80 %, more than 85 %, more than 90 %, more
than 95 %, more than 98 %, more than 99 %, or more than 99.5 % of the initial
activity of the respective protein prior to storage.

1. Formulations and Dosages

The co-formulations provided herein are formulated as liquids. The co-
formulations contain immune globulin, hyaluronidase, at least 0.05 M of an alkali
metal chloride salt, for example, at least 0.05 M sodium chloride (NaCl or salt) or
0.05 M potassium chloride (KCl). The co-formulations also are adjusted in pH to
limit aggregation and retain activity of the IG and hyaluronidase. In some examples,
the co-formulations do not contain other ingredients except water or suitable
solvents. In other examples, the co-formulations further contain diluents, carriers or
other excipients.

Typically, the compounds are formulated into pharmaceutical compositions

using techniques and procedures well known in the art (see e.g., Ansel Introduction
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to Pharmaceutical Dosage Forms, Fourth Edition, 1985, 126). Pharmaceutically
acceptable compositions are prepared in view of approvals for a regulatory agency
or other agency prepared in accordance with generally recognized pharmacopeia for
use in animals and in humans. The formulation should suit the mode of
administration.

The co-formulations can be provided as a pharmaceutical preparation in
liquid form as solutions, syrups or suspensions. In liquid form, the pharmaceutical
preparations can be provided as a concentrated preparation to be diluted to a
therapeutically effective concentration before use. Generally, the preparations are
provided in a dosage form that does not require dilution for use. Such liquid
preparations can be prepared by conventional means with pharmaceutically
acceptable additives such as suspending agents (e.g., sorbitol syrup, cellulose
derivatives or hydrogenated edible fats); emulsifying agents (e.g., lecithin or acacia);
non-aqueous vehicles (e.g., almond oil, oily esters, or fractionated vegetable oils);
and preservatives (e.g., methyl or propyl-p-hydroxybenzoates or sorbic acid). In
another example, pharmaceutical preparations can be presented in lyophilized form
for reconstitution with water or other suitable vehicle before use.

The pH of the stable co-formulations provided herein is such that the IG in
the co-formulation does not aggregate and/or the IG and hyaluronidase retain
activity as described in Section G. Optimal pH can be obtained by formulation
techniques known to those skilled in the art. For example, optimal pH can be
determined by assessing aggregation and activity under differing pH conditions
using various methods known to one of skill in the art, for example, as described in
Section G. Such assays or assessment include, but are not limited to, size exclusion
chromatography, HSPEC determinations, heat stability data, anticomplement titers
of the various preparations and/or hyaluronidase activity assays. Typically, in the
co-formulations provided herein the pH can range from 4.0 to 8.0 as measured in the
concentrated solution of the co-formulation. Generally, within this range, a lower pH
is desired, however, to ensure maximum monomer content. Accordingly, the co-
formulations provided herein typically have a pH that is at least or about 4.0 to 7.4,
generally at least or about 4.0 to 6.0, and typically 4.4 to 4.9. As noted, the

indicated pH is measured in the concentrated solution of the formulation. pH can be
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adjusted using acidifying agents to lower the pH or alkalizing agents to increase the

pH. Exemplary acidifying agents include, but are not limited to, acetic acid, citric

acid, sulfuric acid, hydrochloric acid, monobasic sodium phosphate solution, and

phosphoric acid. Exemplary alkalizing agents include, but are not limited to, dibasic
5 sodium phosphate solution, sodium carbonate, or sodium hydroxide.

Any buffer can be used in the preparation of the liquid formulation provided
herein so long as it does not adversely affect the stability of the co-formulation, and
supports the requisite pH range required. Examples of particularly suitable buffers
include succinate, acetate, phosphate buffers, citrate, aconitate, malate and

10  carbonate. Those of skill in the art, however, will recognize that formulations
provided herein are not limited to a particular buffer, so long as the buffer provides
an acceptable degree of pH stability, or “buffer capacity” in the range indicated.
Generally, a buffer has an adequate buffer capacity within about 1 pH unit of its pK
(Lachman et al. 1986). Buffer suitability can be estimated based on published pK

15  tabulations or can be determined empirically by methods well known in the art. The
pH of the solution can be adjusted to the desired endpoint within the range as
described above, for example, using any acceptable acid or base.

a. Immune Globulin

The IG in the co-formulations is provided at a concentration that is or is

20  about 5% to 22% w/v, for example, that is or is about 50 mg/mL, 60 mg/mL, 70
mg/mL, 80 mg/mL, 90 mg/mL, 100 mg/mL, 120 mg/mL, 150 mg/mL, 180 mg/mL,
200 mg/mL, 220 mg/mL, 250 mg/mL or more. Generally, the IG in the co-
formulation is provided in an amount that is at least 10 % (100 mg/mL) to 20 %
(200 mg/mL), for example, 10 %, 11 %, 12 %, 13 %, 14 %, 15 %, 16 %, 17 %, 18

25 %, 19 %, 20 % or more.

The immune globulin preparations provided herein can be formulated as
pharmaceutical compositions for single or multiple dosage use. Typically, as noted
elsewhere herein, the IG in the co-formulation is formulated in an amount such that
it is ready to use and that no further dilution is necessary. Depending on whether the

30  co-formulation is provided as a single or multiple dosage formulation, one of skill in

the art can empirically determine the exact amount of IG in the co-formulation.
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duration of treatment is a function of the tissue being treated and may be determined

10  empirically using known testing protocols or by extrapolation from in vivo or in
vitro test data. It is to be noted that concentrations and dosage values may also vary
with the age of the individual treated. It is to be further understood that for any
particular subject, specific dosage regimens should be adjusted over time according
to the individual need and the professional judgment of the person administering or

15  supervising the administration of the formulations, and that the concentration ranges
set forth herein are exemplary only and are not intended to limit the scope thereof.
The amount of a selected immune globulin preparation to be administered for the
treatment of a disease or condition, for example an IG-treatable disease or condition,
can be determined by standard clinical techniques. In addition, in vitro assays and

20  animal models can be employed to help identify optimal dosage ranges. Hence, the
precise dosage, which can be determined empirically, can depend on the particular
immune globulin preparation, the regime and dosing schedule with the soluble
hyaluronidase, the route of administration, the type of disease to be treated and the
seriousness of the disease.

25 For example, IG preparations can be formulated in pharmaceutical
compositions to achieve dosage regimes (doses and frequencies) for which current
intravenous (IVIG) preparations are prepared and administered for particular 1G-
treatable diseases or conditions. One of skill in the art is familiar with dosage
regimes for IVIG administration of particular diseases or conditions. For example,

30 Section H below provides exemplary dosage regimes (doses and frequencies) of IG

for particular diseases and conditions. Other dosage regimes are well known to
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diet, time of administration, rate of excretion, drug combination, the severity and
course of the disease, and the patient's disposition to the disease and the judgment of
the treating physician. Generally, dosages of immune globulin are from or about 100
10 mg per kg body weight (i.e. 100 mg/kg BW) to 2 g/lkg BW. It is understood that the
amount to administer will be a function of the indication treated, and possibly side
effects that will be tolerated. Dosages can be empirically determined using
recognized models for each disorder.
In one example, IG is provided in an amount that permits subcutaneous
15  administration of a dose equivalent to a once monthly IV dose for the particular
indication being treated. In such an example, immune globulin preparations can be
formulated for single dose administration in an amount sufficient to provide a once
monthly dose, but can be provided in lesser amounts for multiple dosage
administrations. For example, once monthly doses of IG preparations can be
20  administered daily, weekly, biweekly or once a month. Dosage regimes can be
continued for months or years. The particular once monthly IV dose is a function of
the disease to be treated, and thus can vary.
Exemplary single dosages ranges, in particular for subcutaneous
administration of I1G, are from at or about 1 gram (g) to 200 g, for example, 1 gram
25 (g),5g,10g,202,30g,40g,50g,60g,70g,80g,90g, 100 gor200g. The
particular dosage and formulation thereof depends upon the indication and
individual. For example, dosages can be administered at SO mg/kg body weight
(BW) to 600 mg/kg, BW, for example 50 img/kg body weight (BW), 100 mg/kg BW,
200 mg/kg BW, 300 mg/kg BW, 400 mg/kg BW, 500 mg/kg BW, 600 mg/kg BW,
30  ormore. If necessary dosage can be empirically determined. To achieve such
dosages, volumes of IG-containing co-formulations administered subcutaneously

can be at or about 10 mL to 700 mL, for example, 100 mL to 500 mL, such as 200
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mL to 400 mL. For example, volumes of IG-containing co-fomulations
administered subcutaneously can be at or about 10 mL, 20 mL, 30 mL, 40 mL, 50
ml, 100 ml, 200 ml, 300 ml, 400 ml, 500 ml, 600 ml, 700 ml or more for single
dosage administration. For example, a 10% liquid IG co-formulation (100 mg/ml)

5  for indications described herein can be administered in a volume of 200 ml to 700
ml to achieve a single dosage of 20 gto 70 g of IG. In another example, a 20%
liquid IG co-formulation (200 mg/mL) for indications described herein can be
administered in a volume of 100 mL to 350 mL to achieve a similar single dosage of
20 gto 70 g of IG. As noted, IG can be provided in lesser amounts in the co-

10  formulation for multiple dosage administrations.

b. Hyaluronidase

The selected hyaluronidase, in particular a soluble hyaluronidase, for
example, rHuPH20, is included in the co-formulation at a concentration that is at or
about 50 U/mL to 300 U/mL, for example 50 U/ml, 75 U/mL, 100 U/ml, 150 U/ml,

15 200 U/ml, 300 U/mL, 400 U/ml or 500 U/ml, typically at least 100 U/mL to 300
U/mL, generally at a concentration that is 75 U/mL to 350 U/mL. If desired, the
hyaluronidase can be provided in a more concentrated form, for example at or about
1000 U/mL to 5000 U/mL, such as 1000 U/ml, 1500 Units/ml, 2000 U/ml, 4000
U/ml or 5000 U/ml.

20 The hyaluronidase in the co-formulation can be formulated as a
pharmaceutical compositions for single or multiple dosage administration. As noted
above for IG, the hyaluronidase in the co-formulation typically is formulated in an
amount that is ready to use such that no further dilution is necessary. Depending on
whether the formulation is provided as a single or multiple dosage form, one of skill

25  inthe art can empirically determine the exact amount of hyaluronidase to include in
the co-formulation.

Generally, the selected hyaluronidase, in particular a soluble hyaluronidase,
for example, rHuPH?20, is included in the co-formulation in an amount sufficient to
exert a therapeutically useful effect of the IG in the absence of undesirable side

30 effects on the patient treated. The therapeutically effective concentration can be
determined empirically by testing the polypeptides in known in vitro and in vivo

systems such as by using the assays provided herein or known in the art (see e.g.,
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93:1412-1417; Hahm et al., (1996) Virology, 226:318-326; Ito et al. (1996) J. Gen.
10 Virol., 77:1043-1054; Mizutani et al. (1995) Biochem. Biophys. Res. Commun.,
212:906-911; Cho et al. (1997) J. Virol. Meth. 65:201-207 and then extrapolated
therefrom for dosages for humans.
For example, a therapeutically effective dose of hyaluronidase for single
dosage administration is at or about 500 Units to 500,000 Units, for example, 1000
15  Units to 100,000 Units of hyaluronidase. For example, hyaluronidase can be
administered, in particular for subcutaneous administration, at or about 500 Units,
1000 Units, 2000 Units, 5000 Units, 10,000 Units, 30,000 Units, 40,000 Units,
50,000 Units, 60,000 Units, 70,000 Units, 80,000 Units, 90,000 Units, 100,000 Units
or more. As noted, hyaluronidase can be provided in lesser amounts in the co-
20  formulation for multiple dosage administrations.
In some examples, dosages can be provided as a ratio IG administered. For
example, hyaluronidase can be administered at 10 U/gram (g) to 2000 U/g or more
of IG, for example, at or about 10 U/g, 20 U/g, 30U/g, 40 U/g, 50 U/g, 60 U/g, 70
U/g, 80 U/g, 90 U/g, 100 U/g, 150 U/g, 200 U/g, 250 U/g, 300 U/g, 400 U/g, 500
25 U/g, 1000 U/g, 1500 U/g, 2000 U/g, 3000 U/g IG or more. In general, the ratio of
hyaluronidase to IG in a co-formulated product is greater than the ratio when the
same products (IG and hyaluronidase) and the same amount of IG are
subcutaneously administered separately, for example, in a leading edge
administration. Thus, generally the ratio is at least 100 U/g, and generally 250 U/g
30  or more, for example 100 U/g to 3000 U/g 1G, such as 250 U/g to 1000 U/g, and in
particular 250U/g to 750 U/g, such as 500 U/g IG. For example, a co-formulation
containing 100 U/mL hyaluronidase, when co-formulated with a 20% IG (200
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mg/mL), is provided at a ratio that is or is about 500 U/g of IG. Typically, volumes

administered subcutaneously can be at or about 10 mL to 700 mL, such as 50 mL to

500 mL, for example 100 mL to 400 mL for a single dosage administration. For

example, volumes administered subcutaneously can be at or about 10 mL, 20 mL, 30
5 mL, 40 mL, 50 ml, 100 ml, 200 ml, 300 ml, 400 ml, 500 ml, 600 ml, 700 ml or more

for single dosage administration.

c. Alkali metal Chloride Salt
The co-formulation provided herein contain an alkali metal chloride salt that

is at least 0.05 M. The alkali metal chloride salt includes, but is not limited to,

10 sodium chloride (NaCl) or potassium chloride (KCl). Typically, the alkali metal
chloride salt, for example NaCl or KCl, is provided to retain the stability and activity
of the hyaluronidase. The exact amount of salt can be empirically determined by
one of skill in the art. For example, the amount of salt in the formulations can be
determined by assessing aggregation and activity under differing salt conditions

15  using various methods known to one of skill in the art, for example, as described in
Section G. Typically, in the co-formulations provided herein, sodium chloride is
provided in an amount that is or is about 0.05 M to 0.3 M, for example, at or about
0.05M, 0.06 M, 0.07 M, 0.08 M, 0.09 M, 0.1 M, 0.15M, 0.2 M, 0.25 M or more.
Typically, the amount of salt is between 0.05 M to 0.25 M, for example 0.15 M.

20 d. Amino Acid Stabilizer

The co-formulation provided herein contains an amino acid stabilizer, which
contributes to the stability of the preparation. The stabilizer can be a non-polar and
basic amino acids. Exemplary non-polar and basic amino acids include, but are not
limited to, alanine, histidine, arginine, lysine, omithine, isoleucine, valine,

25  methionine, glycine and proline. For example, the amino acid stabilizer is glycine or
proline, typically glycine. The stabilizer can be a single amino acid or it can be a
combination of 2 or more such amino acids. The amino acid stabilizers can be
natural amino acids, amino acid analogues, modified amino acids or amino acid
equivalents. Generally, the amino acid is an L-amino acid. For example, when

30 proline is used as the stabilizer, it is generally L-proline. It is also possible to use

amino acid equivalents, for example, proline analogues.
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Generally, an amount of one or more amino acids effective to maintain the
immune globulin in monomeric form is added to the solution. The concentration of
amino acid stabilizer, for example glycine, included in the liquid co-formulation
ranges from 0.1 M to 1 M amino acid, typically 0.1 M to 0.75 M, generally 0.2M to

5 0.5M, for example, at least at or about 0.1 M, 0.15M, 0.2 M, 0.25 M, 0.3 M, 0.35
M,04M,045M,0.5M, 0.6 M, 0.7 M, 0.75 M or more. The amino acid, for
example glycine, can be used in a form of a pharmaceutically acceptable salt, such
as hydrochloride, hydrobromide, sulfate, acetate, etc. The purity of the amino acid,
for example glycine, should be at least 98 %, at least 99 %, or at least 99.5 % or

10  more.

e. Other agents

Optionally, the co-formulations can include carriers such as a diluent,
adjuvant, excipient, or vehicle with which a hyaluronidase or IG is administered.
Examples of suitable pharmaceutical carriers are described in "Remington's

15 Pharmaceutical Sciences" by E. W. Martin. Such compositions will contain a
therapeutically effective amount of the compound, generally in purified form or
partially purified form, together with a suitable amount of carrier so as to provide
the form for proper administration to the patient. Such pharmaceutical carriers can
be sterile liquids, such as water and oils, including those of petroleum, animal,

20  vegetable or synthetic origin, such as peanut oil, soybean oil, mineral oil, and
sesame oil. Water is a typical carrier when the pharmaceutical composition is
administered intravenously. Saline solutions and aqueous dextrose and glycerol
solutions also can be employed as liquid carriers, particularly for injectable
solutions.

25 For example, pharmaceutically acceptable carriers used in parenteral
preparations include aqueous vehicles, nonaqueous vehicles, antimicrobial agents,
isotonic agents, buffers, antioxidants, local anesthetics, suspending and dispersing
agents, emulsifying agents, sequestering or chelating agents and other
pharmaceutically acceptable substances. Examples of aqueous vehicles include

30  Sodium Chloride Injection, Ringers Injection, Isotonic Dextrose Injection, Sterile
Water Injection, Dextrose and Lactated Ringers Injection. Nonaqueous parenteral

vehicles include fixed oils of vegetable origin, cottonseed oil, corn oil, sesame oil
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( d ont ech) ,and pdanui @ilndotmictphigbiagents| in bactedentaticaerfun SRRy corgsatrations pCl
vect or backho sp, i.ncl udes i he Bet a-l.act Se_ resi.stance
T5gene (amsiy oe ARl Eftouhrentirproplin ot dtb kel ARy B iR o Sohich

i medi at e- 4adlhde FHUNBIRGR o RbRBleffuriaBIb@zyl 4I188h0l, chirbbiRfdICmietiyl ad and an
SV40 | ate pol yadenyl ati on signal (Sv40). The DNA encodi ng the sol uble

r HUPH20 corpseml erhydsewybenzoiapcifsaterss thiraergsal, benzalkepivepellarideiand equence
prior tQt i t j.oni. mi i L3l 1 of the
nat fve. 35 der g dlane MR AARIATE (A SAEHE BETAHAR 0 Coon

fol | owi ng tBdfdiiNtichide phlbsihatemmdicittaisi Agtioxddanesipolnde sgditmh tdsdlface. docal
position 482 of the hupman PH20 hyal ur oni dase (set forth in SEQ ID NO 1),
fol | oned byanssteefiesingluds progainghydrpehlorids, suspsnding and divpersing agents

PH20- | RES- 408 r i i NA speci es
driven by ?ﬁg&d%vé pr oﬁo%%ﬁ%lﬁtgﬁlﬂggg%gé@déénﬁﬁ?@gfﬂdés?h }?9§11%g@§f% " uman PH20
(set fort h pohyvaiQpyriplidon8) Emnldifgimgragents intdude- P gsoobater8 § EWHEBNOBWf &\ at e

reductgse (set forth in SEQID 53),. sepa e internal ribosonal
ity a0 e Spreefine xRl R ancat CLackinns Basdedip X P BRIRGE e st

Modi fied CRidHELIBEERY AboHdiRRlydthPighd SYRA PR MR GV fordvat gl ut am ne
and 18 nl/L Pluronic F68/ L (f(sﬁﬁl)}(l:o)fl .vveggcseedlgq at 0. wx 106 cells/n in a
shake f| askniseiblereghinlestandrsodivm hydaoxifie,dtyidooehlatisl deid, wisrie agidewtacic a8id C in 5
%C2 in a humdi.fied itncubator, shaking at 120 rpm Exponentially grow ng
non- t r ansf 8t B 2B cel I's were 10tested for viability prior to

transfection.  Compd¥itidng cah tomt@in AloriblRh 6 hétvedhgledRnhAndilueangichat ed DHA4
CHO cell culture were pelleted and re-suspended to a density of 2 x107

cel I's il1d 0.lgctege, gcrgse, dicalsiymephosphats gricarboxyethyiollulnge;aiubepay, sushy 7. 0,
274 mM NaC C jjquot of
ro- suspenae "iap PRt ligph ol ERHE and ey WS FRRLGE Rl 3 AL Rafh

(1'i neari zedzulms, swhrasigght acdtiggahtimrzlwdobd) nidlassks, (phibwidkyipyrasitoBepl abs)) was
added, and the cell/ \ solutjons. were transferred into 0.4 ) BTX
(Gent roni cﬁﬁe@é@t%%ﬁtv@ﬁ thefenl; PRGdo FRO8RA HideRsE B gher S%%ﬁfi% ve
control el ggL42R0 %M sk 3R sMBSn BRY frormed with no plasmd DNA mixed with the
cells. The cell/plasm d m xes were el ectroporated with a capacitor ’

di schafle of 20 R3@xampledapéGipentqrotin GBbeviddeditoothe co-formulatien thet | s wer e

renoved fromthe cuyvettes after el ect.roporati and transferred into 5 nL
o Nbdi f1 e BBe eno b aPIopEy! HhRpcepicall) Ascersalp PEERT BEPYATRS 4
gl ut ani ne aghedddlyMiielexBipitn® Pidteif88édiectdd fo€ @} abififftotd MnEdisteRedfoow i n a wel |

of a 6-well tissue culture plate without selection for 2 g‘a/s at 37 Cin 5%
25CO2 in a mammelidn abjechsithauiprovaiiag amimmpoe resperset Fopseamiohumens ni of

i ssue ol Lyt HBhh 1Pl SRS LOMLRARAIGLy A SRS LS iy Pr esence

of hyal uroni'dase "activity, ~using ot urbi di assay descri in
Exanpl @54. ph¥fthatdhtléd) pAciOih R&EVpLERZOh0MAE Hud brelnb® lifAtedao,Istarch, ilfido3k,

hyal uroni dase activity of HzZ24 transfected D4 CHO cells at 40 hours

post-tran sflatesepiicrose; gelatin, malt, rice, flour, chalk, silica gel, sodium stearate, glycerol
monostearate, talc, sodium chloride, dried skim milk, glycerol, propylene, glycol,
water, and ethanol. . The excipient is included in the formulation at a sufficient
concentration to prevent adsorption of the protein to the holding vessel or vial. The

30  concentration of the excipient will vary according to the nature of the excipient and

the concentration of the protein in the co-formulation.



Activity ctivity (Units/nL) 0.25 Transfection 1 (330V) 1 to 10
Transfection 2 (350V) 1 to 10 0.52 Negative Control 1 to 10 0.015

Cell s fronoDoansi@ati on 2 (350V) were collected from t hecritssue/oc2shs ur e
wel |, counted and diluted to 1 x104 to 2 x104 viable cells per nL. A 0.1 nL_
aliquot of the 5 cell suspension was transferred to each well of five,
96-wel | round bottomtissue culture pl &ges. One hundred mcroliters of
CD-CHO nedia (@ BCO containing 4 nM d utaMAXTm 1 suppl enent (G BCOTM

I nvitrogen Corporation) and w thout hypoxanthine and thym di ne suppl ements
were added to thd compbsitiemiif désiredgplsetdnscoptaimalinar gmawatsoioveting or0Ten

o onee et o RIHLLES pO B RS B Bt ol RO BREL 0 ©
Hyal ur oni daggloiexdridé derdéativé§ Sordan 2echobdtbate A ethaRoldrftneXadiutd dceldtd, 304 2D9
triethanolamine oleate, and other such agents.
5 2. Dosage Forms

The co-formulations provided herein can be formulated as single or multiple
dosage forms. For example, since the co-formulation provided herein is stable over
prolonged periods of time, the co-formulation can be provided in multiple dosage
form for administration over an interval of days, weeks, months or years. Thus, the

10  liquid co-formulation can be prepared as unit dosage forms. The concentration of
the pharmaceutically active compound is adjusted so that an injection provides an
effective amount to produce the desired pharmacological effect. For example, each
unit dose contains a predetermined quantity of therapeutically active compound
sufficient to produce the desired therapeutic effect, in association with the required

15  pharmaceutical carrier, vehicle or diluent. The exact dose depends on the age,
weight and condition of the patient or animal as is known in the art.

Unit dose forms can be administered in fractions or multiples thereof. A
multiple dose form is a plurality of identical unit dosage forms packaged in a single
container to be administered in segregated unit dose form. Hence, multiple dose

20  form is a multiple of unit doses that are not segregated in packaging.

The unit-dose parenteral preparations are packaged in an ampoule, a vial or a
syringe with a needle. The volume of liquid solution containing the
pharmaceutically active compound is a function of the disease to be treated and the
particular article of manufacture chosen for package. All preparations for parenteral

25  administration must be sterile, as is known and practiced in the art. When provided
as a multidose preparation, the formulation can contain a bacteriostatic agent.

3. Administration

Co-formulated compositions provided herein typically are formulated for
parenteral administration, for example, by subcutaneous route. Due to the increased

30 bioavailability of IG in co-formulations with hyaluronidase, immune globulins can
be administered subcutaneously at dosages and frequencies for which current

intravenous (IVIG) préparations are prepared and administered. The advantages



273 4D10 302 Six Hz24 clones were expanded in culture and transferred into
shake flasks as single cell suspensions. Cones 3D3, 3E5, 2G8, 2D9, 1E11,
and 4D10 weneiipizatoed i nto 96-wel |l round bottomtissue celcrarseoiploatses usi ng
a two-di nensional 15infinite dilution strategy in which cells were diluted
1:2 down the plate, and 1:3 across the plate, starting at 5000 cells in the
top left hand well. Diluted cl ones weregigrown in a background of 500
non-transfected D&A4 CHO cells per well, to provide necessary growh
factors for the initial days in culture. Ten plates were made per subcl one,
with 5 pl at@er eementisnbentarBoush farmulations e&hﬁ@thmosfomlta@ﬁ wi t hout

ot hot 1 exat 9GO B e R Ty Ao BY ERIRRES Ko Pt esP oot et

Si gni fi cant fréguehtddirigd a5less freyibeny o RWeldasing, 8ild dffdchiaissacpgedaitant s from 8
of the 24 subcl ones (>50 Units/nL and these 8 subcl ones were expanded
into 1-25 tioXisity Cé‘@lb? trduced. Jgruera élaf'e@har@wawdwfapéfm Phamaspdmamissat e
treat ne xat e.
G one 30550y angeendtEE Fo BN R, B pRHGGE A fine0t AMERARbAS S

cl ones pr oddfd(ngso l’ilaseebd@eﬁtag@fovbr Gﬁeedﬂmttasxlemslmﬁxsimke%ﬂ aakpld,cl one 3D35M
or Genl 3D35M. A master. cell bank (MCB) of the 3D35M ceIIs s then

pr epar ed. BS"IbF%{h‘?&“Fd‘Pfu%B PRERiLS IEUHQILBY e patient OFIE%%Y toga |

Bi or eact or vald3: RaRdgsh r_a,om shake
flasks thr o%:] Lses;l)?%l?\lglr%cﬁa gﬁfn §M%@O§ ra&% ﬂﬁgftt}?c()lgg% Car | sbad
Calif.) suplpﬂmemeMe&vta ﬁlm(hbursl\fonmﬂvcnm@)ahi‘él(bﬁm@m terodsmol

(Invitrogen). Cells were transferred from spi.nne ks

bi or cactiby RIS o Bct Rl APEE BrreduRoItPior e H3¢ Stk BacPefSer 1 5/ m.
Par anet er s Wrﬁbosise%ﬁfaéﬁé”ﬂ?roﬁﬁ%ﬁﬁl'eﬂitns ahd rﬁusd&"énd]es% féc%a%l’llty B9 adRirRRO1 Nt ) ;

di ssol ved oxygen set poi nt: % and air overlay: cc/mn. At 168 hrs,
250 mL of F@@dtS#@dvm@umeaD[wamﬁﬂmammﬁr@mye) was added At 216
hours, 250 nL of Ekee and 10_nM
sodi um but yr at e) S\’/Pé;élgaélﬁﬁl‘ésaaddngﬁﬁ ré?oxb ﬁo Pgecgg’oglﬁ]ﬂreg#‘é{ dlr?cpé WEGMTm was
added. Thi sadfinfit@6®sSthacthd t@dhitie ﬂhtefrstﬁiﬂm Bf Sa! 6 fissuty tidreblod¥grading s/ mo
with a maxinmal cell density of 6 x106 cells/nL. The addition of sodium

but yr at ¥ watheirfersttiplesppesaior yubssauene delivesy pf bameregdebwin. IBpsigirect: Hu PH20 in

the final s , (@e]f!

cl one was c%ogﬁﬁtﬁgorgﬁg%gpti%l? ?}}i?sl'bn agg{a%l g%gg Fé?ti(%l\?{/ﬁ%tlijg i atl on
into 10 mM ¢deypasplptdd7. 0. Sol ubl e r HUPH20 was 25 then purifi ed by sequentl al
chromat ogr aphy on Sephar ose  ( Phar maci i on exc Phen ephar ose

( Phar maci a) hydréﬂl%é‘ﬁ al%@f‘é’gtl t%‘f’%r?ét*%ﬁ?‘& %ﬁaﬁw% %{gé’
(Pronetics) yapdetty QI&XNMBisEﬁn&W(PJ@&rQQﬁ?r%M of %&n@ﬂ@caﬂ&é’b’ﬁ%@éd b

Sol ubl e rHUPH20 bound to Q Sepharose and eluted at 400 nM NaCl in ’he 30
same bu2( er for thampleumttmonbmitdd o)t lodalinfusiopMogroabapplicaiser, e#t.ant o a fi nal
concentration.of .500 @1'\4 ammc?i um.sul fate and b&assetd ttﬂ)r ouegdh a Phenyl

Sephar ose ( FWRSHBR Yt 4, WRUNG diepsiiie Aftes, PUrseRAoN Jg R by 3862 condi ti ons

to a phenyl cattetdr, BPhRARS 6f 4 KPpBsitorLorPI HEINe oﬁwhmnm@e@rmmbdaromthe
Phenyl Sepharose resin in Hepes pH 6.9 after washing at pH 9.0 in 50 nmM

bi ci ne wi t hadminisiraten dmcbmvc be mJeml@newhtaé figaza szddw@cprdmed agiddeehini ¢

hydr oxyapat o} nvl CaCl2
and o uted e yaRtdkoPlaille diflebforma MRS HERRE RAARY G BRinheTe) 5

The reszd taldbalmdmlﬁﬂseahcﬁodautﬂeachidum-ﬂﬁ)nﬁdﬁsmss}ﬁdh aarsipetacilitetedby thei dsg i n
excess of 65,000 USP Unlts/ng protein by way of the mcroturbidity assay

( Exanpl e 4)°fLPsIP‘H@p9h‘ét eispiler d9\defce st andard. Purified sol ubl e r HUPH20
eluted as a sing RPC styrene
di vi nyl benzene 1%3158 urrﬁ; émpﬁr%%lsrngn%@g@t)%&%\?\%%ﬁ q%BH k} gﬁt?cgirsld 0.1%
TFA/ 90% ac etanmpdsitidnedah Gofbiulated im éwgvﬁdmsapgrc@m@l fer bachadutelofkDa band by

SDS el ectrophoresi s that reduce toash 51 kDa ban on treat nt Wi th
onAoE. F RPER et T Reseaable Setle ML AROE By e dan s OhoEH bRt

pept i des(nadpbRen sed 4scheRiduve 6ﬁﬂ'9kiﬁgase1§ﬂ@ S LS AR dasEthé k@\)‘%ng}x@lans' on
Process Into 100 L Bioreactor Cel ture

the disease the particular composmon Wthh is used. Other routes of

administration, such as any route known to those of skill in the art, include but are



A scal ed-up process was used to separately purify soluble rHuPH20 from four
different vials of 3D35M cell to produce 4 separate batches of sol uble

r HUPH20; wWOR0d0BG04 HUA0O410C, HUA0415C and HUA0420C. EackrCTiuskomas2529
separately expanded and cultured through a 125 L bioreactor, then purified
usi ng colum chr omat ogr aphy. Sanpl es were taken throughout the process to
assess such paraneters as enzyne yiel d.g2The description of the process
provi ded bel ow sets forth representative specifications for such things as
bi oreactor starting and feed nedia volunes, transfer cell densities, and
wash and elngtligrtedde inteasmusirlar, éntsavenousn ingd enal sniralesionsl injrapgritanesich

bat ch, and . .det aj i.n{Tah 15t 2, . oyr. Vi . 3D35M cel I' s
wer e thamedg{egtlélj]%fs@lugz}g’tdears albg alrlre‘%éﬂ?%blf%t%lbtﬁlp gia}iil%%alil’g) ch]l{}ﬁ%r%{lﬁ{‘ﬁl’r exat e and
40 nl/L G wuebidd @, Sublafgualdded eaddérhiral edhinistiEibs of eny foute) Jegtmuldinsel | s
were re-suspended in a 125 nL shake flask with 20 nL of fresh nedia and

pl aced in =suedforsychoroptespee ke to aneoiskill w thepd. 30 expanded up to 40 niL

in the 125 nL Skk,??ﬁ . a1eMhen : S oDy 106
cells/ rrij_5 the cu u?égl@v\%}s% aé%(pané)tgg(afnﬁlﬁg)deé 18@ hﬁlefsgﬁ?l%@%laggﬁe %%e%ég’(loo mL
cul tur e vol aithier sefhentfallgsinterasttémiywdrah e saineToMpositofOAdmihBratidrealsel | 122
density reached 1,5 -2.5 x 106 cells/pL, the culture was _expanded into a
250 nl’ spi rﬁ%@ﬁnqlv%%nfrﬁﬁ%tﬁjfwe SYitemt Weliinmrontiglied Folease ForLIoRans sRE ubat ed
at 37C, 7% §&%ee HEONddRIAE, SudBRT Y MedR¥TRGHIMp.5 - 2.5 x 106 cells/nL, the
culture was expanded into a 1 L spi'nner flask I'n 800 nL cul ture vol une and
i ncubat ed at 37Qubtsufacq@eRdmitistratidie gemrdllyehmsadterized dyhmpctlotbor 2.5 x 106
cells/ t.he culture was expanded in a6 spi nner. flask. .in L culture
vol une thd PfE(RiaiaaniEnPlsted heiTodaleo Rl <o e BEPRTIdR ePE VP BBURRES 5
2.5 x 106 cinepidmiquid BSlufistst dHsBspasiofk RBRE estnistuRtable 36 dohitRinzer flask in
20 L culture volune and incubated at 37C, 7% CO2. 10A 125 L reactor was
sterilized suspansiondatiquid privr @) idertion; orasenBdsionnfGapralyotheed-a was added.
Bef ore use,.the_l.eactor. checked for, contam nation. \Wen the.cell
density i n PHEUSESH RgtidkERerpiiCag Bronatig s bR Toheeiibhes g destenSd I ' 00 L of
cel | cul turlgcaVaad sysdtficeidffisfraton. tg pafpdsesSidrainelochll Alpdaistratiéh® 125 L

bi or eact or c&gy aun), resulting in a final volume of 85 L and a _seeding

densi t yl3of dgsisedbior fiteet agministratigstothe phegted interptitinm o Prepgratiens f&nper at ur e
set poi nt: : : 2: g - - 2504 I . d: 50 rpm
vessel preiau%né: adggllgu;sug{f@gﬁ%@@%g@utﬁ‘l&%ﬁa iré t ggg@ﬁ)lgygeril%d 21 n. The
react or wassohdnigppmductssuyh holyophilized powidas, padwiortef dondtinahwitihredobreatnal ysi s,
protein productjon and. retentjon.. Nutrient feeds were adde&gouri ng the run.
At Day 6, 3JUsftArop{o pReamcip f&ﬁRS’ﬁF’(’”@B‘ ~SIEYC FRIPEDYORT IFBOEET+ 40 ni/ L
Glut aMAXTM iljecMGS saefieghy iaQuile ptdthltsiBmab Feombifdl Witk A98Riclequsb. 5C. At
day 9, 3.5 L of Feed #2 (CD CHO + 50 g/L ‘glucose +40 nl/L G utaMAXTm 1 +
1.1 g/ 20sociriomtd useyanadt sérileemulsiietsd Thesalutteristmaxbe eithse navesus onas changed to

36C. At day_ 11, 3.7 f. Feed,# CD +. [ L gl.ucose + 4Q nl/L

& ut anmxrmaengagedyd g obisieree eledy e e sl e RES TR Rttt o

t enper at ur esaliaé oLptRpiede befféld 8&linel(PBS) aadtsolutivas chirhinaft ittkading4ndays, or
when the viability of the cells dropped bel ow 50% The process resulted in
product i on sfubslizingpgentssmatpn sliedse.arelesthylarg glycelcandpalyprepylesoslyenl t s/ L
wth a maxi lm&ﬁlrles t‘ﬂ?&%%ty of 8 mllion cells/nL. At harvest, the culture
was sanpl e or ‘nycopl asrma, bioburden, endotoxin, and virus in vitro and in
vivo, t2sansm ssiAdmdfistaeioh hoihadsciande epipldyEB) deataseithabxppsuteiofl es, and

enzynme activity. The 100 L bi oreactor cell culture harvest s filtered
through a s¥tectsd comparadsde siserdatiyssioeesses, seshsaspioienlytis dggradationetndyl  one
medi um ( Sartori ik : . 5p.m
dept h caps ulﬁeh?ﬁdeaﬁ%)g.l%% nggn}vgg%%ﬁrltea %g%%h? ?%‘gﬂg}‘g? egﬁogrﬁgba&g&; ?’%@rﬁ%ﬂ?f?opor e
2000 cn? fidutle medrds imthaledodAQdmisisteatidneat sheosiggd tizagnenth@egylhtiar ef was
concentrat ed 10x .usihn two TFF with Spiral Polyethersul.faone 30 kDa MACO
filters (MPABGHISS haylaen soRartadyo Anessdss e Eancs)te REHERY Rt AT elAS A EPES,
25 mM Na2 SQif- . dndCdectddbOarftidinfty It fiARinobéditief. EXdndplas efhdgyhiti®hi | €

storage bag. Table 15 provides nonitoring data relate to thecell culture,
harvest, conetbodolagieparedkndwiuh tier areéset forgsamplp slu aimbFdix] . Miteptide i ng dat a

Par anet er  HORHORE TR0 A1 b LT R RRtRE i 1 Pt RalgoCo! PRbEI at o

100 L bioreactor (days) 21 19



17 18 100 L inocul ation density (x 106 cells/nL) 0.45 0.33 0.44 0.46
Doubling tinme in logarithmc gromh (hr) 29.8 27.3 29.2 23.5 Max. cell
density (woR0B/edoks/ m) 5.65 8.70 6.07 9.70 Harvest vi &birlusee10(00954811 48 41
41 Harvest titer (U nL) 1964 1670 991 1319 Tine in 100-L bioreactor (days)
13 13 12 13 C arified harvest volune (nmL) 81800 93300 91800 89100

83

al., Int. J. Peptide Res., 46 : 253-64, 1995; Benhar et al., J. Biol. Chem., 269: 13398-
404, 1994; Brumeanu et al., J Immunol., 154: 3088-95, 1995; see also, Caliceti ef al.
(2003) Adv. Drug Deliv. Rev. 55(10):1261-77 and Molineux (2003)
Pharmacotherapy 23 (8 Pt 2):3S-8S). Pegylation also can be used in the delivery of
5 nucleic acid molecules in vivo. For example, pegylation of adenovirus can increase
stability and gene transfer (see, e.g., Cheng et al. (2003) Pharm. Res. 20(9): 1444-
51).
A Where large volumes are administered, administration is typically by
infusion. Subjects can be dosed at rates of infusion at or about 0.5 ml/kg/BW/h to 5
10 ml/kg/BW/h, for example at or about 0.5 ml/kg/BW/h, 1 ml/kg/BW/h, 2
ml/’kg/BW/h, 3 ml/kg/BW/h, 4 ml/kg/BW/h, or 5 ml/kg/BW/h. The infusion rate
can be empirically determined, and typically is a function of the tolerability of the
subject. If an adverse reaction occurs during the infusion, the rate of infusion can be
slowed to the rate immediately below that at which the adverse event occurred. If
15  the adverse event resolves in response to the reduction in rate, the infusion rate can
be slowly increased at the discretion of the physician. Subcutaneous infusion of IG
co-formulations can be facilitated by gravity, pump infusion or injection of a desired
dose, for example, a full 20-30 gram dose. Generally, for infusions intravenous
infusion pumps can be employed. IG/hyaluronidase co-formulations can be infused
20  atrates at or about 5 ml/h, 10 ml/h, 30 ml/h, 60 ml/h, 120 ml/h, 240 ml/h or 300
ml/h. Infusion rates can be increased during the course of treatment so long as the
infusion is tolerated by the patient. Generally, time of administration of infusion is at
orabout 0.5h, 1 h, 1.5h, 2 h, 2.5h, 3 h, 4 h or more. Due to the high rate of infusion
achieved by subcutaneous administration of IG co-formulated with hyaluronidase,
25  the time of infusion is significantly less than for conventional IVIG therapies.
Where infusion time exceeds the desired limit, a second infusion site can be started
at the physician and subject’s discretion. The second site typically is started at least
10 cm from the initial site.
Techniques for infusion are known to one of skill in the art, and are within
30  the skill of a treating physician. Generally, the appropriate dose of IG/hyaluronidase
co-formulation can be pooled into a standard IV bag. For example, a non-vented

infusion set can be used that has a Y-port near its terminus. A 24-gauge



Clarified harvest enzyme assay (U nL) 2385 1768 1039 1425 Concentrate
enzyne assay (U nL) 22954 17091 8561 17785 Buffer exchanged concentrate
enzyme asweyo(id3moy 15829 11649 9915 8679 Filtered buffecTasehangsds
concentrate enzyne assay (U nL) 21550 10882 9471 8527 Buffer exchanged
concentrate volume(nlL) 10699 13578 12727 20500 Rati o enzynme units
concentration/harvest 0.87 0.96 1.32 1.¢4 10A Q Sepharose (Pharmacia) ion
exchange colum (3 L resin, Height = 20 cm Dianeter = 14 cm) was prepared.
Wash sanpl es were collected for a determ nation of pH _ conductivity and
endot oxi n (Suhgytangoyainfusipre nessi¢ipan beaigsestediat p sita pbdrehbjectss prsfarenresol unes of

10 M Tri s, sS4 H - . e L afilt vest was
| oaded ont obu[% &leer%dg%%ﬁ ﬁa%d 5?"033?‘%3@1]-%%@2%& %%éﬁ%%gg#h%au%gtggyglﬁ%nems
washed wi t hofSoklibh by fHfukeds Thk hiflurdviddst and AG chivb&prYided iftthe/sameaid 10 M

Hepes, 50 mM NaCl, pH 7.0. The protein was eluted 124 with 10 nmM Hepes,
400 mV NacCporianparatus. Liherarficles afmanyfactyre alsqcambe ysgd hprein forputnoses nt o a

sterile Sba%f infusion by gravity or a pump, and include, but are not limited to tubes, bottles,

syﬁnges or other containers.

In the event that an infusion is not tolerated (e.g., it causes moderate to
severe local reactions), a second infusion site can be started so that the subject
receives the full dosage.

10 Further, it is understood that the stable co-formulations provided herein are
amenable to dosage regimes involving a periodic frequency of administration. For
example, the dosage frequency can be daily over an interval of time given over
consecutive or alternate days, for example, 1, 2, 3,4, 5, 6, 7, 8, 9, 10 or more days.
In other examples, the dosage regime is weekly, for example, once every week,

15 every two weeks, every three weeks, every four weeks, every five weeks, every six
weeks or more. Thus, an IG/hyaluronidase preparation can be administered at once,
or can be divided into a number of smaller doses to be administered at intervals of
time. Selected IG/hyaluronidase preparations can be administered in one or more
doses over the course of a treatment time for example over several hours, days,

20  weeks, or months. In some cases, continuous administration is useful. It is
understood that the precise dosage and course of administration depends on the
indication and patient’s tolerability.

Also, it is understood that the precise dosage and duration of treatment is a
function of the disease being treated and can be determined empirically using known

25 testing protocols or by extrapolation from in vivo or in vitro test data. It is to be
noted that concentrations and dosage values also can vary with the severity of the
condition to be alleviated. It is to be further understood that for any particular
subject, specific dosage regimens should be adjusted over time according to the
individual need and the professional judgment of the person administering or

30  supervising the administration of the compositions, and that the concentration ranges
set forth herein are exemplary only and are not intended to limit the scope or use of

compositions and combinations containing them. The compositions can be
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The main stability indicating parameter is molecular size, and a change in

30  size may be the result of degradation by denaturation, aggregation or fragmentation.
Aggregation of IG is a common problem during storage of 1G products. The

aggregates are problematic because they can combine with complement in the
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patient's blood and produce an anticomplement reaction. The ability of IG to bind
complement is greatly increased as a result of denaturation, in particular by
aggregation to high molecular weight species. The complement binding mechanism
of these aggregates appears to be identical to that of antigen-antibody complexes.
Marcus, D. M., (1960) J. Immunol. 84:273-284. In the case of IgG, it is known that
the complement binding site requires two molecules close together. It is therefore
possible that critical packing of the molecules is required, rather than any necessary
conformational change.

Methods for monitoring stability of IG are available in the art, including
those methods described herein and in the examples disclosed herein. There are
various methods available for assessing the stability of protein formulations,
including antibody or immuno globulin formulations, based on the physical and
chemical structures of the proteins as well as on their biological activities. For
example, to study aggregation, fragmentation and denaturation of proteins, methods
such as charge-transfer absorption, thermal analysis, fluorescence spectroscopy,
circular dichroism, NMR, reduced capillary gel electrophoresis (rCGE), and high
performance size exclusion chromatography (HPSEC), are available. See, for
example, Wang et al., 1988, J. of Parenteral Science & Technology 42(supp):S4-
S26. The rCGE, and HPSEC are the most common and simplest methods to assess
the molecular size due to formation of protein aggregates, protein degradation and
protein fragmentation. Further, the anticomplement activity (ACA) can be directly
determined.

For example, the stability of the liquid formulations can be evaluated by
HPSEC or rCGE, where the percentage area of the peaks represents the non-
degraded protein. In one example, protein is injected onto a TosoH Biosep TSK
G3000 SW 600 x 7.5 mm column. The protein is eluted. Eluted protein is detected
using UV absorbance at 280 nm. A reference standard is run in the assay as a
control, and the results are reported as the area percent of the product monomer peak
compared to all other peaks excluding the included volume peak. Peaks eluting
earlier than the monomer peak are recorded as percent aggregate.

ACA titer also can be determined as described in the European

Pharmacopoeia (European Pharmacopeia, 1997, 2" ed. Part I1. Maisonneuve, S.A.,
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Saint Ruffine, France). Generally, ACA titer is a specification indicator for
intravenous (IV) administration and is not relevant for subcutaneous administration
of the co-formulations. Thus, for purposes herein, ACA titer is not generally a
determinative indicator for co-formulations that are formulated for subcutaneous

5  administration.

Generally, the ACA assay measures the amount of complement that is bound
by the mixture of standardized amounts of complement and protein (see e.g.,
Palmer, D. F. and Whaley, S. D., Complement Fixation Test, in Manual of Clinical
Laboratory Immunology (Ed. N. R. Rose, et al., American Society for Microbiology,

10  Washington, D. C., 1986) pp. 57-66.; Mayer, M. M., Quantitative C’ Fixation
Analysis, Complement and Complement Fixation, in Experimental
Immunochemistry (Ed. E. A. Kabat and M. M. Meyer, Thomas, Springfield, III.,
1961), pp. 214-216, 227-228.) Briefly, red blood cells that have been sensitized by
preincubation with red blood cell antibodies are added to the complement/protein

15  mixture. In the presence of free complement (not already bound by the protein) these
sensitized cells will lyse, releasing hemoglobin which can be quantitated as a
measure of the degree of lysis. In parallel, sensitized red blood cells are also added
to a buffer control-complement mixture, whose degree of lysis is defined as 100 %.
The difference between the actual amount of complement needed to give 100 %

20  lysis and the amount of complement remaining unbound in the presence of protein
equals the amount of complement actually bound by the protein, or anticomplement
activity. One unit of ACA activity (one CH s unit) is the amount of protein capable
of activating 50 % of the complement in an optimally titered complement and red
blood cell/hemolysin system. Generally, an acceptable ACA titer is less than 50 %

25  CHS50 units consumed per mg protein.

In another example, molecular size distribution, for example due to
aggregate formation, during storage of a liquid co-formulation can be readily
determined by measuring the change in soluble protein in solution over time.
Amount of soluble polypeptide in solution can be quantified by a number of

30 analytical assays. Such assays include, for example, reverse phase (RP)-HPLC and
UV absorption spectroscopy. Determination of both soluble and insoluble

aggregates during storage in liquid formulations can be achieved, for example, using
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analytical ultracentrifugation to distinguish between that portion of the soluble
polypeptide that is present as soluble aggregates and that portion that is present in
the nonaggregate, biologically active molecular form.
In a further example, the stability of co-formulations can be assessed by
5  heating the finished product to a temperature of 57° C and holding it at that
temperature for four hours while examining the product for visual precipitates. (See
e.g., Code of Federal Regulations 21, Food and Drugs, 640. 101a (revised April
1978)). In a modification of the method (see e.g., Fernandes and Lundblad, Vox
Sang 39:101-112 (1980)), approximately 2 milliliters of the test product is heated at
10  57° C for four hours and then the percent change in degree of opalescence as
measured by recording the transmittance at 580 nm with a laboratory
spectrophotometer is evaluated (see also U.S. Patent No. 4,597,966).
SDS-PAGE also can be used to assess aggregation and/or fragmentation.
The density or the radioactivity of each band stained or labeled with radioisotope
15  can be measured and the % density or % radioactivity of the band representing non-
| degraded protein can be obtained.
Generally, the co-formulations exhibit low to undetectable levels of
aggregation as measured by any of the above assays, for example HPSEC or rCGE.
For example, the aggregation is, no more than 5 %, no more than 4 %, no more than
20 3 %, no more than 2 %, no more than 1 %, and generally no more than 0.5 %
aggregate by weight protein, and low to undetectable levels of fragmentation, that is,
80 % or higher, 85 % or higher, 9 0% or higher, 95 % or higher, 98 % or higher, or
99 % or higher, or 99.5 % or higher of the total peak area in the peak(s) representing
intact antibodies or fragments thereof. For example, typically, an acceptable
25  aggregation includes > 90 % monomers and oligo-/dimers; < 5 % aggregates, and <
5 % fragments.
2. Biological activity
a. Immune globulin
The ability of immune globulin to act as a therapeutic agent can be assessed
30  invitro or in vivo. For example, in vitro assays can be performed to assess the ability
of immune globulin to neutralize viral or bacterial infectivity (Hiemstra et al.,

(1994) J Lab Clin Med 123:241-6). Other in vitro assays can be utilized to assess
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other biological activities of immune globulin. For example, the ability of immune
globulin preparations to interact with and modulate complement activation products,
bind idiotypic antibody, bind Fc receptors on macrophages, and suppress various
inflammatory mediators including cytokines, chemokines, and metalloproteinases,

5  can be assessed using any method known in the art, including, but not limited to,
ELISA, Western blot, Northern blot, and flow cytometry to assess marker
expression. For example, the effect of immune globulin on the expression of
chemokine receptors on peripheral blood mononuclear cells can be assessed using
flow cytomtery (Trebst et al., (2006) Eur J Neurology 13(12):1359-63). In another

10  example, the effect of immune globulin on metalloproteinase expression in
macrophages can be assessed using Northern blot analysis (Shapiro et al., (2002)
Cancer 95:2032-2037).

In vivo studies using animal models also can be performed to assess the
therapeutic activity of immune globulin. Immune globulin can be administered to

15  animal models infected with one or more microorganisms and the effect on
progression of infection can be assessed, such as by measuring the number of
microorganisms or measuring weight as a marker of morbidity. The therapeutic
effect of immune globulin also can be assessed using animal models of the diseases
and conditions for which therapy using immune globulin is considered. Such animal

20  models are known in the art, and include, but are not limited to, small animal models
for X-linked agammaglobulinemia (XLA), SCID, Wiskott-Aldrich syndrome,
Kawasaki disease, Guillain-Barré syndrome, ITP, polymyositis, Lambert-Eaton
myasthenic syndrome, Myasthenia gravis and Moersch-Woltmann syndrome
(Czitrom et al. (1985) J Immunol 134:2276-2280, Ellmeier et al., (2000) J Exp Med.

25 192:1611-1624, Ohno (2006) Drug Discovery Today: Disease Models 3:83-89,
Oyaizu et al. (1988) J Exp Med 2017-2022, Hansen et al., (2002) Blood 100:2087-
2093, Strongwater et al., (1984) Arthritis Rheum. 27:433-42, Kim et al. (1998)
Annals NY Acad Sci 841:670-676, Christadoss et al. (2000) Clin. Immunol. 94:75-
87, Sommer et al., (2005) Lancet 365:1406-1411 and U.S. Patent No.7,309,810)

30 b. Hyaluronidase

Hyaluronidase activity can be assessed using methods well known in the art.

In one example, activity is measured using a microturbidity assay. This is based on
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the formation of an insoluble precipitate when hyaluronic acid binds with serum
albumin. The activity is measured by incubating hyaluronidase with sodium
hyaluronate (hyaluronic acid) for a set period of time (e.g. 10 minutes) and then
precipitating the undigested sodium hyaluronate with the addition of acidified serum
5  albumin. The turbidity of the resulting sample is measured at 640 nm after an
additional development period. The decrease in turbidity resulting from
hyaluronidase activity on the sodium hyaluronate substrate is a measure of
hyaluronidase enzymatic activity. In another example, hyaluronidase activity is
measured using a microtiter assay in which residual biotinylated hyaluronic acid is

10  measured following incubation with hyaluronidase (see e.g. Frost and Stern (1997)
Anal. Biochem. 251:263-269, U.S. Patent Publication No. 20050260186). The free
carboxyl groups on the glucuronic acid residues of hyaluronic acid are biotinylated,
and the biotinylated hyaluronic acid substrate is covalently couple to a microtiter
plate. Following incubation with hyaluronidase, the residual biotinylated hyaluronic

15 acid substrate is detected using an avidin-peroxidase reaction, and compared to that
obtained following reaction with hyaluronidase standards of known activity. Other
assays to measure hyaluronidase activity also are known in the art and can be used
in the methods herein (see e.g. Delpech et al., (1995) Anal. Biochem. 229:35-41;
Takahashi et al., (2003) Anal. Biochem. 322:257-263).

20 The ability of hyaluronidase to act as a spreading or diffusing agent also can
be assessed. For example, trypan blue dye can be injected subcutaneously with or
without hyaluronidase into the lateral skin on each side of nude mice. The dye area
is then measured, such as with a microcaliper, to determine the ability of
hyaluronidase to act as a spreading agent (U.S. Patent No. 20060104968).

25 3. Pharmacokinetics and tolerability

Pharmacokinetic and tolerability studies can be performed using animal
models or can be performed during clinical studies with patients. Animal models
include, but are not limited to, mice, rats, rabbits, dogs, guinea pigs and non-human
primate models, such as cynomolgus monkeys or rhesus macaques. In some

30 instances, pharmacokinetic and tolerability studies are performed using healthy

animals. In other examples, the studies are performed using animal models of a
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disease for which therapy with immune globulin is considered, such as animal
models of any of the diseases and conditions described below.

The pharmacokinetics of subcutaneously administered immune globulin can
be assessed by measuring such parameters as the maximum (peak) plasma immune

5  globulin concentration (Cpax), the peak time (i.e. when maximum plasma immune

globulin concentration occurs; Tmax), the minimum plasma immune globulin
concentration (i.e. the minimum plasma concentration between doses of immune
globulin; Cpn), the elimination half-life (T)) and area under the curve (i.e. the area
under the curve generated by plotting time versus plasma immune globulin

10  concentration; AUC), following administration. The absolute bioavailability of
subcutaneously administered immune globulin is determined by comparing the area
under the curve of immune globulin following subcutaneous delivery (AUC,.) with
the AUC of immune globulin following intravenous delivery (AUC;,). Absolute
bioavailability (F), can be calculated using the formula: F = ([AUC] x doses) /

15 ([AUC]y x dosejy). The concentration of immune globulin in the plasma following
subcutaneous administration can be measured using any method known in the art
suitable for assessing concentrations of immune globulin in samples of blood.
Exemplary methods include, but are not limited to, ELISA and nephelometry.

A range of doses and different dosing frequency of dosing can be

20  administered in the pharmacokinetic studies to assess the effect of increasing or
decreasing concentrations of immune globulin and/or hyaluronidase in the dose.
Pharmacokinetic properties of subcutaneously administered immune globulin, such
as bioavailability, also can be assessed with or without co-administration of
hyaluronidase. For example, dogs, such as beagles, can be administered immune

25  globulin subcutaneously in combination with hyaluronidase, or alone. Intravenous
doses of immune globulin also are given to another group of beagles. Blood samples
can then be taken at various time points and the amount of immune globulin in the
plasma determine, such as by nephelometry. The AUC can then be measured and the
bioavailability of subcutaneously administered immune globulin administered with

30  or without hyaluronidase can be determined. Such studies can be performed to
assess the effect of co-administration with hyaluronidase on pharmacokinetic

properties, such as bioavailability, of subcutaneously administered immune globulin.
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Studies to assess safety and tolerability also are known in the art and can be
used herein. Following subcutaneous administration of immune globulin, with or
without co-administration of hyaluronidase, the development of any adverse
reactions can be monitored. Adverse reactions can include, but are not limited to,

5 injection site reactions, such as edema or swelling, headache, fever, fatigue, chills,
flushing, dizziness, urticaria, wheezing or chest tightness, nausea, vomiting, rigors,
back pain, chest pain, muscle cramps, seizures or convulsions, changes in blood
pressure and anaphylactic or severe hypersensitivity responses. Typically, a range of
doses and different dosing frequencies are be administered in the safety and

10 tolerability studies to assess the effect of increasing or decreasing concentrations of
immune globulin and/or hyaluronidase in the dose.
H. METHODS OF TREATMENT AND THERAPEUTIC USES

The 1G/hyaluronidase co-formulations described herein can be used for

treatment of any condition for which immune globulin is employed. Immune

15  globulin (IG) can be administered subcutaneously in co-formulations with
hyaluronidase, to treat any condition that is amendable to treatment with immune
globulin. This section provides exemplary therapeutic uses of IG/hyaluronidase co-
formulations. It is understood that the IG/hyaluronidase co-formulations provided
herein can be used in methods, processes or uses to treat any of the diseases and

20 conditions described below and other diseases and conditions known to one of skill
in the art that are treatable by IG. In particular, subcutaneous administration of the
co-formulations is contemplated. Dosages of IG administered is the same or similar
to the dosage administered intravenously and known to one of skill in the art. The
dosage regime and frequency can vary from intravenous regimes as described

25  elsewhere herein. The therapeutic uses described below are exemplary and do not
limit the applications of the methods described herein.

For example, co-formulations provided herein can be used to treat immune
deficiencies such as primary immune deficiencies, such as X-linked
agammaglobulinemia, hypogammaglobulinemia, and acquired compromised

30 immunity conditions (secondary immune deficiencies), such as those featuring low
antibody levels; inflammatory and autoimmune diseases; and acute infections.

Therapeutic uses include, but are not limited to, immunoglobulin replacement
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therapy and immunomodulation therapy for various immunological, hematological,
neurological, inflammatory, dermatological and/or infectious diseases and
conditions. In some examples, immune globulin is administered to augment the
immune response in healthy patients, such as following possible exposure to

5 infectious disease (e.g. accidental needle stick injury). IG co-formulations provided
herein also can be used for treating multiple sclerosis (especially relapsing-remitting
multiple sclerosis or RRMS), Alzheimer’s disease, and Parkinson’s disease. It is
within the skill of a treating physician to identify such diseases or conditions.

Immune globulin/hyaluronidase co-formulations can be administered in

10  combination with other agents used in the treatment of these diseases and
conditions. For example, other agents that can be administered include, but are not
limited to, antibiotics, chemotherapeutics, steroidal anti-inflammatories, non-
steroidal anti-inflammatories, and other immunomodulatory agents such as
cytokines, chemokines and growth factors.

15 If necessary, a particular dosage and duration and treatment protocol can be
empirically determined or extrapolated. For example, exemplary doses of
intravenously administered immune globulin can be used as a starting point to
determine appropriate dosages. Dosage levels can be determined based on a variety
of factors, such as body weight of the individual, general health, age, the activity of

20  the specific compound employed, sex, diet, time of administration, rate of excretion,
drug combination, the severity and course of the disease, and the patient's
disposition to the disease and the judgment of the treating physician. Exemplary
dosages of immune globulin and hyaluronidase are provided elsewhere herein. It is
understood that the amount to administer will be a function of the indication treated,

25  and possibly side effects that will be tolerated. Dosages can be empirically
determined using recognized models for each disorder.

Upon improvement of a patient's condition, a maintenance dose of immune
globulin can be administered subcutaneously in combination with hyaluronidase, if
necessary, and the dosage, the dosage form, or frequency of administration, or a

30  combination thereof can be modified. In some cases, a subject can require

intermittent treatment on a long-term basis upon any recurrence of disease

symptomes.
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net hot r exat e- contiaieihag 86 Phitriak ¢ Eminthe déi&Ad9 diRdiddmr&RBb Aindd gy theM
AutaMAXTm1 and 1.0 ji M nethotrexate. The cells were adapted 15 to a

hi gher net horld:Hgakth Qrgenizationgangd gicayy inmbowaser @ 19,000 individpalpeThesger a
period of 4 S,k . % - umedi, £ 1 1 ne . . ified
popul at i%on (g?&g%sl ﬁré‘@h\/\%%&%ﬁl%gebé' aoﬁjulgﬁﬁlfrh(lmrfn tlgﬂngg& | u%lﬁ?g%é%l&ﬁ lgg& \}\%r’TFAti ssue
cul ture pl adoase ey therbodg is diiblemddprodncsiank o2 el JfEibbdity speaise. Aft er

appr oxi mat el %{F 4 weeks, clones were identified and clone 3ELOB was sel ected

for expansi8fctier: othen qases,esllardsfensestodishtindestion fatie WaTkaPIPedy-4 v

A ut aMAXTm i, a6k | caNHELs . SRIER: cell bank
(MCB) of t hIe 3E1C%0@Jelﬁ caF(: ne \?\gts({ gﬁ?ﬁﬁ&ﬁ%ﬁgﬁggozen Xr@%ﬁﬁp%r
subsequent defigtineg.. Thus, immanp ldbutiatcambe adminiwereé hs immnrogiamilionued by

cul turi 3E1OB cells in CD CHO nedi um cont ai ni 4 mM dutaMAXTm 1 and 4.0
1AM nret trot r'&R "épe'}&ﬁlﬁeé?pﬁtﬁé’aflﬁ%tﬁﬂ’f%e‘ﬁg%‘ﬁﬁ]é,S“‘%"éﬂg?s%re frozen in vials as

a research cel | blllyREmhar/HiinithederRiencls sRGRhAS UlioNRA anfithiur ed i
medi um containing '8.0°p, M 10 nethotrexate. After 5 days, the nethofrexate
concent r at | erprimary firwmusd deficimcies include,dutl atemot dintted td/ cotrineon 2@iablel. 1M 18

days later.. Cells fromt Lght.h pass in mediumcqgntajning 20,0 1.tM
met hot r exat1meedegfbeﬁg¥i@ﬁ#gﬁelf’?tﬁ‘ieﬁ?%_gﬁglqeﬂﬂ’gﬁaiS g@%s-sﬁgrﬁf“eg%gﬁe culture
pl at es contigiked AgarkiaClobulimahid TKCA) stvBiet@ntbindd iAnirRMMEMndy 30. 0 j i M
met hotrexate. Clones were identified 5-6 weeks |ater 15 and cl one 2B2 was

Sﬁ| eclt el foqonaalﬁaﬁgidéwrms,mimwmiﬂc?ﬁsm hypezded, prdWiskotiodldsidaee.  Af lt Ier
bank.(RCp) BT dfm R S Bl Bnigh A Rt Bh AR S AAREATAL 0

defici ent (ubtutaneobi4o Ghidntelvith prinairy axmuas defSaéndyl diseaesovith maitiodhuman

PH20 (rHuPH2Q). The sol uhl e 20 rHUPH20 is_present in 2B2 cells at a copy
number of & tﬂemft@ssfs IBlaE thing prsiused & intpaERows WmigisEpY) of of Spe |-,
xba |- 20 Bt debas. ilendlias dhed iBSf: GHAREhENRA 0B Ig B
rHuPH20-spelci fi (?éprobe re\?ggjll%g t he 1f ol ?%pvm&rng r@st’ri ction di es? profile:
one maj%r Handr800img/kg BYE mumuie ghobnlikbatfor-Week intervads. Flybdosdican bg bands
(-13.9, -6.6, -5..7 and -4.6 kb) wth DNA di.gested wth Spe |I: one major 25
hybri di zi ng"BSATISF Agcrgasefl %%nc&htt%ﬁﬁ‘i%?yﬂ R f‘d’%ﬁ‘ﬂ%&“(thi mjealny - 6 5
kb) wi th DNgsgbngested with Xba I; and one single hybridizing band of -1.4
kb observed using 2B2 DNA digested with BanH I/Hnd Ill. Sequence analysis
of the nRNA transcripe- i ndbesandary hamunidefisiangid cDNA (SEQ | D NO 56) was
identical to th D NGQ.49)..except fqr .one base pair
di fference at pgsselrc§ %%%&%%f@‘%%%%ﬁggg%%g%c rve t)tp 6'pe é)fflﬁ]frnll?e ine (T)

i nst ead5of gdeheticapeemeiiticsybaishiher ¢éeurs ihhhdividaaR is wWhedht theuthAfuh©Byststht h no
effect on the am ng acid sequence. = 129 D. Production of Gen2 Sol uble

r HUPH20 i n 186emprogrisgddactasiorcaitpidethe iginaune systema Kxagiplesinglpda.-bagareng s

t hawed and f S %%if g j.ner s in CD CHO
medi a (| nviﬁgg{e}%,gq%aﬁal%%ég, )@ﬁ%ﬁ?ﬁ%ﬂ%‘ s\?mg?ipégjfg%\ﬁggthﬁ%?r exate and
A ut aMAXTmifhnfunodeficieggrsyndidmefAIDS) it exaglplodf £edcbsdaspsmmunbawed in a 37

C wat er bats% medi V\@S added and.the cells were centrifuged. The cells
were re- susSEREREY fisorder oayseq by A kustheRkmag tAmBoodRiiclsney Yeun(Hied B and
pl aced 3on ayiéh SdedlefBACRT iVif R the BRA IRt to 40 L in
the 125 nL shake feﬁygsk. V\he}ﬁ ﬁﬁ%&%éﬁn densi P?@%ﬁ% g egﬁg?t@han 1.5 x
106 cel |l s/ nL, thenaghértexnmpivabypgogaambegiotutinemsn, iP&usdd Isypa lmeckofB-ask in a 100

m. culture volunme, 10 The fl.as S [ncubate 37 C..7 % . _Wen the
cel | densi tIWPg%%“éd‘sg“Lé%P@PZ?CEBﬁ%Y Vﬁlsf’gémglé‘iaqt‘?/‘ the lflﬁg‘{’c?gﬁ)tzcﬁ? Q%G s
expanded into a 250 nL spinner flask in 200 nL cul ture volune, and the
flask was incubated at 37 C, 7 % CO2. Wen the cell density reached greater
than 1.5 x 106 cells/nL, the culture was expanded into a 1 L spinner flask
in 800 nmL culture volune and incubated at 37 C, 7 % CO2. Wen the 15cel
density reached greater than 1.5 x 106 cells/nL the culture was expanded
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25pressure: 3 psi; air sparge: 0.5- 1.5 L/Mn.; air overlay: 3 L/ mn. The
reactor was sanpled daily for cell counts, pH verification, nedia analysis,
prot ei n pvoadoctizew4and retention. Al so, during the run ROTMISNMW/0bESeTs wer e
added. At 120 hrs (day 5), 10.4 L of Feed #1 Medium (4x CD CHO + 33 g/L
glucose + 160 nL/L QutaMAXTm 1 + 83 nL/L yeastolate + 33 ng/L rHul nsulin)
was added. At 168 30 hours (day 7), 10.98 L of Feed #2 (2x CD CHO + 33 g/L
glucose + 80 nL/L GutaMAXTm 1 + 167 nL/L yeastolate + 0.92 g/L sodium

butyrate) was added, and culture tenperature was changed to 36.5C. At 216
hours (day iD)patiamys ith chronfebenphecytilgukemiacSLEHanultipte myelogaddBdb + 50 /L

Glut aMAXT - ' dded,
and oul ¢ ur depeedEalTs RS (U Fartt dnBitefiinGRELREY K BlufBod] 0%
of Feed #4 lehkentibréllded imading/dysfghctisasand-th&3p yrélhte@imiraMdetbpression250 ni/ L

yeastol ate + 0.92 81/ L sodium butyrate) was 5 added, and culture tenperature
was changedatigntssvitn gequirgd hyppgapimaglohulingmia sseondagy tossush hepptodegiedl t o

dranmati cal | Tl . J i he final stages
of pr od(éct i%%lwﬁggggggﬁ)ﬁé@gg%%%gg{n@ (Ifi{tjp%fﬁatgw %@%ae};lgc ei(i)lr when t he

vi abi lity aftansplantatbh sredosqepaticiie basteridl dnfedtiensprieateficieasyin ladnoral a fi nal
productivity of .17, 000 Units/ ith a nmaxi mal .cell_ densi f 12 mllion
cel I's/ni. fém;mlwdﬁ &_ég?ly _r?snengﬁhe\t?‘arrfgeM?C@%%ﬁ%@?ﬁmﬁ%@m 1$i%bur den,
endot oxi n apd rHér'iszt¥ id‘th&ééﬁé?ieﬁ@?eé?gciﬂl'ly?% ehdaP SR Hed ShiCkboPe ATl Fop1 Cr 0Scopy

(TEM and enzynme activity. he culture was punped Dy a peristaltic
punp t hr oughxafmpls, Seploredcak phedmandéad, blaearpphidm infiderizes, ahiUStdpihplocedcus n
paral | el, each cont aj ni a layer, .of dj.at onacepus earth aded to0,4-8 gm
bnd a 118 erarar Elhat Lglnglan Nocairiaone, drcoqpest acsrdl PoRaR %, o
cel lul ose rRghs lﬁ{é@mohfheiﬂ_ﬁahéﬂb'thhECEEC@?QoﬁﬁrH&h&inMcltibh%&h asi [ tration
system (MIlipore) containing a |ayer of diatonmaceous earth graded to

0. 4- 0. 11 grPremthogystigyarinisifungiaviowsss.cadnycebatiens alde Hayobeen obsgired.f ol | owed
by a cellulgse I hen..t hr.oygh 22 fi.nal: fi r.into a
Sterite i AT S ot BRADN 185, TeRels Bbg BRinchdy Gty e
cul ture fl wWyaddinisastiGuppinanedy gebwiin (Grilffithis: BP0 BIdsY MVBF6-868;t 0 a pH of
7.5. The culture was concentrated 10x with a tangential flow filtration

(TFF) dppar&ians! ¢l d%9Ddrancer343s1058d 09 30 | cDa nol ecul ar wei ght cut - of f
MACO | h (R : I b 10
E)uffez ggcﬁgﬁggrﬁlﬁﬂﬁft’%ﬁ%ﬁ%@?@%@nﬁ l(@g%gékgﬁé%mggﬁ}lﬁ%ﬁ geo?/Zg ngfi nal

filter intadmibBteredstubruthremistyriagectbpalien®3d ipecventeentrerdttinfdctiatisaf i | t er ed
harvest was_inactivated for virus. Prior to viral inactivation a solution
of 10% Tr 1 tENFRIABIEIoSaEs islude those pser FSBRAIROFTIE NRUCR PERMIBEE The
concent r at edobilindbpati&fte dithHcyEisdd NS etnRRgRBulifetPstedddary & 100, 0. 3% TNBP
for 1 hour in a 36 L glass reaction vessel imediately prior to

puri fi & i diemstolpgicalanaignaneies. 3Borexpmplef ce-deimyHatyinsGentairdog abus 40HUPH20 A Q

wns ot opar SRR Bl R EARAE B AR eted S R BT Do 33
conduct i vi twesked LA AatHeX exariplélan ARigMNal dbe ofabomy/N@BVeaum bé brated with 5

colum volunmes of 10 rnM Tris, 20 mM Na2SO4, pH 7.5. Follow ng viral
i nact i vat i cmipisteredoinde firshmanth eff thesapy &t easehwhoedhe patient' sseam 6 the Q

Vol unps- of 155 S S21E; Bhe JSuf B BB AU TGS A e uel RIS, )
pH 7. 0.25Thehpdodesj canb@sn@tased dr dedrbastd asrhpprepeate. 400 nM NaCl, pH 7.0, into

a 0.22 gmfinal filter into sterile bag. The eluate sanple was tested for

bi obur den, protéern comfi@mmatoryangd Antaimmyng Diseases activity. A280
absorbance readi ngs were tpken gt pib&sPegi nning and end of the exchange.
10Phenyl Sepharose (\Igfar mac?a) sﬂ%/léjrlg%ﬁobi c interaction chromatography was
next perforned. KawisskydiscBepsanosete| fByile olultivsyfté®-dideake obdiildrerHn@9 cm D=

30 ¢ was prepared. The .wash. coll ected .and s | ed for pH
Sondunt Tor BB AR il Rl P e O prgric 1 AR Tt DRiehrade i 1 1 5
col umm 390! WR&roffe, MubbURHRES haovl aEmgh%mu&; MeARERAN KAWasdKhate, 0.1 nM

CaCl2, pH 7.0. The 15 protein eluate fromthe Sephar ose col um was

suppl enment eangiotrie. dveasalordisaassislafmody uhddrsipod asedf-limmitpth yesshlitiethahd 1 M
Cad 2 stockaféol utions to ?/i F"{ﬁld fi na%. concent r at 'hons (?f 5 m\/}] 0b150$/| and 0.1
M r especti VA ESHP Isding e skin Iy o g enREnEs TYBP ARdSS PROF) ow r at e
of 100 cm hr and the columm flowthrough collected. The col um was washed
with 5 mM pot assi um phosphate, 0.5 M 20 ammoni um sul fate and 0.1 mM CaCl2,
pH 7.0, at 100 cnmihr and the wash was added to the collected flowthrough.
Conbi ned with the col um wash, the flowthrough was passed through a 0.22
pin final filter into a sterile bag. The flowthrough was sanpled for
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The protein was eluted with 70 mM pot assi um phosphate, pH 7.0, and passed
through a 0.221. Imsterile filter into a sterile bag. The el uted sanple was
test ed fowokoomisa@en, protein concentration and enzyne RCTiUs2e19/002Fhe
HAP-purified protein was then passed through a viral renoval filter. 15The
sterilized Viosart filter (Sartorius) was first prepared by washing with 2
L of 70 mM pot assi um phosphate, pH 7.0.98efore use, the filtered buffer was
sanpl ed for pH and conductivity. The HAP-purified protein was punped via a
peristaltic punp through the 20 nMviral renoval filter. The filtered
protei n i n vassekivadstand sheihgash dserenery artsry gnegryspgsap geas dromh theusgeond 0. 22 pm
final . filt e&eél{ﬁﬁl{l@eﬁ hﬁﬁ%ﬁxebc%gv%llﬁ%{n@%{%{ %ltﬁo‘ul %{ee& §eagpt&18 cmtihﬁ st ed for
protein concentration, érnzyme activity, i'gosa char i de; > nonosacchari de and
si al i ¢ aci disphkidw, figre i denap kigat tHescharRterises Vadulity repulcesaanel at ed
inpurities., The protein in the filtrate was then concentrated to 10
ng/ ML usi ngMENYNE REstien|chaarterizek by Arcell and angcronhagrpctivation ko wpknown

br opar ed by Bkl bPROIDR, pERRKRRER R bR, ar{fhg hfrhallonhiR 11 7St
per meat e weaitcatipbdies foamdptieHalccetis andi sibsathinyuscleadellowimgeneteaint r at i on, t he

concentrated protei.n was sanpled and tested .for protejn concentration and
enzyne act i%‘?&?.ﬁ ﬁl@%v%@\se?nee&renawg@ §°t5@%¢d290%%w'}?qﬁ@ue BNt r at ed

protei n i ntgtiBg &litﬁ%pep-%{igéﬁ acityMnBy Hidgdl fife-didkd®. ™™ NaCl, pH 306. 0.

Fol | owi ng buffer exchange, tThe conCentrated protein was passed though a
0.22 [tmfilter Immaneglgbulin atmemisteed tarhyoipKbeasakiseape cangpravemdis sanpl ed
and tes];Oed for WD 2011 0?460 /U82010/(100254a§. 133.protein concentration,
enzyne att i SPIERATY Aty P2 ocf%)'dfd‘;\ YRR adEpRISiEAton é‘?‘f‘ﬂ’é‘epr ofiling and
osnol ari ty. globulin/hyald¥8nidh& dd-Porinul B pitlektsRyitt Sgdinbnnhiahtdaeptical Iy
di spensed at 20 nL into 30 nlL sterile Teflon vials (Nal gene). The vials
were then fassertiated withKayragakitdiseage ean @nelipgate synpomGo xgmipkasy dosages oduct i on
and Purificatjon,.of Genl. Sol uble rHyPH20 and Gen2 Sol ubl e rHUPH20 The

P oduct | on raBRbe 1 oy Eah MR iBRuBR aPbaPa GO PR eact or
cel | cul t urwitk Batvasdke dissaer Foha le] Aipdtiat PithQseksski Cisepss &6 Beo t he 10
production and purification of Genl soluble rHuUPH20 in a 100 L bi oreactor

cel | culX uraimimstsred abput b2g/ke patiens bady, waiaht af mmraprs.glabulin. \Thiggam ben to

si npl e scal &E&p %@ L-son of Genl
and Gen2 rreiﬁ-ﬁlgglss récessm%%;ﬁg)r%ggge%qggﬁ%? %lglr“ﬁgéag% ngédgg’ ubl e
r HUPH20 Cel dayk.i reard)as bk 2BglelVe il B¥ennmoneglpbuich sadminiseod asra stiggle ai ns
0.10 [tM nmet hotrexat e (0.045 L) Contai.ns 20 | AM .net hotrexate (9 ng/L)
Vedia. i n 6 4O G LEP AR ChRRmORG. &) B AR RGUP el SEEHAYE ne. o
et hot r exatgcrd3fsed of Bb&BRYed fak @pfroPRatenst r ument at i on

20 b. Chronic Inflammatory Demyelinating Polyneuropathy

Chronic inflammatory demyelinating polyneuropathy (CIDP) is a
neurological disorder characterized by progressive weakness and impaired sensory
function in the legs and arms. The disorder, which is sometimes called chronic
relapsing polyneuropathy, is caused by damage to the myelin sheath of the

25  peripheral nerves. Although it can occur at any age and in both genders, CIDP is
more common in young adults, and in men more so than women. It often presents
with symptoms that include tingling or numbness (beginning in the toes and
fingers), weakness of the arms and legs, loss of deep tendon reflexes (areflexia),
fatigue, and abnormal sensations. CIDP is closely related to Guillain-Barré

30  syndrome and is considered the chronic counterpart of that acute disease. There is
no specific diagnostic test, but characteristic clinical and laboratory findings help

distinguish this disorder from other immune mediated neuropathic syndromes.



20 L operating volume Equi pped with instrunentation that nonitors and
controls pH, dissolved oxygen, sparge and overlay gas flowrate. 32 L

oper ati ngveabumB4deienal operating vol ume in bioreactor Appraxs201000s4s5in a
125 L bioreactor (initial culture volume + 65 L) Approx. 300 L in a 400 L

bi oreactor (initial culture volune + 260 L) Culture nedia in final

bi oreactor No rHul nsulin 5.0 ng/L rHul sulin Media feed volune Scal ed at 4%
of the bioreactor cell culture volune i.e. 3.4, 3.5 and 3.7 L, resulting in

a target bi oreact or volune of -92 L Scal ed at 4% of. the bioreactor cell
cul ture vol une iSwdies gndicate thagtreafment withimmune globulig geducagsymptems fyaget

bi or eact or peli Eygﬁg CD CHO + 50 g/L

gl ucose + é%%l%ﬁgtaéﬁQiagf% ee %iﬁb ?Eﬁ?ﬁ4§ﬂ%%$%hgﬁé 33 g/L glucose + 32
mM G ut aMAglobul in/HyahGogidhseyaafinmutions-cdhib enginhiniskdnedsublcitanechid3ty toFeed #2 (CD
CHO +50 g/L gl ucose + di um butyrate Feed #3:
CD CHO + 50Payent Sﬂ%ﬁ%@m% H’tgég!ﬁ%?m"% }i gm]f’ éﬁEreé‘b MeWyrate Feed
#2: 2x @D Qo ddindhte GbUCAR] fdr lkﬁavewo% h'&rﬁM%%i‘xBf%ﬁfﬁ iobﬁﬁﬁ‘%& 0' ate +

0.92 g/L sodium butyrate Feed #3: |x CD CHO e+1
Glut aMAXTm gaties® vgfH ClI2R s nodreet example, 8 Payérit vaddCIIM? Enzdymatstazrﬁiadmu#a 1 x CD

CHO + 33 aqa/ + ta 1+ 50 +.0.92
Soa um buts e B Fnmpe fioBlE P ARG dp RomBinardE Sy A Benidtther s fone
filters (8.Phig8an Be fdmiaterSd %&WQ if) fivd d8§ds JfA00 g/RS BW Gorlfivet Or age bag

1st stage - Four nodules in parallel, each with a | ayer of diatonmaceous
earth gradewdnsesutivgdays. aihe amquay ef inhurit globwinedmisistered hargbeidereased o, 4- 1. 1
gm fol Oowe(gcr & csealyol osaﬁ menbrane. 2' stage -single nodule containing a
| ayer o di a % PPEATY graded to 0.4-0.11 gmand a | ayer of

di at omaceous earth gr@aded Gﬂllﬁﬁn.lBﬂﬂ‘beyﬁH{-Qﬂ@d by a cellul ose nenbrane. 3 d
stage - 0.22 p.m poI yet hersul fone filter 300 L storage bag Harvested cell
culture is suppl ErékincBass mdmnmaemsp ogig apfaimymunedisozdgsipytlvipg 5
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varying degrees of weakness or tingling sensations in the legs, which can spread to

15 the arms and upper body. These symptoms can increase in intensity until the
muscles cannot be used at all and the patient is almost totally paralyzed, resulting in
a life-threatening condition. Although recovery is generally good or complete in the
majority of patients, persistent disability has been reported in about 20% of all
patients and death in 4 to 15 % of patients. Guillain-Barré syndrome can occur a

20 few days or weeks after symptoms of a respiratory or gastrointestinal viral infection.
In some instances, surgery or vaccinations can trigger the syndrome. The disorder
can develop over the course of hours or days, or it may take up to 3 to 4 weeks. A
nerve conduction velocity (NCV) test can give a doctor clues to aid the diagnosis.
In some instances, a spinal tap can be used in diagnosis, as the cerebrospinal fluid in

25  Guillain-Barré syndrome patients typically contains more protein than normal
subjects.

Although there is no known cure for Guillain- Barré syndrome, treatment
with immune globulin can lessen the severity of the illness and accelerate recovery.
Immune globulin/hyaluronidase co-formulations can be administered

30  subcutaneously to patients at an appropriate dose of IG, such as, for example, a dose
similar to the dose used to administer immune globulin intravenously to patients

with Guillain- Barré syndrome. For example, a patient with Guillain- Barré



Buf f er Exchange the Concentrate 6x with 10 mM Hepes, 25 mM NaCl, pH 7.0 20
L sterile storage bag Concentrate using four Sartorius Sartoslice TFF 30K
MACO Fi | two 2BuUfi3eso4 Exchange t he Concentrate 10x wit h 10PaWIUBRI19/0023@5 niv
Na2SO4, pH 7.5 50 L sterile storage bag Viral inactivation prior to
chromat ogr aphy None Viral inactivation perfornmed with the addition of a 1%
WD 2011/ 034604PCT/ US2010/ 002545 135  Bgiton X-100, 0.3%tri-nbutyl
phosphate, pH 7.5 1st purification step (Q Sepharose) No absorbance readi ng
A280 measurenents at the beginning and end Viral filtration after
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morphologically normal. In some instances, there is additional impairment of

15 platelet function related to antibody binding to glycoproteins on the platelet surface.
ITP can present as chronic and acute forms. Approximately 80 % of adults with ITP
have the chronic form of the disease. The highest incidence of chronic ITP is in
women aged 15-50 years, although some reports suggest increasing incidence with
age. ITP is relatively common in patients with HIV. While ITP can be found at any

20  stage of the infection, its prevalence increases as HIV disease advances.

Studies have demonstrated that immune globulin can be used to treat patients

with ITP (Godeau et al. (1993) Blood 82(5):1415-21; Godeau et al. (1999) Br. J.
Haematol. 107(4):716-9). Immune globulin/hyaluronidase co-formulations can be
administered subcutaneously to patients at an IG dose similar to the dose used to

25  administer immune globulin intravenously to treat patients with ITP. For example, a
patient with ITP can be administered about 1 to 2 g/kg BW of immune globulin, in
combination with hyaluronidase, subcutaneously. This can be administered over
several days, or can be administered in one dose. In some examples, five doses of
400 mg/kg BW immune globulin on consecutive days is administered. In another

30 example, 1 g/kg BW is administered for 1-2 consecutive days, depending on platelet
count and clinical response. The amount of immune globulin administered, and the

frequency of the doses, can be increased or decreased depending on, for example,
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30  muscle weakness in IBM is usually very gradual, taking place over months or years.
It differs from PM in that both proximal and distal muscles are affected, while

generally only the proximal muscles are affected in PM. Typical findings include
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similar to the dose used to administer immune globulin intravenously. For example,

15 2 g/lkg BW of immune globulin can be administered, typically over several days,
such as, for example, five doses of 400 mg/kg BW on consecutive days.
f. Lambert-Eaton Myasthenic Syndrome
Lambert-Eaton myasthenic syndrome (LEMS) is a rare autoimmune disorder
of neuromuscular transmission first recognized clinically in association with lung

20  cancer, and subsequently in cases in which no neoplasm was detected. Patients with
LEMS have a presynaptic neuromuscular junction defect. The disease is
characterized clinically by proximal muscle weakness, with augmentation of
strength after exercise, mild oculomotor signs, depressed deep tendon reflexes and
autonomic dysfunction (dry mouth, constipation, erectile failure).

25 Subcutaneous administration of immune globulin/hyaluronidase co-
formulations to patients with LEMS can ameliorate symptoms. Exemplary dosages
of IG in the co-formulations include those used for intravenous administration of
immune globulin to patients with LEMS. For example, a patient with LEMS can be
administered 2 g/kg BW of immune globulin over several doses. For example, five

30  doses of 400 mg/kg BW immune globulin can be administered on five consecutive
days. The amount of immune globulin administered can be increased or decreased

as appropriate.
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g. Multifocal Motor Neuropathy
Multifocal motor neuropathy (MMN) with conduction block is an acquired

immune-mediated demyelinating neuropathy with slowly progressive weakness,

fasciculations and cramping, without significant sensory involvement. The duration
5 of disease prior to diagnosis ranges from several months to more than 15 years. The

precise cause of MMN is unknown. Histopathologic and electrodiagnostic studies

demonstrate the presence of both demyelinating and axonal injury. Motor nerves

are primarily affected, although mild demyelination has been demonstrated in

sensory nerves as well. Efficacy of immunomodulatory and immunosuppressive

10  treatment further supports the immune nature of MMN. Titers of anti-GM1
antibodies are elevated in over half of the patients with MMN. Although the role of
the anti-GM1 antibodies in the disease in unknown, their presence can be used as a -
diagnostic marker for MMN.

Subcutaneous administration of immune globulin/hyaluronidase co-

15  formulations to patients with MMN can ameliorate symptoms. Exemplary dosages
of IG in the co-formulations include those used for intravenous administration of
immune globulin to patients with MMN. For example, a patient with MMN can be
administered 2 g/kg BW of immune globulin over several doses. For example, five
doses of 400 mg/kg BW immune globulin can be administered on five consecutive

20 days. In another example, 1 glkg BW can be administered on 2 consecutive days.
Some patients can be given maintenance therapy, which can include, for example,
doses of 400 mg/kg BW to 2 g/kg BW, given every 2-6 weeks. The amount of
immune globulin administered can be increased or decreased as appropriate, taking
into account the patient’s response.

25 h. Myasthenia Gravis

Myasthenia gravis (MG) is a chronic autoimmune neuromuscular disease
characterized by varying degrees of weakness of the skeletal muscles of the body. It
is associated with the presence of antibodies to acetylcholine receptors (AChR) or
muscle-specific tyrosine kinase (MuSK) at the neuromuscular junction, although

30 some patients are antibody negative. The clinical features of MG include fluctuating
weakness and fatigability of voluntary muscles, particularly levator palpebrae,

extraocular, bulbar, limb and respiratory muscles. Patients usually present with
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10 ineffective or caused severe side effects, and also can be administered prior to
thymectomy or during an acute exacerbation of the disease (myasthenic crisis).
Immune globulin/hyaluronidase co-formulations can be administered
subcutaneously to patients with MG using the methods described herein. Exemplary
dosages of IG in the co-formulations include those used for intravenous

15  administration of immune globulin to patients with MG. For example, a patient with
MG can be administered doses of 400 mg/kg BW to 2 g/kg BW every 4-6 weeks for
maintenance therapy. Prior to thymectomy or during myasthenic crisis, 1-2 g/kg
BW can be administered over several doses, such as, for example, five doses of 400
mg/kg BW on five consecutive days. In another example, 1 g/lkg BW can be

20  administered on 2 consecutive days.

i. Moersch-Woltmann Syndrome
Moersch-Woltmann syndrome, also known as stiff person syndrome (SPS)
or stiff man syndrome, is a rare neurological disorder with features of an
autoimmune disease. Patients present with symptoms related to muscular rigidity

25  and superimposed episodic spasms. Muscle rigidity spreads to involve axial
muscles, primarily abdominal and thoracolumbar, as well as proximal limb muscles.
Typically, co-contraction of truncal agonist and antagonistic muscles leads to a
board-like appearance with hyperlordosis. Less frequently, respiratory muscle
involvement leads to breathing difficulty and facial muscle involvement to a mask-

30  like face. ‘

Treatment with immune globulin can effect decreased stiffness and

heightened sensitivity scores in patients with Moersch-Woltmann syndrome
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99. 2 Immune globulin also has been shown to have antimicrobial activity against

-

a number of bacterial, viral and fungal infections, including, but not limited to,
Haemophilus influenzae type B; Pseudomonas aeruginosa types A and B;
Staphylococcus aureus; group B streptococcus; Streptococcus pneumoniae types 1,
15 3,4,6,7,8,9,12, 14, 18, 19, and 23; adenovirus types 2 and 5; cytomegalovirus;
Epstein-Barr virus VCA; hepatitis A virus; hepatitis B virus; herpes simplex virus-1;
herpes simplex virus-2; influenza A; measles; parainfluenza types 1, 2 and 3; polio;
varicella zoster virus; Aspergillus, and Candida albicans. Thus, immune
globulin/hyaluronidase co-formulations can be administered subcutaneously to
20  patients with bacterial, viral and fungal infections to augment the patient’s immune
system and treat the disease. In some examples, antibiotics or other antimicrobials
also are administered.
4, Other Diseases and Conditions
Exemplary of other diseases and conditions treatable by IG therapy and not
25  described above include, but are not limited to, iatrogenic immunodeficiency;
specific antibody deficiency; acute disseminated encephalomyelitis; ANCA-positive
systemic necrotizing vasculitis; autoimmune haemolytic anaemia; bullous
pemphigoid; cicatricial pemphigoid; Evans syndrome (including autoimmune
haemolytic anaemia with immune thrombocytopenia); feto-maternal/neonatal
30  alloimmune thrombocytopenia (FMAIT/NAIT); haemophagocytic syndrome; high-
risk allogeneic haemopoietic stem cell transplantation; IgM paraproteinaemic

neuropathy; kidney transplantation; multiple sclerosis; opsoclonus myoclonus
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ataxia; pemphigus foliaceus; pemphigus vulgaris; post-transfusion purpura; toxic
epidermal necrolysis/Steven Johnson syndrome (TEN/SJS); toxic shock syndrome;
systemic lupus erythematosus; multiple myeloma; sepsis; bone marrow
transplantation; B cell tumors; and Alzheimer’s disease.

Alzheimer’s disease, for example, includes treatment with intravenous
immunoglobulin (see e.g., Dodel et al. (2004) J. Neurol. Neurosurg. Psychiatry
75:1472-4; Solomon et al. (2007) Curr. Opin. Mol. Ther. 9:79-85; Relkin et al.
(2008) Neurobiol Aging). 1G contains antibodies that bind to beta amyloid (AB),
which is a central component of the plaque in the brains of Alzheimer’s patients.
Thus, IG can help to promote the clearance of AB from the brain and block AB’s
toxic effects on brain cells. Hence, immune globulin/hyaluronidase co-formulations
can be administered subcutaneously to patients with Alzheimer’s disease using the
methods described herein. Subjects to be treated include patients having mild,
moderate or advanced Alzheimer’s disease. It is within the level of skill of a
treating physician to identify patients for treatment. Immune globulin/hyaluronidase
co-formulations can be administered every week, every two weeks, or once a month.
Treatment can continue over the course of months or years. The co-formulations
can be administered at IG doses at or between 200 mg/kg BW to 2 g/lkg BW every
week or every two weeks, and generally at least 200 mg/kg to 2 g/’kg BW at least
once a month. Treatment with immune globulin can effect an increase in a patient’s
anti-amyloid beta antibody levels compared to levels before treatment.

L. Articles of manufacture and Kits

Pharmaceutical compositions of immune globulin and hyaluronidase co-
formulations can be packaged as articles of manufacture containing packaging
material, a pharmaceutical composition which is effective for treating a IG-treatable
disease or condition, and a label that indicates that the composition is to be used for
treating an IG-treatable diseases and conditions. Exemplary of articles of
manufacture are containers including single chamber and dual chamber containers.
The containers include, but are not limited to, tubes, bottles and syringes. The
containers can further include a needle for subcutaneous administration.

The articles of manufacture provided herein contain packaging materials.

Packaging materials for use in packaging pharmaceutical products are well known to
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those of skill in the art. See, for example, U.S. Patent Nos. 5,323,907, 5,033,252
and 5,052,558, each of which is incorporated herein in its entirety. Examples of
pharmaceutical packaging materials include, but are not limited to, blister packs,
bottles, tubes, inhalers, pumps, bags, vials, containers, syringes, bottles, and any

5 packaging material suitable for a selected formulation and intended mode of
administration and treatment. A wide array of formulations of the compounds and
compositions provided herein are contemplated as are a variety of treatments for any
IG-treatable disease or condition.

Compositions of immune globulin and a soluble hyaluronidase co-

10  formulations also can be provided as kits. Kits can include a pharmaceutical
composition described herein and an item for administration. For example
compositions can be supplied with a device for administration, such as a syringe, an
inhaler, a dosage cup, a dropper, or an applicator. The kit can, optionally, include
instructions for application including dosages, dosing regimens and instructions for

15 modes of administration. Kits also can include a pharmaceutical composition
described herein and an item for diagnosis. For example, such kits can include an
item for measuring the concentration, amount or activity of IG.

J. EXAMPLES
The following examples are included for illustrative purposes only and are
20  not intended to limit the scope of the invention.
Example 1
Preparation of Gammagard Liquid (10 % Immunoglobulin (IG) Formulations)
Gammagard Liquid (10 % IG) was manufactured from large pools of human
plasma, screened throughout for infectious agents. Immune globulins were purified

25  from plasma pools using a modified Cohn-Oncley cold ethanol fractionation process
(Cohn et al. (1946) J. Am. Chem. Soc. 68:459-467), as well as cation and anion
exchange chromatography (Teschner et al. (2007) Vox Sang. 92:42-55). The
purified protein was further subjected to three independent viral
inactivation/removal steps: solvent/detergent (S/D) treatment (Horowitz et al. (1994)

30  Blood Coagul. Fibrin. 5(3):S21-S28; Kreil et al. (2003) Transfusion 43:1023-1038),
35 nm nanofiltration (Hamamoto et al. (1989) Vox Sang. 56:230-236; Yuasa et al.
(1991) J. Gen. Virol. 72:2021-2024), and a low pH incubation at elevated
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temperatures (Kempf et al. (1991) Transfusion 31:423-427; Louie et al. (1994)
Biologicals 22:13-19). The S/D procedure included treatment with an organic
mixture of tri-n-butyl phosphate, octoxynol-9 and polysorbate-80 at 18 to 25°C for a
minimum of 60 minutes (Pdlsler et al., (2008) Vox Sang. 94:184-192).

5 The final preparations used in the studies were 10 % liquid preparations of
highly purified and concentrated immunoglobulin G (IG) antibodies formulated in
0.25 mM glycine at pH 4.6 to 5.1 (as measured in the concentrated solution).
Glycine serves as a stabilizing and buffering agent, and there were no added sugars,
sodium or preservatives. All lots of 10 % IG (e.g. lots LE12H020, LE12H062,

10 LE12H173, LE12F047 ) were substantially similar. The osmolality was 240 to 300
mOsmol/kg, which is similar to physiological osmolality. The distribution of the IG
subclasses of the product manufactured according to the process described above
was similar to that of normal plasma: at least 98 % of the protein preparation being
IgG, the average IgA concentration was 37 pg/mL (none of these lots had an IgA

15  concentration of >140 pg/mL) and IgM was present only in trace amounts. The Fc
and Fab functions were maintained. Pre-kalikrein activator activity was not
detectable.

Example 2
Preparation of SUBQ NG 20 % (20 % IG)
20 A. Producing a Concentrated, Purified IG Composition
a. Summary
Previously frozen pooled plasma from blood donors was separated into a
cryo-poor plasma sample for isolation of various crude coagulation factors and
inhibitors prior to subsequent cold alcohol fractionation using a modified Cohn

25  fractionation procedure as described by Teschner et al. (2007) Vox Sang. 92:42-55.
The alcohol fractionation procedure gave a principal intermediate IG fraction,
referred to as Precipitate G, which was further processed to the final product using
chromatographic purification. The downstream manufacturing involved cation
exchange (CM-Sepharose fast flow) and anion exchange chromatography (ANX-

30  Sepharose fast flow). To provide a high safety margin with respect to potential virus
transmission, three dedicated virus inactivation/removal steps, which complement

each other in their mode of action, were integrated in the manufacturing process,



5 LE12H020+ 300 U/ nlL 298.5 259.3 185.4 104 57 19 LE12H062+ 100 U/ nL 108.5
88.2 60.1 43 29 10 LE12HO62+ 300 U/ nL 325 266.2 185.6 129 76 28 LE12H173+
100 U/ nL wO2011/08060% 39.6 24 13 1 LE12H173+ 300 U/ nL 295pr0TABR012/002250 60 31
9 SCO0107NG+ 100 U/ mL
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namely: solvent/detergent treatment (mixture of 1 % Triton X-100, 0.3 % tri-n-butyl
phosphate and 0.3 % polysorbate-80), nanofiltration (Asahi Planova 35 nm), and
low pH (4.7) storage for 3 weeks at elevated temperature.
b. Separation of Cryoprecipitates
5 Previously frozen pooled plasma from blood donors, already checked for

safety and quality considerations, was thawed at a temperature no higher than 6°C.
Centrifugation in the cold was performed to separate solid and liquid, which formed
upon the plasma thawing. The liquid portion (also referred to as “cryo-poor
plasma,” after cold-insoluble proteins were removed by centrifugation from fresh

10  thawed plasma) was then cooled to 0 + 1 °C, and its pH was adjusted to 7. The
cryo-poor plasma was used for isolation of various crude coagulation factors and
inhibitors prior to subsequent cold alcohol fractionation. Seven pathways were
chosen for batch adsorption of crude coagulation factors and inhibitors from the
cryo-poor plasma prior to SUBQ NG 20 % purification and are referred to as

15 pathways 1 to 7 in Table 3.

Table 3. Pathways for batch adsorption of coagulation factors and inhibitors
from cryo-poor plasma

. Adsorption Pathways
Step Gel Heparin 1 2 3 2 3 3 7
Cryoprecipitation - - X X X X X
0.5g DEAE-
FEIBA Sephadex/L ) X1 X
0.5g DEAE-
Factor IX Sephadex/L, 2000 IU/mL X X X X
120mg
Factor VII AOH)/L, 750 IU/mL X X
. . lg DEAE- 80000
Antithrombin Sephadex/L TU/mL X X X

For pre-clinical SUBQ NG 20 % production, Cohn starting materials derived
from pathways 1 (US source plasma without adsorption steps), 3 (US source plasma
20  after FEIBA, AT-III adsorption ) and 6 (US source plasma after F-IX, F-VII, AT-III
adsorption ) were chosen to cover a broad variety of different adsorption steps prior
to alcohol fractionation. Various adsorption processes are described in Teschner et
al. (2007) Vox Sang. 92:42-55; Polsler et al. (2008) Vox Sang. 94:184-192; U.S.
Patent Nos. 6,395,880 and 5,409,990; and Prothrombin complex: Brummelhuis in



94.0 83.1 57.4 43 49 32 SCO0107NG+ 300 U/ nL 284.3 242.2 182.0 124 148 96
SCO00207NG+ 100 UL 99.7 84.5 61.1 46 51 35 SCO0207NG+ 300 U/ nmL 286 251
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300 UL 254.3 253.6
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Methods of Plasma Protein Fractionation (J.M. Curling Editor, Academic Press,

1980).
c. Fractionation
i. Obtain Supernatant of Fractionation 1
5 While the plasma was being stirred, pre-cooled ethanol was added, to a target

concentration of 8 % v/v ethanol, and the temperature was further lowered to -2 to 0
°C to allow precipitation. Supernatant (or Fractionation I) was collected after
centrifugation.
ii. Precipitate of Fractionations II and II1
10 Fractionation I was adjusted to pH 7 and 20 to 25 % v/v ethanol
concentration, while the temperature was further lowered. Subsequently,
centrifugation was performed to separate liquid (Fractionation II + III supernatant)
and solid.
iii. Extraction From Fractionations II and III Precipitate
15 A cold extraction buffer (5 mM monobasic sodium phosphate, 5 mM acetate,
pH 4.5 £ 0.2, conductivity of 0.7 to 0.9 mS/cm) was used to re-suspend
Fractionations II + III at a ratio of 1:15 precipitate:extraction buffer. The extraction
process was performed at 2 to 8 °C.
1v. Fumed Silica Treatment and Filtration
20 Fumed silica (e.g., Aerosil 380 or equivalent) was added to the suspension to
a concentration of about 40 g/kg of suspension (or equivalent to 1.8 g/L of cryo-poor
plasma) and was mixed at 2 to 8 °C for 50 to 70 minutes. Liquids and solids were
separated by filtration at 2 to 8 °C using a filter aid (Hyflo Super-Cel, World
Minerals Inc., 0.5 kg/kg of suspension), followed by post-washing of the filter press
25  with extraction buffer.
V. Fractionation of Precipitate G
The filtrate was mixed with polysorbate-80 to a concentration of about 0.2 %
w/v with stirring for at least 30 minutes at 2 to 8 °C. Sodium citrate dehydrate was
then mixed into the solution at 8 g/ L for another 30 minutes of stirring at 2 to 8 °C.
30  The pH was then adjusted to 7.0 + 0.1 with either 1M sodium hydroxide or IM

acetic acid. Cold alcohol was then added to the solution to a concentration of about
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25 % v/v, and a precipitation step similar to Cohn II was performed (Cohn et al.
(1946) J. Am. Chem. Soc. 68:459-467).

vi. Suspension of Precipitate G and Solvent/Detergent
Treatment

The precipitate was dissolved and filtered with a depth filter of a nominal
pore size of 0.2 pm (e.g., Cuno VROG6 filter or equivalent) to obtain a clear filtrate
which was used for the solvent/detergent (S/D) treatment.

The first of the steps in viral inactivation is S/D treatment of the re-
suspended Precipitate G. The S/D treatment mixture contained 1.0 % (v/v) Triton
X-100, 0.3 % (v/v) Tween-80, and 0.3 % (v/v) tri-n-butyl phosphate, and the
mixture was held at 18 to 25 °C for at least 60 minutes.

d. Cation Exchange Chromatography

The S/D-containing protein solution was then passed through a cation
exchange column (Carboxymethyl (CM)-Sepharose fast flow) to remove the solvent
and detergent. After washing out of S/D reagents, the absorbed proteins were then
eluted with high pH elution buffer (pH 8.5 = 0.1).

e. Anion Exchange Chromatography

The eluate was then adjusted to pH 6 and diluted to the appropriate
conductivity before the solution was passed through the equilibrated anion exchange
column (ANX-Sepharose fast flow). The column flow-through during loading and
washing was collected for further processing.

f. Nanofiltration

In the second of three virus inactivation steps, the column effluent from the
last step was nanofiltered (Asahi Planova 35nm filter) to generate a nanofiltrate.

g. Ultrafiltration and Diafiltration

The glycine concentration of the nanofiltrate was adjusted to 0.25 M and the
nanofiltrate was further concentrated to a protein concentration of 5 + 1% w/v by
ultrafiltration and pH was adjusted to 5.2 + 0.2. In order to reach a higher protein
concentration for subcutaneous application, the ultrafiltration was carried out in a
cassette with an open channel screen and ultrafiltration membrane (Millipore
Pellicon Biomax) with a nominal molecular weight cut off (NMWCO) of 50 kDa or

less that was especially designed for high viscosity products.



0.62 12.39 86.75 0.24 0.70 13.59 85.43 0.28 SCO0107NG +300 U nL r HUPH20
0.65 12.38 86.70 0.26 0.69 13.80 85.19 0.32 SCO0207NG 0.73 13.25 85.76 0. 26
0. 86 14. 5202411384428 SCO0207NG + 100 U/ niL r HUPH20 0. 75Pt3/1R2018502545 0. 29
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The concentrate was diafiltered against a 0.25 M glycine solution with a pH
0of 4.2 + 0.2. The minimum exchange volume was 10x the original concentrate
volume. Throughout the ultrafiltration/diafiltration operation, the solution was
maintained at 4 to 20 °C. After diafiltration, the solution was concentrated to a

5  protein concentration of minimum 22 % w/v and adjusted to 2 to 8 °C.

In order to recover the complete residual protein in the system, thereby
increasing the protein concentration, the post-wash of the first bigger ultrafiltration
system was done with at least 2x the dead volume in re-circulation mode to assure
that all protein was washed out. Then the post-wash of the first ultrafiltration

10  system was concentrated to a protein concentration of at least 22 % w/v with a
second ultra-/ diafiltration system equipped with the same type of membrane which
was dimensioned a tenth or less of the first one. The post-wash concentrate was
added to the bulk solution. The second ultrafiltration system was then post-washed
and the solution temperature was adjusted to 2 to 8°C.

15 h. Formulation

For formulation, the protein concentration of the solution was adjusted to
20.4 + 0.4 % w/v with post-wash of the second smaller ultrafiltration system and/or
with diafiltration buffer. The pH was adjusted to 4.4 to 4.9, if necessary.

i. Further Sterilization

20 The formulated bulk solution was further sterilized by first filtering through
a membrane filter with an absolute pore size of 0.2 micron or less, then was
aseptically dispensed into final containers for proper sealing, with samples taken for
testing. The final virus inactivation/removal step was performed by storing the
sealed containers at 30 to 32 °C for 21 to 22 days.

25 Thus, the resulting 20 % IG formulations were highly purified, isotonic
liquid formulations of immunoglobulin (at least 95 % gamma globulin) formulated
in 0.25 mM glycine at pH 4.4 to 4.9. The final preparations used in the studies were
lots SCO0107NG, SC00207NG, and SC00307NG.

B. Characterization of Pre-Clinical Batches

30 Pre-clinical lots SCO0107NG, SC00207NG, and SC00307NG were

manufactured on the 200 L scale and characterized according to Table 4. At the

final bulk level, the purity of the preparation was illustrated by the low levels of the



13.39 85.63 0.21 0.83 14.57 84.30 0.30 SCO0307NG 0.93 11.76 87.06 0.25 1.01
12.78 85.96 0.25 SCO0307NG + 100 U niL rHuPH20 0.96 11.91 86.94 0.20 1.03
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main impurities, which were well below 0.1 % of the total IgG. The molecular size
distribution (MSD) in the 20 % IG product at the final stage of the process was
similar to the MSD of a 10 % IG (Gammagard Liquid) final container. This

indicated that increasing the concentration to 20 % protein did not have a negative

5  impact on the integrity of the IgG molecule.

Table 4. Characterization of SUBQ NG 20% lots

Sterile Bulk
Test / Method Lot SC00107NG | SC00207NG | SC00307NG
Total protein / g/L Plasma 34 3.7 3.7
uv
IgG/ g/L Plasma 3.0 3.0 3.0
Nephelometric
IgA / ELISA g/L Plasma <0.001 <0.001 <0.001
IgM / ELISA g/L Plasma <0.001 <0.001 <0.001
% Aggregates 0.1 0.1 0.1
MSD (HPLC) % Oligo/Dimers 4.6 4.5 32
% Monomers 95.2 95.4 96.6
% Fragments 0.1 0 0.1
Lot number of Precipitate G | Precipitate G | Precipitate G
starting material VNELG171 | VNELGI173 [ LB0790301

The preliminary final container release criteria were defined on the basis of

the requirements from the U.S. and European authorities (FDA and EMEA) for

subcutaneous human immunoglobulins, the final container specifications of the

10 current product for subcutaneous administration (SUBCUVIA, licensed for

subcutaneous administration in Europe) and the Gammagard Liquid specifications.

Characterization of the relevant antibody spectrum of the three final containers was

completed and compared to the results from the pre-clinical 10 % IG Triple Virally

Reduced (TVR) lots. Table 5 compares the results of the antibody titers and the

15  enrichment factors of the three pre-clinical SUBQ NG 20 % final containers and

pre-clinical Gammagard Liquid lots. The results are in the same order of magnitude

for both lots.
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Table 5. Comparison of SUBQ NG 20 % and 10 % IG TVR release data

SUBQ NG 20 % 10 % IG TVR
SCO00107NG [ SC00207NG | SCO0307NG | POO10ING PO020ING | POO30ING
01C21AN11 | OIC21AN21 [01DO5SANII
Test .
System Unit

Bacteria:
Coryne-
bacterium Guinea
diphtheriae | pigs IU/mL 6.0 6.0 6.0 5.0 5.0 5.0
EUR

Viruses
HAV ELISA}IU/mL 14.0 14.0 27.0 14 9 16
HBY 1U/mg

antibody to |ELISA TP 40.0 47.0 43.0 359 40.1 40.0
hep Bs Ag)
Measles virus Hema
EUR Enrich. & 41.0 41.0 24.0 n/a w/a n/a
F -glut,
actor

Measles virus |Hemag] NIH
Us gl | 176 | 08 038 0 1.001 1.0 1.001
Parvo 619 ELISA{IU/mL 718 78 71 567 442 36
Poliomyelitis NIHU/
virus type I mL 1.4 1.711 1.5 1.01 1.11 1.21

Additional quality control tests were performed to evaluate the level of
product and/or process-related impurities. Table 6 shows the quality control data of
the three SUBQ NG 20 % final containers. The removal of product and process

5 related impurities is satisfactory, and all product-related preliminary specifications
are met for all three lots.

Table 6. Quality control tests of SUBQ NG 20 % final container

SC00107NG | SC00207NG | SC00307NG
Test System Unit
Fc functional integrity Be-binding % of BPR 15.8 138 164
lot 3
Anti-complementary EP method % 41.1 41.5 41.2
activity
Anti-complementary EP method CH50 U/mg 41.4 41.8 41.6
activity
Prekallikrein activator chromogenic TU/mL <0.6 1.004 1.237
activity, EUR
Anti-A hemagglutinins, hemagglut. Dilution: 1 8 16 8
pH. Eur.
Anti-B hemagglutinins, hemagglut. Dilution: 1 4 4 2
pH. Eur.
Anti-D hemagglut. complies complies Complies
Exclusion of rabbit °C rise pyrogen free | pyrogen free | pyrogen free
pyrogenicity, pH. Eur.
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SC00107NG | SC00207NG | SC00307NG
Test System Unit
and CFR
Bacterial Endotoxins Chromogenic IU/mL <1.2 1.8 <1.2
Purity by cellulose CAE % 99.6 99.8 99.5
acetate electrophoresis
Molecular size SE-HPLC % 99.2 99.3 99.2
distribution
(Monomer + Dimers)
Molecular size SE-HPLC % 0.2 0.2 0.3
distribution
(Polymers)
Molecular size SE-HPLC % 0.6 0.5 0.5
distribution (Fragments)

" IgA - EUR ELISA pg/mL 20 20 30
IgM ELISA pg/mL 1.1 1.0 1.2
IgG Nephelometry mg/mL 177 165 163
Protein (Bulk) uv mg/mL 201 203 202
Protein Autom.N2 mg/mL 202 208 203
Glycine HPLC mg/mL 14.7 14.5 14.7
Polysorbate 80 Spectrophot. ug/mL <250 <250 <250
TNBP Gas-chromat. pg/mL <0.3 <0.3 <0.3
Octoxynol 9 Ion-chromat. pg/mL <3 <3 <3
Sterility Membrane n/a sterile sterile sterile

filtr.

Osmolality mOsmol/kg 298 298 299
pH, undiluted Potentiometry 5.1 5.2 53
Appearance Visual Inspec. satisfied satisfied satisfied
Ethanol Gas-chromat. pg/mL <20 <20 <20
Isopropanol Gas-chromat. pg/mL <20 <20 <20
Aluminum AAS Photometry pg/L <50 <50 <50
Silicium ICP OES Ion Electr. _pg/L 3466 17270 21180
Heparin IU/mL <0.0075 <0.0075 <0.0075

In-process parameters monitored during the pre-clinical production and the

characterization of intermediates and the final product showed that there were no

obvious differences detectable between the three lots. All final containers met the

product related preliminary specifications regardless of which kind of starting
material (Precipitate G VNELG171, VNELG173, or LB0790301) was chosen.
C. Storage Study of 20 % IG Formulations

In order to evaluate the storage stability of the 20% IG final containers, the 3
pre-clinical lots described above (SC00107NG, SC00207NG, SC00307NG) and one
feasibility lot (IgGSC 62/1) were stored at 2 to 8 °C and 28 to 30 °C (feasibility lot

only) for up to 18 months. High performance size exclusion chromatography was

used to determine the molecular size distribution (MSD) and stability of the

samples. The main stability indicating parameter is molecular size, and a change in

size can be the result of degradation by denaturation, aggregation or fragmentation.
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DVSO- cont girng—buf-fet sy;st en (KUIO%I ehret égsm(zmu? o bf aits usi on,
46: 1959- 1977) . 3 04 99.5 0.2
SCO0L07NG 4 0.5 99.4 0.2
6 0.5 99.3 0.2
12 0.7 99.1 0.3
0 0.3 99.5 0.2
SCO0207NG 3 0.4 99.5 0.1
4 0.5 99.3 0.2
6 0.6 99,2 0.2
12 0.8 99.0 0.2
0 0.3 99.6 0.1
3 0.5 99.3 0.2
SCO0307NG 4 0.6 99.2 0.1
6 0.7 99.1 0.2
12 0.9 98.8 0.2
Release criteria <5 >90 <5

Table 8. MSD of the feasibility lot IgGSC 62/1 at 2 to 8 °C and 28 to 30 °C

MSD (HP-SEC) (%)

Lot °C Month Aggregates Olig/Dimers Fragments
(>450 KDa) | + Monomers (<70Kda)

0 0.2 99.5 0.3

1 0.1 99.7 0.2

3 0.2 99.6 0.2

2t08 6 03 99.4 03

12 0.4 99.3 0.3

18 0.4 99.2 0.4

1gGSC 62/1 0 0.2 99.5 0.3

1 0.2 99.2 0.6

3 0.3 98.7 1.0

281030 6 0.6 98.0 14

12 1.2 95.6 32

18 1.9 93.5 3.8

Release criteria <5 >90 <5

D. Stability Study of Various IG Concentrations and Formulations
The storage stability of high protein concentration formulations (14-20 %)

10 with low pH (0.25 M glycine pH 4.4 — 4.9) was compared to high protein
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off of 30K (standard screen). The final containers were either formulated and stored
at low pH (4.7) or the low pH storage was done in bulk and afterwards they were
10 formulated at neutral pH (7.0) prior to storage at either 2 to 8 °C or 28 to 30 °C for 3
months. After 3 months, molecular size distribution was determined by high
performance size exclusion chromatography in order to determine aggregate and
fragment content. Acceptance criteria was defined as: monomers and oligo-/dimers,
> 90 %; aggregates, < 5 %, fragments, <5 %. ACA titer was tested as described in
15  the European Pharmacopoeia. Acceptable ACA titer was defined as less than 50 %
CHS50 units consumed per mg protein.

Tables 9 and 10 show aggregate and fragment content as well as ACA titer
after 3 months storage at 28 to 30 °C and 2 to 8 °C, respectively, for the standard
formulations (pH 4.7, 0.25 M glycine; or pH 7.0, 22.5 g/L glycine, 3 g/L NaCl) at

20  different protein concentrations. The data clearly show that the low pH formulation
had lower aggregates and lower ACA titer after 3 months storage at 28 to 30 °C. All
ACA titers of the pH 7.0 formulations were above the acceptance criterion defined
for this test.

The results at 2 to 8°C confirm the trend seen at 28 to 30°C. The ACA titers

25  were all below the limit defined as acceptance criterion, although the pH 7.0
formulations seem to have higher values. The protein value does not influence the

results of the parameters tested.
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Table 9. Fragment, aggregate and ACA values after 3 months storage at 28 to
30 °C at pH 4.7 and pH 7.0 at different protein concentrations

Fragments % Aggregates % ACA titer %
Protein | pH4.7 | pH7.0 pH 4.7 pH7.0 pH 4.7 pH 7.0
14 % 1.35 1.50 0.10 0.92 44.1 52.0
16 % 1.24 1.38 0.08 0.91 40.5 53.1
18 % 1.24 1.60 0.11 0.93 40.3 52.4
20 % 1.35 1.52 0.12 0.93 37.5 62.7

Table 10. Fragment, aggregate and ACA values after 3 months storage at 2 to

5 8°C at pH 4.7 and pH 7.0 at different protein concentrations
Fragments % Aggregates % ACA titer
Protein | pH4.7 | pH7.0 pH 4.7 pH 7.0 pH 4.7 pH 7.0
14 % 0.36 1.80 0.16 1.09 38.3 46.5
16 % 0.30 0.51 0.11 1.01 37.4 44.7
18 % 0.33 1.10 0.17 0.86 35.8 39.8
20 % 0.33 1.98 0.20 1.06 36.1 46.0

The influence of different concentration procedures on MSD and ACA titer
was investigated. The first procedure used a 0.5 m? polyethersulfone Millipore
membrane with a molecular cut-off of 30K (standard screen), as described above,
and the second procedure used a 0.5 m? polyethersulfone Millipore membrane with

10  an open screen, suitable for solutions with higher viscosity. The post-wash fractions
were concentrated by a second ultra-/diafiltration device with a lower membrane
surface (0.1 m?, open screen) in order to reduce yield losses.

Tables 11 and 12 show MSD and ACA titer after 3 months storage at 28 to
30 °C or 2 to 8 °C, respectively, for the low pH (4.7) formulations at various protein

15  concentrations. The data showed similar results after 3 months storage for both
concentration modes. The values obtained at 2 to 8 °C confirmed the results
obtained at 28 to 30 °C. The concentration method does not influence the stability
of the product, though adequate post-wash can only be obtained with open-screen

membranes.
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Table 11. Fragment, aggregate and ACA values after 3 months storage at 28 to
30°C at pH 4.7 with different protein concentration methods

Fragments (%) Aggregates (%) ACA titer
Protein | standard- | open- | standard- | open- | standard- | open-
screen screen screen screen screen screen
14 % 1.35 0.92 0.10 0.21 44.1 42.6
16 % 1.24 1.09 0.08 0.20 40.5 40.9
18 % 1.24 0.96 0.11 0.23 40.3 40.7
20 % 1.35 0.98 0.12 0.30 37.5 41.6

Table 12. Fragment, aggregate and ACA values after 3 months storage at 2 to

8°C at pH 4.7 with different protein concentration methods

Fragments (%) Aggregates (%) ACA titer (%)
Protein | standard- | open- | standard- | open- | standard- | open-
screen screen screen screen screen screen
14 % 0.36 0.27 0.16 0.17 38.3 39.6
16 % 0.30 0.22 0.11 0.14 37.4 38.3
18 % 0.33 0.23 0.17 0.18 35.8 39.6
20 % 0.33 0.22 0.20 0.20 36.1 39.9
5 Example 3

Preparation of Soluble Recombinant Human PH20 (rHuPH20)
A. Generation of a Soluble rHuPH20-Expressing Cell Line
The HZ24 plasmid (set forth in SEQ ID NO:52) was used to transfect Chinese
Hamster Ovary (CHO cells) (see e.g. application Nos. 10,795,095, 11/065,716 and
10 11/238,171). The HZ24 plasmid vector for expression of soluble rHuPH20 contains
a pCI vector backbone (Promega), DNA encoding amino acids 1-482 of human
PH20 hyaluronidase (SEQ ID NO:49, an internal ribosomal entry site (IRES) from
the ECMYV virus (Clontech), and the mouse dihydrofolate reductase (DHFR) gene.
The pCI vector backbone also includes DNA encoding the Beta-lactamase resistance
15  gene (AmpR), an f1 origin of replication, a Cytomegalovirus immediate-early
enhancer/promoter region (CMV), a chimeric intron, and an SV40 late
polyadenylation signal (SV40). The DNA encoding the soluble rHuPH20 construct
contains an Nhel site and a Kozak consensus sequence prior to the DNA encoding
the methionine at amino acid position 1 of the native 35 amino acid signal sequence
20 of human PH20, and a stop codon following the DNA encoding the tyrosine
corresponding to amino acid position 482 of the human PH20 hyaluronidase (set

forth in SEQ ID NO:1), followed by a BamHI restriction site. The construct pCI-
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PH20-IRES-DHFR-SV40pa (HZ24), therefore, results in a single mRNA species
driven by the CMV promoter that encodes amino acids 1-482 of human PH20 (set
forth in SEQ ID NO:3) and amino acids 1-186 of mouse dihydrofolate reductase (set
forth in SEQ ID NO:53), separated by the internal ribosomal entry site (IRES).

5 Non-transfected DG44 CHO cells growing in GIBCO Modified CD-CHO
media for DHFR(-) cells, supplemented with 4 mM glutamine and 18 mL/L Pluronic
F68/L (Gibco), were seeded at 0.5 x 10° cells/mL in a shake flask in preparation for
transfection. Cells were grown at 37° C in 5 % CO, in a humidified incubator,
shaking at 120 rpm. Exponentially growing non-transfected DG44 CHO cells were

10  tested for viability prior to transfection.

Sixty million viable cells of the non-transfected DG44 CHO cell culture
were pelleted and re-suspended to a density of 2 x107 cells in 0.7 mL of 2x
transfection buffer (2x HeBS: 40 mM Hepes, pH 7.0, 274 mM NaCl, 10 mM KCl,
1.4 mM NaHPOy4, 12 mM dextrose). To each aliquot of re-suspended cells, 0.09

15  mL (250 pg) of the linear HZ24 plasmid (linearized by overnight digestion with Cla
[ (New England Biolabs)) was added, and the cell/DNA solutions were transferred
into 0.4 cm gap BTX (Gentronics) electroporation cuvettes at room temperature. A
negative control electroporation was performed with no plasmid DNA mixed with
the cells. The cell/plasmid mixes were electroporated with a capacitor discharge of
20 330V and 960 pF or at 350 V and 960 pF.

The cells were removed from the cuvettes after electroporation and
transferred into 5 mL of Modified CD-CHO media for DHFR(-) cells, supplemented
with 4 mM glutamine and 18 mL/L Pluronic F68/L (Gibco), and allowed to grow in
a well of a 6-well tissue culture plate without selection for 2 days at 37° C in 5%

25  COj; in a humidified incubator.

Two days post-electroporation, 0.5 mL of tissue culture media was removed

from each well and tested for the presence of hyaluronidase activity, using the

microturbidity assay described in Example 4.

30



0.62 100 mM NaCl 0.19 903 90.13 0.64 0.23 12.97 86.17 0.63 150 mM NaCl 0. 19
9.08 90.13 0.61 0.24 12.93 86.30 0.53 Tabl e 34. Mol ecul ar si ze

di stri butworroofo3ka@4i n 10% | G r HUPH20 co-10 for nul at i ons P@irtus2MNa@i25as t er
storage at 28-32C Sanple 0 (start) 6 nonths >450 kDa -350 kDa -160 kDa <60
kDa >450 kDa -350 kDa

10

15

20

119

Table 13. Initial hyaluronidase activity of HZ24 transfected DG44 CHO cells
at 40 hours post-transfection

. Activity
Dilution (Units/mL)
Transfection 1 (330V) 1to 10 0.25
Transfection 2 (350V) 1to 10 0.52
Negative Control 1to 10 0.015

Cells from Transfection 2 (350V) were collected from the tissue culture well,
counted and diluted to 1 x10* to 2 x10* viable cells per mL. A 0.1 mL aliquot of the
cell suspension was transferred to each well of five, 96-well round bottom tissue
culture plates. One hundred microliters of CD-CHO media (GIBCO) containing 4
mM GlutaMAX™.-1 supplement (GIBCO™, Invitrogen Corporation) and without
hypoxanthine and thymidine supplements were added to the wells containing cells
(final volume 0.2 mL).

Ten clones were identified from the 5 plates grown without methotrexate.

Table 14. Hyaluronidase activity of identified clones

Plate/Well ID | Relative Hyaluronidase
1C3 261
2C2 261
3D3 261
3ES 243
3C6 174
2G8 103
1B9 304
2D9 273
4D10 302

Six HZ24 clones were expanded in culture and transferred into shake flasks
as single cell suspensions. Clones 3D3, 3ES, 2GS, 2D9, 1E11, and 4D10 were
plated into 96-well round bottom tissue culture plates using a two-dimensional
infinite dilution strategy in which cells were diluted 1:2 down the plate, and 1:3
across the plate, starting at 5000 cells in the top left hand well. Diluted clones were
grown in a background of 500 non-transfected DG44 CHO cells per well, to provide
necessary growth factors for the initial days in culture. Ten plates were made per
subclone, with 5 plates containing 50 nM methotrexate and 5 plates without
methotrexate.

Clone 3D3 produced 24 visual subclones (13 from the no methotrexate
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treatment, and 11 from the 50 nM methotrexate treatment). Significant
hyaluronidase activity was measured in the supernatants from 8 of the 24 subclones
(>50 Units/mL), and these 8 subclones were expanded into T-25 tissue culture
flasks. Clones isolated from the methotrexate treatment protocol were expanded in
5  the presence of 50 nM methotrexate. Clone 3D35M was further expanded in 500
nM methotrexate giving rise to clones producing in excess of 1,000 Units/mL in
shake flasks (clone 3D35M; or Genl 3D35M). A master cell bank (MCB) of the
3D35M cells was then prepared.
B. Production and Purification of Genl1 Human PH20
10 a. 5 L Bioreactor Process
A vial of 3D35M was thawed and expanded from shake flasks through 1 L
spinner flasks in CD-CHO media (Invitrogen, Carlsbad Calif.) supplemented with
100 nM methotrexate and GlutaMAX™-1 (Invitrogen). Cells were transferred from
spinner flasks to a 5 L bioreactor (Braun) at an inoculation density of 4 x10° viable
15  cells/mL. Parameters were: temperature setpoint: 37 °C; pH: 7.2 (starting setpoint);
dissolved oxygen setpoint: 25 %; and air overlay: 0-100 cc/min. At 168 hrs, 250 mL
of Feed #1 Medium (CD CHO with 50 g/L glucose) was added. At 216 hours, 250
mL of Feed #2 Medium (CD CHO with 50 g/L glucose and 10 mM sodium
butyrate) was added, and at 264 hours 250 mL of Feed #2 Medium was added. This
20  process resulted in a final productivity of 1600 Units/mL with a maximal cell
density of 6 x10° cells/mL. The addition of sodium butyrate was to dramatically
enhance the production of soluble rHuPH20 in the final stages of production.
Conditioned media from the 3D35M clone was clarified by depth filtration
and tangential flow diafiltration into 10 mM Hepes pH 7.0. Soluble rHuPH20 was
25  then purified by sequential chromatography on Q Sepharose (Pharmacia) ion
exchange, Phenyl Sepharose (Pharmacia) hydrophobic interaction chromatography,
phenyl boronate (Prometics) and hydroxyapatite chromatography (Bio-Rad,
Richmond, CA).
Soluble rHuPH20 bound to Q Sepharose and eluted at 400 mM NaCl in the
30  same buffer. The eluate was diluted with 2M ammonium sulfate to a final
concentration of 500 mM ammonium sulfate and passed through a Phenyl Sepharose

(low sub) column, followed by binding under the same conditions to a phenyl
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A scaled-up process was used to separately purify soluble rHuPH20 from
four different vials of 3D35M cell to produce 4 separate batches of soluble
rHuPH20; HUA0406C, HUA0410C, HUA0415C and HUA0420C. Each vial was

20  separately expanded and cultured through a 125 L bioreactor, then purified using
column chromatography. Samples were taken throughout the process to assess such
parameters as enzyme yield. The description of the process provided below sets
forth representative specifications for such things as bioreactor starting and feed
media volumes, transfer cell densities, and wash and elution volumes. The exact

25  numbers vary slightly with each batch, and are detailed in Tables 15 to 22.

Four vials of 3D35M cells were thawed in a 37°C water bath, CD CHO
containing 100 nM methotrexate and 40 mL/L GlutaMAX™.-]1 was added and the
cells were centrifuged. The cells were re-suspended in a 125 mL shake flask with
20 mL of fresh media and placed in a 37°C, 7% CO; incubator. The cells were

30  expanded up to 40 mL in the 125 mL shake flask. When the cell density reached 1.5
—2.5x 10° cells/mL, the culture was expanded into a 125 mL spinner flask in a 100

mL culture volume. The flask was incubated at 37°C, 7% CO,. When the cell
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density reached 1.5 — 2.5 x 10° cells/mL, the culture was expanded into a 250 mL
spinner flask in 200 mL culture volume, and the flask was incubated at 37°C, 7%
CO,. When the cell density reached 1.5 -2.5 x 10° cells/mL, the culture was
expanded into a 1 L spinner flask in 800 mL culture volume and incubated at 37°C,
7% CO,. When the cell density reached 1.5 -2.5 x 10° cells/mL, the culture was
expanded into a 6 L spinner flask in 5 L culture volume and incubated at 37°C, 7%
CO,. When the cell density reached 1.5 — 2.5 x 10° cells/mL, the culture was
expanded into a 36 L spinner flask in 20 L culture volume and incubated at 37°C,
7% CO,.

A 125 L reactor was sterilized with steam at 121°C, 20 psi and 65 L of CD
CHO media was added. Before use, the reactor was checked for contamination.
When the cell density in the 36 L spinner flasks reached 1.8 -2.5 x 10° cells/mL, 20
L of cell culture was transferred from the 36 L spinner flasks to the 125 L bioreactor
(Braun), resulting in a final volume of 85 L and a seeding density of approximately
4 x10° cells/mL. Parameters were: temperature setpoint: 37°C; pH: 7.2; dissolved
oxygen: 25% + 10%; impeller speed: 50 rpm; vessel pressure: 3 psi; air sparge: 1 L/
min.; air overlay: 1 L/min. The reactor was sampled daily for cell counts, pH
verification, media analysis, protein production and retention. Nutrient feeds were
added during the run. At Day 6, 3.4 L of Feed #1 Medium (CD CHO + 50 g/L
glucose + 40 mL/L GlutaMAX™-1) was added, and culture temperature was
changed to 36.5°C. Atday9, 3.5 L of Feed #2 (CD CHO + 50 g/L glucose + 40
mL/L GlutaMAX™-1 + 1.1 g/L sodium butyrate) was added, and culture
temperature was changed to 36°C. Atday 11, 3.7 L of Feed #3 (CD CHO + 50 g/L
glucose + 40 mL/L GlutaMAX™-1 + 1.1 g/L sodium butyrate) was added, and the
culture temperature was changed to 35.5°C. The reactor was harvested at 14 days,
or when the viability of the cells dropped below 50%. The process resulted in
production of soluble rHuPH20 with an enzymatic activity of 1600 Units/mL with a
maximal cell density of 8 million cells/mL. At harvest, the culture was sampled for
mycoplasma, bioburden, endotoxin, and virus in vitro and in vivo, transmission
electron microscopy (TEM) for viral particles, and enzyme activity.

The 100 L bioreactor cell culture harvest was filtered through a series of

disposable capsule filters having a polyethersulfone medium (Sartorius): first
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through a 8.0 um depth capsule, a 0.65 pm depth capsule, a 0.22 pm capsule, and
finally through a 0.22 pm Sartopore 2000 cm? filter and into a 100 L sterile storage
bag. The culture was concentrated 10x using two TFF with Spiral Polyethersulfone
30 kDa MWCO filters (Millipore), followed by a 6x buffer exchange with 10 mM
HEPES, 25 mM Na,SO,, pH 7.0, into a 0.22 pum final filter into a 20 L sterile
storage bag. Table 15 provides monitoring data related to the cell culture, harvest,
concentration and buffer exchange steps.

Table 15. Monitoring data for cell culture, harvest, concentration and buffer
exchange steps

Parameter HUA0406C | HUA0410C | HUA0415C HUA0420C

Time from thaw to inoculate 100 21 19 - 17 18
L bioreactor (days)

100 L inoculation density (x 10° 0.45 0.33 0.44 0.46
cells/mL)

Doubling time in logarithmic 29.8 27.3 29.2 23.5
growth (hr)

Max. cell density (x 10° 5.65 8.70 6.07 9.70
cells/mL)

Harvest viability (%) 41 48 41 41
Harvest titer (U/mL) 1964 1670 991 1319
Time in 100-L bioreactor (days) 13 13 12 13
Clarified harvest volume (mL) 81800 93300 91800 89100
Clarified harvest enzyme assay 2385 1768 1039 1425
(U/mL)

Concentrate enzyme assay 22954 17091 8561 17785
(U/mL)

Buffer exchanged concentrate 15829 11649 9915 8679
enzyme assay (U/mL)

Filtered buffer exchanged 21550 10882 9471 8527
concentrate enzyme assay (U/mL)

Buffer exchanged concentrate 10699 13578 12727 20500
volume(mL)

Ratio enzyme units 0.87 0.96 1.32 1.4
concentration/harvest

A Q Sepharose (Pharmacia) ion exchange column (3 L resin, Height = 20
cm, Diameter = 14 cm) was prepared. Wash samples were collected for a
determination of pH, conductivity and endotoxin (LAL) assay. The column was
equilibrated with 5 column volumes of 10 mM Tris, 20 mM Na;SOg, pH 7.5. The
concentrated, diafiltered harvest was loaded onto the Q column at a flow rate of 100
cm/hr. The column was washed with 5 column volumes of 10 mM Tris, 20 mM

Na,SO4, pH 7.5 and 10 mM Hepes, 50 mM NaCl, pH 7.0. The protein was eluted



196 50 nlVl 275 254 278 281 252 200 Tabl e 36. Hyal uroni dase activity
(Um) of 20 %1 G rHuPH20 co-forrmul ations with NaCl after storage at 28-32
C Salt Comoentwmstdoan Weeks O 1 3 6 12 24 0 m VI 267 262C2AB2@880%12 138 5
mv 290 261 249 242 214 143 10 mM 276 264

10

15

20

25

30

124

with 10 mM Hepes, 400 mM NaCl, pH 7.0, and filtered through a 0.22 pm final
filter into a sterile bag.

Phenyl Sepharose (Pharmacia) hydrophobic interaction chromatography was
next performed. A Phenyl Sepharose (PS) column (9.1 L resin, Height = 29 cm,
Diameter = 20cm) was prepared. The column was equilibrated with 5 column
volumes of 5 mM potassium phosphate, 0.5 M ammonium sulfate, 0.1 mM CaCl,,
pH 7.0. The protein eluate from above was supplemented with 2M ammonium
sulfate, 1 M potassium phosphate and 1 M CaCl, stock solutions to final
concentrations of 5 mM, 0.5 M and 0.1 mM, respectively. The protein was loaded
onto the PS column at a flow rate of 100 cm/hr. 5 mM potassium phosphate, 0.5 M
ammonium sulfate and 0.1 mM CaCl,, pH 7.0, was added at 100 cm/hr. The flow-
through was passed through a 0.22 um final filter into a sterile bag.

The PS-purified protein was then loaded onto an aminophenyl boronate
column (ProMedics) (6.3 L resin, Height = 20 cm, Diameter = 20cm) that had been
equilibrated with 5 column volumes of 5 mM potassium phosphate, 0.5 M
ammonium sulfate. The protein was passed through the column at a flow rate of 100
cm/hr, and the column was washed with 5 mM potassium phosphate, 0.5 M
ammonium sulfate, pH 7.0. The column was then washed with 20 mM bicine, 100
mM NaCl, pH 9.0, and the protein eluted with 50 mM Hepes, 100 mM NaCl, pH
6.9, through a sterile filter and into a 20 L sterile bag. The eluate was tested for
bioburden, protein concentration and enzyme activity.

A hydroxyapatite (HAP) column (Bio-Rad) (1.6 L resin, Height =10 cm,
Diameter = 14 cm) was equilibrated with S mM potassium phosphate, 100 mM
NaCl, 0.1 mM CaCl,, pH 7.0. Wash samples were collected and tested for pH,
conductivity and endotoxin (LAL assay). The aminophenyl boronate-purified
protein was supplemented with potassium phosphate and CacCl, to yield final
concentrations of 5 mM potassium phosphate and 0.1 mM CaCl,, then was loaded
onto the HAP column at a flow rate of 100 cm/hr. The column was washed with 5
mM potassium phosphate, pH 7.0, 100 mM NaCl, 0.1 mM CacCl,, then 10 mM
potassium phosphate, pH 7.0, 100 mM NacCl, 0.1 mM CaCl, pH. The protein was
eluted with 70 mM potassium phosphate, pH 7.0, and filtered through a 0.22 pm
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filter into a 5 L sterile storage bag. The eluate was tested for bioburden, protein
concentration and enzyme activity.
The HAP-purified protein was then pumped through a 20 nM viral removal

filter via a pressure tank. The protein was added to the DV20 pressure tank and

5 filter (Pall Corporation), passing through an Ultipor DV20 Filter with 20 nm pores
(Pall Corporation) into a sterile 20 L storage bag. The filtrate was tested for protein
concentration, enzyme activity, oligosaccharide, monosaccharide and sialic acid
profiling, and process-related impurities. The protein in the filtrate was then
concentrated to 1 mg/mL using a 10 kDa molecular weight cut off (MWCO)

10  Sartocon Slice tangential flow filtration (TFF) system (Sartorius). The filter was
first prepared by washing with a Hepes/saline solution (10 mM Hepes, 130 mM
NaCl, pH 7.0) and the permeate was sampled for pH and conductivity. Following
concentration, the concentrated protein was sampled and tested for protein
concentration and enzyme activity. A 6x buffer exchange was performed on the

15  concentrated protein into the final buffer: 10 mM Hepes, 130 mM NaCl, pH 7.0.
The concentrated protein was passed though a 0.22 pm filter into a 20 L sterile
storage bag. The protein was sampled and tested for protein concentration, enzyme
activity, free sulthydryl groups, oligosaccharide profiling and osmolarity.

Tables 16 through 22 provide monitoring data related to each of the

20  purification steps described above, for each 3D35M cell lot.

Table 16. Q Sepharose column data

Parameter HUA0406C | HUA0410C | HUA0415C | HUA0420C
Load volume (mL) 10647 13524 12852 20418

Load Volume/Resin 3.1 4.9 4.5 7.3

Volume ratio

Column Volume (mL) 2770 3840 2850 2880

Eluate volume (mL) 6108 5923 5759 6284
Protein Conc. of Eluate 2.8 3.05 2.80 2.86
(mg/mL)

Eluate Enzyme Assay 24493 26683 18321 21052
(U/mL)

Enzyme Yield (%) 65 107 87 76

Table 17. Phenyl Sepharose column data

Parameter HUA0406C | HUA0410C | HUA0415C | HUA0420C
Volume Before Stock 5670 5015 5694 6251
Solution Addition (mL)
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Load Volume (mL) 7599 6693 7631 8360
Column Volume (mL) 9106 9420 9340 9420
Load Volume/Resin 0.8 0.7 0.82 0.89
Volume ratio
Eluate volume (mL) 16144 18010 16960 17328
Protein Cone of Eluate 04 0.33 0.33 0.38
(mg/mL)
Eluate Enzyme Assay 8806 6585 4472 7509
(U/mL)
Protein Yield (%) 41 40 36 37
Enzyme Yield (%) 102 88 82 96
Table 18. Amino phenyl boronate column data
Parameter HUA0406C HUA0410C | HUA0415C | HUA0420C
Load Volume (mL) 16136 17958 16931 17884
Load Volume/Resin 2.99 3.15 3.08 2.98
Volume ratio
Column Volume (mL) 5400 5700 5500 5300
Eluate volume (mL) 17595 22084 20686 19145
Protein Conc. of Eluate | 0.0 0.03 0.03 0.04
(mg/mL)
Protein Conc. of Not tested 0.03 0.00 0.04
Filtered Eluate (mg/mL)
Eluate Enzyme Assay 4050 2410 1523 4721
(U/mL) '
Protein Yield (%) 0 11 11 12
Enzyme Yield (%) Not determined | 41 40 69
Table 19. Hydroxyapatite column data
Parameter HUA0406C HUA0410C | HUA0415C | HUA0420C
Volume Before Stock 16345 20799 20640 19103
Solution Addition (mL)
Load Volume/Resin 10.95 13.58 14.19 12.81
Volume ratio
Column Volume (mL) 1500 1540 1462 1500
Load volume (mL) 16429 20917 20746 19213
Eluate volume (mL) 4100 2415 1936 2419
Protein Conc. of Eluate | Not tested 0.24 0.17 0.23
(mg/mL)
Protein Conc. of NA NA 0.17 NA
Filtered Eluate (mg/mL)
Eluate Enzyme Assay 14051 29089 20424 29826
(U/mL) '
Protein Yield (%) Not tested 93 53 73
Enzyme Yield (%) 87 118 140 104
Table 20. DV20 filtration data
Parameter HUA0406C HUA0410C | HUA0415C | HUA0420C
Start volume (mL) 4077 2233 1917 2419
Filtrate Volume (mL) 4602 3334 2963 3504
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Protein Conc. of Filtrate | 0.1 NA 0.09 NA
(mg/mL)
Protein Conc. of NA 0.15 0.09 0.16
Filtered Eluate (mg/mL)
Protein Yield (%) Not tested 93 82 101
Table 21. Final concentration data
Parameter HUA0406C HUA0410C | HUA0415C | HUA0420C
Start volume (mL) 4575 3298 2963 3492
Concentrate Volume 562 407 237 316
(mL)
Protein Conc. of 0.9 1.24 1.16 1.73
Concentrate (mg/mL)
Protein Yield (%) 111 102 103 98
Table 22. Buffer exchange into final formulation data
Parameter HUA0406C | HUA0410C | HUA0415C | HUA0420C
Start Volume (mL) 562 407 237 316
Final Volume Buffer 594 516 310 554
Exchanged Concentrate
(mL)
Protein Conc. of 1.00 0.97 0.98 1.00
Concentrate (mg/mL)
Protein Conc. of Filtered | 0.95 0.92 0.95 1.02
Concentrate (mg/ml.)
Protein Yield (%) 118 99 110 101

The purified and concentrated soluble rHuPH20 protein was aseptically

filled into sterile vials with 5 mL and 1 mL fill volumes. The protein was passed

though a 0.22 um filter to an operator controlled pump that was used to fill the vials
using a gravimetric readout. The vials were closed with stoppers and secured with
crimped caps. The closed vials were visually inspected for foreign particles and
then labeled. Following labeling, the vials were flash-frozen by submersion in
liquid nitrogen for no longer than 1 minute and stored at <-15 °C (-20 + 5 °C).
C. Production Gen2 Cells Containing Soluble Human PH20 (rHuPH20)
The Genl 3D35M cell line described above was adapted to higher
methotrexate levels to produce generation 2 (Gen2) clones. 3D35M cells were
seeded from established methotrexate-containing cultures into CD CHO medium
containing 4mM GlutaMAX™-1 and 1.0 uM methotrexate. The cells were adapted
to a higher methotrexate level by growing and passaging them 9 times over a period
of 46 daysina 37 °C, 7 % CO, humidified incubator. The amplified population of

cells was cloned out by limiting dilution in 96-well tissue culture plates containing
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medium with 2.0 uM methotrexate. After approximately 4 weeks, clones were
identified and clone 3E10B was selected for expansion. 3E10B cells were grown in
CD CHO medium containing 4 mM GlutaMAX™-] and 2.0 uM methotrexate for
20 passages. A master cell bank (MCB) of the 3E10B cell line was created and
5  frozen and used for subsequent studies.
Amplification of the cell line continued by culturing 3E10B cells in CD

CHO medium containing 4 mM GlutaMAX™.-1 and 4.0 uM methotrexate. After .
the twelfth passage, cells were frozen in vials as a research cell bank (RCB). One
vial of the RCB was thawed and cultured in medium containing 8.0 uM

10  methotrexate. After 5 days, the methotrexate concentration in the medium was
increased to 16.0 pM, then 20.0 uM 18 days later. Cells from the eighth passage in
medium containing 20.0 pM methotrexate were cloned out by limiting dilution in
96-well tissue culture plates containing CD CHO medium containing 4 mM
GlutaMAX™-1 and 20.0 uM methotrexate. Clones were identified 5-6 weeks later

15  and clone 2B2 was selected for expansion in medium containing 20.0 uM
methotrexate. After the eleventh passage, 2B2 cells were frozen in vials as a
research cell bank (RCB).

The resultant 2B2 cells are dihydrofolate reductase deficient (dhfr-) DG44

CHO cells that express soluble recombinant human PH20 (rHuPH20). The soluble

20 rHuPH20 is present in 2B2 cells at a copy number of approximately 206 copies/cell.
Southern blot analysis of Spe I-, Xba I- and BamH I/Hind III-digested genomic 2B2
cell DNA using a rHuPH20-specific probe revealed the following restriction digest
profile: one major hybridizing band of ~7.7 kb and four minor hybridizing bands
(~13.9, ~6.6, ~5.7 and ~4.6 kb) with DNA digested with Spe [; one major

25  hybridizing band of ~5.0 kb and two minor hybridizing bands (~13.9 and ~6.5 kb)
with DNA digested with Xba I; and one single hybridizing band of ~1.4 kb observed
using 2B2 DNA digested with BamH I/Hind III. Sequence analysis of the mRNA
transcript indicated that the derived cDNA (SEQ ID NO:56) was identical to the
reference sequence (SEQ ID NO:49) except for one base pair difference at position

30 1131, which was observed to be a thymidine (T) instead of the expected cytosine

(C). This 1s a silent mutation, with no effect on the amino acid sequence.
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D. Production of Gen2 Soluble rHuPH20 in 300 L Bioreactor Cell Culture
A vial of HZ24-2B2 was thawed and expanded from shake flasks through 36
L spinner flasks in CD-CHO media (Invitrogen, Carlsbad, CA) supplemented with
20 uM methotrexate and GlutaMAX™.-1 (Invitrogen). Briefly, the vial of cells was
5 thawed in a 37 °C water bath, media was added and the cells were centrifuged. The
cells were re-suspended in a 125 mL shake flask with 20 mL of fresh media and
placed in a 37 °C, 7 % CO; incubator. The cells were expanded up to 40 mL in the
125 mL shake flask. When the cell density reached greater than 1.5 x 10° cells/mL,
the culture was expanded into a 125 mL spinner flask in a 100 mL culture volume.

10 The flask was incubated at 37 °C, 7 % CO,. When the cell density reached greater
than 1.5 x 10° cells/mL, the culture was expanded into a 250 mL spinner flask in 200
mL culture volume, and the flask was incubated at 37 °C, 7 % CO,. When the cell
density reached greater than 1.5 x 10° cells/mL, the culture was expanded into a 1 L
spinner flask in 800 mL culture volume and incubated at 37 °C, 7 % CO,. When the

15 cell density reached greater than 1.5 x 10° cells/mL the culture was expanded into a
6 L spinner flask in 5000 mL culture volume and incubated at 37 °C, 7 % CO,.
When the cell density reached greater than 1.5 x 106 cells/mL the culture was
expanded into a 36 L spinner flask in 32 L culture volume and incubated at 37 °C, 7
% CO».

20 A 400 L reactor was sterilized and 230 mL of CD CHO media was added.
Before use, the reactor was checked for contamination. Approximately 30 L cells
were transferred from the 36L spinner flasks to the 400 L bioreactor (Braun) at an
inoculation density of 4.0 x 10° viable cells per mL and a total volume of 260L.
Parameters were: temperature setpoint: 37°C; impeller speed 40-55 rpm; vessel

25  pressure: 3 psi; air sparge: 0.5- 1.5 L/Min.; air overlay: 3 L/ min. The reactor was
sampled daily for cell counts, pH verification, media analysis, protein production
and retention. Also, during the run nutrient feeds were added. At 120 hrs (day 5),
10.4 L of Feed #1 Medium (4x CD CHO + 33 g/L glucose + 160 mL/L
GlutaMAX™-1 + 83 mL/L yeastolate + 33 mg/L rHulnsulin) was added. At 168

30  hours (day 7), 10.8 L of Feed #2 (2x CD CHO + 33 g/L glucose + 80 mL/L
GlutaMAX™-1 + 167 mL/L yeastolate + 0.92 g/L sodium butyrate) was added, and
culture temperature was changed to 36.5°C. At 216 hours (day 9), 10.8 L of Feed #3
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(1x CD CHO + 50 g/L glucose + 50 mL/L GlutaMAX™-1 + 250 mL/L yeastolate +
1.80 g/L sodium butyrate) was added, and culture temperature was changed to 36
°C. At 264 hours (day 11), 10.8 L of Feed #4 (1x CD CHO + 33 g/L glucose + 33
mL/L GlutaMAX™-1 + 250 mL/L yeastolate + 0.92 g/L sodium butyrate) was
added, and culture temperature was changed to 35.5 °C. The addition of the feed
media was observed to dramatically enhance the production of soluble rHuPH20 in
the final stages of production. The reactor was harvested at 14 or 15 days or when
the viability of the cells dropped below 40%. The process resulted in a final
productivity of 17,000 Units/mL with a maximal cell density of 12 million cells/mL.
At harvest, thé culture was sampled for mycoplasma, bioburden, endotoxin and viral
in vitro and in vivo, transmission electron microscopy (TEM) and enzyme activity.

The culture was pumped by a peristaltic pump through four Millistak
filtration system modules (Millipore) in parallel, each containing a layer of
diatomaceous earth graded to 4-8 um and a layer of diatomaceous earth graded to
1.4-1.1 pm, followed by a cellulose membrane, then through a second single
Millistak filtration system (Millipore) containing a layer of diatomaceous earth
graded to 0.4-0.11 pm and a layer of diatomaceous earth graded to <0.1 pum,
followed by a cellulose membrane, and then through a 0.22 um final filter into a
sterile single use flexible bag with a 350 L capacity. The harvested cell culture fluid
was supplemented with 10 mM EDTA and 10 mM Tris to a pH of 7.5. The culture
was concentrated 10x with a tangential flow filtration (TFF) apparatus using four
Sartoslice TFF 30 kDa molecular weight cut-off (IMWCO) polyether sulfone (PES)
filter (Sartorious), followed by a 10x buffer exchange with 10 mM Tris, 20mM
Na,;SOy4, pH 7.5, into a 0.22 pum final filter into a 50 L sterile storage bag.

The concentrated, diafiltered harvest was inactivated for virus. Prior to viral
inactivation, a solution of 10% Triton X-100, 3% tri-n-butyl phosphate (TNBP) was
prepared. The concentrated, diafiltered harvest was exposed to 1% Triton X-100,
0.3% TNBP for 1 hour in a 36 L glass reaction vessel immediately prior to
purification on the Q column.

E. Purification of Gen2 Soluble rHuPH20
A Q Sepharose (Pharmacia) ion exchange column (9 L resin, H=29 cm, D=

20 cm) was prepared. Wash samples were collected for a determination of pH,
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to the collected flow-through. Combined with the column wash, the flow-through
was passed through a 0.22 pm final filter into a sterile bag. The flow-through was
sampled for bioburden, protein concentration and enzyme activity.
An aminophenyl boronate column (ProMetic) was prepared. The wash was
25  collected and sampled for pH, conductivity and endotoxin (LAL assay). The
column was equilibrated with 5 column volumes of 5 mM potassium phosphate, 0.5
M ammonium sulfate. The PS flow-through containing purified protein was loaded
onto the aminophenyl boronate column at a flow rate of 100 cm/hr. The column was
washed with 5 mM potassium phosphate, 0.5 M ammonium sulfate, pH 7.0. The
30  column was washed with 20 mM bicine, 0.5 M ammonium sulfate, pH 9.0. The

column was washed with 20 mM bicine, 100 mM NaCl, pH 9.0. The protein was
eluted with 50 mM Hepes, 100 mM NaCl, pH 6.9, and passed through a sterile filter
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into a sterile bag. The eluted sample was tested for bioburden, protein concentration
and enzyme activity.
The hydroxyapatite (HAP) column (Bio-Rad) was prepared. The wash was

collected and tested for pH, conductivity and endotoxin (LAL assay). The column

5  was equilibrated with 5 mM potassium phosphate, 100 mM NaCl, 0.1mM CaCl,, pH
7.0. The aminophenyl boronate-purified protein was supplemented to final
concentrations of 5 mM potassium phosphate and 0.1 mM CacCl, and loaded onto
the HAP column at a flow rate of 100 cm/hr. The column was washed with 5 mM
potassium phosphate, pH 7.0, 100 mM NaCl, 0.1 mM CaCl,. The column was next

10 washed with 10 mM potassium phosphate, pH 7.0, 100 mM NacCl, 0.1 mM CaCl,.
The protein was eluted with 70 mM potassium phosphate, pH 7.0, and passed
through a 0.22um sterile filter into a sterile bag. The eluted sample was tested for
bioburden, protein concentration and enzyme activity.

The HAP-purified protein was then passed through a viral removal filter.

15  The sterilized Viosart filter (Sartorius) was first prepared by washing with 2 L of 70
mM potassium phosphate, pH 7.0. Before use, the filtered buffer was sampled for
pH and conductivity. The HAP-purified protein was pumped via a peristaltic pump
through the 20 nM viral removal filter. The filtered protein in 70 mM potassium
phosphate, pH 7.0, was passed through a 0.22 pm final filter into a sterile bag. The

20  viral filtered sample was tested for protein concentration, enzyme activity,
oligosaccharide, monosaccharide and sialic acid profiling. The sample also was
tested for process-related impurities.

The protein in the filtrate was then concentrated to 10 mg/mL using a 10 kD
molecular weight cut off (MWCO) Sartocon Slice tangential flow filtration (TFF)

25  system (Sartorius). The filter was first prepared by washing with 10 mM histidine,
130 mM NaCl, pH 6.0, and the permeate was sampled for pH and conductivity.
Following concentration, the concentrated protein was sampled and tested for
protein concentration and enzyme activity. A 6x buffer exchange was performed on
the concentrated protein into the final buffer: 10 mM histidine, 130 mM NaCl, pH

30 6.0. Following buffer exchange, the concentrated protein was passed though a 0.22

um filter into a 20 L sterile storage bag. The protein was sampled and tested for
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protein concentration, enzyme activity, free sulthydryl groups, oligosaccharide

profiling and osmolarity.

The sterile filtered bulk protein was then aseptically dispensed at 20 mL into

30 mL sterile Teflon vials (Nalgene). The vials were then flash frozen and stored at

-20 %+ 5°C.

F. Comparison of Production and Purification of Genl Soluble rHuPH20
and Gen2 Soluble rHuPH20
The production and purification of Gen2 soluble rHuPH20 in a 300L

bioreactor cell culture contained some changes in the protocols compared to the

production and purification of Gen1 soluble rHuPH20 in a 100 L bioreactor cell

culture. Table 23 sets forth exemplary differences, in addition to simple scale-up

changes, between the methods.

Table 23. Comparison of Genl and Gen2 methods

Process Difference

Genl1 soluble rHuPH2(0

Gen?2 soluble rHuPH20

Cell line

3D35M

2B2

Media used to expand cell
inoculum

Contains 0.10 uM
methotrexate (0.045 mg/L)

Contains 20 uM methotrexate

O mg/L)

Media in 6 L cultures
onwards

Contains 0.10 pM
methotrexate

Contains no methotrexate

36 L spinner flask

No instrumentation

20 L operating volume

Equipped with
instrumentation that monitors
and controls pH, dissolved
oxygen, sparge and overlay
gas flow rate.

32 L operating volume

Final operating volume in
bioreactor

Approx. 100 Lina 125 L
bioreactor

Approx. 300 Lina 400 L
bioreactor (initial culture

(initial culture volume + 65 volume + 260 L)
L)
Culture media in final No rHulnsulin 5.0 mg/L rHulnsulin

bioreactor

Media feed volume

Scaled at 4% of the bioreactor
cell culture volume i.e. 3.4,
3.5and 3.7 L, resulting in a
target bioreactor volume of
~92 L

Scaled at 4% of the bioreactor
cell culture volume i.e. 10.4,
10.8,11.2and 11.7 L,
resulting in a target bioreactor
volume of ~303 L

Media feed

Feed #1 Medium: CD CHO +
50 g/L glucose + 8mM
GlutaMAX™-1

Feed #1 Medium: 4x CD
CHO + 33 g/L glucose + 32
mM GlutaMAX™-1+ 16.6
g/L yeastolate + 33 mg/L
rHulnsulin

NaCl 301 282 280 272
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Feed #2 (CD CHO + 50 g/ | Feed #2: 2x CD CHO + 33
glucose + 8 mM g/L glucose + 16 mM

GlutaMAX™-1 + 1.1 g/LL
sodium butyrate

Feed #3: CD CHO + 50 g/L
glucose + 8§ mM
GlutaMAX™-1 + 1.1 g/LL
sodium butyrate

GlutaMAX™-1+ 33.4 g/LL
yeastolate + 0.92 g/L sodium
butyrate

Feed #3: 1x CD CHO + 50
g/L glucose + 10 mM
GlutaMAX™-1 + 50 g/L.
yeastolate + 1.80 g/L sodium
butyrate

Feed #4:1x CD CHO + 33
g/L glucose + 6.6 mM
GlutaMAX™-1+ 50 g/L
yeastolate + 0.92 g/L sodium
butyrate

Filtration of bioreactor cell
culture

Four polyethersulfone filters
(8.0 pm, 0.65 pm, 0.22 pm
and 0.22 pm) in series

100 L storage bag

1* stage - Four modules in
parallel, each with a layer of
diatomaceous earth graded to
4-8 pm and a layer of
diatomaceous earth graded to
1.4-1.1 pm, followed by a
cellulose membrane.

2" stage -single module
containing a layer of
diatomaceous earth graded to
0.4-0.11 pm and a layer of
diatomaceous earth graded to
<0.1 pm, followed by a
cellulose membrane.

3" stage - 0.22 pm
polyethersulfone filter

300 L storage bag

Harvested cell culture is
supplemented with 10 mM
EDTA, 10 mM Tris to a pH
of 7.5

Concentration and buffer
exchange prior to
chromatography

Concentrate with 2 TFF with
Millipore Spiral
Polyethersulfone 30K
MWCO Filter

Buffer Exchange the
Concentrate 6x with 10 mM
Hepes, 25 mM NaCl, pH 7.0

20 L sterile storage bag

Concentrate using four
Sartorius Sartoslice TFF 30K
MWCO Filter

Buffer Exchange the
Concentrate 10x with 10 mM
Tris, 20 mM Na,SO,, pH 7.5

50 L sterile storage bag

Viral inactivation prior to
chromatography

None

Viral inactivation performed
with the addition of a 1%
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Triton X-100, 0.3% tri-n-
butyl phosphate, pH 7.5
1¥ purification step (Q No absorbance reading A280 measurements at the
Sepharose) beginning and end
Viral filtration after Pall DV-20 filter (20 nm) Sartorius Virosart filter (20
chromatography nm)
Concentration and buffer Hepes/saline, pH 7.0 buffer Histidine/saline, pH 6.0
exchange after buffer
chromatography
Protein concentrated to 1 Protein concentrated to 10
mg/mL mg/mL
Example 4

Determination of Hyaluronidase Activity of Soluble rHuPH20 Using a
Microturbidity Assay

Hyaluronidase activity of soluble recombinant human PH20 (rHuPH20) in
samples such as cell cultures, purification fractions and purified solutions was
determined using a turbidometric assay, which is based on the formation of an
insoluble precipitate when hyaluronic acid binds with serum albumin. The activity
is measured by incubating soluble rHuPH20 with sodium hyaluronate (hyaluronic
acid) for a set period of time (10 minutes) and then precipitating the undigested
sodium hyaluronate with the addition of acidified serum albumin. The turbidity of
the resulting sample is measured at 640 nm after a 30 minute development period.
The decrease in turbidity resulting from enzyme activity on the sodium hyaluronate
substrate is a measure of the soluble rHuPH20 hyaluronidase activity. The method
is performed using a calibration curve generated with dilutions of a soluble
rHuPH20 assay working reference standard, and sample activity measurements are
made relative to this calibration curve.

Dilutions of the sample were prepared in Enzyme Diluent Solutions. The
Enzyme Diluent Solution (EDS) was prepared by dissolving 33.0 £ 0.05 mg of
hydrolyzed gelatin in 25.0 mL of the 50 mM PIPES Reaction Buffer (140 mM NaCl,
50 mM PIPES, pH 5.5) and 25.0 mL of Sterile Water for Irrigation (SWFTI), and
diluting 0.2 mL of 25% human serum albumin solution into the mixture and
vortexing for 30 seconds. This was performed within 2 hours of use and stored on
ice until needed. The samples were diluted with EDS to an estimated 1-2 U/mL.

Generally, the maximum dilution per step did not exceed 1:100 and the initial
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sample size for the first dilution was not less than 20 pL. The minimum sample
volumes needed to perform the assay were: In-process Samples, FPLC Fractions: 80
uL; tissue culture supernatants:1 mL; concentrated material: 80 pL; purified or final
ttep material: 80 pL. The dilutions were made in triplicate in a Low Protein Binding
96-well plate, and 30 uL of each dilution was transferred to Optilux black/clear
bottom plates (BD BioSciences).

Dilutions of known soluble rHuPH20 with a concentration of 2.5 U/mL were
prepared in Enzyme Diluent Solution to generate a standard curve and added to the
Optilux plate in triplicate. The dilutions included 0 U/mL, 0.25 U/mL, 0.5 U/mL,
1.0 U/mL, 1.5 U/mL, 2.0 U/mL, and 2.5 U/mL. “Reagent blank” wells that
contained 60 pL of Enzyme Diluent Solution were included in the plate as a
negative control. The plate was then covered and warmed on a heat block for 5
minutes at 37°C. The cover was removed and the plate was shaken for 10 seconds.
After shaking, the plate was returned to the heat block and the MULTIDROP 384
Liquid Handling Device was primed with the warm 0.25 mg/mL sodium hyaluronate
solution (prepared by dissolving 100 mg of sodium hyaluronate (LifeCore
Biomedical) in 20.0 mL of SWFIL. This was mixed by gently rotating and/or rocking
at 2-8°C for 2-4 hours, or until completely dissolved. The substrate solution was
prepared by mixing 9 mL SWFI, 10 mL PIPES and 1 mL of 5 mg/mL hyaluronate).
The reaction plate was transferred to the MULTIDROP 384 and the reaction was
initiated by pressing the start key to dispense 30 uL sodium hyaluronate substrate
solution into each well. The plate was then removed from the MULTIDROP 384
and shaken for 10 seconds before being transferred to a heat block with the plate
cover replaced. The plate was incubated at 37°C for 10 minutes.

The MULTIDROP 384 was prepared to stop the reaction by priming the
machine with serum working solution (25 mL of serum stock solution [1 volume of
horse serum (Sigma) was diluted with 9 volumes of 500 mM acetate buffer solution,
pH 4.3, and the pH was adjusted to 3.1 with hydrochloric acid] in 75 mL of 500 mM
acetate buffer solution, pH 4.3) and changing the volume setting to 240 uL. The
plate was removed from the heat block and placed onto the MULTIDROP 384 and
240 pL of serum working solution was dispensed into the wells. The plate was

removed and shaken on a plate reader for 10 seconds. After a further 15 minutes,



>450 kDa -350 kDa -160 kDa <60 kDa 10%1G + 100 U nL rHuPH20 + 250 milVI
NaCl 0.15 10.92 88.35 0.59 0.50 9.58 89.13 0.80 10%1G + 300 U nL rHuPH20 +
250 mVI WeChi11h3ieb411. 05 88.27 0.54 0.46 9.59 89.11 0. 82CcTAX01@0625190 U ni
rHuPH20 + 150 mM N1 NaCl 0.14 11.07 88.15 0.65 0.45 9.71 88.97 0.87 10%I1G
+ 300 U nL rHUPH20 + 150 niVl NaCl 0. 14
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the turbidity of the samples was measured at 640 nm and the hyaluronidase activity
(in U/mL) of each sample was determined by fitting to the standard curve.

Specific activity (Units/mg) was calculated by dividing the hyaluronidase
activity (U/mL) by the protein concentration (mg/mL).

Example 5
Effect of Sodium Chloride on the Stability of rHuPH20
The rHuPH20 was in a solution at pH 6.5 containing 10 mg/mL in
histidine/HCI and 130 mM sodium chloride (NaCl). As shown in Table 24, a total
10 of 6 different formulations containing the following components were prepared: 25
mM Tris, pH 7.3, 100 pg/mL rHuPH20, 0.01% Tween 80 and NaCl (0, 50, 100,
150, 200 or 250 mM). The solutions were aliquotted into 2 mL type I glass vials
with rubber stoppers and sealed with aluminum caps. One set of vials was stored at
40 °C for four days, and the other set was kept in the refrigerator at 2 to 8 °C.
15 Table 24. Formulation of rHuPH20 with NaCl

Formulation # NaCl
1 0 mM
2 50 mM
3 100 mM
4 150 mM
5 200 mM
6 250 mM

After 4 days of storage, each of the formulations mentioned in Table 24 was
tested for hyaluronidase enzymatic activity using the microturbidity assay described
in Example 4. Size exclusion chromatography (SEC) was performed to evaluate the
level of aggregates using the following conditions: 1X PBS, Toso BioScience

20 G2000 SWXL column, flow rate = 1 mL/min.

Table 25 shows the results of the study, including hyaluronidase activity
(U/mL), % main peak area (percentage of the rHuPH20 that was contained in the
main peak area) and % aggregate peak area (percentage of rHuPH20 that was
contained in the peak area attributed to aggregates) for each formulation. The

25  results indicate that the stability of rHuPH20, when incubated at 40 °C, was
dependent on NaCl concentration: an increase in NaCl concentration led to

increased enzymatic activity of rHuPH20. The samples stored at 2 to 8 °C retained



11.42 87.82 0.62 0.45 9.76 89.09 0.70 10%I1G + 100 U nL rHuPH20 + 100 niV1
NaCl 0.18 11.29 87.91 0.63 0.38 9.36 89.53 0.74 10%1G + 300 U nlL rHuPH20 +
100 m VI WaCh11n3i@®411. 43 87.89 0.55 0.38 9.32 89.52 0. 78CT0X01®0625400 U/ nL
r HuPH20 + 500 mM gl ycine 0.16 10.67 88.55 0.62 0.12 8.12 90.92 0.84 10% |G
+ 300 UL rHuUPH20 + 100 nM gl ycine 0.16 10. 80
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similar levels of rHuPH20 enzymatic activity throughout the course of the study,
regardless of the formulation. In the absence of NaCl at elevated temperatures
(40°C), the entire enzymatic activity of rHuPH20 was lost.

The results in Table 25 also show the effect of NaCl concentration on the

5 aggregate levels of rHUPH20. Aggregate levels increased with decreasing NaCl

concentration in samples stored at 40°C. There was essentially no change in the
samples stored at 2 to 8 °C.

Thus, the results show that within the NaCl concentration range tested (0-250
nM), there was a direct relationship between NaCl concentration and increased

10  rHuPH20 stability, suggesting that the NaCl concentration be maintained as high as

possible within solubility and tonicity limits in order to increase the stability of
rHuPH20 at elevated temperature.
Table 25. Enzymatic activities and SEC results of the samples stored 4 days at

40 °C and 28 °C.
Enzymatic % Main Peak % Aggregate
Activity Peak
Formulation 2-8°C | 40°C | 2-8°C | 40°C | 2-8°C | 40°C
0 mM NaCl 10430 <LOD 99.40 0.00 0.60 100.00
50 mM NaCl 12370 3070 99.34 22.05 0.66 77.95
100 mM NaCl 12580 9930 99.47 72.81 0.53 27.19
150 mM NaCl 12750 11180 99.48 88.16 0.52 11.84
200 mM NaCl 13660 13340 99.64 96.22 0.36 3.78
250 mM NaCl 11370 11090 100.00 98.05 0.00 1.95
15
Example 6

Stability of Co-formulated rHuPH20 and IG
A. Stability of Co-formulated 10 % IG or 20 % IG With rHuPH20
rHuPH20 was formulated as follows: 1 mL contained 1048071 units of
20 recombinant human hyaluronidase from lot HUB0702CA (generated using Gen2
production described in Example 3) in 10 mM histidine and 130 mM sodium
chloride (NaCl) at pH 6.0. rHuPH20 was diluted to 100000 U/mL using 10 mM
histidine + 130 mM NaCl, pH 6.0, prior to mixing with immunoglobulin. For this
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purpose, 200 uL of rHuPH20 stock solution was diluted with 1896 pL of
histidine/NaCl buffer, pH 6.0.

. The pre-diluted rHuPH20 was added to different IG formulations formulated
in 0.25 M glycine at pH 4.4 to 4.9 to give final concentrations of 100 U/mL or 300
U/mL in the solution. One of three different 10% IG lots from large scale
manufacturing (LE12H020, LE12H062, and LE12H173) or one of three different
pre-clinical 20% IG lots (SC00107NG, SC00207NG, and SC00307NG) was utilized
according to Table 26. The solutions were filtered through a 0.2 pum filter and
transferred in 1 mL portions into sterile 5 mL glass vials. The vials were stored at 2
to 8°C or 28 to 32°C. Hence, the resulting co-formulations of rHuPH20 and IG
were formulated in 0.25 M glycine at pH 4.4 to 4.9.

Table 26. Co-formulations of rHuPH20 and 10% IG or 20% IG

Sample name Amount of 10% Amount of rHuPH20
I1G or 20% IG | diluted to 100000 U/mL
10% IG 50.00 mL 0
10% IG + 100 U/mL rHuPH20 49.95 mL 50 uL
10% IG + 300 U/mL rHuPH20 49.85 mL 150 uL
20% 1G 50.00 mL 0
20% IG + 100 U/mL rHuPH20 49.95 mL 50 uL
20% IG + 300 U/mL rHuPH20 49.85 mL 150 uL

After O (start), 1, 3, 6, 12, 24 and 36 weeks (2 to 8 °C only) of storage, one
sample from each of the 6 formulations mentioned in Table 26 and from each of the
storage chambers (2 to 8 °C and 28 to 32 °C) was withdrawn from the incubation
and analyzed for hyaluronidase activity using the microturbidity assay described in
Example 4. To assess effects on IG, molecular size distribution of the IG in
formulations containing 20 % IG was determined at O (start) and 6 months by high
performance size exclusion chromatography (HP-SEC) using a TSK G 3000 SW
600 x 7.5 mm column (Tosoh Bioscience) and a DMSO-containing buffer system
(Kolarich et al. (2006) Transfusion, 46:1959-1977).

Table 27 shows hyaluronidase activity (U/mL) at 7 time points (0, 1, 3, 6, 12,
24 and 36 weeks) for each co-formulation stored at 2 to 8 °C. Table 28 shows
hyaluronidase activity (U/mL) at 6 time points (0, 1, 3, 6, 12 and 2 weeks) for the
co-formulations stored at 28 to 32 °C. A significant, steady loss of hyaluronidase

activity was observed in the presence of 10% and 20% IG co-formulations stored at



kDa <60 kDa >450 kDa -350 kDa -160 kDa <60 kDa 20%1G + 100 U nL r HUPH20 +
250 mM NaCl 0.25 15.03 84.28 0.44 0.48 12.55 86.37 0.60 20%1G + 300 U nL
r HUPH20 wO301103kédk NaCl 0. 26 15.12 84.16 0.46 0.51 12. P8TBB2M6/002589 20% | G
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28 to 32 °C after 24 weeks, indicating rHuPH20 instability. The 10 % IG co-
formulations were stable after 9 months of storage at 2 to 8 °C, while the rHuPH20
activity slightly decreased in the 20 % IG co-formulations. The molecular size
distribution of the IG in formulations containing 20 % IG was unchanged at both

5 temperatures after 6 months of storage (Tables 29 and 30).
Table 27. Hyaluronidase activity (U/mL) of co-formulations after storage at 2-8

°C
Sample Weeks
0 1 3 6 | 12 | 24 | 36
(start)

LE12H020+ 100 U/mlL 99.2 95.4 973 | 101 | 93 | 92 | 98
LE12H020+ 300 U/mL 298.5 | 321.7 | 285.9 | 299 | 283 | 271 | 291
LE12H062+ 100 U/mL 108.5 | 97.5 99.6 | 103 | 99 | 92 | 102
LE12H062+ 300 U/mL 325 | 306.8 | 297.9 | 302 | 273 | 279 | 300
LE12H173+ 100 U/mL 103.1 | 959 | 97.3 | 107 | 98 | 99 | 106
LE12H173+ 300 U/mL 295.0 | 291.2 | 281.8 | 293 | 282 | 296 | 292

SC00107NG+ 100 U/mL 94.0 | 97.8 81.4 | 85 [ 87 | 78 | 66
SC00107NG+ 300 U/mL 284.3 | 280.2 | 264.0 | 261 | 245 | 223 | 210
SC00207NG+ 100 U/mL 99.7 | 93.1 91.0 | 86 | 83 | 84 | 69
SC00207NG+ 300 U/mL 286 277 | 266.2 | 244 | 263 | 227 | 197
SC00307NG+ 100 U/mL 92.8 | 95.0 | 82.7 | 87 | 83 | 82 | 68
SC00307NG+ 300 U/mL 2543 | 281.4 | 274.3 | 245 | 247 | 230 | 256

Table 28. Hyaluronidase activity (U/mL) of co-formulations after storage at 28-

32°C
Sample Weeks I
0 1 3 6 12 24
(start)
LE12H020+ 100 U/mL 99.2 84.9 59.6 36 22 5
LE12H020+ 300 U/mL 298.5 259.3 | 1854 | 104 | 57 19
LE12H062+ 100 U/mL 108.5 88.2 60.1 43 29 10
LE12H062+ 300 U/mL 325 266.2 | 185.6 | 129 | 76 28
LE12H173+ 100 U/mL 103.1 70.5 39.6 24 13 1
LE12H173+ 300 U/mL 295.0 210.1 122.0 60 31 9
SC00107NG+ 100 U/mL 94.0 83.1 57.4 43 49 32
SC00107NG+ 300 U/mL 284.3 2422 | 182.0 | 124 | 148 | 96
SC00207NG+ 100 U/mL 99.7 84.5 61.1 46 51 35
SC00207NG+ 300 U/mL 286 251 198.1 | 131 | 145 | 106
SC00307NG+ 100 U/mL 92.8 82.7 67.9 48 52 34
SC00307NG+ 300 U/mL 2543 253.6 | 209.7 | 140 | 157 | 106




0.69 20%1G + 300 UnL rHUPH20 + 150 mlVI NaCl 0.25 15.21 84.08 0.46 0. 47
12.78 86.13 0.61 20% |1 G+ 100 U nm. rHuPH20 + 100 nmlVI NaCl 0.24 15.40 83. 87
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Table 29. Molecular size distribution of IG in 20 % IG co-formulated with
rHuPH20 after storage at 2-8 °C

0 (start) 6 months

Sample >450 ~350 ~160 <60 >450 ~350 ~160 <60

kDa kDa kDa kDa kDa kDa kDa kDa
SC00107NG 0.67 | 12.56 | 86.50 0.27 0.70 13.50 85.50 0.30
SC00107NG
+ 100 U/mL
rHuPH20 0.62 | 1239 | 86.75 0.24 0.70 13.59 85.43 0.28
SC00107NG
+ 300 U/mL
rHuPH20 0.65 | 12.38 | 86.70 0.26 0.69 13.80 85.19 0.32
SC00207NG 0.73 | 13.25 | 85.76 0.26 0.86 14.52 84.34 0.28
SC00207NG
+100 U/mL ,
rHuPH20 0.75 | 13.22 | 85.74 0.29 0.86 14.61 84.21 0.32
SC00207NG
+ 300 U/mL
rHuPH20 0.77 | 13.39 | 85.63 0.21 0.83 14.57 84.30 0.30
SC00307NG 0.93 | 11.76 | 87.06 0.25 1.01 12.78 85.96 0.25
SC00307NG
+ 100 U/mL
rHuPH20 096 | 11.91 86.94 0.20 1.03 13.04 85.62 0.31
SC00307NG
+ 300 U/mL
rHuPH20 0.91 12.00 | 86.86 0.23 0.99 12.88 85.85 0.27

Table 30. Molecular size distribution of IG in 20 % IG co-formulated with
rHuPH20 after storage at 28-32 °C

0 (start) 6 months
Sample >450 ~350 ~160 <60 >450 ~350 ~160 <60
kDa kDa kDa kDa kDa kDa kDa kDa
SC00107NG 0.67 | 12.56 86.50 0.27 0.50 12.53 85.94 1.02
SC00107NG
+ 100 U/mL
rHuPH20 0.62 12.39 86.75 0.24 0.47 12.41 86.10 1.02
SC00107NG
+ 300 U/mL
rHuPH20 0.65 12.38 86.70 0.26 0.52 12.41 85.97 1.09
SC00207NG 0.73 13.25 85.76 0.26 0.44 13.21 85.42 0.94
SC00207NG
+ 100 U/mL
rHuPH20 0.75 13.22 85.74 0.29 0.42 13.15 85.52 091
SC00207NG
+ 300 U/mL
rHuPH20 0.77 13.39 85.63 0.21 0.47 13.01 85.62 0.90
SC00307NG 0.93 11.76 87.06 0.25 0.47 11.91 86.78 0.84
SC00307NG
+100 U/mL
rHuPH20 0.96 11.91 86.94 0.20 0.50 11.85 86.78 0.87
SC00307NG
+ 300 U/mL
rHuPH20 091 12.00 86.86 0.23 0.40 11.50 87.21 0.89




20% 1 G + 300 U nL rHuPH20 + 100 m VI glycine 0.21 14.38 85.00 0.41 0.22
12.47 86.73 0.58 20%1G + 100 U nL rHuPH20 + 500 niVI proline 0.25 15. 47
83.83 0. 4500240316418 88.92 0.66 20% 1 G + 300 U niL r HuPPRO/US2010002545 pr ol i ne
0.25 15.72 83.54 0.49 0.24 10.35 88.81 0.61 Exanple 7 S5Effects of
Co-formul ated r HUPH20 and 10% 1 G or 20% 1 G in Yucatan Mni Pigs

A. Experi nental Design The feasibijspty of dosing rHuPH20 co-formnul ated
with 10% or 20% i nmune globulin (1G solution (130nM NaCl, 10nM hi sti di ne,
pH 6. 6) subcutaneously in 10 Yucatan M ni Pigs was determ ned and conpared
to Leadi ng Bdge Stability of CeformalotedddSo dG Bith vihwPHE0 faod| Sogiwmby | G

sol ution). CGhldode (0-d5paxd@ utilizing several concentrations of rHuPH20 was

al's0 eval uat ed Ly each LG S0byL Ay inl 20KEAATARRRRTLHSAQIUUAERDS 150

chloride (NaCl) addition was 1nvest1gated. Co-formulations of 300 U/mL rHuPH20
5 (lot HUB0702CA; generated using Gen2 production described in Example 3) in 10
% IG (lot LE12F047) were prepared as described in Example 7A above, with the
addition of NaCl at 4 different concentrations (0, 50, 100 and 150 mM). The co-
formulations were stored at 2 to 8 °C or 28 to 32 °C. Thus, the resulting co-
formulations of rHuPH20 and IG were formulated in 0.25 M glycine at pH 4.6 to 5.1
10  (as measured in the diluted solution) in the presence of varying amounts of NaCl.

After O (start), 1, 3, 6, 12, 18 and 24 weeks of storage, one sample from each
of the co-formulations (with NaCl concentrations of 0, 50, 100, and 150 mM) and
from each of the storage chambers (2 to 8 °C and 28 to 32 °C) was withdrawn from
the incubation and analyzed for hyaluronidase activity using the microturbidity

15  assay described in Example 4. Aggregation of IG was determined by molecular size
distribution (MSD) by high performance size exclusion chromatography (HP-SEC)
using a TSK G 3000 SW 600 x 7.5mm column and a DMSO-containing buffer
system (Kolarich et al. (2006) Transfusion, 46:1959-1977).

Tables 31 and 32 show hyaluronidase activity (U/mL) at 7 time points (0, 1,

20 3,6, 12, 18 and 24 weeks) for each co-formulation. The results show that the
stability of rHuPH20 co-formulated with 10 % IG in the presence of 50, 100 or 150
mM NaCl remained unchanged for up to 24 weeks of storage at 2 to 8 °C, while the
rHuPH20 stability improved for those samples stored at 28 to 32 °C. However,
hyaluronidase activity rapidly decreased in the co-formulations having a NaCl

25  concentration of 0 mM when stored at 28 to 32 °C.

Tables 33 and 34 show that NaCl slightly enhanced IG dimerization (~350
kDa) at both storage temperatures and 1G aggregation (>450 kDa) at 28 to 32 °C,
and all values remain within the MSD specification limits (>90 % monomer/dimers,
<5 % aggregates, < 5% fragments) after 6 months.

30 Although the addition of NaCl negatively impacted (increased) the
anticomplementary activity (ACA) titer of IG formulations stored at 28 to 32 °C,
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5  Table 32. Hyaluronidase activity (U/mL) of 10% IG/rHuPH20 co-formulations
with NaCl after storage at 28-32° C

Salt Conc. Weeks

0 (start) 1 2 3 6 12 18 24
0 mM 276 232 237 216 201 121 109 81
50 mM 292 288 280 301 302 247 225 223
100 mM 285 286 280 292 315 277 253 258
150 mM 294 314 272 298 323 221 253 276

Table 33. Molecular size distribution of I1G in 10% IG/rHuPH?20 co-
formulations with NaCl after storage at 2-8°C

0 (start) 6 months
>450 ~350 ~160 <60 >450 ~350 ~160 <60
kDa kDa kDa kDa kDa kDa kDa kDa
0 mM NaCl 0.16 8.21 91.01 0.61 0.16 11.29 87.98 0.58
50 mM NaCl 0.17 8.99 90.24 0.60 0.22 12.54 86.62 0.62
100 mM NaCl | 0.19 9:03 90.13 0.64 0.23 12.97 86.17 0.63
150 mM NaCl | 0.19 9.08 90.13 0.61 0.24 12.93 86.30 0.53

Table 34. Molecular size distribution of IG in 10% IG/rHuPH20 co-
10 formulations with NaCl after storage at 28-32°C

Sample

0 (start) 6 months
Sample >450 ~350 ~160 <60 >450 ~350 ~160 <60
kDa kDa kDa kDa kDa kDa kDa kDa
0 mM NacCl 0.16 8.21 91.01 0.61 0.35 9.37 88.77 1.51

50 mM NaCl 0.17 8.99 90.24 0.60 0.75 10.83 | 86.85 1.57
100 mM NaCl | 0.19 9.03 90.13 0.64 0.87 11.20 | 86.38 1.55
150 mM NaCl | 0.19 9.08 90.13 0.61 1.02 11.15 | 86.18 1.66

C. Stability of Co-formulated 10 % IG or 20 % IG With rHuPH20 and
Sodium Chloride (0-50 mM)

The effect of sodium chloride addition to co-formulations of 10 % IG or 20

% 1G with rHuPH20 stored at 28 to 32°C was investigated. Co-formulations of 300
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15 Tables 35 and 36 show hyaluronidase activity (U/mL) at various time points
(0,1, 3, 6 and 12 and 24 weeks) for each co-formulation. The results show that the
stability of rHuPH20 co-formulated with 10% IG in the presence of higher NaCl
concentrations (20, 30, 40 and 50 mM) remained relatively unchanged through 24
weeks of storage at 28 to 32 °C. Hyaluronidase activity rapidly decreased in the co-
20  formulations having a NaCl concentration of less than 20 mM when stored at 28 to
32 °C. The stability of rHuPH20 co-formulated with 20 % IG remained relatively
unchanged through 24 weeks of storage at 28 to 32 °C at all NaCl concentrations.
Sodium chloride slightly enhanced IG dimerization (~350 kDa) and
aggregation in both 10 % and 20 % IG co-formulations at 28 to 32 °C. The effect is
25  less pronounced in 20 % IG (i.e., higher IG concentration)on IG aggregation (Tables
37 and 38).

Table 35. Hyaluronidase activity (U/mL) of 10 % IG/rHuPH20 co-
formulations with NaCl after storage at 28-32 °C

Salt Weeks
Concentration 6 12 24
0 mM 292 260 225 211 135 <87
5mM 294 247 242 225 162 <87
10 mM 272 255 242 240 177 91




Mean Bl eb Observation 1 100 nL 10%1G 97.5 Slightly pink; Hard 2 100 nL 10%
|G/ rHUPH20 (50 Wnl) 91.7 Slightly pink; Soft 3 100 nL 10%I1G/ rHuPH20
(100 U mwor8/@468i ghtly pink/pink; Soft 4 100 nL 10% IPGr/USeHoRyEds (300
Unm) 178.0 Slightly pink/pink; Soft 5 50 nL 20%1G 95.2 Pink/red; Hard 6
50 mL 20% 1 G/ rHUPH20 (50 U nlL) 102.6 Pink/red; Soft 7 50 nmL 20%1G/
rHUPH20 (100 U nlL) 111.9 Slightly pinkfigsnk; Soft 8 50 mL 20% 1 G/ rHuUPH20
(300 U )

20 mM 281 302 261 259 232 154
30 mM 279 273 256 261 229 180
40 mM 274 254 266 275 246 196
50 mM 275 254 278 281 252 200

Table 36. Hyaluronidase activity (U/mL) of 20 % 1G/rHuPH20 co-
formulations with NaCl after storage at 28-32 °C

Salt Weeks
Concentration 0 1 3 6 12 - 24
0 mM 267 264 251 238 212 138
5 mM 290 261 249 242 214 143
10 mM 276 264 262 232 207 141
20 mM 314 249 274 239 222 155
30 mM 252 253 276 241 211 162
40 mM 273 240 275 242 216 170
50 mM 289 238 266 234 232 165

Table 37. Molecular size distribution of IG in 10 % IG/rHuPH20 co-
formulations with NaCl after storage at 28-32 °C

0 (start) 6 months

Sample >450 | ~350 | ~160 | <60 | >450 | ~350 [ ~160 | <60
kDa kDa kDa kDa kDa kDa kDa kDa

mM NaCOI 0.16 | 935 [90.01 | 048 | 0.19 | 7.08 [91.69| 1.04
mM Na(?l 0.16 | 953 | 8971 | 0.60 | 0.21 | 7.66 | 91.11 | 1.02
mM Naélo 0.16 | 977 [ 89.52 | 0.56 | 0.22 | 8.20 [90.52 | 1.05
mM Na(?l0 0.17 | 996 |[89.27| 0.60 | 0.26 | 842 [90.27 | 1.05
mM NaC3l0 0.17 110.25 [ 89.06 | 0.53 | 030 | 9.07 | 89.59 | 1.04
mM Na(‘I‘l0 0.17 [ 10.48 | 88.82 | 0.53 | 0.34 | 9.06 | 89.56 | 1.05
mM NaCsl0 0.18 | 10.55[88.72| 0.54 | 039 | 9.22 | 89.33 | 1.07

5  Table 38. Molecular size distribution of IG in 20 % IG/rHuPH?20 co-
formulations with NaCl after storage at 28-32 °C

0 (start) 6 months
Sample >450 | ~350 | ~160 <60 >450 | ~350 | ~160 <60
kDa kDa kDa kDa kDa kDa kDa kDa
0
mM NaCl 1 0.32 | 14.65| 84.72 | 0.31 034 | 11.77 | 87.18 | 0.71
5
mM NaCl 0.32 | 14.70 | 84.70 | 0.27 034 | 11.57|87.35]| 0.74
10
mM NaCl 0.35 | 14.86 | 84.48 | 0.31 0.35 | 12.05 | 86.94 | 0.67
20
mM NaCl 030 [ 1495|8448 | 0.27 037 [ 12.17 ] 86.76 | 0.69
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D. Stability of rHuPH20 in Co-formulations With 10% IG or 20%
IG in the Presence of Sodium Chloride (100-250 mM) or Amino Acids (500

mM)

The effect on rHuPH20 stability of co-formulations containing 10% IG or 20
5 % IG with rHuPH20 and sodium chloride or amino acid stabilizers was studied. Co-
formulations of 100 U/mL or 300 U/mL rHuPH20 (lot HUB0702CA; generated
using Gen2 production described in Example 3) in 10% IG (with 0.25 M glycine at
pH 4.4) (lot LE12F047) or 20 % IG (lot SC00108NG) were prepared as described in
Example 6A above. Samples contained either NaCl (concentrations of 100, 150 or
10 250 mM), glycine (500 mM) or proline (500 mM). The co-formulations were stored
at 2 to 8°C or 28 to 32 °C. Thus, the resulting co-formulations of rHuPH20 and IG
were formulated in 0.25 M glycine at pH 4.6 to 5.1 in the presence of varying
amounts of NaCl, glycine or proline.
After 0 (start), 1, 2, 3, 6 and 12 (300 U/mL only) weeks of storage, one
15  sample from each of the co-formulations (with either NaCl concentrations of 100,
150 or 250 mM, glycine concentration of 500 mM or proline concentration of 500
mM) was withdrawn from the incubation and analyzed for hyaluronidase activity
using the microturbidity assay described in Example 4. Aggregation of IG was
determined by molecular size distribution at O (start) and 12 weeks by high
20  performance size exclusion chromatography (HP-SEC) using a TSK G 3000 SW
600 x 7.5 mm column and a DMSO-containing buffer system (Kolarich et al. (2006)
Transfusion, 46:1959-1977).
Tables 39 and 41 show hyaluronidase activity (U/mL) at 5 time points (0, 1,
2, 3 and 6 weeks) for co-formulations containing 100 U/mL rHuPH20 and 10% or
25  20% IG, respectively. Tables 40 and 42 show hyaluronidase activity (U/mL) at 6
time points (0, 1, 2, 3, 6 and 12 weeks) for co-formulations containing 300 U/mL
rHuPH20 and 10% or 20% IG, respectively. The results show that high amino acid
concentrations (500 mM glycine or 500 mM proline) were less effective then NaCl

in stabilizing rHuPH20 in 10 % IG or 20 % IG co-formulations with rHuPH20.
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Sodium chloride, at all concentrations studied, enhanced IG aggregation
(>450 kDa) after storage at 28 to 32 °C in all co-formulations. All co-formulations
containing 500 mM proline have a reduced IG dimer content (~350 kDa) and an
increased monomer content (~160 kDa) after 6 weeks of storage at 28 to 32 °C. IG

5 dimer content was also reduced in co-formulations with glycine, though not as
pronounced as in the proline co-formulations (Tables 43 and 44). High
concentrations of proline have proven to be effective at inhibiting protein
aggregation during refolding by effectively blocking non-specific hydrophobic
interactions between proteins (Kumar et al. (1998) Biochem. Mol. Biol. Int. 4:59-
10 517).

Table 39. Hyaluronidase activity (U/mL) of 10 % IG and 100 U/mL
rHuPH20 co-formulations with stabilizers after storage at 28-32 °C

Stabilizer Weeks
Concentration | 0 (start) 1 2 3 6 12
100 mM NaCl 97 97 88 99 85 84
150 mM NaCl 99 91 102 93 94 85
250 mM NaCl 89 105 93 88 91 89
500 mM glycine 94 105 85 84 77 56
500 mM proline 88 96 83 80 88 59

Table 40. Hyaluronidase activity (U/mL) of 10 % IG and 300 U/mL rHuPH20

co-formulations with stabilizers after storage at 28-32°C

Stabilizer Weeks
Concentration | ( (start) 1 2 3 6 12
100 mM NaCl 294 303 284 266 260 233
150 mM NaCl 301 282 280 272 288 246
250 mM NaCl 280 290 275 278 255 250
500 mM glycine 254 296 246 256 229 194
500 mM proline 242 304 266 244 226 204

15  Table 41. Hyaluronidase activity (U/mL) of 20 % IG and 100 U/mL rHuPH20
co-formulations with stabilizers after storage at 28-32 °C
Stabilizer : Weeks

Concentration 0 (start) 1 2 3 6 12
100 mM NaCl 268 313 262 256 223 214
150 mM NaCl 252 292 249 260 232 202
250 mM NaCl 262 302 270 254 236 213
500 mM glycine 285 286 291 244 221 191
500 mM proline 308 303 242 248 230 197
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Table 42. Hyaluronidase activity (U/mL) of 20% IG and 300 U/mL
rHuPH20 co-formulations with stabilizers after storage at 28-32 °C

Stabilizer Weeks
Concentration 0 (start) 1 2 3 6 12
100 mM NaCl 268 266 264 226 237 255
150 mM NaCl 252 256 270 220 231 261
250 mM NaCl 262 243 273 246 243 273
500 mM glycine 285 257 289 211 230 267
500 mM proline 308 257 268 231 229 259

Table 43. Molecular size distribution of IG in 10 % 1G/rHuPH20 co-
formulations with NaCl, glycine or proline after storage at 28-32 °C

0 (start) 6 months
>450 | ~350 | ~160 <60 >450 | ~350 | ~160 <60
kDa kDa kDa kDa kDa kDa kDa kDa

Sample

10% IG + 100
U/mL rHuPH20 +
250 mM NaCl 0.15 | 10.92 | 88.35 | 0.59 0.50 9.58 | 89.13 | 0.80
10% IG + 300
U/mL rHuPH20 +
250 mM NaCl 0.14 | 11.05 | 88.27 | 0.54 0.46 9.59 | 89.11 | 0.84
10% IG + 100
U/mL rHuPH20 +
150 mM NaCl 0.14 | 11.07 | 88.15 | 0.65 0.45 9.71 | 88.97 | 0.87
10% IG + 300
U/mL rHuPH20 +
150 mM NaCl 0.14 | 1142 | 87.82 | 0.62 0.45 9.76 | 89.09 | 0.70
10% IG + 100
U/mL rHuPH20 +
100 mM NaCl 0.18 | 11.29 | 87.91 | 0.63 0.38 936 | 89.53 | 0.74
10% IG + 300
U/mL rHuPH20 +
100 mM NaCl 0.13 | 1143 | 87.89 | 0.55 0.38 9.32 | 89.52 | 0.78
10% IG + 100
U/mL rHuPH20 +
500 mM glycine 0.16 | 10.67 | 88.55 | 0.62 0.12 8.12 | 90.92 | 0.84
10% IG + 300
U/mL rHuPH20 +
100 mM glycine 0.16 | 10.80 | 88.43 | 0.61 0.16 8.17 19095 | 0.73
10% IG + 100
U/mL rHuPH20 +
500 mM proline 0.14 9.55 [ 89.75 | 0.56 0.11 5.53 | 93.58 | 0.78
10% IG + 300
U/mL rHuPH20 +
100 mM proline 0.14 943 | 89.86 | 0.57 0.12 5.65 {19352 0.71
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U/mL rHuPH20 +

150 mM NaCl 0.26 | 1532 8397 | 045 | 045 [12.74 | 86.12 | 0.69

20% IG + 300

U/mL rHuPH20 +

150 mM NaCl 0.25 [ 1521 {84.08 ] 046 | 047 | 12.78 | 86.13 | 0.61

20% IG + 100 .

U/mL rHuPH20 +

100 mM NaCl 024 ] 1540 | 8387 | 050 043 ] 12.69 | 86.24 | 0.65

20% IG + 300

U/mL rHuPH20 +

100 mM NaCl 0.25| 1553 | 8381 | 042 048] 12.72| 86.17 | 0.63

20% IG + 100

U/mL rHuPH20 +

500 mM glycine 021 | 1440 | 8499 | 039 | 0.22| 1231 8690 | 0.56

20% IG + 300

U/mL rHuPH20 +

100 mM glycine 021 | 1438 | 8500 | 041 | 0.22] 1247 | 86.73| 0.58

20% IG + 100

U/mL rHuPH20 +

500 mM proline 025| 1547 | 8383 | 045| 024 10.18 | 88.92 | 0.66

20% IG + 300

U/mL rHuPH20 +

100 mM proline 025 1572 | 83.54| 049 | 0.24 | 10.35]| 88.81 | 0.61

Example 7
5 Effects of Co-formulated rHuPH20 and 10% IG or 20% IG in Yucatan Mini
Pigs
A. Experimental Design

The feasibility of dosing rHuPH20 co-formulated with 10% or 20% immune
globulin (IG) solution (130mM NaCl, 10mM histidine, pH 6.6) subcutaneously in
10 Yucatan Mini Pigs was determined and compared to Leading Edge dosing
(successive dosing of rHuPH20 followed by IG solution). A dose response utilizing

several concentrations of rHuPH20 was also evaluated for each IG solution.
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Eighteen male Yucatan Mini Pigs weighing 18.4 — 23.2 kg (SNS Farms)
were assigned to one or two of eleven treatment groups as shown in Table 45 so that
each group utilized three pigs. All formulations were administered subcutaneously
with 10-gauge 90 degree soft bend Huber needles on the backs of anesthetized male

5 pigs. For Leading Edge dosing, rHuPH20 followed by IgG was injected
consecutively using the same needle in the exact location, employing a simple
syringe switch. No delay between dosing rHuPH20 and IgG was required or
employed. Up to two different formulations, each from a different treatment group,
were tested on each pig at a maximum volume of 110 mL per injection site.

10  Infusions lasted approximately 20 minutes for co-formulations and 22-28 minutes
for Leading Edge formulations.

Table 45. Summary of experimental design

Group Treatment Dose Type Total Dose
Volume
(mL)
1 100 mL 10% IG Co-formulation 100
2 100 mL 10% IG / rHuPH20 (50 U/mL) Co-formulation 100
3 100 mL 10% IG / rHuPH20 (100 U/mL) Co-formulation 100
4 100 mL 10% IG / rHuPH20 (300 U/mL) Co-formulation 100
5 50 mL 20% IG Co-formulation 50
6 50 mL 20% IG / rHuPH20 (50 U/mL) Co-formulation 50
7 | 50 mL 20% IG / rHuPH20 (100 U/mL) Co-formulation 50
8 50 mL 20% IG / rtHuPH20 (300 U/mL) Co-formulation 50
9 10 mL rHuPH20 (150 U/mL) + 100 mL 10% IG | Leading Edge 110
10 20 mL rHuPH20 (150 U/mL) + 50 mL 20% IG Leading Edge 60
11 20 mL rHuPH20 (150 U/mL) + 50 mL 20% IG Leading Edge 70

Injection site observations were assessed following dosing. Transducers

were utilized to measure the continuous pressure (mmHg) exerted to administer each

15  formulation, and blood was collected for Complete Blood Count (CBC) and gamma
immunoglobulin (IgG) analysis. At study termination, 3 days post-dosing, all
animals were euthanized and two sample sections (A and B) were collected from
each of Injection Site 1, Injection Site 2, and Control (collected from a site distant
from the two injection sites )and preserved in 10% neutral buffered formalin, and

20  evaluated by light microscopy (Nova Pathology, PC, San Diego, CA). Site A was a
2-3 mm thick section through the center of the injection site and Site B was a 2-3

mm thick section taken from the end of the harvested injection site.
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Within 5 minutes of dosing 10% IG alone (~ 25 mL into infusion; Group 1),
a distinct ‘bleb’ was visible on all three pigs. Approximately 10 minutes into dosing
20% IG alone (~ 25 mL into infusion; Group 5), a distinct bleb was visible.

5  Observed bleb formation area increased with all formulations containing rHuPH20
(including Leading Edge) compared to IG dosing alone, signifying greater
dispersion of fluids when utilizing rHuPH20 (Table 46).

Co-formulations of rHuPH20 with 10% and 20% IG resulted in significantly
reduced hardening of skin at all rHuPH20 concentrations (sites remained soft), and
10 reduced pink/redness of the skin in all tHuPH20 concentrations. Leading Edge
comparison dosing resulted in similar pink/redness observations as co-formulations.
Occurrences of pink/redness at injection sites observed post-dosing showed full
recovery wi;thin 24 hours for all groups (Table 46).

Table 46. Injection site appearance and analysis

Mean Bleb Mean Bleb
Group Treatment Area (cm?) Observation
1 100 mL 10% IG 97.5 Slightly pink;
Hard
2 100 mL 10% IG / rHuPH20 (50 U/mL) 91.7 Shghstgﬁpmk;
Slightly
0
3 100 mL 10% IG / rHuPH20 (100 U/mL) 180.3 pink/pink; Soft
Slightly
0,
4 100 mL 10% IG / rHuPH20 (300 U/mL) 178.0 pink/pink; Soft
5 50 mL 20% IG 95.2 Pink/red; Hard
6 50 mL 20% IG / rtHuPH20 (50 U/mL) 102.6 Pink/red; Soft
Slightly
0
7 50 mL 20% IG / rtHuPH20 (100 U/mL) 111.9 pink/pink: Soft
8 50 mL 20% IG / rHuPH20 (300 U/mL) 111.1 Normal; Soft
9 10 mL rHuPH20 (150 U/mL) + 100 mL 1735 Normal; Soft
10% IG
10 20 mL rHuPH20 (150 U/mL) + 50 mL 116.8 Normal/Slightly
20% IG ) Pink; Soft
1 20 mL rHuPH20 (150 U/mL) + 50 mL 131.4 Normal/Slightly
20% IG ) Pink; Soft
15 C. Pressure Measurement Observations

Table 47 summarizes the mean pressure measurements. At 2.5 minutes or
sooner post-dosing 20% IG alone (Group 5), pressures were out of measurable range

(>460 mmHg) for all three pigs. Two of three pigs were out of the measurable



H stol ogic Findings Treatnment Goup 1 .2 3 4 Inflammtion, M xed
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pressure range in Group 6, and one pig was out of range for each of Groups 7 and 8.

Groups 1 and 2 each had one pig out of range. The results show that the pressure

needed to accomplish the injections decreased with all co-formulations containing

rHuPH20.
5 Table 47. Mean pressure measurement analysis
Mean Rising Max | Pressure Rising
Pressure Pressure Max Max Time | Time Max

Group | N | (mmHg) (mmHg) (mmHg) (min) (min)
1 2 242 266 281 2.7 5.1
2 2 209 N/A* 223 N/A* 4.0
3 3 164 0.3 223 0.3 4.1
4 3 289 0.5 255 0.5 23
5 0 N/A N/A N/A N/A N/A
6 1 164 250 250 1.6 1.6
7 2 179 215 215 0.7 0.7
8 2 194 188 203 1.6 4.6
9 3 117 119 125 1.9 4.9
10 3 241 232 261 3.8 12.9
11 3 241 281 264 4.7 15.2

N/A = Not Available, >460 mmHg
N/A* = Rising curve of pressure recording unclear to interpret

D. Complete Blood Count and IgG Plasma Analysis
| Blood was collected into K3EDTA tubes at pre-dose (~2.0 mL) and at 30

10 minutes post-dosing (~2.0 mL) for Complete Blood Count (CBC) analysis. Samples
were stored at 4°C until analysis (Bioquant, Inc., San Diego, CA). CBC results do
not give any product related specific safety concerns. The majority of pigs remained
within normal CBC levels (normal CBC range referenced from SNS farms). Five of
eighteen pigs had non-visible clots in the samples and could not be evaluated.

15 Blood for gamma immunoglobulin (IgG) analysis was collected into Sodium
Citrate tubes at pre-dose (~2.0 mL) and at study termination (~4.0 mL) to confirm
systemic availability after subcutaneous administration of human IgG. Samples
were centrifuged at 4°C for 10 minutes at 3000 rpm, plasma was aliquotted, and
samples were stored at -20°C until analysis. A general increase in IgG was observed

20  in all animals 3 days after administration, as shown in Table 48. IgG plasma levels
for each pig reflect the mean of the two different treatments each pig was

administered (with the exception of pigs 7-9 that received a single treatment only).
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Table 48. IgG analysis

IgG (g/L)
Pig # Treatment Group(s) Predose Termination
1 1 and 2 3.46 8.53
2 1and 2 2.97 9.27
3 1 and 2 4.35 9.03
4 3 and 4 6.67 10.51
5 3and 4 3.81 10.15
6 3 and 4 4.79 9.83
7 5 4.96 6.06
8 5 3.50 5.94
9 5 3.73 6.86
10 6 and 7 2.83 8.19
11 6 and 7 3.47 10.08
12 6 and 7 4.08 11.12
13 8and 9 5.07 9.62
14 8and 9 4.02 8.82
15 8and 9 3.94 8.63
16 10 and 11 3.97 9.25
17 10 and 11 4.60 9.68
18 10and 11 4.76 9.51

E. Histopathology Results

Histologic findings were present in the epidermis, dermis and subcutaneous
tissue, and contained a mixed leukocyte inﬂahlmation, edema and hemorrhage.

5  Each histologic finding was assigned a severity grade based on the following
scheme:
Not Present: 0; Present, Not Graded: 0; Minimal: 1; Mild: 2; Moderate: 3; Marked:
4
Histologic findings are summarized by incidence and mean group severity score in ~
10 Tables 49-51.

Table 49. Summary of histologic findings: 10% IG + rHuPH20

Treatment Group
1 C 2 3 4
Inflammation, Mixed Leukocyte, subcutaneous 6/6* 6/6 5/6 6/6
Mean Group Severity Score** | 1.83 1.00 1.00 1.17

Histologic Findings

Edema, subcutaneous 6/6 5/6 6/6 5/6
Mean Group Severity Score | 2.00 0.83 1.00 1.17

Hemorrhage, subcutaneous - 3/6 3/6 2/6 1/6
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Mean Group Severity Score | 0.67 0.50 0.33 0.33

Sum of Mean Group Severity Scores | 4.50 2.33 2.33 2.67

* Number of Sections Affected / Number of Sections Evaluated
** Sum of severity scores in the group divided by the number of sections evaluated
in the group

Table 50. Summary of histologic findings: 20% IG + rHuPH2(0

Treatment Group
5 6 7 8
Inflammation, Mixed Leukocyte, subcutaneous 6/6* 6/6 5/6 6/6
Mean Group Severity Score** | 1.00 1.17 1.00 2.17

Histologic Findings

Edema, subcutaneous 6/6 6/6 5/6 5/6
Mean Group Severity Score | 1.17 1.17 1.17 2.00

Hemorrhage, subcutaneous 0/6 2/6 0/6 1/6
Mean Group Severity Score | 0.00 0.33 0.00 0.17

Sum of Mean Group Severity Scores | 2.17 2.67 2.17 434
5  * Number of Sections Affected / Number of Sections Evaluated

** Sum of severity scores in the group divided by the number of sections evaluated
in the group

Table 51. Summary of histologic findings: Leading Edge dosing

. o Treatment Group

Histologic Findings 9 10 11

Inflammation, Mixed Leukocyte, subcutaneous 6/6* 6/6 6/6
Mean Group Severity Score** 1.17 1.17 1.17

Edema, subcutaneous 5/6 6/6 6/6
Mean Group Severity Score 1.50 1.67 1.83

Hemorrhage, subcutaneous 1/6 3/6 1/6
Mean Group Severity Score 0.17 0.67 0.17
Sum of Mean Group Severity Scores 2.84 3.51 3.17

* Number of Sections Affected / Number of Sections Evaluated
10 ** Sum of severity scores in the group divided by the number of sections evaluated
in the group

The response to the administration of IG and rHuPH20 was qualitatively
similar in each dose group in this study. These responses were characterized by

mixed leukocyte inflammation, edema and hemorrhage in the subcutaneous tissue in



Sum of Mean G oup Severity Scores 2.17 2.67 2.17 4.34 5 * Nunber of
Sections Affected / Nunber of Sections Evaluated ** Sum of severity scores
i n the grwopodiosicded by t he nunmber of sections eval uat e@Cirrusehwe/ogesetip Tabl e
51. Summary of histologic findings: Leading Edge dosing Hi stol ogi c Findings
Treatment G oup 9 10 11 Inflanmation, M xed Leukocyte, subcutaneous 6/6*
6/6 6/6 Mean Group Severity Score** 1.1351.17 1.17 Edema, subcut aneous
5/6 6/6 6/6 Mean G oup Severity Score

the injection sites. Table 52 compares the mean group severity score in all of the

dose groups.

Table 52. Summary of mean group severity scores

Sum of
Mean
Group
Severity
Group Treatment Dose Type Scores
1 100 mL 10% IG Co-formulation 4.50
2 100 mL 10% IG / rHuPH20 (50 U/mL) Co-formulation 2.33
3 100 mL 10% IG / rHuPH20 (100 U/mL) Co-formulation 2.33
4 100 mL 10% IG / rHuPH20 (300 U/mL) Co-formulation 2.67
5 50 mL 20% IG Co-formulation 2.17
6 50 mL 20% IG / rHuPH20 (50 U/mL) Co-formulation 2.67
7 50 mL 20% IG / rHuPH20 (100 U/mL) Co-formulation 2.17
8 50 mL 20% IG / rHuPH20 (300 U/mL) Co-formulation 4.34
9 10 mL rHuPH20 (150 U/mL) + 100 mL 10% IG | Leading Edge 2.84
10 20 mL rHuPH20 (150 U/mL) + 50 mL 20% IG Leading Edge 3.51
11 20 mL rHuPH20 (150 U/mL) + 50 mL 20% IG Leading Edge 3.17

Based on mean group severity scores, the most severe injection site
5  responses were associated with administration of 100 mL of 10 % IG alone (Group
1) and with administration of 50 mL of 20 % IG co-formulated with 300 U/mL
rHuPH20 (Group 8). The response to administration of 100 mL of 10 % IG co-
formulated with rtHuPH20 at 50, 100 and 300 U/mL of 10 % IG (Groups 2-4) was
similar to the response to administration of 50 mL of 20 % IG alone (Group 5), co-
10 formulated with rHuPH20 at 50 and 100 U/mL of 20 % IG (Groups 6 and 7), and
Leading Edge dosing with 10 mL of rHuPH20 (150 U/mL) followed by 100 mL of
10 % IG (Group 9). However, Leading Edge dosing with 10 or 20 mL of rHuPH20
(150 U/mL) followed by 50 mL of 20 % IG (Groups 10 and 11) resulted in a more
severe response than did similar co-formulations (Groups 6 and 7). Sections of
15  control skin contained few histological findings, which can be attributed to diffusion
of the injected formulations from the test article injection sites, and incidental
findings unrelated to the formulations.
F. Summary
The results confirmed the feasibility of dosing rHuPH20 co-formulated with
20 10 % and 20 % IG subcutaneously in Yucatan Mini Pigs. 1G (10 % or 20 %)

administered alone is feasible, although a moderate to severe degree of hardening



1.50 1.67 1.83 Henorr hage, subcutaneous 1/6 3/6 1/6 Mean G oup Severity
Score 0.17 0.67 0.17 Sum of Mean Group Severity Scores 2.84 3.51 3.17

* Nunber w0 2880B#@as Affected / Nunmber of Sections Eval marams2d10/06258m of
severity scores in the group divided by the nunber of sections evaluated in
t he group The response to the adm nistration of IG and r HUPH20 was
qualitatively simlar in each dose grougpgin this study. These responses
were characterized by m xed | eukocyte inflammuation, edena and henorrhage in
t he subcut aneous tissue in WO 2011/ 034604PCT/ US2010/ 002545 155 the
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Tr eat ment um o
hardening of the skin, and reduced p1nk/redness of the skin. Observed bleb

formation area was similar or increased with all formulations that contained

5 rHuPH20 compared to IG dosing alone, confirming greater dispersion of fluids
when rHuPH20 was utilized. Leading Edge dosing was feasible, and similar
pressure, pink/rédness and bleb areas are observed as with co-formulations.
Histopathological findings present in the deep subcutaneous tissue attributed to
dosing included mixed leukocyte inflammation, edema and hemorrhage, with the

10 most severe responses associated with administration of 10 % IG alone and 20 % IG

co-formulated with rHuPH20 (300 U/mL).

Since modifications will be apparent to those of skill in this art, it is intended

that this invention be limited only by the scope of the appended claims.



1 100 mL 10%1G Co-fornulation 4.50 2 100 nL 10%1G / rHuPH20 (50 U nli)
Co-formulation 2.33 3 100 nm. 10% 1 G/ rHUPH20 (100 U L) Co-formulation
2.33 4 1080r113%60kG / r HUPH20 (300 U/ L) Co-formnul ati omCZ/USZ016/08834511. 20%

| G Co-formulation 2.17 6 50 nL 20% 1 G/ rHuPH20 (50 U nL) Co-fornul ation
2.67 7 50 mL 20% 1 G/ rHuPH20 (100 U nL) Co-formulation 2.17 8 50 nL 20% 1 G
/[ rHUPH20 (300 WrnL) Co-forrmulation 4184 9 10 nL rHuPH20 (150 U nL) + 100
m. 10% | G Leadi ng Edge 2.84 10

CLAIMS:

1. A stable, liquid co-formulation composition formulated for
subcutaneous administration, wherein the composition has a pH of between 4 or
about 4 to between 5 or about 5, inclusive, and comprises:

5 immune globulin (IG) at a concentration that is at least 10 % w/v;

a soluble hyaluronidase at a concentration that is at least 50 U/mL and is
present in an amount sufficient to allow for the subcutaneous administration of the
composition at a single injection site at an infusion rate equal to or greater than the
intravenous infusion rate for intravenous immunoglobulin; and

10 an alkali metal chloride salt at a concentration of at least 0.05 M,
whereby the co-formulation is stable at temperatures up to 32° C for at least 6
months.

2. A stable, liquid co-formulation composition formulated for
subcutaneous administration, wherein the composition has a pH of between 4 or

15 about 4 to between 5 or about 5,inclusive, and comprises:l

immune globulin (IG) at a concentration that is at least 10 % w/v;

a soluble hyaluronidase at a concentration that is at least 50 U/mL and is
present at a ratio of at least 100 Units/gram (U/g) IG; and

an alkali metal chloride salt at a concentration of at least 0.05 M,

20  whereby the co-formulation is stable at temperatures up to 32° C for at least 6
months.

3. The stable, liquid co-formulation of claim 1 or claim 2, further
comprising an amino acid stabilizer in an amount that is at least 0.1 M.

4. The stable, liquid co-formulation of claim 3, wherein the amino acid

25  stabilizer is selected from among alanine, histidine, arginine, lysine, omithine,
isoleucine, valine, methionine, glycine and proline.

5. The stable, liquid co-formulation of claim 3 or claim 4, wherein the
amino acid stabilizer is glycine or is proline.

6. The stable, liquid co-formulation of any of claims 1-5, wherein the

30 amino acid stabilizer is in an amount that is or is at least 0.1 M, 0.15 M, 0.2 M, 0.25
M,03M,035M,04M,0.45M,0.5M,0.6M,0.7M or0.75 M.



20 nmL rHUPH20 (150 U nl) + 50 m 20% 1 G Leadi ng Edge 3.51 11 20 nL r HUPH20
(150 Un) + 50 M 20% 1 G Leadi ng Edge 3.17 Based on nean group severity
scores, tWeamsB4@evere injection site 5 responses wer ePasdseoiaers4s t h
adm nistration of 100 nL of 10 %1 G alone (G oup 1) and with adm nistration
of 50 mL of 20 %1 G co-forrmulated with 300 W nL rHUPH20 (G oup 8). The
response to adm nistration of 100 nmL ofi540 %1 G co-fornulated wth r HUPH20
at 50, 100 and 300 U nlL of 10 % I1G (G oups 2-4) was simlar to the response
to adm nistration of 50 nL of 20 % |G alone (G oup 5), co- 10 fornul ated
with rHUPH20 at 50 anbheigableyliquidro-fomulationafapy pt clgimant67 wherpiitheeadi ng
Edge dosin i 1.0 nl.. of . r.HUPH20 ol l owed by 100 nL of 10 %I G
(G oup 9). &é@%‘#“%ééz&f Ky EGGE? o%?’%&gﬁ%ﬁio or 20 mL of rHuPH20 (150
Wnl) followed by, 50 The @ibl2Qideid Co-fémailaionldt aandf dhjms esylhesbin thea nmor e
severe response than did simlar co-fornul ations {Groups 6 and r?}%.o Secti ons
of 15cont r oliG isiaf leasiohd i waedl ¥ EawhY, 250 86Y.cl “of/Mdl hes W/ Yall P ok W ¥l G

attri buted b b [ 0 hey &N d loAt,i dr est article
i njecti osﬁ s‘wtz’égb /g%v’ﬁﬁc}iggve/%’tgﬁ /%ﬁﬁ?ﬁg{%%r@gl)gwe/g’r?zoﬁt‘%?#rgﬁ?%l ations.

F. Sunmary 9. ThEhe gshbikflsquid nb-formmdatidneoffaag st biaims y-8owheresn thg r HUPH20
co-fornmul ated with 2010% and 20% | G subcut aneously in Yucatan Mni Pigs. IG

(10% or 2040 ‘éd’ﬁ’f"f‘ﬁ@taéf”éﬁp%‘ltéﬁéﬁ’P‘gvftéééi"bqbé’}lt%lq Y%W(th a noderate to severe
degree of hardeniqng RO IR L6 FHRIRIG o1 of Klafind U WiRkin the
Co-formulations wth rHUPH20 resulted 1n a decréase I n pressure needed to
acconpl i sh e from dumanpksmei gni fi cantly reduced hardeni ng of the skin, and

reduce i nk/ redpess t skin served bleb farmati area was simlar
oy erBiag it hoart Thesthtieskain STasulEimoraRu® 6in, Srigo MEBmiERes to |G
dosi ng al ongs jsGREfeld @o@hﬁhﬁ@bﬁﬁmﬁib?@%uﬁiﬁ@&i&f %Eﬂh'dh domphsinglaldeBbR0 was

utilized. Leading Edge dosing was feasible, and simlar pressure,
pi nk/ r edneskaciiodatidreb ar eas are observed as with co-fornul ations.

Hi st opat hol ogi cal, fi ndi n resept i.n the.deep subcutan S_tissu
ateributed Lo doding T RERaRB TR o PatiBigRE R A ST T bt e

henor r hage, IQMstfirthétutified®s tans @WE L moes PONSEAFetBFIRAE pBc6Id PEG)h

adm nistration of 10 %I1G alone and 20 % |1 G co-formul ated with rHUPH20 (300
U ). 15  pregpigiionyipti-exchargeorsomptography Appumait cleavagrodiafibiatierior| in this
art, it is {51{}5%«3? that this invention be limted only by the scope of the
appended cl al ns. 57 oAl Mvs: : 1. Astable, liquid co-formulation
conposi tion formd.at etihd stablsyilbquid aodomsuladm ofiany pdtlatms 1vil2e whereir the

conpositio as a pH,of between 4 or about 4 to between,5.or ahouyt 5,

el st ve. e suBisBien S Vel TR SERACH TS HOnE TESHERSR PR 40 Chat | s
at |east 10y W Without pepsi@, SVéH dBtehyeat HEMRABRRA MhoRitaABsENt ration that is
at least 50 UnlL and i's present in an amount sufficient to allow for the

subcut a¥feous adnli st The stablegliquit eo-dompdatian afrangof glaghs 18, mherem then site
at an infusjon rate al, tq.or, greater than the intravenous infusion rate
{oh bt s gM

for intrave and 10an al kali nmetal chloride salt at a
concentration of 15t | eRS§ta®le Oqu¥ll c¥dremabytidn 6 69 off eraidb ati4owheteisihabl e at
tenperatures up to 32 C for at |east 6 nonths. 2. Astable, liquid
co- f or nul at ioerriainpersiater BranfBrimIBGt ed for subcut aneous admini stration,
wherein the conppsiti ol ) en 5 or
about 5, i ncl usi er)c?. angﬂ%ggn%lre&(@gd%{)ﬁf’ﬁle g({ho%ua?l&ﬁ%?%%ﬁygtl%a&’%gﬁg%n ration
that is25t dledbinet) cRovidy salt is seleced $imibhengKall undtiadhse at a concentrati on
that is at least 50 Unl and iis present at a ratig of at |east 10

Units/ gram (U g)11G &hestablegigud corfpmalatian of any of skaims étmaWZ‘SWé‘é ration
of at leaStalQalpéleMl chloride salt is NaCl and the NaCl is at a concentration of 0.025 M, 0.03

M, 0.04 M, 0.05 M, 0.08 M, 0.09M, 0.1 M, 0.15 M, 0.2 M, or 0.25 M.

18.  The stable, liquid co-formulation of any of claims 1-17, wherein the
30 NaClis at a concentration of 0.15 M.
19.  The stable, liquid co-formulation of any of claims 1-18, wherein the

soluble hyaluronidase is a PH20, or a truncated form thereof.



20 whereby the co-forrmulation is stable at tenperatures up to 32 C for at

| east 6 nont hs. 3. The stable, liquid co-formulation of claim1 or
claim 2, wonvhens4@anpri sing an am no acid stabilizer i npram/tsoeont2suhat is
at least 0.1 M 4. The stable, liquid co-fornulation of claim3,

wherein the am no acid 25stabilizer is selected from anong al ani ne,
hi stidine, arginine, |ysine, omthine, 150l euci ne, valine, nethionine,
gl ycine and proline. 5. The stable, liquid co-formulation of claim3
or claim4, wherein the amino acid stabilizer is gﬁ/mnne or is proline.
£

6. The stable, 13Qui dTksostatde.iguid ¢aferarulation affany 149, wh@rﬁ@.thethe

o 00 Ve b8 o B BT e Bt (05 (5T 015
M 158 721. TheTlgd skl €, liuidico-Sordtidnraflaay oOblaihs arm wﬁereinal ms 1-6,
wherein the anmino acid stabilizer is in an anpunt that is

8. The st atfi20 isjadmngated hpmamiHE0i and the trapgatedshumag I%Fﬂ%mselemérf&% the 1G

w175 S pepides g o Seailiolgr abtind i seckith gy F3EQ S V- 1676
9. The stab‘N@S4IQ,mrladeh@vérmmmbraith@wmﬁntamereﬁf clains 1-8, wherein the | G
is between at or_about 10 %

t b % w .
stable, liquid c&for hif %gbl 6\3/[%‘?& %?ﬂragaﬁ&o#@nx% fa%m%} il nWP‘FFSmI‘%el s from

human pl asrg?,lubjr@ﬁylah];lgﬁldggéa@Id@m%létgajﬂqlumzd ormul ation of any of clainms 1-10,
wherein the 1G1s purif human pl asma by a purification nethod

conprising al coht. f rHuxt stabletliqund co- forrnulattbzl of Bhg of tlabhe]-2R| gherdin the

co o T2 B oo Syt Bl Oy byl Y19

i on- exchangsoahmaeio0 /AR 00 €158t ifor&! €avage, diafiltration or
ultrafiltration. 13. The stable, liquid co-fornulation of any of

claims 1-12, vvhe2"e| n Tlhfestatrhe,dmusdub? -Somadation of any o&klaimag LGB Whe@tnetbesel ect ed

f I
tr eat mont ey FRp R et Sptetalin et P br RERF 4% yRR P AP ARE OF any
of clainms 135b3J/mwherein the 1G contains 1gG |1gA and IgM 15. The

stable, liquid co-fornulation of any of clains 1-14, wherein the |G
contai N gr eat er2% han! ksstahlediguid co- fomui%mfrﬂf@nxtoéﬁiaéns 1i24uwherein the

f | at lorid
Cai 115 sol SURLGhy ot 3 Tah APy 18, b g 192400 g KER30 U 1

co- f or mul ati®B00fU/g g, 440 GlgaiGys 00116 IGNWERD BY G, 1o0d /gd (Gl S0R Ut IG:,H;IO@ri de

5705 M o da/ak abBE e T 1baitie el PR DR 1800 e S 70 it S 0t M

st abl e, |qu)qup(40{)@Ul7%i@bf9@b0)ﬁ/g’im of clainms 1-17, wherein the 30NaCl is
at a concentration of 19. The stable, liquid co-fornul ation

of any ¥ cl ai ns261- 18Th€v\$t@ble,|lmmmeommtmnmfahuménladas@%sWheme or a
t ted f Th | at
oot e Pl MR A ot D R Se LB b e I S Lo o

or truncate[@m[ﬁgﬁ@ 21. The stable, liquid co-fornulation of
any of clains 1-20, wherein PH20 is a truncated human PH20 and the

truncated human P20 The Sehladiadd co-fommsilatinaraf apyiof slasps 1 dhadws Agha
sequence of fazp%]{boél g% géncgg&?t%ﬁ)rf&g}l n any of SEQ | D NCS: 4-9, or fal lelic
ot er eo

variants or er varrants 22. The stable, liquid
co-formfl ati on of8.anyTied stedlaj lrtﬁndecifonn/\thz&rcﬁlld”fatnbl@fslaimblle7hwaénerraﬁ|iedase is
desi gnat ed r HUPH20. The stable, liquid co-formulation of any
of clainms 19 mW?é‘P%i‘SnfofHé‘ltllde%’l"’%ﬁlagmh‘yétlﬁi}’roé‘nl dase is at a concentration

that i's 50 U'ni, 6100 Hdtan 20l B-fordRiathdtrang Q8 it 1-280@hbeiHheor mor e.

co-formulation is for single dosage administration.
30.  The stable, liquid co-formulation of any of claims 1-27 and claim 29,
30  wherein the IG is in an amount sufficient for single dosage administration to treat an

IG-treatable disease or condition.



24. The stable, liquid co-fornulation of any of clainms 1-23, wherein the
sol ubl e I'wal uronidase is at a concentration that is at or about 75 UnL to
at or abowD 286@3wonl. 1525. The stable, |iquid co-fornul aCirars2ai/oeasys of
clainms 1-24, wherein the soluble hyaluronidase is at a ratio of 100 U g I G
150 Ug IG 200 UgIG 250 Ug IG 300 UgIG 400 Ug IG 500 Ug IG 600
Ug IG 700 Ug IG 800 Ug IG 900 Uged G 1000 Ug IG 1200 UWg IG 1500
Ug IG 1800 Ug IG 2000 Ug IG 3000 Ug IG 4000 U/g |G or 5000 Ug IG
2026. The stabl e, I|qU|d co-formul ati on of any of clains 1-25, wherein the

sol ubl e hyal ur ord ldas elhesstahle.diqud £er W%@nufgnysﬁdamglﬁéaniéécﬁ%/g | G,
1500 U g | | f
oo 3. b ROk PIGA i ARl AR ekl it AL iRl fonY ©

stabl e, |i qlailg, weemya,rmwha‘tly,w%qf 2-3nyeels, evkBi 3v8 wheeRs or mbathey forttieatment

co-formulation_is for nmultiple dosage adm nistration. 29. The
stable, |i ffie8 @otr?aé‘?'%ﬁléﬁqséﬁfﬁ?nqiﬂ% -of claims 1-28, wherein the

co-formyl ation is for ﬁ.gﬂq tJf st abl e,
l'iqui dn]go for rrul%tl onﬂ?)e:‘ﬁ%r%ig} lgﬁé@?glf sz? %&BPglla}rnnsszB rg;rggt:ﬁﬁ the IG
is in an ammont efifG ircthecd- fbnnulatmgisesublsisrawyahbmarmasasrthe amouhidintar eat an

| Gtreatable ease r conditiaon. 160 31.The stabl e
co- f or mul atﬁl‘?ﬁi] a‘?saﬁﬁ? minigtratiopvhenpdmipistered. infravepqusiyf ?ftf%ém%[ﬂfﬁf‘ of IGis

in an anmouni-getidl€ dRBiselRcofdifighe dosage admi nistration daily, weekly,
bi weekl y, every 2-3 weeks, every 3-4 weeks or nonthly for treatnent of an

| G treatabl e di sS¥ase Bie stahidiliquic co-f@muldtonsifaby ef claimgil 32cwhémsimtheat i on of
any of Ialms wher ei.n 1 he anou he co-fornul ati.on is
Sbstard ol Ssorniioh ot sels SosdiidminRlratch e Gdal ST BRE T at i on when
adm ni st er %ohﬂﬁa@‘l’&@py a (g)rz grse 4TEH$ g,01f0 rzolgG-30rg§4® @bi@gﬂb(ﬁgm

ai ns

condi ti on. The stabl €, or mul at7T onof any o

1- 32, wher &0g, 90, 1@0e@rf269|¢msmr|abﬁuﬁ 152@Q)r1 H?Qa@peloﬂo@ége Oathri¥tg.at i on and
t he amount of | S st g 4 g, 5 0,
10 g, 20 g, 30 éd the 63319%%]68 %}H‘“ a%loéld)jfagygg]CI(a%ﬁb§3gW8‘r§regbt6‘eor is or
about 1-20Q0- ﬂ;rri:ﬁﬁtloﬂﬂs-ﬂ;ﬂ &ngfe—cﬁﬁageﬁa(ﬁﬁmsﬁ“aﬁ&ﬂargi the amount &hyahftenigh&bl e,

l'iquid co-fornul ation of any of clainms 1-33 vvhereln the co- forrrul ation is

for singl e laélaf‘awwrﬁ%@wmb@ﬁt ghat least SQALImiS, 1000Hnits, 2000 Haks 5098 in t he
CcO ositio Iﬁﬁ)tg \i nits,
500D Ui t sm‘lilgs,’ 8%8b%m t sujo gdo ghlt{ﬁeiﬂg O%tst)odb@npt;’gg% U %"’ﬁ?t@go%o 000
Units, 70, (I(Dxﬁitsl,JﬁODQOIBﬂs,(HIDOQmUan, 190,000 Wniksiot snord.00, 000 Unl ts or nore.

35. The st abl e, qu co-for rrul of .any of ¢ 4 t hat stabl e
o 28 32 & forth ﬂ‘ﬂehit able, e ?Org‘%}ﬂ“rﬂf anéoﬁﬁal:‘ﬂfﬂ%h%dh%ﬁ?tﬁé‘s

nmont hs, 20 gl 2gnomohe RF 6MRéfhs, 7months FOmorths Bhakths, 1d1'n€h't'h§ H%Bﬁ‘thﬁru' at| on
of any of clains 1-35 that further is stable at 0 ¢ 10 for 6 nonths, 1

year, 220yea1r2sm©mhﬁ©r@0re 37. AKkit, conprising the stabl e, liqui d

costormlatt on oo 2l g Thad e B n R e B mlph SRR ARR LT o

clains 1- 3@tab3@at0°k(£‘—(l)m@lfd$l66 n@htmsl aiy&rSBy&éﬁabrhﬁ;ra tube bottle or vial.
40. A container of claim38 that is a syringe. A cont ai ner of any of

clai ns 38-40, futt herA&dnpmBisiag thefbahde, élqpt:sir%m}l@éqomﬁany%@ﬂalmsl- 42.
The contai wherein the stable, liquid

co-formul a'?lﬁg)nﬁ)(li g&@ﬁg\%d&%&fsor SI ng%ee dosage administration or nultiple
dosage 2&dmi ni st r3& i onA container,A®mphiskigfthe stabiey liqiidgoifbendatibraofnery aff any of
clains 38-42, and 6a means 5for infusing the conposition.

claims 1-3
39. A container of claim 38 that is a tube, bottle or vial.
40. A container of claim 38 that is a syringe.
41. A container of any of claims 38-40, further comprising a needle for

30  injection.



44. A nmethod of treating an I Gtreatabl e disease or condition, conprising
subcut aneously adm nistering to a subject the stable, liquid co-formulation
of any ofwol2aims46b4 36. 45. The net hod of cl ai m 44 pCEluse@ionoishe
co-forrmulation is adm nistered 10 such that the anpunt of |G adm nistered
is substantially the sane as the anpbunt when adm nistered intravenously for
treatment of an |1 G treatable disease ol6tondition. 46. The net hod of
clainms 44-45, wherein the | Gtreatable disease or condition is sel ected
fromanong prinmary inmqune deficiency _dj sea secondary 15

es I ne
defici ency di sed¥es, Thﬁq%mr&fwupgéé%%?8-éaxwhw4 eﬂ?@‘éaﬁ‘ggy&ﬂﬁ acut e
i nfections. A - cliak 44 in the
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autoimmune disease is selected from among Kawasaki’s disease, chronic
inflammatory demyelinating polyneuropathy, Guillain-Barre syndrome, idiopathic
thrombocytopenic purpura, polymyositis, dermatomyositis, inclusion body myositis,
Lambert-Eaton myasthenic syndrome, multifocal motor neuropathy, myasthenia

5  gravis and Moersch-Woltman syndrome.

50. The method of any of claims 44-49, wherein the IG-treatable disease
or condition is an acute bacterial, viral or fungal infection and the acute bacterial,
viral or fungal infection is selected from among Haemophilus influenzae type B;
Pseudomonas aeruginosa types A and B; Staphylococcus aureus; group B

10 streptococcus; Streptococcus pneumoniae types 1, 3,4, 6,7, 8,9, 12, 14, 18, 19, and
23; adenovirus types 2 and 5; cytomegalovirus; Epstein-Barr virus VCA; hepatitis A
virus; hepatitis B virus; herpes simplex virus-1; herpes simplex virus-2; influenza A;
measles; parainfluenza types 1, 2 and 3; polio; varicella» zoster virus; Aspergillus;
and Candida albicans.

15 51. The method of any of claims 44-50, wherein the IG-treatable disease
or condition is selected from among iatrogenic immunodeficiency; acute
disseminated encephalomyelitis; ANCA-positive systemic necrotizing vasculitis;
autoimmune haemolytic anaemia; builous pemphigoid; cicatricial pemphigoid;
Evans syndrome (including autoimmune haemolytic anaemia with immune

20  thrombocytopenia); foeto-maternal/neonatal alloimmune thrombocytopenia
(FMAIT/NAIT); haemophagocytic syndrome; high-risk allogeneic haemopoietic
stem cell transplantation; IgM paraproteinaemic neuropathy; kidney transplantation;
multiple sclerosis; opsoclonus myoclonus ataxia; pemphigus foliaceus; pemphigus
vulgaris; post-transfusion purpura; toxic epidermal necrolysis/Steven Johnson

25  syndrome (TEN/SJS); toxic shock syndrome; Alzheimer’s Disease; systemic lupus
erythematosus; multiple myeloma; sepsis; B cell tumors; paraneoplastic cerebellar
degeneration with no antibodies; and bone marrow transplantation.

52. Use of a stable, liquid co-formulation of any of claims 1-36 for
formulation of a medicament for treating an IG-treatable disease or condition.

30 53. The use of claim 52, wherein the IG-treatable disease or condition is

selected from among primary immune deficiency diseases, secondary immune
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deficiency diseases, inflammatory diseases, autoimmune diseases and acute
infections.

54. A stable, liquid co-formulation of any of claims 1-36 for use in
treating an IG-treatable disease or condition.

55. The stable, liquid co-formulation of claim 54, wherein the 1G-
treatable disease or condition is selected from among primary immune deficiency
diseases, secondary immune deficiency diseases, inflammatory diseases,

autoimmune diseases and acute infections.



